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1, 457, 759 2 in which [err]t[err] and [err]t are the tines for travelling
the sane distance in the rock con- stituting the matrix and in the fluid
contained in the pores. 6) The spontaneous potential SP-expressed in
mllivolts; 7) T_he natural gama radi oactivity GR expressed in A P.|. 2
units;- 5 ] true resistivity Rlerr] expressed in ohns.
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55 correct such neasurenents of hydrogen content and bul k density, 55
In the two earlier French patents, a description was given of methods for
the automatic conhining of signals represent at ive of well |ogging
nmeasurenents which required such i rt;" _--artet ers as a preli m nary step to
detail ed eval uation of the formation successi ve depth levels.~\)3
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e apparatus 420 includes exploring: devices for obtalnmg meesurements of the acoustic

e 55 travel time, At; bulk density pp; the porosity ¢y derived from a neutron exploring 35
' device; the natural gamma ray count, GR, of a formation; the diameter of a.borehole,
cahper, the spontaneous potential, SP; ‘deep and shallow resistivities, R, and Ry -
" - An acoustic exploring' device for‘deriving a' measure of At can-be found in U.S.
: " Patent No. 3,231,041 granted to F. P. Kokesh on January 25, 1966. An example of an
60 exploring device for: obtaining 2 measure for- the neutron derived porosity ¢ can be 60
found in, U.S. Patent No, 2,769,918 granted to C. W'ka(mlkwaMerIQ%
An exploring device for obtaining a measure of the bulk density can be found-in. U.S.
Patent No 3,321,625 granted on May 23, 1967 to John S. Wahl. An exploring device
for obtaining measurements of the spontaneous potennal and deep and shallow



features of the present invention in accordance with the second
description. Figs. 15 to 26 represent flow charts depicting successive
si gnal : : . . g .

the invention according to the 50 - second description.

50 Referring 49 Fig. 11, :there is shown an investigating apparatus 420
| ocated i n & bare ' '
is raised 3
(not shown
obt ai ni-ng e
density [err];
nat ural gamma may COUat... .
caliper; the spontﬁmﬂmyﬁnagbg
Rlerr] and Rlserr] 425 prepawshe
wplﬁlcems,, als:@

th - 8- e

can be found in U &ew
January 25, 1966. gff &Xaf
measure for the nepthdneioGRévide _
No. 2,769, 918 gr anihik: ‘sl thE, mede fiets joce by pecdldn, PR
devi ce for obtai ni hl’rl’ée&sﬁ!}?‘@ RIOF
Patent No. 3,321,6 : ;

on July 1, 1969. §
are transmtted tomhﬁatohabl e"p_r__oc;es_f

earth. Signako processlmghltlsr@_hﬂ, re; 1 .20"_ -
applications to a ! ,,ga’»‘:gs 0gging
signals to digital vhigles 50 nd Gh& o

magnetic tape is elzit&wmaislraelﬂs* ,_oofd:mgtst
transmitted #$a a tel dhe points gurespendingato th )

to process the dat 49 X WAL g A\ P Y
the nature of the gg#)
be used in practlm(ﬁgl)t'ﬂa"'
derived from®ne expl &1 #8

e
"4

are __

ﬁ’é_'r@aﬂsonv‘ﬁg(:h

each tape vvoé d beh YRR evel
conput er 427. Refersg;ugg Qe
absci ssas are. the rpivadnglone o

[err], the mé@sur i
In this graph are r@ﬁ#

fregient matrices: oftle@Nitershé
|l evel is represented. dhemaho

val ue of [er#f and JiHpecHs _

| evel s of - an i nt er igtated Bé¢ ifid o cRFves (Dol (€)' _

cor respondi ng to tfwdhmt'_ 'rouped ‘al.ong.. the 1ine - (Q) for

whlch[err]—gr sn’i@e'. highs ingepergl cprrespandsaty ATl t he 50

| i mest one poi rf'Pg ﬁg LS - g&ﬁlaqm@gg cmg,ped

al ong the curve (Grday 188 rHe Rensidpbome: @ theday(ink @itdrs f ﬂ:evel s =

are grouped al ong tanie 4 er0\isthé Bpatent didueix densi @i;thé '

graduat ed in gorosi‘t: Tilﬂ _g;

of the traversged f PR S R

exanpl e, |imestone , o

apparent densities. [erW'}h the ghoift _ __ '

_miatrix of .the 1 : ; - y proportion. Ve, sy 1 K

60 _tlns level through the rauo FI/DImwlnchIlsthepomt where lmeC intersects 60

reprcsents the ﬂow chart of the overall perauon Tlus mcludes four

65 Stage n: cahbrauons in low porosxty formanons ' - 65

v




diagram at the end of the curves in the nei ghborhood of [err]=0 and the
porosities [err] and [err] which correspond to the abscissa of the end of
_the curves. 35 _ Any level is geperally a mxture of seyeral
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Jmtrices. The porosity [err] of this level is obtained grap rc_
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stmmt -abigut: lmmitlom |'1?hhmeau ‘made @Rrthe@s ponds to [err]=1
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‘Stage. II—Calibrations in the low porosrty formauons YL
f The: purpose of -this stage is: to find ‘the low porosrty levels of anhydnte, salt or
.eompactrocksrftheseexrstandmusethereadmgsm toealrbratethe
3 porosity measuring instruments. . - - o
155 + :'This stage .is divided into-two phases S 55

" Phase II,: phase for ‘determining the low porosrty levels
Phase IT,: correction of measurements. from readmgs correspondmg to the low
' - -porosity formations. - . ...



Z1 and Z2: limt depths of each geol ogi cal stage previously marked. 20
T. tenperature at different |evels.
20 Rlerr]: known nmud filtrate resistivity This resistivity varies with

tenperature according to the fornmula: [err] (8) TF+7 in which Rerr] is the
resistivity at" 7H9E. TF the tenperature in degrees 25 .Fahrenhei t.
Rlerr]: resi st formati on water if known. This resistivity also
varies with te¥ e according to the forrmula (8). If Rerr] 'is not
known wi.th acc we enter an approi mat agsympue, Rerr] [err]- and [errle
whi ch are the TrexT T arif] Mmoo et X densities present, 1n.30.— ~ The
hor ehol e. . 4 represents the flow chart of e
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=0.7 for the 02|0I SE | S uAs _
gas. 45 - ot B (iR ), s M e
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| ength. After #he
stage i s ended and tel
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t he poros¥ty rreasurl msn Al @Rmm represen ¥
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the |ow. poros@y I ev
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I .e. whether the
depth level is outsi
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50 Phaée 'II,:' ~ 3 '
B cha:t,-o th:sphasewhnch deslgnedmcahbratethc o
.-'-poros:ty and. reading. instruments. from the.information: obtained ‘in . the low :
-porosity -levels chha\zebest;nmarl:edandreoorden:ldutmimjsplmselTI1 e )
g - Block 21 determines whether the number of anhydrite is suﬁcxent 10:: lead S
55 to statistically valid- results, for example greater than 20, - . .55
If such is the case, a first eorie onofthemeasuremmtmstrumentsnseamedout. :
. We determine the statistical ‘magimum. pi .y Of all:the valies of :py- measured in-
e shift d'p ofthemensuremen of g 'that

the anhydrite levels: and: we :make4:scal
Po wax=2.98 which is the correct reading of the anhydnte FeiE _
60 kaewxse,wecalculatethestansucalmxmmm%mmofallthepo ty. i -
" ments made with the neutron probe:for:all the anhydnte le\zeIs and we: adopt 2 cahbra- .
tion dgx-of ¢x-such. that ¢x w1 ==0.005.. T
We also cahbrate the instrument mcasunng the acous ! travel time At so that
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10 t he next geological stage is read and the depth level is processed
u3|ng the |nfornat|on 10 fromthe prope geologlcal interval | f the depth

e

h

cutting out aII readi ngs whi ch correﬂ

exceeds a certan limt or to |evels® 6h t he paraneter _ N
Lrecorded at the sane 15 tinme as the density [err] shows & r ement
shows a measurenent which is likely to have an error (bl ock 6). 15

Next, perr] is conputed using Eq.jgsKR@bock 6a) Ve det er mi ne wheg her

e R T o Bl o e,

[ er ]R[err] 1I(lﬂiechbiehdiéhaslgﬁnetthﬁuglﬁa‘thfcmde\bemhwmec&rekmddmg | evel can be
salt r anh Mm_hamgatkwsl%m Lmeasmd m&@malt bg

succ 5|ve TG Y h LY [efr] is

bet ween 2 Dbl &'\&'ﬂmﬁ ﬁ% lfthedﬁm tvﬁﬁﬂllty GR[err]20
(hl ock 10)mdﬁdn\ﬁﬁghhlﬁftdﬁﬂ.ﬂtbtlﬂtm-t-dme=l=0tl me 65[err][err]t[err]69 (block
11). 4 tht:,\se"“(:@tatﬂ= pepresented inthe flow charg hyblack 2onct uded t hat 8 sal t
Ieve i's |§ﬁn?§ g = ﬁ““f“f‘fﬁlr"é‘é‘:‘?é‘mt?ﬁ W‘Nﬁ’sﬁnﬂy ond%unit and
store the dens ty “The. por05| y nmeasured 25 for this level, which
“correspond ‘to"the paranet ers of: silge(tsga]t [err]” salt and . [err] sal t (bl ock
12). If the denS|ty Terr]bPir= nod Eqﬁ 2 and 2.1, NOansvver from.

deci sion elenment 9, we determ ne whet hef.an anhydri te stratumis i nvol ved,

i.e., mhethmalmlﬂomwmen{aﬁrd h[ep&luvee@o&ebd,m&x&éﬂez%err] 20 (bl ock
14) and 48313’ tfessperfointingcthis Dpration fis ¢bmu Sgn. too these three questions.is
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bl ock 8 hé' ; m T - wad®hi gher 35
than 1, weegualts! i, f i gpac’fstm ts-lﬁn such as
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_than 1000 tii mes” R[err] ‘&nd a-total aﬂ,glsmy[err][err]Z 60. . - ' Bl ocks
> 17 and 18 determ ne whet her. thes condi ti'ons .are. verified siml-
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[err]=-0. og‘i{%s“y T‘ﬁ,ﬁ%gé&?‘; w acoustic

travel ti rdetemsisie thé v@ﬁgetdll&ll these values ¢R,. For each compact stratum, we calculate
55 the matrix density p.., R: from the total denslty measurement p, and from the 55
calculated value of $R; by the formula: _




1, 457, 759 7 the statistical m ninmm
[err]t[err] of all the values neasured in the anhydrite strata becones

equal to 50 after a scale shift d [err]t | f the borehole has gone through _—
a thick zone of anhydrite; for exarrple at l'east 3 neters- thICk i.e., &
havi ng at | east successi ve neasurenents noted as correspondlng 5 to
anhydrite, we the value of the conductivity, ClIL, neasurgd by the" '

i nduction 5 p or the average of the conductivity values and, if -the. v
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entire conputati on:prshet-a - d

par amet'er of int erestfr,BIObk-:aQ:
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mate value of Rlerr] by the fornula (7) with, for exanple, n=2.15 and.
a=0.62 and we determ ne the average of all these values [err]R err]. For
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~ becones eqthabﬂttloe@al‘ﬁa;he@mereiﬁngrfﬁ gan,@szmsrmie jycee
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each conpact stratum we calculate 55 —1the matrix density [err], R
fromthe total density neasurenent [#fr]band fromthe . 55 c_a!_cul at ed
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1, 457, 759 . 8 [err] whi c@(S
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27 iordi c&lde : _ |§ rrade on“the. neutron probe The
scale shigd nq 15, -
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the diff &WBgldt Betbpm mecondedk (blbein 311 | es Of . the dolonite and of the
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. teI 8 QPehas m;dezi@ﬂuteale th R
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is, the CoO ﬁ_' " are dolomte Block 32|nd|catesthat t he
denmty ITE Sukhiriafigng, Abrinig ks Hagd) 4R Lhalt caf t corrctqa d[err]
such t hafer t}',Rlensnﬂaﬂ!?poiﬁblytoraooummH 'Elé ock 31 |s

negatrve"“"'ﬁips det es V\/net er the average vaI ue of Jerr]t:
bet Ween stone strata
Bl @8k 34acmtdimtpeﬁ;sx 1& aknyunrgg m"ﬁ‘ﬁ‘ﬁﬁ Er st Qe calibrated

using a correctron [err] suc ‘that- [err]R[err] = 2.71- Com ng back to
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bl ock 29Stags . t he corrpact formations 45
ar e conposdﬂmﬂomrhhursmﬂoﬁmbms‘v '&nwdwdd&lad)w g MaRing #NCti on of bl ock
35ist ladous. Revelseand torabtab the Hey wist e _

% 1tlsneceesarytousetheszmultaneous'vmaﬁonsof '
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Thankstotheca!culanonofanopumngfuncuonmwhlchallthesemdmtors
mmkenmmacwunt,xtxspowblemdetemmewhchlevdsuethemosta‘?ﬂmeous

_ and which are very probably composed of pure clay, and to derive a value the clay
. Pparameters utilizable in the rest of the operations. i
55 . The measurements mademtheboteholenontamcertamparametersandmake 55

dapo:fgl;gchcakteﬂmoﬂlerparamcmwhmhvaryasafungll;onofﬂxepresmceof.-
generally. maximum ‘or minimum in pure mdwa
selectedfromamongthwe‘yrmableparameters P yaay mm
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60_/ mthae)daﬂ;enaturalmeasuredgammatadmacumyGme&,mgmemmenmm 60
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are predomnante in this mxture. To acconplish this, the respective
wei ghts of th statistical maxi num and m ninumof [err]R are conpared. |f
the linestone is predompant, the histogramof the values of [err]R exhibit

an 50 ~accumyl ation in the neighborhood of the statistical m ninmm
whereas thi's. ggeuty a- tion is located in the vicinity of the stastical
maxi mum i f i p&Y mte is predomnant. To differentiate these two cases,
we assign to ‘the—statistical mnimum and maxi mum a wei ght function: [err]

9 & : _ 14@74,5.7%§|nv\h|chxu |sthe_ 10
statisti cal n‘;mmmcr"'nw\...u...‘uf"",'_"i ' ) .;,}#[b'llj_ €I Tl anﬁng s

the ordinate of the hlcit__._md Pl ETUE
function P thus cor% 01143 ﬁ, Mrwman
m nr rrum ahd” naxi mum

interval 0.03 wide Qo 5 Lehié
| f bl ock 35 deterni nesrlte i han that of
[err]Rlerr] 5 the medr fh YRS PubaffRlTRBtEOPEOTGIRE . B8P mainty of
| i mest one and the neasurenent: of:- [err] hs.#,g Irbrated in the Ilnestone '
(bl ock 34). IF, on the. other- hand; pLjae- ie ='_"of [err]R[err] s
t hat of [err]R[err] 10 . - .then the’ rratrlr#nof ‘the . conpact
conposed mminly of dol omte and the 10 rreasurerrent=_ of.. [er
in the dolomte(blﬂodﬂm;ﬁ ' :
correction dPb of t
34, the bl ock!®6 de H‘Pﬂ!é ay, oy f
it is, the correcti gaaral
[err]b>0.05, it is Qongl Memmyﬁmmmm" : ay-
error is to be_fear eduirés that: we know.d mm‘dm“yv"m"h‘c! = 1o
15 In this cad®, th&lHre pirplesy; - , ;=I’tB.tI0ﬂ~S iS5 rej ected
(bl ock 38) and the operatrons are pursued\mrkl ng-w-th. the salt" Fevelis. |f
the response of bl ock 24 |s negatl veN'=pr—after ‘faving cartied. out ‘We
“levels and/'b'r’"‘?n the ‘conpdct  for’ ‘nations,
t&%d ﬂ..- e constants 305 akf0:20 feuivaly)ivinsctifphsaent
I f the reply i's aff imettRis bisAminisuii the clhy. .0N.- d- [err] 1s0.20" ma‘de'- |i"n'-th‘e"'
density neasuring i nstf)unbmalmmo the statistical m ni.mum- {err]
obtai ned in the sal t-is equal" “fo-the corre&gt Arteadl ng for the saIt “2. 03

bI ock 39 determi nes('

made in the salt (bl ock 40) In the caselm,{pe-mml he borehol e traverses both
anhydri de#and salt, we’thus bbtai n 25" “a doubl & call’bration of. 't he _
measur enent's of, [ er g it & 8 B SnclirciBi of @8 b@ustit fradel@6cin ditfortbon,
calibrations are i dagltheabustid travel timd the dthill whick fils thoporeiiad pu: sheadensity bl the | o _
the other hand, if tiudy Wnot GOrres is -neceSsary: tointroduce at
the sane tine nultl- C'Pgﬁtd’l:or asen5|t|V|ty coefficient o5
for the rreasurzgrrets of err b so. thaf, they correspond and, . in th1s ‘case, i
the calibration of the densrty"neasurr l@(ﬁm»t)rurrent .30 - - finj %Ehed

30 Block 41 determines if there hapé [ —pEen a, callbratlon in.
anhydrite, in which case:we’ go on“tg St'dge .11, Bl ock: 42-dlso determnes
whet her a calibration~has béeh made in. the oon’pact formati onsy in.whi ¢h
case we go on to thdwhpexC sﬂa@eare edstants, typically 835 mzotmammhahequs

cali bration has beeri“'ﬂﬁl’é Fist € nars i Yaea}
formations we sgeter m nq-hg'fge w&&bﬂﬂk, s e iy

[err] neasured by the na!&sean,-pfoﬂ
correction d [err] such—lflhat i ;

finished. 40 eap ' Y
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measuring i nstruments- . . ngzfor

acoustic travel tine: by shlftl ng ‘the zero' o,”'-'-.

and salt exist3S5in al‘bEPEl.fgcl ent £ hl.ck mé&&f&%f"”

sensitive - to the presesce of: clay, the best clay indicators of whict
Inthechosenexample,thenumberofclaymdxcatoxsxstahen
improve -accuracy..

40 This selection ®is".obtained by calculanng miuty oefh _
- parametersandbyretalmng those ‘which have-the best cor bet
I we consider two variable parameters x and 'y, whose values. corresponding 10 a-

level i are x; andy.,thecorrelanoncoeﬂicxenthybetweenthaetwoparametetsns
calculated by the known formula: . :
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conpl eted and the only possible unknown calibration remaining is a scale

mul tiplying 45 factor of the porosity neasurenents by the neutron
pr obe 45 Stage 111-Det erming clay levelg and
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cl ay parameters O ays do not have spe - properties whi ch can pe_ ffeasur ed
by logging making it difficult to det: “He very argill aceoes® l}s and
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~measur ed divel Wieaets mmmsmmemnfwmwaemmw t he ‘pores

which is KW® pXi. - mim.i.n .t he clay. To

ity §1Pﬂ§°“é“ﬁ|*'§h°§fhﬁ‘?°@“%bﬂ5l t

atiRChiga i # Bl thadEhus if 'We %’q val ues
i 'tyeﬁ'rthmpbmhedﬂ uam?h&h?hase Il and are

of the sign of the Mce'nr!ndnpheﬁbrmm in the clay.
- ],em Foriufu vﬁ" he rix gensity
. [err] V\/m amngenwadahyormmoa@indl@mma Mixithom value h'%H val ént
par armet er vema #:he polarite i negative. - - S 15 [err] (where

gaCOUStIC tra

A and B are constants typically 3.05 and 0 20 respectlvel y) which para-

meter is. al?ha@lﬁb_mrrumlnthe.clay [err
‘&H‘c&ﬁé& s%r% ]‘{fﬂsw@h’@'&%é%'umﬂht of 4 he
gr inleSh ik -r}ﬁeﬁ&p ShhEok T aver- tinme in

a the fi u.dmauoeheswuﬁ* hﬂ'm@meuameohewdom& clefdiidhd, Y - OT 't.'e mud filtrates.

Thlsrat|0|t ' ,thaﬂﬂ!ewdﬂslsa!}

an" 20 re ectlvely)
orehif

VLN aitatios b S vid# o'y ne "-.
maX| mum i ‘The 'St age I ] ncI udes sever al phases

mohﬂnﬁzaddnagoeﬂic%
) Phase H Io£ ﬁl'wﬂay mmtwiﬁmmmn Dk equial ‘to the eteng?b(gv::g

: Thestausncalmaxxmumandmlmmumofaclaymdxcatorkarethevaluesxkl
andkawhxchglveﬂlemaxlmumvaluetoafuncuon .

) e Z sip() (@)

1+a|x—x n .

jin-

45 mv;lnchalsaposmvecoeﬂicxentandnaposmveuponent.lngeneml,wechoose'- 45
n=
The sign is the 'same as that of the difference x,—x; for the calculation -of the
stansucalmanmumandtheopposmeofthatofﬂledﬁerencex,—x, for thecalculanon-
of the statistical minimum.
*'The variation range Dk of a clay indicator k in an interval is eq ualtoka—xkl
50 The variations of the different indicators are normalized by divi cach of them by 50
a normalization coefficient Nk whose absoluté value is chosen such that the normalized
variation range of each indicator is the same and equal to n units of variation.



