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Abstract

Qlite a few mythical misconceptions exist ar~ the Formation Resistivity Factor and the Resistivity Index of porous rocks.
nis paper ad«esses some of these misconceptions. Should the FRF ve.-JS porosity b always go through the ~?
ShoIjd a variable m be used? Must the sahntion exponent at.vays be greater than one? How large Is the effect of the
~ Does the te~raUe affect the FRF? Does the OVelbt.-den PreSSl.-e affect the RI ?
Arr1ie or9I8Iy ~ to precict permeabily from the resistivity and did not have success. However. a can be ~. Em8
i1formation Is needed and Peb"~ptic Image Analysis can play a signifiC81t rde here.
Different m~ are used to meaSIXe jJe electrical properties. A few of jJe me#tOds are compared. The centrifuge
~ has 80 many ctawbacks, that K Ofiy has Imited useft*1eSS. A few points of general concern are mentioned.

Section 1 : Introduction

The Focmation Re8tiYIy Fector (FRF) and 1he Resistivity Index (RJ) ere two of 1he most yj,deIy used focmation
pcoperties i11og analysis i11he 01 i1ckIStJy. The Fom\ation Resistivity Factor is usualy correlated to the porosity i11he fonn of

.. ...Ardie refation (1):

FRF . ._m [1)
with

FRF
Ro
Rw
+
m

RoIRw
resistivity of 1 000/0 brine satlI"ated rock
resistivity of ~ bfW)e
porosity
cementation exponent (cementation factor)

The Resistivity Index CRt) is usuaIy correlated to the water satlntion in the fonn of the second Arctie refatk>n (2)

Rt-Sw-n [2)

with
RI

Rt
Sw
n

Rt/Ro
resistivity of rock desaUated to SW
water saturation
satintion exponent (saturation factor)

If Ute values for m and n are known from lab measurements, Rw from produced 1kjd analysis, and the correQ Rt and +
from _elM logs, Ute water sa11ntion can be calCldated from equation [3).

Sw"= (Rw'Rt> I ",m [3)

Qr91aly the ~ were considered to be totaly empkicaI, with no foundations m hory. In 1988 these
e~ were 8na1ytica1y derived i1 h above form by Spai)I..-g (3) usi1g ttte Effective Medum Model. Other models
(georneR and ~er models) also led to ttte same relations with numerical resuNs. However, as wiItI 81 modek f1e
reStJIB .-e only refev8t as long as ttte concIIion8 for the model are obeyed and as long as I1e model Is veld. Over the
years many models have been 1rIed. The ones that dd not confWm to the observations never were publshed, the ones that
lid i1deed descri)e the obsefV8~ to some level of satisfacticx1 were ptj)Ished. However, 1hat does not necessariy mean
they ere physicaly me~. AI models fai i1 some respect.

The Archie relations [1J and [2J are stiI em~1 relations. There has been a sigNficant amOiri of dscustIon
Plmished .. h Iteratl.l'e on h valcity of Ardje's relatk)ns. And it is no wonder that over the years a number of stubborn
myths were passed around along the grapevine.

This paper wiD deal with U1ree issues in U1ree sections. Fnt ad«essed are some of these myths, such -:

Myths
1 . FRF YefSl§ porosity fine has to pass throu~ the origW1.
2. Sauation exponent [nJ must be greater than 1.0

False
False
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False
False
False
False
False

?
?

3. Variable ~ ( m . m(+) ] is I8eful.
4. Tortuosity has a large effect on m.
5. Temperature affects the FRF.
6. Overbu-den PreS8l8"e affects the RI .
7 . F~ eledrode measurement is better than two electrodes meU1Od.

