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-hand, may fgﬁ" s e'rl %ﬁ%@' - ' . formations,
we kg a nor enm\mmrwmdvaﬁuaﬁdemaﬁnﬁuawbomawwmw or which the
por05|ty[erw}mlstﬂe@smtyhmasumdhaqheaﬁcum;fmmn%mg the Foviest of the '
porosity 45, t If, on theqthes bandmang mepgures aalfablp, compsppnding, e coraye
i ndex NxPD $ CASE oD f I =3
10). Ihe nesaues \tﬁ-i,m;eafcax{w NeXbRE 19 are al C >d.” Phags [err] S
pur sued- unt|I &hhndexmisanW 5 allithercobditionp GiOpkUD-eeds to Phase

Il,. 50 Fﬂ?“r“’?w %’-t e ,flow chart.of this phase
which is de:id ?;F:) il edﬁ%raf)es Y artpcfn(fhen%mﬁrmlpreogea?sng i nstrunments
fromthe information obtained in the | ow- por03|ty | evel s-whi€h have been

mar kedgand ed during the phase | I ERR] . . Bl ock 21’ det'er mi nes et‘he.r
?&9

t he nunber 0 ywpret@mlzm/mwscuaﬁ oﬁtlfsfplﬁdeaﬂkh% desigried 16 Rilibrate thet O
statistical Ipyrowl : ntOhanedZiD the low

55 1f such ’é!':h%?"? c!P‘P %@hﬁe AN er%gt i nst r_u.r_'rr'erit s
i s carsgi ed %u tis ' all ssthe
val ues of kﬁn@&dmwmta scal e Shl ft

d [ERR] of t heWmlatsmrtbﬂ @hl :pm tnha;tof all the-values: of p; measured in

the. anhydrite levels and-we make a scale shift d p, of the measurements’ of po 50 that

: Po max=2.98 which is the correct reading of the anhydrite. - - = - o
60. Likewise, we calculate the statistical minimum gy uin of all the pommy measure- . . 60
_ ments made with the neutron probe for all the anhydme levels and we adopt a cahbra-
tion d¢x -of - PN’ such that ¢~¢ m;,.—'-—OOOS
We also calibrate the mstrument measurmg the acpustic travel time At so that




[err]=2.98 which is the correct reading of the anhydrite 60

Li kew se, vve caI cul ate the statistical m' ni nmum [err] of aI I the por05| ty
nmeas u€ x v . R 3

and we adopt a callbra- t|on [err] of [err]such that [err] 0 005 -
cal i brate the instrunent neasuring the acoustic travel time [err] sc ”
7 _ 1,457,758 the statistical = (J
mninmum [err]mn of all the val ues measured in the anhydrite strata °
becomes equap to 50 after a scale shift1457[788r]. if the borehole has gbd e7
through a thick 2QNgadfica iR (46, DO WA nidlsurk &5 the R Rkit: sttaty ck, i
havi ng -at | east bekomesCaqad 30 SEaf¥E asddleshitid &. Not ed ‘as_correspondi ng 5

to anhydrite we noifethQ baseholg %somﬂlrwehedmhm%q of japlyydritg;| for exuedmrrleet by the

i nduct#on pro ’_‘ 4 _ (TS gatgd ": " the

di fference betwe %:ﬁi FRdeE ﬁ :ﬁ@iﬁ% hd D :‘ f t he 3

dr| | I-:bit is snaldiambteztdsfalm wrehole aeisthe mnnmloemﬂnlbbitglsmalkhﬂﬁn 2dhcliék,l_wcsuch t hat
dL+d & L= O Allntahﬁiﬂe M{F‘éﬂbst!ﬂh L I-e&m- e Iow chart by

bl ock 22. : ' e (TP, !EFH 0 T e &ﬁl cal o

maxi num of a par utel_tﬁe.. #He fi .. the. maxi; rrum of t

function: [err] where.:-a-is a: p05|t|ve coeff|C| ent ;andn is a pOSItlve

exponent, for exarrpl e"'2' T € ‘subroutizhe g0 J erf ormi-ng+-t'hi s operati-on is

shown in fig. 5a. 15" e ARARFT rigH!b&FP‘,g" 54; t'he subroutine is

entered, block 250..and; the parameters 15 MAX, [err]and [err] are

initiall y set to \ﬂlerebdr @cikt@&t!e ﬂhﬁﬁ esentm@hmmrﬁanmﬁpat dbe val ue of

t he functlo]rg [errs]’ m&uﬁw@k ?ﬁ %h%ﬁep% en,

| evel is consi dermd
the difference Idﬁmb &miosm and
232 ahyl ock 256

whi ch 20 _ are  iThdi

after whi chydeci sIG eIt _ jal  ofp
greater than 0. | 'm;i'zss,a'sksngms iy S kbbb ¢ is, sigh O }9 is and if
not, sign (i, j) dqeal3ettl, biocki260. dnéxf-ﬁqt, d@no(th) 36_..eqimeof-umblocb2525ﬂ‘gﬂ (i, j)
25 # can nowa’éf"“%rrput ed for the levels cOrr.gspondi. ng to-i ‘and-j and

added- to Terr] whith ~~ 25 is"thHé sum hf f unct ons corrput ed for the
previoys | |evels. Th| s-i.s .jndicated. lnblac 264, Next deci si.on ‘el enent /
266 asks jf j=N i i f. a1 khe. Ievel-B«};r-ixdt\/e been considered, .and if f

not, j is |ncrement ed bI ock 268 while i renai ns const ant for- the next

mai nt ai n- 30 !epqt

function conput ed’1 “ §,
deci si on el ement 3 tﬁ{é’}f s have Bbel

set equal 139 [ er ripg bomht,?lﬂ_

that is if i has
IS increnent ed

.b_éi:sxﬂémﬁd wﬁdepmtmwet al |

depth | evel - 73 & ; . _
depth | evel 3§ haveuth@n dcmhslﬂvcleﬂ&d mﬁﬁuafm@rallvthn tlévés WAMWDWM [ ¥ ]
equal to NMAX for ¥teewhish the maxirym, vl MAX fof the aritire| ompuy . maxi
val ue he the par , bl ock

280. To conpute tN&osSto
procedure i4) 40 followed £
t aken as_opposi teg;'t

Fig after decdne GETERA 18 3654 Gero.. | )
i f [er5‘:‘] Is |less tnhmhfq B)Qﬂ’é‘dﬁmh m@gﬁ;ﬁlﬁﬁf Igivders]

[err]is equd to qekbrgoemmbmn . ,.Yd@ck 23 wdtmla&wgthoat tge val ue ¥ i

gi ven €0 an |nde“Ef lmlsa. il sug btoc¥24d, ; h,?h;hfﬁh;;rmemw
_ compact etected - cient, for example h 20. . .
If affirmative, bloc indicates the calculations carried. out. '

50 “ We calculdte’ the .average ‘value ‘of all the porosity feasuréments ¢N obtained by 50
the neutron probe i’ the compact formations. We dlso calculate, for each .compact -
formation, a porosity value ¢R, from the resistivity measurement, R, and an approxi-
mate value of R, by the formula (7) with,.for example, n=2.15 and a=0.62 and we
determine the average of all these values ¢R¢. For -each compact stratum, we calculate _

55 the matrix density p.. R. from the total density: measurement p, and from the 55
calculated value of ¢R, by the formula: .~




45 calibration was nmade in the anhydrite.
45 If the response of''the block 21 is negative, the total thickness of

“erm nes whet her the nunber of conmpact | evels det ect ed NxPD S

suhkfi Al for, exanpl e higher than 20. If affirmative, bloch 25 indicates
thefl9l ¢ Ati ons caried out. 50 W cal cul ate the average val ue of
al I \1f1e Eosrty measur enents[err] . obt ai ned by 50 the neutron probe in
t he. D formati ons. W aI SO cql,;gp}sgte for each corrpact forngtion, a
por o Vo 0 & [T VT ‘ OTEment T Er d appr oxi -

§ 15 and a=0. 62
Y ese vaI ues [err] Fo each conpact
?1151;( '-'-,_,}_r] from “the wdtal &
density mee e _ lated v Iue of [err]by
t he formul of 2Ovalacs ‘,'mmandwcm of variations 8 [err] which
f or nubsa |sm@;.|medm.ﬂmgm- h@r mul @ (1) by repi acr tﬁq err] ‘W& t hens %
det ermi ne téﬁhe igdicages that;gf 'P#E m‘]%f“&‘t‘f“!‘r eHbREY | of all these
vl ues :of [ ] m‘i&rdn%é WA
5 Block 26 in he ae-mgeanwg that. a
cal i boat i orof pB. Mdbea\nra ucohvp,amttm mmfonatm@omt thechvesage ol t hat0 a
cal i brat.orr.l;emfﬂevmﬁaﬁén afterirorroction begomep eqgloto the,rerggegfdhesyplues o [err] s
taken equal RE ool HAC BenRl! MR SHhirls N Brst b2 Mok 8! Qeadeflines  Of [err]
and the aveﬁha@& ﬁabdﬁnn%% u_jp.r.?i, hementpfsc olgv liese limig@odrddat t he average
of 15 poqsbtotthe '.i g tthee | pifics; fof ‘the dolo ".'_'_"'”"_'"_rotjﬂlehme- efgual to
the averag e g r.] ' | Qratind the density
measur i ngi Q,g,ttg,y el NE VAl atron range

matri? dend _
0.16. If t " Ce that corrpact
f ormati ons spoRsé Q- Block 28 i Mative Wock29 dbt t,ge in the pure
state Bl omwmmmwme then carry out the callbratlon of th@
meas i ng 2Q e respanas is | gfliEmativ
a quantity Te e%] ke e b trf.‘f}hmft tg'nﬁZsme' ltsfgcthe density of
t he dol om t:ﬁvetﬁnmuttmﬁemm détething e CoostitR: el aimetin the. nfsbrisafice D [err] ins
~essent.i al | ypyabeformulss 0. 16. If the response of block 28 is.negative, block
/29 detes whether .D [err] .is -smal I,AI_Q._@(arrpIe smal l er than 0.05. 25
| f thyg response-is affr rnatrxe_ e cOWpac formations. ar(ﬁocorrposgpl of a
single 25 m neral 1 imestene or; dolbm,,te ‘To determ ne the nature.of this
- m neral, |t ST - rreasure trvts acou.t" ?. '
) St the £

"mate val ue of ['err]by'tefor '
“and -‘we -determ ne the averef’é'e of' alk
stratum we_ cal.cul ate 53 . o

: [err]

- (10) R MWmmmmmmpemmm@okmwwmmraver time in
the fSui d- ik emPect formatiopse 17 ndi _-.atgﬁ%é&he ctg%rectb"d val ue
of the porg o Ut en prooe. di.cates the.

t he

3 de g%. e ermshan 449 If it
g instrumént must’ be eu!ibtated? '

' tha; the compact ‘formations

conp
35 Bl49ck 31 :
i, the com

45 of 1 o 45 £
are predommant in tlus m:xture. To aecompllshthxs, thc; respective’ welghts of the: o
statistical maxifim and minimum of praRe are comp o i

* If the limeston¢ is ‘predominant, the histogram of :the valugs of p.,,.Rt exbibzt an '

50 accumulation inthe ‘neighborhiod of the ‘statistical ‘miniitium whereas- this a 50
. tion is located in ‘the vicinity of the statistical maxiiin if thedolom:telspredommant-
5 Todiﬁerenuatethesetwueases,wemgnwthestausucalmmmumand

xu+003_;;;;a3;1_$ N
RPN OUE

xil—0.03



Bl ock 32 indicates that the density neasuring instrument nust be
calibrated using a correction d [err] such that[err] 40 If the
response of block 31 is negative, btock—33—deterri-Res—heother fhe average

40 value of [err] is between 47 and 49. If it is, the conpact formations
are Il'imestone strata. Block 34 indicates that the density neasuri ng ’
i nstrunent nust be calibrated using a correction d [err] such that
[err]=2.71 ng ng back to block 29, a negative response neans that:
conpact for rét-oRs—45. cormoslﬂév,zss mxtures of |imestone and

dolomte. ‘in which:xil-isuth ttock—35—i s
to determnemhet‘h@l'%’ﬁ’éte Ej‘frﬁt in-this
M Xturg. TQ_ACCOIML op Bt ] the-ints gEAm)\iiet) cal

maxi mu; 1 andsmi ni mu lock 8% Bt @unines el HIAT. f -he Il rrest one i:s. predom nant,
t he histogram of thehamatyizloficthe htfm;{a&ffb 286 ,’;" f N is:lower 4 a-t-Rm in the
nei ghtg)r hood of g _t|°§1me f&hdﬁhmwm mﬁi’)l% 05 Adahe | op s

| ocated in the Viggh fﬂlm £ i s t; of b Rerax dsrhighted ma:fm aq,[nqgn;e is

pr edomi nantld To aheisﬁmaﬂbf tuec,i, in A @Slp'g ﬂﬂmtadlthetlcal

i ni mum and maxi 4 i d%mﬁ% 10

1,457,758 in whi g8
val ues of[err] is the .
val ues. Thd5f unc@mmns £8:thehte
over an |ntervalth9 J 4
maxi mum 5 ) 1y P
| ower than_t hat mfth{ﬁhimtedwds A78:3E 1)
conmposed mdd nly @?nhmlmest_aheevaﬁ [ ines whdtheor at ed in
the |inestone (Hf ?ﬁl&“ . BLapir - °€r"r 8is htQher
t han that of [era,lvgl qm,:'_ , I’§t"%§orrposed
mai nl'y of. dol omi t e Innté caddQehdse’ th

293 Qvhds 8lt lock 4a)al rated in
the dol omi % (bnb@wb Zah'bf?nQD_yf_iﬂ{t}:_:qeasurementsof at ﬂmwo \d t he
- idexitiealiis i 7 dgﬁ(ﬁr ? scale ” ck

corregtion dpb. TaRRs et
34, thex bl ock i tbiicith! © 5

0.05.1f it f\.ﬁ‘:

Tig _,mbﬁéh ‘add thiranhi st ogr am

: _%e%%egn«sw“m tho

ki GBRARNS | S

0 1§ feeorgded. e frequency of the
ef'reog’p%nsa%n "3.__ ﬁé‘ "'n i

tmmd ram“,_tiﬁ--@ﬂshse i i

d[err;}lt |3§) con T error
is to bé feared,h,dl 'fﬂ_l?rehasalreadybwnacahbrauonmme }egthls Case
the calibration iB "’."tlo IS reected = (bl ocE '§) and t he

oper ati ons,_are frumafi
24 is negdtive, .
andydrite |evel g ',-

e'\?%f’?f‘l’#ﬂdq hrcthe esgaarse bl ock

a correcti 0 d Pb
the statis i calyg

'. %mtﬂa& ém;,;ted ﬁm “”. ' o the corre%

reading for th B 9% e%uqﬁq‘sfavel_'ﬁmgby/_;_ i) d:; to
i ndi cate that a cd# babhnhwmhaa sma@ggt G 0 the “sal” '.’éb' ock 40 In the
case whergcthe el A oilepadide ik ';‘. , “ o Wfﬂibmﬁomghus obt ain

25 a5 double; .cak BT
of the scale.l|f these-.._
to nake a scal

"‘eﬁl‘] mlriplyipg { wo,ends

th n suff|n0|ent

i's necessary tQmﬁ :ﬁ:p | 205 by spegt '..'; B'qn-he
sensi tivity coeff |'Itmmﬁfy :&r' 'élgg‘ X
corr&spo and, Glm ' _\_'.",.l"ra:__

I nstr ument



formations in which case we go on to the next stage. 35 On the
ot her hand, calibration has been nade in the anhydrite, nor in the 35
st may - of [err] measured by the
neutron probe in the salt levels and we nmake a correction d [err] such
that [ef | _Stage 40 e, we have calibrated nmeasuring instrunets for
] [ ‘ Sity possibly for acoustic travel tinme by shifting the zero
oz LA \“Ydt/h anhydrite and salt exist in a sufficient thickness, the
densi tylcalibration is conpl eted an@5%L18 only possibl e unknown- c¥ibration
remai ning is a §CgkGabiy 'ﬁh&ﬂcﬁ t r meRLEF
measur enent smbni{ng‘kpmut%don pro%g%" m M% Q Stage |}1- Dg#er m ni ng cl ay
| evel s and cl ayTtertbQ mmm hadvee vmmvefqymmﬂles whi ch can
be easur ed W%@mm ‘to detect the .very ar gr\I’f acegus
| evel s "and to ,mmgtb%rfgm the clay levels,
It IS necessary to use the Si- rrul taneous vari atrons of 50. - several clay
i ndi cators L p.,—.p,..p,,,_ . : 5
50 Thanks to the cal cuI atr offe=ot %F Tmzing, functron in. (Wmch al'l. these
i ndi cators aretaken .in.to. account IS possr b] e t'e'._determ ne which |evels
are the nost_ ar 'IIaceeus :n.- U C Y- -of - pure
clay,and to \ : __ 2l N te rest of
t he. opﬂratromm rofsRié 16/ otiof fofmatisiis Baving alk cont@i n
certain par athﬂomrlsmaiqdlewk elmnatedby__,'. ,.ton-.qhe)wmyh!estoﬁmarheul ate ot her
par amet er s 2 have beeq poted 4%%{.- . fridcase-glpen ited; - and whi ch are
general |y maxj,) o ilf"." Byl cted from
anong tese jolléwinpleqaivi Q4 TR Al |
consi deration arethefollowrng 60 v
ganma radi oact:i vity GR . whicly,in - rﬂ':r aI I's maxinmm? (13) 60
b) - the clay dependi ng- on the polg r,.gty 17457, 758 '
10 c¢) the calculated . roduct G‘«’x[e_rr] in whrch [err] s the porosity
neasured by (whered mdr #re oonethnss typieally 9esiati3.05end 920 Sespectivelyb which papihi ch coul d be
due to radio ‘?/ Tl "" ; 05“ d’aﬂ measurement's- of GR higher than 150 ares
elimnated. 5

" a). "t he naturaI rreasured :

- "product GR [err] is rraxrrrumrn the clay. d) fhe . -
appar ent mat-ri x densrty [err] cal cui,-ehed accor di ng to the formula: Jerr] in
which f&rr] are the density - M HETeTtTon porosity measufél and Perr] s
t he density of- the filtrate pres (P*"p‘-’a e'S__:',i which is known The density.
[err]is nxi- 10 . mum_in the clay ‘To.avoid, érrors due to other

f or mati ons phick $ ?“F‘Gm@ : s are

el i minated b§" i i ﬁ"&’/ Litis [”E‘rﬁ - hydrite
strata have ewmﬁ M“agmtthediywase I'l and. are. al ready el i.m nat ed.

e) The 25 ati o [ eg)r theivilcidatedsratio:ni num i n t he cl ay.. Si nce -the cal cul at 2dn of
[err] requires that we knowth'- i ri densrty [err] -whi'ch. generall.y i s not
known the 16 . .ol | oW, gg—edul Va4t paraneter i s cal culygjed: [err]
(where A and B are. cont ant.s typrnalﬂy set at .3.05 ‘and 0.20 respectively)
whi ch par a- nmeter i s :al.so-mini.mim-:inthe ¢lay. f) -the cal cul-ated rati o:

[err] in whi %r@g QR m&) Mg fﬂiaﬂl’rﬁ o y)twri'%hatgé)oust ic travel

tinme |n t he '
" h) themeasureddwmcﬁctofthc_boreholcd,mmmumintheday A
30 . The: Stage HI: includes seversl: phases. " _ 30
—Phase IIl,—for selecting the “be: daymdxcamrs ' '
-—Phasem,—fordewmnmgthemtanginmuskvdorbmdaymand -
‘- theleastargxllaoeouslevelorbestcleanzoneofenchmuerval : n
. -—Phasem,—-fordetermnmng theclaypmmem i _ ' >

» nm' of Phase III, s to selek; f g the cight varisble paramy ¥
e purpose LS to romamong -eight: vari parameters o
sensmvetothepmenceofclay,thebestclaymdxcatorsof -there are at least two.
Inthechosenexample,thenumberofdaymdimtorsxstahenequalmatleastﬁveto
improve accuracy. a '
40 Thlsselecuonlsobmmedbycalculaungmumalcondauonooeﬁmntsofthe 40
parameters and: by retaining thosé which have the.best corrélation between them,”
If we consider two.variable parameters x and 'y, whose values corresponding to0 a .
levdlarex.mdyutheeorrdanoncoeﬁamtexybetweenthesetwopammctersls
calculated by the known formula: - :



[err]the acoustic travel tinme in the fluid which fills the pores and [err]
the density of the [err] nmud filtrates. This ratio is mnimumin the clay.
25 g) the cal cul ated ratio:

25 [err] (where C and D are constants, typically 3.05 and 20 respectrve y)
which ratio is mnimumin the clay. h) the measured di aneter of. thg

borehole d, maximumin the clay. 30 : The Stage |11 includgsg
sever al phases ' 30 -~z
1 [err]for Mol oct | ng rhp bhest clay i ndl,ﬁiﬂéﬁs -Phase Ill[err]for
determ ning the nost. argillaceous | gyel. or best clay zone and the Teast . *
argillaceous |evel or best cl ean zorié orh gvaehlxmterval -Phase Ill[err]for
determining , the clay’ pararret@;g Phase ILl ”?)

:& ng the eight

35 The®*purpose of Phase |11 [err p3) ,gox @ ?
vari abl e parneters sensi-ti-ve to t\(et pr’e enqe df | ay, the best clay
I ndi ca.tors of which, the-re ar-e at Ieast tvvo | n the-chosen exarrpl e, the

nunber® of cl ay mdq;%% ‘%‘k‘g- FS- t O at Ieast five to -inprove

accuracy. 40 good if c>‘6]5|,§d gg} mkgf %hlmllélﬂ{ﬂgs mut ual

correl ationdcoeffi cInetM gzamblersm::, we the%ﬁ;' ni n thoseF
ari abfe

whi ch have the b F’ I
paraneters x andm, (myicd antémrlsehthinéwﬂs rr] the
correlation coefbﬂmwhbl.' R Q,e cqf@spemswbnat ed by

the known f®r.nul
[err] in which'
correlation is p&{ef

r %457 158

rThe[pmor]ndmdsthE C0.5
_.'_mchhe exanpl e

shown, we &l cul iuogroaﬂiuen‘tt b@u- riei,',,"gii“’,é::,g
coefficient betws

s __e. Msa&&q&a Woat leaseCl ay. It
woul d al so be potws! slleced! ; ' ‘WM@w%mmmmméy
intervals within eathmgeathaﬁ@ﬂﬁHhU h.ﬂi “l f \ Ch each
line and edtnh coff R paty ﬁd’sandah@ﬁmm_fd; g(ebu‘aarr -a tand

pl ace®i n_the box &S e mnsf:ttl___ _ mﬂle Qndrytual
correl ation coefdliys hihe LRé Bt ol 1 99 Spontanepys hatiinhe t 0 t he

10 lipe an? to tﬁemtshlmla ”,ng e ,o;‘ o Jirlied byt each

i ne. $he pflot | gl fhat § -tmeammmqgnmm in ths Uiy Wonsi ?;
the two paranet fd}i"g'u, , ug'._*‘}_ "c‘mamﬂmmtvalwm&hﬁ,m e values.
W keep as the best day dicators the para- 15 nmeters whi ch have a
correl ation coefghaGi@ht . vvrth the two best parameters hi gher than 15 0.6 in
absolute value. if uniefis MH:%@M ug sslect S not equal to

at |east f¥0e vvelnmalaofrzsa bEsﬁeueis.ve I ndi cat or.s ahgv‘ﬁun ?1(5
correl ation coeflI‘,el IPOSE (o
t he same trrre the

P ST ROy V({é achmceftmcnonmdxe
20 The pi VBt i nd| c&t’arﬁmmgnmikﬁthewm& ﬁi% izing e 1N 4she
ey onl L T (YWE@H iscobtaired . byTtEﬁd:m)ld&rvmo ' 3 e
sjgn as the: pr oduet of ‘the
RCbf R juniiiy
‘ 't!hsm!etmyard pi vot. mdratoﬁ%ﬁl’em Tqgsay
R W%ﬁ@%ﬂ@@ukmm& Aakedays i s

rmne at
ficient 20.

h.sa

coefficie bet
that S.P. has a
hi gher « 25

&

i

P(;) Z‘ sign (i,j) 0__,) ' )

1+ a[x - x|n

45 ;n_v;hurlramaposmveooeﬁmentandnaposmveexponent.lngeneral,wechoose'

' ‘. 'I'heszgnnsthesameastlxatofthedxﬁerencex1~xforﬂ:ecalculanonofthe
statistical maximum and the- te of. e X, —
sta themzta  the qpposx thatofﬂmd:ﬁerenoe x;—x; for the calculation

. variation-range Dk of a clay indicator k in an interval i — '

N 50 | The variations: of the different indicators are normalized by dxvn?;negq 2:lchtookat§emxkbly 50
B! & normalization coefficient Nk whose absolute value is chosen such that the normalized
y vmauonrangeofeachmdzcatonslhcsameandequaltonumtsofvananon

45



than in the clean formations and that it has a maxi num value in the days
and vice versa if the polarity is negative. Phase I11[err] Each geol ogi cal
~unit i's divided into intervalsofa—g-ren—herght—for—exanple 30

“intervals of 250 feet or 75 meters.

