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Text 1. An oil system
Task 1. Read the following words and remember them:

accumulation — ckonneHune, HakonneHwe, 3anexsb;
field — mecTopoxxaeHue;

source rock — MaTepuHckas nopogaa;

oil shale — HedpTeHOCHbIM CnaHeL;

to be subjected — noasepratbcs;

hydrocarbons — yrnesogopoasl;

to expel — BbITECHSITb, BbITA/IKMBATh;

density — NnnoTHOCTL;

buoyancy — nnaByuecTs;

fluid — dnona, KnMakocTb;

to expand — pacwmpaTbcs, yBenMunBaTbCs B 0bbeMe;
burial — 3arnybnenue;

oil seep — MecTo npocaunBaHus HedTH;

trap — nosyLuka;

porous rock — nopucras nopoza;

reservoir — 3anexb HedTW 1 rasa, N1acT, KONNEKTop;
impervious — HeNpoHMLAEMbIN;

petroleum engineer — nHxeHep-HedTAHUK;
objective — uenb, 3agava.

Task 2. Read the text and try to understand it.

Accumulations of oil and gas — the fields — exist under-
ground almost everywhere in the world. But it is necessary
that certain conditions come together for those accumulations
to develop. What is called the genesis of oil follows seven fun-
damental steps, each one is essential and very, very slow.

1. First, it is necessary to have organic matter capable of
being transformed into oil, and in sufficient quantities: this is
the source rock.
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2. Then all favourable conditions for the transformation of
this potential oil and gas must be present. When organic-rich
rock such as oil shale or coal is subjected to high pressure and
temperature over a long period of time, hydrocarbons form.

3. The new oil and gas then begin a migration towards the
surface. The hydrocarbons are expelled from source rock by
three density-related mechanisms: the newly matured hydro-
carbons are less dense than their precursors; the hydrocar-
bons are light, and migrate upwards due to buoyancy, and the
fluids expand as further burial causes increased heating. Most
hydrocarbons migrate to the surface as oil seeps, but some
will get trapped.

4. During this migration the hydrocarbons must meet a
rock capable of hoarding them in large quantities: the reser-
voir. A reservoir rock is commonly a po-
rous sandstone or limestone and oil is collected in the pores
within the rock.

5. This reservoir must be impervious. A barrier (seal or
cap) is therefore necessary: that is an impermeable rock to
prevent the oil and gas from pursuing their way upwards. This
rock is called the seal or cap rock.

6. Then, to accumulate quantities of oil and gas sufficient
for profitable exploitation, the substratum must have a form
sufficiently large and with a closed geology: this is the trap.

7. Finally, oil and gas must not be destabilized by attacks
coming from the exterior. Good conditions for the preservation
of hydrocarbons are necessary.

When teams of petroleum engineers study a zone, one of
their principal objectives is to determine if these seven steps
have, indeed, a good chance of happening. The totality of
these seven steps is called an oil system.

Task 3. Find Russian equivalents for the following English
words and expressions:


https://en.wikipedia.org/wiki/Oil_shale
https://en.wikipedia.org/wiki/Catagenesis_(geology)
https://en.wikipedia.org/wiki/Catagenesis_(geology)
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Seep
https://en.wikipedia.org/wiki/Sandstone
https://en.wikipedia.org/wiki/Limestone
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Organic matter; newly matured hydrocarbons; sufficient quan-
tities; favourable conditions; less dense than precusors; to
cause increased heating; capable of hoarding; sandstone or
limestone; seal or cap rock; profitable exploitation.

JlocTaTo4yHOE KOIMYECTBO; NeCYaHUK UN U3BECTHSIK; 6naro-
NPUATHbIE YCNOBUS; OpraHnyeckasl MaTepusl; BHOBb 06paso-
BaBLUMECS YINEBOAOPOAbI; NPUOLINbHAA SKCNyaTaumst; Bbi3bl-
BaTb MOBBLILEHHbIV HAarpeB; MEHeE NNIOTHbIE, YeM NpeaLle-
CTBEHHMKW; MepekpbiBalowlas nopoaa (Nopoaa-noKpbiLlka);
CMOCOBHbIN HAKanIMBaThb.

Task 4. Answer the questions:

1. How are the accumulations of oil and gas called? 2. How is
oil formed in the source rock? 3. Why must reservoir be imper-
vious? 4. Where can hydrocarbons be accumulated in large
quantities? 5. What is one of the principal objectives for petro-
leum engineers?

Text 2. Hydrocarbon exploration
Task 1. Read the following words and remember them:

exploration — pa3Beaka MecTopoXxaeHus, NOMCKOBO-pa3Be-
[l04Hble paboThl;

deposit — 3anexsb;

sophisticated — cnoxHbli;

extent — pacnpocTpaHeHne, NPOTAKEHHOCTD;

gravity survey — rpaByMMeTpuYECKME NCCNENOBaHNS;

depth conversion — rnybrHHble NOCTPOEHUS;

lead — nounckoBbI 06BEKT, BO3MOXKHAA NIOBYLUKA Yr1eBoAopo-
A0B;

prospect — nepcneKkTUBHbLIN 06BEKT NpY reopa3BeaKe;

6


https://en.wikipedia.org/wiki/Gravimeter
https://en.wikipedia.org/wiki/Depth_conversion
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to evaluate — oueHunBaTb;

exploration well — pa3segoyHas CKBaXKuHa;
to drill — 6ypuTtb;

expensive — foporou;

to undertake — cosepwaTb, npeanpuHMMaTh.

Task 2. Read the text and try to understand it.

Hydrocarbon exploration (or oil and gas exploration) is the
search for deposits of hydrocarbons, such as oil and natural
gas, under the Earth's surface. Petroleum geologists and geo-
physicists are concerned with hydrocarbon exploration.

There are several exploration methods. Visible surface fea-
tures such as oil seeps, natural gas seeps, pockmarks (under-
water craters caused by escaping gas) provide basic evidence
of hydrocarbon generation. However, exploration depends on
highly sophisticated technology to detect and determine the
extent of these deposits using exploration geophysics. Areas
supposed to contain hydrocarbons are initially subjected to
a gravity survey, magnetic survey, seismic survey to detect
large-scale features of the sub-surface geology.

Features of interest (known as leads) are subjected to
more detailed seismic surveys which work on the principle of
the time it takes for reflected sound waves to travel through
matter (rock) of varying densities. The process of depth con-
version is also used to create a profile of the substructure. Fi-
nally, when a prospect has been identified and evaluated and
passes the oil company's selection criteria, an exploration
well is drilled in an attempt to conclusively determine the pres-
ence or absence of oil or gas.

Oil exploration is an expensive, high-risk operation. Off-
shore and remote area exploration is generally undertaken by
very large corporations or national governments. Typical shal-
low shelf oil wells cost US$10 — 30 million, while deep water

7


https://en.wikipedia.org/wiki/Oil_well
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Petroleum
https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Earth#Crust
https://en.wikipedia.org/wiki/Geophysicists
https://en.wikipedia.org/wiki/Geophysicists
https://en.wikipedia.org/w/index.php?title=Oil_seeps&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Natural_gas_seeps&action=edit&redlink=1
https://en.wikipedia.org/wiki/Exploration_geophysics
https://en.wikipedia.org/wiki/Gravimeter
https://en.wikipedia.org/wiki/Magnetometer
https://en.wikipedia.org/wiki/Reflection_seismology
https://en.wikipedia.org/wiki/Depth_conversion
https://en.wikipedia.org/wiki/Depth_conversion
https://en.wikipedia.org/wiki/Oil_well
https://en.wikipedia.org/wiki/Oil_well
https://en.wikipedia.org/w/index.php?title=Shallow_shelf_oil_wells&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Shallow_shelf_oil_wells&action=edit&redlink=1
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wells can cost up to US$100 million. Hundreds of smaller com-
panies search for onshore hydrocarbon deposits worldwide,
with some wells costing as little as US $100,000.

