


% % F R
A oh BB D R

LR HFE

Al T M AR



m B R B

FHEXAFEREGH T LT R ARRREA MR, T REUARBEYTFURA
H; B—-HTPREAREBHES OB SN B EE R EER ST E; A
HEFBEE WBIRLAE, BHIIOERERAANERTHIFGIE. 2HETEEWESY
BRI T A, A FLCE MR A ARG Rl A R R b IR R D xt
&, WAlfEAEHAEMIGER IS EH.

EBEMEE (CIP) ¥iE

ATMPHEREIE /LB gRE
b3 AWK, 2007. 4

B HM

ISBN 978 — 7~ 5021 — 5937 — 5

I. &

M. yr---

M. ATk - Bk - 36E - A8 - Bt
V. H31

rP R A B 08 CIP B (2007) 55 031846 &

HAREAT: ATk H Rtk
bR RERE 2K 15 100011)
B 4k www. petropub. com. cn
KAFER: (010) 64210392

7 8. 2EF%HE

Bl Rl A Rt BRI

200746 4 AEE 1A 2007 4E 4 A4 1 YREIRI
787X 1092 &% F4<. 1/ 16 EpgE. 14.25
FE: 363 TF B 1—3000

EHr: 22.007T
i EpL: R R, BALRATHAFT AL
R, BEDAR




T

HY

FEE L MBS RN B WRERE, ABETHAXAR, HHEEGMEL
T, BUIREEROMREEMMN. MERGMEL LIS, AFERBRLIE
WEIARSRANE, R T ESMA M T RBESHE, UEERBMSSERXRS &
. ABHNREERMLY T X—FK, HEFEEENENREEBOWRHELER, [
Wi R . TR A MR RIRIE.

APPAHERE T AWM E T EE TESOR AT RENEARIR, GFEmSm. W
SEHR. MAATE. MEFRTE. MAER. amEISHE, RAHEBENRR
M, EEHIE. AIE, AEKEEW. BARH. EREAIRPABESFBHFHEE,
X H R Tk BT T B R A RCE B E BT R T LR . MR EREENESR
B B AR DL Y D SR B R T R B — BT R I ARES T
g e sem B g aAmaE TR IE, UREE,. NBEZENESE
5o NTIARCHIERIEE RS, RHiZBRENASEER, BEEEMNEFHER
Mg, AZRFECRIEL.

YEN B HBHSER R B, ABES T OHMRRIEAH AL a AR S
A, ESTOMEWAERBLWITEKE. HRAXARE, KxXETEANR
el IRERAIFINER.

EARREIRD, PEOMKENIIMULAER. RIVFHERET T HRENES,
REBEFEMRERF LR BNERT T HHGHRE TEROBUER, FEE. £
. AFY . ARTEMERERNEER . BESTRS T TR OWE, FEiL—3HFEL
. T HPHFENARZLEHF KRCAFHE.

&
2007 %1 A



Chapter One Petroleum ReServoir  «««-+eeresrereasermiaeeriuiereeiierininerrniieraiaens (1)
1.1 Generation of Oil and Gas «++e+eteesrerecarerretestersnrrenreersenenresrassarsacnns (1)
1.2 Petroleum Traps «+ree: ererreenesreeremratsreiuiioniemmiieenrriieereeesin ( 4)
1.3 Reservoir Rock and Pod of Active Source Rock —seererrsssersesreeinnnnienne (9 )
1.4 Petroleum System «eeeseeseesesrestitiiiiiiatiiiiiiiiiaiariiani. (12)
1.5  RESEIVES tetttesrrenrarsereesenreneinsietesstsastontessssssssssssaensersassassasnsanerens (14)
1.6 POFOSILY ceeeetrreerrreettiimiiiiitiiitieiiii ettt eer et ee e e (17)
1.7 Permeability +++rerrserrrterinerii e (19)
1.8 Connate Water SAtUration ««-essssesseescarrrrseetsentmirnreneorenseeeacnranrieaans (21)
1.9 Wettability «ereereeeeeremrerrnrirriiiiiiit ittt e e e (23)
1. 10 Fluid Content of ReServoir -+ceesreesressemtstttcrnsrrssrersssassssssssssasaessasass (24)
1.11 Reservoir Heterogeneity «:++sssersesrsrsrerersereeruiererttninniiiniiineenenin, (27)
1.12 Classification and Definition of Fracture «eceeeceereseimiiiiciin... (30)
1. 13 Gas and Condensate Reservoirs ssresssssetettiiianeeasanecsrestncasasssasncssons (32)

