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•• Drive vehicles according to local conditions and 
comply with road or site rules. 

•• Routinely practise good housekeeping.
•• Work as part of a team. 
•• Treat co-workers in a manner that promotes a safe 

working environment and goodwill.
•• Maintain an acceptable level of personal hygiene.
•• Comply with any particular directives from the 

client’s representative relating to safety, health, and 
environmental issues.

•• At all times comply with the company’s safety and 
environmental policy, procedures, and practices.

•• Report all accidents, incidents and near misses on the 
day they occur to the correct personnel, so that they 
can be investigated and do not reoccur.

•• Respond to an emergency or potential emergency 
situation, and perform first aid if required.

•• Participate in emergency response drills as required.
•• Regularly check site safety boards for notices and 

safety alerts.
•• Cooperate at all times with the client’s representative.
•• Participate in any inductions and training sessions 

when requested.
•• Attend and participate in toolbox and safety meetings.
•• Give/receive and clarify shift handovers.
•• Carry out pre-start checks.
•• Operate communications equipment (including 

radios, mobile telephones, and satellite telephones).
•• Tag out any faulty equipment and report the problem 

to the driller so that maintenance can be carried out.
•• Correctly maintain PPE as supplied, and check and 

maintain safety equipment.
•• Promote safety and goodwill when clients and third 

parties visit the drill site. 
•• Comply with company confidentiality requirements 

and prohibitions in relation to communicating the 
status/results of the drill program.

•• Participate in internal or external training, as directed 
by the company.

•• Help to control any damage to the environment.
•• Clean up oil or chemical spills in accordance with 

procedures and as recommended by relevant MSDS.

1.4  Drilling industry sectors
Drilling has existed as an industry since the Chinese 

erected the first cable-tool rig approximately 4000 years 
ago. 

Since the development of drill rigs, techniques and 
applications have led to the industry’s expansion into 
the following specialised sectors:
•• Blast hole
•• Environmental
•• Foundation and Construction
•• Geotechnical (site investigation)
•• Geothermal
•• Mineral exploration 
•• Mineral production and development
•• Oil and Gas: Offshore
•• Oil and Gas: Onshore
•• Seismic
•• Trenchless technology
•• Water well.

Definitions of each drilling sector follow, along with 
brief outlines of the applications involved. Processes and 
spheres of influence overlap in many cases.

Blast hole drilling

Holes are drilled for explosives, which are detonated 
to remove rock, ore, or minerals. The sector covers:
•• mines where surface and underground drilling is 

part of the extraction processing for valuable ore, 
including the removal of waste to access the ore body

•• quarries to produce road or construction materials 
and dimension stone

•• construction of roadworks, dam sites, and 
breakwaters.

Abdou
Line

Abdou
Line

Abdou
Line

Abdou
Line
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Environmental drilling
This industry sector uses specialised geotechnical 

drilling and water well drilling methods to:
•• monitor the quality of groundwater and assist in the 

control and remediation of groundwater pollution
•• test and monitor landfill sites, pollution of lagoons 

and sensitive sites (e.g. protected land, water supply 
well fields, chemical, or hydrocarbon storage sites)

•• determine the source or extent of pollution problems
•• sample and construct wells for recovering or 

remediating pollutants in groundwater
•• support work at archaeological sites.

Foundation and Construction drilling
This industry sector uses drilling to:

•• establish stable foundations
•• increase bearing capacity by drilling deeper into 

stronger rock
•• provide shear strength between the rock face and in-

situ concrete
•• form foundations for buildings or other constructions, 

such as bridges, railways, factories, processing plants, 
wharves, and dams

•• provide holes and casings that become part of a 
structure, such as piles or large diameter holes in 
bedrock/firm ground that are filled with reinforced 
concrete to become foundations.

Under-reaming and caisson development are specific 
applications used in this industry sector:
•• Under-reaming  is the process of enlarging a hole 

beneath the casing to allow the casing to move down 
the hole – this is extremely useful when drilling 
ground that is not self supporting and keeps on 
collapsing. 

•• Caisson  is a large watertight structure in which 
underwater construction work may be carried out. 

Geotechnical (site investigation)
This type of drilling is carried out to determine soil 

and rock characteristics. In some cases, it is also used to 
gather information about the nature and position of the 
water table from particular sites. Drilling is conducted 
to assess potential construction sites and to confirm 
conditions.

It is important to have detailed information about soil 
and rock properties obtained from Geotechnical drilling 
so that buildings or tunnels are not placed on top of, or 
cut through, unstable or weak material. 

Geotechnical drilling precedes construction, and 
Foundation and Construction drilling.

Geotechnical surface projects include:
•• Buildings and storage structures
•• Factories and plants
•• Dams, bridges, and roads
•• Wharves and other civil works.

Below surface projects include:
•• Tunnels and shafts
•• Access or inspection holes
•• Storages
•• Underground silos
•• Power stations. 

Geothermal drilling
This industry sector uses drilling to generate electric 

power from steam turbines, which are powered by 
steam that is produced from hot water recovered from 
the drill holes.

There are two main types of hydrothermal deposits:
•• hot water springs
•• hot rocks.

Hot rocks require injection wells as well as production 
wells. Water is injected into the ground, where it is 
heated by the rocks and then recovered from the 
production wells.

Mineral exploration drilling
This industry sector uses drilling to search for 

valuable minerals or materials. 
Drilling is conducted to:

•• search for new ore bodies
•• determine the size and grade of an ore body (resource 

definition)
•• collect stratigraphic information
•• carry out geochemical surveys



	 Chapter 1

8

•• perform gravity or magnetic survey interpretation 
enhancement

•• undertake grade control (i.e. determine what is 
uneconomical to treat, and then drill to identify what 
can be treated during the mining process)

•• check that no economic ore or materials are below 
sites for a proposed waste dump, dam, plant, or 
building (sterilisation drilling)

•• explore for ore bodies.

Mineral production and development

This industry sector drills holes on the surface and 
underground to develop mines and to produce ore. It 
includes drilling for:
•• services in underground mines, such as electric 

cables, water pipes, or compressed air lines
•• access ways, ventilation, or fill-holes for sand or 

slurry.

Downhole hammer drilling, up-hole hammer drilling, 
and raise boring are three specific drilling methods used 
in this sector. 

Oil and Gas drilling: Offshore

This sector is similar to Oil and Gas: Onshore, except 
that holes are drilled using floating platforms and ships.

Oil and Gas drilling: Onshore

In this industry sector the holes are usually relatively 
deep, involve large equipment, and use drilling mud 
to stabilise the hole and prevent blow-outs. Drilling 
processes used in oil and gas drilling include:
•• stratigraphic drilling – to improve the understanding 

of the local geology 
•• exploration drilling
•• building production wells for oil and gas
•• building water or gas injection wells for secondary 

recovery
•• coal seam gas drilling.

With coal seam gas drilling, a directionally controlled 
drill hole is drilled to intersect and travel along the seam 
until it intersects a vertical production bore. Perforated 
casing is installed in the hole to enable the gas to travel 
to and up the production bore when the hydrostatic 
pressure is lowered by pumping water from the 
production bore.

Seismic drilling
This industry sector usually operates in remote areas, 

drilling shallow holes for explosives used in reflection 
and refraction surveys. 

It is usually associated with:
•• gaining knowledge of subsurface geology over large 

areas
•• identifying targets for mineral, oil, and gas 

exploration. 
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Trenchless technology

In this industry sector:
•• directional drilling is used to drill large diameter 

bores in hard rock or other difficult geology 
•• guided boring is used to drill small/medium diameter 

bores in moderate geology
•• product pipe is installed in a directionally drilled or 

reamed/widened hole (e.g. for methane drainage, 
services and pipes under roads, railways, buildings, 
dams, lagoons, or lakes).