' g/pose of phase Il isto determine in each interval, the nost

Mus. | evel or best clay zone and the | east argillaceous |evel or

/- _ ne. It is considered that these | evels are those which

__ e “Hoi ce function in the 145,28 ati on of which are incluled the

. val uesg ur'\ure [écted clay i1 ndicators. 35+ - It is first necessary
.to make these d| cat ors-conparabl e by normal | zing their 35 variation.
*The normalized variation.is obtainik by dividing the variations by a
normal i zation coefficient. W filN8Fcarculate, in each ifiterval, tfHe &
statistical maxinum and ni ni numof eafh of -t he cl ay indicators k and the
range of vari aiidwaier,Br Gtidky indickdiewelict b esman viratioeangeAB, corres-  t hi s maxi num
and this nipindingrto ol Gnisi i tetvatistion raoge of whee .:%ﬁwm%ﬁ“’a cl ays )

i ndi cat or kehggse as the aksalptg valus gf) the, ¥"Gi-ve {he maxi rum val ue to a
function: [err] i.n whrch a-is. a posrtrme coef.fr--c er ‘-.and n-a posrtrve
exponent. 1In. general we_;_-._-Choose ANkj=~ n=2:"
45 The sign is the: sarre as that of thendrffere ‘_'_err]for the cal cul ation
of the stati.stjgcal {1 Qﬁ W e dhat.obogherd fference
[err] for ti}ﬂ,cg}ﬁy" n. Pdlueli &e%&ﬁhﬂd eg%wm&guﬂiymmvhﬁr ation range
Dk of a cl ay misitking ralayan interval- err]; ' The
vari at® ons of ; F ethﬁd Jif Sy gt

t hem by 50"%-. ;
such that th@ ﬂOf
equal to n MO8 M=
12 [en$] Hovvrevréfter thig

_'_?.eoam;atmeﬂﬂmepmkﬁm'-- 'Nﬁa--oms the same and
: 1 457 758 -Lé; = L

i ndi cator i S 5P eadhMleveliodl tieﬁmér]vuewécalcrﬂam thecfhmiee as: th'e' absol‘ute val ue of

t he norrralrzatron-.-coeffrcr ent i: ]'5 &o Irzatlon coeffrcrent IS, L
assi gned a positive: si gn it %d I ﬁ'ﬁ'h ﬁrlgﬂcl ay -i ndicator-.has a maxi mum

value in the clay and a: negatrve si-gn if the cl.ay: i-ndi-cator: has a m ni mum

val ue 2on t hashere & G, 1.8 chosen ‘as: . - For- the i ndi’ ‘cat or. consi $ting of tRe . *
di aneter of the hol.e me%s,:tr d ln inches, ‘the “10 Val of ‘the. normalizon’
coefficient i's set equal” tol

NEE \A@xm ﬁk(‘j() mralrz vari ation range.
equal to 30 units, the mnr rrurﬂ 18 err or the_ other indicators are

as follows: SPz60 ._.mz, GR—BO ;orer . .18; M =0.42
15 : Af ftof i )‘ﬁnugoisilxedandpbtaMOhsu]__h - the,

di f ferent . cloYhe Ghebradl,nd s,gn(.j;ﬁls rﬁ&rahe—tlheoﬂp idin
nost asgi |l | amemﬂizel\/ﬂhamndeﬁd@ mst argilt :ilce'o

- For each IevéWe hioqse. as; themost, argillapequs Ie ¥ k
. ‘Wh ve CﬂonP(l lB_

where F' (ij)"f . ""slevelorbestclayzonexstheonewhx'_ gives the maximum- :

20 [err] antrale iof. the- ﬁﬂaiohml(i‘) moehith meehuomdvalues aremicxj_xtm\;be elxrponenr’0 for

exanpl® 1- orexﬁmilb:iém]rs t he sum of--' the_val ues. of F' (r j) when ris

frxed and j takes on succe&e v&by all theval ues.: :
_ —>0 for every indicator k. '_';-_. o

each ?sht erval .
t.[er r] 20

' - .0 if——i)ﬁk:k—(,-)—-<0forasmglemdncatork. -_ . . _

o

Cx-x) | f | .
= ——-—<0 for scveral mdxcatms k. S .
"Nk

.. ‘The least argillaceous level or bstclean Zone is the one which | gw& themaxxmum- . :
35 value “of - the - function P'(x) in which the followmg values ‘are ngen ‘to’ the sxgn- S
expmon(m) ' _ . T
- xkx—xk(l) R
- 41 if —-——(—)-——>0 for eve:y mdmtor k.



of the interval,and sign (i, j)is assigned a value -1,0 or 1 dependi ng on
the sign of 25 the normalized variation defined bom/25 We choose as

the nost argillaceous |evel and-as—the-teast—argitlaceouslevel of each
interval those which give the function P (i) its maxi mum val ue. nost
argillaceous level or best clay zone is the one which gives the maxi
value of the function P (i) in which the foliowng values are to-

30 expression (i,j):30 35 . value . of the function P (i)
t he foIIovmﬁ’q values are. qrventothelstsgvss 35 expressron (i, j): :
1 S . for several. ors k. [err] The determ na[IOH ot~

nost - argil | aceous l.evel and ffhe grb,u Hﬁ:dt&vé?' is simlar to the
determ natjon of the stati. stlcar—Mm mum and e statl sti caI -m ni mum of 5_
all the. val es of 'a single- |nd|x§ to
5 Wat is involvedis detey migni b §H EWXI rrum and m ni rum of _
the ctay proportions furni shed by-NteveraI d erent indicators after havi ng
nor mel¥ zed the inf orlﬂa on, fur hed by these drfferent |nd| cators to nake
t hem conpar abl e ?a, ofthe sgﬂﬂﬁg‘é 2 ug lenél st i on  of
clay paranetsers allthevaluesOfasmgle _ 'mma“ F‘H’g‘“%?ferm ngd
the nost argill aceo%ﬂqlemmlveéismmnmmmeﬁmhmlm&ulnﬂlﬁuﬁgﬁh rent
matrix density [ @ERFHEScaErses ‘?I Hiffcresit sindicatoor aften Chating. nbrihalized e 2 ( 12)
and we consi der Q,-g,.;. Al %W’P I‘RJ@"FGMWHM%@ eﬁmrr] and
we desi gnate t he | evel- and ‘the interval to which it ‘bel ongs.as the pivot
| evel and ilft er v&hase: H{- ystetne a116nofclay plkaﬂﬁtehe possi bl e to.cal cuate othgg
paraneters for a ix offech interval, we calcdlite e¢anpl e t he
par amet er ‘M ace -' arding §?°! 2ped

. wyolzing *®t he pi vot

{nﬁf deous rrl as -

consi der ed: [dn
6} he clay

level is c ﬁpose:? _
corresponding to {1 ' '- :
parameters for 20° I_lrep,gm,,r;sgop ' ) - an(il 68 we
consi der tg t th!sdmgh@qtoth\ae hé thegpad " i
suf fi &i ent Ié1 arg aﬁ?ﬁiﬂ%"‘?&fp onod: fiehe g,gs of aphe
clay parameters an(f'_lfl ﬁ:% a&(a I\/&eoéél %}é Barﬁmetﬁerds‘ rrust be 25 t aken
froma file. geologics there i no sulficiently roughout the studied
25 [er‘r] tgt t heaicuating thecbbus:atamet&ﬁ ahd;anpmeugltgy Jnfm& “'#nterv.al

- from the. yal ue of [err]an he val ue of theas

[err] FromTthis Var us
apparent matrix Qe’;n@bﬁry wdwnxcal cul ate-

by linear inter pqﬂ'- .. ‘evel 30
accordi ng 6’ t hels&pgwoow percentage: :

30 in which GR elT], st {THTEC 1 8 -t--:_--e matrl X s of the pBao ot

i nterval, ~whi'ch.is-kno P : h entl re.i nterval may be
det er.nmi- ned -as T ol'l ows: ' " . - aneous L
pot ent’i‘al * neasur ed: T IR oy :
1,457, 758 S s romtttn cef .14 [err] Wnere [err] I's-acoustic

» ,-‘ A A0e -PIvot. gye 5. We. _‘, ._ V!l : FhF .

35

the pwot mterval, wlnch

_— 40 % equal to the spontan potenual measured at the vaot level Rw, t‘:":iseter:tmuedSPcl d 40

o

. i€ of pyoy is compumd from
45 porq_srty measurement for the

a5



time for the matrix rocks in the interval. 15 - For each of the
I nterval s than the pivot inerval, we the of the apparent density

[err] calcul ated for the nmpst ar r1| |l aceous—t-evel—ef thc i-nterval. Two cases
are to e considered: -1f [err] and [err]0.05 whichever is larger,[err]

&y ther the value found for the. pivot level if this value is higher
t hén 34¥)3 in the 20 the paraneters for the corresponding interval are

A8 etk ng equal to the value at this level. If the.-preced condition

i s potA\ney, we calculate the cIayl’pgr-;ggntage [err] of the npbst 14°

ar gt | Iaseeus—i-evetr—of—tire—TTiter by ttTear 1.nf er pol at 1 on, assuni ng t hat
the 25 - apparent densr;téh?_pfl"’f"ﬁzjé’"'tl ay . of “this.level i@nt he one which
was found for the pivot lev

25 {«Fr] -and by using the known ap ent
matri x density of the correspondi ng |nte_r_val_ [err] [err] If thg'jval uk of
[err] this whedecul ated is higher than 0.60, I's considered that the 30
corresponding | evel is suffici gﬁsw_qur |1 aceous toallow the cal culation
of the val ues of 30 the y parameters.: Thes@)paraneters, ¥
valid for the entire-interval, A@eBc‘brrput ed as bef ore for the pivot Ievel
fromthe known fornulas expressi- ng the clay. percent ages-as-a function of
the differed paraneters. 35. - .- .= By contrast,-for the spontaneous
pot entd al , we use agaphe.hy-a}mu-%p;mthe spont aneous i35 pot@ﬂ)tlal inSthe clay
SP[err% vaI|d for the entrre’interval, the value measured” {c t he nost

argil | aceous |evel BFEUTeilmatldr=hecause beyond -a cl ay 3Qntent 0.60, the
spont aneous potenti a:l_lr_e;;ar ns substanti al.l Y- constant . |f ‘o cl ay
proportion of. the nost.argil.l aceou_s ~of “an “int'er vals- sma%?l er than 40

0. 60, we consrder tW&El-hbrne rs no suffrcrently argrllace %5 1 evel in the

i nterval IIo a yseﬁ,,hq t:@ihbﬁﬂmﬂi the cI ay pararreters
‘and, in th| g"" rei'imeters of. %
1, 457, 758 ¢u+F¢nm 15 |nterval r e co ut ed by

the | il(hear i nterpol at|on of TV the clay par arrefsé s O

intervals | ocated on- erther side 1Trwhat. is invol ved i's an i nterval

| ocated at qpe a@istic Ghnsi e FROUQIAE AL colpame avie choose- as t'he val ues of tHe
clay paranmeters of this |nterval thlgse of the adj acent : |nterval 5
Detenation of [err]fromGR: - (34)

5 The purpose of .the Phase ?tf‘l_[ err]l.pfs aI so. to provr de a- £ st approxun!te
eval uation-of the clay- proportron “err] contai ned in- eac_h IeveI I't is.
known that ahctapprsowwmt. Jme 10Tt - rPédéF"afB‘F [err] of - the

‘nat ur gl gamte voh‘mg,hgeﬁrm;smteweh@t i on 15rom

gama ?adl Oof A,Q; i dehsity YL ) calculated _ ffler r] and in

t he for:ns vmth ' -considered : orpula (5). The

fol | ow ng e i} Pma __ ; '“, ’5 -gq%ccuracy t he
val ue; her e Apelicoieel Qdik ': KBl b i t he 20al ues of
: gure X $OTEmEY afinG 2ath interval.
V\e det er m nahis lebd 15 Li kvm se,

we. consi der al -.llf" ¢ Df
| evel s,.0f -
namely~{err] _

entire. boreh’.’;l'emltphe reference |ines of - the values-of [err] and of: [err]W
first Iook for all the intervals. 20 Qi—p for which the neasured val ue of GR
remains 'statistically stabIQq r PR i ness of at 20 @t 10 feet _or 3
meters. W consrder thls condrtlcpn.max-ba...fulfllled if. the standard T on

' \/ thmedculated:s than 0.60; ltzscons:dered_,_"
| E-thf:m“ﬁvgtf iciently argillaceoushxgt:etallowﬂ:ec;lculamnofthe,_;_ 105 |
: d:cvahdclay e the . a
ners,vahdfortheenuremterval areoomputedasbefore r _
vaotlevel, romtheknownformulasexpressmgtheclaypemtagesasafuncuonof _
. the different parameters. 35
: contrast, for-the § taneouswtenual,weuseasthevalueofthespontaneous__
3 potenlzlyel in thet::lay SPm,l?eild for the entire interval, the value measured for the most ?
levelofthemnervalbecause,beyondaclaycontentOﬁO,thespontmeous_
atial.remains substantially constant.. . - . . .. o
pomlfthedaypropomon the most. levelofanmtervalxssmallerthan 4
40 0.60, weoonsndetthattherexsnosuﬂicxen argnllaoeouslevdmﬂiemtervalmallow
' avahdoomputauonoftheclayparametersand,mthnscase,theclayparametetsofthe.
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deviation[err] remains smaller than a limt, for exanple 2 If this stable
value is near the value GR[err]vve consi der the sald thlckness as a 25
for b

GRlerr] 25 If this stable valuers near

value GR as a neasure- nent of GR[err] For exanple; we consider

val ues of GR which are higher than GRlerr] by an anount smaller

one-fifth of the deviation betvveen GRlerr] and GR[err] 30 _  esk

to cl ean fonsations, t_hat |s [err] 1,457,758 . 30 I[f, in ans
interval, there }giOus Ter i err| and.
GRlerr]then R coli e W‘ﬁfﬁﬁ%ﬁ “‘Eﬁ?ﬁ‘% : £t doe V'

determ ne the comdmmlwseo,“ ¢ab ptagecwe: k:hmsasmlie tallsqfahuﬂsy pﬁuﬂsﬁbentr:]usand of 40
in thetfol Mow ng® -.“,_ﬁm‘mmﬂ :
40 The | owest of the val ues:: Jerr]is ext ended on erther Si de up to the
next stabl e’ val u@mwr‘fc] ﬁherGR't he sane is.done.:for.the val ue of [esr]
i mredi®t el y aboV% "‘:' O i oLg [ #@ @?X{dheétﬁﬂmmm% l'i ne
over the entire I'engtsknbdm tht ( -m% SN the G5V, e r rence
line forthe val umralcﬁm{ne' hotivity ' Il@dﬁ*euSn:&%mﬁépoaﬁ?W' 3 °F&§

cjbe puyreyiche ',a%anudhsforMemd:eutldmeGm basedi ne

45 In the $&ne necHYityvalugs
to Iea.nf i ons first
e with AR sy ¥ of &

of the .values of" me
extend each. sectr-,ﬁ,@s R

per meabl e bed whoseWe: |consiuer iy ; rfs:tﬂnﬁcmdtgnﬁﬁ:o@flevﬁE’ equal to
t he read- 5@) Of nu. VR YE ISR smallestofthesevalues, thBtISGRmh o

50 In the sane jpjg _ . A8 by
level (i) it e ofbhe d-mgeﬁléf@kf m] Véﬁf“?m i ‘ﬁ%&‘fﬁ cach
evel (i) it is tefeescepines vafues i 0
GRlerr] anao[err yhichs £ ured val ‘!ﬁ/@ : ) t!ddmewﬁmed 20

1,457, 758 d . remains sm --a-n' " ) [err]
from SP An appr oxﬁmrrtéotn’e upper -itism o?mﬁ’e c yﬁ%)r opor atron contained in a
level (i) ‘can also be deyivéd. ."_omthe@surerrenf t'he spontaneous '
potentil_in the said | evel SP[err]byr ne'a'r;'rnterpol ation from .on the one
hand, the val ues of . the -spontanedous 5.~ “ potentlal in the day SP [err
whi ch constitute tmtmamdmuemd memﬁerm,g,t,heroomderttb@saﬁlmmisa

f or ma®i ons25 and formation withons ¢laycand cﬁ@m bG8 8 npstentat af GRy. SSP25 The.
formul a used in ghe FAI0W ._-._-‘s[”éﬁ"rcj W%@?%‘?“Fﬁé“%&!ﬂ?r%ﬁmm@f?enm ns
statistically constnﬁ- ¢atp 15@@%&,@&%3&%1{‘,“&3&4 GrD! g I ower
than O5 nv over amount amslir Shaicate-fitth o O dewdition - befwetnd % 10

over at |edt 16 @r@rdﬁﬁl‘tﬁa “the rreasurerrent -

corresponds to the base. lr,ne. > Spont aneous: potenti al .
For each of thesesection Gﬁ(all él?"a te tﬁ?ﬁ“’ﬁ énl"‘@‘?p]t mat-ri x density val ue
found with . the deridkewiseofe et :‘,"‘nefmd:qma,vrnm&ky '
calculated. If t ' ﬂdﬁgg'ra!:n oReBith iféhb._ aeicehetweoh GRul: o1 than

: by il ig clay.- preportr on [err] cal cul at edp

_reater than 50%: we''consi.der the-
@4&& @m@szRSE—GRmLhe clay “To be on

correspondi ng value. of‘" 2]
the safe side, it.is-possi:
condition that the qhu@
20 If on the conGRaﬁ”

is con dered :
spontaneou pot efft

st of thetv &'&%ﬁ?%’& '-Jd%%ﬁé?%dé.?p&%enmmble

valneofGRm Then,th:same:sdoneforthevalueofGRonmmedmnel above and

soonunﬁlwehaveobtmnedaoonunuousstephneoverﬁlemmelengthofthebore-

N hole,whnchservesasthereferenoehnefortheva‘luesofGRc;mthearg:llaeeous
45 . formations. 45

: .Inthesamemauner,wedetermmeaconnnuousreferenoehneorbasehneofthe

values of GR, corresponding to the clean formations. :

_ _ Weﬁ:stexﬂeﬁdeacﬁsecuonoorrespondmgmGRoovertheenureexuentofa
0 .permeab:lembgldwhosehmﬁsaredeﬁnedliyconstantreadmgsofSPequaltotheread- .
. : mgsm ay. 50

- lnthesamemanner,ttheconunuoushneofGR.xsobmnedbyoombmmgthe

O et Eovd (i i sm&““'pm"lﬁe“ it using’
or 1) itds- this to* te Vs thcvaluesofG '
me&.gmwmemom&mmmusdemﬁ'e{i’ R

o




broken |ine which connects all the mddles of the segnents identified as
Vcorrespondr ng 25 ~to [err] The reference I|ne for values of SSPis

aperrreable bed'whose I| mts are defr ned by tvvo cl ay beds on

opposi/t ¢ ghdes of the perneable bed. The clay beds are descrbed as.

byi e ant MSP. red ~equal ,to tl'he readig ings clay. ITs iS

M iney B0~ cedure as used in extendg the ,base line for GRar sTe
~voh gveen th:eSSF bm =~ 30 | 1487,%58¢e fill ed |n _as _desci bed abeve. The
.def | eCTT OISy, NSnsd A o R@L @aneous potential, _P, the deviations
~between the é%ﬁ-'lm Mﬁ;-_-"_-aﬁmwahamwmwh iefcdidae base val ue.
“of the sponilarlecmgvep(i legsuresger bé&dﬁponﬁmﬂmmgethsbﬂm@vel hus, pI otted.
Forthﬁ. , SR Dy ligear Anterpelatios bog -~ ATt T "@’%@ﬁa“osv.'f
olytoth e i P l WL S mt’,,lm.ssm% are negive
,and. smar t ofintla s @oﬂﬁlmg St age m makes |t possr bl-e tocal cul ate
for eahi.nterva an apprOX| mate val ue of . -t he y e ¥

ay denity eb c, cly. neutron porosslt_yssp o -
R crdy,,rstzrn- R c,, ", IVt : dlatronGR rn(lmaday, 40
spont aneous potentrai inthe day SSPm-ﬁﬂﬁ aceustrc transit ti'me in the dlay
4M  These 40 values are: used . as |nput vaI ues, CinTanore. detailed p
whi ch has alrewm fhasim ' nstasty1the standard devia-- '
appi ction. ., ,uoncrbémg, er than. 'mvoversskgesmtoaz Q:mktefﬁo awes thamldaver ni 1@ i vel y
‘accurate vaP .ttlﬁ.-.._' G Qongy Fhie. 4 AR to thlevs
IR %PM: y.

\M t hOUt Cl a A A4 “e0Hpare' e
wm-"m prekusly e.difference45 On t he
2 Aoy m i, ithe

th aten
proportion Vﬁﬂe loﬁhdeﬁ

basi s 16f - tlp&ma:l-szwls ¢ 003 Bew ay Yl evel s
whi ch. are u - '~' ViR oo i TS m PR B hr g measi enent  of
neut zon porgﬂ y Land o '-_,en5| t:ypl' IEI gs.. b.and 7 repres ent th | ow
chart of the: tl:pe:bahlthmsfeviidehn uchdé other ooﬁdxﬁ@s, 'for example shy

- 20 condition that the val P%g- : Caul tions
ki ng i t, mgaffﬂp&mmgw“ @Eﬁémma ok 9"“*%"“3% ( each. | ¥
vari abl e . par amgé bas« tine oft agillscecuie fopmaionst is theer 't he ekt ent
of a ggol ogbuﬂ:nlatalhgbgonnectsanthc ofthesegments:denuﬁedaeoormpondmg - 5

For h- of “! HEssp SRt s iodaf a # .
geol ogi cal ; .-&szwr d paranete.
2) the sum by. lﬁﬂs DI j:bedamaaydﬁdstduadescﬁmdd par anet er.
17 . 18ashavmgoonstantSP-- "equaltothe readings SP%@

18 Phae 111 ; sin ‘I“’Grf“t SFSE B 1 0

h.ez,a&eakvwam ivetwdénvi ded i.nt.0 ..

argr | | aceous i)
khe hasemlue mmmmdg 250 e -

i nterval s ofthea Lan
-det.er mi_ne tphentnbswc.. p f

: SIcentage, Com : .35 _
ar gi | 133ceouLIEARS o 12 _

5 For each 12 bohesion ﬁg’e' i : e foce yval db\approxti | ock 56) Cuts
‘are made to nﬁkdvﬂnaat ﬂaealai ptrmmhemaiastcnﬂmqfdspbm ensity - o 01> Sl Mﬂt e,salt,coal -

or conpact RN dm i atueel gpmimay radistion; -GRow i Hhe o

elimndte t By
for exanple ¢

the neutron lllsalqo 1: :

d led y W . &h
"_____evel S. for whi; ch the poryosrty rreasured by
meters G R.,gndSSPcm:respoﬂdmgto.

esmine. relatively accurate values of the para-
-le‘velswnhoutdayand,fromthesevalues,

5 toealculatetheclay portion Vg, in each level. $
.On. the basis thlscalculanon,ltxspossibletodetermmethelowdaylevels : s
wh:chmusedms Wmeahbmethemsnumcnmfordxemeasummentof
neutron porosity- ¢ - bulkdmsntypb.
;___F;gs.6and7representtheﬂowchanoftheoperanonswhxcheomnmte * .
50, Stage NI _ o | 30

_. Mu@mmmmm.nmkm@mmmm
coeﬁaemofeachvanabkpmterxlmtheachoftheotherpatamemy,omthe
: extent of a geological stage.
-55 Foreachofthepatametersk,weealculate,forallthclevelsxofageologxcal 55
s 5
mgel) thesumE.xmofthevaluesofthesald aramcter Yo '
2) the sum .xu,ofthesquaresofthcvaluesofthesaxdparametcr



For exanple, we take only the levels for which [err]porosity units.
Li kewi se, we take only the levels for which the ratio [err] bet ween
certain limts, for exanple between 0.5-ar€—2—15 Bl ock 58

represents the storage of the adopted information. OsMng to the abund-
ance of this information, only one.information itemout of two is ¢
order to redl'jc'e t he cal culations. ock-59.d, afer._.each |evel, whe{Dgr
t hi ckness of,.t he interval consrdered is reached. 1f not block 60 ¥ef T '
whet her- thejl Hr-ts—of—theocaon. 20 1453175k ed geol ogr cal st age have peen -
reached. If this |s3)1€rbetij.j’.‘;.' 05 Fii)\ ol ‘un O tucmext
| evel . ~. et multplied'by the val ey g8 8¥ter ni ne
that the limits of a)hqh,g ¥ i of :t he'geol 0gi. cal . ‘st age . are reached, the
readi ng of %nf or AmtsgON T el a_'- h’l e’hf’fe P”W‘ﬂreﬂﬂhnaﬂm xoflhishe
program i s pursued 4 4510k POt of theon:d 25 .
The fiow chart ofgahlil 5L a&ﬂ: ages: make it
25 For each level . l..0f th&in e e .value: of.
P [ert] and we det eFheiteme 3 Qg ., 3 ag’ b’e’i"l' P'[ r.-r:] has a
maxi mum val ue. e rquad uithL'?o FL Ve )n “ftb?s"aie!lferm ni;ng
the nost argill aceous Tever dnet '-‘he l'east argr 1l - 30 -
In both cades, we | ook for" the meg orf-za fun-st.
rdn %8‘ “\E ER

30 where- F"[err] rs gr»ven ) Equat _ _

of the nost argiltggeo evelk sul.at i ‘ '. '

| evel- by nodi fyigg. sQktod: bt Iras{cieniny @nelitlénc&ﬁqgmofmmmnﬁe'g 7
represents the calk Glolelate - ThR el TR f it ag ;LS | .evel:. 35

Bl ock 62 rgpresefrr dfieech patambriEin RQY S}Q sl Vﬂmemacom-rhe
function PU=0. Sibse suh GHERSEnR ¢ eadpjc’ﬁmdemepmr g the nynber

of ti mes the exprmsém‘ m 2 rvalué;hﬂi .~e=‘_f_',,=“~ e vari3tion
e o i ke earast | 01 { he

of an indi cat or of 41; process ,
Blog] -Qpnesentkth m,mno“be % tcal gul-ate the
i eompleter; Senof A& _ gfof" e |nd|28ator

er ence: bet ween t‘he«_;
t...e the N r:meli zed

variation [err]: 4531001:4 !'epresen orralized '
varigtion i's po m %Y‘B'&ﬂ@fGG -
cal cul ategsthe a Svp[[,y Dk [err] The opera'f“"’t!ﬂ‘f“’o‘tf bl ock 70
will be explai nkdndgl @a‘;ﬂ%ﬂﬁmchwrﬂﬁmd to the level

1,457,758 Bl ock 68 cal cuI ates the hé par 2l sum [err] that is, bl o.ck 68
adds to the precedi ng. vaI val.ue [err] 5. .. furni shed by.

bl ock 66 or bl ock BT _;ir-s_ made to. take into

account the-values correspo it 'j:"""- | ~furni shed; by ‘all the
i ndi cators k.- - “i‘a‘ﬁ%‘“? &) S _corrpl eted bl ock 68 furm shes D& [err] L :
corresponm ng t@mt .-; AR GEVEL. L
B I.Dh[.of"each" it the. _
. bl 49and50 ltwluchlsthe e
S BlockSZupresentsthecompansonof[Dk[mththemlmmumvammmgelm .
e W ﬂm“KP‘klstheabsolute valffeofthenormahm
: bY the aceordmg to the. formula L meﬁmt ’Nkl is calculated .0
s kY
absolute ‘value ofm:lt'.eer n':)md’tmahza[Nklnwcoeﬁgreauenm than ], dhe block 54 qjculates an
_ T R
a5 _. o ,Nk]__ﬂ_ o .
| 30 5

The ﬂow chart mcluds a loop 55 for each clay md:cator



10 It is thus possible to compute the function:
10 [err] by choosing for a a positive value, for exanple 1 and for n, a

pos@%—ue—#—e-#e*a#pl—e—]:——l—t——r—s—seeﬁ—%hat Equation 18" is Equat ion 18

in remwl'ten forn1 W next' have to onpute: 15
N 15 If bl ock 65 has

pat Dk [err] block 70 cal cul ates a new val ue of SM=SM +1, SM
Png val ue. Once the Ioop 69 has been conpleted for all th .
i di cat: olas__ we obtain a total 1,457,758/al ue of SI\/(l ,j) for the t&wo levels

I and j. S fevddsl det er mi nes
whet her thlwmwf& to 1 or Is hlgher ‘than-1l. 1f SMerr]=0

that is for evda $tageris d:hdedcasenmdsdtmlthlmfmr ceous | evel
i s sought, view inemisel, 0@’ degerpging, ghe ot rgiliacqops Jeye aﬂmﬂanner &
Dk/ - Nk<O, art® g “! i i vie M b,";gvd(bmsg) 'h_e -same manner .

