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Characteristics of Reservoir Rock

Passage A Porosity and Permeability

The grains making up sandstones are all irregular in shape. The degree of irregularity, or
lack of roundness, evidences as to how the sand grains may have been formed originally or the de-
gree to which they subsequently have eroded. Violent crushing or grinding action between rocks
causes grains to be very irregular and sharp-edged. Tumbling action of grains along the bottom of
streams or seas smooths sand grains. Wind-blown sand, as occurs in moving dunes of the great
deserts, results in sand grains that are even more rounded. Sand grains that make up sandstone
beds and fragments of carbonate materials that make up limestone beds usually never fit together
perfectly even though overburden rock pressure on these beds may be quite great. ® The void space
created throughout the beds between grains is called pore space.

The pore spaces in reservoir rock, sometimes called interstices, provide the containers for the
accumulation of oil and gas deposits. Pore space, or porosity, in rock gives the rock its character-
istic ability to absorb and hold fluids. Most commercial reservoirs of oil and gas occur in sand-
stone, limestone or dolomite rocks; howevef,. some reservoirs occur in fractured shale. Knowl-
edge of the physical characteristics of the pore spaces and of the rock itself (which controls the
characteristics of the pore spaces) is of vital importance in understanding the nature of a given

reservoir.

Porosity

As sand was laid down in geologically ancient seas, the first fluid that filled pore spaces in the
sand was sea water or “connate” water. Some pore spaces became isolated, but the vast majority
in sandstones containing petroleumn deposits remained interconnected and have had water in them
or moving through them throughout their existence. One method of classifying reservoir rocks,
therefore, is based on whether pore spaces in which the oil and gas is found originated when the
formation was laid down or whether they were formed through subsequent earth stresses or

ground water action. @ The first type of porosity is termed “original porosity” and the latter,
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“secondary porosity”. Most sandstone porosity is original while most limestones and dolomites
owe their porosity to secondary formation.

Secondary porosity in limestone beds occurred as a result of fracturing, jointing, solution, re-
crystallization or a combination of these. Original porosity in limestone is important because such
must have been present when artesian water entered and began its solution work on the limestone
rock formation.

Where water is present in a carbonate formation, there is a continuous process of solution and
deposition or recrystallization. If solution is greater than deposition in any zone, porosity will be
developed between the crystal grains. An important type of porosity of this kind is found in
dolomite zones which occur in conjunction with large limestone deposits. Dolomite may be de-
posited originally as a sedimentary rock, or it may be formed by replacing the calcium carbonate in
limestone rock with magnesium carbonate.

Porosity is measured as a per cent of total rock volume. The most useful way to classify
porosity is into categories of effective porosity (continuous or interconnected porosity), non-effec-
tive. porosity (discontinuous or isolated porosity), and total porosity (the sum of all the porosity).
Only effective porosity has real significance in rocks containing present-day commercial oil and gas

deposits because it is only from this type of porosity that the fluids can move and be recovered.

Permeability

The ease with which fluid can move through the interconnected pore spaces of the rock de-
notes the degree of permeability possessed by the rock. The rock is more or less permeable de-
pending upon whether the rock will let fluid pass through'it with greater or less ease.® This is
similar to pipelines where larger or straighter lines let fluid move through more easily. Many rocks
are impervious to movement of water, oil or gas even though they may actually be quite porous.
Some of these are clays, shales, chalk, anhydrite and some highly cemented sandstones.

When considering the permeability of rock, we immediately must think in terms of the force
which makes fluid flow through the rock. Such force is pressure — just as in a pipe where a pres-
sure is applied to force liquid or gas to move through the pipe. In 1856, the French engineer Hen-
ry Darcy performed tests on water filters, and some of this work provided the engineering profes-
sion with the relation which permits measurement and study of the ease of fluid flow through
porous rock. Darcy’s law of fluid flow states that the rate of flow through a given rock varies di-
rectly according to some numerical quantity and the pressure applied, and varies inversely accord-
ing to the viscosity of the fluid flowing. The numerical quantity is the permeability and is mea-
sured in darcies. A sandstone having 1 darcy of permeability is defined as one that 1 cubic cen-
timeter of fluid of 1 centipoise viscosity (or the viscosity of water at 68°F) would flow each second
through a portion of the sand 1 centimeter in length and having 1 square centimeter of area
through which to.move if the pressure drop across the sand is 14.7 pounds per square inch (or e-
quivalent to .atmospheric pressure).®

Reservoir rock having an average permeability as great as 1 darcy is found in only a small por-
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tion of the reservoirs containing petroleum deposits. The usual measure of rock permeability,

therefore, is in millidarcies (md) or thousandths of a darcy.

The magnitude of permeability, in terms of oil production from a reservoir rock into a well,
is illustrated by the fact that a reservoir rock 10-feet thick having 1 darcy of effective permeability

will permit about 150 barrels of oil per day to flow into a well bore if the pressure in the well is 10

pounds per square inch below the pressure out in the reservoir.