8. When m i1creases n increases (or decreases)

9. At lower water S8t1ntions n decreases (or i'lcreases)

Next 1he relation between permeablity and resistivity wiI be examined. Archie's original aim was to use the
resistivity to predd the permeablfty. However, he cid not have success. Nevertheless, the two are very much related. The
permeabilty can be predcted from the resistMty with some extra rnormation i.e. the pore ttYoat size. The pore ttYoat size is
difficult to meaSt6e it 1he weB bore. Sometimes NMR is used to predict permeabilty. The NMR yields a measure of Striace
area. So, as long as uface area and pore 1hroat size are correlated ttis may have some success. In the lab the pore throat
size can be obtai1ed rather Wlexper&vely usi1g Petrophysical Image Analysis (PIA) on SEM photographs. In 0(6 last
section some of the methods ~ are used to measure the electrical properties are dscussed. There are a number of
different methods it use especiaIy for the RI. Wtjch method shOOd be used? Some methods aclualy have so many
<*'8wbacts, 1hat 1hey only have &mited use~.

Section II : Myths

n1s section examites a few of 1he most common myths arotmd 1he Formation Fad.or and the Resistivity Index.

FRFversus in False1

When the FRF- porosity h passes UvatVlthe oriIjn (FRF = 1 when + = 1) the usual Archie relation apples:

mFRF = 1/ + (1]

When this h does oot pass through the ori~ it is lSIally written ~ a coefficient a as

m
FRF-a/+ (4]

with
mercept , cementation coefllcient

The U1damental concept behi1d this myth is that when the porosity is equal to 100% the sample resistivity (Ro)
and the brk1e resistivity (Rw) shOIjd be the same. So FRF = Ro/Rw should be ~ to 1 and the lne should go
through the origin. Although this makes sense, it is not necessan1y true.

Imagine a sample made from a cylinder 100% flied with brN. TJ§
~r wi! have an FRF ~ to 1. When across lis sample a plate of
k11Wjte resistivily is i1Sefted h me8SU"ed resisWity of h sample wi
~me 81&jteIy large and so wi h FRF. When 1he 1tjckness of 1he
resistive plate is reduced U1e resistivity reman very large no matter how
thin the plate is made. In lis way 100% porosity can be approached as
close as wanted by making 1he plate ~ thDter whIe 1he
resistivity remains exb"emely Ij~. h1 lis case 1he FRF can not be de~ nor the value of U1e cementation exponent.

~

D'.,.d
Next ima~ a modef fw a dead end vug as Iustrated. The vugs are

comected to a straight pore by a relatively sm-. hole. The FRF .,. ~
Old. It is also evident ht !he vug can be fted ., any amOlri of rock or
cement without affeding the resistivily, but ~ the porosity at w8. :
So the FRF verSta porosity Ine is j¥)rizonlal ., an i1tercept of Old and a !
cementation exponent of zero iI equation [4). In vuggy rocks usuaRy
intercepm {J'eater than one are found, with smaler corresponditg cementation eJq)onents.

2. Saturation ex eater than 1.0. ,... False

If the wgs ~ the second model i1 the previous case are filed with oi, the water satI.ntion of the sample
decreases. However, the resistMty remains constant (FRF . DId) and RI remains e~1 to 1.0 and is now i1dependent
of the saturation. So i\1tjs case, from the second relation of Archie :

RI =Sw-n [2)
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n-O wiI be obtai1ed. nw cIe8fy ~ th8t the sat\ntion ~ C81 have vakIeS kJwer than one.

3 Variable m-e .s useful. . . . . . . . .. . .. . False

Consider h second modef of the mt case again. As an example me that FRF - DId. 100. (The acbJaf
V8kIe does not matter 8t aI) So tie FRF"f)orOIiy h . tMizfiI~. ~.:,.a;-oW tie .. 8t 100. V of a-100 aid
m-o.O shocjd be ~ i1 e(JJ8ticx1 [4]. k1 a ~ m-approach h v8kIe tw a . twced to remai11.0 but m may vary
wiU1 porosity as foIows :

FRF.1/+n(.) . I I+(C + d.+J
[5)

In tie 8bove case m ot>eys the foIowWIg ret8tion i111e rBng8 of pOfoIiaes between 5% 8nd 30%

m = 1.10 + 8.83.+
[6]

-.T~

IFRF'

wtid1 is a very good approximation, WiIfWI 1 % for most of 1tjs range. The r-.Jnj)er of
constanta Nted i1 e(JJation (4J . two a, m and i1 ~ (5J ..80 two c, d.. So lie
number of coefficlen\s i8 not a matter of ~~. H~, k\ 1he variable m appro8d\
m is r.st determi1ed as m - bgCFRF) I ~+). So m is parameter deti)8d by porody. Next m
Is COITeiated a ~ time to h porO8ly. Th8t i*~ ...~ problema from a
statistical point of view, beca~ m i8 already ca~ed I8ng lie porosity.