Phase I111- for determi ning the nost argillaceous |evel or best clay zone
and t he | east argr | 'aceous | evel or best clean zone of each interval.
- Phase araneters. 35 Phase

I11[err] : The _pupose of Phase Il is to select: from am)ng the eight -

vari abl e para epiers sensitive to the presence of clay, the best i ndi cators
of which thep€Xar¥ a) |east two. In the chosen exanple, the nunbers of clay
i ndi cators | BNy ¥qual to at least five to inprove accuracy. 40

This sel ectiol2.'s ®¥t ai ned by cal cul ati nd.45hT®ual correl ation: coef i cr enuz '
of the - 40 pararret'er'sma;,rd by retaining those which have the best- S
correl ation between them |f we consider.two varrable parameters x and Y,

whose val ues' correspoding to a level i are )ﬂ?ﬂrr] and y[err], the j
correlation coefficient Clerr] between: T-two paraneters is cal cul at ea"
by the known fornul a: 1,457,759 [err] in \th ch- [err] and [err] are the

cliyhindiesds/ wd @t b Giiniintm VRMaEGL fangel Ak kared-S Cl OSE
tfor} hvxeqflﬂursudrushmamﬂlecﬂmﬁ;&abr on if

to 1, poor if. C<0. t¢ 1 gni
C<-0.5. 5 3 hice
stage the nutual correl a-
paraneters sensitive'to day."
correlation coeffrcrents by
square matrix of whi GR.&;
vari abl e par anet eriadi@toe
I ntersection 10
paraneters Worrespad
sum of the absol ut

average val ues. It |$Hdwrawfo:that

the para- 15
best paraneters c w-1or o}
i ndi cators thus sel ed%ﬂehchhvdmbfﬁer"”_
five indicators havi.ng. the. best- correl"'
sel ected pararreters W det-erni ne: a’t (8
fromthe sign of the:coeffiei ent 20 X
the pivot iradi cat oshere F”G,j) : he pi vot i-ndi cat ono.
I s assigned a posrtrve sign kf it 'S maxi rrumu it he | clay a g @ .negative
sign in the opposite case. TheF Qoéjrﬁy O%thm? 999(@( gous: Z’ ential in the
days has the sanme sign as the producﬂ*cﬁ LI t he pi vot indicator
mul tiplied by the uaI CerI Lon .ofrﬁai,ent _'en S_P andthe sai d _
pi vot i'ndicator. %;of a positive og S T | 5 s e ) £ L o m’a?ﬁy means -
that its val ue in of B isteyd, dnd fignQp S and.
that it has 2% maxitheinormalizedova

MSUZEC € vVeas: po arity i2s
negative. Phase | Iullg . _-"E&"W!ﬂlveliqliﬂ;thval s of
a given height for ' FAXIm v : -

We retarn the best.
|cr;.e-nts wi-th the. two
g (r‘rt)]the -polarity of-S. P.

' it i'on"het ween S:P.. and

or best clean zone. 1t-is. CONSi: d
optim ze a choice functr on iy gt 4 - are 'ncI uded the
val ues of the selected clay. |nd|cmors 35 s rs f| LSt -necessary.
to make these indicators conparabl e by: mor mal iz _'ng ther r -35-varations.
The nornalized variati.on i s 0kt ) %rdrmaet varatrons by a
normal i zati on coefficient. \% fi rstcaI cul. terval , the
statistical maxi nrum and mnrrrumof each. . :
xk(i)—xkG). ' o
'-1 lf—-Nk—<0forsevetalmd1camrsk. : S

; Theleastarg:ﬂamuslevdorbestdemzonexstheonewhxchgwathemanmum '
35 valueoftl(le;’uncnonP'(l)mwhchthefollomngvaluesare mtothes:gb 35
expression (i, j . : i -

(B

A



of the clay indicators k and the range of variation Dk equal to the
dlfference between 40 this maxi mum and this m ni mum

xkl and xk2 whi ch g| ve the naxr mum va 'f.-'-fa functi on: [err]
a positive coefficient and n a posrtlve exponent I n general,
n=2.

A5 The sign is the same as that of t he dlfference x[err]- x[err]r /'t he
calcig ation of the statistical #5,7%m and t he. opposite of thald of the

difference xJerr[-xX[err Iéfj—g’r.lp he calculation of the statistical 'm ni num

The vari-ation range _agogopgllsﬁag%ckmrﬁ an interval is equal to
xk2¢ xkl . 50 The varNk ons of the different indicators are normalized

by drvi di ng each of thgﬁg 250 a normalization coeffrcr ent Nk whose
absol ute val ue is_ghgsen ! rﬁ!‘ﬁ) L Rfor Li&al! *sZEd vari ation range of each
indicator is the same and-Mgqual to n units of variation. 1, 457,759
12 Thus, [err] Hower, for each day i ndi cator, we set a mininumvariation

_range [ergf ‘G‘P%W range of- the
“ said i ndr%%@b&ﬁgﬁ’?ﬂm@mm FYREURE | 1o apsol uet

val ue of thavhaoi atbgm’?%tgersem ﬁiaﬁ]ﬁnﬁh&ﬂmkﬂes‘%ﬁl on ccﬁefflm ent
is assrgrm@oampoélrmbvia i sgveryy indicators péterc] havipg eat or -has a
maxi num e‘i;f@‘?“nf“f‘ﬁbedc ahess, differsnt fadicators, ta msks them k| 6ach ndi cat or has a
m nium valué in the clay. 10 . 'For the indicator consi sting of the
di artet er Phisetile IDeteeminmivg WE ldy pitamemhes the vaI ue of the normalgzation
coefficient Ha‘;!}n&é@et@qeshthe postQargillacons lawel |<:dwm“ at i on range

equal to(%?;m% freafl T %M%% i ndi cators
are as f VP and3he @tirvd SHH {Cbeldhgs: 5 N =0. 60;
M=01518; Miso®e $assibla Fo cakfuherotﬁehpﬁamqn&s’hf the ikt dagilliomls leveBOfol he vasi ati ons of
the diff @F%:Pml pding to the formula (14). 15 we cone to the operations
for determ fl 2| hg:.,.‘.‘._(”_ e rgillaceous

| evel of ,eaaﬁpogeﬁtarp@el * A er% e“, gé" Iaﬁve cal cul ate the
fun&ionﬁxxwymsp@ﬂmktqtﬁhp(vbtli;v)dsegmn@aq yparm’zefoF (i29) is

chosen asthe entn'e pivot mterval

20.
i err] an ﬂtﬁgﬁw }“" o@ﬁx exponent f or
exanpl e Jcahnan'ans the&la cis fixed and

are the val ues
in whith ais
e _chiqose 45

=] t¥ékes onkes firom vely al | the val ues of the |nterval and srgaS(l J) 1Is

arent density { he normal i zed
nt: | evel and as
i ve the function

o e ds T?eaf'r" %‘%ﬂ%ﬁﬁ%

- the_| eastis ki by Eiés intérpol @idf fhelch VAPSES
P39 it mmfﬁ t arglllaceous l'evel  or best cl 3 zone is
t he one whith gives- t he maxi rru_mval %e of the functlon P-(i) in whi ch the

foliowi ng values are giveny, - .30" express\ﬁﬁ)n (i,j): [err] The
| east argillaceous |evel or bespt,,.cp-l-,«gan zone i s-the.one ch gives the

'rraxurum35. _val ue of the fu ct_ro ) mvr/mchthefollovmng values
are gi Velpbiheent %29‘5‘;@, g@'&éﬂﬂgﬁ'ﬂ Micletd ol which

. -express the clay asafuncuon vanauonsofa arameterF exampl
35 we calmlatze GRc bymtl%: formula p o N . 35
0= (21)
GRou ~GRg,

mwhxchGRm.lsthegammaradmacnvxtymﬂlemamxofthevaotmtervaLwhlch '

is
" Other: parameters fortheentn'e mtervalma bedetermmedasfollows SP; i -
40 gequaltothespontaneouspotenualmeasuredatthevaotlevel R.c,xsdetermmed 40

. ..-Vct-= -

where Rg is resistivity readmg at the pivot level The. value of puey is oompuned from
: the value of py and ¢y at the pivot level and the neutron poros:ty measurement for the _
45 _‘matnx rocks in the mterval i 4»« mae T 45



13 1, 457, 759
13 [err] The determ nation of the nost argillaceous |evel and the | east
agillacequs level is simlar to the determination of the statistical

maxi rrumand the statistical nininmmof 5 ~all the values of a single

i ndi cat or . _ : 5 What is -

i nvol ved.. rs_' ehel m n| ng the statistical maxi rum and m ni num of the clay
proportions; 2w hi shed by several different indicators after having
normal i zed tieggnformation furni shed by thgggaey fferent indi cators to makg
t hem conpar a 40— rrldbﬁ 3 |_r —DeteErmat ronm ot tray
par amet er s L PP 10 Having determ(i-)ed t he
nost argill aceous IeveI of each intdfVal, wpcal cul ate the apparent.” matri,
density p[err] of each of these |evels accor di ng tothe fornula (12) and We
consi der the | argeswhepparent densj ty thus found, cal ed p[err] and we
designate the l'evel -and the |nterval tOAH(V ch )rt bel ong as the pivot |evel
and interval. It would 15 al so to caI cul ate ot herz2s)
paraneters for all the nost -argilil aceou&-Dl-éi/&'bns for 15 Exanpl e the
paraneter M according to the" fornil a (14). Three cases-are to be :
considered: -If p[e?‘%] >3 -or. i-f. correspondi.ng M<O. 65,. We .consi.der - that t he

grm

pi vot | evel issconposed of mﬁﬁ—q.kaymamipt,he pataneter s: (p[err] - [@r], 5

Rlerr], SP[err], GR[ eri] --and: 20" - [err]t) corresponding te the ivot
| evel are retai ned as. val ue?‘dt"‘tﬁrpe(-"e'l a‘} dyar ameters for 20 the er{?‘B .
pivot interval. -If p[err]<%=91.aw M>0. 68, -we:-consi der t hat. - throu mut t he:
st udi ed geol.ogi cal stage,:there:l's no suffici ent |y argr I'r aceous forrrat ion
to allow the valid e¢alcul at iRmb—#fmthe cl ay ‘par anet &r s and, |n th|(§2)case
the clay paraneters o) e L e

25 -1f 2.9<p[err] <§ﬂgr |'-,-:B&%?R;K‘aay5§'°"quseioassune téntgtmtfhe apparent densi ty
of the pure clay in the pivot interval: Py $wd Fromthrs val-ue, . and from
the val ue of pPerr] and the val ue. of%t:_- Parents mat ri x density rl? rr] in
the pivot interval, ‘which i's:Known we cal ctlfate y Li near -int er pol atron the
clay percentage V[erm:} aatmichﬁnsxrd&tfoiawemcsﬁ eompuuedaecordr ng to the

approxi mate formul a; . 30 [err]
(20) Knowi ng the clay per cent age of - }ch_e .Vgt""t“evel “we derr ve the( aI ues
of the clay paraneters..of . this. Ievef val i d4for. the entire interval,” by the
di fferent formul as which express the cl ay percentage as a function: of the
vari atrons of a parMe\FlsW“‘e%',_. l"g: er"ﬂE‘@&l’%@l‘aﬂE @E@r?f"“by the
formul a.

whi ch GR[err] |s thefﬁaw_ SRR
interval, .which is knoWwo cistshate 1 toptzercamsislered s f or the entrre ‘i nterval” n*ay be -

determi ned as fol | ows; 11, P e
Dot et 1o roagy e0 ﬁtﬁ%ﬁ Pﬂtﬁ%&%ﬁsg
where R err] iS resise jaibirietd chiew’

i s conputed from t heahis kevalie of [err
neutron por osi ty rreasr,rlf'- . -

evel Tiriear iite @S
j. [err] arentdensxtyofthecla‘gofth:slevehstheonewhtch a found-for ;
14 [err] V\here [er rpﬂ,mndand by using the known apparent matrix dens:ty of . the ' oorrespondmg

h@xavalrhevanfe ap[err]

Pm Gll_PmI n .
. Vcl =i : ' (22)

If the value of ch thls calculated xshxghet than 060, lns cons:dered.tlmt'the '

R gt,l weuma f&rh& gatt mm m&ﬁm& i val .

é&%ﬁ@ %rr] 2t)-' "

30 .corresponding: level is: suﬁcxently argillaceous 0 _allow the‘calculauon of the ues of 30 |

.\thevahdclay parameters;: - B
arameters, valid for the entire mterval, are computed as before fot the

pivot level, lf) rom the known formulas ¢ expressmg the clay percentages as a function of
the different parameters. '

35 By contrast, for the spontaneous- potenual° we use as the value of the spontaneous KA

potential in the clay SPq,, valid for the entire iriterval, the value measured for the most -
argillaceous level of the interval because, beyond a clay eontent 060, the spontaneous-
potential remains substantially constant, . .. ; e
' 1f the clay. proportion. the most. arglllaceous evel of an in ;‘ '
40 . 0.60, we consxder that there is no sufficiently arglllae__eous level in the interval to- allow
a vahd computanon of the clay parameters and, in this case, the clay' parameters of the

-

!

_ Eh _
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[err] (31) (32) The neutron porosity of clay, [err], is found according to
the forrrula [err] The acoustrc transrt time for clay [err]t S corrputed

[Eerr]t[err] is the acoustlc transrt tlrre for the matrlx rocks in the

interval . 15 For each of the intervals other than pi Yot

interval , we consi der the val ue 15 of ‘the apparent g2nsftup [err]

cal cul ated for the nost argillaceous |evel of the interval

[ err by _ELTHer _ThE, vVa oI VO e 1
i gher t haj wd.in g@. t%fﬂ%’m Ifwha Eﬁ&%ﬁa‘% ‘Vf’!f'
Wilués! of

R

to belgzonsrdered -If [err] >3 aqqs-},-;sgr] >[err] -0 05 whrchevefs is larger,
T Tnrsvat ue is

COr { €S PONCth@f kiR ViBologicsl- SARETRS fas EHér ametehd hgsparameters for
t he Tor r espemalithnge ofrtheadjaint ftezval. aken: as bei ng- equa to thewvalue at this
level. If the preceding condition-is not met, we calculate the clay

per cent ageDévrainiiton @f Vi, NfoniGR: argi || aceous |eve| of .thé interval &y Iinear
I at er pol at i o s’mmgﬂtel"msetniew to pmvﬂaprﬁssl evmomwymod the clay of

this IevelOf &% e Level, .25 p[err]C[err]

and by us'l‘ﬁﬂr& leﬁf;gl ui au ltl *nn illl!lt pondl ng
i ht eroval etnrtl}e lhi‘e t:lhye, Na}meanafm\tﬁeefofn}aubdalvﬁth&ﬂlc&yuek.ed i sidi gher
t han O. 60 ) t at the 30 . corresponding level is

HlitodefeptipeFith grof oy 98 ues of 30 the
ed ,forvglwlgsgr @q@vuge interval, are

o , @ . %ﬁ%t ue of the
spont aneormereﬁ’& ua&td!ﬁnel ' looyfjnl entire

i nt e?val fph!hldaihummw@@fﬁarremm ot statistically sgble beee @ chiickndseofak of 2he

suf f iCi ent

i nterval %@“ B‘FFEFS- WE | E&E gobe fulfilledsib sher standasdis pot ent i al
remai ns su ’a p @ limgts "n‘@"ﬁ proportion of the nost
argill aceous | evel: of an ] nterval ViGR smal | er than 40. 0.60, we

consi der that there is no suffici-eatty argillaceous level in the interval
to allow .40 a valid conmputation: ot2 the clay parameters and, in this case,
the clay par afmihicstbleGhalut Boear thel Vilue GRa1,, we consider the said - thi

1, 452, 759 formation without clay and the corresponding value of GR as 4 medstiresién gGRJ:e copput ed by
the |inear i ff fisss latvrlmsmar%m Wesidenfhe stohle whue GRomaaweuer s of the

_|ntervals'f“3l 1o | m v.Ql v i nterval
| ocat ed atanOfiouai Gmalk Mt%?&&&ﬁﬂﬁﬁ% H t val UeS of the

cl ay3®ar aretrespend b clelni formatiom; thae is tGRyseGRY ift he ad] acent i nt erval

"Determ nation of V[err]

-

om
5 The purpose of the Phaélg'"l Pﬁf@oﬁl‘g&“t‘o%&n de a f| rst approxi nate

‘eval uati on o%%w&m&&rm@&m@mmmmﬂ_ﬁg%& evel. It is

known t hatdi myrmmtembp@anlonﬁfth dfthe differalaberpen GR;:isnd V[ err] of the
nat uysal ga %ﬂ:p%?‘yafh‘tﬁ s I'evel. by l'i near “i nterpol ati od from

ganmma r adi o-.. ' activity.values in t he pure clays is GRlerr] and in

t he formations V\na.sr(ﬁm.,.ﬂ-agn.n.(Ht(H-GR....né:QZQGRQ.;-dGRQ.JO the fornula (5). The
fol I'ow ng .t echni que nakés it possibl e to determine with good accuracy the

Val ues of GR[“““""@%L@%% Bxhshl S ciOLRISE ! Y o

i nterval . taserming chet dogtingoms| rifesdce uﬁestohﬁeealmloﬂ&, aid GRS GR er r].
15 40 in the following manner:
: The lowest of the values of GRm is extended on exther side up to the next stable
'value of GRG;. Then, the same is done for the value of GRg; immediately above and
so on until we have obtained a continuous stephneovertheennrelengthofthebore—
hole,wl:uchservesasthereferencehneforthevaluesofGRclmtheargdlaeeous
45 formations. 45
In the same manner, we determine a continuous reference line or basehne of the
values of GR, corresponding to the clean formations.
.~ ~We first extend each section corrésponding to GR,, over the entire extent of a
permeable bed whose limits are defined by constant readmgs of SP equal to the read-
50 mgs in the clay. 50
: - - ’In the same manner, the continuous line of GR, is obtamed by combmmg the
voxds with the smallest value of GR,.
For each level (i) it is thus possible to calculate Ve (1 usmg the values of GR.,
and GRg, given by the two reference linés thus determined.



Li kew se, we consider all the values of GR neasured for all the nost
argill aceous |l evels of each interval and we calculate the | argest of these

values,—nanely GRlerr] W use these values GRlerr] and GRlerr] to determine

over the entire-borehole the reference |ines of the val ues of GR{err] and
of GRlerr]. Ve first -Jook for all the intervals 20 for which the
measur ed val ue of- ‘R Pemains statistically stable over a thickness of at
' et ers. W consider this condition to be fulfilled if
e i NS snp4s7ese t han a limt, for exanplaé.
[err] Lf this—stafite leuel_- _ e _varue G Eerry, wecon5|der the sard
thi ckness as a 25 P 9 201214 03 4 .V Pr ol 2 - V ik LeSA val ue
of GR as a maasureﬁrﬁ: bf "ﬁnﬁm&%ﬁbsﬂmﬁ&
GR[err], we consi m,,wmnmmmmasoaemm@dm;
exanpl e, we cbnsi dpopentish in the lay 3 Q‘@Ps m% ;
by an anount :snmal | /MR fiies 1 L . L WEeEen GR[err] and
GR[err] 30 correspone-to "¢l ean- f-or mat |ons that |s GRl-err] =CR err]
30 [err] Likew se, we:consider that the v@-_’_: '_ GR which: ‘devi-ate” from
GRlerr], in either di'rection by ana LNt ShBlLer than, ofe- fi; ‘h b, -t he
dlfference bet ween GR[err] and- GR[err] sn;,+esmond to pure cI.-ay, that IS
35 35 GR([err]) GR[err] |f 0. 8(GR[err] G?[er;{'<_G?([err])
-GRerr]<1.2 (CR err] weRLat k LD g - Edradiat Gfabt
of &R sufficignt!y tsd H#5&ng 1o g
are used as val uesowf aJefst
reference |ines of HEMass
fol lowi.ng manner: gaiue with, the-density of. th
40 The | owests of ¢ io.iabiics ser swfor esmg
next stable val ue: dﬁy j dron

etence
tothse

|n ous
' ﬁfmﬁplashet he

GRlerr] inmedi at el

step |ine over the e‘ﬂ'ﬁ'brb@ thﬁhQIafé Qfe, Ithﬁ”"’i' e o 18| her i
reference |ine for cinditio satichs vale €hithecindif:

9rrM tehoold akgz 78. 45 20
formati ons. : lf’ on the Oontrary nm.cx—pm..>030 and if V01 GR<20 s the oorreSpondmg i
red p e Of SSP
W=k : ) : ﬂdn&ﬁn@ﬁ msel ine .

45 In the sane manﬁﬂ‘?
of the val ues of Ge{oggnr

per neabl e bed mhos
t he read- 50

conbi ning t hdovoi dseduagpsmmdngquhg

level (i) it is thdae ﬁs‘%@%ﬁt
GRerr] and GRer T e {4 it ool
1,457, 759 Det er m ngbuestial, afe Mpdofroh -

cl ay propotidh con ge: | !

nmeasur enent of thesB {

ﬁed’h? g #i0 3f detsﬁdn&aﬁd

-3 b@a&méf&eéstnérﬁ@g&. by

potential in the clparpsitSF{nﬁbt,r;_.. i ;__.'.'tx;@m:t nnamabsema. Wizt %
other, in thdOc| earfPmespes p .'_."E’““a'ﬁ'dMPst'%r‘e Fic gt fme e
potent I al. or SSP. of ﬁr d .;__ueséfmm? ol-T.owm. g™
nmeasur enent SP renal ns@mdlss&ﬂmhﬂmssmnnsﬂ,j vedit soovitae vhl
tion or being | owemetera@ROmng SED: corpesponding foc -Mw@%@@sf' '

| ower than 1.4 nv ._ nﬁ is_.mqg- &mm%m@'%that
t he nmeasurenent corgERRRNUSd & tHe ! instrdmbri >fob [t imGas _taﬂeous

otential. For eacegfonipomsiy &es bdnsleu&y U
P _..FxgsGand7representtheﬂowchartoftheoperauonswhxchconsutune 5o
50 Stage HL. ‘ B - S

Phase III, .

E Bbckapresenmtheqlculauonsmahngxtpossxblemcdculamthcwndauon
meﬂiamtofeach\glnabkparmerx,mtheachofmeotherpammemy,omthe :

- extent of a stage.
55 . For- eadgle‘:)lfogtlhe parameters 'k, we: calculate, for all the. levels x of a geologxcal 55

: s o :
tagel) the sum = X of the values of the satd parame
2) the sum —; x?; of the-squares of the.values of the smd parameter

s e gt bt oy i |
anerline | f@SQRWZPMbe‘W fSP % eacﬁo B
of| therclay of ¢ '

o (g

ItJ%echy)nﬁlttmeous"S

45.

e,



calcul ate the apparent matrix density [err] by the fornula (12) and we
conpare the value found with the density of the clay [err]] previously
calculated. If the difference 15 [err] is near zero. for exanple

L

lower than 0.05 and if, at the sane -tine;>the 15 clay propotio [err] &R
cal cul.ated fromthe rreasurerrents of GRi's ‘greater than 50%, [
correspondi ng, value of SP to be t he measurement of SP in I
“To be on the safe side, it is possible add ot her condltlohs

the £0 condi tion that thgsygégie of the i ndi cat or M shoul1 - be | owner

t ham=6—70: .3 LU 1| oM T=0 30 and 11 V[err]
GR<20% the. T"ﬁm %% : TR T be a measur erent  of
SSP, The rne of the S ont aneou poten al 1Lh-t .e Lar glllaceous '

forh'a’tlons 1435 ﬂ:hevehuge)keaﬁalmsr_alnm

|det|f|e9ét° orgnespondi ng
25 The r mjé §: 'ﬁendl ng the SSP

val ue f orfofdaly s)ectlon over -the enti re- extent -of . a peri rheabl e bed whose

qthach‘__ ._andlth'e :tqheenﬂddhle of the segnment s

. I|mts are: deflned by -tawoa: cIay ‘beds: 9n -opposite si-des:of -t he perneabl e

3.