Water well drilling

This industry sector uses drilling to:
•• monitor water levels or wells
•• construct production wells
•• dewater wells at mine and construction sites
•• create injection wells.

Ninety-seven per cent (97%) of fresh water on earth is 
underground and the water well drilling sector supports 
sourcing and delivering water for:
•• domestic or stock use and irrigation in farming
•• town water supplies or industrial/mineral treatment 

plants.

1.5  Drilling objectives
There are many reasons to drill a hole, For example, 

to:
•• put something in for storage or disposal
•• pass through something for access (e.g. shafts, 

tunnels)
•• gain information from the drilling itself, from tests/

measurements made in the hole or from formation 
samples recovered from the hole

•• produce oil, gas, steam, water, molten, or dissolved 
minerals.

The reason for making a hole is called the drilling 
objective. It consists of four important parts: 
•• Statements — tell the driller what to do and why
•• Standards — tell the driller the measurement, drilling 

angle, and drill logging requirements
•• Conditions — tell the driller how, when, and where 

the standards apply
•• Checks — tell the driller the method to use to ensure 

that the standards are being met.

The Statements clearly set out the objective. It is 
important that statements are clearly worded so that 
the driller can understand them. After all, he cannot be 
expected to do a job unless he has a clear picture of what 
it is he is expected to do. 

For example: Drill an exploratory hole to produce data on 
the nature and position of the formations; and produce chip 
samples for laboratory testing.

The Standards tell the driller the precise requirements 
for drilling. Certain standards will be required for every 
hole and they must be adhered to exactly. They are a 
measurement of the work to be performed.

Examples are:
•• The hole to be drilled must be drilled within 0.5 metres  

(18 in) of the peg
•• The hole must be drilled to a depth of 100 metres (300 ft)
•• The minimum hole diameter is to be 125 mm (5 in)
•• The hole must be within 3 degrees of vertical throughout
•• The sample interval is to be every 1 metre (3 ft)
•• Drilling logs must record changes of formation within  

0.2 metres (8 in) of the correct position.

The Conditions provide a frame of reference for the 
work (i.e. how, when, and where the standards apply). 
They may describe site access or weather conditions and 
their effect on the drill site or hours of work. 

They could comprise the following:
•• Drilling is to be conducted only during the dry season
•• Drilling will be performed only during daylight hours
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o
T

he conditions or objectives for drilling usually determ
ine 

the m
ethod to be used.

o
Various w

ell drilling m
ethods have developed because 

geologic  conditions range from
 hard rock such as granite 

and dolom
ite to com

pletely unconsolidated sedim
ents such 

as alluvial sand and gravel.
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friction.

o
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pling can also be 

conducted in the auger string, or 
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ells set 
through the inside of the string.
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percussion drilling.

o
R

otary drill bits are usually 
considerably larger in diam

eter 
than the drill pipe. 

o
F

luid circulation is used to clear 
the cuttings.
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or hard-faced edge
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C
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 of the hole through the bit nozzle.
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In contrast, h
ard

 clays an
d

 co
n

so
lid

ated
 

fo
rm

atio
n

s
are cut better if a sharp cutting 

edge is provided. T
he edge is usually hard

faced
or fitted w

ith carbide inserts to resist 
w

ear. S
om

e form
ations form

 better chips if a 
ploughing

action is provided using a finger 
type drag bit.
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it d
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n

R
oller bits offer m

any variations, and notable 
design differences include:

o
tooth m

aterial, shape, height, and 
spacing
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cone rolling patterns resulting from
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changes in shape of the cone and in 
alignm

ent of the cone axes

o
placem

ent, size, and direction of the 
openings or nozzles directing flow

 of the 
circulation fluid

o
types of bearings, w

ith differing 
provision for bearing lubrication.
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o
A

 roller bit for soft form
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ith low
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pressive strength (e.g. calcite, 

shale, clay) is designed w
ith long 

teeth
to give large penetration and 

large ‘rolling chips’, but w
ith 

com
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o
W

idely spaced teeth allow
 for easier 

clearing of the ‘sticky’ chips typical of 
clay and shale.

o
N

orm
ally, soft form

ation bits are run 
w

ith relatively low
 w

eight, for exam
ple, 

ranging from
 500 to 1400 kg (1100 to 

3000 lb) per inch of bit diam
eter.
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tungsten carbide inserts and carbide gauge 
and shoulder facings are available.

o
W

eights generally range from
 500 to 2300 

kg (1100 to 5000 lb per inch bit diam
eter) 

and rotation can range from
 60 to 100 rpm

.

2
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o
H

ard rock cannot be torn or cut –
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fractured.
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H

igh thrust loading is required (e.g. 1800 to 
3000 kg, or 4000 to 6000 lb per inch bit 
diam
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o
T

he teeth in hard form
ation bits are either 

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

o
T

he teeth in hard form
ation bits are either 

case-hardened steel or tungsten carbide 
inserts w

ith conical or hem
ispherical ends.

o
To avoid slipping or skidding on the bottom

, 
the bits are rotated at low

 speeds (e.g. 40–
80 rpm

).

2
3

o
D

rill co
llars o

r stab
iliser

b
ars

W
hen a bit is connected directly to the drill pipe, 

the bending of the pipe allow
s the hole to deviate 

severely.
S

om
etim

es a b
it stab

iliser
is run to control the bit. 

T
he bit stabiliser

is a large diam
eter, thin-w

alled 
tube. It provides direction control but not w

eight. 
T

he drill pipe still runs in com
pression.
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C
are o

f d
rill co

llars: 

T
he drill collars them

selves are in com
pression 

and w
ill buckle. B

ut since the tube itself is stiffer 
than the tube in a drill pipe, the bending occurs
at the joint. Tool joints in the drill collars m

ust be 
given even greater care than the drill pipe joints.

2
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o
D

rilling m
uds

have evolved enorm
ously 

since 1901, w
hen the first m

ajor 
petroleum

 discovery using rotary drilling 
and circulating m

ud w
as m

ade at 
S

pindletop, near B
eaum

ont, Texas, 
U

S
A

. 

o
T

he S
pindletop

m
ud w
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ply w

ater 

o
R

o
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u
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 d
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o
T

he S
pindletop

m
ud w

as sim
ply w

ater 
m

ade viscous by hydrating clay 
cuttings.

o
Today, m

ud are com
plex m

ixtures of 
bentonite, polym

ers, thinners, barite and 
a host of other ingredients that m

ust 
accom

plish several tasks.
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e m
o

st im
p

o
rtan

t are:

o
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ck frag
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en
eath

 

th
e b

it an
d

 carry th
em

 to
 su

rface.

o
exert su

fficien
t h

yd
ro

static p
ressu

re 

T
he drilling fluid plays several 

functions in the drilling process. 
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D
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g
 flu

id
 in

 w
ellb

o
re

In
 w

ellb
o

re:

o
T

he drilling fluid then flow
s dow

n the 
rotating drillstring

and jets out through 
n

o
zzles

in the drill bit at the bottom
 of the 

hole. 

o
T

he drilling fluid picks the rock cuttings 
generated by the drill bit action on the 
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generated by the drill bit action on the 
form

ation. 

o
T

he drilling fluid then flow
s up the 

borehole through the annular space 
betw

een the rotating drillstring
and 

borehole w
all. 