Us81g a data let of ~ V8yi1g FRF-v8JeS ~ ., average ~ of FRF-100
+1- 25 . ~ . random poro8ky between 0.03 and 0.35, h COITeI8tk)n coefficierj (r2) between
FRF and porosity ~aIs zero, wt)ereaa lie COITeiation coetftdeM between m and porosity
~Is 0.995. ~ de'" Ihow8 flat lie vari8~ m ~d11s i1COfrect from a statistical ~ of view.

Next, . was assumed l1at lie FRF was cor.mnt, wia1 no dependence on poro8iy
whatsoever. k1 I81g ~ [5) .. ~ FRF vakJe is forced i1to . dependency on
porosily. By ~ lie cementalon exponent Bfoood ,i1 makk\g it . fmction of Ite
porosity, B1i8 dependency on porosily . to be eImi1ated ag.-, from Ite .. r~ nw
does not make sense at aI. nw is YefY dear i1 fie case of a ~ FRF-vakJe. However.
!he same arguments ~Iy when !he FRF-porosity Ine has a 8k)f)e. The same ~ Is
not ~ CJ* as c:Ie8ty, becat8e i1 .. C8e h ;:c;,.*, , CO6:1d6.. fw the FRF
i1a"eases and fw Ite ~ ~ dea-ea8eS. The ~ m approach was applied i1 a
~ acclaimed paper by Focke and M~ (4). The paper h8s some good i1forrnation, but
I: W8S bm to be i.xIn"ect as ,.. - Is objective of lie v.I-. m 8PPOoach was concerned.

~I

So tie conck8ion . there Is no gain to be had from U1e variable cementation exponent approad1. T1js myI1
a very good ..~ example ~ wtidI a very 19 ~ ,.jk,. -, coe~ is~, ~ any physical

mea~ or cat8e. nis ~ de'lee of correlation Is an artifact feSt61g from Incorrect procem..es, not one U to a
nab.nI Cat8e .

. Tortuositvhasalaroeeffedonm False

A cross sectional ere. of tie pore
~ sedIonaI -- of h pore tvoat
IengII of h sa~
length of the pore tvoat

L
I

For this pore shape it can be found ttIat

FRF. r.,2,+ 1)witt1
.(~/L.(A/.-. ~/L . t.O + 1). (1 - -Jl1 L (1 .81 A» geome~ factor

tOftuosity
porosity

"
.

ThIs myth often gels bogged down ., semantics. So i . necessary to deb wh8t is meant by ~.
Tor1I.-y(t) is de~ here 88 the average effedive patllengd1 of the a6rndvlded by the length of the sample (t.
Le I L), whim is a number that is greater than one or e~ to one, when h current peth is sb"8~ There 18 also an
effect of the P«8 geomny. The effect of Ite pore geometry . C8pI1nd i1 wh8t w8 be caIed here .. pore geomftic
factor ( r ). To .-ate these concept Ima~ an example
pore .. shown to the &ide wid1the foIowIng cfimensions:
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The geom~ factor (J1 C8t be made .. ~ de8k'ed by reciJCi'lg the Iize of the pore h'oat. wf* the tortuody i1 tt8
case reman very ckI8e to 1.0. The factIX': 2. A t I a L domates the geomebic factor. nE dem.x-..a.~ lhatthe
geometric factor '- tie dornN&1g effect on the FRF. not tie tortuoeIty. The ~ of tie re-.tlyjty is ~
better when mIX'8 attCo-;tic;" . foaJSed on the pore geomny. k1 ~ [7) the porosIy ~ i1 the ~.
This is the case i1 .1 geometric m~. The proGJd FRF. + ~ 1.0 for str8fght tIbes for .. a"O88 secCkln8l shapes.
For any oller geomfty the pr~ FRF. . is ~eater ttlan 1.0. AcIu8Iy i1 the detaled study of 1118 FRF beh8vio..- this
~ dependency on tie porody sh(M*i be rernVIed ti'st. It is nMJd1 better to ~ a parameter proposed by Herrick
and KerWIedy (5) i11993.. The proposed p8Brneter was C8Ied the ~ EfWc:iency Fedor (EEF):