Chapter Two Petrolemm EXploration «+++«+++eeteereerererrtmmrmmeriieieiieiiiarenarnaeaan (35)
2.1 Geology and Search for Petroleum «--s==sssssssrerssereererereeirinininrnrennnn. (35)
2.2 Principles and Methods of Geophysical Exploration «:esseseeeereceeerenneee. (38)
2.3 Geophysical Exploration Example ................................................ (41)
2.4 Seismic Exploration Method «++eseeesseeseenisiinniianiiiininn, Nererererererasiaees (44)
2.5 The Process of Seismic Exploration —seseeceeeeesesciciiiii... (47)
2.6 Levels of Petroleum Investigations «eseeecrecerrieniiiiiiiiiiiiin (50)

Chapter Three Oil and Gas Well Engineering «-«----ceeeeereeesemmniemmnnnnn.. (53)
3.1 Exploration Wells and Development Wells ««-rereeeerereseirinieraniciaiainn.e. (53)
3.2 Exploratory Drilling .................................................................. (54)
3.3 PoOWer SysStemm creereesereresrtieiataioniiiitiiitiiiiiiiiiiiiiiiiiiiitieittiititietiies (57)
3.4 HoiSting SyStem «eeeeeeeeeerereeseetueremiriitii e (58)
3.5 ROLAting SyStemm «+terereessssasreetrttttummiiiiitiiiiii e (61)
3.6 Circulating Fluid s+sesseeeesrssersaeres R (66)
3.7 Circulating Equipment «ereoerrsarmiiiiiiiiiiiiiiiiii s (69)
3.8 Drilling the Surface Hole etrserssrarntetitieiiiiiiiiiitesiiiiiiiiieissstaiocsecnens (72)
3.9 Running Surface Casing -+ e a e (74)
3. 10 COmMENtAtiOn +++eesrerersrrsrssrssrurrsenerseenseneesssserssserssssrnssssseniernsnns (75)
3.11 Tripping in and TTipping QUL +eeeeeeeeserrrrtnertianttmiinniiiiinereinaees (77)



3.12 Running Intermediate Casing and Drilling to Final Depth -ecceceecceerucees (79)
3.13 Well Logging and Well Completion «««---+srsessssrsesinreeseninsreneneeinennes (81)
3.14 Setting Production Casing and Perforating rceoeseerearcceronieciiiiiiiin, (83)
3.15 Installing Christmas Tree «recccereererermrmsmrumunmiansiaaeeaeseenaeneennes (84)
3.16 Directional Well ceeesrscecaieiiiiiiiiniiiiiiiiisiiiiiiiartverticierrccacecascaacoase,s ( 85 )
3.17  Air Drilling  --+eeeeeseererremreerreeeremteiieitnt e e (87)
3. 18 BlOWOUL serreererrrerrarmnerornsaneas N (88)
3. 19 Well Control seeeresssessnnniaitiiiiiiiieraaiiiioiiiaaaiecstoiaseressernaestosesseassnns (91)
3.20 Well TeSting «r+erreversteesreeaneunanimteermenmmiatenmmermmmmsnansanenersrisin, (94)
Chapter Four Oil Production Engineering «-«-«----+ssssssseesesssersessonriaereraeeene (98)
4.1 Reservoir Production MecChaniSims ««««+«eesereeeacesosmseransarersestnrsnrsesees (98)
4.2 Secondary Recovery «eteesreeereeeuimmiioniiiiiiiieie (102)
4.3 Effects of Reservoir Characteristics on Well Completions  =++sreerreererees (105)
4.4 Rod Systems and Rodless SyStems «++-eceeessreeesmrasmsmnsmssinaisiranseraeesens (107)
4.5 (Gas Lift  sreevesrerrimieimniinii e et r e e eaeeraanes (110)
4.6 Electric Submersible Centrifugal Pumps «sesreeeeseereereriminiiiiiiiiiin, (113)
4.7 Hydraulic Pumping — piston Type ccccecerreeresresrnsnmiiienenaenens (116)
4.8 Hydraulic Fracturing «««cecteseeeecereeemmemmummmmm et esnaaeeeraeese (118)
Chapter Five Petroleum Storage and Transportation «-:-c:oreosreeerereriiiini.. (122)
5.1 Petroleum Surface Treatment ececcsesecreetessaatoientotetassresaceccsseseassosss (122)
5.2 Petroleum Pipelines .................................................................. 127
5.3 Natural Gds Pipelines =-=++s+eeeerseerrnmnsriimiimniiii e, (131)
5.4 Products Pipelines «+erseseresrrrmmmiiniimii (134)
5.5 Floating ~ roof Tank «e-sesssresreerrmmmiiiniiimiiuiisiecr . (137)
5.6 Fire Prevention and Foam System serrererersreeinain. (146)
5.7 Level measurement and Tank Gauging «+--ee-eeseessereeeeeeerummiaereerrenenns (143)
Chapter Six Petrochemical Industry -«--++:+sssesrmrtsrisettieninniniie (146)
6.1 Evaporation and Distillation «--sesssseeeseerermriiriiniiiinieiieeneenen, (146)
6.2 Crystallization and ExXtraction -+-srsesreessessereeessteeisimmimn. (148)
6.3 Primary Refining and Secondary Refining ....................................... (150)
6.4 Thermal Cracking and Catalytic Cracking «++-+++s+ssessersrrmsmrmimummennnnenan (152)
6.5 RefiNEry ProdUCts «--te-seesssesreessesmmsrmtmmmimiuiuiite s (154)
6.6 Tuel Ol  cervrerrerserrsimiersrnreiiinissieiiiierieiiirirsaitiersiniaieseeriean (156)
6.7 Conventional Oil Refinery Products «++++++++tesressesresimeatemminimiiuiiiin, (159)
6.8  PetrOchemmicals  cetecererersesrersmmmrrietiiieietiiiiiitiieestrieisiereeaeiiaeenens (162)
6.9  Synthetic Products «+++++++ssssersrssssrattimrimtiin it (163)