Task 3. Find Russian equivalents for the following English
words and expressions:

Reflected sound waves; offshore and onshore deposits; to pro-
vide basic evidence; craters caused by escaping gas; visible
surface features; shallow shelf oil wells; remote area explora-
tion; to determine presence or absence; to detect large-scale
features
OnpepenuTb HaMuMe UK OTCYTCTBUE; MOPCKME U Ha3eMHbIe
MECTOPOXAEHUS; OTPAXKEHHbIE 3BYKOBbIE BOJIHbI; BUAUMbIE
0COHEHHOCTM MNOBEPXHOCTU; MPeaoCTaBsATb OCHOBHbIE AOKa-
3aTeNbCTBa; pa3Bedka OTAANIEHHbIX MECTOPOXAEHUN; Kpa-
Tepbl, 06pa30BaHHbIE BLIAENSIOWMMCS Fa3oM; HedTsHas CKBa-
XWHa Ha wenbge (MenkoBoabe); HaXo0ANTb KpynHOMacLITab-
Hble CTPYKTYpbl.

Task 4. Answer the questions:
1. What petroleum engineering specialists deal with hydrocar-
bon exploration? 2. What surveys are made to detect hydro-
carbon deposits? 3. When is an exploration well drilled? 4.
How much may offshore well drilling cost? 5. What is explora-
tion well drilled for?
Task 5. Agree or disagree with the following statements:
1. Oil and gas exploration doesn’t depend on highly sophisti-
cated technology. 2. Onshore hydrocarbon exploration is
more costly than offshore. 3. Various types of surveys are
made to detect the subsoil deposits. 4. An exploration well is
drilled to determine the presence or absence of oil or gas. 5.
Offshore and remote area exploration is generally undertaken
by small companies.
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Text 3. Petrophysics
Task 1. Read the words to the text and remember them:

property — cBOMCTBO;

application — npyMeHeHue;

subsurface — Heapa, Noa3eMHbIN NNacT;

lithology — nuTonorus, nuTonornyeckue pasHOBUAHOCTM Mo-
poa;

porosity — nopucroctb;

water saturation — HacbILEeHHOCTb BOAOW,

permeability — npoHuuaemocTs;

to acquire — nonyyatb, npnobpeTaTn;

measurement — n3mMepeHue;

borehole — cTBON CKBaXXWHbI;

well log - kapoTaxHas avarpaMma, pa3pes no 6ypoBoii
CKBaXXMHe; core measurements — namepeHue obpasuos no-
pOAbl U3 CKBaXXMHbI;

ore quality — kauecTBO pyabi/nopoab!.

Task 2. Look through the text and find 13-15 international
words. Translate these words.

Task 3. Read the text and try to understand it.

Petrophysics (from the Greek petra, "rock" and physis, "na-
ture") is the study of physical and chemical rock properties
and their interactions with fluids. A major application of petro-
physics is in studying reservoirs for the hydrocarbon industry.

Petrophysicists help reservoir engineers and geoscientists to
understand the rock properties of the reservoir, particularly
how pores in the subsurface are interconnected, controlling
the accumulation and migration of hydrocarbons. Some of
the key properties studied in petrophysics

9


https://en.wikipedia.org/wiki/Lithology
https://en.wikipedia.org/wiki/Porosity
https://en.wikipedia.org/wiki/Water_saturation
https://en.wikipedia.org/wiki/Permeability_(earth_sciences)
https://en.wikipedia.org/wiki/Well_log
https://en.wikipedia.org/wiki/Coring
https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Physis
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Petroleum_reservoir
https://en.wikipedia.org/wiki/Hydrocarbon_industry
https://en.wikipedia.org/wiki/Reservoir_engineering
https://en.wikipedia.org/wiki/Earth_science
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are lithology, porosity, water satura-

tion, permeability and density. A key aspect of petrophysics is
measuring and evaluating these rock properties by acquir-
ing well log measurements (in which a string of measurement
tools are inserted in the borehole), core measurements (in
which rock samples are retrieved from subsurface),

and seismic measurements. These studies are then combined
with geological and geophysical studies and reservoir engi-
neering to give a complete picture of the reservoir.

The properties measured or computed fall into three broad
categories: conventional petrophysical properties, rock me-
chanical properties, and ore quality.

Petrophysics studies are used by petroleum engineering, ge-
ology, mineralogy, exploration geophysics and other related
sciences. While most petrophysicists work in the hydrocarbon
industry, some also work in the mining and water resource in-
dustries.

Task 4.Try to define the kind of measurements these descrip-
tions correspond to:

1) Ob6pa3subl Nopoabl N3BNEKAOTCS U3 NOA3EMHOMO nnacra ans
NCCNefoBaHNs U U3MepeHus. 2) YUnTbiBaeTCs BpeMsl, B Tede-

HME KOTOPOro OTPaXXeHHbIe 3BYKOBbIE BOSHbI NPOXOAST Yepes
nopoabl, UMeKLmMe pPasNYHyLo NAOTHOCTb. 3) LLHYp € nsme-

pUTENbHBIMU MHCTPYMEHTAMM OMYyCKAETCS B CTBOS CKBAXMHbI.

Task 5. Answer the questions:

1. What kinds of specialists must cooperate to understand the
rock properties of the reservoir 2. What branches of industry
may petrophysicists be employed? 3. What are key properties
of rock studied by petrophysicical engineers? 4. How are rock
properties measured by petrophysicists? 5. What categories
are measured rock properties divided into?

10


https://en.wikipedia.org/wiki/Lithology
https://en.wikipedia.org/wiki/Porosity
https://en.wikipedia.org/wiki/Water_saturation
https://en.wikipedia.org/wiki/Water_saturation
https://en.wikipedia.org/wiki/Permeability_(earth_sciences)
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Well_log
https://en.wikipedia.org/wiki/Coring
https://en.wikipedia.org/wiki/Seismic_exploration
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Task 1. Read the following words and remember them:

conventional — o6LenpuHATLIN;

description — onuncaHue;

grain size — pa3mep 3epHa;

composition — coctaBs, CTPyKTypa;

texture — TekcTypa nopog;

outcrops — BbIx0A NacTa Ha NOBEPXHOCTb;

resistivity — conpotTusnsiemocTb;

to contain — cogepxartb;

data — naHHble;

can be derived from — MoxeT 6bITb NONy4YeH (Npou3seaeH)

ns;

formation testing — vcnbiTaHve nnacta;

estimate — oueHnBaTb, paccunTbIBaTL.
Task 2. Read the text.

Most petrophysicists are employed to compute what are
commonly called conventional (or reservoir) petrophysical
properties. They are:

Lithology: A description of the rock's physical characteristics,
such as grain size, composition and texture. By studying the Ii-
thology of local geological outcrops and core samples, geosci-
entists can use a combination of log measurements, such
as natural gamma and neutron radia-
tion, density and resistivity, to determine the lithology down
the well.