30" Knowi ng the (&(ﬁl uenﬁcie ﬁl@jﬂnnﬁde a]l)dmandalswm& nding e hibpdri
20 W corrput e

bei ng the prec ', '@gmgg_ ‘ '% el B ayhich | S -_

of the mtervalLMﬁ&avuldaketdﬂy fwhachﬂn& ! t he
sumrepresenl!lal forml’lemo_mdz- a [err] 5
Bl ock conpar i s :u- 00 Dl “ Mhe sgge sum
found pfevi ommE aflon) GAlY! Gne ﬂinodttofi\ﬁg%@_ &d&&sordeg and

t he program feducends daloalpion 't-0: sean. aII the level sii: he:interval . 10
| f the val ue P Ble rsﬂ determines, after “‘"! level, Wh“h"""’“l“m foerval
10 [erg& is i’if';-;l"u, ,’7 : ’,’"#if g,
the en ; g

Plerr] is tré:;zm‘ﬂm wm_ !ﬂfhﬁ
the interval s upsion K
15 The rogr%%%‘“"?
| oop 8% for theFa’rexdxlgﬂal
programis t Wedetprmins for wif 3, yalug. ‘Else.
activity, of Fhe ' J €. CTay o] &F ters. The

flow cg@rt of~ mmmwmmmmﬁonst i tute phase [11[aor] i S
shown i'n Fig.8. - .20 Referrlng now.to Fig. 8, phase . &
ILi{err] is- entered via. bl ock fﬁ@“zfﬁwaﬁ’péﬁent et £i.x densrty [err]and the
parameter M is conputed using equations 12 and 14 respec- tively, for the
nost argil | amusp'(“yglgmﬂ be Bybation t&r val , . bl ock . 152. Next, the lar gest of .

t he apparent de%rthnnegp m&eh&!@lﬁw dﬁh#%@tﬁdﬂ%k]’dm &emlcﬂbﬂm The ‘| evel at
whi ch 25 of theje - bycihe walueof ths é‘%l ‘and the ipterval

. '|n~'ervaf and pken a
paon B4, ﬁdg 6. The
"gama radi ¢

contalrﬁngthat mﬂ AL ok I 1 inteRbiS @ kuncdol© par3 meters -
for the pivoprgt erval” are npw corrpute..f -t 1S end;” decision eI ement 156°
asks if [err] i SS.Yk exipreseats e nindx Gwhichh cdrivspondy/ to S the b it is the
0 P consider two losds 1 dnd J of the intesval and - 40
. We_first calculite the difference xki; —xky that is th: dﬂfemce between the
vahwsofthemdmcatorkforthclevels:and (block 63).
We then. calculate thc rmal:zed va:iauon
Dkun Xku_)?‘!km. e T
45 - Block65denermmwhetherd:enormahzedvananonlspomnvcorneganve. .45
Ihusnegmve,block&écalculatestheabsolutevalue _ _ : .
N o 'Dk"'.Dk ¢
L Nk -; N
(The_operation of block 70 will be explamed below)
If it is positive _
‘ Dk’ Dk C
50 L e | — (block 67). 30



| evel is considered to be conposed of pure clay and the values of the pa s
for 30 the pivot level[err]are retar ned as the clay pararreters for

t he 30 entire pive ; 5 S- o j
NO, decision elenent 160 asks if [err]rs Iess than 29 and whet her
greater than 0.68. If the answer i YES, predeterm ned val ues of t
paraneters are utilized as clay paraneters for the interval, bl ock? ,
I f the answer from decision elenment 160 is NO the clay paranetefs. for
35 interval 1o must be corrput ed. To 1431716'58 [err]rs set equaI to 3, .
164. From b 674 —aJIT Pl

percentage is conputed T -

clay par aneters vafor the ere- ptvot |mqervqbk|ar:e _eterm ned Fl rst SP[err]
is sek equia¥ to the valueof+SP .of: Ehe—pritt—40- level " Theh:[err] and
are corrput ed using equations 21 and Nk *  Nkg 26- 34 ThJ s operatr on is
represented by bth\CnE/, blotb 68 adds b @k M%& 2&@3@&62 or- 168, the program
procegds to bl ock 2 where the operatl on of conputing the clay parameters
for the other intervals i's b For the m)st argrllaceous -~ I-evel in each
interval, the apparent - mat¥ix: densrty [H corrput ed ‘usi ng equati on
12, bl ock 172. Deci son el ement. 174 next s if. [err] _ .45 greater than
3 and if [e$r] |3m¢hdabseblo¢rﬁmr[bmck}$7and |f it 1S, the

AR b it gai el ratiapal Wi

t he

arameters for 4he

; rtp%d%s | evel tlhg

value of [err] for the nobst 50 - . argipkaceous IeveI [err] is corrput ed
using equation 22, block 177 after whi éhI—debl sion 50 -element 178 asks if
[err] is greater than 0. 60 and- |f|t Fe values for .the clay para-

neters are;gonp

SP[err] is set equal-
in the tnterval vablock 182
deci sion el ement 184 asks. if.
one end of a geologrcal stag

t he |nterval ar s- Cor e nt I I ck 176 and

21 if“it.is not, tI’W;meﬁlpvepaammp&&ers are. corrputed by Irnear Lo '
i nt erpol ation bétween t he: i nt. erval s gon ei't her ~sj.de-of the- i.nterval under

gﬁ% 6-34,. bl.ock .180 and-the val g of
: Ht t-he: most: argil-l-aceous | Q/el
I:Itd;? answet f Fom decisi on el enment 178 is NO

Htme \aal. under cons(lﬂ'ér ation is at
“r’gf' ok Iay para 55 neters for

st udy, bl 0gK 188. _After each JI)Ssrgar(eg): ssed -deci si on el enengs
asks if this is the last |nter(/al Jan tisth progam feturns to,

bl 0&172- tq conpyt. & a for. the: next inerval . After al |
the interval shave een ﬁo%,?vES answer wf rom i -5 ~deci . tsion ment
190, h next erai nes. a-val ue, of V Df:or -each” depth | eve usi ng:the
gamra ray neasurenents. . To thl s end., < num-GR measured for all the

l east argillaeous levels and’ the nanum i G for al the * | nost '

argi |l aceous | evgbek m&a@l%&&%ﬁ%ﬁue &ISMJQML?? M¥heihg the PRt tv'al\iél y: Next,
sections 10 Of Ol ehei lodp bt eomyderedt fo ilbmcuﬂlcah-sk,heeﬂeml

vary by nof® thaI’ﬂ‘“°°fSM(H'._._..,,;_._.;.H : 6. These
e/ . véI’l‘eII‘@&“‘P Bk sk

' Next dedsi doel ent, _ el _ ]
ind-"1T it ds it hes val_ue of ‘GRi n ‘sands,
bl ockDEOO I f“t'he. ansywer from decision

l ess than 02- (GR :
GR is set equal to'" 15"

,element 198 is NO deci sr.on eI enent 2 =5 | “determines if:GR
|s near GR,,1 and if it is GROGRi n" day setequal toR bf -t he answer from
deci si,on el enent sigd@jye=st NBlockRBand G-, "arq -respectively t4:GRinl3 and

GR,, bl ock2204; |f ItﬁMsm"”f.‘f"lﬁz'f@ﬂeisasqmdlmm onli\ae Jorghie DkfNksth, deci #on
el enent 206, the gr" ; A0S bl ock 196..f or -processing of .the next

interyal. 20 i50d Adva e @gh@,%ﬂ{c@%ﬁ%ﬂ_htﬁ' seoGR,
and GRO, are " and we reoord, in the sﬂﬁ mﬁw,bb&/s—hﬂd:to, antll thd kigtsof [(1jpis determired?, | S

est abl i sheEP byf i i thg samegp conputed.for.the | one®
depth | evel for %@Whﬁm"é@gf’é ‘{‘%%B?Pn dept h.I evel in

wecompute .the pmduct F'u,,s;gn (i,i) S



- thie forE~ion up to the depth | evel at which the next stable val ue of
GRkl is conputed. Then the next stable value of GRc is assigned to al
depth-levels—up to the depth 25 lLevel atiwhich' the next stahle value of
M3X0c |s ‘conput ed and so on until a val ue of 25 GR, | is asiigned to al
level s of interest. This i S represented by bl ock 208. The baseline
‘est abl i shed by assigning values of GRE to .all depth-levels in a
tifye borehol e corresponding to a perneabl e.bed in which the val ue
or-uted ~The perneabl e beﬂwqu be defined as being bougﬂed .on

i ,.,- 30— Dy Tiay DbEd w, adi ngs. of
SP. The val ye : _,_“:;.',”" an%‘bpf‘f?’l 73 ? |"H' f‘FPe"p netrder of: the '
formation are % %bh@mﬁ%ﬂ&ewﬁdttﬂémﬁ&aﬂ hat descrl bed above for

setting the bathnlllleth@{n eSials |j haveltiean. pkee fimd mmt,shersuprmeaned by bl oekK 21Q
Knowi ng the value O G and GRO1-ft eachidepth kiel,'the value V1,1 canbe 35
conputed for. each depthp) ewal &F(p g 9, -.bl ock 212.

35 The proportlon of cla ‘Et jeakh 3%@% evd “can al sobe determ | neaf rom.t be

spon- taneous otential measrents from knowl edge of SPO1 and SSP at each™
depth | evel t7érWPR§=°t‘h'e%W’(aﬂdtht‘hemmoﬂmaéMMevel a

P |s %%ted as

e M%ﬂ.ﬁtﬁrﬁ%%% el 5 51 25

nmye I the value P’yy- % _ 40 equaol on 12
Iok216 - Then.: dcisloix. *m = 3 Cifdihe dlfference- bet ween SP and p
ai 'eiousj cuted foW the rrt&r[ i) - . 8ign ;ZQJ i.e. less than 0.05: and t.
be~proportion of clay con{)hteldu |ng‘ ?1 eaur enen, Vc .isgreater-s
50% -It it is, SP.iiset Wequal t he’ 5P, ebl ock220 1 f the
answer is 4 higher ml\ﬂp!dmu E@ﬂdﬁkﬂﬁaﬂtuﬁ%ﬂ&iﬁ J the di. ercebetvve o
and PP’ |s ghahneand anmmﬂ,&e of Bgdis t han 20% ft he
| ansér SP ““' fv- legel, (o5 the B“SMMWZ‘!f mmaﬂ&f 8 one secin of

i w.:

const i R 2 M&&QS'&B%%H@H&NW@%MC@&JN&;SW '3st

p

secti on. Iﬁn thbtneit%emal tstage, petdffhgith bldck 44) 6t ~~~214. -

After 'al I mmm ___,_-_f-,_.__tl!es.__ Stfm ms F&dw-el ement’ 226
- i Py the Refetli

bet weent he

ar econput edt
dept h gel Si

T@%MMS Iocated b
Bcandridhespeca bl ock 220.
!Be J9%ck. 220 for - the
cyel @ est' ,and usl -

lin' el | ntg"&é’éﬁm vot ihtesd4l. >-at- the depth |evel

of interest; BIte Prex féihbe pmtumsmﬂ(are :ﬁﬁFboapmdséI‘o thseﬂeﬂeusxoﬁS . cribed
forsettig -$MEN8/ @b AWL I 9fs AEBTE dF’B \ g_ hen the
propongi on N Tvam ; SRE S b pardntieh U Ete - USNGpequat i on

19 for those;'-' ; - ' STk ifvol ts, block
232. After m.hh-ehs MMZ) mhwhedes M & dml%&llé@hc@wntm 1 457,758-
22 Stage | \Predetermined values;of ths paramctess, stF iliged cleR PIBRRLess for the fnterval,

obel MUK ‘%#WTB%;“&‘?@% b “bsm“‘.?é%t@%%‘“‘am“br atasthe
|nsrurren5m. mif 0 F1alel) Mto B£! he .

measur ement 8 Ml___ an &é thed’h! apie Ms this

cal i bration HKCle ¢pky tions and
possi @py in GRS KL, 30 ; W&q Riohe zltn s caldobration,
we conpare 26+e34pd‘hn ypdration dscreipresente err] calcul ated
fromthe tr o \PIOERS 1ot B¢ OB | f‘? P L VEBrr] To perform

t he cal cul a

10 45 .i',;." ioh Dedthiorl
10 Two casegress 'rthar3wnf]n.n.,.t isegnfatesthm
suf ficientl .Ml%“eﬁf‘l rfaﬂwepagappaqeqs

IftheanswerfromdecnsxonelemmtlﬂlsNO,thevalueofV,,forﬂlcmost
" 50 . argillaceouslevel,V,u:scomputed using equation 22, block 177 after which decision =~ 50
" clement 178 asks if V,,, is. terthanOGOand:fxtls,thevaluesforthecla para-
meters are computed using- uauons21and26——34,block180andthevalueofSPﬂ
- is set equal to the value of the SP atthe most argillaceous level in the interval, block
: 182. If the answer from decision element 178 is NO, decision eleément 184 ‘asks if the -
55 mtervalundercons:derauonxsatoneendofageological stage. If it is, the clay para- 55
metersforthemtervalaresetequaltothoseofthead,aoentmterval,blockl%and _

$ul Q'"°é5| stivi ty of -

=0 ] - Yl o by ]
7 ..-._____pmatetﬁm.f Pruo I8 45
' _.s_mmw::as,\_;bg_ omewnr | T,




make [err] vary around [err]. If R is not known, even approximately, we
calculate a first approxi mate val ue, [err]fromthe statrc spont aneous

potential SSP by the formula: [erri—trmwhichtertt—ts—theresrstiviiy—
ofthe nmud filtrate. /W cal culate a second approximte value, [err,

t he maxi num val ue of the ratio [err] by the formula: [err] where A&g
maxi mum i sde term ned by conputing the statistical maximum of thg§
[err] 25 for each depth Ievel. :
25 V& choogd as an._approimte val ue[ er57R8 smallest of the tmn_MaLuék_ S
[errland [ err] amdi Wendtpie. cia?rpaﬁaa&awad Dofpitid by lheadipkerfoRucCBedviat tevar i ation
in[err]. due ton&hgﬁ;naﬁhmﬁde__meymmnEmﬁhumdﬁmmkhI&Epth _ve -cal.ibrate by -

usi ng only the data:e 30

whi chel ea 300 tlgs gk anok : 5

30 W& el i mi nat e dadsion lelement 290 Qfatethifks b GalGeOdF VO Cor *'"_mu&as* to -

| ar ge” hol e di anssieg" sheamrﬂa&?_ﬂsmat |Tondusr endiyethes wninisnem GR,\MQﬂamdept h. W
keep ®nly the séﬁs "“\/Fl’l: ; i thy

spont aneoug pot L GOh SHoh s§‘ﬁ’8‘fsl syl | er

than 10 or 15 m/ and fer ~whi-ch, a%{ the sare 1t me, the clay content
cal cul at ed fromthe rreasuement 35 O‘ ~,%ie[rr]as wel | as the ay. content’ cal
ted fro the. neasurénent “of - GRp et r] are- gl ler than 20%" For al | these

| evel's, we cal cul ate an approxr mat e valuae “of the’ resrstrvrty “of “ tHe '
formation water, R IND.: - by -'he ferrgirla take from..formul a 7. .40:

[err] bl“‘:k 195 <400 \Ahrc: -‘.-':'err]Gs ‘t:hex porosrty
nmeasured on the i : '

1, 457 758,15pol aj

calculate the S
cal cal-ated. W
whi ch the srstrv

o this m

oum

for “exanpl’ e al bsab: D?hé? S T kot 1, "6t GREAN | €Vel s,
wi t hout -hydr ocace d-fok tH eecwe}trdepmmeformaepdokvendmﬁmc 'hddp&ﬂévelt an[err]
This sef” of |ev h“b@tb,q h which thespest s leIVﬂ@‘@ﬁgmnng“

per cent agesand 11{ -,'o;s_ ieltinme r“P é"r‘?dfl& we yse
only thefrrst - qgvgs gﬁgﬁ s & A mutron probe
whi ch nmeasur ement mgmwldmnéébﬁm asaigmsmm@a tm depRlevilor ‘
denisity [err] asummeefsdw mxp@dm%ﬁ bleburmtwm:nshe value iofig a fi rst
stage we C nsr d oY P'erlredjg’a sﬁne‘i,}asstp g bgunded on sithe: tg:tween?‘the
fol | owi ng m;monmthenset c A ‘*

[err]indicat ed byﬂiah%&mﬁdb@ﬁf&fm& R&tm B1id Jepidsared S [ €1 1]
The val ue of [erhy]leChtZSO depends__on &g‘g % 2)..The. vaI_uenve} err] cal cul at ed
by the forgul a (7) Kopwie it £ GR and Pl Ne abae: of 4
[err] This val ue™ “gEblcbortidhtol clie Bead: ’. 1eve1eanﬁ '-:.h&érﬁdnedfmmthespon-.-

25 . taneous tenttal measurements from knowledge of SP,; and SSP at eachi‘depth level.

po
To determine the SSP and the: SP¢, of each”depth level, a: borehole interval having a
statistically constant 'SP.is selected, as represented by: block 214, Next, for, the interval,

40 the values of the apparent. density. piins, desi 40
- equation. 12, ‘blo :
if theSPproportipnpm . clay com Led using|
© 50%. If'it is, Smessetequgallltethemea‘s” swer. is .
-, 45 NO, decision element 222 asks ,\f the difference Betwien jia oi ad pr sp-is greiter 45
1 than 0. 30 and if Vo“an) ) 3 v et YES SSP is set equal to

SP, ‘block 224. The anal ) s eomplete and decision”
226 3 » ot, the, program returns to block
: stéeen consxdeted YES anSWer“from decxsxon element 226,
“For ‘the” SPy,- baselme, the’ values of SPc, at depth levels located between the
depth levels at which SPg, has_beeneetaceordmgtobleckzzo areeomputedby
considering the valiiés of SP,; set 'y block 220 for thé depth levels immédiately above
and below the depth-level of interést and using linear interpolation to find the value
55 of SP; at the depth level of interest, block 228, The values for SSP are set as des- 55
cribed for setting-the values of GR,, a8 represented by block 230. Then the proportion
of clay from the SP measurements,’ Voise; i8 computedusing equation 19 for those
depth levels where SSP is less d:an —30 mdhvolts, block 232, After which the

program. goes -to..stage: 4,.. b106k234




We conpare the difference [err] with the known val ues of the porosity of
the two end matrices [err] and[err]with[err] W make [err] vary step by
, R ' y—-cal cul ated. For

exanpl e, we .take.a series of values equal to k [err]the coefficient 30
k varyi ng:between 0.5 and 2, in steps of 15% approi mately :
™SWe, give d [err]a. series of values |ocated on either side of
zer o\JAr ok Jjopl e, we make dferr]vary in steps equal to 1 porosity unit

: 5 “and +8 porosrty unr t1§457,‘758 each pair of values kjerekthere
corr eSpores LV E : . val ue of-the. drfference [err] W

cal cul ate asﬁfﬂﬁt . O Thlc g---' ithiahenia ike® For 40
For each pap&wtﬁ%wﬁjdﬁ&y% 'm&mmmahmﬂenmm[eebu]mg‘ all the 40

wat er - bear i hg-clm@ s khigy calitiration gomi '%%I@mﬁ@%n[ er r‘]SJf or al |
the posi bl Potaton, We (Cunpare 1 d G4l il @os are
conpl et ed uh .maxi num of

[err]. We de3|gnate thls pa|r of vaI u_es_by the syrrbois Afor d [err] 45 «

and[ err] _ 45
24 57, 758 - i
24 Two cases can occur. In- a fi rst case we do not obtain a cl ear maxi num

@e maxi nievperfarmy @ew\%m&samwm&e thextesisgiuitypf k R

or th.é bt ai FEEE, rﬁ@ T on to the maxi num val ue at ?he'
limts, for exgml m&w&emmmtmeﬁﬂydmmnmwvm“t the limts
.In these makec&smyamnndlk..lfkwslnatknbm,evm owe calculate 2. 5 naxi mu. | n
a secqpd ca : approxippee  galere Reiy e %WWW@@QP Wasterum of [err]
for agarr Wl ues [err] =A"and T.etr] fromthe timts.. I'nithis second
case, we sel ect ‘the I'evel s(j) for whiRf [err] when: [err] -and. 10 [err]
10 W cal cul ate,- for each IBS%h—kjlyga—v-a-l ue'[err]-of the @Arix density by
a formula similar ferr] [err"f] that |s[err]|sthe

val ue f [erg,]wﬁg,rﬁ S _;mm-mﬁdte-_[err] 15 ... . [err] is-the
known density” We cilk teirwdoﬁdr"ﬁ”’ st £k _ mobihet he forma-. 15
[err] is theatioRaiB: by rfempl!FOSIty caIcuIated y the formla (7) [err] &s
thus a function of “[err]and” of Li befaﬂe Wwe nmake-[err]and d [err] Vary
step By step: 'For exanple,; Q.QE_LQL_d.[err] a- ‘seriegupf val s

between -0.06 20 - . and +0 06, b&® weeReeWhi ch- it “varies . in steps equal &0
0.01. . 20V‘écalcu|ateafunct|on F' of

[ err] havi ng“@'ﬁ‘é"?‘mg values: [err] 25 - .. -[err] are.the densities of
the end matrices traversed by the bggehole. - - - 25-For each pair of

values = and of d [err] we corrpute-t—he sum[err] for all’ the | evel's |
sel ected. We-note 't he .maxi mim of. [eR] and t he ‘corr.espondi ng val ues of [err]

of [err]=B. "§Q‘=m"§§ﬂ °°“1§“" [t@rs{a]'sw ], r] for exanple,[err]a-
cal i-bration bh srrrplegca;e Shlft vkﬁ[err] is-valid. In this case
we conmpute a new.value of the rratrrMensrty by a forrrula simlar to the

formil a (12) (12 )