L 5 AT P P P PP PP PP PP PP PP PPRPIS (166)
BB THEJE e (166)
BB JHATHIER e (178)
- Lo i = -~ SO S N (184)
g A= 22 Do - SO O PP (198)
BRI JHEEID orvrrerrorrreesre s e 207)
SEANEE LT eeeeee e (214)

R - R TP T R L P PP P PP P PP PIY PP PITPTRPPITETD (220)



Chapter One / Petroleum Reservoir

*

Chapter One

Petroleum Reservoir

1.1 Generation of Qil and Gas

Petroleum is a result of the deposition of plant or animal matter-in areas that are slowly
subsiding. These areas are usually in the sea or along its margins in coastal lagoons or marshes,
occasionally in lakes or inland swamps. Sediments are deposited along with the organic matter
and the rate of deposition of the sediments must be sufficiently rapid that at least part of the
organic matter is preserved by burial before being destroyed by decay. As time goes on and the
area continues to sink slowly (because of the weight of sediments deposited or because of
regional Legtg_r;ig_f»g;‘_ggsiﬂ, the organic material is buried deeper and hence is exposed to higher
temperatures and pressures. Eventually chemical changes result in the generation of petroleurn,
a complex, highly variable mixture of hydrocarbons, including both liquids and gases (part of
the gas being in solution because of the high pressure) . Ultimately the subsidence will stop and
may even reverse. '

As the great weight of the overlying rocks and sediments pushed downward, the
petroleum was forced out of its birthplace. It began to migrate. Seeping through cracks
and fissures, oozing through minute connections between the rock grains, petroleum
began a journey upward. Indeed, some of it eventually reached the surface where it
collected in large pools of tar, there to lie in wait for unsuspecting beasts to stumble into
its sticky trap. However, some petroleum did not reach the surface. Instead, its upward
migration was stopped by an impervious or impermeable layer of rock. It lay trapped far
beneath the surface. It is this petroleum that today’s oilmen seek.

Sedimentary rocks are porous, porosity being the - fractional volume of the rock occupied by
cavities or pores. Petroleum collects in these cavities, intemliﬁgled with the remaining water that
was buried with the sediments. When a significant fraction of the pores is interconnected so that
fluids can pass through the rock, the rock is‘pérmeable Permeability permits the gas, oil and water
to separate partially because of their different densities. The oil and gas tend to rise and will
eventually reach the surface of the earth and be dissipated unless they encounter a barrier which
stops the upward migration. Such a barrier produces a trap. Places where oil has reached the surface
are called “seeps” or “shows” . In Trinidad in West Indies there are a number of active seeps.