3
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rface

o
T

he shale shaker is designed to separate 

A
t the top of the w

ell (and above the tank level), the drilling fluid 
flow

s through the flow
 line to a series of screens called the 

shale shaker. 
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o
T

he shale shaker is designed to separate 
the cuttings from

 the drilling m
ud. 

o
O

ther devices are also used to clean the 
drilling fluid before it flow

s back into the 
drilling fluid pits. 
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the cleanest and best-conditioned 
m

ud on location
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S
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le Tu

b
e R

everse C
ircu

latio
n

:

o
R

everse circulation (R
C

) m
oves the 

fluid dow
n the borehole outside the drill 

pipe, into the bit, and up the inside of 
the drill pipe.

o
T

his technique w
as originally developed 

to drill large diam
eter bores (up to 1.2 

m
) in unconsolidated form

ations 
efficiently, but has since been adapted 
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efficiently, but has since been adapted 
for m

any purposes.

o
M

ost R
C

 drilling of this type is done w
ith 

w
ater rather than w

ith an engineered 
m

ud, or w
ith a very light m

ud.

o
R

C
 requires very large m

ud pits that 
m

ust be transported or dug by dozer.
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Drilling Fluids 

 

Drilling fluids include both gases and liquids, liquids are called drilling mud, where the drilling mud is 

one of the most important elements of any drilling operation. The mud has a number of functions which 

must all be optimized to ensure safety and minimum hole problems. Failure of the mud to meet its 

design functions can prove extremely costly in terms of materials and time, and can also jeopardise the 

successful completion of the well and may even result in major problems such as stuck pipe, kicks or 

blowouts. There are basically two types of drilling mud: water-based and oil-based, depending on 

whether the continuous phase is water or oil. The water-base mud is the most commonly used. The use 

of oil-base mud is usually limited to drill extremely hot formations or formations that are affected 

adversely by water-base muds. Where the use of gasses is limited to formations that are competent 

(hard) and impermeable. Gas–liquid mixtures can be used when only a few formations capable of 

producing water at significant rates are encountered. Then there are a multitude of additives which are 

added to either change the mud density or change its chemical 

properties. 

 

Drilling mud selection: (Data REQUIREMENTS) 

 

The following information should be collected and used when selecting drilling fluid or fluids for a 

particular well. It should be noted that it is common to utilize two or three different fluid types on a single 

well. 

1. The range of temperature, strength, permeability, and pore fluid pressure exhibited by 

formations (Pore pressure /fracture gradient plots to establish the minimum / maximum mud 

weights to be used on the whole well). 

2. Offset well data (drilling completion reports, mud recaps, mud logs etc.) from similar wells in the 

area to help establish successful mud systems, problematic formations, potential hazards, 

estimated drilling time etc. 

3. Types of formations to be drilled. 

4. Casing design program and casing seat depths. The casing scheme effectively divides the well 

into separate sections; each hole section may have similar formation types, similar pore 

pressure regimes or similar reactivity to mud. 

5. The water quality available. 

6. Restrictions that might be enforced in the area i.e. government legislation in the area, 

environmental concerns, etc. 

 

Drilling Fluid Functions: 

 

The drilling mud must perform the following functions: 

1. cool the drill bit and lubricates its teeth: one of the prime functions of the drilling fluid or mud is 

to cool the drill bit and lubricate its teeth. The drilling action requires a considerable amount of 

mechanical energy in the form of weight on bit, rotation, and hydraulic energy. A large proportion of 

this energy is dissipated as heat, which must be remove to allow the drill bit to function properly, the 

drilling mud also helps the removing of the rock cuttings from the space between the bit teeth, 

thereby preventing bit balling which is one of the common problems in drilling process. 



2. lubricates and cool the drillstring: a rotary drillstring generates a considerable amount of heat 

which must be dissipated outside the hole. The drilling mud helps to cool the drillstring by absorbing 

the heat and releasing it, by convection and radiation, to air surrounding the surface mud tanks 

(pits). The mud also, provides lubrication by reducing friction between drillstring and borehole walls. 

Lubrication is usually achieved by the addition of bentonite, oil, graphite, etc. 

3. control formation pressure: for safe drilling, high formation pressure must be contained within the 

hole to prevent damage to equipment and injury to personnel. The drilling mud achieves this by 

providing a hydrostatic pressure just greater than the formation pressure. For effective drilling, the 

difference between the hydrostatic pressure and formation pressure should be zero. The 

hydrostatic pressure depends on the mud weight which, in turn, depends on the type of solids 

added to the fluid making up the mud and the density of the continuous phase. In practice, an 

overbalance,(Where the pressure in the wellbore in higher than the pressure in the formation), 100 

to 200 psi (trip margin) is normally used to provide an adequate safe guard against well kick. The 

pressure overbalance sometimes referred to as chip hold down pressure (CHDP), and its value 

directly influences penetration rate. In general, penetration rate decreases as (CHDP) increases. 

When an abnormally pressured formation is encountered, the (CHDP) becomes negative and 

sudden increase in penetration rate is observed. This is normally taken as an indication of a well 

kick. 

4. carry cuttings out of the hole: for effective drilling, cuttings generated by the bit must be removed 

immediately. The drilling mud carries these cuttings up the hole and to the surface, to be separated 

from the mud. The removal of cuttings depends on the viscous properties called "Yield Point" which 

influences the carrying capacity of the flowing mud and "gels" which help to keep the cuttings in 

suspension when the mud is static to prevent them from accumulating on the bottom of the hole 

and causing pipe sticking. The flow rate of mud is also critical in cleaning the hole. 

5. stabilize the wellbore and prevent it from caving in: the formation of a good mud cake helps to 

stabilize the walls of plaster to interior walls (like plastering a room walls to keep them from flaking). 

The pressure differential between hydrostatic pressure of mud and that of the wellbore stable. 

Shale stability is largely dependent on the type of mud used to minimize the swelling stresses 

caused by the reaction of the mud with the shale formations. This reaction can cause hole erosion 

or cavings resulting in an unstable wellbore. Minimization of wellbore instability is provided by the 

"inhibition" character of the drilling mud.. At last it should be noted that the best way to keep a hole 

stable is to reduce time during which the hole is kept open. 

6. helps in the evaluation and interpretation of well logs: wire line logs are run in mud-fills holes in 

order to ascertain the existence and size of hydrocarbons zones. Open hole logs are also run to 

determine porosity, boundaries between formations, location of geopressured (or abnormally 

pressured) formations and the site for the next well. 

Hence, the drilling mud must possess such properties that it will aid the production of good logs 

(Log response may be enhanced through selection of specific fluids and conversely, use of a given 

fluid may eliminate a log from use. Drilling fluids must be evaluated to assure compatibility with the 

logging program). 

7. limiting the corrosion of drilling equipment: the drilling mud in most cases will have water that 

contains dissolved salts as its base liquid. This serves as a medium in which corrosion takes place. 

If corrosion is suspected, then the cause should be determined and steps taken to prevent damage 



of the equipment. It has been found that in muds containing oil as the continuous phase, little or no 

corrosion occurs. 

8. Transmit Hydraulic Horsepower to Bit: Hydraulic horsepower generated at the bit is the result of 

flow volume and pressure drop through the bit nozzles. This energy is converted into mechanical 

energy which removes cuttings from the bottom of the hole and improves the rate of penetration. 

 

Drilling Fluid Classifications: 

 

Drilling fluids are separated into three major classifications (Figure below): 

A. Pneumatic. 

B. Oil-Based. 

C. Water-Based. 

 

 
A. Pneumatic drilling fluids: 

 

Pneumatic (air/gas based) fluids are not common systems as they have limited applications such as the 

drilling of depleted reservoirs or aquifers or areas where abnormally low formation pressures may be 

encountered where normal mud weights would cause severe loss circulation. 

An advantage of pneumatic fluids over liquid mud systems can be seen in increased penetration rates. 