EEF - 1/+.FRF-1/r.t2 [8J

Corre/a&lg .. parameter to observed geometry effects (e.g. ~ PetrophysicM Image Analysis) is
recommended. In carbonat- tie ~ Efficiency Factor Is quite often not correlated to U1e porosity at .ft, which
me..- that I1e tortJOSiy and tie geomfty vary at random. However, COfT~ FRF to porosity alii wiI &how some
porosIy dependence, ., cc;"daIr... 006:;"~M 12=0.5. wtWdI ~ retlecls tie tt.1d8mefD1 bar dependency on
porosity.

5. FRF . . . . . .. . . . . .. ,. else

k1 . few ~ ~ are reported e.t U1e FRF ~ to v.y will temper8t1.-e. ThIs is i)COfTed. The
FRF is fri'f deP6I-~~ on tie geomfty 8Mt ~ as ~ it .. prevk)ta 8edk)n. When . ~e effect is
obeetved It may kdC8te e.t .. sample 18 ~ Is geometry when the tempefatn dI8nges. It 80 may i1dcate
e.t f)e I8bor8tory procedu'es to me e FRF ere iIcorrectly applied. The temperaue effect flat ocan with shaIy
88rnp1es 18 U1e ~ of f)e COI.Rer ion ~. It C8n be 8CCOt81ted for as shown by Waxman and SnE (6)

OverburdenPressureaffedstheRI False8.

7,

r-

Four electrode measurement is better than two electrodes method. . . . . . . . . . False

~ myt1 . a renv1ant of h okf days. The tOt.- eJecb'ode mefWJd uses two dsk
eIedrod8 at ead! end of h san1)le '* C8'Y the ~ Thefe .e two .. rW1g
e~. ~ do not earry any c..rent bca are O(jy IMd to me-.e - potential
rJfference. These eIedrodes ..e placed at some d8t8nce of h current ele«odes. It
Is sa4)pO8ed t1at ~ .. ~ «iy h ~ ~ ~ u.te. are SIbjected to
poj.,~ik;., effeca. poiariz8ticx1 oc:an when a c..refj p8&Ses IvoudI .. kIfjc
sok.6on. The positive eJedrode (anode) w8 coBect exce88lYe amounts of anlol., and
the negative eIeWode (caeIOde) w8 coIed .xce.-iv am~ of cations. A second
effect may ocaI' at h tr-.l. of the ~ ch8rge between h ~ and h efedr~ ~ I1e electrode. When ..
reiJ*'es extra energy h c..rent fkM . and a hctiCM1 of h voftage Is kist OYer h eIectrode-~ mrfece. These
meased concemations and d\arge b'ansfer energy are referred to as polarization. They wII tend to bklck ~e anent
~ the a8d ~ I1e ~ . no k)nger pr~ to lie voIage. So, poIariZ8tion w8 ~ the 8pp8'ent
re8tivIy and sfQ*f be avoWJed « elri1ated.

Polarization due to d\arge transfer can be avoided by UIing proper equipment. With modem efectrorjc e~ment
concec*ation poI8rtzatIon can actualy be elmk1ated from h meaatXement even wiU1 dean star-.. steel electrodes.
n.. iRIg IX'opeI' p!'oceU", ii1&t&~" ~ ~"-b, no i)oI..~j(,., ~ .. neceS88Y. F~ ~u.1e&
WOtM «iy lead to more oper8tional problems. Also, «iy a~ half the sampfe is used to m8aS1n f1e res8tivfty, so the
meaatXement efror i1a'eases. u.JaIy the two voftage e~ are at a fixed distance Imbedded ~ h rubber sleeve
a~ f1e sample, wtWd1 ~ the sample size .,. can be meaand.