The anticline shown in vertical cross — section is a common type of trap and often the
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easiest to map. Cover bed is impermeable while the reservoir rock is permeable. Oil and
gas can collect in the reservoir rock of the anticline until the anticline is filled to the spill
point. While an ordinary diagram is two — dimensional, similar conditions must hold for
the third dimension, the structure forming an inverted bowl. If spill point is the highest
point at which oil or gas can escape from the anticline, the contour through spill point is
the closing contour and the vertical distance between spill point and the highest point on
the anticline is the amount of closure. The quantity of oil that can be trapped in the
structure depends upon the amount of closure, the area within the closing contour, and
the thickness and porosity of the reservoir beds.

In a fault trap a permeable bed, overlain by an impermeable bed, is faulted against
1mpermea};l;\ggds A trap exists if there is also closure in the direction parallel to the fault, for
example because of \ffczlil&g\/ln a plnch out reservoir bed gradually thins and eventually plnches
the direction to both sides, perhaps because of foldmg or faultmg

A salt dome formed when a mass of salt flows upwards under the pressure resulting
from the weight of the overlying sediments. The salt dome bows up sedimentary beds and
seals off disrupted beds and so provides traps over and around the sides of the dome.

A limestone reef grew upwards on a slowly subsiding platform. The reef is composed
of coral or other marine animals with calcareous shells that grow prolifically under the
proper conditions of water temperature and depth. As the reef subsides, sediments are
deposited around it. Eventually the reef stops growing, perhaps because of a change in
the water temperature or the rate of subsidence, and the reef may be buried. The reef
material is usually highly porous and often is covered by impermeable sediments. Hence
the reef may form a trap for petroleum generated in the reef itself or flowing into it from

another bed. Some petroleum traps are shown in Fig. 1. 1.

: f) Traps at a Salt Dome
(d)(Irgﬁx—?ﬁcinO‘f‘"ﬁgg‘ﬂ“y (A mass of salt that has flowed

buried by later layers) upward from a layer below)

Fig. 1.1 Some Petroleum Traps
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s Special terms:.

tectonic force N contour Z{HZE
hydrocarbon BREMEY, B closing contour FHBE{EL
overlying rock FEEH Y i amount of closure & EHE
pool of tar AW . AA{?\ fault trap WTZREH )
sedimentary rock PLEUS closure A4

porosity FLEREE | 0! folding R
pg;m‘egbillity BaEM, BB pinch out 4K

seep JHBET salt dome

show &7/~ overlying sediment FEEIIFRY
anticline 4l seal off i

cover bed Z=H/E limestone reef JKAHE
reservoir rock fEHAER calcareous shell 5 H /72

spill point %§H} &

»s Exercises:

I . Answer the following questions.
1. What is petroleum? _
2. How is petroleum generated?
3. How does petroleum migrate?
4. How is salt dome formed?

IL. For the passage there are some questions or unfinished statements, each of them

being provided with four suggested answers marked (A), (B), (C) and (D) . Decide on the
best one and mark your answer.

1. According to this passage, it is less possible to find petroleum in
A. coastal lagoons B. the margins of the sea
C. mountains D. inland swamps

2. The rate of deposition of sediments must be rapid enough for the organic matter to

A. sink slowly - B. be preserved
C. be exposed to higher temperatures D. be buried deeper
3. The quantity of oil trapped in a anticline depends upon all the following Except

A. the amount of closure

B. the area within the closing contour

C. the vertical distance from the bottom to the highest point of the anticline
D. the thickness and porosity of the reservoir beds.

3
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4. A trap .

A. permits the oil and gas to be dissipated

B. stops the upward migration of oil

C. is in the anticline

D. is the closing contour

5. Which of the following does not contribute to the formation of a salt dome trap?

A. The pressure from the weight of the overlying sediments results in the upward
flowing of a mass of salt.

B. A salt dome comes into being.

C. The salt dome bows up sedimentary beds and seals off disrupted beds.

D. The salt dome is usually highly porous and often covered by impermeable
sediments.

II. Translate the following sentences into Chinese.

1. The oil and gas tend to rise and will eventually reach the surface of the earth and
be dissipated unless they encounter a barrier which stops the upward migration.

2. A salt dome formed when a mass of salt flows upwards under the pressure
resulting from the weight of the overlying sediments.

3. The reef is composed of coral or other marine animals with calcareous shells which

grow prolifically under the proper conditions of water temperature and depth.