25 foreachdepthlevel 2o 25
o We choose a5 .an’approzi '

R..andwemaheR._vary

We calibrate’ by using only thedatarelauwemth:low-day water-bemnglevels,
30 wh:chlendtothemost'rehablemeasuremm o - 30
_ Weelnmnateallthclevdseorresji meompactformauons,mhrgehole_ ' ' >
diameters and to fast variations in measuréments with depth. .
Wekeeponlythesecuonsforwhxchthedemugnofthcmeasutmntof
sponuneouspotenualmrelauonmﬂ:ebasehneofSSsz" , smaller’ thati 10°or 15
35 mvandforwhch,atthesamenme,thechymnmntcﬂcuhtedfmmdlenﬁasurmm. 35 .
ofSP(VcISP)aswellasthedayoontentcalm!atedfromﬂ:emusurmentof :
GR(Vc;GR) are smallei than7209%,. -
thcselevels,wecaluﬂateanappromauevaluzofthcmsuvnyofthc

%

formauonwater,k.,.ND bytheformulatahenfromformula7
40 » R W= 1 (‘*uo) Rr: tzs) 40

mwhlch.ﬁnn:sdxeporosxtymcasuredonthegrapboqunasafuncuonof.ﬁnbymmr- -



35 The value of [err] depends on the values of [err] and [err]
whi ch are made to 35 vary step by step around zero as previously. W
consi der thetevets—j sel ected previ ousty—ant—we—eat-ectiat-e—a—fincilon

F'e[rr] of [err]having the followi ng values [err] or For each pair of .
values of [err] and of [err] we calculate the sum[err] Wat is. ge :
obtained is a series of maxima of[err] corresponding to val ues of ﬁ
of [err] related to each other by a linear relationship. 45
choose as t h&" values for zero shift _cork4&¥38n for the porosrty afd"
density- 45 palition between ‘the. two curves cor 4 758"
25 measurenent s Cévebe computed as: whi .ch - cor'f‘é’g‘génﬁég ﬂ%eoemtir?gmpal(?ee(ﬁg %I ues
[err] closes_} to [err] ar’rd‘.—'f'_, e'r]r “The corr gct-ed : pasurenents . used for the
fol |l owFng operati ans: are thus; [2 %h é)‘ éalrrf’a;aa “if t he, @tue [err]of the
formati on water resi-stivitysi sN 80 u atoeroy the.. \lalués f-d- [err]and '
of[err--correspongl ng.t .Lerr] ‘are -chosen. . |f th""'-leference ‘bet.ween the
val ues* of [err]a (‘J"’O'P<?g r“fls not- snal |, a si rrple :zer o -shi ft- correctlon i's
not sufficient and it is necessary to int -oduce a, sensitivity multi- plying
factor C ﬁto t he: rreasurerrerﬂuoofﬁmesr fmaa~2.711 10 ThrgL )actor C IS Made
to vary step by step, .for exanple in steps exygal 0. 0.1 et‘'ween the val ues
0.7 [erf]Jand 1.4 [err] Wl [err] The val ue [ert]depends: on the val ues of d
[err] and C. Al'l fort ll-élﬁels j are still considered and-we-¢al cul-ate the
function F'[err] gaqddlFo s the yeqtistical mininjum BMe.nofthEtheruesrmtRJ,NDdenSI ties

[err]and equal to -Walk& For .each pair of
val ues of ®%and RaNm{sﬁrth n&@b@%ﬁﬁiﬁ ytlml'Welsforwln ch the resistivity

20 V& note the ane}hamhe:eu, u&;m‘l?m %‘{{.‘%‘Pﬁ] whr'%h
opposite case wefn:?

neasur.enent s of [er_ﬁ_ %%eh@ﬁ@@@ % ect'ed ‘measurenments .t hus

given to [err]. W theﬂ i@ok_ for; the arRr;of val.ues .of d [err].d [err]which

corresponds‘to tnr-s ST FE e_ul ate 1he; matrr X densr

with [err] W nak e Gumber i @{,;._", : pe'ff . yoDecen

maxi mum-ar “maxi ng, - faﬂ

are al*igped. W chas 9195

becon®: {err] 35 t(?De study.of the sum
[err]has not a allowed a very clear rp{a- = 35 mumto be found, we
optimze the fungdl R h&kkdiE" ] [err] dependr ng on
whet her thzs val umD.I. [err ca'l Lfeﬂi %nwlcffl O‘Sl{ ﬁ‘?dﬁ‘fﬁr?a“‘( ‘2‘) ocatéad
bet ween[ err]and erW, mmmvtthe:‘i!ﬁerence ¢NR:—¢-:.,-¢R‘ with the known vahies of. th

val ues thelferr] vvhoW@useahﬁe

[err] and 29 =gu+d $x E’%ﬁpggds 15 ad%aﬂlfrhf‘fg‘]; values @

select he levels ' which |ead t@gr B-Rahen t he et ed val ue e[rr] S
ahlrmlﬁnda&nwfvﬁth@ﬁxenmymr eli ablée1 val ue of

‘ roximate value R,, or R,’ pre-
».u sxam] %tﬁﬁe :glpua uﬁtok ’y th ooeﬁaenp o
_mg between 05 and 2, in steps of 15% approx:mzqtely. N R' © ¢ 30

: mweg:vedqmasenesofvaluslocatqdonuthersxdeofzeroFor'
example,wemalncd' —_ :
e e pom&snvarymsueps equal to 1 poresity i uhit between 8porosny._-

25 vﬂmT:fe&eehd;:&uagmva;u:s:)R -‘enddm, thereconwponds,forangenleveha

_ .. Wecalculate funcnon Fy, of ¢NR";, havmg the followmg values .
o F( ,.l:f ¢NRem<4mmx - ﬁ.,::. PR
Fti)-+l ‘f ¢Nm1<¢NRm)<¢Nmz
| _ Fu)—o if ¢Nmss<¢NRun ST ,
40 : ForeachpmrofvalueeddmandkR..'WetakethesumEmeotallthe 40

waten-beanng and !ow-c!ay levels chosen.
: Wecalculate esumEF",foralltheposs:blepausofvalmofdwandkR,"

. Once the caiculations are completed, we tiots'the aif of values which correspo
=tethemax|mumof___Fm.Wedeﬂgnateth:spmtofvgluesbythesymbolsoRfmd?: '

35

o

L 7]

45 and. Ry for k Re

45



26 d [err]which, associated with[err] |leads to the maxi numof and then the
value d [err] Wnlch assocrated vmth [err]Ieadsto the maxi mum ofe[err] A
correction dpb—c S 1 - : s ~val ues are
found, W =0, 05 and t he correspondr ng correctron [err] In the case

yg styage cal i bration has been made in the | ow 5
orrections [err]Jand [err]are smaller and we limt the
a by wvarting [err]Jand by step between [err] Once these
ave been we know anl45g@%8xi nat e val ue of [err] whagh is: the
val ues of [errpgn ﬁ% —_all- the.nost .argi [Taceous level's, corrected
val ues- of [erri &e&a}n&&,bd&teamaﬁmhhﬁ, mmwﬂmm[oerr]of this set
of val ues. F ¥y sobmsbbnmdnqlumw&mbkdomﬁdmmmcowgsed of pure.

clay if [err] .or |f the corr n ue of [err] Vthea
val uesof[erfd;ﬁﬁ ﬁzp &i‘qu“% m“@ lr;ment [grr]

15 |nterpolﬂh£m. an then t he clay pararr‘gter:I [erq;e]e%n each ngglhve]rtl | nteLvaI
of 250 feet )| we oftamy| varp maximemn e ow chart
Of the oper aFrdPre PgF i‘?‘ﬁﬁé‘d’*VA%a%;ﬁd‘“q’B?e“‘E‘ﬁresents the slection of the -
| ow ¢l ay | evelm dibjeokitcad veliect 18 1evdl (HIOH which T,y = +1 w1 @ b COMPUL o0 i 1
phaseiq err]hrl!e’#kwarthan L2 .20 Bl ock 183
det er mi nes wh Whﬁm?%ﬁ?@kﬁﬁlbmapﬁeaﬁmm@bmﬁmw data. If the
affirmative; i thy i's recorded (block 84) If -no .approxinmate

val ue i s known, -one s conputed. W, r@aph:ne val ue of . [err]appearr ng in the
initial data (bI ock85) .. 25 p.,.Rm-——B'}—ee-}e—BG represents (M- conput ati on of

the first approxinate val. ue. [er'r']‘f'r'oFrTﬁP . -25-Block 87
we com¥ . pute a second

deternines phep her \ﬁtﬂ%esa.emaaéw&mmdéy. MBI d
approxs mate v P{’r’: kiiolwh ‘ mmmmahmmr'___,_;pmbeu}mordr ng to the
formul a (24§l°n€bl ock 8“} po ALy € ___s_re_r_re‘_t o of[errf we choose

[err] (bl ock 9 & L A RE a8 VT __pmg i mate val ue
[err] the sl % NI clloBde 'for' A py & séries o vhluld Slrweed, i, 0! OCk 93) .

Bl ock2m4 repﬂeﬁ&m hewdaewhelgit raviesin: sceh: d te 00Ut at’ | on the optim zatoon
function Bl ockwssal@’@m'h@ml’tah@f' having, thefllo s7'err] | ocated on % -
either side of zerogm 33,7 < ér)‘pk 96 represents the series of val ues
of [err]located on S ha! L pach PertTor: 35 e rr]- Blioek 97 represents
the cal cul ation of chFHnttm-Bm){m:r] for a IeveI (i) and a pair of val ues
of d [err] and of [err]. precedi ng val ue of the parti al :
40 If [err]the bl ock 100 a"'t”é"ﬁﬁ”%@?‘mhether [err}If such is the case,
[err]25The ppROENAIPL.; sk the/densiae obihe and Bfticed Bversddf g thé Birchole.0Op S compl et ed, we
obtain the sunf@m@(@@&@%%e&ﬁéspondmwmuyaﬁ Fuofor elhthges of [err] -
45 The progy n pursued by a | oop 105nak|ng it ‘possible to process
successi vel f%%&im& @1 P, dtltlenGredspontiigiabud R UKLS doh new | 00p, 106

.t hen rrakes |t possr bl eto prodess successr vel'y. at| ~the values: of d [err]
Fi nal _; wPd (bl ock 107, 16 maxi mym-val ye [ _r] d-the valyyes 50
d [er bq/ =A sik [hif .\s‘i" d #ﬁa : “Eb 38

50 The rest o'ln-' Ci0é; W cakdpnd SR '*m&mdewsk;'mmﬁrm nes whet her
the val ue @fth{:émm]ﬂa((w:r esponds “to- an -end- val'ue ‘of the set- “of - val ues .of

[err]or the set of val uves::of..d. [err_]_

o il ,..' s (12')
T g .
35 * The valneofp,.mu, dependsonthe valuesofdp.andd.pnwhxchmmadeto' 35
. varystepbys -around zero as previously. S s
econslderthelevels)selectedprevmuslyandwecalmlaneafuncnonF’(,,'of - L
pmangy having: the followmg values ) oo .
o Fly=+1 me<Pm-mn<sz e e T o : -
40 B -F*'dj=—l i PmNu)<Pmn "' T R 40

- e O Pmmn>Pm . l_?i;" R e
For each pau' of values of d¢u and of dpb, alate the sum 2'. F”m -
What:sgmeran obmned:sasenesofmax:ma -~§‘..oorr¢spondmguovaluwof' -

. d:ﬁn and of dp, related to each other by a linear relanonshlp .
45 We. choose as the values for zero shxft correction for the porosity -and: densxty- - 45




I f not, bl ock 109 determ nes whet her the maxi num val ue [err]

value [err] is higher than 55 one and ahalf tinmes the | argest of the
val u '

If the reply of block 108 is affirmative or if the reply ock
negative, = 27 1,4 t hege

sufficiently clear maxi mnum- (block 110). In this case, ct ed® e
l evel s j which correspond to [err](block 111) For this set of peints,
study :the optiniation of the. functlorMSEﬂﬂl F'. (block 112). This is 25 - _ _
carried. out as i helhRGkds B¢ nthBbubFinih oShes Yo fthe Pafilof baloes dgur and (@ 12) | n .
t he case wher e a clofegad MQEAthdﬁmB.tron(A“err] has . been. found" corres- -
pondi-ng to the val udbe PRSIy Mmpml’ﬂs@hﬂsct ed the
| evel sej tef which [err}when:d;[er %ﬁ [*_e,rr] (bl

represents the- optmzatlon ati s#" 'h"‘_
This proceddre.is carrred ' £;
maxi mugn- .10 of the i
107. The functi of | ‘ e g [0 itefo) &’rr] and
[err]. Values. of ,  the -Qiffe gﬂ@ﬁ&tma ] is
assi gned ael\"/)al uedz,cr_b shlﬁ?cﬁtmonls ufep@cdntrmd wmwcﬁsmtwf:am?;:;nssﬂmypn é-tvveeﬁ@
[err]and [ePr] andfig; R 505 L Ot.- pOrogl Um It

| evel s, sel ect edmtb:cg;rmf’(?%ﬁm‘ma@bys e fo example i sepe Sl S0 ° 9% Bl ock
115 represents the. resulis: of these cal cul: atrons vs/n.lc;h Iead to a fraxi mum
of [err] for a pair of values=d[ : ~OT

conpari son of [err]and_
exanpl e | ess than 15% :
of [err] by .a scale
20 1f, on the other* lfﬁ‘r
i ntro- ‘duce rntg the cal
which is cldosen 't var
Bl | ock 119 represents T
25 cal=ul ati.ons are Wﬂle' Ga
the function [err]- Ak 18 Gy
mul tiplication c@ﬁ’%ﬁrm’_'f :
opi ni'z&t i on,cal cﬂ?&i‘; Cﬁ‘ﬁ' O
vaI ues equa ‘to [er
coeffrcr ents [er rﬂ}lamum-a.nd A hecorrest, ed rreasur errents :of and. of ~
[err}which are used™eRsaR] @%&E%t:._____ [err].in. V\:hl ch
[err] .and [err] represeh' ' _g‘s(bl ock 121)..

concl usi on, the. | i rati‘ons, prel i rrunaﬁ)y to *o
the oerati-ons descri bed.u I Fr ench‘i- pa'mm _nve,nt i-oned' ... earlier, which
make it "posgi bl e ht gi 0 ' 3 CLEy paranet.er s - hee cont ept ,
MO 404@@, B Eiope £l by P g.,%_eé,.,e.%m.ragvﬁor efy
prosity [err] _arpdufaocl mdeﬂ“ei:ltﬁﬁ-

conplex lithlogy., O‘ ?
cases such as f org

f oF

seffi.di é C=L (block 117) .
i rr’I ﬂ?‘s‘“ﬂ%‘kessar y to

'Mnth [eqzin25 15
Z [err]F" [err]whose
' i -z-at I on of

: easmWeaakeahe sum of Xﬁ"&,laﬂﬂ&eh&elm a

descri bed in det ail.. BAR
May 2,4 * 45 1973 and pdbrr she
descri bed herein- R

-~

- 35 nxmequewmaedmsnmyuf”? 3 wé:gﬁ&{agiﬁnﬁi' 35

mimi to beé found, we" sefect the levels:j -wlnch lead to-l‘x.-.
value R.’ is given to R,. e : - .

‘We then look for: the | paxr of ¥ h optxmlze the funcnon

2 F’’,;., with F”, equal +1 .e_ er, & v__ ue of p,,,.m,, calculated by

40 , formula (12) is located between p,,.n and sz or’ not o : . ; S 40
' A family of maxima is generﬂy o '
lfasuﬂiclentlyxehablevalue R.,lsknown, wechooseRm.—R,,thentheva!ue.

-+l-'when the estnnated




after to automatically signals repesentative of well [ogging neasurenments
in shal y sand formatrons to provr de | nput par anet er for the eval uation

under No..
-vari ous crossplots have been used to provrde t he i nput
_ p required for the eval uai on techni que disclosed therein. One of
sJd crosspl ot of the densi #5758 i ved porosrty [err] versuws the
n eutron\‘porosm 20, Nyl Zixas ﬁ gRrtan points
can readi | 9%@%@’?&“’0 ‘\f/\'ﬁ!ek‘%rosspfﬁt t?’%a@el n-.the water, 5
~both the dangi &mdam&amﬂmﬂem&ddﬁmmroe& lwt,,ll be- equal to 1. Thus
the water p0| nt, W can be. pI aceﬁ on a | Bt 'Sfal §o knownhat gure
. R

silt, whic
quart designgt 03 LO$5~ DiaQl- and dry gnate [err]
R ggeww TR L g g
crosspl ot €oplopmd by Qryinglips sdt Agi; v Between j;romzmiyer bearl ng 10 '

bk ' sate vafi of RLi angl e.

- formations, -abhce[tlieaé talibkations hivp Geen miade)i ap
Fur t her mor ehich s the value R- N=Rign ¢ i ﬁdrlytvahe f dotor @dbiet t ed  poi nt fromthe
7 cthe- mpag jargillacepys deyels,t usiogisheof  waltler , si | t

"t hr edOapexes e tedaloulate jtherivplis -off mieysoftaf] fgilk

and quartzgwm"??fl and gt ps L R BHfint is deri ved.

By plotting aﬁ&@mmmm&&mi%wnmuﬁmrval certain

charac- 15mxf:héedﬂeq:bmdhigvaméo(hﬁ<ﬂm nation can be obtai ned For

exanplse, assunlf %a‘llueet’fﬁ"@'r' js higher than'2.90; we calculate the clag cpgtene Voly has b oduced

the plotteds - iy A o v ol ¢’1‘1‘to°§'é’°d‘i?r‘ﬁt Ere ' the area X are

known to corrg 101 > the | : siige T, awn fromthe origin

through the cBloties2 qiresgmath: tiph of | y fonw’bwh the dagSprgpont d t he shal e

i ne.20Sj nc dioss Vai e P > Pues te e ol )y al nmost

~effective por e e R B e g v mitd vaie O porsity and

any...poi nt [iﬂﬂioﬁﬂdmﬁik--ioh@uﬁd]al e |ne can be sald to  20.have zero .

porosity. The thradsbtvdmrvf&r ,f_I#Melm(blwkt% line.. drawn,between

t he Fﬁ?l nts [e- TePIAFI e campRd o e LIS CRPTOR e vplne R, from for t “cl ay

associ at ed pielaldechidCa e vildeR. | Fror Qﬁ SRt o e b ki >-Ri/R[abGdedisg Ui r €d i nput

-pararretersnoilarfor}mh ze[(bbékm)e defi ned. as the [err] and [errfvalues _ =

‘respectivel y Biwele @ mpamoment of Re» B poi nt '
s :

2% o
[err}Fel ati P SRSV . Py %r‘ﬂ%\f‘é’s‘#"ﬁ’e%unt 3%t wat er
associ- 2 agﬁ’&w ‘fmm&mmm&bamﬂaﬁw formati ons

.....

af f ect [ er FigxaRGh, err]equaly Thus_err] any poirnit's falfing on or near

- aline which s EPPrasqnty, e { s are glerived

from¥l ean ﬁ%‘iﬁ ﬁaﬁ%‘ﬁ@‘ W@f.r 'ﬁé"f‘g mﬂ and | ﬁe

~ Points 30 ﬂkhﬂqﬂu&ﬁﬁ\&bﬁh&ﬁﬂ@,&h,&ﬁ@m Mhﬁ' e lines

“correspond fortl:ievs'rﬁl ndqfvaluS@firbemquMt s .exhibit a definite trend

bet weﬁ,n thci= Sh afa Ser ich ds pow .mo < tﬂs’ t hesgy poi nts

~desi ghat ed !5 M T sand 2 rdr be vveeerf"ne sand and .
shal e |ines. m:s{g;,@aﬁtumlwmm RIS ,;,erldmbua&w\nth t he sand
line defr nesse,icE0 end f-e@ﬂ(hl@bllﬂlmiﬂm £ 1 bladkdld: r] vvhr ch i i's t he

By & loop, 10 g @hﬂb

i35 g SRR
consdferatlon e‘"ln ersdeti o trend I|ne W th

o K d
shal e |ine gi The plogpami Bt then h@ﬂdtﬂyea lltﬁdeShﬁhﬁg pwpdsﬁbldmspgmst ed [err] The
fact that tshicessiyelvealithe yalves of i, hout gyodifying A ¢ ﬁcﬂf!l?mlﬂé thghmakee shal e |1 ng

i ndi cates th e e hed o Was t he

_uni que-conposi - tfaon as a conbln ' oI a‘y"'ﬁn Sl represented by
t he ps@ nt [« AmmuﬂﬂchmodepondmmdvamensMy derrved porosity 50 &
characterrstr%‘ -ﬁepmtﬂes Higelp- ot t err Poif_..-- 40 are’ -
desi gnat ed[ er : %@W&;‘ THUEATPONE™ Foqui red i nput

par-amnet er s. {n@ ivilkeSof mgtyemftvadslofm,t,hﬁg s@wﬁ[m& ve the ci ean sand line
m)st li kely rétnoaswnk'l bethep diam Fom:shldlcethhydr ocar bons and

as tend eciease [ er and i ease [err] .4 Thus by

usr ng C ar amet ers.

92 o o SR B b %ﬁm&?‘rﬁﬁ %ﬁ%ﬁ*ﬂt'ﬁﬁwﬂ%

45 of Ry or of d ¢n.’ '
'If the’ replyofblock lOS:satﬁrmauveonfthereplyofblock 109Lsneganve,

st

f—r-




[err] In accordance with one feature of the present technique, these
paraneters are selected..automatically. In addition to the density and
neut r-en-deri-ved- pe#es+—t—-y—r—ed+—ngs—va4+eus—|—nd4—~ cators influenced by the. -
clay content and hereinfter referred to as shale indiators are 50
utilized in_the analysis of shaly sand formati ons. Two of theseskalA
indicators are the 50 spontaneous potential and ganmm ray neastf :

As disclosed in the above- nentioned French Patent, these maasurements p
segregated izt o groups. Therefore, t haA8%ZsBuat i on techm gue di scl osed27
therein requires o AnuT, Qe "tmmmw@wwoﬁ isade b Qhelef bR{eeEN the
groups. spont aney Ghick edrépoid umpmn)assom ated w th shal'e fornmations
and [err]is the SP Feh &srsetrﬁ;zmh&rwe snalfy ot optignizaivn of) phs: fuﬂcnmEH"Qﬁpuvﬁe SP
LT

measukements’ i n g E!Jc*"&‘% :=---'m}}*7;'--f§ah)dwﬁb?rra@t"§'oﬁ‘§’ and g

SpOOI‘lt aneoug pot A
[err]is the SP l.. "&ﬁehﬁbﬂaﬁl’l‘}mbeeﬁ%nﬂ%ms-

spont gpeous pot e ndadg tﬂﬂamhsrmﬁt%mand Raa milick mematinanmh;e(;mscld:@d t he

gamma-ray .90, M o%”ﬁ?* %%%%‘*@% L B0rpasuggent -

provi di ng a0l owerThisi packdubeois cirkied . WO R Bk Wb?emtmrﬁbainﬁgmrmugns 10 -
CRlerr |sthelqﬁ\émfnqcmn%¢ .| @W nd function. F’
1, 457, ]758 s computed L function of Ry and dg,. Yalues, &p’é‘ﬁ 106, G are
.and_ the function F’q, i§ assigned ‘a value ‘of -1 of =1 depe ‘upon the. relation-
with sand format |89 Seavdddh. HIORT Ve 115 THR 510 Yokl et Tof EHe a8
upper-limt for gamra-ray_"{f" ast:rreme_nt |n sand for: -ons:* "As. ano

15 . : !
feature of .I5 thi ghes ' ults oaf'r %@g‘é‘ﬂ“ﬁﬁﬂ%ﬁﬂtgg%’gﬁgt elrg

addltlon to the i
sistivity, 5-ferr}-at the
formatlon terrperatlnoek' m‘mndﬁ}it.k;,_iné\le,lp. iff théser e ate oA ot her

i s REC, resi pfferents) | 1366 it §s g% make -chﬂﬁm’m
resistivi t)ezoof s%g ok | --:=_:_-_ Il ’ n 2% g 8 20

di scrimnator in duae--’-" i b, ; i RS sobfidRal ¢ " hidhNE chéd {om d French
patente In accorduuw(w@hnd Gumédtam que, Rw REC 10 and RESH ar e

automatically determned el T
To increase the accuracy -of -khgesh lﬁa&mdkwggl yS| s, zero shi fts ZSN and
ZSD, ray have to be appi i ed 10" t?le utron and denSIty deri ved porosity

measur enent.s, . resp : g&?rthefﬁﬁgnBH% é’%‘i%&mm questSN

her

10

and ZSD ar aut o- matl caI ..""'e"'."."e.r:"m ned. . i's of the
bor ehol e neasur emﬂaﬁasodscamudeqdmlt_ Cthbs ]
useful in the sha ?(ns'ﬁhdcﬂ’q'ﬂ‘_.;,@!sh%f - 1the Eylsiplic
French patent can- b o&aﬁfd o < : ey gt
interval O int er:es't (,,a,sm)a,ﬁmag} Eig gu.ai

can be sel ected fdimm:e: pre"l'nterpret atl'on'of the vve[l Ioggl ng ma'asUrements
and ot her geol ogi cal data bya | og: anal_y t Q anal:ysi s .of the data is"
carried outin four -suecessive:swee (?1'1'5 Ma.. ~The first.and second -
sweeps are grelimnmnary” smeps—-«-\nhl eh a;,be.-_-;;qu ;bg Corrpute cutof f-- val ues 253,5
useful in the conputation _of the |nput paramat.ers. S_Weeps three and four
are interpre- - ipowhichignnd g aspresent the vahiigs he Jogs _}leral.ues of the
requi red- par anet 64s oadiftiofst e el -- D g data, a
cal i per discrim nadsible, tb OBt valses 0bthe 86Chatthere afid of B imimﬂfand olngkyval in
order to de4berm rfestbdﬂtrasm: [ oparing ingtive "foeporm:lrdusnﬁbh@mwnemdmﬂy aa9d -

neut r gpn. der.i ved p'B‘P%&# STig arieap % dUels qbtdined from 304 el sect i ons
can be rejected dyylghd Wlaring Shatyl i3 2 s%‘% %‘é‘i“j‘&% ﬁve‘dirf' f;ii}gator
NGV °“ mﬁlﬁ” mﬂ%ﬁ emert

gz.lals repmentauve of well'logging measurements in
‘input parameters for the evaluation technique ‘of this -
used | T with saud shaly sand evaluauon'

in th: French Pagent 7 02767 (_,lblxshed undet No. zoso,945),~

nmeasur enent4,
interval in

50 50



accordance wth well known mat hematical techniques. If the standard
deviation is less than two |nches [err] is setequal to [err] Wmle I f the
st ane ’ - el -t he . C

[err] _ 35 A d| scrlmnator used to select clean water sands
s t ed durrng sweep 1 This discrimnator is defined as follows: the

. appp a #.6r resistivity, [err]-is a com bination of the input

nmeay '] A . such t hat [err]equals the water resistivity, [err] only in

. cl eajl pgt’'ey sand for rratrons In ot1]457,75i;or rratlons [err]does not equal [err].
Thus™ 20 A el ' Jomge

: char act er i z& -r-g, :rlu ,° .3' g _‘-!q"p ’F‘ Jenent interval .