So tOt.- electrode me-.emenI8 no kInger h8ve adv8nIages, «iy clsadvantages. C~ ~ between
~ two methods prove h above statements.

?:When m inaeases n increases (or deaeases)

In vuggy C:BIb«wtes CJ* often t91ef cementation exponera (m) and lower saU8tion exponents (n) are
observed. In a~ sandstones ~ m-exponents are often accompanied by ~r n-exponents. A .xvey of al
measa.ed me emenls 8VaIaI* it Western Canada by Mahood and Boyd (7), feled to show any correlation
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between tie two exponents for any 1ItOiogy. So 8IY nJe of Itunb 1hat may be ~ for a .x..'.~1 between m
and n may have oriy very local vaicIty. ~ variot8 reserwn bot1 trends could be merred.

At lower saturations n decreases (or inasases) . . - - . . . . . . . . . . . . . . . . . . . . ?9.

~ often i . ~ to obtMt low water saUations ~ r~j ~x me..-emerD. To ey8Jate
reSefvok' at even kJWef S8 tIof8 it . lOmetimes assumed that lie RI-SW Clne Is bendklg downwards at lower
sakntions. TtW is ~ often obsefV8d i1 laboratory me8St6emenls. But fa m8Y be 8n ar1if8ct. EspecIaIy Wt
commerci8 me-.emenIB lie I8rnp1es ere often deaned I8i1g ~ tI8t .e expected to make them ~ water
wet. In !tis case lie vakle for ~ n-exponeni is expected to appr08ch 1.0 at vary low saturations. when ~ water is
cIstrbMd Ike 8 1*1 ~ '*n. However, If I1ere is some oi ~ left, lien lie water Nms are ~ and
tie n.e2POnef1t w8 Meese. If h ~ are fI*t oi wet, tie ~ path :>et.ft6l"i lie pores w8 be serrated at
8 certa81 oi 88t\ntion 8nd lie 88bntion expor1ent wi become iIftnIte.

Wh8t haPPef8 Wt h reseMW . genef8Iy not~. Re&tort1g tie ccx-e, before RJ me..-emen8 are concided,
may ~ to shed some exb'a ~ on h e, ~ does not neceSS8iy restore lie ccx-e to ~ reseM)8'
conditions. The use of preserved ccx-e wi 81so be benefk:i811n ~ proper me.-.emn of n-exponentB.

Section III. Permeability and FRF
k1 .. section reei8i'Iiy to perme8b8y ere r8/8ted to 88m ~. The m81 reeson t18t .. is ~ .

tt\8t in the above moet of the tools to do .. have been developed.

To relate perlneab8y to re.-My . rxIt a novel kiea (8). Ar~'s or918I atlem~ was to do ;.JSt ... MtfXqI M
W88 not succ~, k>oq 8t h physic:s, moat of 18 wo~ i1bJIIveIy expect that sudt 8 relation should exist, just 88 he dd.
The penne8b8y . aid! .. ~ ~ p.-ameter u..t 8Uempts to fWtd ad1 8 reI8tion appear i1 It. aerwn eVefY
RaW end ~. E~ [7) for 8 SCJ88 pore ~ be Iaed as a ...~ ~

FRF = r.t2,+ [7]

The permeab8y ~ be Rated i1 a simlar mamer. A very relation ~ be obtM1ed

a/k. r.. t2,+ [9J
wit!

k :penneabity. .r : geomeRal factor for h penne.biity
. : aoa tectiCKI8 ~ of h pCX'8 boat

It can be e.8iy proven !hat Ule ratio of: r I r. is consI8nt over . si~C8nt range of Ule ratio of pore size I pore ho.t size.
11* 8so . ~ for In81Y oI1er pore Ihapes. By ~ ~oo.. [7) and [8) the ~ relation is obt8i1ed:

.FRF.w& . r I r . (10)
-- I.~~; ~.",~I'-

Ixtder . 181'ge range of conc8ions. n. ~~ ~~ becomes
independent of porosity, of tOfbIOeity, of geometry, of pore size end many
oa. f8ctOfs. However, tie pore boat size is tie comec&1g f8dfK here.
~ ... . I» down hole ~ Iwt w8 proWie ..
Wormetion. However. ~ . Scerw*tg ~ Microecope (SEM) and
Pe~ Image An8Iysis (PtA) M I8mp1es from previOIa weBs, or
simler rock, .. reservo8' C81 be &!gel" prWIted 81d oorrel8ted to a down hole
mea..-ement.

E~ [10] shows that permeabilty estimates wtti1 are derived from -.face area mea..-emenls «tt wort
when tie 8I.8face .ea is reI8ted to h pore boat lize. ~ other words when tie pore geomny is faity COI.rant. 1}i8
~ why f1e NMR derived perTne8b8ty, wtti1 is c81aJated from tie m~ed .n.ce .ea, often worts ~ :.0;;.-.
but . not relable ~ carbonates.

So ~ n resaMy are very ~ related, ~ !hey .e comected via the pore boat size, wttiI is not
available down hole from wk'eh logs, but may be i1ferred from NMR, but Is easiy investigated I8i1g PIA.
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Section IV Methods

In U1is section me1hods to measure FRF values and RI vakJes are disaJSSed.

SiIme Poi1t FRF "In a Sk\gIe POOt FRF detemlklation the sample i$ U$U8Iy ~ oumide the <:el. Then ..
i$ m~ i1 a sleeve Mde a pressure <:el wi1h elecb"odes on either end. The sample Is
Ujected to ovefbt6den pr~e and the resistivity of 1he sample is me~ed a.fter some
eqaaration time. The porosity is assumed to be the roume porosity or it is calculated from the
rOlDle poroeily ~ a previously estabished stress correction factor. kI the ~ph an example
wi1h a=10 and m=1.0 (FRF = 100 at 10% porosity) is shown

m this meItod I is not possf)le to adjust the data at a later stage for stress corrections, if a
wWaxiaI stress vakle is reqtired, or when the reservoir is bekIg depleted, because FRF and
porosity .-e not known as a ~ of stress.

The time to adlieve ~ may vary sigrificantly with rock type, depth etc.

Mjjti ~ FRF

m a mjjti point FRF determNtion the sample is I§U8Iy satlxated outside
the ceI, but sometimes when . is mOtrted i111e ceI. The last procedt.-e is time
~ BOO e~, b.4 aIows f« exceIeft fYXosity e$timates.. When the
sample is saUated outside U1e ceI, the fYXosity has to be back ~ed.
Comm~ the overWden Pfe$SUre is ~creased ~ steps and at ead1 step the
~ of the resistivity is monitored. When the eqli8>riIm value is
estabished the resistillity and the amOtd of expeled bri1e are meaSl.l"ed. Then
the overburden preSSlre is raised to U1e next level. And the procedure is repeated.

Usually 5 points are meaStKed. The FRF and the porosity are fitted to a non har fIKK:tion e.g. a rational b1CIion

[11J

[12)
and

F-(FO+F_o,)/(1 +0,)

41- (~+ 41..,.0,) / (1 + 0,)
with

Fa . clio

F_I1>~

a..O'p

values at zero stress
values at i'Ifrite stress
normalized s1ress values ( OBP Ic )

When U1e routine (Archimedes) porosity is known, U1e other porosity vakJes
can be cabMted from the a~ of e~ ~. So " effect a ~e vWme
compressi)jlty can also be me-.ed ~ tfWs method.

With ~ two UICIions, 8CJ1. [11) and [12), at hand the cementation
e~ can be calculated at any stress vakJe. The cementation exponent can
Mease with stress, deaease \OAth stress or stay about U1e same. It all depends
on how Ute pore geometry change$ as a ~ of stress. Sometimes the
cementation exponent can mange by as mud! as 0.3, ~ means that the
resistivity dl8nges by a factor of two. So this mormation is important to know.