Porosity: The percentage of a given volume of rock that has
pore space and can therefore contain fluids. This is typically
calculated using data from an instrument that measures the
reaction of the rock to bombardment by neutrons or
by gamma rays but can also be derived from sonic logging.

11


https://en.wikipedia.org/wiki/Outcrop
https://en.wikipedia.org/wiki/Resistivity_logging
https://en.wikipedia.org/wiki/Lithology
https://en.wikipedia.org/wiki/Outcrop
https://en.wikipedia.org/wiki/Core_sample
https://en.wikipedia.org/wiki/Gamma_ray_logging
https://en.wikipedia.org/wiki/Formation_Evaluation_Neutron_Porosity
https://en.wikipedia.org/wiki/Density_logging
https://en.wikipedia.org/wiki/Resistivity_logging
https://en.wikipedia.org/wiki/Porosity
https://en.wikipedia.org/wiki/Formation_Evaluation_Neutron_Porosity
https://en.wikipedia.org/wiki/Density_logging
https://en.wikipedia.org/wiki/Sonic_logging
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Water saturation: The fraction of the pore space occupied by
water. This is typically calculated using data from an instru-
ment that measures the resistivity of the rock.

Permeability: The quantity of fluid (usually hydrocarbon) that
can flow through a rock as a function of time and pressure, re-
lated to how interconnected the pores are. Formation test-
ing is so far the only tool that can directly measure a rock for-
mation's permeability down a well. In case of its absence,
which is common in most cases, an estimate for permeability
can be derived from empirical relationships with other meas-
urements such as porosity, NMR (nuclear magnetic resonance
logging) and sonic logging.

Task 3. Find English equivalents for the following word
combinations:

O6pa3subl NopoAbl; Kak B3anMOCBSA3aHbl NOPbl; KapOTaXKHbIE
paboTbl (M3MEepPEHMSI B CKBAXXMHE); COMETAHME U3MEPEHUI; pe-
aKumsi nopoabl Ha 60MbapaAMPOBKY HEMTPOHaMK M raMMa-ny-
YaMK; aKyCTUYECKUIA KapoTaXk; NpOoTeKaHWNe XWAKOCTU B MNo-
poae; €AMHCTBEHHbIM MHCTPYMEHT (MeToa); B Crlyyae ero oT-
CyTCTBUSI; MPOLIEHT ONpeaeneHHoro obbeMa NopucTomn no-
pOAbl, KOTOPasi MOXET COAEpPXKaTb XMUAKOCTU; AnarpamMMa
A0epHO-MarHMTHOro KapoTtaxa.

Task 4. Find the answers to these questions in the text.

1. What physical characteristics of rock does lithology de-
scribe? 2. How is porosity measured? 3. What is the only tool
that can directly measure a rock formation's permeability
down a well? 4. What measurements can geoscientists com-
bine in order to determine the lithology down the well? 5.
What petrophysical properties are called conventional?

12


https://en.wikipedia.org/wiki/Water_saturation
https://en.wikipedia.org/wiki/Permeability_(fluid)
https://en.wikipedia.org/wiki/Drill_Stem_Test
https://en.wikipedia.org/wiki/Drill_Stem_Test
https://en.wikipedia.org/wiki/Porosity
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance_in_porous_media
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Text 5. Rock mechanical properties

Task 1. Read the words and word combinations to the text
and remember them:

compressional wave velocity — ckopocTb NpoaonbHOM
BOJIHbI;

shear wave velocity — ckopocTb nonepeyHo BOHbI;
compressive strength — npegen npoyHoCcTM Npu oxkaTuu;
flexibility — rubkocTb, NoABUXHOCTb;

converted-wave analysis — nccnenosaHs MeToaomM obMeH-
HbIX BOJH;

to determine — onpegenuTb;

wireline logging — kapoTaxkHast AMarpamma, 3anvcaHHas
npnbopom Ha kabene;

to retrieve — n3Bnekartb;

core analysis — nsyyeHue kepHa (06pa3LoB NOpoabl U3 CKBa-
XXWHBbI);

to convey — nomellaTtb, NepeMeLLaThb;

log while drilling — kapoTax Bo BpeMsi 6ypeHus;

amount — obbeMm;

wellbore — cTBON CKBaXvHbI, Wypd.

Task 2. Read the text and try to understand it.

Some petrophysicists use acoustic and density measurements
of rocks to compute their mechanical properties and strength.
They measure the compressional wave velocity of sound
through the rock and the shear wave velocity and use these
with the density of the rock to compute the rocks compressive
strength, which is the compressive stress that causes a rock to
fail. The rock flexibility is the relationship between stress and
deformation of the rock. Converted-wave analysis is also used
to determine subsurface.

13


https://en.wikipedia.org/wiki/Converted-wave_analysis
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These measurements are useful for design programs to drill
wells that produce oil and gas. The measurements are also
used to design dams, roads, foundations for buildings, and
many other large construction projects.

Boreholes can be drilled to take samples of ore. Rock samples
are taken to determine the ore quality at each borehole loca-
tion. The wells can be wireline logged to make measurements
that are used to examine the ore quality. Some petrophysicists
do this sort of analysis. The information is mapped and used
to make development plans.

Coring and core analysis is a direct measurement of petro-
physical properties. In the petroleum industry rock samples
are retrieved from subsurface and measured by core labs of oil
company or some commercial core measurement service com-
panies. This process is costly and takes a lot of time, thus it
can not be applied to all the wells drilled in a field.

Well logging is used as a relatively inexpensive method to ob-
tain petrophysical properties of downhole. Measurement tools
are conveyed into downhole using either wireline or LWD (log
while drilling) method.

Reservoir models are built upon their measured and derived
properties to estimate the amount of hydrocarbon present in
the reservoir, the rate at which that hydrocarbon can be pro-
duced to the Earth’s surface through wellbores and the fluid
flow in rocks.

Task 3. Guess the meaning of the following phrases or
look up in a dictionary:
compressive stress causes a rock to fail; relationship between
stress and deformation; to design dams, roads, foundations
for buildings; the information is mapped; this process is costly
and takes a lot of time; fluid flow in rocks.

Task 4. Answer the questions to the text:
14


https://en.wikipedia.org/wiki/Coring
https://en.wikipedia.org/w/index.php?title=Core_analysis&action=edit&redlink=1
https://en.wikipedia.org/wiki/Well_logging
https://en.wikipedia.org/wiki/Wireline_logging#Wireline_log
https://en.wikipedia.org/wiki/Logging_while_drilling
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1. What measurements are used by petrophysicists to study
mechanical properties of rock? 2. How can ore quality be ex-
amined? 3. Where can measurements of rock mechanical
properties be applied? 4. Is core analysis applied to all wells
drilled in a field? 5. What can cause a rock to fail?

Task 5. Try to define what sentences from the text are true
or false.

1. Coring is time consuming and expensive process, thus it can
not be applied to all the wells drilled in a field. 2. The

rock flexibility is the relationship between lithology and poros-
ity. 3. Well logging is used as a relatively inexpensive method
to obtain petrophysical properties of downhole. 4. The meas-
urements of mechanical properties of rock are made only in
petroleum engineering. 5. Rock samples are taken to deter-
mine the ore quality at each borehole location.