1.2 Petroleum Traps

Traps

A trap is the place where oil and gas are barred from further movement. Notice the
cap rock at the top of each trap. Cap rock is non — porous and impermeable to the fluids
below. Therefore, underground pressure cannot force the reservoir fluids through the cap
rock and up to the surface.

Within the trap the productive reservoir is termed the pay. The vertical distance from the
top of the reservoir to the petroleumn — water contact is termed gross pay. This thickness may
vary from only one or two meters in Texas to several hundred meters in the North Sea and
Middle East. All of the gross pay does not necessarily consist of productive reservoir,
however. So gross pay is usually differentiated from net pay. The net pay is the cumulative
vertical thickness of a reservoir from which petroleum may be produced. Development of a
reservoir necessitates mapping the gross — net pay ratio across the field.

A trap may contain oil, gas, or both. The oil — water contact (OWC) is the deepest
level of producible oil. Similarly, the gas — oil contact (GOC) or gas — water contact
(GWOQ), as the case may be, is the lower limit of producible gas. The accurate evaluation
of these surfaces is essential before the reserves of a field can be calculated, and their
establishment is one of the main objectives of well logging and testing. Where oil and gas
g

"
£ 4 F
Moa?



* Chapter One / Petroleum Reservoir

occur together in the same trap, the gas overlies the oil because the gas has a lower
density. Whether a trap contains oil and/or gas depends both on the chemistry and level
of maturation of the source rock, and on the pressure and temperature of the reservoir
itself. Not only does a gross gravity separation of gas and oil occur within a reservoir but
more subtle variation may also exist.

Types of 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.

A fault trap occurs when the formations on either side of the fault have been moved
intovar“b'c;iqtﬁi‘on” that prevents further migration of petroleum. For example, an
impermeable formation on one side of the fault may have moved opposite the petroleum —
bearing formation on the other side of the fault. Further migration of petroleum is
prevented by the impermeable layer.

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

Stratigraphic traps are traps that result when the reservoir bed is sealed by other
beds or 1/bkywa change in 1;orosity or permeability within the reservoir bed itself. There are
many different kinds of stratigraphic traps. In one type, a tilted or inclined layer of
petroleumn — bearing rock is cut off or truncated by an essentially horizontal, impermeable
rock layer. Or 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 be impermeable and nonporous, while the
lower part is permeable and porous and contains hydrocarbons. ‘

Petroleum Accumulation in Traps

About 80 to 90 per cent of the known petroleum reserves occur in structural traps.

The anticlinal trap is the simplest and commonest form of petroleum accumulation. A
porous and permeable reservoir rock must be sealed above by a fine — grained, relatively
impermeable bed such as clay, shale, marl, or salt. The structure is in the form of a dome
or elliptical dome that forms a closed space in which the oil or gas, being less dense than
water, accumulates. Contours drawn on the top of the reservoir form rings or ellipses (or
other closed shape) because without their closure the petroleum would spill out. More
technically, it is a space of minimum potential energy of the petroleum with respect to the

i
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water, and the driving force of the water is insufficient to drive the petroleum out of the
anticlinal.

Within the reservoir, oil lies on water, and the interface between them is known as
the “oil/water contact. ” This surface is horizontal or nearly horizontal. In theory, it is
only horizontal if the water is at rest, but practice slopes have been found to be
gentle. During production of the reservoir the oil/water contact moves upwards as the
produced oil is replaced by water; but not all the oil moves, because some residual oil is
left in the pores. If gas occurs associated with the oil, it forms a gas cap and the gas/oil
contact initially is also a horizontal or nearly horizontal surface. Since an associated gas
cap provides important reservoir energy, it is not produced until all the recoverable oil
has been produced from the reservoir; so any pressure decline due to oil production
results in an expansion of the gas cap, and the gas/oil contact moves downwards. This
downward movement is in response to pressure changes that may not be equal over the
reservoir, so the original horizontality may be lost as production begins.

Anticlinal traps may have one or several separate reservoirs (there are fields with more
than fifty) and each has its own oil/water, gas/oil, or gas/water contacts. They usually behave
as separate reservoirs and must be produced as separate reservoirs, but sometimes the oil/water
contacts of different reservoirs are at the same level — the upper reservoir being commensurately
more extensive than the lower. When this happens, it is argued that they are connected in some
way and they should be regarded as a single reservoir and produced in such a manner that their
equilibrium is maintained as far as possible.

