PRELIMINARY CORE PREPARATION FOR
SPECIAL CORE ANALYSIS-GUIDELINES
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ABSTRACT

Fhe application of core analvsis wo provide dava for reservolr evalwation 15 nof a new science bat has seen comimed

pesearch achiving over alony period

Corv analvsds s comples conteining many stages between the reservair and the firal measirentents and nterpretaiion
Tir ensiere the date produced (s valid, every step along this phase must be handled with equal attention.

Hecently developed technigues of micasuring certain special core analvsis of rock formation are being perfecied. The
adrfective of this pagner ix o providle information that will be of praciival value fo geologises and engineers imvolved with
preliminiy core preparation program. Following is a guideline for prelimingry special core propiavarion

The step by step outline presented below is a suggested guideline and, most certainly, modiffcarions andior changes
ntan e ade. Flowever, this gofdiline hox been fovend o be very siccessind for liborator: wovks.

L INTRODUCTION

When the conng program i sillin the planning stage,
i1 s wese o eonsull g representative of the testing labora-
tory b discuss preliminary core preparation techniiues
andd testing reguiremients, Core analysis esting is wsually
devided into two sections, o conventional core analvsis

ICORAL) and a special core analysis (SCAL)

I'he duta obtained from the routine core nnalvsis, also
called the basic dum, are used by petroleum engineers o
determing volume relabonshups and flow charnctenstics
of the reservoir and are necessary for special core analy-
s1% lests. The speaal core analysis complements the basic
ibira, and furnishes information that allows caleulution of
static Tind distribution as well as dynamic Mow perfor-
mamce of a well of reservonr

The following is 1o furmish vou the considerations for
n coordinated data gathering program of the sansfactory
technie currently in use for preliminary core preparation
ginigdeling,

Al the (irst indication thal engineers and geologists are
interested 0 iminmting core anolysis tests, made 1o con-
vince them they need  cone analvsis, certam hasic infior-
mation is required as follows:

b -

el -
dj -

What is the geology of the reservoir

Is 1t a carbonate section, a sand stone section. a
sequence of multiple voleamie section, o deltoe se-
guenee of multiple sandshale lavers or an evaponie
deposit (salt, gypsum anhydrite, etc) 7

Is the area virgin or have previois studies been
muade m that basin, reservoir or formation 7

Is the reservoir section thick thow thick) or
miduiple thin layvers !

Whit i the maximum  closure of the meservorr
{maxinn height above the od water contact 7')

«  What mineral logical information is available whou

the reservoir rock

Does it contain clays *

Have x-ruy diffraction studies been perfomied o
ihentily any cloys 7

Has there been any mdication of swelling clays 7
Is there any evidence of dolomitation?

Any evidence of potentially soluble gvpsum in the
iormation 7

Creological information should be collected as much *
s passible

What is the degree of consolidation of the reser-
vour rok T (Unconsoliduted Toose, sofi, friable,

a) = What types of reservoir are they looking ot
- Is it & gas, condensate, ol producer or some B 0r uaid) _
combination - What type of coring is planned, rubber sleeve,
- 11 oil, 15 it saturated o undersaturated 7 conventianal or pressure 7 |
= ls it a gos stomge project or 4 water reservoir?! = What type of coring fluid will be wsed
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hj - What are the production plans for the reservoir !
- Is primary production about o commence or
already in process 7 Are secondary or tertiary
production procedures planned ?
- Is water or gas injection projected?
- If water injection is planned where will the
waler come from 7
i) - What are reservoir conditions of temperature and
pressune 7
i} - What type of crude 15 present, that is, what s

the pour pont, wax confent, gravity, ele,
= Hove uny apalyzis been [H'Iii.‘lfﬂ'l.:d o the crude 1o
ibEtenming its characteristics 7

ki - What indications are there as 1o the wettability
of the reservoir rock 7

i - What specific problems areas exists if any and/
or what specific tests does the company have in
mund ?

ml - What is the salinity  of the formation and any

potential imjection brines ?

- Have fill chemical analysis of the brines been
performed and are the resulis available

After considering the above information, it s up (0
geologists, enginecrs oF managers 1o mike recommenda-
fions, Swch pecommendation should include insistmg upon
sufficient core being provided.