Text 6. Reservoir modeling
Task 1. Read the words to the text and remember them:

purpose — Lenb;
to improve — ynyywartb, yTOYHSTD;

to make decisions — npvHMMaTh pelleHuns;

to lead — BecTu, NpmBOAUTD;

to provide — obecneunBaTtb, NPeAOCTaBNSATD;

to simulate — MogenvpoBaTb, BOCNPOM3BOAUTD;

to enable — no3BoNATL, CO3a4aBaTb YCNOBUS, AaBaTb BO3MOX-
HOCTb;

technique — TexHMuyeckuin Nnpuem, MeToa, Crocob;
quantitative — K0n11MYeCTBEHHbIN;

range — 06/1acTb pacnpoCTpaHEHUS.

15


https://en.wikipedia.org/wiki/Well_logging
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Task 2. Read the text and try to understand it.

In the oil and gas industry, reservoir modeling involves the
construction of a computer model of a petroleum reservoir for
the purposes of improving estimation of reserves and making
decisions about the development of the field.

Reservoir models are constructed to gain a better understand-
ing of the subsurface that leads to proper well placement, re-
serves estimation and production planning. Models are based
on measurements taken in the field, including well

logs, seismic surveys, and production history.

Reservoir models typically fall into two categories:

— Geological models are created

by geologists and geophysicists and have the aim to provide a
static description of the reservoir prior to production.

— Reservoir simulation models are created by reservoir engi-
neers to simulate the flow of fluids within the reservoir during
its production lifetime.

Seismic-to-simulation work enables the quantitative integration
of all field data into an updateable reservoir model built by a
team of geologists, geophysicists, and engineers. Key tech-
niques used in this process include inte-

grated petrophysics and rock physics to determine the range
of lithotypes and rock properties and geostatistical data.

The phrase "reservoir characterization" is sometimes used to
refer to reservoir modeling activities up to the point when a
simulation model is ready to simulate the flow of fluids. Com-
mercially available software is used in the construction, simu-
lation and analysis of the reservoir models.

Task 3. Find English equivalents for the following word
combinations:
pa3paboTka MeCTOpOXAEHWS; NPaBUIbHOE PacnosioXeHne
CKBaXkWHbl; nepea Aobblyen (yrneBoaopoaoB); TEXHOMNOMUS
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paboT OT CEeNCMOUCCIeNOBaHNSA A0 MOAEMPOBAHNSA; BpeEMS
3KCMyaTaumm, Cpok Cnyxodbl; nonesble (MPOMbIC/IOBbIE) AaH-
Hble; NPOrpaMMHOe obecreyeHne; YTOYHEHHas OLeHKa.

Task 4. Answer the questions to the text:

1. What measurements are reservoir models based on? 2.
What is the difference between geological models and reser-
voir simulation models? 3. What are reservoir models con-
structed for? 4. What specialists are involved in construction
of computer reservoir model? 5. How do you understand the
term “seismic-to-simulation work"?

Task 5. Agree or disagree with the following statements:

1. Reservoir modeling involves the construction of a computer
model of a petroleum reservoir for the purposes of improving
estimation of reserves and making decisions about the devel-
opment of the field. 2. Reservoir simulation models are cre-
ated by geologists. 3. Models are based on measurements
taken in the field, including well logs, seismic surveys, and
production history. 4. Commercially available software is used
in the construction, simulation and analysis of the reservoir
models. 5. Reservoir models typically fall into three categories.

Text 7. Reservoir simulation

Task 1. Read the words and word combinations to the text
and remember them:

to predict — npeackasbiBaTh, NPOrHO3MPOBATh;
forecast — nporHos;

reliable — HageXxHbIN;

to reduce — ymeHblUaTb, COKpaLLaThb;

to identify — onpenensit;

extensively — Wwnpoko;
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opportunity — BO3MOXXHOCTb;

to increase — nosbilwaTh;

oil recovery — 06vem gobblun HedTH;

to low viscosity — NoHN3UTbL BA3KOCTb;

steam soak — napoobpaboTka nnacra;

steam flooding — HarHeTaHWe napa B HePTAHON NNacT;
to account for — yuntbiBaTh, NPUHMMaTb BO BHUMAHWE;
heat loss — noteps Tenna.

Task 2. Read the text and try to understand it.

Reservoir simulation is an area of reservoir engineering in
which computer models are used to predict the flow of flu-
ids (typically, oil, water, and gas) through porous rocks.
Reservoir simulation models are used by oil and gas compa-
nies in the development of new fields. Also, models are used
in developed fields where production forecasts are needed to
help in making investment decisions. So as the creation of a
reliable model of a field is often time-consuming and expen-
sive, models are usually constructed where large investment
decisions are needed. Improvements in simulation software
have reduced the time to develop a model.

For new fields, models may help in development by identifying
the number of wells required, the optimal completion of wells,
the present and future needs for artificial lift, and the ex-
pected production of oil, water and gas.

Reservoir simulation is used extensively to identify opportuni-
ties to increase oil production in heavy oil deposits. Oil recov-
ery is improved by lowering the oil viscosity by injecting steam
or hot water. Typical processes are steam soaks and steam
flooding. These processes require simulators with special fea-
tures to account for heat transfer to the fluids present in the
formation, the subsequent property changes and heat losses
outside of the formation.
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Task 3. Find Russian equivalents for the following English
words and expressions:
time consuming and expensive; completion of well; artificial
lift; heavy oil deposits; to inject steam or hot water; heat
transfer; subsequent property changes
Tennonepeaaya; ANUTENbHbIM U AoporocToswmi (npoLecc);
nocneayoLwme N3MEHEHNS CBOMCTB; 3aKaHYMBAHNE CKBAXXUHbI;
3anexmu Tsxkenon HedTn (HedpTn C HU3KUM yAeNbHBIM BECOM);
3aKaumMBaTb B MJ1ACT Nap WAK ropsYyo Body; MeEXaHUM3NpOBaH-
Hasl/HaCOCHO-KOMMpeccopHast Aobblya.

Task 4. Answer the questions:

1. How do oil and gas companies use reservoir simula-

tion models? 2. Is the process of reservoir model construction
time-consuming and expensive? 3. How is reservoir simulation
used in the developed fields and new ones? 4. How may oil
recovery be improved? 5. When are simulators with special
features required?

Text 8. Correlation of rock measurements
Task 1. Read the words to the text and remember them:

depth - rny6buHa;

lateral — 60k0BOI KapoTaX, FOPU30HTaNIbHAs BbIpaboTKa;
to correlate — conocrtaBnsiTb, HAXOAUTLCS B COOTHOLLEHWUN;
fine-scale — menkomacwTabHbIN;

insight — npoHnkHOBEHWE, NpeacTaBneHne, NOHMMaHNE;
to verify — npoBepsiTb, NOATBEPXKAATD;

distribution — pacnpocTtpaHeHue, pacnpeaeneHue;

layer — cnoi;

to encounter — BcTpeyaTbcs.
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Task 2. Read the text.

The first step in seismic-to-simulation work is establishing a
relationship between petrophysical rock properties and elastic
properties of the rock. This is required in order to find com-
mon ground between the well logs and seismic data.

Well logs are measured in depth and provide high resolution
vertical data, but no insight into the inter-well space. Seismic
are measured in time and provide great lateral detail but is
quite limited in its vertical resolution. When correlated, well
logs and seismic data can be used to create a fine-scale 3D
model of the subsurface.

Insight into the rock properties comes from a combination of
basic geologic understanding and wellbore measurements.
Based on an understanding of how the area was formed over
time, geologists can predict the types of rock. Well log

and core measurements provide samples to verify that under-
standing.