[err] at eRfved geruind ¢} tecn tlﬁﬁéﬁmm ﬁdwnfih(liiﬁ. 7 ak ﬂibﬁﬂﬂxeﬁﬁﬂbl nations of

. measur errentestmam'hts mnprsndﬂ! besplaged jom theroséplok. | 1o i in the) witerom t he.«[ errk

n‘easuﬁen‘ent‘&ﬂl 8 ty neutron derived’ porosmes “will be equal g Bi Ila,g]le water > )

- DO e acrossplot.ltlsalsoknownthapu-silt,_whxch-ns- T

. From the [ ', 1 -_M; int es’quartz; desi :Q—S;on the cross- 45

[err] Q;; wilbBd atGhie ;Ernem o Bhie ‘dredéph mﬁyu ement s . vvhe;e

el kniiﬂ Sl SR Tl 'm'mm‘e o it e, y the

: 5? oth o lof Sufdter WilCand -qiiarez; ¢ and dry clay for,_the formation from

©1,457, 758 wlnchdnspom - den - 30 -wher:e: '-.-[err]equal S sum
o [err]val Uesy T obboalify 96,065 o 4361 Efbiabion eyl i

' met hotds  us aetistics of (hrp forraitiba

“the val ue ] P"‘Ef’a?g

at differe (5 VoE bawitH of ke 'shalel ot
i's then fowuaskn that pure “shale has generally almo
.(57) 20 corresgndsh! ) -gogosi int,

'Hél“’val ues of [err]
i® @ thelshlld Hie. i zed, called
ifﬂ’.ieifecn ;_rasigy,] thc shale hne ‘

le liner qans ibg wgid) oty pré%el ect ed
for the megSli Ry doGtERriStics as is
vel | KNOWN shalls - hidis dekiznathdl Two qitied “ Pl phiiine@rs 0.1 Sid bips iUl d equal zero
in. clean vvalemadwtheléf. b, ivalties, respectelyt dh aheVClly Lpoi ol -of dilput ed _Usi ng
equat?ons PRGElwRIaHyE do.th -G S OhROSES B rapeck | n sl es,

'l shal Yy sand % ‘.o , : ;.'_:. ] ues of 10 [err] "
{im’, -;@; d [err] will
be greater isNié %ﬂ : Iue of [err]

conput ed usi el 8 fin
“wi || 300t e d&ighahomw&nbmmmmmdeshdsmgod@mmmmnent wrors.and
‘ot her pert: peings sxhibitca definite. tepd hepre jejenid sgndline; sl i | ean wat’er

- sands and e infefsbction” , ., “used as a
drscrrmnatuae finés I qulited W unss Which 36Othé @igiBL | ONS.  As
descrisbed Mmmmmteﬂmhf mt:oedf Fr erigh - Pat ent

IS the use . _
“interpreta {, :
i nt erval IWMW:M&%C!@M&&

thﬁﬂsmd\ﬂj\
" shal e0 ndi @nd ¢

or shale i

RCLers.

_ %brs for the

» ch measur enment
et&m:ish,e'memumerrents are good
poated at then$hs poipe f ol #dwi ng day

X werived

POTOSi tY t Gegeiainr BN ViSRna Rt G ﬁ&d andesichilllv GhCldhe bet ween  the
neut r on demﬂaﬁmoﬁnomﬂtmant he density derr ved por osr ty, [err] 25 .
'3) Gaggma-ray MaasShyr g it splot a log’ analyst can select the input parameters. 45

25 4) Gammésay s adumn xslqmmwmpkﬁemttmmm equal to
[err] 5) SleTolals s ' rement SP, and 6) Alithology -
dependent par Q%% e aukics nd Bieo ‘-._':fjaanEde&ﬁtf readiflps, “variots ‘iRdicat er - det ail ‘as
to this parcmﬁmnenodrbyhhe__ cboriignt wieel ereinafiee refcreﬂlnﬁossmnadi@toﬁﬁﬁo 228 30
|ssuei!’to milized inythe f--- t % plothese shale q""e

" Schl urrber iw‘;"g?o“? pore

o
. 55 _ pof 55 '
' discriminato mdxcatmg ‘an’ upper»"'
imilaz] -'-_,,Ps,, e hxghat ‘reliable 'S
ind "f and SPspL ls tﬁe S
60 spontaneons potential ‘heasurements in, s 60
measurements; GRey is the ‘maximum gai

formations; and-DAX is the. gamma-ray discriminator providing & _ t'the -
: gamma ‘ray values in shale formations. GRsn is the lowest rehable value of gamina-ray



Interpretation” Volume 1-Principles published in 1972). These. shale

i ndi cators are correl at ed for each rreasurerrent |ntervaI I n the same way as
des : - S C C
t echni que 35 usi ng the foI | owi ng equatlon for the
function, analogous if not identical to 35 equation 16: - After - &l k
correl ation coefficients have been conputed, the highest value of ¥he \.-'
correlation coefficient is selected to i dentlfy the pair of shale *
indi cators ppoviding the 40 = best &45%88ation.. The correlation. of29t he
other pairs ol “Shabé Rl ikt sahd REn DR GEEBALIV 2 3thd)SY dibdRRidafef r €l ation .
of the best pair .abvds R Sy, oy A bfe i G WA omationst her ahal e

i ndi cators are accep?(sabtbtbf&m!hrertlf|duagirllm:;‘qué;)ﬁ&mtqit&n"< .,.z_-}.lsel?étlgjhb.rsl,’méféni cients

for asnmeaswrenmentSh jion, 1o the jnput parameters, -,
S 1 f&ﬂﬁﬁﬁfﬁiﬁ%e ,455

defined for X hat o3 aYenn)
i ndi cator and' i tREQ ehe ﬁ&ﬁuhtyt&daﬁlahmamthaiklmtl, Eﬁbmﬁmwrmabhq&fm

45 XDj=1 when [erm]the fm@og@b@hshuﬂeéa# A thaie discrimingPin) janplysis o | abI e,
a good' sha dereaged Rrengh pagen héﬁ&ﬁ?’#@fef"%% %P%Rt‘;’oﬁg% '

has a negat We poﬁ"gtf creadeYhe , jrﬁrtgev&m;ggdg&ﬁg’%m M@S’D}‘ and a
good shal e i ndi ClidyCtiave to. be applidd B ake feuf@sindi dessity [derivad: pérysity measuremen
50 XGR=| when GR sewectively. | Ashitll anodierafeapune (bf tbinmmz&mm an;mza%en

e BELE bl ett%nﬁtaawﬁ?,%éptﬁ Lahen [ efs]

normal i zed (R pro‘W’ﬂ% dﬁ“ﬁ‘!‘%l
is availible and giMmefess iefl ¢

nmeasurenents are Faichgaeok wcbecahiwa;ut bl onsidbring thé. eidiemmnﬂlmml db5
variable is set mtqs@@;gIeMt However,:thasbeenfoundtpl!ereferablemdmdethe

520 Cachreas TGN R A PR U BREREE conge o
zone * intervals can' be from a pre-mterpretanon of the wélbloggingOmeasurements

31 "' be| ng at Ieﬁﬂtoﬂfcﬂgwlogianmwabgadbmh IeveI s o sai-o best - shaI e zone
corresponding to posFheap: i |0§@ederslsqa@9@m§m FOUr: S9eqessive; mofthadata nner
essenti al | y,anal ” # J gﬁ;@ y 25
descri bed techm Otdéon sweep€ duriz@!which ' i Shel requirtiBh Mwy&ed to
conpute m ni mum [ er rihaing: tlmitstrw;{epnhrbughlme Hata, a calipeg % norb fCAtLhB: is ‘

ganma-ray is a go qachy mﬁ‘ﬂ’lt rdeafp dptorzpine bed, ectipg
measur ement 3 n thm%ﬂz; W%ﬂ, m@f: ot hhe cilitd, ishe e
Mmd Hoft of cdlipen

a good@ shal e i'ndi §ab@putsdbyt
identifiéd as [erC}LAvfant!mms

in the interval, %9 H\_  knaypy wpth .."5’1 ’ £ the 1 devition '§‘H
i R e R

the maxinum SP, SP Fdis}mﬂnﬁatdrdﬁaftof sue&pumtauﬁ@ dwéept e best
shal e zone. The b&his dmrmmtosardﬁﬁmd)n%foﬂm meswmemmmmmam-ng | east
argi1 | aceous Ieve@% t“ﬁ P‘ht--_ ety Iyl the e tﬁﬁ“. frum
[err]the m gpnmum mlﬂu F deBth N U0
spont aneous pot en mtlémeasu ﬁﬂte}rdeue,mdtwhaeprh/whﬁfbéhﬁpﬁai from
reversed in the differenycombinatiors eteasaﬂemenwisudamaamdlétrenmherfMMhat zone.
In determ ning the best s ﬁﬁ‘iﬂp g 70l mthe same~statistical technique
as described earlier incon ecm@,’ﬁg, y --mge [err] s used to i@ ?‘utlfy
zones for ECh t he |nd| ca,So s.are maxi num or nininum The indicators ar
made conparabl e by 20, _;."( _"’f mﬁﬁ ati.ons. as pre\u ousl(gé descri bed
for Stage [err] the. statlsi al” oo 20 maxi mum, -and m ni‘num of each of the
clay indicators being obt& ; gtlon (17) Then, for(...,3 ach zone,
I, of qthe interval, the f%é\ctgéogg .|'gn Cij)ise corrputed ere F (i,
j) is defin by equatlon 1 shriofilil < Rigaleyy; 2 § -t he best" ‘shal e
zone and as%ghe best sand ;orr}tek"bthe‘/s_ij.-;_t:;-._ é/ri\V’I those whi: ch gl vg t)he 50
o D[ .¢) . From measurements - S ’
functigom P' (i) its. 25 : Resen=Ror 21735 (SP/(460+T)] e (55)

where: R,,..is the mud filtrate res:suvxty o
S 'l‘hcstanda:ddevzanonofallmeRw.measurements,deﬁnedasA(R,.)canthen -
55 be computed by the well known mathemaucal formula R _ - 55




maxi mum val ue under the same conditions as indicated in Stage [err] for the
nost and the Ieast ar gi I I acous depth IeveI S. Once the best shal e and sand

measur epept interval : 30 a) Gamra Ray for shal es, [err]
30 [er \ (59) b) Spontaneous potential in shale, [err]
For rédyg i P 35 : (60a)

35 [er! fromthe best clean sand zone,the gamma-ray and

-spont goeedws potential in clean 4ﬂ457,758 sands for the maasurerrergb

dinterval, TefrTr pectlve I, ual err]

Lo et R S R R 1 T R TR

equal to Tuo:clﬂedmuékfm(miwae&tnpﬁmn o6 P ttinPare the Filu@ SCARKPRS Ur ement

interval t Aiffernt;denth fevdlsoof itlie forratiancaR e gojroatized; caﬂndrﬂwnusrth{némm]i " cal | éa¢/ %

conputed 45 . for .all the g _,_surerrent interval's is selected. Any vdl ue

of GR&D greater ‘than 1.2 Jﬁ{;; IT”and-any- yal iie. of [err]57I)ess than 0.8

[err]is rej ected Si mi| arl. W, theRgi ni um. [err] entire: Ioggl ng interval,

sel ected an ut,of. f  f.of - cleansands errl s’ co put-ed . as. [err] It rray be
- ; r tat'f 50

f ound that o\ eletzigta)or 48 re.
measur enent’ lﬂh@&\iﬁ lue BF R, Q8T Syuil" \t@a&a&va&isah&ltorﬁmoast ed paraneters
for a SOSp@rﬂac mlimrofﬂ!n.tmp

i nang émaﬁonnsbﬁiet-ﬁédfﬂmﬂdtbe qnhllin ifiees meas)ur enment
5‘%%? een f:ﬁgq% eE“FRS i md‘b@"*&ﬁbefeduré First,

“intef@al s
i f the pargibEelt eowa
32 for thev&&tmaﬁuwm&atdsdaéeé er. ipé arreter in the

| owest neadafluencesnHoweverj. Mm'a/aimmmmeteanmaandsmatwuhﬂenekm the par amet er
at- the nespllediRuvere Fam by yid puifediseriminapy, orjsewrminieg’ demy) yewowplit ed. !5 n - any
ot her i nt ervalas Wiiesiia bbife, AL 8BS Rhrul2s BOLboWE R BQAEE Puredels | S 0 Ven the
val ue of -tﬁeusaekurﬁnwmmlsmdeﬁmhmlanmmﬂa&%ﬁhehm&m ohas been
conp% Ishﬂlt prod formatinas. e‘P“Iha;sﬁwmtla g en!te?\@k iscamglyzedreas ur erent

al s ) | -

inte dge ey IpasCRIEn mg% Fithin einkwal gned Or al |
intervals. Ingj hgatﬁa,ég,eq- ey =T f {o&y 6 ?Mn Ekive iR ,3¥/¢Kspont aneous
~potential or SpnDifferemasherween: ﬂentemmnndmveal pvasitye il the el derived an | nt er vals
'vvheréthe gN'ETﬁb’IS unt el ab eas determ ned- bythe shal e i ngi cat or
corrébati on. s mmt a@d buﬁh@nﬁ & So have~been
- determ ned (}mpb,eara:tﬁm surerrent nt-er va Trs) appr mat e val uas

“for sand and §ha810ndnesusr'_'_"ndtmrebgme$?,@m the:SP and GR neasurements can

b cogpute Frpy e 1M s js oSt ol e
“di scrimi nat; aﬁ:g]une 29, 1971; and- to-the pamphlet entigled; * Lo

(66) . Inmpi&an ﬂedl—a’ﬁﬁdqﬂasﬁﬁibﬁghedm err] - Sp nt aheous Pot enti al
.a) Shale di scr'lr'hnsenbatl@ndxcmsr‘la}mw for each measurement interval inthe same [err]

arse? T R e R S
-~ di scrlmnat“ms,o,pqgtogm e agdal NSt Gh Hﬁmlm’ 5T mt?hroughout the

I nt erval to sel ect ~nore. shal y depth Ievel S.on the one. hand and cl eaner 25
. depth levels on the ot her. N-Zxiyi- —ZXi Zyv (Ss)

25. \/[N =xi% (in)z']'["xz)'i'-‘ (Z) 2]

After all the correlation coefficients have been- computed;- the- h:ghest ‘value of the
correlation coefficient is selected to. identify the pair ‘of shale indicators providing the

40 best correlation. The correlation of the other pairs of shale indicators is then checked 40
against the correlation of the best pair of shale mdtcators to determme whether other
shale indicators are acceptable and reliable. * -

I—M—'r'

Once the correlation coefficients for a measurement mterval have :been analyzed, : *
L new. variables can be defined for that interval by, combmmg the availability of the shale- '
45 indicator and its reliability in the interval. Thesc variables are: .' 45

XDN=1 when ¢x—p is a good shiale indicator; © ... o7 -

‘XSP=1 when SP is availiible, a good  shale indicstor- and correlates negauvely : »

" with shale content, i.e., has a negative lanty

XSP=—1 for reversed SP and SP is: avallable and a good shale mdlcator, ie,

50 SP ‘has'a positive ‘polarity; - _ - 50

E XGR=1 when GR is avaxlable and A good shale mdncator, . = s
XGR=2 when normalized ‘GR provides a better shale indication than GR
XDT=1 when At is available and XM is a good shale indicator.

: When any of the measurements are not- good mdtcators, the value of the associated

55 variable is set equal to 0. - 55

For each measurement mterval, sweep oné identifies a best shale zone, a zone



During the second sweep of the data, the default value of clay resistivity
REC and maxi mnumresistivity in shales, RESH are conputed. These paraneters
are cem—pa%d—-u-s-i—n*a—g-ene&a#—s&a&%-&a@eckmquemhlch is also utilized
for the conputation of other required paraneters. 30 Let us
direct our attention to a general discussion of this statistical techay,gug
30 The relationship between the value of a particular paraneter and tpe’
nunber of tinmes that the value of the paraneter occurs within an |nterva‘i
of interest man be determ ned. This caniAs?,7s8 sual i zed by referring to3t:

Figure 13. Tn F Of ) he. ted -
al ong the absci sgs%'}g%gﬁﬁg@;% mle ' tﬁ_ﬁ)&gé&ﬂimy anal (g&%mfwo@%%i I cul ar
val ue of the par dﬂebbtheﬁscpmdoasls dﬁcnﬂtedmlhxaiuangxetﬁenmaa maatmmn&mdmthe 35
total numbeh-of S AT usp 4{3;& ¢x)de 99 hmag i ther} be
ascertained.’ [err ; SR VAT PR - _"'“‘ ;

total number pl otshadmﬂmus}tlﬁtﬂa' :eml XMniimél ddyas

of poings at IocmmutJe'FW[lea . rmdm.uarSI’L 8Bd. val ue.

T O S ﬁwxgm,mmwem

Al ternatively, [err TheagstRad- awdonbys 461 HAiRG . irclutiig KA Vredladed 1GEHT | S-
ing a plurality dbr dhe| intervali dnll thé) minirainy eR.af the maapnssﬁ,mw rﬂy: wininuml 68, val ue

for determiping t@Rai _1\53#(?“4 A is
scal ed to be& funcd ™ 'me-?ﬁ par af

E
o

<] ey’ N a val’ue
of | is conputed, thﬁdaﬁmg Bielbasttshﬂe 6elsdnﬂ%nee the sameelhﬁsﬁ&pwﬂnqhg 0 | is
updated to reflecdeseﬁh@ WWWMSMSISMMMMHWMM val ue of
R T
[err] Then the val ygid QhchCAET the LaP Sjsﬁ at ed
[err] respecti velgqnamm?bm ascertal ned. Returnl ng.-now-t o t'he determ nation

of RESH and REC, t heThem|foreeagt zankd, ofctheriptergh the funiction Py =5 &4 Beipnilis [err]
deri ved for_ dept h tg({ @h%@ﬂb&a%o@% gyoeﬁﬁa%ﬂ g(’i%g%ﬁt&o&p@ lfsqmle

formations hs us “§hd G R € the fnkih P Glis]  Af per
all thee data in tinsimu mlucainddnals: shaeebndmahysz:edicate[.id:ls efoddteenomanéd and

REC and RESH are 8 ﬁﬁ %@8 where:
[err]correspond tg § gg%%m’g%&g"%’r“ﬁ dllowisg Parpmeter 230 v a) ue
of the &aliper rreasurenents K al.e I err], -is. .conput ed by building a
frequency ‘adbay and conpu @m&aylﬁoireshalasGRB ‘The*: m nimun val.ue of 1,30
[err] for the array i's idéenti+i@RnIR&ferr] can- then be conpute(fhs [err]

where [err]is the value of Cégmmmwa&tﬁ,e habogation in the-array 10
Usi ng only those depth . Ievel lSP..t:lEm’mmeasurerr%ﬁt i nt-erval resomj) ng to

cl ean 10 fornatlons TS deternlned ‘by: t he preV|oust conput.ed

di scrimnatggs, the paraneteF“I ¢ 's?s conput ed’ by bui-l ding" a(é%ﬁquenc
array with the |ndex N conpute fhs rﬁrr] for [err]above the cl sand
line or, 15 ' Ve

(76) ' 15 for [err]_icy ng ' the cI ean sand Ilne (sﬁ “the end
of the interval, correspoh‘dl_-ng "L" ,f N)mm ‘deteri ned and [err] " |s
conput ed as: [err] (77) Next during sweep 2, the

conpaction correction:for ghg:sonige (¢ shifts. 20 o be
applied to density and neu&trg'ﬁ Cho ¢d"§§' %%ﬁ("ég@ nd ‘ZSN). are cong ed. A
20 conpaction correction fac) for.the’ SONi ¢ measur ement's ‘can be
conput ed for Lo 99 (63)

-

*

40 sands for the measurement
g:l:’d SPlm -respectively. If
- ' %o check the values of GRep 3Ry computed ‘for !
the maximum GReg, called GRi iy and xmmmum'GRsp' ‘called GRep 31 computed
45 for all the measurement intervals.is selected, Any value of GRgp greater than l 2 45
GRgp uix and -any value of GRgx less ‘than’ 0.8 GRsn aax IS rejected. Similarly, the
minimum. Ruryy, Ry a1s fOr the entire loggmg mtetval is, selecwd and a cumﬁ for clean
sanids R,y uax i “compiited “as 2R.,. Mine
It may be found that various paramcters cantiot b “computed for  certain
50 measurement intervals. If this occurs the ivalues .of the omitted parameters for a 30
particular interval can be inserted once all the measurement intervals have been '
analyzed according to the followmg prooedure First, if the parameter is not computed




every interval where the sonic neasurenents are avail able. For each clean
wat er sand depth level in the neasurenentinterval, a running sumof [err]
and [err]. and [err] respectively is Conmputed \hen all depth levels in_the
i nterval have been considered, 25 the average of[err] and [err] for
t-he N srdered measurenent is conputed as: 25 [err] 30
, ‘ gmeat ed formation density | ogging device (FDC) is utilized to

oL B ¥easur enents of formation bul k density, [err] for computation of
1 eri ved porosity [errjsszgsgorrection factor, [err] | Sg

autorratrﬁcat |edt0 Su al ge ro.C ensare for—=errors -
it T oaucoa e SR aball HE TR i mamaa%"t’ I of the
borehol e  whereue ghben(ﬁehabbe:o:dﬂtddl mto%:zuqrmﬂ: intehval M&HJESp

shale 35 notbeﬁrem toh ;
shoul & aver % k A= 4 -" : fes 'ﬁ IOV et 'c_ondr t3 ons, the
. ' - td iy readlng

MiNi UM VAl g Of PLAE - Garhbn 1341 3p
i s consi st emhis,yndmgies aﬂdssigﬁedtwmt&ﬁ ehermtte lwlreﬁlﬁntﬁhﬁhdﬁble‘idﬂ S generaj.l y
qtor | _ _ 5 }\'/\h ﬁg be ‘Gon- Slg red when

signi fjes slewmiged by|sh

derivithg t 2V ro cah be 40
expresSsed asd GREh&surd dd Zustblrihy o _

40 To'check- the m ni-mum vaI ue of [err |n shal e: ormatlons a frequency
array-is buil I gﬁﬁx Az [err¥ -for all shale depth
level g a rreasuerrent) Q;Rl[err]correquggy ng toyderr]is
determ ned: for- t-he |nterval and SDR rs corrput ed as ZSDbR= . 006 [err]

82) A negative val uh? (Sand7&5oFminatd cBABIM hat .t he “bul k -densi. ty ['lerr] has been
over-corrected 5 bypﬁlém%'*f’h%@&rh@nﬂ%nsr ty deri9¥®d porosity
[err] is too Imwspg&g&ug\@gmpd porosity derived.fromthe [err] '

measur enent ), desi gd)aiShdl discrikipmid §Pes ! ] respectlvdy for clean water sand
| evel® over the enti re | (Sggpﬂﬁpwlt@r@&n—ﬂ’e)lrequr red. Thel® ore, @ every

depth | evel correspﬁn egP wat er . sand, as determ ned by the
sand di scriminators the - ﬁ_ =" (psg.dspgnyprr]desr gnat edeeyl0 1 f the bul k

density and neutron rreasurerrents are well —calibrated and:the matrix g -

e b Al T T 1

formation t
cl eangst s “gh AT
alcordig to- e Retep bft @8 datilhd)@fauRNalu@ B clay resistiidF(KBE are the ,