Cuttings are literally blown off the cutting surface ahead of the bit as a result of the considerable 

pressure differential. The high pressure differential also allows formation fluids from permeable zones to 

flow into the wellbore. Air/gas based fluids are ineffective in areas where large volumes of formation 

fluids are encountered. A large influx of formation fluids requires converting the pneumatic fluid to a 

liquid-based system as their properties tends to break down in the presence of water. As a result, the 

chances of losing circulation or damaging a productive zone are greatly increased.  



consideration when selecting pneumatic fluids is well depth. They are not recommended for wells below 

about 6-8000 ft (1800-2400 m) because the volume of air required to lift cuttings from the bottom of the 

hole can become greater than the surface equipment can deliver. 

Penetration rate: is the speed at which a drill bit breaks the rock under it to deepen the borehole. Also 

known as penetration rate or drill rate. It is normally measured in feet per minute or meters per hour, but 

sometimes it is expressed in minutes per foot. Generally, ROP increases in fast drilling formation such 

as sandstone (positive drill break) and decreases in slow drilling formations such as shale (reverse 

break). ROP decreases in shale due to diagnesis and overburden stresses. 

 

B. Oil-based mud: 

 

An oil based mud system is one in which the continuous phase of a drilling fluid is oil. When water is 

added as the discontinuous phase then it is called an invert emulsion. A primary use of oil-based fluids 

is to drill troublesome shales and to improve hole stability. They are also applicable in drilling highangle/ 

horizontal wells because of their superior lubricating properties and low friction values between the 

steel and formation which result in reduced torque and drag and ability to prevent hydration of clays. 

These fluids are particularly useful in drilling production zones, shales and other water sensitive 

formations, as clays do not hydrate or swell in oil.. They may also be selected for special applications 

such as high temperature/high pressure wells, minimizing formation damage, and native-state coring. 

Another reason for choosing oil-based fluids is that they are resistant to contaminants such as 

anhydrite, salt, and CO2 and H2S acid gases. 

Cost is a major concern when selecting oil-based muds. Initially, the cost per barrel of an oilbased mud 

is very high compared to a conventional water-based mud system. However, because oil muds can be 

reconditioned and reused, the costs on a multi-well program may be comparable to using water-based 

fluids. Also, buy-back policies for used oil-based muds can make them an attractive alternative in 

situations where the use of water-based muds prohibit the successful drilling and/or completion of a 

well. 

Today, with increasing environmental concerns, the use of oil-based muds is either prohibited or 

severely restricted in many areas. In some areas, drilling with oil-based fluids requires mud and cuttings 

to be contained and hauled to an approved disposal site. The costs of containment, hauling, and 

disposal can greatly increase the cost of using oil-based fluids. 

 

There are two types of oil based muds: 

o Invert Emulsion Oil Muds. 

o Pseudo Oil Based Mud. 

 

C. Water-Based Fluids: 

These are fluids where water is the continuous phase. The water may be fresh, brackish or seawater, 

whichever is most convenient and suitable to the system or is available. Water based fluids are the 

most extensively used drilling fluids. They are generally easy to build, inexpensive to maintain, and can 

be formulated to overcome most drilling problems. In order to better understand the broad spectrum of 

water-based fluids, they are divided into three major subclassifications: 



 
 

1. Non-Inhibitive Fluids 

Those which do not significantly suppress clay swelling, are generally comprised of native clays or 

commercial bentonites with some caustic soda or lime. They may also contain deflocculants and/or 

dispersants such as: lignites, lignosulfonates, or phosphates. Non-inhibitive fluids are generally used as 

spud muds. Native solids are allowed to disperse into the system until rheological properties can no 

longer be controlled by water dilution. 

2. Inhibitive Fluids 

Those which appreciably retard clay swelling and, achieve inhibition through the presence of cations; 

typically, Sodium (Na+), Calcium (Ca++) and Potassium (K+). Generally, K+ or Ca++, or a combination of 

the two, provide the greatest inhibition to clay dispersion. These systems are generally used for drilling 

hydratable clays and sands containing hydratable clays. Because the source of the cation is generally a 

salt, disposal can become a major portion of the cost of using an inhibitive fluid. 

3. Polymer Fluids 

Those which rely on macromolecules, either with or without clay interactions to provide mud properties, 

and are very diversified in their application. These fluids can be inhibitive or noninhibitive depending 

upon whether an inhibitive cation is used. Polymers can be used to viscosify fluids, control filtration 

properties, deflocculate solids, or encapsulate solids. 

The thermal stability of polymer systems can range upwards to 400°F. In spite of their diversity, polymer 

fluids have limitations. Solids are a major threat to successfully running a cost-effective polymer mud 

system. 

 

 

Reference: University of Misan, College of Engineering, Petroleum Eng. Dep. 2014: The Brief in Oil Well Drilling. 

Mahmoud Jassim Al-khafaji  
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C
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re b
arrels

o
T

he core barrel is sandw
iched betw

een the drill rods and 
the diam

ond bit.

o
M

ost conventional barrels as w
ell as w

ireline
barrels 

incorporate a stationary inner tube to contain and protect 
the core.

o
Its length varies from

 0.5 to 3 m
.
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o
Its length varies from

 0.5 to 3 m
.

o
T

here are three types of core barrel in use: 
•

T
he single tube core barrel, and 

•
D

ouble tube core barrel. 
•

Triple tube core barrel
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ake sure that the barrel and inner tube are in good condition.
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elect the correct bit for the ground conditions.
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ake sure that the inner tubes are the correct length.

o
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hen in doubt pull out and reseat.
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o
C

heck the core lifter regularly to prevent a core drop or excessive 
stick up on the bottom

 of the hole.

o
V

ibration can cause core loss, so ensure the drill fluid lubricates the 
drill string.

o
M

ake sure that the core trays are num
bered and labeled correctly.

o
B

e careful not to drop core trays w
hen they are being transported.
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b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017
5

5
S

u
b

su
rface G

eo
lo

g
y 440G

:     G
eo

lo
g

y D
ep

artm
en

t, S
V

U
, 2017

5
6



S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017
5

7
S

u
b

su
rface G

eo
lo

g
y 440G

:     G
eo

lo
g

y D
ep

artm
en

t, S
V

U
, 2017

5
8

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
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g
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9

o
A

ll u
n

co
n

so
lid

ated
 fo

rm
atio

n
s, in

clu
d

in
g

: san
d

 (in
clu

d
in

g
 

h
eavin

g
); g

ravel; clay; h
ard

 till; co
b

b
les an

d
 b

o
u

ld
ers.

o
F

ill an
d

 co
n

stru
ctio

n
 d

eb
ris.

o
A

n
y fo

rm
atio

n
 kn

o
w

n
 as “d

ifficu
lt” fo

r co
n

ven
tio

n
al 

m
eth

o
d

s.

G
eo

lo
g

ic A
p

p
licatio

n
s

S
u

b
su

rface G
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g

y 440G
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g
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V
U

, 2017

m
eth

o
d

s.

o
S

o
m

e b
ed

ro
ck fo

rm
atio

n
s, typ

ically so
fter, p

o
ro

u
s an

d
 

w
eath

ered
: sh

ale; san
d

sto
n

e; lim
esto

n
e; b

asalt; etc.

o
S

O
N

IC
 is n

o
t typ

ically co
st-effective d

rillin
g

 larg
e am

o
u

n
ts 

o
f very d

en
se/h

ard
 b

ed
ro

ck.
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P
o

ten
tial S

O
N

IC
 A

d
van

tag
es

o
F

aster
drilling.

o
T

he
lack

of
any

need
to

introduce
fluid

into
the

hole
m

akes
this

m
ethod

an
idealdrilling

m
ethod

w
hen

contam
ination

is
potentially

a
problem

.

o
Less

m
ess.

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

o
Less

m
ess.

o
W

ider
range

ofground
can

be
drilled.

o
N

o
large

m
ud

pits
or

com
pressor

required
for

cutting
rem

oval.

o
A

ccurate
inform

ation
obtained

w
here

other
m

ethods
fail.