Fault traps are also common. Again, there must be a porous and permeable reservoir
rock that is sealed above by a fine — grained, relatively impermeable bed. But the real trap
is provided by the fault, which prevents further updip migration either by the fine —
grained material in the fault itself (the so — called “fault gouge” that results from the
movement on the fault plane) or by the brining of a fine — grained relatively impermeable
bed on the other side of the fault to the position that truncates the reservoir.

Stratigraphic traps comprise an interesting variety of accumulations in which the
trapping mechanism, as the name suggests, is from stratigraphic rather than structural
causes. In these, the essential features remain a porous and permeable reservoir rock
sealed by a fine — grained relatively impermeable rock, but the configuration of these to
form a trap arises from the particular sedimentary process and nature of the resulting
sediments. The most obvious forms of stratigraphic trap are fossil coral reefs such as
those of western Canada and Libya and reef — like mounds such as those of Mexico and
parts of the United States. In these, the voids in the reef or reeflike reservoir contain the
petroleum that is prevented from leaking out by the clay or shale in which the reef is
enveloped. These voids are not like the pore spaces in sandstone reservoirs, but more
solution cavities and fractures. Production rates tend to be much higher than from

e
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sandstone reservoirs (indeed, rates over 8,000 m’/day—50,000 bbl/day—have been
obtained in Mexico and Libya) . The frictional resistance to fluid movement tends to be
much less, so there is better communication through the reservoir and it can be produced
with fewer wells. Reefs tend to be single accumulations, some of which are very large.
Perhaps the commonest form of stratigraphic traps (but not the most important) is
the wedging or pinching out of a sand. Discontinuous sands, such as those that formed
part of an old river system ( “shoe — string” sands) are enveloped in fine — grained
sediment and may form a trap. Structural traps are shown in Fig. 1. 2. Stratigraphic traps

are shown in Fig. 1. 3.

Anticline Salt Dome Fault

Fig. 1.2 Structural Traps

Reef Unconformity Pinch—Out

Fig. 1.3 Stratigraphic Traps

s Special terms:.

() pay JEHE well logging MWH:
Y\ gross pay SFEHE well testing HFH
net pay Hr=HE source rock BIFE
petroleum — water contact /oil — water structural trap WEBME v
contact JHjZKIERbE stratigraphic {:rap HLE B v
gas — oil contact S JHEERE formation H1Z2
gas — water contact S 7KEMAE petroleum — bearing formation iR
£y
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shale WA fault plane W21
marl KRS solution cavity ¥&iF
contour EEZk fracture Zi4%
potential energy fIHE bbl= barrel #§
gas cap I wedge out ZRK

fault gouge WiEIR
s Exercises:

I . Answer the following questions.

1. What is structural trap?

2. What is stratigraphic trap?

3. What are gas cap and its function?

I . Decide whether the following statements are true or false.

1. Net pay is the vertical distance from the top of the reservoir to the petroleum -
water contact.

2. Gross pay is the cumulative vertical thickness of a reservoir from which petroleum
may be produced.

3.1t is necessary to get the gross — net pay ratio across the field to develop a
reservoir.

4. Tt is one of the main objectives of well logging to establish OWC, GOC and GWC.

5. Some eighty to ninety percent of the petroleum reserves are found in stratigraphic
traps.

IL. Translate the following into Chinese.

1. All of the gross pay does not necessarily consist of productive reservoir, however.

2. The accurate evaluation of these surfaces is essential before the reserves of a field
can be calculated, and their establishment is one of the main objectives of well logging
and testing.

3. In theory, it is only horizontal if the water is at rest, but practice slopes have been
found to be gentle.

4. In these, the voids in the reef or reeflike reservoir contain the petroleum which is
prevented from leaking out by the clay or shale in which the reef is enveloped.

5. The frictional resistance to fluid movement tends to be much less, so there is

better communication through the reservoir and it can be produced with fewer wells.

1.3 Reservoir Rock and Pod of Active Source Rock

Reservoir Rock
A petroleurr(lgservmr consists of a suitably shaped porous stratum of rock that is

pped Wlth an 1mp€rmous rock The shape of the structure must be such that the oil (or
oy
778 %
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gas) can collect in one zone to form an accumulation, and the cap rock is essential to
prevent the further upward migration of the contents. The simplest type of reservoir is a
dome — shaped structure or “anticline”, most of the reservoirs in the Middle East are of
‘this form. In some instances the dome may be almost hemispherical whereas in other cases
it may be narrow and elongated. The size of these domes varies enormously but typical
structures can be anything up to about 30 miles long and 5 miles wide.