@ New Words

1. irregular [i'regjulo] a. NELMHY, R4
s N EE ST

2. irregularity [iiregiu'leeriti] n. ANHE N4,
e

3. subsequently [ 'sabsikwontli] ad. HJ5, 4
B, HiK

4. porosity [poi'rositi] n. FLERE(E), £
H

DN B W N =

. permeability [ paxmio'biliti] n. B E

(B %), B

. characteristic [ keerikto'ristik] a. $FH 17,

FROH o FEGIE ),

. geologically [dszis'lodzikali] ad. iR (%

L) He

. discontinuous [ 'diskan'tinjuss] a. P ELE

HY, (BT (RO #Y

9. recrystallization [ 'ri: kristolai'zeifon] n.
ghidh, BEE G

10. anhydrite [zn'haidrait] n. LK G E, I8
Pak 1

11. illustrate [ 'ilostreit] vz. Ef&, (F B ##.
2451 i B

12. equivalent [i'kwivelent] a. % (F)H;
LEHEHE M BB

13. artesian [a:'tizien] a. B (/K)#Y, BEK
3]

14. impervious [im'pavjes] a. ANFEKEY, &
B ER A ZEHK

15. magnitude [ 'meegnitjud] ». K/, RF,
B

16. interstice [in'to:stis] ». FLBH, [B] PR

Vnlt 9

Phrases and Expressions

. violent crushing &% E& (B H)/EH 6. in conjunction with - —(3[F)

. tumbling action B/ /EH 7. atmospheric pressure (KX)SE ()
sedimentary rock Jifl% 8. connate water JRAETK, $EHRK, eaEK
magnesium carbonate FRER &5 9. artesian water H ik

. calcium carbonate % ER45

Comprehension )

. Sand grains that make up sandstone beds and fragments of carbonate materials that make up



limestone beds usually never fit together perfectly even though overburden rock pressure on
these beds may be quite great.

XR—ANFENEEH, BHEH “even though” 5| B —AM ik RIBMNAI, HEEAS, XK
P “that” 5| B A & 18 M AD, 4 B “sand grains” #1“fragments of carbonate materials” o
ERMERE BB E B WIRAIE SR S 0 BREREE AR B, Bl 7 1R Bl s
B EEEBENRRGHAT, BN LEREREE AT,

. One method of classifying reservoir rocks, therefore, is based on whether pore spaces in

which the oil and gas is found originated when the formation was laid down or whether they
were formed through subsequent earth siresses or ground water action.

ER—AENE R, EERET N whether" 5| ST HIM EE NG, EHE DR
A X —AH “in which” 5] S8 E &M, B4 “pore spaces”, M B . FIK, 44
$BIZ I A — PP IT B LA SR FLBR R R UE T R S TUR B I 5 1 5 St 7 ) B
Tk B 1E AT A 2 .

. The rock is more or less permeable depending upon whether the rock will let fiuid pass

through it with greater or less ease.
78] 7 “depending upon” &I FE /A S IBVERIE, H P H “whether” 3 S — M EIEM
flo ZFMBER  EANBBEERTLRE, BULTRENFEIHESBE,

- A sandstone having 1 darcy of permeability is defined as one that 1 cubic centimeter of fluid

of 1 centipoise viscosity (or the viscosity of water at 68°F) would flow each second through
a portion of the sand 1 centimeter in.length and having 1 square centimeter of area through
which to move if the pressure drop across the sand is 14.7 pounds per square inch (or e-
quivalent to atmospheric pressure).

RXRE—NENEEH, BEH “that” 515 — A B ENMNA, BHi“one”, XA~ EENA
FXE—=N I RRRERIENEG, 2ANERE . BEEN 1 TP AEE AN
TH—F . AURSE ERERER 14,7 B/ FHET(SEMLTRKESD), HEH 1 EH
(B0 68°F R/AKHIHE BB | U EARMAAEDHNESRAKEN 1 EX FshEM A 1
7 K B — B |
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Exercises

. Answer the following questions :

(1) What is pore space?

(2) What kinds of rock do most commercial reservoirs of oil and gas occur in?
(3) How is porosity measured?

(4) What is the most useful way to classify porosity?

(5) What denotes the degree of permeability possessed by the rock?

(6) What does Darcy’s law of fluid flow state?

(7) How is a sandstone having 1 darcy of perfneability defined?



2. Fill in the blanks :

(1) The first type of porosity is termed and the latter,

(2) Secondary porosity in limestone beds occurred as a result of

(3) Only has real significance in rocks containing present-day commercial oil

and gas deposits.

(4) The rock is more or less permeable depending on

(5) Reservoir rock having an average permeability as great as 1 darcy is found

3. Translate the following into English ,

(1) BEAHILE Y HZ M T R MRFR A MIFERES,
(2) MREBAERRTUIRER, SRR STE R ILE.
(3) HFBAAWBERN, B—E&D LEAFREREE AN,

Passage B Factors That Influence Porosity and Permeability

Porosity and permeability of sandstone depend upon many factors, among which are size and
shape of the grains, variations in size of grains, arrangement in which grains were laid down and
compacted, and amount of clay and other materials which cement the sand grains together. o

Sizes of the sand grains which make up a rock do not influence the amount of porosity occur-
ring in the rock. However, variations in sand-grain sizes do influence considerably the per cent of
porosity. Porosity between spheres of 1-inch diameter is the same as porosity between spheres of
¥ -inch diameter, provided the spheres are arranged in the same manner. If they are arranged in
cubic order, porosity is about 48 per cent; whereas if they are arranged in rhombohedral order,
porosity is about 26 per cent. If spheres of varying sizes are packed together, porosity may be any
amount from 48 per cent to a very small amount approaching 0 per cent. This principle is illus-
trated in mixing concrete where the basic materials are gravel mixed with sand, with the resulting
mixture having very little porosity and requiring only a small amount of cement and 'water to fill
the remaining pore space completely.

To illustrate variation in porosity and permeability with a given type of sand grain, various
features are considered separately. If the sand grains are elongated or flat and are packed with
their flat surfaces together, porosity and permeability may both be low. Permeability along the
flat surfaces will be hiéher, however, than the permeability in a direction that is perpendicular to,
or across, the flat surfaces of the grains. In a reservoir, the permeability horizontal with the bed
is usually higher than the permeability vertical across the bed because the process of sedimenta-
tion, where the sand grains are washed to their final position, causes the grains to be laid down

with their flattest sides in a horizontal position. ®
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