Tie

s .

cornsespond

bed.* The gl m 1ARis iaRears fpt the Sorply IEMFMBS‘”W&P&I ngs-equal to

the readi. negs -0 clk ay i ' |s “the sane. Pr;0-. .30 -cedure as used in
extendi ng the base I|ne for GR[erI_] The yoi ds: bet ween ‘t he -SSP base
30 Mne are filled in as d?so’f-rbeslﬂahdve!’ The ‘def | eéti ohs of thédstatic

spont aneous potential, ice..,” the deviations befweer ‘the val ue of’ the static
spont aneous mtemebetmemaaﬂam&%ymoafmmtw%m potential are

r ead froﬁhtﬂaﬂmaeedchméﬂkhﬂmﬂm_ 0 For t hei-eval bati-eh of the clay
per.cent age;, Bl W‘Féﬁ cplenlagiony pfrthie; fute; valuesrof ghiegorren whi ch t he

def |ect i JATFpeicients of ; a@& a‘ﬁ%‘@m r* than “gonv. I
concl usi ogk @smkt%m chin val an

appr oxi - 'gammmmmwmwapwmmwmmmmmmrmf .the clay
density [®r®y, neut 0Si t err ‘ay.registi viity Rlerr], natural
ganygp radi. ﬂm by ﬁ‘q‘%ﬂm fy‘h& ]°f - TSP Sg heous potentbal in the
clay SP[err].and acousttc: tranSIt i me - |n the clay [err],,t These 40 val ues
are used -Bhosej Mut--values. i:na m)re det al I ed pr: ogr am Whl ‘ch-has al ready been

~descri bed,jy m W kes, it possible
to deterrrgnnﬁe Ynditatorll At € var ues %mﬂﬁ“@r GRlerr] and SSP

{agutmﬂidnm bukedvahis Smitditniad Qi thelvﬂn)es&milh ocirfequd Redelevadl ues 2545 to
cal cul at e mpei dprayhigh the duncéan of[equation (1A, each | evel

45 On the basis of this calculation jt_is_ possible to.deternmine the |ow
clay level's.which are us@g)n) “stege(i i) to cal i-brate-the i nstrunents for

~ the neasurenent ‘of -~neutron.p Oﬂt*tqixl{-éllﬂ] -and - bul k densi ty p[err] Figs. 6
® and 7 rqﬁ{ %I’&FI ow ehar t- of ~the" operatonS whi:ch-“Consti t ute 50
. feCkarifle. e VRIGE o Svakiepéalidat bl R forie ki Ng i t possi bl e

-~

1'-'\

to e(al cultah.elntismcuo@rdued diffumn.vuluefdflacarenhosmf fop ximplec?. 106 Rd0Par andler x[err]
with eact?négen --Fhﬁ : et : .“‘:% 3 F‘H%“eﬂ‘!‘é?}tm’ “a geol ogi cal

- stage. 55" ‘e D 5ie el ocile bt tﬁ‘Jcﬁﬁé&nl‘f— ate, for all the
| evel s i 'iliﬁoﬁ @ rhaaimumxe 15 jum] vas;um‘!f[err x[err] of téhe val ues
~of 8he saldqlnsk 2t}1e m!mfth U} e f t hd3val ues of
17 .3). ke%ﬂtehsmﬂaﬁﬁﬂupmmmwmmm&m by the said
par a- netaa Bedarhod val ues y[err] taken on by each of the other
par #ret er . lﬁl/\%\/@ Wﬂoémenp tian coeficient [NEG whet er %dnd the
_square [elf"r']he to ’m"lf-\ Ioop 44a J s..made. f.or. each ind cator k.
“These sums and averages rrake it K. - ;B possdale t:0: cal cul ate-

, correlation coefficients betwq\mt—t-we—pararret ers according to the fornul a
-(16) .

If, on the other hand, |Nk|1sgreaterthan|)tk' the block 54 calculates an
absolute value of the normahzatxon cod!iuen L o

The ﬂowchart includes a loop‘-'-'SS for-'--‘é'aich clay indicator.



The term[err]([err])[err] which appears in the formula (16) and which is
the sum of the standard deviations is equal to: [err] Block 45 represents
the cal culation of the correl ation coefficient of each paraneter k in

relation to each of the other paraneters. Block 46 represents the

cal cul ation of the gum of the absol ute values of the corre- lation
Oggnameter in relation to each of the others. 15

& e selection of the pivot indicator, i.e., that of the

Bl ock 47 repres ]
paraneters 15y sum cal cuI ated by theylyseek 46 has a mami num val ue, ;4 .

and al so the sét : on—of : -_ ESt—TTT0TCat T ' _L_I ety
s 0 e e T i, Qoo o s S PP B 45

i ndi cators which wi'l.

represents the determ Bk lgeibgioal s s%mﬁmwmfarﬁwcﬁ&a@@mw W

20 Phase |11 BbSock . he, tical “maxi nunﬁ
of all the values of. & X4 ol igﬁi - coal
to the level 10 ' peutTp : i low,
(17), [err] has a maxi Bop
2.10[err], allldwing . y
maxi mums and we therj'éjﬁ&oﬁgg_ I;
6 ke &ﬁ' idokoul dt &f:&r gumﬁal K
iorf Qelative] to5@. intival dtetgiinared pndsent s

Phase |11 is' conpl eixmdmtrervals of 250 foet andﬂ determmethe ‘most argillaceous level: and . the least
cal cul ation of the &taﬁpmrf':_"_ i
25 Thi s ki
vari es dependent upuﬂmt,- 05 'andtz. on I'n pract | ce three d| fferent
values of [err] are c57 tebmente SOHIMImAtoNg| or r-'- _' E
. S ' :. '
'r.ee__ val ues'.t..__:_us ca cu at ed.

35 e
the variation range . 3§

pocigajob fheicoptidered ok

bet ween the values sdaec
t he conparison_of [

correspondi ng#o 30V Sveb IThe the inthrval. we détermine thel value of the function P*y; and
[err]Dk[err][err]Kk[ eferdetenidi:efoabmdi m:ﬂﬂ_fummfl"tuhes A iagimiin vatize. The calcula-
coefficient [err] Nk[t'e!l s substantislly @Elm@f BWEBM)‘EW ggillacequp ewrl gt the lepshe

formula [err] bo'i‘ “{g LhF dig,.9r eater than [err]k,
t he bl ock 54 - ute va - e normal ization coeffici ent
[err] Thes: flow chart- includes a Ioop EBmhﬂF'e;aG@di,my |nd| cator. 18. -
1, 457759 = 18 Phase 1kt  “is then: pursued ,

for the det er ni nai oq,,hglfe 15. 5&, r L&ogclgous level's and the | east -
argillaceous-|evels. g2 % @ ﬂiu £ of the djoﬁla@dcebﬂtl&ell 0 il odladlation  a

gi ven thickness, foof ﬂm&mlﬁgillaﬁ&m's lhmtﬁ;r .'_._', bnli’ﬂﬁ vhlaebf dmdgn/\HKdet erm ne :
the nost argi B aceous Figy ost s develo s | for 35
each interval . For atk LS TR ormat 1 J€

(block 56). Cuts are rrssw "j'_".”rannaa& te&e@mset& ﬂeoampeaehm tho
anhydrite, salt, coa 1 Dk} negﬁtiw.nﬂk nsttwn myislizest vaziakihat of aniin )
stage 11. W 4Pso el | e LoRsiden o L and.jof i the: oIk (4§ i
than a linit, for examlcEd Hdicitby k FF tie QRbIES8). S I OF - WAL-CH T |
porosity measur d by't""We'ﬁﬁwéa[tﬁlaﬁI’tﬁﬂ) 10 For exarrpl e,
we take only the levels for which be‘rr]>10 po srty units. leevmsewetake
only the Ievels for WhICh the ratl FQPer_r] RI" P](Q‘ék%tween certal n’

45 : Block 65 deucrmmes wheiher the normahzed variation is posmve or negauve 4 o
Ifxtxsneganve,blockﬁﬁcalaﬂatestheabsolutevaluc .

|. D.k‘:’.'l Dk

(The operauon of block’ 70 will be u:plamed below)
. X it is positive -

" Dk Dk

50 _ l—l—— (block 67). B



limts, for exanple between 0.5 and 2. Block 57 represents these
elimnations. 15 Bl ock 58 represents the storage of the adopted
information. OM ng to the abund- 15 ance of this informati on, only one

wul

difference between the val

information itemout of two.is, stored irder to reduce the cal cul ati ons.
Bl ock 59 deternines, after -each ] evek: ther the thickness of the

- interval considered is reached. |If not bI ock 60 determ nes \M%o@
timts of the con- .20 si dered geol ogi cal stage have beert’rea | f
|

61 20 to go on to the nex

th|s'9s not the case, weformal
bl oc - L4
geol ogi cal stBieek @r@%c‘h@dﬂv partial pumkdl ng of information.relative to an

interval is term nated and the gra pursued by calculating the
st at¥6ti cal opti.ma. of the congj derag il rvaI 25+ ‘The flow ehart of
this cal cul atron is shown in B g% 7 Fdk each Ievel of the interval we

determ ne-. unct 1 o andvvedetermnefor whi ch
level i th Vbiﬁgﬁt“k’ %f“ﬁ?‘ﬂ%%l'ﬁﬁ?#‘?fal ue. The calcula- tionis
subst ant i ally the same for determ ni ng the nost argillaceous |level and the
| east argillaceous fevel. 30 -- . Dk -In both cases, we |ook for the
maxi num of a functi on: : l_l;k—l 30 [err] where F' is gi ven
by Egsati Omd&dﬁﬁébm&% @q,l&fgfn t he “cal culation of the most argil{aceous
| evel. to the A kiop 69 i mele totaké neo dcamst the s ebbamqmﬂhgl:e\ﬂet inmodi fying only
t he val ue WJF‘HM%"]\K‘WW&%“NWQSWMM cal cul ati on of
the nost argillaceous |evel: : Dk : 35 Bl ock 62 represents the
val ues at the begi nning of the ||:',t|e.u|al . The function S.M represents an
i ndex whi ch corresponds to the rfunBler of tines the expression Dk/Nk is
nega [ ve. mdxs davels £ andeid variation of an indicator. 40

sr der th l‘ﬁ APy B funHon: it erval and a clay i ndi cat®r k.
40 V\é first calculate the rg ifference xk[err]: -xk[err’] that.is the

bd=6TTne RGTcator k for tpgylevels i and j

(block 63). W then cal cul ate t'n'eangrhm I zed variation [err] 45
Bl ock 65 d’gt i nes.. V\hether the nor'f‘rallzed vari.ation.i s positive or
negati ve. m‘ék F e‘: 8’%& G"% r?r[‘ﬂg"‘t‘ﬁ@%fb%ol ute vaI ue
[err] (The omrﬁﬁmw‘_ 6 Bonexpl °5'81ow) it
positive [err] 50

1,457,759 SR ‘5) 9(‘ o '9" Ol ERET ock- 68 cal cufhtes the

new parti m, [er t:h t " bl. ock 68 adds to the precedr ng value [err]
t he val ueallﬁlbﬁ’g‘ L‘“{‘lﬁ’ﬂi‘é by bl-ock 66 or block 67." Alloop 69 is nmade to
take into account t he val ues corrﬁﬁpondl ng to the levels i -and j furnished

by all theindicators k- Wien the—ewp is conpl et ed,- bl ock 68 furnishes
[err] corresponding to'the two Iemels i and] 0 - It i s thus

possi bl e tygack ’ 10
[err] by cho&%%&%& M+l’ mgnjh‘gm and for n, a

posi#0 ve valugeof SMgy ftuthtpbkvﬂsn jd s seen that Equati-on 18' is E‘mJatl on 18
in r-ewritt'e'n'mm e“hls"aluﬂsequﬂmosmlorlsh!sherthanl
' un—o,ﬂlatnsforeveryk, s

| .D_k- -

Y
sign ()= +1 (block 72). S
o o M=t that s i there is one mdlcator k and only one for tlus Dk/Nk<0 25

slsn (i)=0 (block 73
Imeu,,,>0,sxgn(1;)'-—l block74) L
: Inﬂnecasewhueﬂlcleastargillaceouslevehssought,wereplaceNkby-—Nk
.-andwetecord,mﬁesamemanner,Dk/:—Nk<0,andthesxgnof(x,y)xsdetermmed ,
30 in the same manner. 30
Knowmgﬂlevalueofsxgn(x,])andofthefuncuon

(l J)' S

'+ CZlN:I

we compune the product F'u » sign (L)



W next have to conmpute: [err] If block 65 has determ ned that [err] bl ock
70 cal cul ates a new val ue of SM=SM +1, SM being the preceding value. Once
the [ oop 69 has been conpleted for all the indicators k, we obtain a total

20 - val ue of SI\/([errJ) for the two Ievels I and j.
20 Bl ock .71 determines whether this value is equal to O, to'l or is higher
than 1. ;I_f SMer.r 10 that is for ever k, [err] sign (i,j)= +1 (block 72)."
25 o T G , =1, that is, if there is one i ndi cator k and only -
one for this Dk S|gn (I,j) =0 (block If Srr[err] >0, sign (Ij)ml
bl ock 74). |pZ&hesed e BV oS s—ceteh e lh
repl ace Nk by - Nk an@w&MmmpMMaﬁn@%Fﬁwm@ﬂ(bW%he si gn
of (i,j) is deternE’nwgabeprewdeml : <

30 Know ng the val ue Lm" ; _ “ﬁw@@, conput e
the product F' [err] si o2 ) corrpu’-te each time a new partial

sum [err]=[err] sign (i, J) (bI ock Z‘?S)[/dld)osf'g"b(ﬁ’éf t he precedl ng val ue. \é\é

then nake a |dop 76 for each of Phe rit et vaf . Wighn alT the
intervals j been taken into account the sum represents: [err] Block 77
conpares this sum P ki dinbdlestdif BB E” Tilth th¥ Makifiim Valubshe? 1B Silhe St f OUN
previously. If thlﬁuﬂdainumuklﬁ. smal-ler, it need-not be recorded, and the
program forms a | oop I diswelus s 1 évmmﬂ-m‘ﬂ%waw-"ﬁhe ,
value P [err] .[er r‘]°-_=:---;:--.5h 5- ST L prew ously Found.maxihum: it is g
recorded. At ®he end-of "an- Iht‘ﬁrval the | eviel - vikive corresponds t 6-t he
maxi mum of P [err] is the nost argl,Ji‘a pous Iev&IJ()Er the | east argillaceous

level of the interval and it isPti5 ¢ fledlarfe l-ock -79).
15 The program then executes a Ioop 0 for. ‘t he' nex |nt erval and then a
| oop 81 for the next eoI og| cal Q- toiplock: 44 i°g,6:- The .

programis then pule & ,r’ j eeHahdstey tHe maitam@e BN R sl adi o
activity, of the sgg ‘Teadd -appillabeots 18 ysf ﬂﬁrmﬁﬂahe it Bhe fl ?SW
chart of 20 s tb&ﬁﬂd@h@k@)ons vvhl Ch'__constltute phase I11,.is shQqwn in
Fig. 8. Referring E/;o pregrem thep exchiig Aologn §0 fop e nex @ﬂﬂwa‘mp k 150. .
The apparent matri golpeical, g i tt:p JVBE BE b of i '

equations 12 and 1&::61&5 >the shon ,
interval bl ok 152&&&&9&;&%'@%9@%@@ a‘sg_
and called [err] bl oc.?@fmm Fﬁe&ﬂ”ﬁ .
desi gnated the. piv '

desi gnat ed 't he pi vm‘e gpﬁﬁﬁt‘d' ities |
now conput €d.25TO 't PdeSuxeii( e&:dgmmdéhem‘mﬂ 108 Sgre
@fei'o oy &19 dekitiér

than 3 of whether # : _
be conposed of DUFP:% ?%?ﬁ‘e ﬁ' %tin ﬁg?l%& MRS 1ods hah 065,30t isthe t he -
e0dl

pivot levl ([err] lid condiered re Qandrthe vdmavfrtbdmctenef Tl ay

paraneters f @0 thethe pivot Bueldpi § ’]ﬁfgﬁ%&f tLAfeﬁH!F g ,ﬁﬂ mtfﬂgb?nsme

i's NO decision e'% v-qt?%'se"i terher Mis: e’ thari-0.68: If: the answer is YES,
et 8r.lll:’e:ed el_ayparametetsfor' terval:

i Iftheanswerfromdecnsmnelanentlﬁo 0;::the- clay pafaniem for “the 3.
3 interval must.be’ ‘computed. To this end, pme1i8:set equal 10 3,7 block 164. :From .
block 164, the program proceeds to block 166 where the clay “ﬁge is computed
for the pivot level using equation' 20. Next, the clay parameters for the entire
' - pivot interval are determined. First SPgy. is-set equal to the value of SP of the pivot 0
40 level. Then GRcs Rg oy P ol Py and Aty are computed. usmg equations 21 and _ :
26—34. This operation is represented by block 168. o
Exther from' blocks 158, 162 or 168, the program- procéeds:to’ ‘block - '?;.:whlg‘t;

the-operation  of -.computin, eve% the: clay parametets for the other :intervals.js ]
the most argil!aceous in each interval, the ap ' :densxty : 45

45 computed using equation 12, block 172, Decision: element ¥74:next asks. if: s ot is

terthanBandlfpm.,uxsgreaterthanphmg—OOSand:f -isy the parameters
%rea mtervalnresetequaltotheparametersforthemostarglllam- : the
mterval block 176. WY
: i3 ‘the_answer from decision -element 17413N0, thevalueof-‘.

50 argillaceous level, V,y,-is computed using equation 22, block 177 after whxch decisjon - _ 50

: element l78asks1fV.,“nsgreaterthan060andlfxtns,thevaluwfortheclaypara- ' :
meters are computed using Equations 21 and 26—34;:block 180-and the value of SPo -
msetequaltothevalueoftheSPatthemostargxllaeeouslevelmthemnerval,block.. _ |
182. Ifmemwufmdmmndm:nn;gSIsNOég:icmmeIEmmtﬁﬁﬁthe' 55 :
interval under consideration is at one a. geolo, stage. If it is, the 3.

» ‘meters for the interval are set equal to those of the ad)aoent intérval, block 176 and : S




[err] is less than 2.9 and whether Mis greater than 0.68. If the answer is
YES, predeterm ned values of the parameters are utilized as clay paraneters

« nost argi

« 188. Aft

- i s got th

for the interval, block 162, 35 Lf the aps cisio

el enent 160 is NO the clay paranmeters for the - 35 |nt erval . nust be
conputed. To this end, p[err] is set equal to 3, block 164. Fr. og 36k | 164,
the program proceeds to block 166 where the clay percentage -ig goued for
i he pivot |evel using equation 20. Next, the day parameter‘s val i 0 P/t he
entrrf pi vot |nterval are deterq1 Frrst SP[err] |s set eq" o t he

26- 34. ThiM & .b‘?dq%f.q"’e. A ycer 8, «Ei'ther from bl ocks 158,
15255 mgﬁfé:?%?a o wﬁ%&ﬁ%ﬁﬁ a&ar 2t on’o
COﬂpsltlngfoHﬂ&ﬁektaMteﬁaraft&tﬂrﬁeiﬂwals ve lbd) s&d, SfRSadnswek Sromegun .5 For t he

dle s thg nms!amrnextrdc@nmm avalﬁv@félprfesrmhtdeptatlevgtenm ty, [err] is
45 - cIleul £OSUSE | : " Ement 174 next
aSks if [ﬂgsg oillfcedds e \ny Sn [err]--0.05
T and1of i tofitse mtehael pé selened ﬁf&vhfcmlthetdm(lbdatn&r by&hﬁeﬂﬁﬁ;tequal to tibe
paraneters for the nost argillaceous |evel in the interval, block 176. If
the answer -from.decision. el ement Affg is.. NO. the value of V[err] for the
nost. 50 " argillaceous |evel ,—M-err]: |s corrput ed- using: -equat i-on 22,

bl ock 177 after which deci sr on 5@ el enent 178 asks:if:Vferr], is greater

‘than 0. 60 %gq E'-es for the clay para-' meters are corrputed
usi ng Equati i Lg%% DL 180 and the value. of: SP[err], is'set
equdl to Mueo,z RE, ,nemg ifiks, e @ in the
i nt @5 val , GR), blodk 2D8.Af the fansiwarct rtﬂlil&M'Bim et 1D8GE NOOMRcisih t 2028 i s 15O,

deci si on deteapipasf GR s : IR juf aqdhialt Ron, Gannl:lur!vsdt rGdeer| deration is at

one end (gf:ﬁ“m S b=
i nterval mtsmstgg ‘gd]e, the st Enve
21 20 Afterallthemtervalshavb ""aseimé.'ZégandG

21 if it estsblist@d. THeltaselidety: 1 een msed’ 2 gfeb&luefcmar |nterpolat|on

bet ween % %fertba!oyeseﬁ %Mﬂ@WV¢M|M owegtadepth devdrin st udy, bl ock

! o GRes igcom asks if this
i s bhe Iaaadtmﬁ m%* mejhmd‘{?to blzgck 172 to

. conmput e tGRu pam@neterau depth levels ‘¢f Guiterbsi €ThibeiX teptesthted Hyablockﬂba er all the
. intervals hammmeneswﬁhsh@sﬁgﬁngrvarﬁe&eafm@todﬂaé;&hﬁmsel ement 190, the

progr am né !sed@éle!f ; fg[acpermes Q)beﬂea(whldddptvmd ofvel using the

s
all the Ia@mkﬁsgh io 1 ben 5 glrer] or all the
« NMOSt argi mmmsbeume ﬁorlsauntahnebad:md GRyl. amks;p&&an ime% respect ivel y.