6
1

W
ell lo

g
g

in
g

o
W

ell lo
g

g
in

g
, also know

n as b
o

reh
o

le lo
g

g
in

g
is the practice of 

m
aking a detailed record (a w

ell log) of the geologic form
ations

penetrated by a borehole. 

o
T

he log m
ay be based either on visual inspection of sam

ples
brought 

to the surface (geologicallogs) or on physical m
easurem

ents
m

ade by 

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

to the surface (geologicallogs) or on physical m
easurem

ents
m

ade by 
instrum

ents low
ered into the hole (geophysicallogs). 

o
W

ell logging is perform
ed in boreholes drilled for the oil and gas, 

groundw
ater, m

ineraland geotherm
alexploration, as w

ell as part of 
environm

ental and geotechnicalstudies.

6
2

G
eo

lo
g

ical lo
g

s

D
R

IL
L

C
U

T
T

IN
G

S
are

the
broken

bits
of

solid
m

aterial
rem

oved
from

a
borehole

drilled
by

rotary,
percussion,

or

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

rotary,
percussion,

or
auger

m
ethods.

B
oreholes

drilled
in

this
w

ay
include

oil
or

gas
w

ells,
w

ater
w

ells,
and

holes
drilled

for
geotechnical

investigations
or

m
ineralexploration.

6
3

C
O

R
IN

G
is the process of obtaining 

an actual sam
ple of a rock form

ation 
from

 the borehole. F
ull coring', in 

w
hich a sam

ple of rock is obtained 
using a specialized drill-bit as the 

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

using a specialized drill-bit as the 
borehole is first penetrating the 
form

ation.
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F
a

c
u

lty o
f S

c
ie

n
c

e

G
e

o
lo

g
y D

e
p

a
rtm

e
n

t

 �
�م 

�
���	
ا

 
�
�	
ا

S
u

b
s

u
r

f
a

c
e

 G
e

o
l

o
g

y

D
r. A

b
d

e
l M

a
w

g
o

u
d

 M
o

h
a

m
m

e
d

L
e

c
tu

re
 N

o
. 

D
r. A

b
d

e
l M

a
w

g
o

u
d

 M
o

h
a

m
m

e
d

D
rillin

g

D
rillin

g
o

ccu
rs

in
all

n
atio

n
s

aro
u

n
d

th
e

w
o

rld
,an

d
in

th
e

seas
su

rro
u

n
d

in
g

S
u

b
su

rface G
eo
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g

y 440G
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eo
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g
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en
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V
U

, 2017

th
e

w
o

rld
,an

d
in

th
e

seas
su

rro
u

n
d

in
g

th
o

se
n

atio
n

s,
u

sin
g

d
rillin

g
rig

s
to

b
o

re
in

to
th

e
earth

.

2

D
rillin

g

�
provides

inform
ation

about
resources

(m
in

erals,
co

n
stru

ctio
n

m
aterial,

o
il,

g
as,

w
ater)

and
also

provides
access

to
those

resources.

�
helps

w
ith

developing
infrastructure

in
foundations,

piling,
and

constructing
dam

s,
and

in
laying

underground
cables

for
energy

transm
ission

and
com

m
unications.

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

transm
ission

and
com

m
unications.

�
helps

to
gather

inform
ation

such
as

ground
strength,

ground

form
ations

and
com

position,
and

the
presence

and
quality

of

groundw
ater

(geotechnical,seism
ic,and

environm
ental).

�
d

eals
w

ith
a

su
b

ject
w

h
ich

sh
o

u
ld

in
terest

b
o

th
th

e
g

eo
lo

g
ist

an
d

th
e

en
g

in
eer.

3

In
tro

d
u

ctio
n

 to
 d

rillin
g

 Tech
n

iq
u

es

1.
D

irect D
rillin

g

2.
D

irectio
n

al d
rillin

g

1.
D

irect D
rillin

g
2.

D
irectio

n
al d

rillin
g

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U
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2.
D

irectio
n

al d
rillin

g

H
o

rizo
n

tal W
ell

V
ertical W

ell

4



1.
D

irect d
rillin

g

M
o

st
w

ells
d

rilled
fo

r
w

ater,
o

il,

n
atu

ral
g

as,
in

fo
rm

atio
n

o
r

o
th

er

su
b

su
rface

o
b

jectives
are

vertical

w
ells

-
d

rilled
straig

h
t

d
o

w
n

in
to

th
e

earth
.

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

o
D

irect
d

rillin
g

lim
its

exp
lo

ratio
n

to
th

e
area

im
m

ed
iately

b
elo

w
th

e

d
rillin

g
p

latfo
rm

.

5

W
hile attem

pting to drill straight dow
n, boreholes have a natural

tendency
to deviate from

 a vertical path.

2.
D

irectio
n

al d
rillin

g

D
irectio

n
al d

rillin
g

 is d
efin

ed
 

as an
 art an

d
 scien

ce 

in
vo

lvin
g

 d
eflectio

n
 o

f a w
ell 

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

in
vo

lvin
g

 d
eflectio

n
 o

f a w
ell 

b
o

re in
 a sp

ecified
 d

irectio
n

 in
 

o
rd

er to
 reach

 a p
red

eterm
in

ed
 

o
b

ject b
elo

w
 th

e su
rface o

f th
e 

earth
 th

at can
n

o
t b

e ach
ieved

 

w
ith

 a vertical w
ell.

6

D
irectio

n
ally d

rilled
 w

ells

o
A

directionally
drilled

or
deviated

w
ell

is
defined

as
a

w
ell

drilled
at

an

angle
less

than
90

deg
to

horizontal.

o
T

he
technique

of
controlled

directional
drilling

began
in

the
late

1920s

on
the

U
S

P
acific

coast
(LeR

oy
and

LeR
oy

1977).

o
M

ost
directional

w
ells

begin
as

vertical
w

ellbores.
A

t
a

designated

depth,
know

n
as

the
K

ickoff
point

(K
O

P
),

the
directional

driller
deflects

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

depth,
know

n
as

the
K

ickoff
point

(K
O

P
),

the
directional

driller
deflects

the
w

ellpath
by

increasing
w

ellinclination
to

begin
the

build
section.

o
T

hrough
the

use
of

controlled
directionaldrilling,

a
w

ellbore
is

deviated

along
a

preplanned
course

to
intersect

a
subsurface

target
horizon

at
a

specific
location.

o
D

irectionally
drilled

w
ells

have
a

good
application

to
subsurface

m
apping.

7

A
p

p
licatio

n
 o

f d
irectio

n
ally d

rilled
 w

ells

o
T

here
are

a
num

ber
ofreasons

to
drilla

directionalw
ell.

o
T

he
m

ost
com

m
on

application
is

the
drilling

of
offshore

w
ells

from
a

single
platform

location.

o
O

nshore,
w

ells
are

com
m

only
deviated

due
to

inaccessibility
to

the
surface

location
directly

over
the

subsurface
target.

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

the
surface

location
directly

over
the

subsurface
target.

B
uildings,

tow
ns,

cities,
rivers,

and
m

ountains
are

the
kinds

of

surface
obstructions

thatrequire
the

drilling
ofa

deviated
w

ell.

o
O

ne
very

im
portant

safety
application

of
a

deviated
w

ell
is

the

drilling
ofa

relief
w

ellto
killa

w
ellthathas

blow
n

out.

8



a)
M

u
ltip

le w
ells o

ffsh
o

re o
r fro

m
 artificial islan

d
s.

b
)

S
h

o
relin

e d
rillin

g
.