Seismic data is used by petrophysicists to identify the tops of
various lithotypes and the distribution of rock properties in the
inter-well space. Seismic surveys measure acoustic impedance
contrasts between rock layers. As different geologic structures
are encountered, the sound wave reflects and refracts as a
function of the impedance contrast between the layers. Acous-
tic impedance varies by rock type and can therefore be corre-
lated to rock properties.

Once well logs are properly conditioned and edited, a petro-
physical rock model is generated that can be used to derive
the effective elastic rock properties from fluid and mineral pa-
rameters as well as rock structure information.

When the petrophysical rock model is complete, a statistical
database is created to describe the rock types and their known
properties such as porosity and permeability. Lithotypes are
described, along with their distinct elastic properties.

20


https://en.wikipedia.org/wiki/Elastic_modulus
https://en.wikipedia.org/wiki/Elastic_modulus
https://en.wikipedia.org/wiki/Core_sample
https://en.wikipedia.org/wiki/Reflection_seismology
https://en.wikipedia.org/wiki/Refraction

YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUM

WMHoCTpaHHbIN S3bIK (AHTJIMHUCKUH)

Task 3. Find English equivalents for the following word com-
binations:

MEXCKBaXXMHHOE NPOCTPAHCTBO; KapoTa)kHasi AnarpaMma
(pa3pe3 CKkBaXkuHbl); BEPTUKAsbHbIE AaHHbIE C BbICOKMM pas-
peLleHneM; HanTu obLLyto OCHOBY; M3MepeHne 0bpasLoB Mno-
poabl U3 CKBaXMHbI; TEXHOMOMMS paboT OT CEMCMOCLEMKM A0
MOZENMPOBaHNS; BEPXHSA YacTb IMTOTUMNA; aKyCTUYecKoe
(BONTHOBOE) CONPOTMBIIEHME; AOMKHBIM 06pa3oM obpaboTaHbl
N NPOBEPEHbI; 3BYKOBas BOSIHA OTPaXaeTcs N NpesioMNseTcs.

Task 4. Agree or disagree with the following statements:

1. Acoustic impedance varies by rock type and can therefore
be correlated to rock properties. 2. As different geologic struc-
tures are encountered, the sound wave reflects and refracts 3.
Based on an understanding of how the area was formed over
time, geologists can create a petrophysical rock model. 4. Well
log and core measurements provide samples to verify elastic
properties. 5. A statistical database is created to describe the
rock types and their known properties such as porosity and
permeability.

Task 5. Answer the questions:

1. What does seismic survey measure? 2. What measurements
can be used to create a 3D model of subsurface? 3. What kind
of data do well logs provide? 4. How can geologists predict the
types of rock? 5. Is petrophysical rock model generated be-
fore studying rock properties?
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YKa3aHUs K COCTaBIeHUI0 pedepaToB M aHHOTaLMIA
TEKCTOB

Pedepatr (Review) — 370 okaToe, KpaTKoe U3NoXeHNE
TEKCTa C OCHOBHbIMW (haKTUYECKMMM AAHHBIMM, BbIBOAAMU U
pekoMeHAaUUNsSMU.

TpeboBaHs K COCTaB/IEHNIO pepepaTa.

1. PedepaT CTponTCs Ha OCHOBE KITHOYEBLIX (pparMeH-
TOB, BblAENEHHbIX U3 TEKCTa.
2. PedepaTt gomkeH 6bITb HanNUcaH nMTepaTypHbIM SA3bl-

KOM C MCMOJIb30BAaHWEM Hay4HON TEPMUHOMOMMM, NMPUHATON B
Hay4HOM NUTepaType Mo TOW UM MHOM OTPAC/N HAYKU U Tex-
HUKMW.

3. PedepaT gomkeH 06bEKTUBHO M TOYHO OTpaXkaTb CO-
JAep>XaHue NepBOMCTOYHMKA; HeMb3s BHOCUTb Kakme-nnmbo mns-
MEHEHUS UM AOMONHEHUS MO CYLECTBY pedepupyeMoli pa-
60TbI.

4. He cnenyet B pedepate usnaratb CO6CTBEHHYIO
TOYKY 3PEHUSI UM KPUTUYECKMNE 3aMeYaHus.

CTpykTypa pegepara:

1. BbixoAHble AaHHbIE UCTOYHMKA: PaMUNS U UHULN-
anbl aBTOpPA, 3arnaBne, N34aTenbCTBO, MECTO, roA U3aaHus
(ans >XypHana — Ha3BaHWe N HoMep).

2. naBHas MbICNb, naes pecdepupyemoro matepuana.
3. M3noxxeHune copepxxaHns: pedepupyembiii MaTepuan
n3naraeTcs B NOCNeA0BaTENbHOCTM, B KOTOPOM OH NMPUBO-
ANTCS B TEKCTE.

4. BbiBOALI aBTOpa MW pe3ynbTaTbl UCCNEA0BaHNN.

AHHOoTaumsa (Abstract / Summary) — 370 KpaTkasl xapak-
TEPUCTUKA TEKCTa C U3I0XKEHNEM Hanbonee BaXkHbIX NOsIoXe-
HMI. OCHOBHbIM OT/IMYMEM aHHOTaLUMKM OT pedepaTa ABnseTcs
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TO, YTO pedepaT AaeT NpeAcTaBIeHNe O COAEPXKAHUN OpUTHK-
Hana, a aHHOTaLMs — TOMIbKO O ero TeMaTuke. AHHOTaLus
NepeyncnisieT, HasblBaeT NpobseMbl OpUriHana, Ho He pac-
KpbIBAET UX.

TpeboBarms kK COCTaB/IEHNIO aHHOTaLMN.

1. Mpun cocTaBneHMn aHHOTaumMu cneayet usberatb
CNOXHbIX KOHCTPYKLMIA 1 NPEeaoXXEHNIA.

2. AHHOTaLUMIO He06X0AMMO COCTaBNATb, COXPaHAS
NOMNYECKYIO CTPYKTYPY TEKCTa.

3. Ans 0606weHns nHbopMaummn pekoMeHayeTcs
NCNoNb30BaTh crieumasnbHble 060poThl U Ppasbl-KIuLLe, Npu-
BE[leHHblE HUXE.

4, HasBaHusa ¢dupM, KOMNaHui cneayeT AaBaTb B
NX OPUrMHaNbHOM HanucaHuu; abbpeBmaTypbl U pasnyHble
COKpaLleHns HeobxoaMMO UCNONb30BaTh B COOTBETCTBUN C 06-
LENPUHATBIMK B CNIPaBOYMHOW NUTEpPaTypE.

CTpyKTypa aHHoTaLmm.:

1) BbixoaHble AaHHbIE UCTOYHMKA: haMumns un
MHUUManbl aBTopa, 3arnaeve, U3aaTtenbCrBo, MecTo, rog usaa-
HMS (AN XXypHana — Ha3BaHWe U HOMep).

2) BeezeHwne obLien Tembl.

3) MNpenenbHO KpaTkoe MU310XKEHNEe OCHOBHBIX BO-
NpOCOB, pacCMaTpPUBAEMbIX B TEKCTE.
4) O6Lme BbIBOAbI NN 3aK/KOYEHNs aBTopa CTa-

TbW, 3MOLIMOHaNbHO-OLIEHOYHOE OTHOLLEHWE COCTaBUTENS aH-
HOTaLMK K aHHOTUPYEMOMY TEKCTY.