It is also generally necessary o ealighten the com-
pany about the significance of receiving frest. preserved,
unweathered samples and the advantages of performing
tests upon fresh rather than restored state samples.

It is recommended that the geologist or engineer should
strongly urge the manager 1o make available the entire
core to permit the testimg laboratory 1o make sample
selections. OF course, all selections will be made in con-
pumction with the laboratory representatives.

If the company specifies only  a limited number of
samples for analysis and from specific depths. than the
testing laboratory s extremely restricted with regard 1o
the quantity of samples available, the possibility of conduc-
ting concurrent tests and the ability to make sigmficant
miterpretations of the data. In the following recommenda-
tiens it will be assumed that the best possible technique 15
fallowed.

1L INITIAL LABORATORY ACTIVITY

For the purposes of this discussion, it will be assumied
that the entire cored interval hos been made available 1o
the testing laboratory in a preserved state. In the event
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that preselected samples, cither preserved or unpreserved.
have been submitted for analysis, the same general prin-
ciples, with one or two qualifications, will be applied.
When the core first arrives at the testing laboraory, cer-
tain basic decisions have to be made ©

4} What size of samples should be tested, 17, 1 127
or full diameter ?

by  What type of lubricant should be used for drilling
{water, air, kerosene or liquid nitrogen) ™

¢} What type, if any, of mounting medium will be
required 7

Full diameter samples are only tested if the formation
contains fractures or 1s very heterogeneous as in the case
of some reefal limestone, The decisions whether 1o use 17
or 1 1127 diameter samples depend upon the type of test.
{ some core holder are only available in one size) the quan-
tity and diameter of core are available as well as upon
accuracy. The larger of the sample, the less is any poten-
tial error, since most special core analysis calculations are
bised upon pore volume which is a small numbet.

It is desirable to obtain a length to area ratio as |large as
possible, On the metric scale, a ratio approaching one is
optimal. Usually anempts are made 1o use plug about 7.5
centimetres long, Type of lubricant will depend upon the
core lithology and the type of test required, as shown in
the Table 1,

Mounting ¢an currently be performed with three me-
diums, hysol epoxy, heat shrinkable tubing and lead jack-
ets (1ooth paste iube). Selection will depend upon the tests
planned and the state of rock consolidation can be sum-
marized in the Table 2.

With these decisions made, the core can be opened
and sampled

Takie 1
Type of lubricant and test required

[ with Mo Witn 1mehing For freen
Yo vesiing cliys | clay vinpeced | or wattabiily
Lngacted sty
bk Wram W Krne
Fristusemi " i Lo
Sefhmcn | Limead B Lkt Lt ¥,
el
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Tabls 2
Summarised type of medium and sample stato
Waunting Bambie atat Limi
gl
Hysal Epoay [insufficiend Mo
1% =1 WF imsiwrial in
chaimaber oF
bees drialle
dritied
hiss e
e
[Haat shwrini- L driseg Wona
abhe Eibing ELE
o o
diametor  |figuid dri-
Hug
Lead-jacisl [Salt or Cannol pofs
e 17-1 1/ conpoidnied o s
sarmint  rabenl neal pro-
s
late cmll
cupsilary

L LABORATORY TREATMENT

In general, the geologists and petroleum engineer wall
require routine convertional core analysis mensurements
to be performed first, Then it 15 a simple matter to dnll an
additional plug for possible special core analysis use ai the
same time that the routine plug s drlled.

These extra plugs should be wrapped in saran wrap
and fodl and stored away until required. If kerosene was
used us a bit lubricant, the extra plugs should Be stored,
submerged in kerosene until required.

The next preparation of rock works should be done in
three phases as follow :

Phase (1) will be an evaluation of core analysis proce-
dures followed by Phase (I1) which will be the routine
core annlysis and this in wm followed by Phase (111) which
will be the special core analysis

Assuming that the cores are ¢ut into lengths suitable
for shipment and then sent to the labortory facilities, Phose
(1) would be inttinted.

This Phase would first consist of runming a core-
gamma log on the sample to be used 10 compare with the
downhole gamma log to tie together core and log depths

The core gamma-ray surface log will determine prior
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any testing will be commenced. Ininally the whole core
segment will remove from each box without opening the
preservation materials, then they will be laid out on the
rolling belt beginming from the BOTTOM to the TOP of
the core, respectively.