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

b
)

S
h

o
relin

e d
rillin

g
.

c)
F

au
lt co

n
tro

l.

d
)

In
accessib

le lo
catio

n
.

e)
S

tratig
rap

h
ic

trap
.

f)
R

elief w
ell co

n
tro

l.

g
)

S
traig

h
ten

in
g

 h
o

le an
d

 sid
e trackin

g
.

h
)

S
alt d

o
m

e d
rillin

g
.

i)
S

alt d
o

m
e d

rillin
g

.

j)
S

alt d
o

m
e d

rillin
g

.
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u
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rface G
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y D
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artm
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U
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1
0

S
u

b
su

rface G
eo
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g

y 440G
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g
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V
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1
1

S
u

b
su

rface G
eo
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g

y 440G
:     G

eo
lo

g
y D
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artm

en
t, S

V
U

, 2017
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d
)

In
accessib

le lo
catio

n
.

Target can't be reached by vertical drilling
D

irectio
n

ald
rillin

g
u

n
d

er
city:

o
D

irectional
drilling

can
be

used

to
reach

targets
that

cannot
be

drilled
w

ith
a

verticalw
ell.

o
F

or
exam

ple,
it

m
ay

not
be

possible
to

get
a

drilling
perm

it

for
a

w
ell

located
w

ithin
a

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

for
a

w
ell

located
w

ithin
a

populated
area

or
w

ithin
a

park.

o
H

ow
ever,a

w
ellcould

be
drilled

just
outside

of
the

populated

area
or

park
and

then
steered

directionally
to

hitthe
target.

1
3

D
rain a large area from

 one drill pad

k)
D

rain
 a larg

e area fro
m

 o
n

e d
rill p

ad
.

M
in

im
ize fo

o
tp

rin
t:

o
O

ne
drilling

pad
can

be
used

to

drill
a

num
ber

of
w

ells.
T

his

reduces
the

footprint
of

drilling

operations.

o
In

2010
the

U
niversity

of
Texas

at
A

rlington
drilled

22
w

ells
on

a

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

at
A

rlington
drilled

22
w

ells
on

a

single
platform

.
T

hese
w

ells
are

draining
the

natural
gas

from

about
1100

acres
beneath

the

cam
pus.

o
T

he
alternative

w
ould

be
to

drill

m
any

w
ells,

each
requiring

a

drilling
pad,

pond,
access

road

and
gathering

line.

1
4

l)
Im

p
ro

ved
 p

ro
d

u
ctio

n
 in

 a fractu
red

 reservo
ir.

Im
proved production in a fractured reservoir

F
ractu

red
 reservo

ir:

o
S

om
e reservoirs have m

ost of 

their pore spaces in the form
 of 

fractures. 

o
S

uccessful w
ells m

ust 

penetrate fractures to have a 

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

penetrate fractures to have a 

flow
 of natural gas into the w

ell. 

o
If the w

ell is drilled 

perpendicular to the plane of 

these fractures, then a 

m
axim

um
 num

ber of fractures 

w
ill be penetrated.

1
5

m
)

In
stallatio

n
 o

f u
n

d
erg

ro
u

n
d

 u
tilities.

Installation of underground utilities

U
tility lin

e:

o
U

tility service lines such as those 

delivering electricity, w
ater, or 

natural gas are som
etim

es 

installed by directional drilling.

o
T

his m
ethod is used w

hen they 

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

o
T

his m
ethod is used w

hen they 

m
ust cross a road w

here 

excavation w
ould disrupt traffic, 

cross a river w
here excavation is 

im
possible, or transverse a 

com
m

unity w
here surface 

installation by excavation w
ould 

be extrem
ely expensive and 

disrupting.

1
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C
o

m
m

o
n

 typ
es o

f d
irectio

n
ally d

rilled
 w

ells

T
h

ere are m
an

y co
m

p
lex facto

rs th
at g

o
 

in
to

 th
e d

esig
n

 o
f a d

irectio
n

ally  d
rilled

 

w
ell; h

o
w

ever, m
o

st d
eviated

 w
ells fall 

S
u

b
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rface G
eo
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g

y 440G
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eo
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g
y D

ep
artm
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t, S

V
U
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w
ell; h

o
w

ever, m
o

st d
eviated

 w
ells fall 

in
to

 o
n

e o
f fo

u
r typ

es.

1
7

Typ
e I w

ells

S
im

p
le

ram
p

w
ell,

so
m

etim
es

called
an

“L
”

sh
ap

ed
h

o
le.

T
hese w

ells are drilled vertically 

to a predeterm
ined depth (K

ick 

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

to a predeterm
ined depth (K

ick 

O
ff P

o
in

t) and then deviated to 

a certain angle w
hich is usually 

held constant to total depth 

(T
D

) of the w
ell.

1
8

Typ
e II w

ells

“S
” sh

ap
ed

 d
esig

n
.

W
ith an “S

” shaped hole, the w
ell 

begins as a vertical hole and then 

builds to a predeterm
ined angle, 

S
u

b
su

rface G
eo
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g

y 440G
:     G

eo
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g
y D
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V
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builds to a predeterm
ined angle, 

m
aintains this angle to a 

designated depth and then the 

angle is low
ered again, often 

going back to vertical.

1
9

Typ
e III w

ells

o
A

re m
ade up of a vertical section, a 

deep kick off and a build up to target. 

o
T

hey are sim
ilar to the Type I w

ell 

except the kickoff point is at a deeper 

depth. 

D
eep

 K
ick o

ff w
ells o

r J P
ro

file w
ells (as 

th
ey are J -

sh
ap

ed
).

S
u

b
su

rface G
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g
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g
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V
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depth. 

o
T

he w
ell is deflected at the kickoff 

point, and inclination is continually 

built through the target interval 

(B
U

ILD
). 

o
T

he inclinations are usually high and 

the horizontal departure low
.

2
0



Typ
e IV

 w
ells

H
o

rizo
n

tal w
ells o

r H
o

rizo
n

tal 

D
irectio

n
al W

ells.

A
re m

ade up of anyone of the above 

profiles plus a horizontal section w
ithin 

the reservoir.

H
orizontal drilling is: 

used to increase productivity from
 low

 

S
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o
used to increase productivity from

 low
 

perm
eability reservoirs by increasing the 

am
ount of form

ation exposed to the w
ellbore, 

o
used to m

axim
ize production from

 reservoirs 

w
hich are not being efficiently drained by 

vertical w
ells and to connect the portions of 

the reservoir that are productive.

2
1

D
efin

itio
n

s

o
D

ep
th

•
T

rue V
ertical D

epth

•
M

easured D
epth

o
In

clin
atio

n
 (D

rift)
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o
In

clin
atio

n
 (D

rift)

o
A

zim
u

th
 (D

irectio
n

)

o
K

ick O
ff P

o
in

t (K
O

P
)

2
2

o
D

ep
th

•
T

rue V
ertical D

epth (T
V

D
).

•
M

easured D
epth (M

D
).

S
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g
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V
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2
3

o
In

clin
atio

n
 (D

rift)

o
T

he angle (in degrees) 

betw
een the local vertical and 

the tangent
to the w

ell bore 

axis at a particular point.

S
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g
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axis at a particular point.

o
B

y oilfield convention, 0
o

is 

vertical and 90
o

is horizontal.
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T
he azim

uth of a hole indicates the 

o
A

zim
u

th
 (D

irectio
n

)

o
A

zim
uth is the angle betw

een N
orth 

R
eference and a horizontal projection 

of the current S
urvey position.

S
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b
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rface G
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g
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T
he azim

uth of a hole indicates the 

direction in w
hich it is pointing on a 

360°
radius. If it is pointing:

o
N

orth it w
ill have an azim

uth of 0°

o
S

outh the azim
uth w

ould be 180°

o
E

ast w
ould be 90°

o
W

est w
ould be 270°.