.aver ageo tendmdmmresgmtymbﬂnbs [RESH, are seypiuted.Thgse ghramewrsraeel om- conput €l d 25
fromtoe pr ma %ggal trhmique W’E‘Q‘Héls‘ef"ﬁ“}zfi’e@‘&l&ﬁ‘ﬁ@m&t’%\eept L

" 30 poi it g I e binlo £ il hSaioh SRR . 267 03 | b1
[err] A vari al¥he rfigiotishi cfm |pﬁﬁdﬂﬁ$ara{n&érrahd&terminberoprOVI es
measur e of m&varthevalm@mm@em ogchrs Withiny 3 int mm@abt from the

cl ean sand € b lf 3}(]%[: Hg.- )(ﬁ [err]and
[err]jgor ntSm& 1S5 : mmi(al uess of [err]
provi des a ﬁnhmmbe:mfpoihtbcsm d?maliervelne -G;i.,.tdn&heaeauhseaﬁmahd density

usi ng equat maﬁ imﬁf W claiipe) ons are
assungd to qpre;seg% iNkk totalhundb Qbdve itl N | catr ng tre[ eqg ] poi nt
is above the. d\lmvsu,nli.lmd\e..[emrb]emmeys atf:e@hemsaum ﬁdqat[err] equal s

zero. This ae . all ht on the
: ction y If [err] is
Qﬁttbtﬂgh ofef QAa0t 445 i s on or

[err] cross
now egual
to the ri ghﬁal\e ofﬂhecmdperadr Afamhelarme;s cotaplete di cabrhetsemdaé détttﬂnneeut ron-
and: densi tyllﬂn .and Iu,e. Then' the value of the parameter eorteipondmg 0 Loa md I,,.,,
gnated Xy, and Xuax Tespectively, can be “ascertained:.
Returmng now to the determiriation of RESH and REC, the ‘value of the forma-

measur enent bega’ 8 3he lowest "“l“e'Tof o he “éug%;%at M@@rwﬁgﬁﬁl e ot

50 tion resistivity, R,, derived for depth levels which appear to correspond to shale 50 7 4
formanons is used to compuee an index, I, for a frequency array : -'
o 1= Logmn.+1s o
After all th data in the interval has been analyzed lu., and I.u.. are’ detenmned and :
REC and RESH are eomputed . _ ]
55 S e (00115 (Kuia—15)] o (71__) : 55
o RESH=¢ [0.115 (Xxue—15)] = S (72)




35 1, 457, 758
35 neasurenent is assumed correct. However, if[err] is still greater than.
zero, ek
incorrectly calibrated. “The decr sion-on which of the density or neutron j
incorrect is nade as follows: Prior to the selection of the input .
paraneters, the |og analyst may have .applied a zero shift to 5 . eitthep
the neutron or byl k density nmeasurements. -1f input shifts were applied %z
as to 5 incrgase: Ihe densrty derlved pMﬂﬂS&v and. decrease the neutr o
S T e iap 3y ol X1 cheRblhd £k bl f R Rafic &ff RRaRRL |, 968 1o, ©i t e
the neutron or deRShiide asuf"ément then the bulk density .derived porosity
[err] is assunmed to mmmmrMWQM%%Fthm H@n‘g?ﬂanged by
ZSD=[ exr] N a negdevecy aftay, eod; eomputing the inde3 S ppi i 6d to 10 [err] and
no i nput zer% shift was applied to [e{_r.g ALLsnassumed that N ig73)n 5
errorand a 10 zero 'shift" ZSN:[err] s applled to t’he neutron derived :
porosi gy val ue of ‘Tiermisimud¥iesine[gbrls Liss for cbes arrah dn idgwtified. aqdn@@bat‘?%ﬁ“‘t Bat t he
[err]point falls b’&lﬂmwdtﬁe ¢l ean sand I|ne t he*deci siron on which of the
density or neutron™isi'm error-i’s n ogggrmgrgmg a wei ght to. @@ct ors
whi ch coul d -have cduysed:a- calibration error on each 15 .. _measurenent.
15 The error fact cwlzredé.nsxsd@u!telohcﬁbl ap loqatd he armay. i Nnpufo
1ysing “¥°§F. - T neut ron
porosity SNP not drf3 interval s
| ess than 0.9 and (4) ‘than to [err] Forhthe
[ err] neasur enent t he foIIOW| ng. gr, 0 s{.dered: (1) gther ZSDR is
negative and the wei ght of the ar'le]F osrguaﬁ‘lﬁj 20 bet vvey}Q 5 and 12
pounds; (2) whethe r [err] and (3) whether an
i nput shift was apﬁf#"%"}' e[’ rr and (4)deﬁ‘hsé%dhﬁel?%perr] was conputed using a
(grai-n density not equal to 2.65. ThElWeqhghts of the error factof® for 13

e[rr]. are conpared and ZSN |s se e %d “‘P%“A‘f:ﬁ.%@ b IlervbiOk L] S
equal to or greatem I's set equal to
[err] kf the weight erFors"? [err] exceeds ) 25 the wei ght of errors
for [err]<After the zero shlft of neutéw%ﬂdxdensmy neasur enenfd have

peen det erm ggd the cupyt ,&% b 40 o tﬁ@&nta@msﬁr,{gw m‘d‘*mﬁﬁgm m
i nterval s; conse cﬂ'&mb&&m correcnon facttid, cmtfenhalsmmm mﬂ _ ers can

be grouped t oget he very iy : %WW%“F@ G W t he
kit telt:| B coRtpus \?*.Tq. ﬁﬂ Thedd erval s
as long as pagsi bl ""‘ ﬂ%ﬁdﬂ%ﬁsﬂeﬁd meas&aﬂmtis cdqhﬂm nme if two2s
consecutive intervals are 35'. dlffere (1) the. input [err]are
different; or (2) [err] are dlffere¢ $the values 35 of XBN or XSP
or XGR are different; or-(4) the slopgs of t‘he shale line [err] differ by
nore than 0.07; or (5) t-he values of Jerr] 3fer by nore than. 15?4;.%; (6)
t he val ues of [err] dlffer by mior e h@\m _ ~or (7) ‘the values o differ
by nore than 10% or {8) t'he’ functl_on_s( EC - err] 1.5) -differ by nore than
30% 40 1t hdbe cqnpagien gergecton dact ,‘sE‘.‘Ffb' consecutive-.intervals are
grouped .by conputing . . .40 avera e (maanet ers for a new, ggr‘r&n ned
interval. These averagesare al so vvelg,h.t%_l_a_reflect t he nunber _
measurenents used in each interval to n(ﬁUt)e t he pararreter The '
paraneters of_the groyped int erval are f. .en a %{% tersso
of the ,next c%?nsec%mm b bl HEsitG, % iﬂg"z |
shoul d al so be 45 poms,,yg;,,p A iction Ftok, g, B!
of this program i somp poreq _ “ :
for allg.the iptervekddg Ty ey
depth l'evel s Corr egQIel D dsrbiidie EndiQdhs, -the/Vhir %&rsa?wlfre
built. One : nmatd teading is consisteritl and:s zero in front
- . xgla)le&, generdly_gxgmﬂ‘gsamscall‘;bmmnmgh?%cmdwmchmustbemn-
snderedwhenden ‘the input_paranieters. 'I‘hcdepartureoprfromzeroeanbe‘

40 sxpressed. a8 a’ zero. shift of Ap (ZSDR),’ 40
ex_p To check m:min'um v:lue of Ap inshale formauons, a frequency array is built

I—lOO(Ap+0265) 2 (81_)



corresponds to a pluraity of positions of the shale line and is conputed
as: 50 . [err] mhere[err]are optronally

‘55 ' [err]
1,457, 758

t hr oudf cl ean water point W and t he [err] p0| nt of |nterest and is
d of the |nt erval [Qg;ﬂ-;g@rrespondr ng. to [err] for 3¢ach array

i s dets H 7 ._ S 01 ] €500 Mgt he shal e
line (Figy: '_H”;“"‘u “"“ ?%‘ -u. TSPRREL i | 5% of the
poi nts are. elowt e 1 he.- ..-.s ope.-O'----. r_|ne at tha__'osrtronrs
conputed as: [err] ZSDR=-—0006 X {-9B) - -5 For(820 he second ar may

Iockwr t he water point until

e“ﬁ‘frf@ ?véﬁ%’freﬁ’edXCL r gpresenti ng
HigRs, of [err]cap be
xavir 10 [err] The
F@d by building a

this. corresponds N
st of the AP ASE ﬁﬂ e 31
thls i ne S%W < 12Dy b
conput ed Iihe Mhesanmpaomdemuhfm
hard shal &d¢Rarn ‘43'
freqyency gettm
[err Aftew,,{ N,axrsny '

i nterval, dfp&rle]eldsterm
fromleft to ri ht. W|th'a.-l'z|ne pi

' “at. [err] il . 5%f. the shal e points
remain to the left of the ne ?r?é‘m ntersection of thl(sssl)r ne with the
shale line gives-the val u ',er"t] .whi ch..can be 20 ..~ conput ed as:

20 [err] where: SLODiE is the s ofpe of the shale line conput ed as above.
P u . .

A S0 | AT A PR I e ent petods,
corrputed in'clean sand | evel s. Thg gval-ue ‘of [err] is preferably fromthree
25 porosity neasurenents, &y(m] .a#é[ err] . by utilizing tlﬂ ‘b)e frequency
~arrays. . Thus three i'ndi ces. are conput ed at.. each sand depth | evel : [err]
" where: Fis a t enperature convergrﬂn factor. TEMP+7 82 | es)

(102) where: TEMP is the té’mp(ev)a e in degrees Fahrenhei‘t?at the depth
| evel of interest. At the end .of e}agh i.nterval ,. [err]. and gt he correspondi ng
. [err] for each array can b%k%? V 2 ¢Rivt er.m ned . and"[err](_%))rrput ed as: &
© 35 [err] 2 620 T )

‘ S : 3)N - 37
.. 1,457,758 fonm&waxﬁauer}_ thefifs fade: vibll Calitvphl mg "'V|t|es conput ed
£ frorot he. ' . Mook M@@&Espﬂ:ﬂ&b&hd mm@grofmd frozﬁthe

density, mu%ﬁh@nd SONi.C..NBasurenent s respectively.-
D(Av) Vet min [%CL(AV)] N(AV) ‘hMm[“‘NCt(Av)] (gfy)

where: s!Vc;,m,, wbtlyled;al;;eg:fmlday content of the ;:leaﬁt sand in the formanon
: préviously selected yst according to_geological conditions; ¢xcr
25 G ot oot B o id 5
e ary values e uring it wl
Ifthgdaycontentoftg:cclfmsandsnsmthen

¢nmvr—¢nuvr s (88)
AvambleA¢cannowbedeﬁnedas o R
30 . - 30 9
' mvxdesameasureofhow.farth average':__,_.the¢ andqs,,pomtsfallfmmthe . - '
Aclfaﬁ sand line,” Since in cléan sands, the average of ‘the «.and ¢p points should fall . *
' T "'of:thecah'b'
35 : e calibration errof, A s 35
- zeto, the calibrations' are assumed to be cort :
than_zero, mdlcatmg that the.¢puvis $nan. Pom abt A
recalculated assuming’ ttgxatn;mm“ tlit.::;uals Z€ro. Tl;lxs J?Feq I .theshale
» t to the t on ¢$p—en crossplot (Fig. ar to
- 40 ﬁn(m %Ag !::)?v equal 1o or less tbanbzerondxcanng that the ¢xisv;y Pnav) point 40

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



Al though the value of the resistivity of the nud filtrate, [err] is
nmeasured from5 sanples and is available as an input to any
mterpr-et-&bren-ﬁ-ognm&egﬁmm—&—pﬂ%es a value of [err]fromthe
maxi mum of the "apparent nud filtrate resisvities" [err]in dean sand
the entire logging interval. To that end, a frequency array is by
[err] (104) 10 - where [err]is conmputed a§
for[err] equal to or greater than. . - where: is the per at u =
conpensationsfactor 15 .= conput ed us,rm;ysaquatlon (102) After aII 35he
sand depth I'evers gy r ol : ;
consi der ed, mm@m&m_

5
preen

(107) This val ue defisi ‘]vhwhao,fﬂmedeembstnemtfted nﬁmeeth@nadeasfdm ry. The
val ues of[eM ancihe eslertion of ghe Hpput, Py the dpe9ad W@Y%@Mél 20 s
model descritbed i FogRe) ' e Ts‘;o .
structure of the ordfnd il mwb&nmaeurmnknmewm@aﬂsﬁmt

I nvesi gat | on depa:hé:sdnﬁrbam $ derivell> porosity q.piss:smﬁm arhesieemrdnihehetnmqmt ed

val ues, er r] mzsafr e l_fliltn tEer s
sonet i rres t % S pd
that[err]is too I ar d "".;tHa§thr§(§& 1‘,rmr;;, fﬂgtbgwal

Ther ef or e, : theclhdne.anddmﬁuhedﬂmmd meﬂnahfof the [daxsity] oraewrog fisdis

25 As a fi r?{ ste mmretewe@ﬁg'w@mmqwmﬁmmmmmf% neuy4 o
he

Fce)r S]SI %dat he avespaﬂae tew; Q) 5’% %&%ﬂﬂﬁﬁ%ﬁft w&mplﬁopg£

[err]1.0-1.115  mudcake corrected; (3) is the minimum CP for 4l I§ssthan09tmi(l4)31sknovm

t hat sh Id béR uatuvt 6’00 4
s @%@&@%M@W@ s Sl
an 0.13, it IS @% whekkt! an inpet t eDaEmgt ed acco

to: 0.22 [err] 35apg(grmndvhmbnotSI,@E 165.sTHeoreights of1ibel mrsrfgrcﬁqudtqbbon (93)

35 Next, thg.silt2F ' Ry : ._-_fstfwe unt
and total gal e i w&;ﬁ”@%ﬁg%ﬁg‘?@d S Frigh ﬁ'ﬁ’?x‘"i' gl%ut ed as
[err] 14 the silt I nake theSzetoostitit &M@MMh{v@b&e}xdeﬁmﬁﬁOﬁputed

usi ng Equati on 40the wmpute!(yﬂneltlf(ﬂ‘aﬁdbfﬁoff ed-docdrdingstot han 0.2, it is set equal
to 0.2, NCL reconputed using the 40 folLow ng equati ons: 38 38

0. 29 (1&2) and [err] ‘i s-reconput edcpl§. $Wyat o (-110) .. The . 5t I ndex
i's now reconput ed’using- Equatlon (111)¢§1g,,+ZSNt I's’, 1€55- than 0.3, the val ue
of [err]is suspected, of bel ng:in error SI nce.: [err]has heen. set u5| ng a !§o
reasonabl e ¥l ue g [ Jomputing, i Egﬁ - M.r..(@.v'“_‘-“,- | Apte . cpnssctive
rarely higher thag oy : EiHeTaBavi Phtede | S NOre

than 0.01 greaterrd;iﬂannlohjasrposalsc err] |s set equal [err]+0 01 and

the val ue of Sl i, ‘é)"‘—mtemlsm | f
is still |es3 tha qig‘(’;;?) g% At Sy Foas begn
found 10-that [ea,ff wam o'f,l(s) @ by Wﬁ? fﬁtel y .

equal to [err]. i byr:}nors ﬂnqua%,bo(m:helvﬂnsofmamx@rliymereset
equal tof er Ot heml%@%l { rqs JuneRons & : 15) differ by more than 309%. 40
_ _ grouped by ‘computing :
ver aramcters for 'a o averages are also weighted to '-'
refléct: th"e'mimber of ‘Taéasurémients used’ in ‘each intérval to compite the parametet.
Theparametenofthegroupedmtewalatethencompdredmththepuametemofthe
next consecutive interval to determine whether the next mterval should also be
45 grouped into the d‘:‘!:m grouped ‘interval:’ 45
Sweep 3 of is now executed Fnst,ﬁnalvaluesof«pm, and ¢pe;, are
s " ' muted for all the mtervals includingthe newly ‘grouped-‘intervals. Using only depth
corresponding to :shale formations two frequency arrays are built. One
eorrespondsmapluralxtyofposmdnsoftheshalehneandlsoompunedas :

50 . o 1_5729arc:an(¢,,/4.,) C ©n 50

where ¢n and ¢N are optxonally mod:ﬁed by the shift ZSD and ZSN computed in the
prevmussweep'l‘heoﬂlerarray ' 10 a“plurality of positions of the line -
wlnchpassesthmughthedeanwanerpothandthe¢n,¢Npomtofmterestand

55 (92) 55



to 0.3 which is the maxi mum expected value of [err] is then reconputed:

[err] 15 and [err] is reconputed using Eq. 60 where: SLOPE is conputed
-Us-l ng Eq' (93) 15- |hc oi :t indnv |c RO rnnhll'r ed Once aqal n, and |f
< |l ess than 0.3, is nodified by settrng Sl equal t003and[err]
[err] (114) In the same manner, and
tecked and eventual l'y m)dlfled 20 . for all the new '
20

,_sﬁeen A4 is performed. Using 1,453',7sgal ue [err]and [err] obt ai r}gd in the

. pr ecedi ng SW%@HQ&%%&@&Q& _ SI ( BT T ] t Ilt: —anotit of shal e
‘[err]and t héFosthe fitst amigyx this lds e 1 using a
-nodi fied sh %mmmomewmmfmm a portion
of the 25 ﬂ? F‘]"&’Pﬂ’s‘%‘iﬁ‘[”&!“"éf ) Frg 12 whrch haskﬁ%eeen di wged jinto
6 arems. - .. - 25 The val ] are then- coute for each
depth | evel as a functlon of --whi cthn(ar%kg )ﬁ‘é"sj : fé??’)that dépt h
| evel falls_anFerihe sepand armiypthis chirespdnds @ivﬁﬁnglﬁeld&cﬁm&:ﬁ@% the. clean
- sand |ine i o -%%ﬁhm[%%]“‘rfm Aaqr:aaietetm&bﬁsmﬁg i's conmputted
usi ng Eq. 111 and 30 - ‘[err] [If the point falls
bel ow t he shal e |ine, area2 Wnerqoo is Iess than[err] then [err]is set
equal to one and Sl is set. e@%-l%—e-fe-ﬁe-lf Terr]-ts:- great@y.; than [err] SI
is conmputed using Eq. 111: "I'f [er ?‘]"’-i"? Sl is conputed as: ?5

(li6)10 "Ble: Valuks 4 Qiedd] $ocl. &ntﬂa%ﬂu%tbﬁﬁ% a‘?"g“%ae r-ckay:-1ine (area 3),

[err] is set equal:to{err} and the: pei ed as béPongl ng
to area 4. For p0|ntS|n areas: 4, E—&ﬁUG 40 'the foIIovvlng
rel ati onshi ps apply: [err ' ' 95) (118) where:

[err] is the percent. armunt -of cfay n. gﬁe forrratron The conput ation of
[err] and SI in each of dhe: ara&&#m.ﬁad 6.-i-sas. follo?g For points in

.area 4, OUtSIdﬁl c par apol-a | Qi nin [err] and [err . [err] 5
SBHP --M% ato 0. 5 For

great er t hateqhéaiy m ‘%’E oF fIE _

points in ar ea 5, outsrde he cubi c par'a' a ]OI ni ng [err]and [err] 15
(121)15 15 Final'ly -for. point {pj-npz)ea 6, Sl is conpyted using Eq, 11l
and VOL [err] The def aultlvéﬂfidmgf T @ esi- st|V|ty, REC, tﬁg nowlde ¢
reconput ed., Using the values of [err]: S? and [err]ateachdepth-|evel

'de”t'f'e‘jm @h@%&eeh&km.mmma&tmtmthb@ cIay
resi stivitaHnd pielEDat Ponds to scanning the gx—gy crossplot from left to right with * 20

s
[err]. V\heremerﬁeedun]dtahné'ﬁhgh?ghoafomeme Qﬁ"md%fé M"%Wa' or the
val u@%of [é?‘Fl]“"édPrput ed-i'n sweep.3 fromthe neu Y&81°%or o

nmeasur ement. usi ng. Eq. - 103. - The. sum zf the clay resi strvrtres [err] |s'_
accunul ated for N depth IgveLc in t hMi%nt erval - and 25 ' (38) REC I s conput ed
as the average clay resi dphay i twopgpdpfgh’q“nt, shval 25 [err]
(124) A statrstrcal approach can now sed to corrpute [err] and

[err]. Forgflen gls "corrgspondi ng toaéhal es,’ the sum of the game-ray
measur ement s, Al[@[,{r p‘;j% ”..: i H9E comp bove
[err]are. . mebodsOmisad dedisd Wt oo o] h"”S"“mt levels the

sum the&gﬂ%‘tﬁd%d@%a@ﬁmmw@ﬁk]. o5 [4,9 W) he ﬁughal e 35 30
md:ces are. oomputed a’t each sand d i uﬁhzmg three frequency arrays Thus thtee

epth level:
 1=20 log (125 $*RFY435 . .~ . -(’99)._
N 1=20 log,s (125 #RP43S e .o
30 : . 1=20log,, (125 R P)+35 oy 30 ’
where: F is a temperature conversion factor. ' -
R ..—,. ’*8_2’ — ..:“: (102) |
Ro=e [0.115 (Xy1n=35)] (103)




[err]are'al so accunul ated. For each interval the average ganma-ray
rreasurerrent and anount of shale for the shaI e zones, e[rr] respectlvel y, and

[err]. respectrvely are conputed 35 The ganna ray in sand

and ganma-ray in shale, [err] are then conputed . 35 as: 1, 44

40 [err] The gamma-ray discrimnators, DAX and DAUM can now be

re-cal cul atd using equations 66 and 67. 5 A simlar approax
used to conp ;e the limts of the SPreagsspgsents SP[err] 5 and [@7r].

¢

"

Wth [err] |cp|c>cntll| e avEer q ne —pQtent | t of
shal o of Sand | ovi, = U EyEvg el ie eol i e (o S e B B 01

[err] representi ng,d a_f,:... ous potenti al and am)unt of 10
shale.%or shal e IeveAlﬂmughaheMn&ofnheelwmmy?feh&rm\.. 4+cig) mgasured from

10 [erf] TheS resi samples &% an Inpit 1g any AMCrPRERAGD ProBli cH S RTORIET H St he 3
[err] neasurenensBER; oo ulle) e SExy g,ﬁé‘li(‘i’&g erg.ﬁ tlendl; [d fdgB t|V| ty,
[err] or the val ug bude wilt | com pute u5|ng Eq 107 can be used. . For a
known Val ue-of resi'stivity of #ud filtrate: 1% - concent i on of
NaCl in the nud filtrate. |n;_.,artslp§9‘°§1°lq‘rfc?ﬁ' 1rreé [er]r can- (i@

conmput ed: "FqQ [ergvlmg at,g[mtpt]@@,p 3, Terr] and for [err] |ess. than 0. 310
[err] Fromt e concentratlon of:NaGl:: i:n. t he -nud- fikbtrate,: ‘the: NaCl '
concentration in theformati 6n wat: e&WW@r’Hﬁn’Ean “te conputed #%and [err]
I's the NaCl conceFﬂ‘ﬂa!‘P’dt‘ﬂﬂf?’? 'jd,frltrate and. granms, per liter -coiputed from
PPMerr] as: Finally, if PPM |slessthn02 is conputed as: = 41
1, 457, 758 K - éerr] The i:lJt, e of

wat er..resistivity can al so be "H-tleﬂdi.Rf(@j ~térval usi ng he 5

ratio of [err]and the value of [err] either pre- el ected or previously

conput ed. To 5 this end, :a frequech Frr y " can be constuct 'd W th: At

the end of -ap intdP Etfl o (502 bl Shnd Siptiylevels. obis
[err]is Com put ecf:ﬁg:l been considered, Ty, and the correspondipg 'D'KQ.L ke e
paranmeters of interest. have been conputed they can be pri nt ed out AI So,
puncheg cards providing the mptﬁmﬁ&rlﬁ-ﬂrb‘t%‘ﬁ@r] the shaly sand (1% er pr et a-
tion can-be auto \( RN the art. Turning now
to figs. 15-16 %w"f&kﬁgﬁ;' @mea&earonmrswy said

ing ouf the 20nventmdal&k¢_ibe;_l_m_1_. eremmmdrchl!:andI&ﬂsactbd smmeﬁdtheut V0t h
an anal og 15 devifemnatien . Heasurere grval g A

<

advant ageous, to d5had" Rl
the principles shogind! wﬁg@ . Theref
25 the computed . values 'hrsm qsm, ‘and. ¢m, are checked. . 25

Asaﬁrststepin andcortectmtgposslbleemrs,theneutronpomsnyat
thedryooll Jomt,.pm:scompuwdusmg eclaypomtm¢mandtheaverage
gramdensxty pm—284asfollows _
. " —'¢~'cr. . '
¢N¢—l 0—1 115 —_— (108)

1—¢rar,

hmawly GQualmOZOandthatavalueofcpmlm 30

T30 1t Kooyt i shovl b appron
f--:f-i_Nclslessthmom"“”e”q“’““ow

-thon 0.13 is. véry. unlikely.

and ¢m and ¢m:. are reoomputed to:
T > 0-22 .
- o= 109)
. '1—0.78 SLOPE
| :--ML;sLOPEMf R V1
= 38 where: SLOPE has been computed using Equation (93). 35
Rt Next,thesﬂtmdex,SI,%vhxchlsameasureofdletdauveamountsdtandmtal
shalemtheformauonxscheched Thesnltmdexxscompuuedas
. $non .
. If the silt index is less. than 0.5; the valuebf-..-.,sm is recomputed using Equauonﬁ :
40 108—110 and if ¢y less than 0.2, it is set equal 10 0.2, ¢ncr, Tecomputed using the 40

- following equations: -



The programtakes four sweeps of the data Referring first to Fig 15, there
s 20 shown sweep 1. sweep 1 is entered, block 40 and the input

are read, block 42'. One level of logging data fromthe :

E interyal is next read block 44' The |l ogging paraneters,[err]
wred usi Mg wel | known techni ques, block 46 An input zero shift may
applied to [err]at this tine. 25 Next as represented by

a running sum and sum squmedsfor aI I cal i per 25 neaggurenents

in THE Su enen |n ervar Ts Comput et ecrsron erenen 0'

“det er mi nes" whet her.. " @12) are changing

-too rapidly by appy1 ng fé‘é"f‘-brsatmsm m nators to these par anmeters.