The data will show the peak intensitics of mdicactive
matenial in the rock samples. This log would then serve as
a samiphing 1ol for work 1o follow,

Phase 11 wall be an evaluation of core analvsis. Core
from selected intervals would be taken and analysis tech-
niques would be evalunted so as to eliminate or minimize
dehydrmation of clay during future work,

These evaluation tests would include routine core
analysis technique, permeability, porosity, fluid saturation
lests, thin section to define mineral present, X-ray dif-
fraction 1ests a5 back up for the thin section works and
scanmng Electron Microscope works for identification of
clay type present, ele

Routine core analysis data should be obtained on each
loot of core. If the core is well consolidated and homoge-
neous, the analysis is usually done on | inch diameter snd
1 w0 3 mches long plug samples drilled from the whole
core pieces. However, if the core 15 heterogeneous, a |
inch diameter plug sample will not adequately represent
the whole core prece.

Routine analysis of heterogeneous core such as stron-
fied sandstone and vopey carbonates should be done on
whaole core pieces.

If plug snmples are taken from a vuggy carbonaie, a
thin-walled, dinmond-tipped core dnll should be used.
Thick-walled core dnlls frequently break the plug sample
resulting i samples oo small to represent the whole core
piece. The samples break at the vugs, therefore, the vug
porosity 15 not included and the porosity is under esti-
mated,

Full diameter analysis requires the entire core for test-
mg. routine core analvsis requires about four inches per
foot and special analysis requires another six to esght inches
per foot. In the later case testing is not usually performed
on every foot of a core but on the representative samples
covering range of permeability and porosity.

Phase 111 will be an evaluation of spectal core analy-
515,

Since the identity of these special samples is not known
until the whole section has been tested and the data re-
viewed, the best course of action is 1o preserve all poten-
tinl special test sumples. It is a maner of personal chowce
whether the geologist or engineer select the samples for
special core analvsis at the rg or preserves the entire core
and leaves the selection 1o the laboratory analyvst. If selec-

10

LEMIGAS SCIENTIFIC CONTRIBUTIONS NO. 172000




PRELIMINARY CORE PREFPARATION

HERLAM ADIM

e —eeeeeee— e

i is performed af the wellsite, care must be taken to pro-
vide sufficient rock for the required analysis,

Wihen o special ¢ore analysis study is projected, als
wore remaiant, alter sampling. should be correctly orenied,
labelled and represerved. This is so that fresh msterial will
still be available of 18 required ot a loter date,

The company should be discouraged from proceed-
tg with slabbing and stratigraphic, environmental, pale-
optological or geochemical studiés until all special core
analvsis are complete, unless adequate alremanive material
ix ovailable, The availibaliny of addinional fresh rock is
stressed because many special core analyses tests take
mimths to complete. If an error in procedure occurs or
sample fails, then a substitute mnst be found.

Cin completion of conventional core analysis . the pe-
troleum enginger or geologist must evaluate the basic data,

Porosity, permeability and grain density values should
b carefully checked agninst the actual test plugs and the
linhological descriptions. If any errors are apparent, they
miist be commected before proceeding farther.

When the manager is satisfied that porosity and per-
mgabiliny results are accurate, sample selections which are
representative of the full range of porosity, permeability
and lithology present should be made in accordance wath
the following statistical fechnigque, as discussed in the next
seclion

IV, SELECTION OF PLUGS SAMPLE FOR
SPECIAL CORE ANALYSIS

The reservoir engineer is (requently faced with the
task of deciding which plugs from a core should be se-
lected for n special core analysis. This s often done arbs-
tranily, with the result that the measurements taken do not
plequarely represent ihe reservoir rock. Even more fre-
quently, some loose direction, such as “take one plug ev-
ery filty feet” is given 1o the laboratory performing the
core analysis, Consequently, special core imeasurements

are taken which are unrepresentative of the reservaoir rock
being studied.

A, Sravistical Plugs Selection Methed

Statistical techmigues exist by which the engineer may
select samples for special core analvsis which will be truly
representuive of the reservoir being investigaied

First, conventional core analysis is performed on the
core, porosity and permesbiliny data are generated

The reservoir engieer and geologist then separmte these
data into lithologie units. For limestone would mean sort-
ing the data into reefal and lagoonal facies, and for o sand-

stofe reservorr might mean sorting the data into channel
and bar sands.