3. Porota Plate RI

Most commonly the Resistivity Index is detenniled by Ute Porous Plate
Te~. A porous plate is a porous material i1 whId1 the pore ttW"oat size is so SInaI.
U\at the capIary f<M:ces nee<Ied to <isplaoe 1he wetti\g pt\8se are ~ mud\ larger Ulan
for 1118 samples. W1en the samples are put on the porous plate In good capillary
conI8ct with the plate the W8ti81g phase can be cisplacad from the sample through the
porous plate. This is usually done it a preSSIIe pot where Ute samples are StXTOunded
by gas. The gas press.-e is inaeased i1 steps and the samples wi desatlnte
accorcing to the capllary pl'esslI"e clnes. The {P'8ph ~tes a case where a sample
was desaturated at five different presslKes. The reSldls are lSUally plotted on a log-Iog
scale. The fine goes through the «91. because the ~tion starts at Sw=1.0. The
slope is equal to the saturation exponent.
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Repeated "-dIg of tie sample, s,-M1 k)SS, C8p88fy ~, end effects, evaporation etc. ~ moctJCe '-ge
elrOlS. nD mettM>d can oriy be recommended fCX' end point detemWIatkIns, where the sample Is desaUated WI CW)8
step and oriy tie last point i1 the graph Is detennlned.

4, cermiruae RI

The fastest meI1od to dea"ease the water satlntions Is l8Ig a centrifuge. Is it possible to meaStn the
Re8istiviy k1dex i1 alM'opel" m.wIer" way? The w.wer. detWWely nol ~ IDmel)Od the 8Antion ~...
sample Is not very !dorm. espedaly at f1e end faces of the san1Jle where 81e cap8ary ~ is~. It h88
... same ha~ probleffi8 88 ... porOtM plate melhod and adcMcit-.aiy problema ~ to ~ -'ntion8. It .
also not ~~ for end poi1t determi1atlons beca~ of 1he 88t\ntion ~ at 1he end faces of 1he sample.

;;~Si~
R1

R2

The 8dj~ ~ 8tIow8 how the W8t8I'
saturation may vary as a function of lie sample
length. The Mease iI 8abntion at the erxf face .
<kIe to h faQ u.t !we h ~ 18 to leave h
samplesilctoplelsandno~~
exI5tB. To ~ the sampfe agail after
desaUation by centJ\fuge ~ take as mud\
time (or more) as needed iI the porous plate
mel»d. So W ~ do i ~ the de8ed tkne adv8age . .-on.y with the ter*iruge mellOd.

-, _~=-:l~1

5. E~RI

k1 I1e ~ mettKld I1e same ~ Is appIed -
with I1e porOtM plate met1Od. However. illis case I1e sample
is prOIIIded wII\ e~ and tie amCM.rt of ~ ftI.id .
me-.ed fCM' ead1 san1)Ie. T18 me-. .. t1e sa~ stays iI
u. ceI and 00 em. ~ . reCJ*ed. The pr e stepe
are apped and h r~ and sau.tion are mOfitored as a
bIction of time. It Is not W1COmmon to have to wal more hn
~ Meks before I1e ~ ~ . adieved per step.

~

I Brine I

The ~ shows on ~ of lie sa~ one electrode.
The ceI ~... ~CMm etedrode. At h bottom of lie I ~-_:-A:..:...I
88n1)ie is lie por~ ~. tIV"~ ~ lie bIN is expeIed I Resistivity I
n - ~ m-.ed. The gas pr-.-e « lie 01 p--.e
may be ~ ~ .. sa~. mien 01 . used, ..
tempefatln corVaI . aIac8I, beCaI8e lie a~ of 01 w8 be
very large i1 comparison to the pore voUne, and f}e oM may
expand when f}e temper8b.-e rises. When gas is used the temperabxe effect is siPcantty smaIer.

6.