Fast - break. di scri m nat or s areused thr oughout the pr ogram to detset rgpid

30 Cﬁaﬁ% Sqomppued \ tion-( %ﬁm noe: ai ned from

t hese dept%e&@%m stispeEtid - b hefilg | if - ) 1 m nated from

consi der at i reusonabds vahie awpl e ast- investi gat es. the foI 1l owi ngs -

tyo
condi ti ons f orSinck ) Mﬂ@ vel)[err]
#ﬁiﬂtgd @ﬁs%%ompu , r] (at depth

(previ ous dBHEHO

| evel - bel offisia REAPSI LY 35 (previous
dept ol evel )
the val ue Ot dia¢ SPR ;
val ue of [ %T;m'\% ; ST Al FLih level by
nore than three units, pararreter S conS|deredtoto be
changing too rapidly and the dat=0ai(1t+te) depth | evel of.ipterest is 40

I n. addi ti on decision el efsaf: - er-[err] is fBYs  than -0.02 or
greater than 0.45 or whet her [errs] han 0.1 or whether [err]is
greater thadd rigxeqﬂpuu]mrmmmwhae :NSROPEds using[Bqo(®8)eds to deci sion
el ement 52' wWhehiltduder g‘ﬂ@’r‘hﬂ%’sﬁwﬂls | ess than
0.7. If the | %P‘M‘%’gmﬂﬁérthe 45 data is derived from
‘a clean sand formation and mebw%corrput ed for the depii4) evel using
equations 51-57, (block 54).- If the answer’ Lcrhgadm deci si on el ement 52" ise

ely, ?5-* ﬁﬁeﬂ"fﬁ exceeds the

YES, » 42£%§Lst%rmer,mmmmd¢mm "
42 [eTr] i %LP.; Ojg Seltbrdf ! Glidd &l 4ie; 10, ock 56,
. and bl ock %mdé.gnb 6B Myﬂgﬁéﬁggﬁ&%ﬁtm J&W r unni Ng xsuUNs

-required-f
.-shown,_ i-f: t

_-:Hh..mﬂr mm&nmmxwmmmmuted AS
“bl ock%60! |

hg‘é s S A S ek ?:d':ls sgf to.10,

Mam?a{%%pampu VIE kb mﬁedtl b
ﬁm nt- 86t kediat \leysth en op.\I€ ithe ently being
con- si deréd!yas':atlhéﬁvlégstd' nd fine;dgeto it greaten thamge Muriporteualithzed val . If it is
- not, NO ans ' 11 |s increnented, block 62° and the program
.retur to block 44" for gna t depthlﬁ,g Af ter | the
dept h®1 evel s in the neasure 5; (hod N )have 10 een consi dered, YES

answer from-decision el.ement 61", the shale indicators for the 10
neasurenentlfltluplmﬁllsadmdmrshddmdwﬁl bsrlasstthme(qu,as represent ed
by bl-ock 64then &ds ¢ eq Hﬁw‘{ﬂo‘sﬁt 'ﬁ ‘!!‘gu S shown in .
detail . ‘?’% g m h“éﬁ'&‘i‘ eing By I ety dt or | having t he
" general expressi 1% s comput ed’ u5| ng equatl on 58 as
represented by bl ock72'. Next, the $@xi mum corre- 15 lation factor for
non-i #enti cal - pairs of “shal élrhums cal | ed CORVAX, i 8§18l ected® bl ock
74' . The X and Y coordi nates of are then set equal to M and N
respect i vel y, Hok Gois8 t66the “rigitCofV thic mdteBelay HNhd\(areX 3R, ¢ TP sctleguakled are initially
set to zerol-'ﬂl'-@ok 78", after which deci si on eI errent 80 determ nes vvhet her

CORVAX 20 - is equal to zero. -, .-
20 | F CORMAX 'S not - equal to zerm_ﬁf;ansmer from deci si on el errent 80
t he 1=¢ner
andthepomtsarethtteatedasbelongmgtoarea4For ts in areas 4, 5 and 6,
40 - the followmg relanonsths apply: . L poin _ 40
¢r¢éncx."¢\ ¢ncx. :

g — T T am
' $oL—door . -




program proceeds to determ ne which shale indicators are reliable for the
interval. To this end, decision elenent 82' asks whether (M4) is greater
than zera . lf the gnswer i YES then Mis either equal to5 or 6

indicating that either the SP or XMis 25 a reliable shale indi
Next decision el ement 84' asks whether Mequals 6 and if 25 the ang
YES, XDT is set equal to one, block 86', indi cating that [err"] i.S
avai l able and that XMis a good shal e- |nd| cator.. If the answer from .7 .
decision el engpt 84' is NO decision el eruetsv,7538 det erm nes whether N "39
equal s 1 ahd Wrerter-the Torreration. ractor, RLS,"T) 1s greater than zero,
i.e. 30 - is there.positive. corngla . the SP and [(gysy | shale
i ndi cators. tf the ansvver 30 |s YES,: XSRxsis-gw@t equal to one, block 90'.

If the ,answer/rs _ |s| ne eater

than 1 and whet her m&“’f“%r?&”%“&“?‘ef’fg%on

bet ween the SP and erltoh itea. GRokkide 'cwsc mr,aﬁag bl B9 BRSUES, I S YES,
XSP is set equal tyemdxmmul-euw(Zl—Wct)héhanmmuahsand)SSBsrrtsq@to(BS 5
equal to ninus one oggmmazrn ase % £vhig Pagbple jAiRiRge b SR ol 4- i
exists in the rf’@'r‘ft.._r’r#’e al'® Decr s| on el ement  96' “whi ch.i s
entered next’ erther vi'a bf gtk %6"" 90 or 94' "asks V\het hér~t he absal ute

val ue of CORMAX isless tHan 05 A the answer¢m..s ‘NQ,. i.e CORVAX is greater
tha 0.5, the program proceeds t o' det S Yre ot her shal e 40

i ndi cators when correlated with the shal e i ndfat or havi ng the coordinate M
is greater 46 thofr Q./Pu. Wsdithad D75 he absol ute val ue of .eiher RCM 1) or 10
R(M2) is greater than 0.5, decisign el errent 98", XDN is set eq to one,
bl ock™ 100 i ndi cati ng-that- | et:r}-i sVe=do0& 5 hdfe i ndi.cator. - Si ml§|9 ly if the
absol ute val ue of RyNbe 3) ?:L gih@ah@ ofshan 0.5, which is asked by deci si on
element 102', XGRis se equal to one. bl ock 104:" indjcat- i ng
that GRis available and a good shal e ipdi ¢ top, R(M™~ 4) |s %ater t han
R(M 3) 45 and the absol ute val ue W= Rgl\/l 1- reat er than 0. deci si on
el ement 106 XGR is set equal to two, bl d¢ék\108% ¥ndicating 108'. "i ndi cat | ng
that the nornalizegpgamia-ray . i's avil able and a better shale indicator than
t he ganma-iray neasur enment-. rtself . Now--t he*.pr ogr am. pr oceeds 0 det erni ne '
whet her the qpsol ut e val ue® of- R(6 5 50 Va. the correl ation coeffici enés
forSP gpd XM'Ts greater than 0.5 THEs—ghe function of 50 dedtdion 11

If the answer is YES, decision elenent 11 asks whet her M-equal s. si x.

the answer is NQ XD'IFmailyafa*tpomquarehcﬁ, Shis, colapubediusihg £q.. Nifandequal s si X, YES
answer from decision el enent 112" decr s}on el enent 116" -det erm nes whet her
R(6,5) is less than zero. If it |s P % set equal to m nus ONgx block '
118'. If R(6, 5) is not |ess than 5 1 sizero, XSP i's set equal to one,

bl oc 120'. 55 The program proceeds :
ei ther from bl ocks 117e dck _-_° Wﬁg'&%ﬁ’gﬁ?g Bgent
110' to deci spon er& 5o e Lclagh ves \%‘h % in zeng
or XSP. does not equal’ zero. [f the ansvver is NO decision elenen 124" asks
whet her the correl ation coeffrcr ent fonGR‘émﬂ—[S@H] is.-greater- - the 60 '
correlation coefficient for %r_l ’.25% /f,g T the answe (123} YES,

XGR is set 60 equal to one, bI ock 1 Rf he™ ansvver is NO XSP is

set equal to one, bh@ckk.lﬁ&itherilpa:-ssledmd@dnefoetheéumahar;thbkrahmlofks(abmpmea ei t her

bl ocks 126' 128’ i

to decision eﬁemngﬂﬁyﬁvﬁm gﬁgﬂé r RN - l% 8 g nov;/5

than 0.5, - YES answer, decr sion el ement asKs’ V\het her (N-3) is greater
t han O. 65 1, 457 758 |If Ni than 3, YES answer, f? i sion
el enent 134" asks whet her N=4 and i "hehﬁnswer 5" YES, XGR is é equal: to

two, bl ock 136' I f the enswer from decr si.on element 134' -is NO, decision

el ement 138" asks yhel PpLAct ean( ysalsr’rbarvs elp SOTBREE G&m%ﬂdr@gaﬁs
answer, XSP is set SSRULIEYCIS Comeipondiug g shales, ihe shup of 9 gm’f}fsmngd depth answer
_ - bf 4Hid) e

. . ) v §h
I's NO XSP igoset ReHsthe lstin @b Ghe & nfi-- 1ﬂlgasurements, 3 GRep and. the ‘volume of shale
' ' 3, VGgp are ‘also accumulated. For each interval the average gamma-ray measurement
and amount of shale for the shale zones, Gy and VGsy, respectively, and the average
. gamma-ray measurement and amount of shale for the sand zones, Gsp and VGgy,

respectively are computed. -
35 The gamma-ray in sand, GRSD, and gamma—ray m shale, GR_m are then computed .35
: as:




Returning to decision elenent 132", if the answer is NO decision elenment
144" asks whether N equals three.,If N equals three, XGRis set equal to
one, block 146' and_if not. XDN is set equal ck 148'. The
i -programthen proceeds to decision elenment 122", via eitherbl ocks. 140",

142", 146' or 148' "and then returns 10 ‘via 124' 126' or 128 and
130 wssed above. . . 10 Returni ng now
tb ded if M4 is not greater than zero, NO answer,

deci Am 4 whet hgraed equaI S four If the answejq is YES,
XER k H—t-c ek i . s—set—egtat—to one,

bl ock- 154" I'n either e\fgﬂm G N Q'S n@m—‘i@t equal to 02§F bl ock 156' after
whi ch _deci si'on el enment =Geo '_% s et her the ab ].rte val ue of
CORMAX i's Ies_s than 0.5. 1f the answer: "5 YES, the subroutinestetugns
via 122', 124'; 126", 128" and 130" - GsH-Gﬁnhe answer: from deci si on el eneht
160' is NO. the program pﬁ Rt o1t ~on el ément "'1_621?25 i ch asks

whet her the: absol ute vaI ue. of et her 5, {-o.:'r!-- -R(:5.,,:__ %l s-greater than,
0.45. If tyme ' orsfl DAKXS it DAL "'tndlvGﬂe reaaliaddginger 20
R(5, 3). i eubtioss6h hrdn672ero 1f the answet is YES XSP T's Set- equalsto m nus
one, bl ock 5‘%& %?bww% é‘t‘“‘% 168' > The
program pr sdlePof m%qﬂaﬂ, PQJTis 162', or bl ocks
166' or 168" to decision element 170" which asks vvhet her R(6 3) or R(6, 4)
is less than -0.5. If" the ganswer §s8. YES, XDT is set equggto one, bl ock

172'- . In either case, 'EI’B_“R,T' ne returns :via.122' 124", 126’
or 128 and 130'. -25 Fl nal ly, it CORVMAX=0, YES answer from deci sion

el enent 80With>sal\landsvseetrepoqmﬁhgﬂmmmgesbémbbuiidkenudnd:drdnomttdﬁer the SP, GR

or [d49r] nebals dercshalelevefscoventhe infeyals SPauiis eompRfekast i ons- are asked by dBcision

el ements 176', 178 and 180 ﬁleskaleo\t,lvelysh XSP, XGR or XDT is set equal to

~one as represent ed by hdpgeks 18 lﬁ?ﬁ' and 186" - 30 127,; espectively, and
the subroutine returns via 122", ',© 126', 128': and 130 30 After

t he shale Igziﬁbﬁat Or, r tt |nt erv. bee qﬂ,rrel at ed and the

det er i na- g mﬁ;&m&%@m %..m%: PSbi e and .
reliable t pj’sﬁ'ﬁamweinwenﬁethor thepresent ed by
bl och5 190 con@mub'egftNﬂai é\eawd ﬁ,hmdnmr fndhontthtss ilOTtERM-aJ caar e ddfermi ned

usi ng subr l!'l‘té. %F" r] 35 “. " and [err]are identified as the,
paraneters |n°tr es a e zone, and 35 [err] for the best sand zone.
Referring to Fig. 17, this.- ’\E 1R reater detail. Referring
now to Fig. 17, subreemj %X%P %n%FZEMSm:L 820. The best shale
and sand zones are sele ed as those zones whi ch correspond to 40 t he

‘zones [errM@F%i@h@%%—”functr on [err] sign[err].has a maxi num value. = 40
The val ue of -sign (Ij) is s equat to or opposjte that of the dlfference
[err], dependi ng on“whet: her til 33 t__s_rﬁfg_gr_'j__ _-_d zones; . respecti, !éely is
soughf. The first ZOpra | nsi der ég e{Rmpl®t. B38g i.uzmdd.. i -equal to bl ock
822 and 824 respecti veI Then t he. nor ma |zed vartation of t he di fference
[err] whi C Frons thi: feancéifiration of NiCt frcthe nmd ﬂhete;\mmidneombm ipthea shal e

i ndi cat or @WW?M?W“F%re conputed. 45 As represented by bl ock

826, the nornmalized variation [q; 7] is conputed Next, deci si on el enent 828
asks whet her: the nor nal ippgg=variation is_l.ess than zerogadh- the answer is
YES, the absol-ute val ue-of Dk1qoe#0F3 iGRLzonput ed, bl ock §330 and a counter

SMerr cre ted, bl ock.83 anedln reater .detail belo |
th/[e an]s:NZrIF l\éﬁﬂtﬁéh a%’g%?tf?f’%n éaﬂ'%zmoﬁ’&“ltmmkgf g‘“@ﬂ'ﬁ‘bﬁ*t edI bl ocks \éV§4

: : 0.0434.57, ] ao)l : '
=e -
| GRLw L 13 5|9+04343 !og e (em_ m f) K—Ed'so - ( _ s

GRL..,usthe Naﬂ concentrauonofxﬁudﬁltrateandgramsperhterconlpnted
fromPPM...:_..- - - - ' . T

_ —063 PPMM _ S
F‘mally, |f PPM,,, is less than 02 R., is oomputed as:



1, 457, 758 44 As represented by bl ock
836, a partial sum [err] is conputed, where [err] is the sumof the

Pr € C € Chimigmdismioiihainh@Smual@tmah @Gl -a e H—838—asks if all clay indicators
have been considered and if not, the program proceeds to 5 t he next
clay indicator, block 840 and returns to block 826. After all clay the
clay. indicators 5 k have been considered block 836 represents the
sum[err] Dk Nk correspondrng to the two zones i and j for all clay*

i ndicators Thg function 10 - can now bhesxmsgput ed by choosing for a a4i0

positive val Ues; Tor exanple TZ and tor_n, 10 a positive value, for
exanple 1. This'is repres ,l{_'ck I lseen t hat': qua- tion 1
N ?W@ﬁ*ﬁd@r nerr] % ‘is

is Equation 18 in rewmitte
conput ed. FiN-St, as’représent: :.By -decisoasn el errent 7844, ‘it is determ ned
1 an one. If SMerr] -

whet her” 15 [err] ind LR &L
equal s zero that is for ever,
bl ock 846. If SM err] ‘equaks. ‘i ndi cat or
k and only one for this <Dki: Nk<@_‘=_'~ . +—F great er than
20 zero, sign [err] s set. B@waf.- S !nthe caseé where
t he best sand zone |s sou e re_I ace Nk by - Nk and we record, |n t he

sanme manner, err] T é‘% nnerg
; . er P]::F s:i cog:;% 'c‘i' and a

Know ng t he val ue

s.fs set - equal to one,

i s corrput

partial sum - e[rr]- .[err]. being
the preceding val ue.. :Next - de n:-el erre 8|$4 sks |f j s g e ter.than N,
where-N i s the nunber. of 30 =20 Nlegpi W I"é?val 1t he®answer s
NO, j .is incremented] block: ‘856 and ‘t heprogram/ 30 returns to- block 824.

Wien .all the zonemmehaaef BERRNVAPKED chriténdiRCOURY, s a&wmﬁmmmbdmck 852
rep s:i. [err] Afteputedbs:zones: ] have been consi dered. w.t h-one.zone i,

deci si:on el egent 858asks" =N wWel, ] rs |ncr ted

bl ock 860 and.the program: r,‘tur ns tot@glsa( “"‘-8?)gck 822 - DN 10

35 After -all zones, i-Onda all &f e parathess iofl et hidve bigh tma\iﬂyemsepﬂmdhr ghest
val ue oé 45 out. Also,punchedcardsprov;dmgthemputparameters rthej_sha].ls ingerpreta-.

45 [err] as repres&?ﬁ 1', ;"i'.l', ; Qmez & % to the
' ; .bé&%d Gl @rval 18S

maxi mum of [@§r]i s S tould Al

represepted by bl od _ ﬁmpoheham{ild,ét:arpduaﬂui apantagtaids a6 Sisel Ogentride

i nt erval s “correspo w ‘ W@WW‘"& f?rﬁlml’!{neﬂﬁ shama%ﬂlscs%*cie 866.
Thus t'he val ues of “fPEEH he lan,ger] grr] are

determnedfa@mthqmm"- it LURSpt O 20
bl ock :868. Once thmd)ﬁah.,shaﬂu ﬁrarp:lesdamdl mnsmedtmmdherermtdeblodd 4241 @ne :
determined, the pr ‘?@P& 3 frog. | iptsgval, i rread-black enhi ch
asks whet her XCR i ey B Op " iz [b i's set
equal to [err} is setuaa,wa_” regnted by | | roxhing "'andduEsMinmunlc&o&ero 25
bl ock 202 is bypasMuMmdbemmm@OMauks computed. Next, decision clement 50

whether ‘g, ¢s OF go are changing too. rapldly by applying fest-break

. inators are used throughout the rogram to detect rapzd.-
- 30 changesmdata small depth’ changes. Data obtained from these depth levels can 30
‘be unreliable :and" therefore. is: eliminated from. deration. As an example, the fast-
" break dnscnmmator mvestigates the followmg two oondmons for the porosxty

- s

-:'—kﬁ (prevxous depth level)>2 poroslty units and o

* 35 _. «p (at depth level: below)>3 poroslty units . . . 35
.-.--(ptevmusdepthlevel) S
* Ifthemagmmde'of at"the depthlevelofmtereetexceedsthe valueof¢ at the next.
e lowest. depth level by more than two units and it exceeds the value of & at the depth
level next b ,;;.prevnous depth_level by. morethanthreeumts,theparametens

40 cons:demd :chan ing mo rapudly and . the data at the depth level of- mterest is 40
R addition, decision element 50° asks whether s, is dess than —0.02 o greater

than045 0r ether ¢y is less: than 0.1 or whethcr.pp:s greater than (¢x-+0.03). If
the answer is; .NO,. the:. ‘program. p proceeds to decision element 52’ which determines

45 whether the ratio ¢n/Py is less than 0.7. If the answer is NO, this indicates that the 45
' datalsdenvedfromacleansandformauonandkwxsoomputedforthcdepthlevel
using. equanons 3157, (blpck 54%). If the answer from decision element 52’ is YES, .



whet her XSP equal s zero. If the answer is NO decision elenent 206" asks
whet her' XSP is greater than zero. If the answer is YES, [err]is set
equalto [err] is set e i LS.,

[err] i's set equal to [err] 15 and SP[err] is set equal to [err],
2Y0 Ai peeya reversed-SP is indicated for the 15 interval. If XSP
A S answer from decision elenent 204', blocks 206', 208 and

p gsed. Next, as represented by bl ock 212’ [err] are conput ed
usi ng eqat| oris 61 and 62 usi ng 1487758 conput ed by subroutl ne MaNXN. Then 20

dectstonmgre i X U ) }]t does not, NO
ansver . 5’1 i:% uéﬁ%cda%e t%%ifer forle)xmﬁfé fH Eﬁm&ﬁﬂé With [err]
conput ed dotelia bbﬂﬂé shale irle ke, wm :fftueanawdem::smkoxel ement- 214" is
YES, bl ocekenm 0’ jsSYHSy Bevsis eaf to meklock@é,ambblp@sémw 56¢and 580wk 218' \~t he o

S d Sted -
ort]Fos neatar pating o U Shebdd it Bl Bt TR BB B0 7ot andar ¢

mat henat i depth l&vddhinaqum&d,llﬂockbﬁ asd md&g@d&mﬂolbﬁaﬂkm’ fdrlanlys:QS cal i per

measur enedithe F‘ cleyeh AMter gl the gk ‘b 1¢ - GHRASHremas veleci si on el enent
22010, ' filepedy) YER, pasyer fxal gecision, Elﬁ .55‘:-'; - repr“gsent ed by
bl ock 2221',10ckldv the answer_ from decCi sl on eI enent 220 CAL[err] is set

equal to ,[erRe?etrbigcnyk to Fig. lﬁiiﬁbmqnpe_MCkalmmrmde@hmMm next asks
whepher tHe& lopla 7t apd istion factor: havioe. al &y &Pt he |l§"lSt one in

15 compy °q 05§ 48, m ,goes ‘10 t he next

t held 000 faghn! IENi datoid Tulfed

measur nmenblodk M€ rrhalX h:icbv ' 'ma:ﬂmm\)amalmls& daedy it M again with bl ock

42' . The Jesrergivelnblocks 6. Whe Fétiphles KD, KGR X5Brea® XM prp inigialipbss ar e anaI yzed in

t he oabove“"n"&'_;!zi‘uE‘Pcka"[8 »\fFFCWhighy dpgisioty elemaeat §0K determings hethes i CORMAX nent ,826' s

YES 35 U FORMAKES ! duds 6 700 A0 LRHE Vrond BLci @kdieat B0t fie | 0041 ng
|nterval ﬂb@axﬁlpﬁkéjds&ddet&hﬁlemhithshalﬁﬁdlm#a}diﬁhd& :bernte}vexairbed e[rr] and the

maxi mum vt!!fsu@d,oﬂ n emeQZedskG?@e@ﬂqu-f-@r!smﬂer n!!aerzml # ths selected to

proyd de amg! . e SP@ h intgrval
Do o e %ﬁ?@f’%ﬁom&m L éﬁ. B oo

Simlarl yqndtdmmmarmnd ﬂﬂh __ €] _rr]Sl

a 40 C fan frpra (d
by i ock s 1 ang
cl ean san smsa p-.s‘f%

H ’.7 - 3 - m

* -greater ttmnm&sﬁhefheer]xsgmder\ﬁwnLie&dofhetperth cottdmntfmmﬁ,ﬂ) .err] in any
nmeasur emefe °?’FP! shecth spd sith f§¢ TRrack VY 18 Degatives ented by bl ock
oy, heMRERRIEY St gl :ﬁ@ el o MO ASP R w1 20 Y DO

|nterval S iﬁ\&yva:are not- pr. esent elther because they coul d not 45

reliably be Q@mmlele!denp mextemﬂ evipUihc _o_t_pksbecause t hey

were eli :_ JOV &is acconpl i shed
by ggi ng |

errimg nowto

Fig. 18, &ntbomurhumefth‘d '_ hign@.3, 50 bl ock
242' asks flement ! asgw 3e ., is tgqgékatm“@'_ic, SP, or GR
Si nce 50a QIR e B> ar RS R the program
pr ogseeds in . Q.ma,n -.:3)he pasamnet er of
i nt erest, andehe gmmavaivay:tll(ﬂs'r interval If the
answer is ualitp 08t _ct ed value in
those intd o o i ndi cat es

thabo t he Ao RBHGT s BPhad. »] 1ack 246' and then
55 r et ur ndecisit wkmehnsmrfmm_dmmkmémd d&wbqth;nivbd:qsﬂem 244" is YES,

t hen the a!regeswﬁfls A |s set equal to
6 h%gs eper i nterval,

t he rella%@z:qsﬂ e'c?,fn ﬁ%gr

(bl sxk 25%t0) xsmihse:téqaalmﬁg,rmknm'ur ns, bI ock’ 24 : 530 conpl ete
t he expl anat%m@m%e@fmbbmé%r &tqrd@'lﬁrﬂﬂmwer&m!rn now 60 to
deci si on - m:;fof iy L oia GEfFals SP or. GRis to
be set, e85 We co oG R G 0 ﬂ)&?hﬁk%@iﬁ@ e 252" which asks
whetsmer acmhmmmﬁamm-wn),mszemm mlsf)mkkm dee@st

i nterval . ons: block\126% : e{&} ? -for each
i nt erval %ﬂ%m{?ﬁﬁ 5;’% r _u%'éd‘ eg, blocks @qulﬁ or ans“’e' gs |

“Retiirning now to decision element 96/, if the absolute value of CORMAX is Iess : '
65 than 0.5, YES “answer, decision’ element 132 asks whether '(N—3) is greater than-0; 65



65 to the value of the paraneter at the nearest deeper interval, block
254" and the program 65 1,457,758 46
returns.block 248 1 f _t Y el ement 252' is NO,

deci sion el enent 256' asks whether the paraneter has been conputed
interval and if it hasn't, NO answer, the paraneter for eac neasure
interval is set to a presel ected val ue, block 258 and the program §
to block 248 . If 5 .256"' is YES, the value of the paraneter f\or
deepest neag rerrent interval i s set equaS7I58 the : 43

the next shattowgrotmre BT 03.306h GBRR 13CakAitéme: WEatdh@itpar anet er
for the remainin Q%mgéﬂﬁgs?@.ﬁﬂ%bm&awwm anmpfmadecis@n t he

next deeper int eémadn: l’a‘&r iscmomidsan mlﬁwksrwheﬁef bl ock
248' . 10 o Omelif ltiaseYB janswer; ZSP ‘%aFFG %ﬁ‘%aﬁ%’?ﬂ'@ for gach
i ntevak by Sup- wswerfeNDoReh el Rope b wrmmcewoammuack 270
(Fig. 15B). The Y@l Ghertiet: . TF NCeqh amnee,cmm saleababto & block Mt he GR

i _
di i xm oBThl ™
e i S S e Ty R

equat i dns 66 and @¢isiop element 132,
sweep 2. SkBep 2ViRIZH1A8, or L2] aac 130 B CuEEES lfM\?‘m:s b redii [eiEes] NIOCONpUL ed
by sweep 1 from tydQed déck nlelkhﬂitvﬁb' 'ésnsrﬁhdﬂeam erbials(fhr?ﬂzhe a;squd ﬁ;e SP

shal e di scrim nat¥@R m[serem}al m,tmm' Qthewig corn-.