2
5

T
he kickoff point is the location 

at a given depth below
 the 

surface w
here the w

ellbore

is deviated in a given direction.

o
K

ick O
ff P

o
in

t (K
O

P
)

K
ick O

ff P
oint

=
 D

epth of 

S
u

b
su
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y 440G
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eo
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g
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V
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K
ick O

ff P
oint

=
 D

epth of 

initial deviation from
 vertical 

m
easured as m

easured 

depth (M
D

), true vertical 

depth (T
V

D
), or subsea true 

vertical depth (S
S

T
V

D
).

2
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H
om

ew
ork:

D
escribe w

hat you see.
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S
u

b
su

rface th
ickn

esses

T
here are a few

 term
s to describe exactly w

hat thicknesses are 

being m
easured in the subsurface.

o
M

LT,
m
easu

red
lo
g
th
ickn

ess:
T

he
calculated

thickness
of

an
interval

m
easured

in
a

w
elllog.

o
In

flat-lying
strata,

this
is

equal
to

the
tru
e
stratig

rap
h
ic
th
ickn

ess

(T
S

T
),

but
in

dipping
strata

the
M

LT
is

larger
than

the
T

S
T

(unless
the

S
u

b
su

rface G
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g
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(T
S

T
),

but
in

dipping
strata

the
M

LT
is

larger
than

the
T

S
T

(unless
the

w
ellis

deviated
and

perpendicular
to

the
unit).

o
Tru
e
vertical

th
ickn

ess
(T

V
T

)
is

the
verticalthickness

of
an

intervaland

the
tru
e
vertical

d
ep
th
th
ickn

ess
(T

V
D

T
)

is
the

vertical
thickness

betw
een

the
borehole

entry
and

w
here

itexited
the

interval.

o
In

a
verticalw

ellthe
M

LT,
T

S
T,

T
V

T,
and

T
V

D
T

are
allequal,

but
they

are

notequalifthe
w

ellbore
is

deviated
or

ifthe
strata

are
dipping.
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o
In the latter cases, S

etchell's
equation (1.1) can be used to calculate the 

T
V

T
 regardless of the borehole direction or deviation, and dip of the 

strata. 

T
h

e b
asic variab

les n
eed

ed
 are: 

o
the M

LT, 

o
the dip angle and azim

uth direction of the borehole, 

S
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o
the dip angle and azim

uth direction of the borehole, 

o
and the dip angle and direction of the unit. 

T
he T

S
T

 can be calculated from
 the T

V
T

 using equation (1.2) and the 

T
V

D
T, if needed, can be calculated using equation (1.3).

2
9

A
n illustration of three 

w
ells, one vertical (A

) and 

tw
o deviated (B

 and C
), 

that penetrate a dipping 

unit w
ith a constant 

thickness. S
ee the m

ap 

view
 in the m

iddle for
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view
 in the m

iddle for

w
ell locations. E

ach w
ell 

has the sam
e T

S
T, but 

different M
LTs, T

V
D

Ts, 

and T
V

Ts.
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A
n

exam
ple

of
how

m
isusing

thickness
values

in
volum

e

estim
ates

can
be

problem
atic.

In
this

exam
ple,

the
T

V
T

w
as

incorrectly
used

w
ith

the
length

of
the

beam
instead

of
using

the
T

S
T.

T
he

T
V

T
value

can

only
be

correctly
used

w
ith

the

apparent
length

to
yield

an

S
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apparent
length

to
yield

an

accurate
volum

e
estim

ate.
In

practice,
this

calculation

m
ethod

is
typically

easier
to

solve
because

it
does

not

involve
calculating

the
true

length
and

w
idth

ofthe
target.

3
3
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S
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p
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2

1.
C

o
n

to
u

r M
ap

s

A
.

S
tru

ctu
re C

o
n

to
u

r m
ap

s

B
.

Iso
p

ach
m

ap
s

C
.

Iso
ch

o
re

m
ap

s
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C
.

Iso
ch

o
re

m
ap

s

D
.

R
atio

 m
ap

s

3

C
o

n
to

u
rin

g
 an

d
 C

o
n

to
u

rin
g

 Tech
n

iq
u

es

T
h

e fo
llo

w
in

g
 list sh

o
w

s exam
p

les o
f co

n
to

u
rab

le
d

ata an
d

 

th
e asso

ciated
 co

n
to

u
r m

ap
.

D
ata

Typ
e o

f M
ap

E
levation

S
tructure, F

ault, S
alt

S
tratigraphic

T
hickness 

Interval Isopach
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S
tratigraphic

T
hickness 

Interval Isopach

P
ercentage of sand

P
ercent S

and

T
rue V

ertical T
hickness

N
et P

ay Isochore

P
ressure

Isobar

Tem
perature

Isotherm

Lithology
Isolith
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T
h

e co
n

stru
ctio

n
 o

f a co
n

to
u

r m
ap

 fro
m

 raw
 d

ata in
vo

lves 

tw
o

 g
en

eral step
s: in

terp
o

latio
n

 an
d

 in
terp

retatio
n

. 

o
In

terp
o

latio
n

T
h

e ch
o

ice o
f th

e co
n

to
u

r in
tervald

ep
en

d
s o

n
:

C
o

n
to

u
rin

g
 an

d
 C

o
n

to
u

rin
g

 Tech
n

iq
u

es

S
u

b
su

rface G
eo

lo
g

y 440G
:     G

eo
lo

g
y D

ep
artm

en
t, S

V
U

, 2017

T
h

e ch
o

ice o
f th

e co
n

to
u

r in
tervald

ep
en

d
s o

n
:

•
the am

ount of relief present on the surface

•
the m

ap scale 

•
the spacing of the data points and 

•
the accuracy of their location and elevation.

5

T
h

e p
ro

ced
u

res to
 co

n
to

u
r a m

ap
 can

 b
e taken

 as fo
llo

w
s: 

o
A

 given set of points can be contoured into a nearly infinite 

num
ber of shapes, depending on the m

ethodology follow
ed. 

o
T

here is no absolute best technique for contouring and the 

overall appearance of the m
ap is not necessarily an indication 

of its quality (D
avis 1986).

S
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of its quality (D
avis 1986).

o
C

onnect three adjacent elevation points
w

ith straight lines (for 

exam
ple, points A

, B
, and C

 on the F
igure.

o
B

y assum
ing that these three points define a planar portion of 

the surface, the location of the interm
ediate points can be 

found easily (F
igure). 

6

A

B

C

T
h

ree P
o

in
t 

P
ro

b
lem

7

o
A

 contour line separates points that are higher from
 points 

that are low
er

o
C

ontour lines cannot cross

o
C

ontour lines cannot m
erge

o
C

ontour lines m
ust close on them

selves w
ithin the m

ap area 

C
o

n
to

u
rin

g
 R

u
les

S
u

b
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rface G
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g

y 440G
:     G

eo
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g
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V
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, 2017

o
C

ontour lines m
ust close on them

selves w
ithin the m

ap area 

or extend to the edge of the m
ap

o
C

ontour interval m
ust rem

ain constant for the entire m
ap

o
C

ontour lines are repeated to indicate reversals in the slope 

direction

o
F

aults cause breaks in a continuous m
ap surface.
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o
In

terp
retatio

n

A
 m

ap can be contoured so 

that all of the technical 

requirem
ents are fully 

satisfied.
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C
 illustrates the m

ethod by w
hich the 

m
ap, B

, w
as constructed 

9

A
.

S
tru

ctu
re C

o
n

to
u

r m
ap

s

o
A

 structure contour is a lines or curves of equal altitude draw
n on a 

specific horizon.

o
S

tructure contours for planar inclined beds are m
ade up of a series 

of evenly spaced and parallel strike lines.

o
S

tructure contours have properties sim
ilar to those of topographic 

S
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b
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o
S

tructure contours have properties sim
ilar to those of topographic 

contours (partially analogous to topographic contours). 

o
B

oth sets of contours are used to represent the shape of a 

particular surface.

o
T

he visualization of the features portrayed by both types of 

contours follow
s the sam

e rules.