CITUCOK BbIPAaKEHWUY], PEKOMEHLYEMbIX A/15 HAITMCaHUS pege-
para v aHHoTauymm.
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1. The article (text) is entitled ... — CraTbs 03arnas-
neHa...
The article is head-lined ... — CraTtbs 03arnaeneHa...
2. The author of the article is ... — ABTop cTathy ...
The article is written by ... — Cratbs HanucaHa ...
3. It is (was) published in ... = OHa (6bina) onybnu-
KOBaHa B ...
4, The main idea of the article is ... — OcHoBHas
naes craTbu ...
The subject of information is ... — Tema coobuieHus
The article deals with ... — Cratba paccmaTtpuBaer ...
The text is about ... — B TekcTe coobliaetcs o ...
The article is devoted to ... — CraTbsa nocesiieHa ...
The article touches upon ... — CraTbs 3aTparveaet
The article describes ... — CraTbs onucbiBaer ...
5. The author reports (states, stresses, thinks) ... -
ABTOp

coobulaet (3asaBnseT, nogyepkm-
BaeT, AyMaeT) ...
It is pointed out that... — Yka3biBaeTcs, uTo ...
It is stressed that ... — NogyepkuBaeTcs, yTo ...
It is shown that... — NokazaHo, uToO ...
The problems of ... are considered — PaccmatpuBa-

toTCs
npobnemsl ...

Special attention is given to ...— Ocoboe BHMMaHue
yaensieTcs ...
An important information is given on ... — lNpeaocraens-
ercs

BaXHas MHop-

Maums o ...
6. The conclusion is made that ... — [lenaetcs BbiBOA
0..

Conclusions are drawn ... — [lenatotcs BbIBOAD ...
The author comes to the conclusion that...— As-
TOp NPUXOAUT K
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Bbl-
BOAY, YTO...
7. The article is of importance (interest) to ... —
CraTbs BaXkHa
(npencrasnsieT

WHTepec) ang ...

lpumep cocrasrieHns aHHoTaymu k Tekcty Correlation in
Rock Measurements

The text is entitled “Correlation in Rock Measurements”. It is
published in ... . The author of the text is ... .

The text is devoted to the study of rock properties in seismic-
to-simulation work. It is pointed out that the insight into the
rock properties comes from a combination of basic geologic un-
derstanding and wellbore measurements.

Special attention is paid to the principles of well logs and seis-
mic measurements. It is stressed that when correlated, well
logs and seismic data can be used to create a fine-scale 3D
model of the subsurface.

It should be noted that the text is of interest to petrophysicists
and geologists.

SUPPLEMENTARY READING
Formation evaluation tools:
Well Logging

Tools to detect oil and gas have been evolving for over a cen-
tury. The simplest and most direct tool is well cuttings examina-
tion. Some older oilmen ground the cuttings between their
teeth and tasted to see if crude oil was present. Today, a well-
site geologist or mudlogger uses a low powered stereo-

scopic microscope to determine the lithology of the formation
being drilled and to estimate porosity and possible oil staining.
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A portable ultraviolet light chamber or "Spook Box" is used to
examine the cuttings for fluorescence. Fluorescence can be an
indication of crude oil staining, or of the presence of fluorescent
minerals. They can be differentiated by placing the cuttings in a
solvent filled watchglass or dimple dish. The solvent is usu-

ally carbon tetrachlorethane. Crude oil dissolves and then rede-
posits as a fluorescent ring when the solvent evaporates. The
written strip chart recording of these examinations is called a
sample log or mudlog.

Well cuttings examination is a learned skill. During drilling,
chips of rock, usually less than about 1/8 inch (6 mm) across,
are cut from the bottom of the hole by the bit. Mud, jetting out
of holes in the bit under high pressure, washes the cuttings
away and up the hole. During their trip to the surface they may
circulate around the turning drillpipe, mix with cuttings falling
back down the hole, mix with fragments caving from the hole
walls and mix with cuttings travelling faster and slower in the
same upward direction. They then are screened out of the
mudstream by the shale shaker and fall on a pile at its base.
Determining the type of rock being drilled at any one time is a
matter of knowing the 'lag time' between a chip being cut by
the bit and the time it reaches the surface where it is then ex-
amined by the wellsite geologist (or mudlogger as they are
sometimes called). A sample of the cuttings taken at the proper
time will contain the current cuttings in a mixture of previously
drilled material. Recognizing them can be very difficult at times,
for example after a "bit trip" when a couple of miles of drill pipe
has been extracted and returned to the hole in order to replace
a dull bit. At such a time there is a flood of foreign material
knocked from the borehole walls (cavings), making the mudlog-
gers task all the more difficult.

Coring

One way to get more detailed samples of a formation is by cor-
ing. Two techniques commonly used at present. The first is the
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"whole core", a cylinder of rock, usually about 3" to 4" in diam-
eter and up to 50 feet (15 m) to 60 feet (18 m) long. It is cut
with a "core barrel", a hollow pipe tipped with a ring-shaped di-
amond chip-studded bit that can cut a plug and bring it to the
surface. Often the plug breaks while drilling, usually in shales or
fractures and the core barrel jams, slowly grinding the rocks in
front of it to powder. This signals the driller to give up on get-
ting a full length core and to pull up the pipe.

Taking a full core is an expensive operation that usually stops
or slows drilling for at least the better part of a day. A full core
can be invaluable for later reservoir evaluation. Once a section
of well has been drilled, there is, of course, no way to core it
without drilling another well.

Another, cheaper, technique for obtaining samples of the for-
mation is "Sidewall Coring". One type of sidewall cores is per-
cussion cores. In this method, a steel cylinder—a coring gun—
has hollow-point steel bullets mounted along its sides and
moored to the gun by short steel cables. The coring gun is low-
ered to the bottom of the interval of interest and the bullets are
fired individually as the gun is pulled up the hole. The mooring
cables ideally pull the hollow bullets and the enclosed plug of
formation loose and the gun carries them to the surface. Ad-
vantages of this technique are low cost and the ability to sam-
ple the formation after it has been drilled. Disadvantages are
possible non-recovery because of lost or misfired bullets and a
slight uncertainty about the sample depth. Sidewall cores are
often shot "on the run" without stopping at each core point be-
cause of the danger of differential sticking. Most service com-
pany personnel are skilled enough to minimize this problem, but
it can be significant if depth accuracy is important.

A second method of sidewall coring is rotary sidewall cores. In
this method, a circular-saw assembly is lowered to the zone of
interest on a wireline, and the core is sawed out. Dozens of
cores may be taken this way in one run. This method is roughly
20 times as expensive as percussion cores, but yields a much
better sample.

A serious problem with cores is the change they undergo as
they are brought to the surface. It might seem that cuttings
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and cores are very direct samples but the problem is whether
the formation at depth will produce oil or gas. Sidewall cores
are deformed and compacted and fractured by the bullet im-
pact. Most full cores from any significant depth expand and
fracture as they are brought to the surface and removed from
the core barrel. Both types of core can be invaded or even
flushed by mud, making the evaluation of formation fluids diffi-
cult. The formation analyst has to remember that all tools give
indirect data.

Wireline logging

The oil and gas industry uses wireline logging to obtain a con-
tinuous record of a formation's rock properties. Wireline logging
can be defined as being "The acquisition and analysis of geo-
physical data performed as a function of well bore depth, to-
gether with the provision of related services." The measure-
ments are made referenced to "TAH" - True Along Hole depth:
these and the associated analysis can then be used to infer fur-
ther properties, such as hydrocarbon saturation and formation
pressure, and to make further drilling and production decisions.
Wireline logging is performed by lowering a 'logging tool' - or a
string of one or more instruments - on the end of a wireline
into an oil well (or borehole) and recording petrophysical prop-
erties using a variety of sensors. Logging tools developed over
the years measure the natural gamma ray, electrical, acoustic,
stimulated radioactive responses, electromagnetic, nuclear
magnetic resonance, pressure and other properties of the rocks
and their contained fluids. For this article, they are broadly bro-
ken down by the main property that they respond to.