This must be done prior 1o selecting samiple for spe-
clal core analysis for any analysis of conventional core
data, because properties of the reservoir rock are depen-
dent upon which Inhologie unil i occurs in.

Trving 1o obtain representative rock property datn
from a sample set includes different lithologies which are
not possible. Consequently, prior 1o sample selection for
specinl core anplysis
*  Perform conventional core analysis,

* Beparate the conventional core snalvsis dow by
lithologic umif,

After the conventional core analysis dats have been
sorted by lithologic umit, statistical techniques may be ap-
plied 1o the dats from  each individual  Lithologie wit to
select representative sample for the special core analysis,

Az g general nile, the porosity and permieability of
rocks exhibit normal and log-normal distributions, respec-
nvely,

This i5 illustrared in Figuee 1. 17 rather than permeabi-
lity, the logarithm of permeability is considered. this will
also exhibit & normal distnibobion. { These disinbutions are
the repsons why porosity is plotied versus the log of per-
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meability to obtain porosity permeability correlations)

A normal distribution is charicienzed by two param-
eters:

= the mesn, which locates the apex of the distnbution,

- the standard devianion, which describes the stepness
of the curve.

Conversely, a distribution having a large standord devia-
e will tend o be rather flat. It should be noted thit nir-
mial distnbitions are symimetnic about the mean, For a
mirrmil distnibution, the standand deviation also describes
the percent of the data set which lie within the curve, st a
certain distance ftom the mean.

For any normal dsinbubion, 68 %5 of the da sei lies
within plus and minus one standard deviation from the
mean. This is shown on Figure 2.

The shaded on the nsert represemts the area for num-
ber of samples between vertical two lines drawn equidis-
tant from the mean. Since the 1otal area under the curve
represenis all samples in the set, il the shoded area 15
devided by the 1otal area under . the curve, this will vield
the pereent of the data contained within the verical lines,

As noted above, if these lines are drawn a1 plus and
munus one standard deviation from the mean, 68 %% of the
ditta set will hie within them. 1 drawn at plus and minus
two standord deviation from the mean, 95 %5 of the data
will Tie between them, and if drawn a1 plus and minus
three standard deviations from the mean, 998 %% of the

Flurnes @ yands de-n.om e mear

--.-.--.-.-_-__,I.-"’

-.__.ul" '

r |

¥

/ '

" !
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g W W B & & @ m W W O

Farupe of 5= ra
Flgure 2

Percent of sample under normal curve
enclosed by N standard deviations from the mean

PRELIMINARY CORE PREPARAT

dig st will e between them.

This relationship is shown graphically on Figure 2.
Where the percentage of the data set contnined  between
limits a1 certain number of standard deviations from the
mean is shown. It is apparent from this figure that to
obtain  sample representative of fifty percem of a data
sel, samphng bimits  shoold be set al aboul plus and
munus 1.7 standard deviations from the mean, From this
graph, it 15 also apparent how a statistical techmgue may
be used to select core plugs for special core analysis,

Suppose plugs are o be selected on the basis of po-
rasity alone: from routine ¢ore analysis, the mean porosity
of all the plugs is known, and the standard deviation of the
porosily may be casily calculated,

To describe the data set correctly, fifty percent of plugs
should be selected within plus and minus 0,68 standard
deviations of the mean porosity, an additional thity per-
cent between (plus 0,68 to 1.26 ) and (minus 065 10 1.26)
standard deviations of the mean porosity; and remaining
20 %% of plug for analysis beyond plus and mmus 1,26
standard deviations (rom the mean. This is best under-
stood when considered numencally. Suppose a set of po-
rosity data has a mean porosity of 10 %5 and a standard
deviation of one porosity percent.