1
0

o
S

tructure contours are em
ployed to illustrate the shape of 

geological surface. S
uch surfaces m

ay include: bedding planes, 

fold shapes, fault planes, salt dom
es.

o
A

 structure contour are straight lines only w
hen the geological 

surface resem
bles a flat plane, like an inclined planar bed

or a 

planar fault.

o
T

he spacing
of the contour lines in such structure-contour m

aps 
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o
T

he spacing
of the contour lines in such structure-contour m

aps 

reflects the gradient of the slope. T
he closer the contours, the 

steeper the inclination of the structural surface. W
idely spaced 

contours im
ply gentle slopes.

o
T

he difference in elevation betw
een adjacent contours is constant 

on any given m
ap.

1
1

S
trike an

d
 d

ip
 d

eterm
in

atio
n
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T
h

e 

m
axim

u
m

 

d
ep

th
 o

f th
e 

b
asin

 is fo
u

r 

kilo
m

eters 

(12,000 feet)
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(12,000 feet)

1
3

It is sim
p

le to
 in

fer th
e strike

an
d

 d
ip

o
f th

e o
rig

in
al b

ed
 

fro
m

 its stru
ctu

re co
n

to
u

rs.

o
T

he strike orientation of the 

bed im
m

ediately follow
s from

 

the trend of the contours, 

w
hich is parallel to the strike.
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o
T

he dip of the bed, α
, can be 

inferred from
 the horizontal 

spacing betw
een the 

projected contour line, d
, and 

the contour interval, x, using:

α
=

 tan
-1 (x/d)

1
4

C
o

n
to
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rin

g
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lted
 su

rfaces
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C
o
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 su
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F
ig

u
re 8-6
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1
9

N
o

rm
al F

au
lts
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o
Tw

o lines are required to delineate a fault on a structural m
ap.

o
O

ne line represents the upthrow
n

trace and the other one represents the 

dow
nthrow

n trace of the fault.

2
0



2
1

2
2

R
everse F

au
lts

2
3

A
.

Iso
p

ach
m

ap
s

B
.

Iso
ch

o
re

m
ap

s
T

h
ickn

ess m
ap

s

o
T

hickness
m

aps
are

another
type

of
standard

m
ap

used
to

explore

for
naturalresources

and
to

interpretstratigraphic
relationships.

o
T

hickness
m

aps
are

a
graphical

representation
of

variations
in

stratigraphic
thickness.
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o
T

hey
represent

thickness
variations

and
thickness

trends
of

a

given
unit.

o
T

here
are

m
any

differenttypes
ofthickness

(T
S

T,T
V

T,M
LT,T

V
D

T,

and
net

pay ),
and

w
hen

each
type

of
thickness

is
m

apped,
the

m
aps

have
differentnam

es.

2
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A
.

Iso
p

ach
m

ap
s

B
.

Iso
ch

o
re

m
ap

s
T

h
ickn

ess m
ap

s

o
A

n
iso

p
ach

m
ap

is
a

m
ap

of
the

Tru
e

S
tratig

rap
h

ic
T

h
ickn

ess
(T

S
T

)

of
a

rock
unit.

T
hese

m
aps

are
useful

to
differentiate

betw
een

structural

and
stratigraphic

traps,
identify

depositional
changes,

and
determ

ine

possible
locations

to
drillfor

hydrocarbons
and

oil.

o
A

n
iso

ch
o

re
m

ap
is

a
m

ap
of

the
Tru

e
V

ertical
T

h
ickn

ess
(T

V
T

)
o

r

(d
rillin

g
th

ickn
ess)

ofa
rock

unit.
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(d
rillin

g
th

ickn
ess)

ofa
rock

unit.

t   =
 T

S
T

tv
=

 T
V

T

2
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o
It is necessary to m

easure the T
V

T
 or T

S
T

 betw
een tw

o m
arker units or 

beds. 

o
T

he resulting thicknesses are plotted on a w
ell location m

ap and the 

data are contoured norm
ally. 

o
Linear thickening trends are com

m
only the result of thrust faulting or 

depositional features, such as a m
arine channel or bar sand. 

To m
ake an isopach

or isochore
m

ap:

depositional features, such as a m
arine channel or bar sand. 

o
A

n isolated thickening trend m
ay represent a karstfeature, an isolated 

pinnacle reef, a reef com
plex, a salt dom

e, or an erroneous data point. 

o
A

 prom
inent, oriented thickening m

ay indicate a sedim
ent source 

direction; sedim
ents should thicken tow

ard the source region. 

o
U

sing other types of m
aps w

ill help constrain these interpretations.

2
6

Isopach
and isochore

m
aps are generally used:

a.
for predeterm

ining drilling depths to specific horizons in 

w
ells.

b.
to locate buried structures in regions w

here form
ations 

habitually becom
e thinner over structural crests. 

c.
In estim

ating the elevation of a datum
 bed below

 the total 
c.

In estim
ating the elevation of a datum

 bed below
 the total 

depth of a w
ell that penetrated a higher know

n 

stratigraphic
horizon. 

d.
To calculate the volum

e of oil in a form
ation.

2
7

Typ
es o

f Iso
p

ach
m

ap
s

T
h

ere are several typ
es o

f iso
p

ach
m

ap
s im

p
o

rtan
t to

 th
e 

evalu
atio

n
 o

f p
etro

leu
m

 p
o

ten
tial. T

h
ese in

clu
d

e:

1.
Interval

2.
N

et sand

3.
N

et pay isopach
m

aps
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1.
A

n in
terval iso

p
ach

m
ap delineates the true stratigraphic

thickness of a specific unit.

2.
A

 n
et san

d
 iso

p
ach

m
ap is an isochore

m
ap w

hich 

represents the total aggregate vertical thickness of porous 

reservoir rock present in a specific stratigrphic
interval.  
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3.
A

 n
et p

ay iso
p

ach
m

ap is a special isochore
m

ap that 

delineates the thickness of reservoir quality sand w
hich 

contain hydrocarbons (gas, oil, or both) or w
ater.
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o
N

et p
ay m

ap
s are an im

portant type of thickness m
ap in the exploration 

of hydrocarbons or w
ater reserves. 

o
R

eservoirs or aquifers are heterogeneous, and as a result, the entire 

reservoir interval is not generally productive. 

o
P

orosity and perm
eability vary laterally and vertically throughout any 

reservoir. It is necessary to get an estim
ate of how

 m
uch of a given 

interval or reservoir is potentially a pay zone. 

o
A

 m
inim

um
 porosity is usually defined as a cu

to
ff, and w

ill depend on 

econom
ics, the field, and the exploration com

pany. F
our percent is a 

econom
ics, the field, and the exploration com

pany. F
our percent is a 

com
m

on cutoff because less than 4%
 usually m

eans the reservoir has 

lim
ited perm

eability and is thus incapable of effectively draining the 

lim
ited am

ount of hydrocarbons it m
ay contain. 

o
A

ny section w
ithin a potential reservoir interval having porosity higher 

than the cutoff is considered a net pay (fig. 6–3). 

o
T

he am
ount of net pay in a given interval is then sum

m
ed and contoured 

as any standard m
ap.
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F
ig. 6–3. A

 w
ell log show

ing the 

net pay w
ithin a lim

estone and 

sandstone reservoir

using a 4%
 cutoff neutron 

porosity. N
otice the sandstone 

porosity had to be adjusted

because the neutron log w
as 

run on a lim
estone m

atrix. 
run on a lim

estone m
atrix. 

C
hoosing an appropriate

conversion chart w
ill depend on 

w
hich porosity logs are run, 

drilling fluid density, and an

individual’s preference.
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