The data itself is recorded either at surface (real-time mode), or
in the hole (memory mode) to an electronic data format and
then either a printed record or electronic presentation called a
"well log" is provided to the client, along with an electronic copy
of the raw data. Well logging operations can either be per-
formed during the drilling process (see Logging While Drilling),
to provide real-time information about the formations being
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penetrated by the borehole, or once the well has reached Total
Depth and the whole depth of the borehole can be logged.
Real-time data is recorded directly against measured cable
depth. Memory data is recorded against time, and then depth
data is simultaneously measured against time. The two data
sets are then merged using the common time base to create an
instrument response versus depth log. Memory recorded depth
can also be corrected in exactly the same way as real-time cor-
rections are made, so there should be no difference in the at-
tainable TAH accuracy.

The measured cable depth can be derived from a number of
different measurements, but is usually either recorded based on
a calibrated wheel counter, or (more accurately) using magnetic
marks which provide calibrated increments of cable length. The
measurements made must then be corrected for elastic stretch
and temperature.

There are many types of wireline logs and they can be catego-
rized either by their function or by the technology that they
use. "Open hole logs" are run before the oil or gas well is lined
with pipe or cased. "Cased hole logs" are run after the well is
lined with casing or production pipe.

Wireline logs can be divided into broad categories based on the
physical properties measured.

Electric logs

In 1928, the Schlumberger brothers in France developed the
workhorse of all formation evaluation tools: the electric log.
Electric logs have been improved to a high degree of precision
and sophistication since that time, but the basic principle has
not changed. Most underground formations contain water, of-
ten salt water, in their pores. The resistance to electric current
of the total formation—rock and fluids—around the borehole is
proportional to the sum of the volumetric proportions of mineral
grains and conductive water-filled pore space. If the pores are
partially filled with gas or oil, which are resistant to the passage
of electric current, the bulk formation resistance is higher than
for water filled pores. For the sake of a convenient comparison
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from measurement to measurement, the electrical logging tools
measure the resistance of a cubic meter of formation. This
measurement is called resistivity.

Modern resistivity logging tools fall into two categories,
Laterolog and Induction, with various commercial names, de-
pending on the company providing the logging services.
Laterolog tools send an electric current from an electrode on
the sonde directly into the formation. The return electrodes are
located either on surface or on the sonde itself. Complex arrays
of electrodes on the sonde (guard electrodes) focus the current
into the formation and prevent current lines from fanning out or
flowing directly to the return electrode through the borehole
fluid. Most tools vary the voltage at the main electrode in order
to maintain a constant current intensity. This voltage is there-
fore proportional to the resistivity of the formation. Because
current must flow from the sonde to the formation, these tools
only work with conductive borehole fluid. Actually, since the re-
sistivity of the mud is measured in series with the resistivity of
the formation, laterolog tools give best results when mud resis-
tivity is low with respect to formation resistivity, i.e., in salty
mud.

Induction logs use an electric coil in the sonde to generate an
alternating current loop in the formation by induction. This is
the same physical principle as is used in electric transformers.
The alternating current loop, in turn, induces a current in a re-
ceiving coil located elsewhere on the sonde. The amount of cur-
rent in the receiving coil is proportional to the intensity of cur-
rent loop, hence to the conductivity (reciprocal of resistivity) of
the formation. Multiple transmitting and receiving coils are used
to focus formation current loops both radially (depth of investi-
gation) and axially (vertical resolution). Until the late 80’s, the
workhorse of induction logging has been the 6FF40 sonde
which is made up of six coils with a nominal spacing of 40
inches (1,000 mm). Since the 90’s all major logging companies
use so-called array induction tools. These comprise a single
transmitting coil and a large number of receiving coils. Radial
and axial focusing is performed by software rather than by the
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physical layout of coils. Since the formation current flows in cir-
cular loops around the logging tool, mud resistivity is measured
in parallel with formation resistivity. Induction tools therefore
give best results when mud resistivity is high with respect to
formation resistivity, i.e., fresh mud or non-conductive fluid. In
oil-base mud, which is non conductive, induction logging is the
only option available.

Until the late 1950s electric logs, mud logs and sample logs
comprised most of the oilman's armamentarium. Logging tools
to measure porosity and permeability began to be used at that
time. The first was the microlog. This was a miniature electric
log with two sets of electrodes. One measured the formation
resistivity about 1/2" deep and the other about 1"-2" deep. The
purpose of this seemingly pointless measurement was to detect
permeability. Permeable sections of a borehole wall develop a
thick layer of mudcake during drilling. Mud liquids, called fil-
trate, soak into the formation, leaving the mud solids behind to
-ideally- seal the wall and stop the filtrate "invasion" or soaking.
The short depth electrode of the microlog sees mudcake in per-
meable sections. The deeper 1" electrode sees filtrate invaded
formation. In nonpermeable sections both tools read alike and
the traces fall on top of each other on the stripchart log. In per-
meable sections they separate.

Also in the late 1950s porosity measuring logs were being de-
veloped. The two main types are: nuclear porosity logs and
sonic logs.

Porosity logs

The two main nuclear porosity logs are the Density and the
Neutron log.

Density logging tools contain a caesium-137 gamma ray source
which irradiates the formation with 662 keV gamma rays. These
gamma rays interact with electrons in the formation

through Compton scattering and lose energy. Once the energy
of the gamma ray has fallen below 100 keV, photolectric ab-
sorption dominates: gamma rays are eventually absorbed by
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the formation. The amount of energy loss by Compton scatter-
ing is related to the number electrons per unit volume of for-
mation. Since for most elements of interest (below Z = 20) the
ratio of atomic weight, A, to atomic number, Z, is close to 2,
gamma ray energy loss is related to the amount of matter per
unit volume, i.e., formation density.

A gamma ray detector located some distance from the source,
detects surviving gamma rays and sorts them into several en-
ergy windows. The number of high-energy gamma rays is con-
trolled by compton scattering, hence by formation density. The
number of low-energy gamma rays is controlled by photoelec-
tric absorption, which is directly related to the average atomic
number, Z, of the formation, hence to lithology. Modern density
logging tools include two or three detectors, which allow com-
pensation for some borehole effects, in particular for the pres-
ence of mud cake between the tool and the formation.

Since there is a large contrast between the density of the min-
erals in the formation and the density of pore fluids, porosity
can easily be derived from measured formation bulk density if
both mineral and fluid densities are known.

Neutron porosity logging tools contain an americium-

beryllium neutron source, which irradiates the formation with
neutrons. These neutrons lose energy through elastic collisions
with nuclei in the formation. Once their energy has decreased
to thermal level, they diffuse randomly away from the source
and are ultimately absorbed by a nucleus. Hydrogen atoms
have essentially the same mass as the neutron; therefore hy-
drogen is the main contributor to the slowing down of neutrons.
A detector at some distance from the source records the num-
ber of neutron reaching this point. Neutrons that have been
slowed down to thermal level have a high probability of being
absorbed by the formation before reaching the detector. The
neutron counting rate is therefore inversely related to the
amount of hydrogen in the formation. Since hydrogen is mostly
present in pore fluids (water, hydrocarbons) the count rate can
be converted into apparent porosity. Modern neutron logging
tools usually include two detectors to compensate for some
borehole effects. Porosity is derived from the ratio of count
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rates at these two detectors rather than from count rates at a
single detector.