The nature of the reservoir rock is extremely important, as the oil is stored in the
small spaces or pores that separate the individual rock grains. Sandstones and limestones
are generally porous, and in the main these are the most common types of reservoir
rocks. Porous rocks may sometimes also contain fractures or fissures, which will add to
the oil — storing capacity of the reservoir. The “porosity” of a rock is the volume of all the
pores. and opening expressed as a per\c'e—n-tage—’of the total volume of the reserv51~r
rock. Now w if oil is to enter OF 10 leave a porous rock, thefe must be free connection

between one pore and the next. The ability of the rock to allow the passage of fluids

through its interstices depends on the size of the connecthls that exist between
one pore space and the next and is called the “permeability” . If rocks are traversed by
cracks or fissures, their permeabilities are msed. The Iranian limestone
reservoirs exhibit this type of permeability, and this is one of the main reasons for the
tremendous productivity of the average Iranian well.

The rate at which oil can be extracted depends largely on the permeability of the rock
and, if this is low, the production obtained from an individual well might be meager to
offset its cost so that the development of the reservoir would be ruled out on economic

grounds. Such consideration is required to be applied even more strictly in the cases of

costly offshore locations such as the North Sea. In general the porosity and permeability

vary from place to place within the same reservoir rock. The variations may be so marked

that wells located in different parts of the reservoir may have widely differing production
rates. Porosity and permeability variation is, therefore, of great importance when
considering the development of the reservoir and the methods to be employed in
extracting the oil from it.

Major and minor reservoir rocks are determined from the percentage of in — place
petroleum that originated from a particular pod of active source rock. If the volume of in

— place petroleum is unavailable, recoverable hydrocarbons are the next best volume. All

the discovered oil and gas fields included in a petroleum system are listed and the original =
in — place (recoverable) hydrocarbons are determined by stratigraphic interval. The

—

volumes of in — place hydrocarbons each stratigraphic interval are added up, and the

percentage for each is determined. Reservoir rocks that contain minor amounts of in —

place hydrocarbons are the minor reservoir rocks. Usually one stratigraphic interval

contains most of the in — place hydrocarbons, so this interval is the major reservoir
ey
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rock. The major reservoir rock indicates the optimum migration path for the petroleum
between the pod of active source rock and the traps that include the major reservoir
rock. The minor reservoir rock indicates the least effective migration path or one that
should be studied for overlooked prospects.

Pod of Active Source Rock

A pod of active source rock indicates that a contiguous volume of organic matter is
creating petroleum, either through biological m;;t;re, at a specified
time. The volume or pod of active source rock is determined by mapping the organic facies
(quantity, quality, and thermal maturity) and considered to be the presently active,
inactive, or spent source rock using organic geochemical data displayed as geochemical
logs. Organic matter generates petroleum either biologically or thermally. From the time a
petroleum phase is created, a petroleum system exists. A source rock is active when it is
generating this petroleum, whereas an inactive or spent source rock was an active source
rock at some time in the past. For example, the Deer Shale source rock was an active
source rock in Late Paleozoic time, but is presently an inactive source rock. The pod of
active source rock is that contiguous volume of source rock that is generating gas
biologically or oil and gas thermally. The active time can be present day or any time in the
past.

With regard to the range of ages recognized for oil source beds at the time of
expulsion, the documented maximum time of expulsion after deposition of a source bed is
at least 300 million years. The actual time span for the oldest effective source beds, both
oil and gas, actually may be much greater. On the other end of the scale, the minimum
age of a source bed at the time of oil expulsion is only a few million years and perhaps less
than two million.

Exclusive of bacterial gas, the identification of very young effective gas source beds (that
have released commercially significant quantities of thermally generated hydrocarbon gas) can be
more difficult than for oil source beds because of the additional and very deep burial needed to
attain peak gas generation in young deposits. Comparatively minor amounts of gas will precede

oil from an oil source bed and gas accompanies expelling oil.

s Special terms:

interstice ZSPR volume of recoverable hydrocarbons
extract FFF I R g E
fracture 2Y%% rule out BL{H
fissure ZPR prospect RN, ERWE
pod of active source rock 8 ¥IZIRAE stratigraphic interval 3h 28R
volume of in — place petroleum organic facies A HLFH
AT RiEE spent source rock FEUERIE S
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