To obtain a representative set of sumples from this set
for special core analysis, 50 %% of the samples should have
4 porosity between 9.3 %% and 10,7 %% . 30 %5 should be
taken from the porosity ranges 8.7 % o 931 and 10.7 %
0 11.3 %, and the remaiming 20 % should have porosities
less than 8.7 %% or grester than 11.3 % . Thus, if it was
decaded 1o select 20 plugs from this data set for special
core analysis, they would be selected as follows

Porosity. % Miimbear of plugs
=87 Z
AT -8.3 a
3 -10.7F 10
10.7F -11. 3 3
=15 E 2

B. Procedure of Application Stutistical Technigue

For normal special core analysis, il is necessary o
define not only the porosiy ranges from which the samples
should be taken. but also the permeability ranges. This will
b considered by means of an example, but may be sum-
marized as ;

= prepare histogram of porosity and log permeability
calculate the mean porosity, and mean permeability

- caleulate the standand deviation of porosity ( Sé) and
permaeability d Sk b

12
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- calewlore sampling limits a1 0,68 5k, 1.26 Sk and
0,68 56, 1.26 S¢

= grossplot porosiy and log permeabiliny
- averlay sampling limits on crossplod
select sample as follows

= -1 26 10%
1,26 1o 3._15_? 15%
-0 GH to +0_ 68 ﬁg____.E
088 1o 1 26 1555
= 1.26 10% |
Table 3
Porosity and pormeability data
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Y. CASESTUDY: SELECTION OF PLUGS FOR
SCAL

Given datn: CORAL has been performed on B0 feet
core samples (Depth 9100-9179 ft.), plug samples were
faken every ool The data o be analveed dre shown on
Table 3

From those data require 8 plug sample for SCAL study
Wihich eight samples should be selected 7
Solutions ;

First, it is necessary to produce histogram of porosaty
and permeability so that their means and standard devia-
tions may he calculated. Select the highest and lowest po-
rosity and permenbility values, and note the dota by * code.
Data are then sorted by class, and cumiilated within each
class to yield the frequency. Porosity data are shown i the
Table 4

Inspection of these data shown the approximately nor-
imal disgtribution of porosity and log permieability

Tabls 4
Porosity data soried by class
=]
__Ciass [ Midpoint %'hr Frequency
55-6.4 585 |l 1
6574 6a5 (i 2
7581 7.95 [l B
A5.9.4 8,95 (0 o (ne wn 21
9.5-104 9.95 000 o 6 e 23
10.5-11.4 T0.05  J00E o | o 16
11.5-12.4 1195 i m -]
12.5-13.4 1285 N 2
13.5-14.4 1385 | 1
E=80 |
Tabla 5
Parmeability data soned by class

— e TR T T

13051805 | 150 [0

1.605-1805 | 170 [ B

18052005 | 190  (E0m0N 12

2005-2.305 | 290 | 0EH 00D 0D (e 0 4

R205-2405 | 230 [0 Wm 18

SAQS-2 808 | 250 |00 N 15

26052805 | 270 (@ 3

28053005 | 280 I 1

A0053205 | A0 | |

L=80|
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Table &
Valuas of the porosity variables
'E
T e
| &8s = ¥ . 8
| aps -3 i e 18
705 -2 [ -12 34
[T - 2 a 21
548 B n o [}
AR ! m e | 18
1105 2 ] 14 x
1205 a 2 ] 18
13 0% 4 1 4 il
Mmoo o = 0 357 Lf = 1D En=1 |in'= 104
Table 7
Calculated sampling limits data
for porosity and permealbllity
Vainoa a) | K106 | N06E | X | KeaMs] &+l
Pumy 1| [EI] CAT) i Y I R
Liny Mperrazabiey 187 200 230 Taf 254
haprmatatidy | BE i 188 50 a0

After the data have been sorted by class, either by the
reservoir engineer o by the core lnboratory performing
the conventional analysis, a frequency table, as shown be-
fow, may be constructed to calculate the mean and stan-
dard deviation of the data. The table is constructed in five
colimn

In the first column, enter the class mudpomt, and m
the third columin the class frequency, The cliss midpoit
having the highest frequency is then taken as the assumed
value of the mean, Xo, Classes above and below the class
are then assigned o number. & sequentlly.