The combination of neutron and density logs takes advantage
of the fact that lithology has opposite effects on these two po-
rosity measurements. The average of neutron and density po-
rosity values is usually close to the true porosity, regardless of
lithology. Another advantage of this combination is the "gas ef-
fect." Gas, being less dense than liquids, translates into a den-
sity-derived porosity that is too high. Gas, on the other hand,
has much less hydrogen per unit volume than liquids: neutron-
derived porosity, which is based on the amount of hydrogen, is
too low. If both logs are displayed on compatible scales, they
overlay each other in liquid-filled clean formations and are
widely separated in gas-filled formations.

Sonic logs use a pinger and microphone arrangement to meas-
ure the velocity of sound in the formation from one end of the
sonde to the other. For a given type of rock, acoustic velocity
varies indirectly with porosity. If the velocity of sound through
solid rock is taken as a measurement of 0% porosity, a slower
velocity is an indication of a higher porosity that is usually filled
with formation water with a slower sonic velocity.

Both sonic and density-neutron logs give porosity as their pri-
mary information. Sonic logs read farther away from the bore-
hole so they are more useful where sections of the borehole are
caved. Because they read deeper, they also tend to average
more formation than the density-neutron logs do. Modern sonic
configurations with pingers and microphones at both ends of
the log, combined with computer analysis, minimize the averag-
ing somewhat. Averaging is an advantage when the formation
is being evaluated for seismic parameters, a different area of
formation evaluation. A special log, the Long Spaced Sonic, is
sometimes used for this purpose. Seismic signals (a single un-
dulation of a sound wave in the earth) average together tens to
hundreds of feet of formation, so an averaged sonic log is more
directly comparable to a seismic waveform.

Density-neutron logs read the formation within about four to
seven inches (178 mm) of the borehole wall. This is an ad-
vantage in resolving thin beds. It is a disadvantage when the
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hole is badly caved. Corrections can be made automatically if
the cave is no more than a few inches deep. A caliper arm on
the sonde measures the profile of the borehole and a correction
is calculated and incorporated in the porosity reading. However,
if the cave is much more than four inches deep, the density-
neutron log is reading little more than drilling mud.

Lithology logs - SP and gamma ray

There are two other tools, the SP log and the Gamma Ray log,
one or both of which are almost always used in wireline log-
ging. Their output is usually presented along with the electric
and porosity logs described above. They are indispensable as
additional guides to the nature of the rock around the borehole.
The SP log, known variously as a "Spontaneous Potential", "Self
Potential" or "Shale Potential" log is a voltmeter measurement
of the voltage or electrical potential difference between the
mud in the hole at a particular depth and a copper ground
stake driven into the surface of the earth a short distance from
the borehole. A salinity difference between the drilling mud and
the formation water acts as a natural battery and will cause
several voltage effects. This "battery" causes a movement of
charged ions between the hole and the formation water where
there is enough permeability in the rock. The most important
voltage is set up as a permeable formation permits ion move-
ment, reducing the voltage between the formation water and
the mud. Sections of the borehole where this occurs then have
a voltage difference with other nonpermeable sections where
ion movement is restricted. Vertical ion movement in the mud
column occurs much more slowly because the mud is not circu-
lating while the drill pipe is out of the hole. The copper surface
stake provides a reference point against which the SP voltage is
measured for each part of the borehole. There can also be sev-
eral other minor voltages, due for example to mud filtrate
streaming into the formation under the effect of an overbal-
anced mud system. This flow carries ions and is a voltage gen-
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erating current. These other voltages are secondary in im-
portance to the voltage resulting from the salinity contrast be-
tween mud and formation water.

The nuances of the SP log are still being researched. In theory,
almost all porous rocks contain water. Some pores are com-
pletely filled with water. Others have a thin layer of water mole-
cules wetting the surface of the rock, with gas or oil filling the
rest of the pore. In sandstones and porous limestones there is
a continuous layer of water throughout the formation. If there
is even a little permeability to water, ions can move through the
rock and decrease the voltage difference with the mud nearby.
Shales do not allow water or ion movement. Although they may
have a large water content, it is bound to the surface of the flat
clay crystals comprising the shale. Thus mud opposite shale
sections maintains its voltage difference with the surrounding
rock. As the SP logging tool is drawn up the hole it measures
the voltage difference between the reference stake and the
mud opposite shale and sandstone or limestone sections. The
resulting log curve reflects the permeability of the rocks and, in-
directly, their lithology. SP curves degrade over time, as the
ions diffuse up and down the mud column. It also can suffer
from stray voltages caused by other logging tools that are run
with it. Older, simpler logs often have better SP curves than
more modern logs for this reason. With experience in an area, a
good SP curve can even allow a skilled interpreter to in-

fer sedimentary environments such as deltas, point bars or off-
shore tidal deposits.

The gamma ray log is a measurement of naturally occurring
gamma radiation from the borehole walls. Sandstones are usu-
ally nonradioactive quartz and limestones are nonradioactive
calcite. Shales however, are naturally radioactive due to potas-
sium isotopes in clays, and adsorbed uranium and thorium.
Thus the presence or absence of gamma rays in a borehole is
an indication of the amount of shale or clay in the surrounding
formation. The gamma ray log is useful in holes drilled with air
or with oil based muds, as these wells have no SP voltage. Even
in water-based muds, the gamma ray and SP logs are often run
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together. They comprise a check on each other and can indi-
cate unusual shale sections which may either not be radioac-
tive, or may have an abnormal ionic chemistry. The gamma ray
log is also useful to detect coal beds, which, depending on the
local geology, can have either low radiation levels, or high radi-
ation levels due to adsorption of uranium. In addition, the
gamma ray log will work inside a steel casing, making it essen-
tial when a cased well must be evaluated.

Types of Petroleum Traps

Geologists have classified petroleum traps into two basic
types: structural traps and stratigraphic traps. Structural traps
are traps that are formed because of a deformation in the rock
layer that contains the hydrocarbons. Two common examples
of structural traps are fault traps and anticlines.

An anticline is an upward fold in the layers of rock, much
like an arch in a building. Petroleum migrates into the highest
part of the fold, and its escape is prevented by an overlying bed
of impermeable rock.

A fault trap occurs when the formations on either side of
the fault have been moved into a position that prevents further
migration of petroleum. For example, an impermeable for-
mation on one side of the fault may have moved opposite the
petroleum-bearing formation on the other side of the fault. Fur-
ther migration of petroleum is prevented by the impermeable
layer.

Stratigraphic traps are traps that result when the reservoir
bed is sealed by other beds or by a change in porosity or per-
meability within the reservoir bed itself. There are many differ-
ent kinds of stratigraphic traps.

Sometimes a petroleum-bearing formation pinches out;
that is, the formation is gradually cut off by an overlying layer.
Another stratigraphic trap occurs when a porous and permeable
reservoir bed is surrounded by impermeable rock. Still another
type occurs when there is a change in porosity and permeability
in the reservoir itself. The upper reaches of the reservoir may
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be impermeable and nonporous, while the lower part is perme-
able and porous and contains hydrocarbons. Oil and natural gas
may be extracted from the trap by drilling.
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