Next, sechy e[ gerval are selecte ich the GR does
not syary gﬁﬁi@ e °ffe?$u:;‘i oﬁl%‘?”ﬂﬂ)‘gk ;?’%'i’%ﬂ“*ﬁ%e?\g‘%al ues;;are call ed
~ GRerr]. NeXThei@6goftiod ms&sawbetdaendheﬁffama@ ﬁletween GRlerr]
and GR[er eonspclmgd mehmwmamef M1§SPaandachﬂeptluewd. t he val ue of

GRin san v 9 ea ﬂg’}evdo brvs’s 200. If the
ansugr i, |031&n Wity mm ﬁ 15qdet er ni nes
if GRis emdoncn[ 6lotK 2160 MTHen aedsibn blSmenGBiBEsh]:f set equal to
GRlerr]. pds 8 ystyreoudpigadforcthe igteryatasigmalh,G 2. less thi.05mder r|  and
Rlerr], 56? yg%ym%%f W@%«%ﬁ‘i’tﬁ“‘ﬁl%k 2Q4. If this
15 4l pS] STIE Plearg06. 14g€ program
_returns tdmbloaclmdlibﬁfoi‘(&hspass)tmsmmgfﬂfeahdwer YRS, ssmew ual .£30 After

“all the i 7'» oy 0 meos,nplevrandaldpmm] and GR[err]
. are. 20 effomi G up iy mﬁ% Sl %d by. first
assrs(gnr ngmrg eSK) s&orrpu or “owest: deprh Ie\5§I for all

depth | evel strrtbq:nSPdridaaéelimeﬂie tdi SP&vaIdepth ltvhleld‘medmdtwmthcp to the depth
| evel at - Jevels p Sl‘ts &{!ﬂ P20 age ddy. Then the next
stabl e vafjRidcspe ieualys of Slo 0 for the fepih foyely "t o the depth 25
leves at uhShat e depleves bisfety b6 g SSP a@@éiphktd%ﬁ and'sso on unti |
a val ue o@nb@@t@%mj]whs of GR., adreteotechbj blqbtpsm'lhembémopﬂ-nonnterest This is

urements, auep) 18 computed using equation 19 for those
represent -3’0 milhvolts, block 232, After which the
program goes.to stage 4, e g T30 millivolts, block 232, After | B



The baseline for GRlerr] is established by assigning values of GRlerr] to
all depth levels in a section of the borehole corresponding to a perneable
bed in which the value of GRis conputed. The perneable bed can be defined

as bei ng bounded on ‘either . side 30 by clay beds in which there are
constant readings of SP. The value of GRlerr] for the 30 depth levels in
t he remai nder . 4@ formation are then set using the sane procedure as

t hat descr.i bedséf for setting the baseline of GRlerr]. This operation is
represented by bl g¢ 210 Know ng the val up 91‘7 GRlerr] and GRlerr] for eggch
22 o A ho .35 ] n‘nilf :

depth Ievel, ,
usi ng equatl on 5, bSﬁgtk[\@-]@hbrauonm watet-beanng fo:mauons v 35 The :-=proportr on of
- pks thisaagel ds & pafibratel. the: fnpruments Rcinic

clay at each.depth | evEie puppse woes
potential neasur emePFEY fw MO & g Sttt torka-"

| evel . To det e M Netign Gnd positi it the RvelsFdf @hbydrite kndos ‘h-Tevel, a borehol &
interval having a statTcstpuﬁrahI calﬂiman.twsmlmesdieem aﬁpruﬂemeed by

bl ock 214. Next, f oporesiesRe aﬂfwmohewewashwmmbv i@ ent
matri x density [err] desr gnated’ [err] pputed. usi ng.. 40 equati-on 12,
bl ock 216. Then deci sion el enent..218 :a Igp-'-“-.- .E‘_tﬁ:ﬂe differ: ence between [err]
SP and [err] previously- corrputed for the i teFk/aI IS small i.e. less than

0.05 and if the proporg qss t.h )3
Verr] is greaer tm&& ggth&pdréiofﬁﬁ g feddations.S SCt - equal to tEe iasuredlo
val ue SP, bl ock 220. |Twg¢ mesam;m |s 45 = - NQ, decision el enent 222

asks if the differencelagt tx;'_ %ﬂ R
' ';, dlegs b

pla & sp,

if V[err] is less t

“ - ds .' 2 S5
bl ock 224. Thes anal M.of one ‘sectian -of . constant SP: |sf,__-;corrpl ete and 15

deci si on el enent 226. asks«if this is: ‘the: Iast sectron
programreturns to bl ock 214, - Afteer ; gf,l 366 1 Oms “have- b
ansver from decision ‘el 'ement 226 58 .;_"eRQaseJ ines
are set. L "50 . For the: SP[ err]
basel i ne, the val ues,i_.._" ﬁ_ ted between th depth.
Rrebg‘ﬁff‘ { ‘g ted

level s at which SP[grelp” /Repe:
by consi dering, the valués‘of - SPf Fr] set by block 220 for the depth levels
i mredi at el y above and ‘bel‘ow the dept \, "e'v'e wOf Rnt er, est. and usi. ng. l'i'near . -
interpol ati on20 find the val ue 55m PrErT] -at. the depth I@el of - 20
i nterest, block 228. The val ues.for -SSP ar&*setgs. des-- 55 cribed fof '
setting t he val ues Fheré e afidximun S - 1 epr esent ed by bl ock 230 en-the
proportion of clay fronithe 'SP neasurenents.. _V"e-rr] i's-conput’ed - usi’ ng
equati on 19 for t hose depth {evel s Wnere SSPasi ﬁ;_I'ess t hah ---30 m. I | qivolts,

bl ock 232. After whi ch the. .program-.goes; 1o :ﬁage ‘4, ‘bl ock . 234. .- 1,457, 759
22 Stage | V-Cal i brationin:water-bear.i ng: f ormati-ans The - purpose of ‘thi's
stage is to calibr ab@mﬁb&mmmsuwﬂmgfshwng porosity {err] and
density [err] using the nmeasurements” obtaimed in the: water-bearr ng. and ..

SRENS & ‘ksrriot; the:

r“{‘deﬁd YES

SP[ err], “and SSP -

| ow-clay formations, -this. callbratlon caonpl £ling the one made-in: the
conpact forma- 5 .- t| ons and possr bl'y- i Rt hel'evel s of- anhydrite and
salt. .. 5.T0 perform ‘thi's’ calrbratron S we’

conpare the p&?osr tf’“ &

_ '_ Laﬂ,%ﬂqrtﬁ)es st G
fromine true res SRL dnawermsxr ind W, kg iftb Badburk

Wlateﬁs
. itikihg fikto & ua;-}'bmnnent uetadaerfornw
t he cal cul ation of - cessary-to: j ' f
resistivity of 10

10 Two cases can ari’ ls“éhwe -m‘ @%M%ﬁiﬁu&%rﬂrge
sufficiently close Hﬁm&éreﬁﬁd] to&ﬁdvdtﬁuoﬂhﬁﬂ ) _'MMdR{ﬂerr] vary around
Rlerr]. If R[err] |s 1% K@mely riections forc which dhey.d ’Pﬁ‘, Wn'rg

approxi mate v 11 R e [
the 15 forrrul Aof kprq‘x,spp ' e Elhy , “Wat Mes he.
filtrate. V‘écalculﬁReV@Gk)ea'emlalhpmem value R[err] fromthe maxrrrum
val ue of the For: all these levels, we calculate an approximate. value of- thé resxstmty of the
formation water; Ry ND,_by thef nnula tahenfromformula 7 R

(7.5) 40

then3n and

>

¢

N



[err] 20
20 where the maximum |[err] isde term ned by conputing the statistical
maxi mum of the value [err] 25 for each depth |evel

_ curves cor

25 W choose as an approxi mat e val ue_ - J'-the smal | est of the two val ues
Rlerr] and Rlerr] and we make Rlerr]=; ,,_-r}ound Rlerr]" taking into
account variation in- R err] due to the'increase in tenperature pt h.
M calibrate by using only the data.relative to the lowclay, ™ earing
l evels, 30 - which lead to the m)st reliabl e neasurenents. -~ _

30 W i\l imnate all the levels mlgfl' gmnrli ng—to.conpact famafﬂnqs to

| ar ge hol eoliticanietvess tha relo tméa&iapoadmgitolmendlzﬁaﬂmawng:entaﬁdw th depth. W
keep onIth“hE" swppedass for which the deviaton of the neasurenent of
spontaneous potential in reI ation trg jhe base 1ine of SSP is small
smal ler than 10 or 15 3§ _ ¢ yfoRfd Lo ich, at {d§ sane tine, t he clay
~» content calcul ated from Phe - Neasur 35 . of 'SP (V[err] SP) as well as

t he cl ay engntial cuI ated from the measur enment of GR(V[err]GR) are
smal | er t

s For all these |evels, we, cal cuI ate app; |rrate vaI ue of the resistivity
of tWe formation water, d’tR['(—:-f*N]-ONB rmul-a ta(képr fromform#da 7: 40
[err] in which [err] is the porosit Hé‘asured on the graph of [err] as a
function of [erri by inter- 23 -
1, 457, 759 for ‘ poI atlon between the two

' %er%@m'éé’éé“@@m% o f=:NRn be conputed

as: [err] ain] f6 thé bubs&fuen? calibration ont

5 folO[err salhoetﬁimmuﬁt);otgelmmwm“h“ﬁIg]ND[wr] of all

t he val ue 'f davels, arithoup\hb: ns, rf 8..NDha isubsequent

cal i bration® e V Rerr]ND is

in the nellghhwesl‘e'lﬁ kwml&m%l&a ﬁg?%‘bgfﬁ"éhﬁolnts for which

10 Rf%rr] ND<W. 10] calibadne hia navt®n phob hydt5:>car bons

if Rlerr] Ny h#ﬁ.s"ar “%SP Wb This set of

| evel s car},egpwp %ﬁ % e age and if the

number is hig) 'mdrvamé h&ﬂp&@aﬂeﬂ\&rﬁéﬁneﬂﬂ T&;:hhh? first 100. 15
- Ve u¥ke t hele= Ch#s- to caI | brate the neutron probe wh measur e®0 t he

por osi ty ? lg?ﬂa% i ng tool for density [err] by

- successively E)p-trhemm g 's‘é%fggﬁ bl’ gﬁgﬁgﬁ During a first stage, we

, consider a function F which dep Sp A t he dlffege)nce bet ween the foll ow ng
two values of porosity: 1) §Re= [err] i ndi cat'ed by the neutron pr obe
after correction-d [err] that is’ 2@# - Jerr}]-

20 The valg@ g M&&neazh&sk,dﬁﬁ%mal&rbf%[ %fs]va@é ¢Ti@em¥sa ét;s&dler r] R[ err]
n

cal cafl at econlB..t he fornula (7): [err] romt e rreasurerre Rleps] and the

val ue of ervf’j mWsthv ee'r¢r ¢ d@lu@5°f the  on Rlerr].

25 W co E@ge%lﬁn?‘n el{'r with the known
val ues of ﬁdaaymmgﬁatpj,r oﬁﬁd gR_ tand [err] wth
[ err30<[er rl] ranq 2,\/larsg=pss¢fe.ﬁ%bgpp&kleptela.r ound the ap rOXI nsd e val ue

éql?eu:e, d ¢y a series of values located .on either
Rierr] or e%mpe, qu vary in steps equal to 1 porosity unit between —8porostty
units and <8 porosity units,
ToeuchpatrofvalueskR.,’anddqsn,thereoorresponds,foragtvenlevelta
35 value-of the difference ¢uRegy. . 35

We calculate a function F,;, of ¢NR.U, havmg the followmg values
" Fu=—1f sRen<twme | |
Py =1 ma<aRey < mae
' Fiy=0 i ¢nma<énRew). _ _ .
40 ForeachpatrofvaluesdqsnandkR,,'wetakeﬂ:esumEmeorallthe 40

water-bearing and low-clay levels chosen.
WecalculatethesumEFm forallﬂ1eposs1blepatrsofvaluesofd¢,.andkk.’

Once the calculanons are completed, we note the pair of values which correeponds
0. themaxxmumofEFu, WedesxgnatethxspmrofvaluesbythesymbolsAford.ﬁn

45 wdRefor kR 0 0 a5



viously cal cul ated. For exanple, we take a series of values equal to k
Rl err], the coefficient 30 k varying between 05 and 2, in steps of
15% appr oxi nmat el y. 30 Likewise, we give d [err] a

series of values located on either side of zero. For exanple, we nake d
[err] vary in steps equal to 1 porosity unit bet ween - 8 porosrty units and
+8 porosity- unlts 0 each pair of values k Rlerr]' and d [err] there
corresponds, ven level i a 35 val ue of the difference
[err]Rerr]. - 35 W calculate . a
function F[er ﬂ‘f of [err]Rlerr] having t ha*"'ﬂﬂﬁ?\w ng values: Flerr]=-1i f 24

[err]Rlerr]«<[err] F{e'll'w(}easdslcahfooci:ﬁrr]<[err]R[err]<[err] F[err],-o rf

[err]<[err]Rlerr] 40 In a first case, we ‘
take the sum [err] B{&pdgo W&Wﬁ “ ¢“4’6 mgﬂ“ﬁ‘b

| evel s chosen. VW cahighélie ;ngﬁmgﬁ,lrgaﬂ,graf khef BihirsPledr dxiifpl Wwei [Elaf nﬂluﬁn& of.
val ues of d [grr] GMvdhertelterl]m:ts Tonthese trine casen] it Ul eobsidpred that shepoispb pregist we S

note the pair of v whlc corregpongds .t o, the X|rrum err rj. e .
designate this par nfo @ﬁ% Asﬁk a%g’oéwtﬁe%%m [er 5““"‘1‘“1‘"’l gi;nd B
Rlerr] for k R[er .

45 24 Inthnsseoondcase,weselectthelevels@]_ﬂaswhx'asgd, +1whend¢N—Aand

&Ry= :o -
?%T,““tﬁisﬁéx‘??rﬂm" SEid 25 19815 i Ah3% g B b el U

Rlerr]'. or the obtained maximumi1s low in rel atlon _to t he maxinum- ‘val ue at
the linits, for exanple: Iower ‘than 1.5° t1nﬁs€'6Rtht ' thIS val_u_e a1 he .
linmits. In these two cases,. i.t. j-s, t®r} . )se 51In -
a second case, ‘on the.other- hand We: obt;;a ;_;_ L
[err]Flerr] for a paikms-ad o BT By, G4 e villie AF Gy b
this second dase, \X’g’ &e&ekﬂmﬂmal%tb@' “dfﬁBra'"'
d[err]=A and 10  ‘tions: lkI%[ _

10 W cal cul ate, for o)

[err] dofer il 15 ..
[err]nf is the known ' %)el l"rln the pores of
the forma- 15 tions. [err]F'I“,S=-l-hﬁ mlqm,mé,dp,ng porosrty caeul* at-ed- by o
formula (7). [err] Rerr] |sthusafunctron of "Rierr}- and of : d[err]
Li ke before, we make Rlerr] a)nU‘H'f[Mt}”ﬁP&Fy step by step. For exanpl e, we
choose for d [err] a series .of. valop SR p%‘y\een -0 06 20 | and +0. 06

bet ween which it varies in steps equal e v _ -25 _
20 VW cal cul @5e a frun@nd pi. & therdedsitiof of[t : ) % ng
val ues:. F' [err]=+1.jf Foufsl pyicof vaesRy 30 _[ngirpr Vf9 F(,, or. SiMﬂ:e o
[err]R[err]<[err] q&veﬂqrsal&éherr]ﬁerr] 25 [err] and [err] are the 3
densities of the end: rw&ﬁdmmsnhﬁmmmSEfF'@yndhemmmmof 20

pair of val ues R[err nd:of d [ e ¢ : -

all the levelg | 2 mv&ﬂé: '?
N
correspondi ng vaI u Shlk B

Rlerr] is close to én “mwenmnutee;neﬁ[whcpiﬁmﬁ,kﬂ " ."'.-h(at!tmﬂa(iﬂ_lverr])
calibration the formyde @9):5 “si-npl'e scale shift of [err].is valid. In -
this case, we corrpute a -new val ue -of-the: ma_t&o.,;( densi:ty-. by'a_-ferrrul a.
simlar to the formula (12) . pmu,___——_—- _'- (12’)
T =g ' o _
35 . The value of PmaNG). depends on the values of dp., and d.jm wluch are: made to .35
vary step by step around zero as previously. : .
We eonsxder the levels j selected prev:ously and we calculate a funcnon F’* 5 of
pmsn having the following values:
F’y=+1if Pml<PmN(J)’<Pm2 S : _
40 [ . F"(”—_l lf pm}lu)<Pm1 Tl son '_-.".'.:‘-,.;-', .. | 40 |

o N Ol.' Pmm>pmg ,l ;:.,;- g
: | For each paxr of values of d¢n nd of dp,,, we calculate the sum. 2 g,
Whatxs generally obtamedlsasenesof'maxxmaof::E corrés ::'dmg'tovaluesof o

: ..d.-;tw and of- dpb related to each other by a linear relationship. . .. o
45 We choose as the values for zero shift correction for the ‘porosity ‘and denszty 45

T &)



[err] 35 The value of [err] depends on the values of d[err] and
dlerr] which are made to 35 vary step by step around zero as previously.
We consider the levels | selected previously and we calculate a functlon

<4

calculate the sum[err] Wiat is generally obtained is a series. of}

"between the end matrix densitie

F'[err] of [err] having the follow ng values: F'[err]= +1 if
[err]<[err]<[err] 40 F'lerr]=-1if [err]<[err]
40 or [err]>[err] For .each pair of values of d[err] and of d[

Xi ma of

[err] orrespondr ng to vaI ues. ofl,@.[;srgr] and of d[ err] rel ated t{ each ot her
by -a 44 at--€ Ho— = of Zero
shift corr! gpenss the rvblshpoyrwc!eﬂlsrpmyofmesd-ﬁ@enddm 1,457, 759
25 neasure Bet: vl "f- W &gt r of values. d[err]
and\d‘[err] cl'osest to dlerr —A an correct ed neasurenents
used for the follow ng operatrmsﬁtﬁ-éﬁmus [err] =[err]+d J[err] 5
[err]g[err]+d [err] OF - cour se, _E‘he val ue R[err] of ‘the formaton water
reS|sst|V|ty 18" known accurately"' fatiues of d. [err].-and of d {&rr]

cdrrespondi’ ng)l’ccbma[,ﬁrthd ‘valtie €R,,ofl @i Fokmatidn wakie redisdvirg iscinoven Rairdgn t he val ues of
Rl err] andtheal®s e ofrﬂahmwsth#redmmo shift _correction is not

suf ficient VRHES 1 Oh %é“n‘%’m Iti- 10

pl yif® fac-ng,g'- coiPdchichCIE et ndad B arastl 3 por05|tly [err]
This factor Cﬁsfamdeﬁmadeammtsepbb t feuDexar éneseqmahmmsteps equal to
0.1, betmeb?‘iwqehé’ewal“ﬁélﬂﬁqwddﬁeﬁr]ﬂﬂand 1.4 CJerr] with [err] A first value
of the matrix density [err] is cal cul at ed by. the fornul a:. [err] The val ue
[err] depends' an:the: val ues..of - o Rq,;gp] and C. Al the level's j are still
consi dered and ‘we ‘calcul ate .t Iy On F'l[err]:équal to + 1 if [err] is

/ [err] and [err] and:.equal to, -1 in the
opposite casa\ﬁeﬁvdueofmemauﬁ%nsﬁﬁphmmaswcmﬁmd/s]&esma&hc and of dferr] we
calculate [err]F'[err] 20. W not et he maxi mum of
[err]sand the-val ue of. C, ,call eoPVC[%qmt vvhr ch correspo&%,s to th| maxi mum
W agai n cal cul'ate-the’ “meft PR denslr_t%err] 25 )[err] make
dlerr] and d [err] vary. step. by ste cal cul ate.for .. 25 each pair of

val ues the F ermls depg _,Mawﬂlteeofﬂpﬂnd(krr . |"s bet ween [err] and
[err] and: I-tfo.Aul ‘, . 1[1‘ Ko Fﬁq ﬁ},ﬁr] F'[err] and
we note tr@péﬁ'guwm or naxina o ?eﬁrpg“ n’f"‘" ngr* btain a series

. of n2ki ma V\rﬂoehacmpﬁrdlwagaedcwoth@peecdchmmm";;um vrhr ch corresplnds to a

TR 1B Sl e B P e g B bl d %00 1, o

t he measur encwmé sgamfca[cﬂm}hem,pﬁm[@rr] "The corrected rreasurerrents t hus
beconme: [err]-35 . - . . -In the case where the study of the sum[err]

aF[err] has not allowed a very cl-Rerdnednei - - 35 . mumt o- be éJd;;und we sel ect

the levels j' which |ead. tB‘”P[‘errw- +1 when .t he estrrrat Yal ue . Rlerr]" is
gi-ven to R[err] We 't hen |'ook f-or the parr of vaI ues 6f 'd.Pb and d [err]

« Whi cBS opt i Wity énet dr @t«) %Wd c]alcdqelair 1 @&pendi ng
on whet her \ge “E‘?rnm @mjofg""},szl@g‘( 12) i s | ocat ed

between [efF] and [ err. 40

manmnmormammaofth:ssum.Generaﬂy,weoanasenesofmmmawhtchm
.-aligned. Wechoosethemaxtmumwhtchoorrespondstoapmrofvaluesd% and
30 d pyn closest to d gi=A and.d_p,=B and we choose these values as-shift values tobe . 30
apphedtothemeasnrementsoqunandofpb
The corrected measurements thus _ '
T m—c (¢N+d¢um>
Pbo_Pb+P‘bm

35 Inthecasewhere the study of the sumEF(. hasnot allowedavery clearmaxt 35
mum to be found, we select the levels i whlch lead t Fu.,—- +1 when the esnmated
value R,’ is given to R,.
. We:then look forthepaxrofvalues ofdphandd.fm whlch opnmxzethefuncnon
2 F”*., with F*’, equal +1 dependmg on whether the value of Prany calculated by

40 _ "formula (12) is located between Pmar and pmz or not. ’ 40

A family of maxima is generall . oo
Ifasuﬁ‘enently rellablevalueofyR xsknown,wechooseR...N R, then the value



Afamly of maxima is generally obtained. If a sufficiently reliable value
of Rlerr] is known, we choose R err]=R err] then the val ue 1, 45759
26 d [err] which, associated with Rl err] leads to the maxi num of

[err]F[err] and then the value d [err] which, associated with [err] |eads
to the maxi rrum[err]F [err] A correctlon d[err] greater than 0.05 is

during stage | Al i bratlon has been qggi,e,sbh the Iow— 5

porosity forr = ; ar e ST e T e _
linmit the search Cﬁ@emmmwdb‘ﬂéﬂ‘v@. sna\ﬂts {fe"mw@d *Ffb%“éﬂ“e : '
approxi-mat e val ue th Bl or vl s Frl. cor.respondi p

to the val ues of [gﬁﬂ%l“[’%bfh'fb%"“’%%ve T ecal cu:lifal?e(the val ues of‘gj
[err] of all the rmstAatbgechbnadpewaedﬁueo% is iirgprobgble.HE highed vdees peedound, waal ues
of [err] and of [ echopse a opprection dnus™HE 10d dhe GouPsponding &?‘EF@“T@PF**] of. thi's set .of
val ues. The cGrresponBl q”ev@rﬂq “m’a._ P s o calipra " 175) ‘%ﬁ"gﬁﬁe cl ays

if [err] >3.1 or i ol N rg ol i
HOLHR -*L_err] by'
; i:n-each  «

given int ervalb of'”2’5’f"'
the flow chart of Tchﬂcﬁ@éﬂl&i '
sel ection the | ow of saues.