I

Con& ~ RI

This m~ \8es a slow iljection tedn~e (9). The
sample is pieced 00 a ~ pfate 8Id InOtRed ~
it . ceI iwkIe a sleeve witt two iMdr .,;1e& 00 eIher side .
Bef«e ~ of 1he cisplaci'lg tkid, eDa ~ is f'J8hed
ttvoough h sample to have fresh end faces. Be~ the
ftIid .,. need to have a SInaI dameter, . . very time
cor..n81g to 88tInte I1e samples k8de tie ceI. They have
to be ~ Ii'st. 81d at low pr.-ns 1he ges m<*a*-
leave the sample criy by cIffusion. T}i8 makes h evacuation
times very long. Sat1n~ VIe samples ouIside h ceI has
.,. problem ht aI have to be U of brW1e Uk'G
~. So excessive brW1e ~ h sample, and to
estabIIh a prfJf>er starti1g ~ some em. ~ has to now
u,r~ h sample. De88bntion C81 be done wIt1 any tkid
U1at does not wet h core. USI8Iy kerosene is selected,
~ h samples hew be81 reered.

A pump . used to ~ Ute ~ ~ at vecy 8maI "-
i1jection rates. Injection rates i1 h order of one mia-oller per
hCM.-, ~ .. i1 VIe order of one m8IBr per monU1, are not
~mon "MIen 1 8dI ~ .. used. The Idea . to
keep 1he ~ forces ~ tom h ~ tk.id, iigi-.':.;:6,-Idy sm~ tt1an h cap8ary forces, so 1hat cap8ary
~m can be estabIehed. At ~ water sauations cap8ary ~m is ciffiaAt to adVeYe, btj U1at . h caee
wIt1 any other ~ also.
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Generaf comments.

1. T emDerBture control is essential

AD RI te~ (except the centrifuge) need good temperature control. T1W is especially we for the continuous
injeclltW\ method, because there the pump contains a relatively large amount of 1kid, wtidt can expand no the sample
at a rate siiJjfjcantly hid1er than the set injection rate if the temperature varies.

2. PreSSt8'e cvcIi1a &1b'ociJCeB Ca~rv HYSteresis

It is not a good kiea to releve the ftIM between various pressures to take the samples out and measure the
sat1ntion and the resistivity. When a pore is entered by 1he ~aci1g phase 1he capilary pr...e (Pc) ~

pc. a (1/r1 + 1/ r2
with

surface tension
r1.r2 : curvature radii of the fluid intetface

jIat before entering the pore the two a6YabJre radi of the dspfadng fluid are both equal to the pore throat raclus.
However. after breaq thro~ the throat the second ~e radus becomes large and negative. Ttis mea.- that
the Pc «ops to less than half the vakIe and the pore fils i1 one big M ~ the Ct8Y8Ue is such that . ~ the
original fkjd presa.-e again. When the ~ Is reieved the ftIjd ~ snap off at the pore throat. The preSStre i1sIde
the pore wm remai1 at Pc more or less. To enter the pore again the next caplary preSStre has to overcome both the
pore presa.-e and the entry preSStre. So it has to be twice 88 high. As with al capIIary me88llements the presa.-e
may oriy go up and not cycle.

3. Desaturation rates can be VeN slow

When lie water saU"ation is high the relative permeablity to lie desaturaq
phase (01 or gas) is low. This means that wit1the ~ pr~es that have to be
\§ed, ~ration times can become VefY long. Also when lie water saturation
becomes low, lie relative permeablity to lie brk1e becomes very low, and it takes a
long time to remove the brine from the samples.

At 1he end of h desabntion ~ ~ i\jection k is often noticed U\at
lie fIowi\g pr~e is significandy Ngher than lie ~ pressure. This means
that lie viscous forces are larger than lie capIary forces. This does not mean that
lie Resisti'ooity Index data are i1Va&d. At ttis point lie sahntion USU81y faDs ., the
very steep part of lie capiIary pr~ axve and lie water saI1ntion throlqlOut
the sample remains more or less riorm. However, k does mean that caplary
p~e measurements made ~ conhous injection must be done, when the
oi is not flowing and the pr~e Is stabilzed. This may takes days.
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