Classes having rmidpoimnts lower than the assumed value
of the mean have negative value of . and those with higher
midpoint values have positive values of L The class mid-
point taken as the assumed value of the mean is assigned
in zero valume fort

Values of the variables ft (Column 2'x Column 3) and
fi” {Column 2 x {Columnd)"} are then calculated and
sumimed

I7 the class interval 15 defined as C, the volume of the
mean, X, and the standard deviation for the vanable moy
then be calculated For the case shown, for porosity, the
class imternal, C, is 1.0

The mean porosity average is then defined by :

PRELIMINARY CORE PREPARATION
= = 30
'w == 1" = i“ " + L fl

=068 4100 = 8.94%
L]

and the standard deviation, s, 15 defined by :
, %,fr Ayl
o= —
C[ f‘ [ -I-]}
I 7T 5 Bl L
“15-()] -

For this well the porosity is normally dissributed. with
4 mean of 9.94 %%, and a standard devintion of 1.42 po-
rosity percent. In o similar fashion, it may be calenlated
that the log of permeability is also approximately normally
distributed, with a mean log permeability value of 2,20
(equivalent to a geometric mean permeability of 158 md)
and a standard deviation of 0,30 log cveles,

Knowing the mean, and standard deviation for both
porosity dand permeabality, the sampling hmats for each
variable st about (168 and 1.26 standard deviations may
be calculmed.

A crossplot of porosiy and log permeability may now
be constructed (Figure 4) and the sampling limits super-
imposed on it. As noled previously, samples should be
taken in the mtio 10/15/50/1 5/10 agross the range of daa
values,

However, by the porosity/ permeability crossplot,
samples may be chosen to satisfy statistical sampling lim-
its for both porosity and permeability simulianeously. This
is achieved by drawing the horzontal sampling limits us-
ing the permeability sampling limits | a8 determined by
the permeability standard deviation §,

since only 8 plugs are 1 be used for special core
analysis, they can not be mken in the ratio 10V] 5750/ 5/
10. With 8 plugs, the most reasoanble data spread wall be
ohtained by sampling in the mtio 1/1:470/1/

The plugs selected will then be

Diapin Pomomity | Parrreak
G178 75 TR
w100 B 5 a5.1
2105 [ 114.8
8170 85 1202
6151 10.0 158 5
9136 10.2 199 5
2105 11.1 2051
9152 1.7 ATE 6
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This set of samples has a geometric mean permeabil-
ity of 144 md, and an average porosity of 9.8 %, Compar-
ing this values with the geometric mean permeability {158
md) and the mean porosity (9.94 %) for the entire set of
plug samples, it is found that the mean permeability of the
samples selected for special core analysis differ by only
.13 standard deviation, and the porosity by only 0. 10 stan-
dard deviations. These plugs are thus highly representa-
tive of the data 1 from which they were 1aken.

If the approach of taking one sample every ten feet
had been followed, the sample set for special core analy-
s15 would have had a mean porosity of 8.34 %, and geo-
meine mean of permeabiliny of 125 md, These values are
«1.13 standard deviations from the mean porosity, and -
.34 standard deviation from the geometric mean perme-
ability of the entire set of plug samples. Consequently, this
sampling technique would not have yvielded special core
analvsis dota which were representative of the rock being
stindied.

If porosity and permeability data obtained from rou-
tine core analysis do not exhibit normal distributions, and
the porosity/log permeability crossplot exhibit a “shotgun™
character, this statistical sampling technique is not appro-
priate. In this case samples for special core analysis should
be chosen randomly across the range of porosity and per-
meability values percent

The samples should, however, be selected so that then
porosity and geometnc mean permeability of the special
core annlvsis samples is the same as those the entire rou-
tine core analysis data set. In this case, it is appropriate o
conduct more special core analvsis than in the case where
distinct cormelations exist between porosity and perme-
ability,

VI CONCLUSIONS

1. The relinbility of special core analysis data are depen-
dent upon the quality of the sample rested, but also
selection  of the actunl test sample in the laboratory.

2. If the core sample 15 well consolidated and homojge-
neous, the analyvsis can be done on 1-mnch dinmeter
and 1 to 3 inches long plug samples, however if the
core sample is  heterogeneous, it 15 recommended the
analysis is done on  full diameter core sample.

A, The accuracy of special core analysis data are depen-
denmt  on selection of the test plug samples which are
representative to the reservoir formation being stud-
1ed.

4. The recommended of porosity and permeability data

of plug samples are the conventional data, which are
measured at  the reservoir overburden pressure con-
ditions
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