Bl ock 87 determi nes = ®Blogk
com pute a second a
Rerr]/Rerr] accordl
measurenent ofs Rl err]
Finally, we take as. a
Rl err] - 30 and

t he conput:ati on of
series of valiges of d

Vierr] and V[err] ¢og ] S 2060, OWer "L

det ermi nes whgt her "a 1! of [BLELY 5 highdrehdn m_mslg:ld:h& thd’ltliyl@hteﬂialoab! he
affirmati ve, this Jmérpas d thes sher@u” cdich :al#kmMchW-a mlmveapm iofrat e

val ue i s known, on@¢ £ FhPter : e Mgl ue ImB[,Pg’t -pgiPpearing in
the initial data (bl ORfociSRabrep et G5 1V KR S ag,etd;?pmpor.

conput ation ofp t he Wﬁgﬁﬂﬂrmh’mﬁ“‘ﬂl phastIHy dr¢ lofveroth 2520

--*; m"13’*}“1-\/\/e do, we
P‘h%“ NAIE ot o _

iﬁm@a&&):hcﬂﬂs we have no S
}m&]b ue)amfmmssr 25

, i‘%f (WIHE val ues
2 Dbegl nnan of

ki ho f-'--:uaau,@va c{x&ierlin—ﬂhqem)represents the
weouh:tschnoappmwvsmdb'd#%l!@? of3the values Rey

Bl ock 96 repr esent i Pz SRAC of Y Fues oGal ed..an:either Si de '
of Rerr]" or (g“ %F%mf?ggg rep'rpelsftéirﬁ& %gca% -at1-on of
the function [err] R[en ..pgiep}@dts[tmséﬂwsfobt’rahﬁs hfedwlloc(mdomdtﬂerasmatmf val u
of d [err] anss of kR dock$  theg se ___..'.‘erp!ew[fét-rl]mmtlme{ﬂerﬁ]ieowcwr|s 93§
known. If [err]< | 3' =1 and. the  nal LaryrlzRerrl’
[err]' being the prggc A'a Uir Of va ' l?“ “1’
[err]>[err] the bl ock Bl 98e DR QS

case, [err]—O4Qand (BT} @

[err]=[err]' +1 (blost‘fﬁ"' -

this | oop i s conpl eROR,;,wk i (KI5
corresponding to a phogk @mwﬂ[ rID3: i
program is t#en pu‘gﬂw ] ?ﬂa@“ﬁb}?““._ f98,

successivey all the v
106 then nmakes it pdasdsssi

[err]. Finally, we nmbldu(bbwlé@agd
@l

féf ]m[ﬁi&%t o

the val ues 50 - !’-‘IS rerrad WET CH G O
S0 S0 d ¢w=A a0 Reu which correspond to this value. | _.so
: Therestofmeprogramns-shownml?xg 10,7 -
- Block 108 determines whether the maxn_num_valu: of 2 Fm corresponds_tolan o
.endvalueofthesetofvalues_ or esetofvaluesofd
: Ifnor, block: 109: detiermlqes ' 3 ! Fm m,xshlghe::.ﬂmn _
55 oneandahalfnmesthelargestof valuesofEFmoorrspondmgtoﬂ:eendvalues_ )

ofR.,orofdcpn
- Ifthereplyofblock lOS:saﬁrmauveornfthereplyofblock1091sneganvc,_



The rest of the programis shown in Fig 10. Bl ock 108 determ nes whet her
t he maxi num val ue of [err]F[err] corresponds to an end val ue of the setof

values of Rlerr] or the set of valiles nf dlerr] 1f not, block 109

det er ni nes whet her the naxi mum val u o ‘"_'_-'E[ err] i s higher than 55

one and a half times the |argést  of % akues of [err] correggppding to
the end values 55 of Rerr] -or of dlerr]. If the reply of’ bI c_k;/Q IS
affirmative or if the reply of block:109 is negative, 277\, . 759
27 theye is no suffrcr entIy cl eauszymyi mum (bl ock 110). In t'hi's gase, we

sel ected 1 Level s ch COrre d F er 1( TITY: For this set
of points B&e -%5‘; sy v e %ﬂ%& Pb{?l!lnelhf % %Y%‘I ock 112). This
i's cerfrl ed.,. ou:-‘orahsbdubbﬂﬁmk %di@l?ef iinEfation) lof metﬂim{fon:gw'rdph,w)err] 5
(Eq e oy ' 4
51n ghe C%@; A;-r'e"“é"cf‘é'éﬁ‘ %iﬁ Wu%?"t"f?@ (F’&n?)tml’ffm-r}'mhas been found
* corres- pondimd g df L ‘B.a e not Pimt
me Rf.pivhidlarehot[lﬁﬁf thee! r ] =A and

NAT OhS Gisd e’ £ Smainds _ fd o6
val ues, wepen m&elvﬂgadl A Id N Mot :lil;’rh' ddted
kR[err] gals 1) foy w F 1) whem ghFl ‘FrRecblock optlmzatlon
s cal cul atro-r__rs---ﬂ.’ﬁk E°PFeSffS theoptimizaton ealeuls ,_,]ﬁ'F!{"e?“P‘]“}mEl (ewR).  This
procesiur e This pReddiRds &bﬁedlo&ﬁarmnarsmﬁhmltﬁimfo' aihidg the 'R 2 n'g the
maxi mum ofthefunctxon F?akgmtmmwgggmwim funCiGhSE"T epré ented by

=

bl ocks 94 #fermaute . _ l}e(ﬁ? %ti?flﬁ:-rmgdﬁqre\&n;sn a function of
Rl err] and- A g S 3 (<) -l STHEPES ¥Iedmoiend t he function
Flerr] is a_ssr gnecf a \/a ué’""é' L Ykl _-:.de?p'eﬁ= e.-n-t.‘..’fupg?i.’ e el ati on- ship
bet wben [the"___ K f.' ¢ Tevely, j]seled _' and-[‘err] .. For edch of the pairs qf val ues,
[err] F [ errdems ,”-'°f6\$€e€PlF“1%“h@Wbe¢é¢a§t°Pmasmuacted

15 Bl ock 1 ! Eﬁd&“’bf these cal:cul ations. which lead to a
maxi mum of - [enmdﬂ:llbeéﬂrése@the Qfmlaueg“g, ffqgegg 7BeaRe nl erri. Block
116 Eepresg snhapf+ E : snmb cdlibag@ val ues are not
very Yiffe ‘

_- 'osslble t @0nmake a
sinple cal ghe tb%"'briﬁ"ef"' I'tiplying
coef fi ci enberkeed 0.0, dH.410, %jth C,= - T on thé other hand,
Rlerr] and R err] are. very dl r;‘ferent -i s necessary to intro- duce into
* t he calrbratron of  [err] y oeffrcrent CWhIChIS chosen to
ar?d 1 % rr]¥

vary between 0.7 (err] th qerrr] " [err] 25

- Bl oc 119re stheotrmz.atro f. t-he f. tlon errl B ([err err
Suhost AR Skl et h B poacion $CLln Gt b {or 2

; '?"B@Ei f-or 26 he
opti ni zat | Glealstfond b ienkical it® fihos jdeion w'ﬂﬁtfuﬁ&oﬁur ni shes the
val ue of t%é’unﬂﬂlisl Fuzmi

'“'é.éfvaluﬁdrﬂ!e tﬁilﬂphmi:on Blefficiént £20 [.i kewi se
represents- trﬁg zatlonc | atiang for the.functi err]F'[err] in
ewhi ch [err gy pﬁbrﬂfﬁ'ﬂe eﬁﬁ “mgmég ﬁ dﬁ‘ﬁ ’]) and d[err]
and glq][err] 30 . are var
30 Fthal |-yare ygsieq ne ‘the calibration coefflcrents C[err] d(epr] and d
#[err] and lhEddQadat Conteks 1 %Lﬂ?@&%ﬁ%ﬁ’?ﬁe@d 1‘l : ich are used
for the suhﬁeﬁuent Opera- I'ons err] ' ahd [err]
represent the values read on the | ogs (bl ock. 121) In conclusron t he
t echni que just- descri bed promﬁgm@pé‘#awons prel.i m nary to the oper ations

descgg bed in-the-French patent tigpned -earlier, which nake it ssible to
obtain val ues of the clay par rrepgle-rgs aﬁ"a of the cl ay - content, andggo make a

,.g k=
f-%

40 finrvh ch@u mma;epmnme m_m (blmk:mzls fo_r porosity [err]and
¢ for density, [BrPIY - deseribed, Br ' --.__._ﬁ.9| ogy. O
‘Course S| u::z.:: : s ¢ ar=w: " g ‘: .. 2 ‘:..‘ ) .<‘ h a.S fOI’
exarfl e oi fistoalibomion boxacasurigg Rriéns 69D Gorbddy R DS di wrmmng signal s
. represent aM-"B‘Eﬁ opf !.‘  lithology. nef er's | . these
for rrat I Ons gas Oea P :|:l‘ '\4: ;n. |:“ 18 r;p v z g SIg i: s T "\' 45‘ r G Scrl bed I n
det ai | thmﬁ ¥ o wilSietng th mitohe Onc fosritfd Rof s 3y 2, 45
45 " described in detail in the above-mennoned French Patent 71 02767 granted May 2, 45
1973 "and ' published . under No. ' 2,080,945; A technique is 'described” ‘herein-
" after t6 automatically combine: sxgnals representative of well logging measurements in
.shaly sand formations to. provide i ml‘):;:dparametezs for the evaluation technique of this
'French patent and the terminology in connecuon with sald shaly sand evaIuanon .
50 _techmque is adhered to. 50

. As explamed m “the Freneh Patent 71 02767 (published under No. 2,080, 945),



1973 and published under No. 2,080,945. A technique is described herein-
after to automatically conbine signals representative of well |ogging
measurenents in shaly sand formations to provide input paranmeters for the

eval uatition technique of this French patent. and the term nol ogy used in

connection wth said shaly sand eval uation 50 _ techni que i s adhered
to. Yo _ - 50 As
expl ai ned in tlgé@ ench Patent 71.02767 . (publ i shed under No. 2,080, 945),
1,457, 759 varifus G provr de the |nput pararretgsr
requi red for: e dyaltati-or-teehH A . teST -
crosspl ot of the mmtmvﬂi
[err] shown in F.gm!*zm- :

pl aced on. the cr

primarily quartz, o ;
t he cross- plot, __ --
C[err] on thg crogsnths,.
connecting these idative disponiof 2
plotted [err], [e.r o 1

triangle give
clay for the
plurality of. [err] ifce 2% 7%
15 teristi cs.

These poi nts %al | |
formations and a.l. |_
of the shal e point ﬁ*.
pure shal e hags gengpomt Cl; ¥ b1 iy painits
corresponds to zercmpombsqldyywand any por nt pl ot
said to 20 have zer dt ipdnown;thay clednisand foxmations ef:

the |line drawn bet %%%mwm(ﬂ

characteristig, res ty Blrdden AR Shad FAE
desi gnated C Terr] Tﬁ&@ornej_"ﬁj_.',.d._
defined as the [errl]est'eﬁfxl._.__"-".-.___ ' :
respectively of - t e de
d [err] rel at%ye t Ol b Pord&ey Gsodde
associ- 25 ated vmmh_slml,: wand/\
affect [err] and [ seine | 3¢
whi ch subtends an :

est fits thesg£p0| nts

shal e lines NS Bk ,Qﬁ,}mahdt]r snmahgnceswﬂdomrfam df ithecpresfnt techoigue,sand :

| i ne defines anot her reqU| Fed [ nput par amat er de5| gnat ed [err] Whl ch [ S t he
maxi - 35 mum - .."': ELers. e =278 . cAlYp ‘ ! ) der:: -

consi deration. The- éa&

i ne |nd|cates that )
uni que conposi - ti OfiscRmindtidacH

t he poi.nt Sh[ gsr]. TheConsidering fir
characteristi-cs fors=ﬂhr~fn“ :
desi gnated [err] Sh[: Lkl
addi ti onal requiredwiRid

t he cl ean saneollne;v]

SI Cco hydrocar bons i -_.5. : ! p e ;;.. » ﬁ __ ﬁlkﬂgrtﬁase
[err]. 45 + JHHS ™ valliad e TobhdtibnsC "Qlo i laﬂaieyssga:ﬁﬁﬁaysel ect

the i nput par arreter

¥

desi gnat ed th%]shaly bf'ﬁ, ,1,;,,_0,@ aa@pnaeaﬂgmtwmmtmuemmd as

-



~ Pat ent:g¢ hese nmeasurenents. are segrleﬁggﬁd into gr_oups

. eval uati on ESC”HI qfue UJ El UDUU L IICI K ||-_| CXUI f \.,a —+ Put -

-provi de d|

© for meri ons gy ;

5]

_ SP[ er

[err], [err], [err] and [err]. In accordance wth one feature of the
present technique, these paraneters are selected automatically. In addition
to the density and neutron derived porosity readings, various indi- cators
i nf l uenced by the clay content and hereinafter referred to as shale ~

i ndi cators are 50 utilized in the analysis of shaly sand for
Two of these shale indicators are the 50 spont aneous poient /2
ganmma ray nmeaurenments. As disclosed in the above- nentioned French- ;
Therefore

o fea TSP
spont %neou mdt-SPaih. -amamﬁaﬁfmyltietaﬁ?aﬂ&im hei ‘
I S o »
“measur enentrgq, &gwég ipn th!! lsmbofquhias&noﬂaaﬁs; abl e
- spont: aneousin it forbiatiod whict SlUkised 16y “ : i ons; and
Pl erlrg] mmm c.60
spont neou? LConsl, derr ng t he
gama- r ay mayhave B35 mmmm ray
rreasurerrentmpmmm a&e T ehorepesganma- ray
di scrl m naff§rcaty o :

T tor TR B Pay8es in shale
msmmmsbtoeaumumwmmuroay 39
d’f—: mmd DALI M a

1, 457, 759 .

h ttamouﬂimoﬂ‘mnurx;eﬁélsh '- 2 &alidyl 46
b s papmeterpras reach, of Ak ke eaﬁﬁslﬁdﬂeﬁrmtlcmlly

in s%d fo
‘Er;gggp 1‘8&“‘8 ‘measurdngsussed above,
%4 :

DAX,  DALI.

ot her par arret'&&sandys(s dfmw ter.pesistivity, 5
“Rlerp} a homorgs e rsbniaty e ot v b q’f% AL evel of
i nt erest A '.r-‘";ﬁi.' _ Mparamy is,weepfs&uéeayd&ndmamﬁe-r i s 8ESH, the
" maxi mum resi smmmgtﬂ{e Gifst. 3% ' “ﬁ‘g %W@mw as a shale
di scri mi n |f¢r etathemahﬂén)ensa aléiﬂaidi A oap i Gean 8f er énced French
pategg. In the deagity nd; sruwon: denlvedi pprisiry ibasiiréd) ﬂ.ra,,.a SH are
aut omat i c c¥m ki eﬂt;; during the subsequent- sweeps.. The caliper-discriminator 30 10
* TO ‘i ncreasGAl.Ahehnan;w v e vct'jfe Ach /] % _ ,y"; pes megsuregientyj f t s, ZSN and
ZSD,--may haseeedancy: a & Werrv mve :&ed porosity
measyy eneng’ Hog techni que, ZSN

Tty

Btidad detidon
""" : The anal ysB3$ of the
GE@P L 15

and ZSD ar & A dkQminnb ol 4

bor ehol e mmmms.sumnwisqm cal’ ?ﬁﬂgﬁ"
par amet er sPaaser of- ﬁmmhmhahgmssmﬂﬂmh ety s of the

abovgy refe gm“ pims a'.'j @glheb wmﬂﬁddﬁ&tnohﬁudm ering the
entire fonmsiibiret waiet 5 ik 3554 _ glFae varer band depever , 40 t  has
been founcﬁlftecnb@npin&ioﬁs“&hhﬁs“ k5, Vi ] e rfjam i nto a nunber
of -smaller intervals; her e| nafter -cal led measureme 525“73 i nterval s and
obtai n input par arft & gﬁzﬁﬂ%ﬂﬂfst hese int erval s. The neasurenent = 20
i ntegval s can he sel e ”T} 2 Pre |nterpret ation of t®™BH wel | | oggi ng
emdats 2 by -a-|.og:anal.yst. ..The anajgysi s of
s%'ccesm ve ‘sweeps of theszjata. The first
veeps- whith ‘are fun-to conpute cutof f
utation of ‘the i nput:. gsa)arreters Sweeps

nmeasur enent s and & I'? Jes
the data is: carrled OLR" ' PN
and second:sweeps S

val ues 25, usefu %T’n?e‘éﬂé“

-thr§§ and - four aré’)rﬁm e gatio RFR} at i on- sweeps+ durrng whi ch the final
S

val of the requir edpddherRas®effe) conput ed. ~Duri ng: tegg fi r stggsweep
through the data, eh M.mspwmtor CAL[err] i's defined for each

“measur ement “i nterval  iBreeyr R q{al’déﬁ €8P¢d46m+-'bnd sect’ion --Q;s)the bore- hole so

that the 4BG&L N, 3 e dRl AR Sk ved ‘porosi ty rreasurerrent s obt ai ned from 30
t hese secti OHe scandard devia A m I,&gsu; gg swee -The cal i per

- di st i mi nb& eomputed by the orslibuoriwadndtembritkd! fgh é aver nhp d ndarg devi ati on
of caliper neasurenents; CAL[err] ;and - [err] respect I. veI y, at eath dept h

IeveI in the,measurement” Tt
A(R

EY@vla)l z Rwa] L%)

“'YY. 8 T



accordance wth well known mat hematical techniques. If the standard
deviation is less than two inches, CAL[err] is set equal to CAL[err] +2,
while if the standard de\(l atlon 35 ~ is greater than two inches CAL is
set equat—TO CAL[Eerr]. : ' 35 A discrinmnator used to -
sel ect dean: water sands i s conputed during sweep 1. This discrimnator is
defi ned as“foll gfs. the apparent water resistivity, Rerr] ,is a com

[ X it neasurenents such that R err] equals the wat er
resistivity Ar 4, onIy in: clean wat er ig%sgorrratlons In ot her .30
formations, RPer.N- doeq notequal Rlerr}2FHES—he apparent yWarer -
resistivity R err]wh&anzm e@ﬂds\mmmw@om@dmsee iiox) _'fl"" nlont

| evel s in the neashermmbertof ' CRIpRUES e 201 B EiE of ¢ 1

conmput ed from di fg%»ékﬁ;eptgqﬁdq .

the fol llow ng way
Rlerr]([err]=1.25. [err :
the [err] rreassurerrents
1.25 [err]
nmeasur enents. R[er

R[err](R[err]/R[erf])'Bﬁ;..-. ’
(54) o 50 e)“** S DRy

(55) where: I err.R.
devi at:i on of all t
55 é be conput

55 [err] ﬁo
30 where [er equ

equal s the number of ﬁeﬂ @ ﬂ Of 40
| evel in the formd %ﬁf m . 311

order to conpare tH

the formation, [err]’

where: Rerr] is the \ulE Gf Qensity - : b Brof oot o d |
measur enent interval - -2 g . i orma i on. characterl stle as |s vveII knovvnzs '
in the art. TCodyl 5 GRS 1] s hoyl g%ﬂ?}’ glean 7
wat er and forrratlons sl)nﬁmmhayvahwwﬁ PL él ng eC&uatlons

51-55 shoul d be eqlﬁk-% ‘hese 10 el e | es, shaly sand. . =
5 Ts
,t‘z’ﬁe

and hydrocar ban bear.i

usi ng equat i-ofs 51 5 x
greater than:0.. 799
w Il not equal zero

ffagon > o Al aifr S nle@u mumevé vl mthersanvrs and
ot her perturbing ing :::l_“_,_. m&ﬁonﬂﬂemgemsofahm - 1.G |
sands and a l3gmt v:&hofolldi{mzraq}mnﬁﬁfor mwwﬂp@m 20
di scri mnator for denummlﬁs ng elean.water 'sand 7 .. 15 forrrat ions. . As

described above, one of-the featuresy gfxtyhez‘c)@@ﬁ qdentifi ed<0§r ench: Pat ent

is the use of certain boreh\ole= Es—fre—stae—FHee. s for the
interpretation of shaly sand? f‘gaE $ i g ZxDA ngyyaeéSyi),z]each reasur errent |
interval i s analyzed to 20 determ ne- th er mea ure

good shal e mdcator&wglmm eeffigitnts have bepneampyied, X "g "f Wi ng

g
clay or shal e i ndi ceairelatipnapafficicasis nong'}‘tg pify adicat &hemchd-mdl ved 40
porosity to tHe neubqs'dr? ede Ypair biodhi : mmwéem t he
neutron derived por{GeY ﬁcdﬂﬁaalaﬁcyreﬂﬂer ved porosr t ek n _
3) Ganma-ray rreasurerreoius theGiefr: ffi Ta pegw T eor_ 45_
bulk density, GRN sy mtind ie labiiy n meg.;dmnm-rmxam e
=1 when ¢x—¢p is 2 H
' }}?S)ly—l when SP: ;lsas:va:lablet,x a goodt;hale indicator and oorrelates negauvely
Ve pOlal'l s . )
R _ _wnh %:T;af‘;’r L;vema%d SP- is- available- -and :a £°°d Shﬂe_md‘“““’ ie, 50
‘ tive polasi Bl . : :
'50. a -SP h;?Gi{-p—ofl v:ehen GRtyxs avalléble?'a'ndv;&'eg:od "shal t
}Jég% %v:vhenAtlsavaxlableandXMnsagoodshalem_c‘l;cala_to _
' Whenanyofthe measurgmentsarenotgoodmdlcm‘s’. yawe. 55

varia al o0
- o ll)"l;r lZasc‘l.'xt ;se‘;surement interval, sweep one 1denuﬁes a best shale zone, @ zone



5) Spont aneous potential neasurenent SP, and 6) A |litol ogy depondent
paraneter, XM which is equal to 189-[err]t/[err]-1. 30 G eater
detail as to this parameter can be had by reference to U S _Patent

A |

‘These 'shal e indicators are correl at ed for each neasurenent-.i nt%t he

:1 2 ) L ;
for a rreasmdamnai:m ®kst/ sHaleNione HoRever, alie Yok

.,([erjb]/[err])[err]a

'shal e indicator in

3,590, 228 issued to Burke:on“June. 29;4:-19741, .and to the panphlet entitl ed,
"Schl unber ger Log | nt erpretation”, e 1-Pri nci pl es, published in 1972)

sane way as described in connectlon with Stage Ill[err] of

\thé pre
35

is79sg" he follow ng equatron for 5y he

Iy

descr bed technlque

Lcorré e Ot ter eertrate G—[err]

After all ¢Wss$=ﬁé’9% éﬂneccermmné'as tqrm;t hi ghest val ue
of the co ol ey b e, SRTEY 225 OF g Bapai r of shale
i NdiNcAt Or Soferaistlh 4 '__um /./5,9,;,; SQLEE! ation of the

ot hers pai radditidn, dhbé mmetayctncgoed shgle i tochiethk&dervamha___shy the -correl ation
of the bedjeasysnentdy the bt ghale;papccin de "@“’cﬁ%@? _ her shal e

ol cat o PRl RS coolllclents

f or“Ohat \thén: the maximum ISP,rﬁ;?mtxheﬂam&ed abﬁel\raluyome Sl’te: @h&%e 45 10
|nd|cator s reliabjlity 4n hernterv-l".- es varlales are: XDN=1
when [er g %ﬂﬁ&ﬁmtm iy ,‘l.ef:m abe a gooc

shal e i ndiGry, theamatinfudi ,e,saﬂae&atmuwdur .e., has a
negalSi ve [SBhant Sggtnd@ﬁdm&otuheﬁeeﬂursfedmmmhmgmamm e antﬁ a good

hal e | ndi®fFots, e

nor mal i zedndiiaopr arvudmwn loe triinffous ahe mdadtosaarbamdtrmm T- 1 when

Lerr elrr:r?é%i s ot e e e M%ﬁarm gea%.nﬁt B Lhe

variable i Q&%&h dofle, @, of the interval, the funcnon (,,—EF(l,j).s:gn(n, :
55 For each measurenent interval, sweep one i entlfles est shal e zone, a

nedwhereF’(:, is defined by equation (18 andwe

zone,,  3pomputed i) y g ). i ng | east

four®cons & o6 & mﬁ %&m wihdi ng 0 nost
ht I a

ar gi | | aceqhflesstvllaceomddeptE le@dls1 N N a nanner -esse anal ogous to
t hose of St'g%oel 5@ eﬂd&atrezohesrasetdemmdo&sfoyomm caechni que. The
[err] and bedktemined %‘LFP%H’E’&'E’S‘“‘?“F\‘“E% zone are used to conpute ninimm[err]
rér,. !N 5 addition, if theygana- ray
is a good shal e |n3| cat’ (GR,.{-.-EGR,ne |nterval the gamra ray(s9)5 measurenent in
the best shale zon |s |dent|f|ed a err] Slmlarly,_ i'f XM'is a good
_ , b Re best” shal e zopg is identified,
as Merr]... If the spont ané‘ous"“botent | aI s a- good shal e Yidi cator in the
interval, -a mini mum s r&SHedrSP. i s identified in-the best shale zone.
Howeler, if the reverse SB=SBaindi cated for the intervak6oax hen t3e maxi num
SP, SP[err]. is identified as ‘the“val ue of the SP in the best 10 shale
zone. The best clegn and (¢ &né’o)mxal so identified as in di ng |.east
argill aceous | evel ¥ fd¥eL he(dipidg)yal and the m ni nnum- grr] t he ‘maxi num
[err] the m ninum GR GR[err] the maxr mum XM ‘M err] and:maxi nmum or m ni num
spont aneous potentla [err] SP['err] dependi'ng on whether the
SP.is reversed -in Jmasﬁweﬁ& /Wnﬁemgal are deterniné¥ fromthat zone.
I n determ ning the best shale sand zédnes the.same statistical techni que
as described earl |eer¢,|s,p=p.omon¢m,g,n(1w¢t,@) Stage Ill1[err] i@used to identify

P zones for whrch the IL.ndi cators” are mexi mum or m ni rrum The i ndicators are

0 O o T L L S S e RO VRS o

. each of tisPugla cg/ i‘'ndi'cat ors bei ni .obt ai ned by usr ng equatron (17)

eck the values of GRgp and Rm computed for each measurement interval
.- the maxunum GRgx; called GRix Mex ‘and minimum GRgp, called GRgp jgin cOmputed . .
45 for all the measurement intervals is selected. Any value of GRgp greater than 1.2 45
: GRsn auin- and any value of Gng less than 0.8 GRex uax is rejected. Similarly, the
. minimum Ryy, Ryv a1, for the entire logging mterval is selected and a cutoff for clean
sands Ruvax is ‘computed a8 2Ren atin.
_ It may be found that various parameters canmot be computed for: certain .
50 measurement intervals. Xf this occurs the values of the omitted parameters for a 50
particular interval can be inserted once all the measurement intervals have been '
analyzed according to the following proeedure Fxrst, if the parameter is not computed



Then, for each zone, i, of. the interval, the function P [err]=[err]F (i,
j)[err](i,j) is conputed where F' (i,]) is defined by equation (18) and we
choose as the best shal e, 25 zone and as the best sand zone of each

i nterval those which give the function P [err] its 25 nmaxi num val ue under ..

the same conditions as indicated in Stage Ill[err] for the nost and the

| east argill aceo epth levels. Once the best shale and sand zones are
determ'ned the Z¥f 1 dw ng paraneters can be determined for the measurement
interval : 30 ¢ {J\L- : o
30 GQ[err] _GQrszrr Vo i
potential i n shal e for3 lowest m&H

(60) For reversed Spnbliterval is set equal'es’ the
(60a) -+ 35 ¢) TEL] '
(62) e) [errd

5.0)

equal to GRlerr] 4l .c
reversed SP, =ﬁP[err--i Snc : ¥ i
GRlerr] and GR] er r]intexyspfisstabpfosimate sekes for,eand 8
GRlerr] ‘cal | ed GR o [GRymepst ﬁﬁm

for all the neasurenen: G%ﬁi ‘

than 1.2 45 - GR| er'y]--and--agy-1
rejected. Simfarly, the: m ni,mun
interval is selected'and'a'g”f
2R[err]. It may be.found -t-hat - :
certain 50 - rreasurerrent mtervals
onmtted paraneters: ' oriig

t~erval can: be |nserted once al |

the measurenmegy intervals: h&y mgm;@fmm)pg 1:0- t,he f.0l |(68W ng 20

procedure. First if the pararreter I'S not c@ﬁpute
32 for the | owest ”EaS'Uren*e=m'---:-

stor 17 8P
| owest measure- ment intervalci s et ﬁﬁgﬁgf

the next highter interygl W&M&sﬁwwwm TR Sclinea
i nterval where the- @piughotdhé: inkhal foistled aore sbdnwmuquqondmsongbmdmdﬂmal ue

of the next p2evi ouéepéelevbronlth% If 2
t he paraneter -has not o ; ' s a .-
presel ected val ue of ; a,r @ﬁ&ﬂﬂﬂﬁdnﬁo&ﬁhﬁh forlthéeumpaiaﬁon In .

t he case of pararretefrahar dn B T ay,. Spont aneg 'ote ti-al:- 30
soni ce neasur 3 ments, . s oW djeest 0 “'f‘* _ S SIAusUER e >

measur ement is unrel; ;

10 Once thedmmrniss :

measur enent 10 int bmmésqmtm et

di scri m nat or 35 base# palue

the foll owi ng equat iy %“'gffl T J 5

DAX=GR[ err] + 0.65" eaav}npaqaeasqd;nMymme_nmofm

15 b) Sand di scri ni fsgreser dn) e vage.

(67) 111. Spoff aneol&rees:

SP[err]-[err] SP[ err g dhie - reppebefinigl an index value for determining -
(68) 20 b) ' 'donsofralaau nﬁihe)may b , Lis scaled to be functionally related to

'paramcter Then each time a value of I is’ computed, the number N in the cell .-

valne of I is, computed After. the. array. is complete, i

50 .50

55

a) Gamm Reiy‘s,”brg{shal es, .GR[ er_r] — a2 3

-

45 .eorrapondmg:ohsupdmd:oxeﬂectmeml numberofmﬁesthat a_parnculatj. . 45



SP[err]=[err]SP[err]+0.8(SP[err]--SP[err])[err]
(69) These val ues of discrimnators can be used against GR and SP
neasurenents throughout the interval to select nore depth |levels on the

hand and cl eaner 25 - depth levels on the other.

25 During the second sweep of the data, the default value of cli
resistivity REC and nmaxinumresistivity in shales RESH are ' co
These paraneters are com puted using a general statlstlcal tech
IS alip utlllzed for the conputa_hgqsgf ot her

" Let HS-mow—dite Ot st O TreTTe O atlstlcal

" techni’ que W”‘!&C?f%}:@dr’@d %Fﬁﬁ%l%“ﬁéﬁl"

- value of g RMREVEE @05 H,S fdrShd bibdy tig!

t¢

| east 5% dprmatiges,as

g rFtt‘h@e\%‘I‘ﬁfé“‘Bf e ﬁ‘&r‘tﬂr cul ar par anet er
and the: n uetdfflf‘esaﬁﬁé@’w&}&néﬂ@ﬂ&aﬂfdﬂhex}) g;b@gﬁyrs Wi thin an
i nt e\r‘VaI Qf frdqiidn€y Srfaly afidh Contpati ‘This can be visualized by referring
to Figure 13. In Fig. 13 a valu I represendng the paranmeter plotted
al ongsgt he absci'ssa™ai dt he nuh’ﬁgr(%““‘? N-35" W‘?at a particular
dieakal gm;hg Orhi Rahde Since the 35
t Ot al nurrhﬁmlméd |oints. |s .al so knownt he mval ue. deS|gnated J[err] can then
be ascertai-ned.: I[err] s t- ..".-I-.o f?ipq _baéue of -l -whi-:ch 1gaves at |east 5%
of the total nunber pl otted PUI wotg-§ prow ded add¥'fdonal |y that the
nunber -of merx,ﬁn Rlihd ARRLE CAB: f&qi,pm“;,@{,&,]mltﬁe gﬁeater than a predet erm ned
val u® Sini | &fsing only @lmserqepd:sle;ellhbk \pesc réspasil o cldan 1Q eaves at
riagypre Ji {COMPIRS ors, the paramiter 40
Al ternati\ﬂ@?"tfsqntpg [adFeye qycag;qy d‘fﬁ?‘ﬂtﬁ‘ﬁdﬁ ng a frequéncy
array conpris |ngapluraI|ty =Hs=wi th the val ue representing an
i ndex val ue for det er i Ai"0% AS-9(Botdivdh of a cell |rf~0ite array. -
Pr ef erabl y, I's-.scal ed-t.0.-b functlonally related to the paranmeter. Then
each time fa‘%?ﬁﬂ"ﬁt pginty: %‘”&‘bﬁﬁ g ohinber ‘N-i-n-the cell 45
corrgspondi ng to I is updat edigeos, reflect the total nunbeggpf timps that a

particular-"45 value of | is conp uted After the array is conplete, it can
be scanneof%ﬁbﬂ s des el W@H&Wﬂexﬁ t he paramneter
cor r espond® W%ﬂ% ¢’ﬂe’§| & X[ err] and Xerr]
respectlvel Yy, can be ascertai —dﬁtmpl ng now to the dgterm nati on RESH
and REC, the val ue of t he forrra- 50" t|on reS|st|V| tte/‘ Rerr] derived
for %apth cOpHTe for ions is

Q)
used“conp Py umpefaraa yetkrsy 9’ ﬁ'f@‘ aII e data in
the i n‘terva&:yhﬂ&vd)eme 8 b’ MéhsuirdnRhs Jaredy %ifach etemn ned.and REC
and :RESH &depthdeyehin the tmterval,arunmn  sum of gs.and ¢, SRc@dcTPn 0115

Xe themtervalhavebeenoonsxdened 72
\(/\/nEare X[em E['ﬁérrl""torrespon eto'ﬁ"us" ‘mtpuﬁésrr] at the c<(all)

sl ocations I[err}- andl[err] Te 1uisof the callper neaggy enents in shale,
CAL[ érr], is corrput ed by b frequency array and conputi ng t he i ndex

. as: 5 : 1=5(CAL-5.7) .

* (73) 5 The mi-ni n’um I §Zof¢NI I[err] for.-t he &Wﬂy S |dent|f|ed
and CAL[err] -can then be COW dNas:- CAL{err}=0.2 X errl+ 5 8.

(74) wher a'hX[oanpa}:nonscotrétéon/httote:smﬁchAL for the. I['e"rr] I'ocation in 'the

‘array. 10 Usi ng only tho&& depth levels in t he measur enent

interval corresponding to cleards ormations, as detertda)ed by the
previously conputed discri thathrsAvr he parameter [err] is conputed by
buil ding a frequency array with the |ndex | conputed as [err] for [err]
S >ler¥ ie B compe '@éfmocﬂ@aw dévicn GFRE) is viellized to obtain 30

1 =100 [errFoae %’ Sor mwmm(‘i%m d°“"°‘15 for

o 5109 Lot oy o somion mﬁe%aam%% mmaf? 500 51 e

~int er val , dK[ther bt}rebbrdt dfl h dﬁmnd joad. I‘Thel\ﬁlud:edf retlal err] -
* com rafiosg g e o ok 35
compth ed Tk ot ot e ene )

ﬂ zeto.lftheApreadmg;sconslstentlyh:ghandxsabovezeromfrontd

- ghales, tlns ~signifies a ‘miscalibration in.the. FDC tool which must be con-
slduedwhendenvmgthemputparametemThedepartureoprfrommcanbe :

40 -...expressqdnazeroshxftopr (ZSDR). . - 40

A Tocheckthcmmxmumvalueoprmsha!eformanons,afrequencyarraylsbuilt
_mrhmdexlcomputedas S

-1=mo_. (Ap+0.265)-_ o '. L (81)



Next during sweep 2, the conpaction correction for the sonic (CP) and the
shifts 20 to be applied to density and neutron porosities (ZSD and
ZSN) are conputed. A . 20 conpaction correction factor, CP faor the

soni ¢ neasurenents can be conputed for every int erval where the sponr C
measurenents are avail abl e. For each clean water sand depth.level inn the
nmeasur enment .:i"_-nt , a running sumof [err] and [err], [err] and [err]
respectively, if2dmputed. When all depth levels in the interval have been
consi dered, -t he rage of [err] and [err].---.p,; the N consrdered neasureng{rt
is COITpUt ed e 3 ; OBt o ¥ 240 ,

When a conpensat ed fétcnllrshahdnpthdmbrm yndea;' engy i
obtain 30 neasuré?r&xt'&Wﬁﬂit‘l?‘d\‘F“& S8 :

of the density derived porosity [erngka:%qx;]na@@t act er Lerrl. @ps
automatical ly applied to the rreasured val ue to conpensate for errors

i ntroduced by such Aoomthblvelucd AADR idicat  ghuat the hifkedensity gohas decs qyer-cpmersted
borehol e or wéi ght f’-‘!’lt bl Gobragd vaieh b8 B o aMQﬁt of

shal e 35 for ma(thhqﬂg sl " :-' 8 @ﬂuﬂ%%’el ght
shoul d average zer Qnd ¢R..y, respocth

the mni mum val ue opquired:r W, .
reading is coWsi st &M A7 4R ‘?;g 10
general |y signifi egegthieveiCal-DF : el - whi ch nust:.:be con-

si dered when deri ving the: |nput pararreters_ Th ‘dépar t ur ¢ of - [_e_r'-’.]p ‘from
zero can be 40 expressed as a. zerd sfOBByof [err]p (ZSDR) (83

40 To check the mini num val ue of [er*‘rk]:p‘---"n l&ﬁal e formations, a frequency
array is built with index .1 conputed as:¥1=100 ([err]+0 265)

(81) ° 1,457,759 fuereaR) isSihelisput] @qhichof! Ry fir Thd memarrmaiﬂngnﬁena leedl ol . The
val ue of X[errS] comtssqgo'ﬂmﬁgﬂmh#[@lp']mﬁesﬁmmwmdw@ Y nterval and$

ZSDR i s conputed as .ZSDR=-0.006 (X[err]-2 (82) A
negative value of ZSDR indicates t-hay, { ?. k densr ty [err] has b¥en
over-corrected 5 .- by-«[err] and-tha densrty ‘derived porosity [err]

[err], [err] and [ert] (the wet sand¢n v derived fromthe R
neasurenent) ‘designated [err]D([err])
respectively for clean water sand-le
are requi-ted. Therefore at- every dep*ﬁ f se

is too low To determine the shifts 25D ar}_d ZSN, “ the "aver age val uzg aof
ﬁw r
r

é] and R[err]([err]) _
Rthe entire-loggi ng |L§®erva|
,'e-spondr ng to a cl.ean water

sand, as'.10 deter Sel [,m[.;grr] L
[err] and [eps] d _ﬂggﬁ mm% "k & - thie ; actiadt Jitieolgy W thy are20 S
conput ed. [err] R erféduitich, deaput ed". at each appropr.r :ate depth | evel as: [err]

depth level of 15 . .int&pew)~VcTmin DGL(IM) NGk "t Min pTNe ef?)f cl ean sand
| evels in the interval: 15 [érr]. the bul’k Hensity and neutron
nmeasurenent are m'W]VQLﬁtEWt&WMoﬁ@e c!eanstrbaﬁﬂﬁitﬂétiomd in
conputing [err] ancbxévmnﬂ]sdmdbysmm dndysth@o tregeolbgidaheshditions;ofwatfteand 20
[err] where: 9% err]|dnosavt #re y QFAE it {the Fpeatupeane I

the formation prevrmwgﬂ erined o DX ding to

geol ogi cal conditions; [err] an err"are'the average [err] and
[err] over all the .neasurement intervaksaneemput ed . 25 fronf88he
prelimnary val ues err ned during Sweep L If the cl ay
content of the cIeaAeg?‘ll%g ]“?'%ﬁ‘z‘%ﬁ%bﬁ‘ren [err] A variabl e [err] can now
be defi ned as [err]

where Rlerr] is the |nputgval ue of err] j?r th |n£ rvaljcontal ni'ng the

' rov:desameasumofhowfartheaverageofthe@and% tsfallfromthe
Aclf:‘azl:sanr:l liné. Smcemcleansands,theaveragcofthecpgand.ﬁnpmntsshouldfall :
‘on or near . the- clean xddm, the: value of A provu:les measure of the cahbranon
: error. of the neutrori ensity measurements. i .
35 .. To check the calibration error, A is: computed equauon (89) E Aqs aquals _ 35
2ero, the calibrations are ‘assumed t0 be ‘correct and- ZSD-.-ZSN-O. - is greater
than zero, mdxcatmg that the ¢pavis $nuw pointis above theiclean sand hne, Ag is
-recalculated assuming that - Vouay equals zero. This: is equivalent .to -moving the
m-,, $puv point to the right on the ¢$p—¢x crossplot (Fig:. 12) parallel to the shale

40 If A} is now equal to or less than zero indicating that the ¢xuv), $nuv) point 40

is on or to the right of the clean sand- line, the: calibration of the neutron and density

for corrput at'i ow '

fbr clmnavabomﬂrtq\réldmvthngmadmelmvhmt | ons, -

intervals; computed | 2

M %(Av) ¢N(Av) VCL Mln[ NCL(AV) %CL(AV)] L?ﬁ) 3_0'

ol




[err] provides a nmeasure of how far the average of the [err] and [err]
points fall fromthe clean: sand line. Since in clean sands, the average of

the [err] and [err] points should fall on or near the clean sand line, the
val ue of [err] provi des a measur e of: the cal.ibration error of the neutron

and density measurenents. 35 - v G- cheek the calibration error, [err]

I s conmputed using equation (89). If [err] equals 35 zeros, th
calibrations are assumed to be correct and ZSD=ZSN=O. | f [err"] " ter
than gero, indicati ng that t he [3%;9 [err] p0| nt is-above the 3¢ | sand
l'i ne; |_c1‘l S |cu,a| cul-gted—assurmrng - that—

equi val ent Xt 111

gsspimes CTT cuaralzb'lu —TrS- 'S
Tt e T

crosspl ot dekitich onlvhi : :
equ;\r’to ahekeks&mtohdm tparmscatllozgmilisatnaytlkm[pplieﬂ]a oahift|to poi Nt 40 is on

gr tétthe sith Hb:hewlﬂ?'rty@d ‘&&’Hﬂ REUEens. &enwﬁﬁm%w sqfs ﬁt’ge neut ron atnd
ensity or utzemshnfthasbeenap toeu:her neutron or densi 5 measur enen
s aSSU”EdmaPEhE%Gﬂ:d msp[bed  10%eGR eftbr AL delliep. - then. it is
assuned thpdmmmhmbe geﬂEbyIZSDEb tile/ inpit 26rdl lskiiftBvaé appliedi tBCOr rect |y

; cal i Wrat ed'#x t@#ntth%assimélthny s memrrmal s i Morrect is
made as f off™ ?%qtﬁm% Qg‘v?f *maraneiers, the log
anal yst nmoge RaMe. ] ”{,‘;"};e:f}‘oé ,Jtﬁ,dgeutron or bul k
densr ty mebysassigning it weight fo Iaaqwtwhshbduldshmecaeseapp oxsemasntmh 5 |ncr ease the
dens!x w?% sity and decrea & t e ne or gsi ty. preasut®nent  or
if no | np }g Ao .‘ TR o o ﬁ n or density
MEASUr ee Nindcil@ Rofded "EG ' dﬁ'-'prﬁrVQ Wﬁst (u}s,sassumed to be
in error aﬁﬂmmosuetn nt.;ys Sﬁx’iAY) E‘usthebiemdaa folsiog eer]. | a

negaf® ve | °f the midisno i APut zero
shift was @p,p ,ﬁ’?gp %ﬁ,f"nf;’ ”‘ ror and a

g to
10 zero sha pd _ te@alappjsserh?w@agi uw;wo Efa r05|ty val ue of

[err l%eﬁssmﬂzemfthmmw#gHMﬂwhegrﬁmrr] rr] point
fall i# 75 £qual tp 5~ Aeif. the ejght Gf erter fan pocsrcepds o dehgi ty or
neutron is | Redibn X6 deily Hobadretded five bOa ldBiEdkiied Whi ch coul d
have causelﬂeeompatei!bﬂatofm«ﬁboéor@ﬂedeaﬁdﬁ&o ; nmeasur ement .

» 15 The error factors consrdered i-n"wei ghting of [err] are: (1) was an input
shift applied to [err]; (2)cpS th‘é‘“ﬁ’eutron measur enment . c():{gofl de wall neutron

. porosity -SNP not. rrudcake corre i s the m ni num- or all intervals

'Iessthan09and (4); |s [err closer to[err] thanto[err] For the

[err 3D measur rFP whé®her ZSDR

IS negat i Vg ges {?% P“‘g ﬁween 9.5 and 12
pounds; (Z)aqunbeit&edls isel;{g] |s c oser to err ﬁan [err] and (3)
whet her a err

Com¥es" G %%tt%ﬁ Bf‘ﬁmg;@&%%ﬁ e

-[err] .if tthev por (TY0the lr;al@eeﬁt:pa,ff more t han t he
wei ght f orthmel09g; or 2 Dh? @GQaﬂmrtbS) b}]mpt[ethahéofby%el ght. of errors for

[err]” excegdsy. ::,, e B€ zer 0.5hi ft of
neut r on anefect hﬁmwmwaﬂw% &&m;@gﬂ. éJ-' Dput ed val ue of
CP can be 'B@rpnmnsdot'athcmoubed dten]coxﬂﬁredthhthe aram 'enheorrputr ng-

' par apet er SeroPaRsPtYe W%P%‘%MW&SOl erval s
havithy si RS E8 “‘rzﬁ‘f‘"g&éﬁ %ﬁwa%&a%tﬁﬁ&aﬁ%@g%m' ng bt

e iNntervals c:v:ﬂﬂasmrﬂhhem
.above- mentl ﬂﬁpﬁa @ash!ht r ovo freaency sraysateohgltaonposm bl e. The
fol | owi ng “eFpands @%@W@“ﬂgt%?ﬂ‘ﬂh@“q@d%m@ﬁﬂs’écut ive intervals are
a__3__5 50 drfferent (1) the IW;BLEF&J §/¢Ng<e different; 9B (2) g@rr] s are
-different; or (3) the values 35 of X SP or XGR are ‘different; or (4)
thf sl0p]§s""et°' wnedgﬁ%epﬁopﬂbeb njodified) by the hif amz&N ‘%ﬁq o][ [5) ithe
val ues of b el Tl z:ﬁ% g Harsse 'i‘?% of [err
di ffer by isTconfpu %or ( va:%%es ¢b%‘ g%rore than 10%
or (8) the-functions (REC [efé‘]é’l 5)° d}f—fer by . more than 30% 40°

I'f tkese tests dre passef, b uhsgg Lve interval's are(®boupedshy
conmput i ng 40 ST A4




average paraneters for a new conbined interval. These averages are al so
wei ghted to reflect the nunber of neasurenents used in each interval to
conpute_the paraneter. The paranmeters of the grouped interval are fhen

conpared with the parameters of the next consecutive interval to determne
whet her the next i terval should al so be 45 grouped into the previous
grouped interva 45 Sweep 3 of
this programi g Q1 .xecuted First, flnal values of [err] and [err] are
conputed for--all tRe i nterval s |nclud|ng
only depth | ex@ls- 2 oSk
are built. One corﬂBSbDﬂd
and i s conputed as’ F"SG;‘.-'. LAy |
85" i from ¢ “ﬂ.
([err]/[err]) *Hirie it that position is
optlonally nDdlfled by e sh
sweep. : The ot Ber ar;
whi ch passes throughgggg”'*‘“'“
of interest and is. g 86 585k
1,457,759 At -the enﬁwdﬁmﬁh&mmﬂ#buﬁat
each array is deternined- For “the i [ a )
the shale line (Fig. 12). CQunterCIQCkCL;m.

of the:points are bel ow: the-dine, : . The s[omnéﬂ!'the'ltne at that p03|t|on is

conputed as: ‘b _ o OPE n.(Q. 01745_,X er: FlL Y “For thes
second array,l0thi s cor’r’"@- (?54’1“’8’. '\/B‘f‘%ﬁ f?‘t’%ﬁq& O b‘ -:;,_e wat e(r?o
point until 5%of the’p S:are -t I % D% i A pararreter XCL
representing this Line:i TI(ﬂS)vaI ues:

of [err], [err] can ‘be €0
10 [err] (96) The har ut.ed. next... . 9“5)' '
acconpl i shed by bwld ng a frequency array: fqr:s. ale. p0| nts V\Ath T he .i-ndex
comput ed as: [ err] =Af {"Fie haideshale p Mbmnuteﬂmtaﬂiﬁsmomﬂdteébymal n the
measur ement i nt er viafrequontys piray- fposshafe: peiptswith ghe Wﬂ%@éﬂonds t0.scdnning -
the [err] crossplof . fromleft.to.right w.ih _-.;..ljte ptvoted at: [ergé)untll
5% of the shalse points remain to trhﬁioolf—‘ INERQ ) i-nei The:i nters i on of
this line with shale line gives the va 'd%xo?M{‘Xe. ]* whi ch can be 20 |

conput ed as: :sbuﬂtforanxheshalelevelsmthemcasmmemmterval, Korta i
20 [err] where: SLHirimed Mhis SireRs izt o sl o

NG a0eW y gr ouped |nt er vaI s. Using = -

2

*

d:gtaaglnbdthe AI SO . -,

of interest is the a:hmm!mtsd _ ferent .
met hods. mez@.’UCh ﬂ{;g § Y ) i ',__;_"Wabteer ’
resistivity T Rer ed i .n.;C'I'.'ean.,-s- """'evel-:s “The nvalue of

Rerr] is preferably corrputed fromthree 25)(mmr05|ty rreasur el
[err],[err] and [er]::by.: Utlithh@hthee twu€

i ndi ces are conput €dat--each sand deptH
terrperature conver$1 on fact ar’, [err_']-'- :

i nterval,

dermi ned and’ fg{err].- . y- g o) R, ¥ &

(103) pomenlb measuzements, and hy uuhzmg..three frequency arrays. Thus'-three
mdmtyare eomputed att?chwsand (tt;th level SRS o

725

T w0 (125 :ﬁs’ RE)+35. 30
_ where Flsatemperatureconvexstonfactor

where: TBMP is the tperature in degrees Fahrenhext at the depth level of i mterest
At the end of each interval, Ly and he oorrespondmg Xm. for each array can be :

35 . determined and Ry oomputed as: o :,:."35_

R,=¢ [0115 (x,,..i—ssn - (103)



37 1, 457, 759 37 for each array
to provide Rerr]([err]), R[err]([err]) and R[err]([err]) wat er
resistivities conputed fromthe mnimum of the apparent water reS|st|V|t|es

interpretation program . this programcom . 5 putes a val ue of RLer

derived fromthe density, neutron and sonic neasurenents respectivel
Al't hough the val ue of the re5|st|V|ty of the nud filtrate,
measured from5 . sanples and is available as an |nput RL: any

from

t he ngxi mnum of the ' apparent mud.,f, .} pate resi st|V|t|es n clean
“sands=6sy s - S 'b Rw ted___rrayls
“bui It wi t hier -.,,1'9?!0 fdrar R{«band] Kés)cWLmi!dw me“

10 R err] =yt g "PP”"'“‘V:E‘E':_'”'_S“W“SMW‘! the densif)BeYt¥R [ or 1] | ess

than{err]’ ok hOmad ﬁg,g@,akne'r,smw 8] Where: Fis
t he t.‘errperamplue dmmhblatas ﬁrmﬁtﬂmdﬁlyxﬂt&pretanonprmmlﬁﬁiogtmb@g equaslon
(102) . Af t pigtes yalieiob Rgqfrom theomigi of the: Sapparent {pond cfiltrdts. esip 15

i nterval Hgye }-S899R, QYeg dheotive) Ipgging fnteryply Fo, ,,ﬁ'@t yX[err] are

det er m ned: and:s-, err]=e . [0.115 (X[ err]. 30)]

(107) This val- ue.of:- R[err]l—M;ogbéR&L)Bémtut ed for ‘the’ rcmﬁsured Rlerr]. The
val ue& of “[grrl gs?or%t&p ‘err}* have  beenh -conput ed based on the,shaly sand
20 Y E]'e g f'sh 1.he af orenent.i oned French Patent. |f.the actual
structure of the 20 forntlonmg‘ﬂl,as Wnr errent |nt erval (uosgler |nvest|gat|on
departs- frtsmb:tvhmthmd@t ~ errors:can:ari se in ‘the corrput ed. val ues of [err]
and [err]. In~® partcut ar’ it has "beentfound:that: [err] 's sonetinmes too | ow
because no pure clay is present k] &be bng rval or that&’%rr] is too | arge
because no hard shal e ig presesk. it He’Pndefval . There t he
conput ed val ues of [err]m"[err] ’%nd I-8rr] are checked.

25 As a first, step, in detecting. and correctlng p055|ble errors, the neutron
por05| ty aforttﬁls@qulyo@qur that) @i W f 'mﬁf_gcm-he cl ay point

h ll l—l ) Il?
equal to .20 and t hat amai:euﬁonﬁ (Kﬁ&#—]m)j ess 30 thon 0.d¢nis very
unli ker iﬂgr f-ore.. if - s .]ess. than 0. 13 |t LS. set equal to 0.13
and Terr] TE@;;;‘ g T8 B, Sibpthed eineiha)
.%

[err]d[err ?‘r%)g iy : 9"‘9 ) ‘ r]=2384 as
fol | ows: m%% I appr oxi mat el y
Wwher e:

35 Next, t"'

and tot aI £150f3. gan; dzise incthe epmpnted yplues of Gy 'lh r it hpdebnenl s conputed as:

[err] . hat duor, f8 sqmetimes fog Jow f'. c‘j nocpure @y if, preseat in gy . ] i s reconput ed

usl nw Equame g “.~ " e -__f"_\_q - ’l‘“” ‘” . A .9 -. & . I t I §5 Set equal
to 0.2, vomputcd . A e L R [err] and

-+0.01 and.-.tlioe.ona]

[err] i r the Sy solieidy Wr@ymm«m&am keaverags now r econput ed
usi ng- Equaﬁ“'g%mr‘fggtdf PR Wi han 0.3, the value of [err]is
suspected of being in error since [erri_m,‘s ‘been set using a 5 .

reasonabl e val ue of [err] .¢xSFheel. !Er-e]—rm—y—be nearly equas)to [err] and
rarely higher than [err] -a check.is melde$meio det er i ne. Whether Terr] is

Mor €36 han : §.iiinotk Bk G sholidbe b xlmteiyéqaalb%zo[aﬁmt &t.p,,. al tgg[err]
“"“%‘ﬁ ’@l fS

111)
¢m.and¢ncxaze1ecompumdm mgto it e

.0.22 .
. $noL= - —— : (109)
1—0.78 SLOPE
gp=SLOPEgwer . T . o 110
35 where: SLOPE has been computed using Equation (93). o 35

Next, the silt index, SI, which is a measure of the relative amount silt and total
s_lmlemtheformanonmcheched Thes_:ltmdnlscomputedas
A SI=-—————M——- R TR € § § )
. $xoL PR D S
If the silt mdexxslessth 0.5, - the . value ofm:srecomputed using Equation

40 108—110 and if ¢ less 2’,1t1ssetequalt00.2,¢mrecomputedusmgd1e - 40
equations:



10 If SI is still less than 0.3, the value of [err] is again
suspected. It has been found 10 that [err] may in sone situations, have a
val ue approximtely equal to [err]. Therefore, if [err] is equal to or |less

than 0.3, [err] is set equal to [err], otherwise [err] is set equal to 0.3
which is th_e maxi oum expect ed val ue of [err], [err] is then reconput ed :

[err] 15 [err] is reconputed using Eq. 60 where: SLOPE is
conmput ed u5| . (93). The silt index is now conmputed once again, and if
it is still han03 [err] i's rmdifl g]}lg; settlng Sl equal toOB&nd -

[err] recorrput3 Lerr]

manner, [err], [err] [err] aﬂd err] aremﬂ!ecked and eventual--‘--"

for all the new i ntervals UNext, ¢ -

[err],[err], [err].and [err] obtar neol-.}

ef fective porosrty,[,@ 1.i¢: R Rking R

for each depth |evel*- msihmdd:eisenm evonputed uvigg Hqum i

Referring to F| g. #Vﬂﬁ?eqfﬁ';‘s“ " 2 Bliy; J

Fig. 12 whi ch3has B@Eﬁg . % “T u@guq[m[ chee([,err]

and Sl -are then corgyg Ja eﬁda?ﬁﬁqb ﬂ mo gratri thmﬁuv\liuchs,area
i ; | B3R (P8ing o Nt

isinarea 1° %bove -

Vlerr] is setl equal 4

"*"”?""‘:tﬁwarouk@r 110
Lerr] 1f the point i

t han ([err]/[err])[te|0r3]
equal to one and SI is set equal to zero1 Bﬂ@r_r
[err] |slessthan[err] Sl is c¢ '
[err] and [err] SI is c_orrputed as:

the right ofl%he \/\‘lé‘dl e e e doiik Tatid i t S stAl IGOHMGH 0.3, Yryeh, i
-(1-[err]) [err] ang.die %SI&I@L_« )3/ kndl el redmpiitedyel ONgi T “to area 4.
For points in areas’ 4 5 and 6, ‘400 he fol I'owi ng telati onshr(Pﬁ) appl y:
[err] 39 Pemo=0.7 Pyan - 1 457;759

39 [err] where: V[ efrdie fade %eper.weaﬁ,wm mdawmm&vwmm The
conput at i on ofo V[ erfof all. ﬂﬁde interdals k -of K $-4, 5.7 and 6 i ' :

(11/[\ |n fhn SR

L >3

=n?d;f|ed 20

w2 Othidlnisepil erFt]eqnl% | ess
t@‘#{@r‘%‘h“\/{e@ﬂl’]’ s set
)IS greater than [err].
: : 1; If [er r] (113) bet vveen
35 1—09 (l—d»m) SLOPE : _

[err], i. [err] 5°"“‘°‘L.
set equal “to V[err]* iNld
cubi ¢ par &bol 25 j 0i NgHEs
[1-V[err](2-V[err]) kst
and for [err] greatgt T UaNptve the e sand fike! fel g, s Breatkrhah Qy, V.Qls'dt Squlal
Sl is conputed using f&mphdusRBBq)12T &l The ef-'aul*:t value- of cl ay

put _ .
resistivity, REC, can now be recorrputed Ui ng: fhe val ues of V[err] s| and

[err] at eachsglepth |evel -identif |¢‘ed= asshtgzer buZ)t he shal e di iélefr)l m n- .20
ator, the clay reS|st|V|ty I S conput d

20 Iithepomtfallsbelowdleshalehne,arcaz where nlslessthan(m/wm,)qsn
.-then ¢, is.set equal fo zero, Vi, is.set equal to one: . SI-is:set equal: to-zero if ¢y is
,':mthanmﬁw:slasthanwmmmputedusmgm 1117 If.pnls

wcpandeIlsoompuwdas _

35 ._31_=1_'.___..-_._._ sl o (1.16) : 35
Forpomtstothenghtofthewatet—clayhnc(area3),¢"1ssetequalto
"(1“‘4'n) .
"4’:‘{01;
"¢nc1. _ o
andthepomtsarethentreatedasbelongmgtoarea4 Forpomtsmareas4,5and6, _
40 the following relauonslups apply: - o 40
qhim ¢\ ¢ncz. ) .

oL :¢'°-._

¢ucx.—¢nc:.

¥

3



[err] where: Rerr] is either a pre-selected value for the interval or the
value of Rlerr] conmputed in sweep 3 fromthe neutron-derived porosity
neasurenent using Eq. 103, The sumof the clay resistivities, [err], is

I'-;

accurnul ated for N depth | evels in the.interval and 25 REC S corrput ed.
as the average clay resistivity over~the i nterval: 4
(124) A statistical approach can now al so be used to conpute. GR[
GRlerr]. For depth levels corresponding to shales, the sumof th
nmeasu, enents, [err] and the vollg 5gf shal e, [err] are accumnul ajges-
SimE ' 30 +evets—the—sumof—tte—gama- r ay
rreasurerrents [err] and th Cvolune®sT®shale 30 [ th are al so
accumnul at ed. ~“For each |nter\9'aT t grage: gamma-ray measuf enent and anount
of stdle for the shale zones, G[?r%'] and Verr],-.respectively,. and the
aver age géawhee: \hywrmemmmtaﬁdaamtniomrﬂe@oﬁmﬂﬂmef ¥and zones,

Jerr] and“‘?/t%‘ogrﬁf‘ r§° b1c he gamma-ray in
sand,s GR ammv‘;,‘e(y Tvgh set Eaik ﬁ‘g‘&‘,ﬁﬁ& &p ted s 35
as: 40 gmiﬂmh«a;bmbm Joinixgt gar.S and e, Beags DALI M can now
be re-cal mdm rlg-é’qélﬂ'r&nﬁ 66 and 67. 5 .. ... JAssinilar approach
is used td"’t%'rrpute the Iinits of ‘the SP- méasurerrents SP[err] and SP[err].
Wth S[err] and VS[err]. represent| ng4, "e ‘average. spont ‘aheous potential and
amount of shal e of sand | evelVa=tWe —nterval, SP[err] is conputed as:
[err] Wth S[err] and VS[err] represémar ng the average spontaneous

potepii al t shale for-'shal e | evel s over the imterval,
SP[e{rbr] |sf§€gr4§ﬂfl%mmo'w "+ 10 [err] The reS|st|n?/|ty of
water, Rerr],:can now be. YM&DQU $ddiag the. SPlerr]. rrezﬁlsla)rerrents Either a
prea'-sel ect u e resisitivity; Rerr], -or:-the value of

Rl err] corﬂ“xgﬂtéégﬁs?wg“éi&m é@? can be used For a known val ue of
resistivity . of nud filtrate, the 1% —Toncentration of NaCl in the nud
filtrate in parts per rriIIi\p =tlrre PPMerr], & 15 be

conput ed: For Rlerr] greaters thi M{De_r] and for R[err] | ess than 0.3
[err] Fromythe; concentration of - NaCI |n the mud. filtrate, the Nadl

concentrat! in.the formation. water PPMerr], can.be corrput ed as: [err]
wher e: GRL[err] ‘i.s the: concentratygn: of  Nadl .in.water-+n-grams per liter
conplted as: [err] 25 and GREfler e Nad concentratr ‘¢2tof nudliiltrate

_and granms per liter conputed fron'®PMerr] as: [érr] Flnally I f PPMerr]
s 1ess than mully mﬁaﬁrmlﬁaaowu%mmn&hum ,

[err]
vOL
1—- Sl

The default value of clay resistivity, REC, can now be recomputed. Using the
values of V., Sland-ﬁ.ateachdgthlevel:denuﬁedasshalebytheshaled:scrmn—

V= _ .[‘122).

20 ator, the clay resistivity is compit
o ... Ry Rg"‘V;h'(l—SI)” S
R,—125 ¢ R/(1- V.,.) :
where: R,.,lsextherapre-selectedvaluefotthemtervalorthevalueowaeompuued
in sweep 3 from the neutron-derived. porosity measurement using Eq. 103. The sum
of the clay resistivities, 3 R, is accumulated for N depth levels in the mterval and
25 REC is computed. as the average clay resistivity over the interval: . - - 25
5 R . . :
REC=— - P (124)
N .

A stausucal approach can now also be used to compute GRSD and Gng For
depth levels corresponding to shales, the sum of the gamma-ray measurements, 3. GRg,
.'and the volume - of shale, 3 VGg;, "are accumulated: Similarly; for clean. sind depth
30 levels the sum of the gamma-ray measurements, = GRgp and the. volumé of shale 30
3 VGyp are also accumulated. For each interval the average gamma-ray measurement
and amount of shale for the shale zones; Gsi and VGsg, respectively, and the average
gamma-ray measurement and amount of shale for the ‘sand zones, Gsp and VGgp,
respectively are computed.
35 The gamma-ray in sand, GRsn, and gamma-ray in shale, GRsn are then computed 35
as:



and if PPMerr] is greater than or equal to 0.2 Rlerr] is conputed: [err]
The value of water resistivity can also be conputed for each interval using
the 5 ratio of Rlerr]/Rerr] and the value of Rerr] either

pre-sel ected or previously conputed. To- =~ 5 this end, a- frequency array e
can be constructed vvrth [err] At the end of an |nterval Xerr]
correspondi, n is determned and R err] is com puted as: [e_rr]
Once all of ™ t ters of interest have been conputed they can be
printed out. unched cards pr ovi di ng.&

shaly sand i nt pret a- -t on-can-be-auk 4P 5t .
inthe art. Turni ng .now to. Figs 15- 26 there aerns-I‘ﬁnm corrputer flow -_
di agrams far carry- 15" - i ng: SR~ ¥ V though"t he iHoknti e OQJ
could al so be carried out vvrth an analog 15 e?V € lbr specr al pur pose
computer, it is particulark g advantagedus te_' wpur-pose-seonput er
programred according to the pr . o o é1286)1 '
herein. The programtak'e_' )

15, there is 20 . qn.Shoa é\@ﬁg _
i nput pararret ers, R[ fidtibnsH6c4nd | 67. 20 and V[ err] “for the f i :

measur enent i rStervaI aﬂrsmila! mmm@qem#émddheﬁb dsprome! g5 8P

t he measur ement mt%‘t’}{%i’ % ‘gﬂ B¢ "';"}af.,"'aiv : n’r?f‘ers
[err], [err] are conpu ed usi ng vvel‘? ﬁnown t echini‘ques ock ‘46'. An input
zero shrft may be also applied to [err]- arSdn[err]at this tine. 25 :
Next as represented by block 48", Shs ‘and ‘sum squared f(W)aII
caliper 25 neasurenents in the neasure nt s’i"‘nt erval i's comput ed. “Next,
deci si on el enent SGW,ﬂdgthemtvs;p,Mnh@r drds - sk -“ugi,o;{;ﬁmrgndwrungr nq
too rapidly by applm@rmmmmhm@mhﬁfbampt@ shese paraneters.
Fast-break discrimators are used thrqﬁhh ut,, LF rogram ‘t'6'déet ect rapid
30 changes in data over srgl L depth $* Data obtai ne@aday oM

t hese depth levels can: 30 .be unr el i able. amg, therefore i-s elim nated from

consi deration. As an exarrple thefat-;brekd|SC|mntor investigates .
the foll owi ng two. Y : s by, UG, %Rv}l&% depth
' mudﬁltrate, ‘the

level )-[err] (previ v'- 16¥ OFd 3l u'%f o
[err](at deptts | eveim)outta favamapmhduemaubebw)pemmm JO°LPRM.5, can 15
35 (previous depth Heeﬁ\gg!l’%e ‘f the mag%r tude-of--[efr]: at the depth IeveI of’"

i nt erest - exceeds the 5’1““‘[’ t ‘the. next |.onest depth | evel--by nore
than two units and .it exceeds. the. val ue:.of err‘]eﬁat th .depth  Level next

bel ow the previous depth | eveppyp 5t’ﬁ’a’n 068 lG'mer) “tH#parameter is
40 . considered to be changi g too rapi dl-y and the data ‘at thes-depth
|l evel of interest iad440Rg] kschmr@®®d. |n addi ti'on, "deci.sion ‘el ement 50'
asks whether [err] is less than -0. OI or greater. than 0. 45 or whet her

18 ol nput par arret ers for the

*

[err]is less than O. Leor Wnether [er 7greatE$G9than ([err]+{err]) | f 20
the answer is (NOthe programm,,o .eed to de %Ia; Ieeaa """ 2. which: .
determ: nes 45 ‘whet her the™atio [err]mferr? 7S Iess Yhan 0.7 71 the
answer is NO, this Figfli @ b@tentrtdh of NRCI-#5the ahid flitfaced] tici NUEY cdnbaitunibn Gh-@#n sand
formation and R er rfprmationwargy FPMl canche cethputedent 1+ 1“evel - using” equations 51-57,
(block 54"). If the answer from decrsron ement “52' 'is . YES, . 42 :
1,457759 . PP A2 Rrerr] s -set.'equ@h §0 a
predet er m ned val ue for exarrp,._ -e;‘ 10 hiomek.ﬁﬁm.,and bl"o"-' 4" i s "-'"passed
Next, as represented b Iock 58 diforthe. .=
correl ation of thegltf&%/eé) RoHpt

from deci sion el ement 50" is y¥ES, R[err] |s §%Bzet° 10 bI ock 0, and - .
bl ocks 52', 544 | 56"":ahd 58' ET%QQ'*' : uyhlabbcu i(;o) ' - 25

- . 0.0434 5P, _
S o _G"_L‘” & o rssr9+o4343 loge(GRLch) Z'c_‘id'

1000 PPM.,., |
 GRLyr=
| ST 1068 PPM,.,, |
Finally, if PPM, i is less than 02, R, xsoompumdts



Next decision element 61' asks whether the depth | evel presently being con-
sidered is the last depth [evel in the measurenent interval. f it IS not,

- nt ed and_t he
returns to bl ock 44 for analysis of the next depth |evel. After' lJ the
depth levels in the neasurenent interval have 10 been consfdeked YES

answer from decision element 61', the shale indicators for-ithe -
measurenent interval are correl ated usi ng subroutine COMCOR as repre
by b!_ck 64" . Referrl ng now to F1I4 7536 subrout| ne COMCOR is- shwvn in-

det ai ee—bi-o - orretatton—tactors havi ng

t he general eXpI’eSSI on- R(x )15 ‘is cmrput ed u5| n equatlon 58 as
represent ed.by bl ock: 72" f{éﬂw,e (rmwpmmmmn corire- . L3g) "= 715 lation factor
“for Yon-identical pair8woe " $ catl ed CORMAX, is sel ected,

. [ e
bl ock 74'. The X and Y coordi nat es of CORMAX are then set-equal to M and N

= respecti veﬂ’?‘fﬁf%cf?m tharr e eqpal; tp O B isygomputsdir - XSP ‘and XDT are initially

set to zero,, bI ock ..78,. after Whl ch deC|5| on Ierrent 80 determ nes  whet her
CORMAX 20.. is equal @1.3RMHO< j {3

+ 20 I'F COQNAX |s not- eg-ual to zefQSe(N@uén%’v@ﬂ from deCISIOI’l .eI ement 80', the

program proceeds to determ né which ‘shal e i ndi catorsare.reliable for the
interval . To. 'mihlvdueofdwatdeaisdutymusrm»mﬁﬁhd hslesh\ﬁtevdhmn(ﬁk4) i's_greater

t han %zer o, Fatiorof %eﬂn@m vylue of cted of vaus’émw@o S or 6°
i ndi cati ng'h‘ftﬁ'{’ YRE ¢ f“%ﬁ‘t‘k -~ a-reli-able shale indicator.
Next decision el'ement’ 84"  asks W

,enmjr M equal g 6 and if 25 the answer is
YES, XDT is set: equal tp—Qﬁlqo BI Op e ¥8gli-cating th@w) [err]t is avail abl e
and. t hat XM s a good-shal e in r.‘: f .the answer. from deci si on el ement

84' is NO, 88 o 1 and wheth
e &*Wm%é&??ﬁjgos gre ter’"f mﬁ&lﬂd%q@ an N Y

t he correl act or ian zero Is there
positive correl atian, between the SP.and [err]/[err] shal e nd| cators. |If
the Mhswer - . 30 is YER==eH418 Gee—89lal. to one bfock- B8, I the answer
is NO deciSi R mpgfq‘n mé’\l;ls‘é‘ﬁ M,l et St 1 and
whet her tMt.Q%& %ﬂ&@k;;%g cﬁzﬁ nasafﬁffrplgﬂ 'ﬁy% ffetppdta-bet ween the SP
“and eltherm(n[mbt} Qmomglatthw If .the ansvver i's YES, XSP

*is s equal set ;35
equ‘ari[to A o] Wﬁ%ﬁm 52%} OjES mh %P corlugji tion

_emstsmihhpase pl&lsndsw:e NdigtlissddGn Whi ch i s

« entered nedetaildierefper T

«lS greater

or -94" . .sks Wne; her ltshe absol ute
" Ghtd 'ﬁgmem Gﬂ;her Mg?fal e
i ndi cat orslemmlogging ddtafnml mctdeastxdamemhabmallmdexcmmblmmng‘lthe coordinate M
3 by mdtsm.e'dt/ omewslrm@ﬁhle@ﬁ(m 1) or
i BT it e ledr St Sdither€0Uakst 0 one,
' .aN&Q, @nehnt) scat of

val ug, of QM ol

R(M. ar
bl oc 100

«Simlarly- detmuihe wlaﬂlsobutﬂ mm'@ma(zg/ltﬁpmls hgrm fastlzemk0. 5, which i s

d

asked by

XCR, 1S set equal (6} ck 104

i ndi gt - 4&anges;ndaqs ﬂ&@“’@%ﬁg ‘%p‘{]wpﬁlndlggtor | f
R(M 4) is. byunmdisble idaamﬂ(r&/ts iminated &&nacudxdérhtibna&saixleuﬁ@wﬂiew-of RIM 4)is
great er t hbgeakos we sipysstigatese [theriolipowing) Gwo  cumlitions; fore thee goradityt 0 t wo, bl ock
108" i ndi.cdt _ﬁe nornallzed ganma- ray |s -avail-abl e and a better shale

I ndi-cat or. t hagfald g@ym@- U BHIERIE A borbdit Bhi smd\low the program proceeds
to determ nemv\hgﬁter the(f)absol ute.val ue of R(% '5) 50 ... the correlation
_coef 35 ci ent f4§st dopth evel) xgh1 m%ﬂﬂé@ p@oslty ugis s s the functBdn of

50 decision 110". 1f the 4 deC|S| on el'enent- 112" asks whether M

. equals SlletﬁJmﬁgﬂi&d@BﬁWﬁéﬂqﬁﬂ:ﬂ@Eﬁe@eﬁ&HsﬁﬂUﬂﬁe&@a@ﬂﬁ:ne:h' ock 114'. If M

-equal s _si- xlwwE&pdnlsmlEby honemhadem wiitgandoit exvendy the illie of domitlwidepthel ement 116
dete nes : o 1) Y Wl sset equal -
m nus one, = g”gj'p"#gvm%gt glﬁzgﬁ’ﬂ;ifw inmﬁf'B A0 s set

equal t o -one,Inbiidigdn, a@fion element 507 asks whether ¢y, is less than —0.02 or greater 55 The
program pr e %“{W#MM!(Q ‘Whtethier ¢nlx§8teatgrth@2(@u+@ﬂ3)t\m answer from

K do gp@f&;gr et her, (XGR i s

' %%L %geaes at - ﬁb
greater th&d&ﬁ@é&e& a:ﬁﬁtuﬁnw?vq{&mp fo IS
deci si on ehskueqﬂaudp@él—a‘skuookfswhéthetahmmbmémdanmsi YBSgnt faor GR and

([err]-[err]), R(3,2) is greater than the 60 correl ati on coefficient
for SP and ([err]-Jerr]), R(5,2). If the answer is YES XGRis set 60




equal to one, block 126", and if the answer is NO XSP is set equal to one,
bl ock 128'. The subroutine returns, block 130" via either blocks 126', |28
or YES answer from decision elenment 122'. Returning now to decjsion eI enent

96', if the absolute valu® of CORMAX is | ess 65 than 0.5, YES answer, .
deC| si on eI erre'_-t 132 asks V\/net her (N-3) is greater than 0. 65 43
1,457,759 . 4 : 43 |If Nis greater than 3,

n el ement 134' asks vvhet her N=4 and if the answer is YEé, “
to tvvo bl ock 136 I'f > aIswer from deC| si-on el erreq&

-.-AAA S

méos %éﬁ' e&mg@lwh@gi e |f |

YES ansvver‘
XGR is set équ
134" is NO-_tfecisi :
if it is, YES ansRe:rlsstx

the 5 answer‘sl &E& e S e from decision S
5 Returning to deggﬂnpgbo s%et to 10, govammrsa' I’j@ Setafd 58'are el e
144" asks whet her bypasafual s three ;ual S three XGR I's, set.: ggal t05

“one, block 146' a,ndNe’,‘Ffd '15. “ ' o e 8 )08 ' C2 The - .

programthen procwge.. As . _- »,- »:: in al. QF 0. )
142", 136', 146 thé ke dBpth 1é: emrremmmep“ evels in. thel ycashreient iAE6al lave 128"

and 130" i Sl(dl Scubeedmaidm YES snswer. from deision element 617, the shale indicatos | 'tﬁm ngl0 s
now t o deci si on 1- i op 2““"?# ‘MW’%@\H{%?"BQP@F %ﬁo§e’rs

deci sion el enent “ISUR.saaks &l B 1 ..-i-beﬁ&efeomen.s%wﬁmdaﬂsmmmms XGR
is set equal to twom edch loex g ghetg dpressbndlﬁsy) bl ock

154. In either evormmpmmsw VEd by, blegh 72~ et he magiyou whi B -
deci si on el enent ;4 Tﬁsg‘m ot 'T AREEA R atlak'e M i's
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182", 184' and 186vhetﬂ& theabsolumenlpeoftm" X “ig) lleg 0.5:,86 itiye, pnswee isr MOk
122", 124', 126', CORMAXjjgreis
i nterval hav48 bee m

g .

— 190" (Fig. 15A). Asgood:
zones. for thg inte

(Rlerr])[err], ([etr 9!!!1

“for the bestsosand

greater detall. R J,,ilqg e

bl ock 820. -The bes!f:hslmbva-mNG XE’sts:mwtm bing _fehféﬂ\d&suabhursﬁsz, 28 \Whi ch f
correspond to 40 from ] at 112/, ddegisio ; “ . .lf‘ ' tlon -
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- (xk[err]- xk[err]),qmtwdie,lwock M'Ziﬁdxfthe“ ~§1 moné;(blovialwes of a
shal € indicator k ’fhsrsubm_z_ s, bloghn13o} “&Pé‘%@?ﬁﬁﬂi@d 123'4‘5:% apwst BeRnt ed by
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65 than OS YES answer, decision eléinent 132 asks whether (N—B) is greater ‘than 0 . 65 -




[err] is conputed. Next, decision elenment 828 asks whether the nornmalized
variation is less than zero. |If the answer is YES, the absol ute val ue of
[err] 50

- sand zone dee:sxsn) lm' fvﬁ &Fae

bl g

As represented by bl ock 836, a partial sum [err] I s conput

SMerr] isyg I gy

50 is conmput ted, block 830 and*a" count er: SI\Z[ err] is incremented)\ bl ock 832,
as explained in greater detail bel ow. “I'f “the answer is NO @bsol ute
value of [err] is conputed, block 834. 1,457, 759 ; ' ‘

1 e/ [err]
S thg3 sum of t he precedr ng Kk Vaikﬁ%ﬂ Next deci sion el.enment 8333 asks if
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represent eﬁbﬂ QmN ual ﬁ, mde& !Equat ion 18 in
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al | nes #65 patielr to gna s tr¢prosented 824.ck8#'sand) 1868 emar}{5 858 asks
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-, returns t Otcabmade as &Y @8 indicators are available and. reliable the program returns

35 After aiolbmmmg ISN)atAErdpeentecbﬂBlb&ase'drhé B&t shale gidosandssehest S t he hi ghest
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the MBxi NURSEH 17 Brbnd R Showsl 12 best san "zone in the
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»
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.dependmgonwhetherthebestshaleorsandzones,respecuvelylssought -
The first zone is considered by setting i and j equal to- l,block822and824
dﬁpecnvely Then the normalized variation of the difference (xk(1)—xky), which is the '
45 erence between the values of a shale indicator k for the zones i and j are computed. 45
AsrepresentedbyblockSZG,thenormahzedvananon

D_kn.n - xkg—xky

Nk Nk

is computed. Next, decision element 828 asks whether the normalized variation is less
than zero. If the answer is' YES, the absolute value of

g computed block 830 and a counter SM“ e is mcremented block 832 as explalned
in greater detail below. If the answer is:NO, theabsolutevalueof

. .Dk -

Nk

-is computed, block 834



Next, the shale sand paraneters for the intervals corresponding to the
maxi - mum P' [err] are set, block 866. Thus the values of [err], [err] GR
and SP are determ ned . 5 fromthe best shale zone and Rlerr], [err],

[err],” GR and SP are determned fromthe best sand zone after which the
programreturns to block:868. Once the best shale and sand zones for the

i nterval .are:deternined, t he programreturns to decision el enment 200

(Fi g' 15A) vwiRph asks whet her XGR is equal to zero. 10 If the answer is
NO, GRlerr]i>'®. set equal to GRlerr] and GR[err is set. equal to GR[err]
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l‘ I
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(bl ock 232'). This sislpedditcR 9siniG) hccwﬁﬁilasd]edarb# semi-ng- subroutine FI LLAR,
shown in detail in Fig. 18. Referri ng gt (g(/)y Iiﬁn JiA)subroutl ne  FILLAR i s
entered via block 240'. Next, 50 b1 k i é‘g s whet her the par amet er

to be set is either xst&ﬂ:p&&flhscrep&med)lbymck 852013 beibg) thie [yeecatiignalueay i s to be
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lyzed, ‘the 'mni-~ 35 'num



returns bl ock 248 . 60 To conpl ete the explanation of the
operation of subroutine FILLAR, return now 60 to decision elenent 242'. |If
a paranmeter other than the sonic, SP or GRis to be set, NO answer, the

program proceeds to decision elenent 252' which asks whether a val

t he paraneter has been conmputed for the deepest interval. |If thgE&pswer is
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unga
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programre Loy Ao or o e flata Pt h 'l evel . 40
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65 -to-the value of the parameter-at the nearest deeper mterval. ‘block 254”: and the program 65




[err] is greater 0.75 or whether XGR is greater than zero and GRis |ess
than DAX. |If the answer is YES, the program proceeds to the analysis of the
next depth level via 320,and 322. |f the answer is NO ipndicating that a

true shale level is present a 50 cell array for conputation for CAL[err]
entered with an index value dependant on the valu CAL for the depth IeveI
under investigatf.ons, block 328. Sinilarly as represented by bl ock 330, a
50 cel | -array %A @nputatlon of [err]p for the entire log is entered with

an i ndex dépenda pon the val ue of [err P Next decrsron 332 asks
whet her R err}46i S\¥e<s than 0 05 or whe 5"'5 1. : ;
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shift is to be applied to [err], called ZSN equal to [err] block 384, and
the programreturns via block 370. Returning to decision elenment 368, if
[err] is negative, decision elenent 386 asks whether [err] is Iess t han

-0.05 and if the answer 1s YES [err}] .is.set equal to 0.05, 45 - bl ock
388 for the reasons discussed above.  Awei ghtl ng procedure:sifgl gr to that
45 di scussed above, now takes place. Thus KN is set equal tq L
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If a YES answer results fromany decision elenment 436 through 446, the
program proceeds to decision elenment 452 which asks whether there are any
previ oys_adjacent intervals which have been found to have simlar

paraneters. Also, if there is YES 30 answer ‘from deci sion el enent .

450, the progra roceeds to decision elenent 452. If 30 the answer is YES,

t he adj acent utive intervals with simlar paraneters are grouped.
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puting [err] is entered, block 532 and the appropriate index conputed.
Next, deci si on el ement 534 asks whether Rlerr] is less than 0.05 or whether
Rlerr] is greater than 2[err] If the answer is NO the value of the

tenperature factor Ris conputed usrng equatlon 102, bl ock 536 and three

50-cell arrays are entered fro conputing respectlvely Rerr], R ] and

Rlerr], block 538 by conputing the appropriate indices. The pro -next

proceeds to decision el ement 540 which asks whether [err] is Iess- an
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50 1, 457, 759 50 I f
there is a YES answer fromeither decision elenent 596 or 604 or after
bl ock 620, _the program proceeds to decision el enent 622 whi ch determ nes

whet her this was the last interval if it was not, NO answer the program
proceeds to anal yze
i nterval s have:. hewrf .checked, the program 5 - return, block 626, and
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el enents 720 next asks if |s | ess than [err] and if it is. YES answer, the
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ited for the
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52 1, 457, 759
52 CGRlerr] are conputed using equations 75 and 76, respectively, block 764
and then DAX and DALIM are conputed using equations 66, 67, block 766.

Then, the average value of the sunms, SP[err], VSerr], SP[err] and VS[err]
are cohputed, bl 768 and SP[err] and SP[err] are conputed usi.ng
equati ons 127/ 27a, block 770. As re- 5 presented by block 772,

t he SP. neasunei are normalized with the value of 5 XSP for the
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55 . neutron porosity nmeasurenents at said selected |evels.
55 6. The nethod of any one of clainms 1 to 5, wherein said correction
factor re- SENts a Shmmnmluamumtﬂaulj(ﬁ sai d paraneter. 7. The et hod
of any one (g gims 1t correction factor is- a

[ : ctor correspondlng to a change in sensitivity of the scale )

a2 parameter 8. The nethogsgpissgny one of clainms 1 to 3, 52
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correction factor, saﬁa thctundenthtlmncor rect sal d
third paranmeter. 12. A:Ehﬁmmstdidctaf peding \flnited Kingeom Patent, ter is
representative of NoeRa330/BrtSeria} Nox 1:&57b"ﬁ?)r Ef%‘ﬂ'ﬂ‘s‘h??‘ﬁf%‘ ’(?Mt”e? andso
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