. §6 1
put ed usi ng equatlt'l EP& A e | evgl
of | oggi ng data il s uﬂvqgg zgnmatla&OB next determ nes

B‘

whet her the depth" wate Mffmﬁﬁﬂ&isﬁ&remmeﬂmm' is. NOi, ¢ P sand
formation. To th|mdt;lenieast162b WB““aY’@“ E%f‘t}‘% lah‘eio [err]
and then it,is delEAisEEa lﬁﬁtﬁr m &Rt er phan
DALIM or 0sp ngiEkliafs 1 grsa . ETHe [prdsraimosiGredd 'ae{meﬁ or

OSP.
[err] iS greater Mo aﬂw&&rm décisids eldﬁam 162'59r hiockscm oﬁ:@atcedectsm nbrr] . or

e[rr] less than 0175' which askpewhethes R, i Ffﬁﬁ T ;38;6” mat i -on
is present 25 2#]’% s ,mﬁ% ver?“uf’%mﬁs%ﬁ n"the 25
i _

conput ati on™of [e | Gf CORMAXED, ms%smfmmeaﬁma@dndoso'bxwl«sﬂo a45
cell array for CO@ﬂttbl&ge,(h{oék}MSam:tremmetSi’,

cect s an o “““‘"‘?%% B L R e

considera- tion is efm tﬁdgﬂelsatdetermhnan zero :
and GR for the degdnmald as: to whidhcshalé- mdkatgseatawlaltldnmd rdliable theprograp l‘.et“ t he
answer NO, the vamtJﬁOCbﬂ9q' 15%&“6? }?‘? e O Aar e used
for computipg a r ‘g‘% 'i}’ c s Tkl e, aadock 314.
Next, as represen & ﬁ’f cmz,g emgnfamﬁk @of&?i.,.lfo:eehk belit semdi zoOmat or i s
applledto[err] to 1g.rlr7 ssheynin greater ¢ el

val ues of [err] for

Rcrine Rom é”“‘”‘ﬁ' summa

t he 35 40[6”11.%_ ; _.zq*ag,,'-g ph Cortes :
either b 318 Qhe vilm ofsxgn )ad’lﬁev\ﬁtﬁuafﬁomﬂ thmoferhedﬁertme BKEEﬂk:)SlG t he
program proceeds ﬂq)eﬂtﬁleoambmes b«tnhdwrdeﬂe?%’_,' @%ﬁho&%fandss he | ast

depth interval. If a9 3 B\ i iy Ll iy 'a(ka_ka y, which is theeVel s
i ncrement ed,45bl oc ce | %e%ﬂgroﬁﬂkﬂaﬂtm&ri%rhkeﬁﬂés?ﬁ &7 trecontphmd.an| y s
of the next depth AsQéppdsen mé(by block 826, the naetamedtwagtmow to decision 308, if the
answer is YES indicating that a sha)g ' x@r mation may be present at
the particul ar depth-evel, paranet ul er_r] xﬁ‘r” bnputed as: [err] 45

where: [err]is the matrix transrt timkin [errfkand Gis the grain density

bl ock 324, 45 Next deci sr on el.enent. 326 asks V\/net her !ﬁ rs Ie than

(055+0. 35 [err] oris compw °§@”"ﬁ“§q" %‘%
greater than zer o HAF ghthf) qf e ansvver S YES t he

program proceeds to the anal ysr S of the nok dept h level via 320 and 32250
If the &nswey is NO |nd| cal “hat* d trtﬁ-shal_e 1 evel I S present '

computed, block-830-and s Eounter’ SMy, is “increinénted; block 832 asexplamed
xl: great:rwg;taﬂ below. If the answer is N&nthe absolute Yalue of -~ -

is computed,block834



50 a 50 cell array for conmputation for [err] is entered with an
i ndex val ue dependent 50 on the value CAL for the depth | evel under
investgation, .block 328. -Simtarly—as+epresentedby block 330, a 50-cell

or computation of [err] for the entire log is entered with an index

depg upon the value of [err]. Next, decision 332 asks whether e[rr] is
| eqs 0. 05 or whet her is | ess than 0. 05 or whet her is |less than
-0.03 _the answer YES, the program proceeds to the next depth level via
320 wpd~32. 1f the answer is NO lgsﬁgscell array for corrput- |ng4REC and
RESH:; =1t 34— ' 1 vVal ue

47 “As teprescated by block 836 1, 457 758 . |

4 of Rt. The programthen retur{mjto b|mpk 320 and 322 and contl nues unti |
all the dept h the avebeen Eo-n++=el§'r—le-el— mii ™me decisienent3. % is cand
the program proceeds 'to bl ocK 3%6.*\ ‘Nkaseesti;-."336 . the )

CA, and %ﬁwg ’ ﬁrg‘aﬁy}gg k&d,}(g eieﬂ&:' i~ 0 and th_e
corr'esp gPE yﬁhgéegcgl e ovep |ksvalt e |n§ex of 5tthe cll argay:
whi c. Ieav&mfﬂmwmmmmdmdmdrﬁem,&b gm%gg#wdime arryﬁ bel ow

”I]i‘éhq € e

that Tell Flay ingj k B Blpek 826 e s of cell is
‘' greater t%%ﬁ“% -'-.;'-%@gpwglm’lﬁ 'the. ...-and' RESH arrays are

scanned to. dercrm ne 'Ivvl zc.-hi'ch i pkt he i ndex ofthe ceII whi ch. | eaves 5% of

the total poihts ifi 10~ . thecelH=hbove it and the correspondi ng X] Xx.

Val ues of C:Alm OXA RESH and. Nk 10 - RC are' 'the

conpt ed' u’ samemtnbmeswzmz?mﬁoraneiay.zammpmﬁ,mpl ock. 338. Decision

| denent 3 ' netasis if RESH. is:ess than 21EC andif is RESH is set equal
to 2 REC, Dbl ok342." The' vapug gf t he lcommpaoctian con factor CP is com

put ed next usi ng equation 8 bock . yﬁpx irhi s corrpl ei es . t®) anal ysi's for. one
measure- 15 . .. nent |ntervaI aﬁd“ &lc S|0n eI enent 346 asks whet her
th|S|stheIas i to, b '

not answer,
the thterv 0 - NQB bl ock
302 for andtyﬁlss no' At - ; el as i nt erval is
atiayzed, 'YE&xaﬂis\ﬁmcndnrom deci sion el enent 346, the average Ds N and«~OR
are conputed for the entire IPo %pmth gunnlg suns of .20 t hese
val ues, block 349. Next, as répresért e%‘ff y block 3,50, the P array is
scanned to - 20 deterimine XnN and '-the: zero shift-iap,.ZSDR is'' conputed
Usi nd5 equaisjconpged. Figts irdpresented by Slrviision slemiknt; 844Nt isadewirniined rwbetherow cIipUt ed as
repr esent em ‘bF‘B‘C‘k“’?ﬁ’ wo-PAT g't'&,heatbebﬂ?ﬁ Ffs%@dﬂ W‘lﬁg"é“ thet i &5br out i ne CALI BR
Whlchlsso in greater detail in 25 . ' Referrlngrmowto Fi g.
20, ' subroutine' sCALIBR is enter edel a bl ock 360. Next, 25 decision elenment
362 asks whe'ther the |nput value >°\/ . equal ..zero, Vc 'm ‘bei ng an input
paraneter. |f the answer is. NO-, (AV) and' D (AV) for the entire |og
is ~ eblsige kij) 36 equiai‘t(xo:ﬁﬂblﬁ:l: €D SMD), RGlals W84 tiabis ¥ BR&SE6he, NEXt ;- t he
par a-20 et e indicator k andcentypene det esigndxsl) and&QSMah)as:krea’ﬂﬁﬁhmfter 2Mhi ch
deci si on eﬁé&y“& ““°m‘me:%§\°ﬁh é W&Q‘ﬁ poet o, greater
than or | eggi 3&,&"_{,9 thrm 'edﬁﬂﬂlé‘ ﬁé apeturns via o
bl ock 370. -and of.the function: . |f & 1is p05|t|ve eci sion' e erret 372 next asks
i f - is greater than O. 05 Since it. has been found that ‘a value of 0.05
is the practical nmaxi mum uE for & if the answer aggs . %R; set
equalzsto 0. 05, bl ock 374. epres 1 lloy bl ock 376 a i ght
for.the .neasurenents, called. ented by the nunber of intervals
35 for V\/mcha r shlft has be dtoN A-weight for the D - ,
neasurenntéh”’&‘a'?‘ ng“KB” (yiis o9 ?ﬁ?ﬁfgg ’Z ¥ interval that either a zero:
shift has been applied to- Q&W@Fﬁ Qign(,%) Iarger than 2. 65, bl ock 378.
These wei ghts, KN and. KD are com ared y deC| Si on derrent 380 and |L

e e s

4.) p g1an) 30 '
aJ:ooanrhesum Jainock 384, and'_

40 shift'i serarhdro block 824 Whe _
t he progr aMoclessarrqsesmtsa lﬁtne@kF&Z»@m (1,)) e L <L

After all zones j have been. considered: with one zone i, decision element 858 asks
- if i=N. IftheanswensNO usmcremented block860andthepmgramretumsto

35 block 822, 35 .
- After all zones, i, have been oons:dered the program selects the highest value of



Returning tO decision.elenent 368,'if & is negative,. decision elenent 386
asks whether. 4 islissthan -0.5 and .if the answer |s YES, &0 is set equal
to 0.05...45 QLn.ck__s.S&-f-o-:—-'—t—h-e—r—e&sreﬂ'—s—,—d-l—scssed above.' A

wei ghting procedure simlar to that 45 discussed above, nowt ks pl ace~
Tihus KN .is set equal to 2 if the-neutron nmeasure- nent is an SNP .j@‘
not' been nudcake corrected, block 390. KN is increnented by one if ‘

m ni mum CP for the:entire Iog is.less t 0.9, bloc 392. and KNis ¢
incremented’ gy t he nurrber of int erval s -foasamsgch. an |nput zero._ Shlft 4s -

applied to g—56 enr sent to%% .is set
il A w% spd 12

equal to one if tl{g"" -
Dec1'5| on- eI emant 398 _next det er m nes i f

e

pounds and ZSDR ISbldi!E 81V Ve
JIRP(AY), " \Ls closer Next, mnd sand
answer - K i5s i ncpysaRiyn 8% sgf/block $66.

NO answer,, KDis', diips
55 by t he nunb: ~Opike’ valé Qini
applied to #D or @Srnﬁeqd_., -ikien ¢lement
bl ock 404. Déci si df ter e e ER O :
greater than RD. | Shetb xgp' t.646. I R is NOSdeq S

i sset equal to., bl OCXQOBWMWWM@ESAS&S@MM SPﬂnmﬂ Sltsb 0CK- 410
after which the pr!&) aqnaheisﬁif'f_,‘!l‘h_?k“_,% b XSP p less W‘Egzrgjg ‘%(’%ve bae
deternmi ned, the nefff pﬁ& foing igede d:m'el:; -3 e, shi e

er f
for each .inte ck 420" (Fi g. . 19I§) Next . con-

secutive intervals heNuxt;ugé _wdbpbioc&ﬂb?ecﬁm lndri&

This is accoppl i sh@cmnt§ ti_';' m % detml
in Fig 21. fer r P Hoe L OB O -..-.-mon 6, bYGutine
subrouti ne VERG N. MItRNOs veb 1610 décision eleﬁe:ﬁlz eisezﬁﬁﬂodkmlis Kypissednd

wei ghted averages of mas#opkse_nteﬁli@bl@ 18, the(wrage and redpgion of the
caliper W"“’F‘W E}%ﬁ:for bhe
I owest i nt er 2l n irembHiOts Sestl Tan h§n %ked by decisio decidio
434 an’; the par arrezzoq ﬁé/\&hﬁ‘eeﬂmcrﬁﬁﬁh&,l mmectmmcmcez;mdepﬁmdw sion
emenent 436 asks. bMtZﬁl’r ...WWWWD@('&P@;%‘%%&Q tPfthese
paraneters fqr:the' o LTSk : Ohd@Alne Noerdd SHLE 'con-
deci si gn el ef ht 4 qg< ﬁ&%ﬂtﬁg theproZr‘\%f! shale
line (AVSLP) for themawmwﬁem&tmmlbh&m'eauﬁemmbm@gmmﬂcbécbr the .
i nterval under oer é¥. The program contiyucs witih aft my ] A% AT and the
sl ope of the,shale . O 8 & , dyRS, :memi% | Bs
t he answr. NO ™ deci mn u@rmn@'i LIAEGRETS, S mb
(AVGRSH) . 'is Bater GRSH,.Ax for tllmmrvnleis(selenm mApalvidead@Ekthat' thc)valltewf §Rlsm!”él’va|
(GR&) M i sgreat er t R fopg o S € &
present integyal dif

ement 442 sks whet by Block 280¢, the\R 'f&rtﬁmsﬁﬁs,cn‘aue%ysfmmwne&eequal
i nterVa, are 8123 fn mmoﬁﬁmm@kzﬁnﬁnm Rex legshany VAX)
and X o diffe FRoprgs 0 2Ry} .1. A{ OCINES ) 5 ¢t for .
deci si onel emggt 444,.R6%k £ Sl ",', e o ANRE mfmmﬁhe 45
intera 15 (RE &deo(ﬂpﬁi&iﬁraﬁmerbalgx Eqaﬁlmrz&@rbrmlseﬂnﬂwmm t he

products AVREC ovm%‘r.!-asam- 335‘%0( subsﬁmmﬁ#ﬁw%ﬂ’e%mbme% | f

the -a is NO decisrgleel Srert  AMEP) ai d.
(0P), 0JOPf or sphe ’;A;;;.. vheth 6[11 ’ﬁﬁ meﬁhﬁé&{gnm &kc%)RhSihoet he 350
AVCP anad. (CP) M di fifiecgamimyg rsQGsmbesegﬁnmwbhafYE&@ﬁdthbbm&tahMWd nis:

charcteristics and;FUe I
averages of ts§eir aidhad raa&e(mktn&eequsmm),mucn ﬁﬂaﬂeds ndé

_.. 5 .

the last interval, rétoing bioekc 2481, THthe dwplsﬁrmdqsislenrdmcnﬂw’ & et urns
to bl ock 434 wher e of Fhe Rapametes;in °%WEW@5P§W‘&W@&Q

t he next consecuti el /3, (§° I npar e ar amaters of p m rged
“intval 25 60 To complete the explanation of the operation of subroutine FILLAR, return now

: todeasxonelementMZ'Ifaparameterotherthanthesomc,SPorGmebeset,
" NO answer, the program proceeds to decision element 252’ which asks whether a
value for the parameter has been oomputed for the. deepest interval, If the answer is
© YRS, the value of the parameter for each interval where it is not computed is set equal
65 to the value of the parameter at the nearest deeper interval, block 254’ and the program 65



" no anal yS|‘B“°¥ e FFERUICReE
| ement 51 % e
vaAX )
i nt egpval . ater thanlleG

Ll

usi ng the techni ques described above. If a YES answer rest from any’
deci sion el enent 436 thrgh 446, the program proceeds to decision el ment
452 whi ch asks—whether—thereare ' a nyprevig —adiacent intervals which
" DR found to have Sir paraneters. Also, if there is YES 30

decsi on el ement -450, the program proceeds to deci sionel enent
30 the answer is YES, the adjacent consecutive intervals with
aneters are grouped. Paraneters which are equal for the

e lintervals, i.e., pgl4¥%¥58etc., are set so these vaues for
t he- QFOUD%MIE&WJK%W@EME ciedibe 955 Wocue&&&rae%&men the
i ni ervi aL256’ iagks whithbr the parameﬁlihs,beeﬂl’c&nﬁﬁd fbrOany Biftervat Rdasa’t,erages of these
35 seth e3f - ted r from-decion
eemept 452550 ele 456
asksgl het5 "ol ' . %&al |][T§-a‘l(tlS
not, NO agedtand thmmepmgmme_lpmmetsfortthe inaifin

-

ar e corrputﬂ!?d’ puted fﬁﬁ%ﬂ‘}%‘i ] w&%zﬁ“' ffer whick the.

i ntgpval , TG U gr-¥ AT nal |y, val d'es of
- #X W and rsaBne RILLAR] h bp o &% x§. SB)C T Vali ﬁas% not 40 bee
conput ed T tor@mnmm»wcm-ock 470 (Fi g4'

19B) and tPH@‘i{ : Eing ¢ "'i‘!d%l erri.ng now to Figure
22, 1§Weep 3063 "Ths pars: {Butd by Swe ‘ﬁ’oﬁ" st inite v i 8%86500 -pnd the
i nput par AR the ISP sham:wdmm&oi, Brﬁpafdaaemsaadaﬁdmﬁr,mgnweo&neeps 45 1
and 2 for w&éwngmummi&u#ﬁ{mmmdnalmxm;monekmm d grou of a

45 nunber |nt ¥al : L, [ - ck502 One | eve of |
dat ai s r%ﬂ'.&ﬁ“ﬁ“‘l’ﬁ wﬁﬁ‘%ﬁq -

'a,@ mépr recyed for
zero sh  to@Quand Pl em:tSsl\de_ﬁ_alﬂnﬁled \ﬁEthesxenr“ '&&Han GRl yi ng by XSP
andi dj ' i sregter-th Dé&IMmr XS

L %i’lm mlﬁzslslqsss wel I known in
the art. T mﬁ Neisjel A
are gshen g fro :"ga:,

\ gqupl(m ‘th
2 °’§Em‘:gr§g‘l : SP neasur enent s
pumn_'-'" : R0 asgs whet her
X is |less abh@m@teﬂ&ydﬂocmm has oﬁl arraa fd;mmpudnaramz;es mtetbdwnlt e answer is YES,
u. by f eys} unde ploRidelds t o deci sivon
i SRRy _‘ inthe -
__-;f dots- 514 znd t he
sfertbé t he next depth
- I sion elenent

lo(ra \c/)g Ir am r eputed nﬁg?zbmhmnmommp@m

510 is NOeﬁﬁmmrm ﬁlﬁegpm andlf after

appl3si ng- t&mdéﬁm&smdfa??&mmmel&V%a,eztherrhbcﬁ)smkzsmma hess vD/ is;

greater t IRV Jhe'pregnanpp R | ess t han DAX;
or Rt gr el il s il heits : _‘ e s conput ed
u-sing eqq,i_ R artel '.Whl ch deci sion

60 efoenent Haﬁnmingkﬂow mﬂaeislhesoa}mfthsmwaafsarﬂs';hﬂm /tBat Q. dhBe | f 4Che answer
is NO decfmaggg[msrebmm thes particylat depith leveh eparep if d Nngre bet ween 4x.

and #z is P8 ftan. 0. 01 or . whet he_r ' XSP i s not - equal ‘to zero and whet her SP
is greater tian- OS(SPBD+ ISAL. f nsywer. i.s n array for
conputing. oeix is ent eréﬁ-'ﬁ? s, 'éﬂe&@ ?Ngex propB‘P& onal to h ei and i
block 524. 1f the answer fron{lddo)si(p-&l-ement. 65 ~ 49
: 1,457,758 522 is YES, block 524 |sbypassed. ‘Next, deC| sion- el enent 526
asks whet her XSP is: not eéd’érd’u zero an- . whether {R) s greater than
the. SP shale discrim né‘ﬂﬁ‘r(i -65) apgeme"mns'wér is NO' two. arrys or corrputl ng
NCL and. 4-aem-entered with:indicés pro portion to - -AN.ck528. 'If hege
| sa g¥ES aaﬁere/sm.,.fﬁ fhe iy tﬁﬁmtdﬁﬁhﬁhﬂflaﬁdﬁ(’m& he glihHel®Pblodki32H26 ordsafter 5
t he oper aNexydegisingrelementi26 lasks I\SZSICSStth@_(Q#.QéﬁwN mc@etbhs_ to decsion

el enent 5% ¢ FFF 30 IS greatqr, et her AN-i
greater tgqxvg @ﬁz w%fw%fﬁ filicads 3

ether DwS "is
| esssot hana G0 éll afay ebdqmmne:afor erech witlg arpindexlvaliel dependem Whet #er CAL i s
gr eat er t ntaﬁxe%_ tlwﬁdseg oe%evel underal)nvesugauon, block 328 Smﬂarly, as :
by b ock 30 array for computation of ap for the entire log is
entered with - aii index dependent upon the value ‘of Ap.
- Next, decision 332 asks whether R; is less than 005 ot whether ox I8 less than,
55 0.05 ‘'or whether ¢r, is less than —~0.01. If the answer YES, the ‘program proceeds to . 55
thenextdepthlevelvaZOand322 If the answer is NO, a SO cell array for comput- :
ing RBC and RESH, is entered, block 334 with an mdex value dependent on the value




,:- 0Olo XGR as greater tha 'zo and 'GR is greater than DALIM or whet her
XSP does not 10 equal zero and"SP is. letsin SP vL. If the answer is NO
a 45 cell—grrayvforom—put-ng—i—s—e—ter—ad; bl 0k532 and t he approprlate
"index conputed. Next, decision .. elemen-t 5 34: asks wet;- r Rt is AZ
than 0.05 or whether R, is greater than 2aX If thie' answer '|s _
NQ he* val ue of the terrperature factor F is conputed using equation 1 _ ?
102,. b>.lock 53K" iand three '50- | C arrays are entered for conputi ng {
respectlvel va7.15 R "' {+D), X (4) sudl#7758*) block 538 hy fhnﬂ;_."

ate indices. Thaeg: ﬁrﬁarpm%rmu&mdm Bb el @ntibbesAEl almiedbptlas ks
whet her 4X'is le interval\ia® p@ﬂ@ﬂ%@hwty of

the mud fi I‘trate qegswq@ ;YES|and 'ngm m%i %%gnd 3
. i A '- 8

t he answer AESyosjigains AS dbbaived array
i s next® entéted fms QI htrbly W bich e the total numbet_oofq;nmne:ﬁeog:aybl ock

546 with the ind ' - "J,reeftae@llmter/u;a AYES
answer s, from deci Ok,

gd - ram
pr oceeds to,bl ockdd ’i ﬁﬁgﬁpth ieve

-in the interval . Rp& S coplited i "avm TBUIIEIEIS'"L jrktively, lﬂ&l%&ar

anal ysis of the nBudisloﬁaement 34 sgt &ESHW Iessctbanc2REGeand 3 ";, s 8 in
the interval, YESSHpd rRBkalﬁs? il".hi;#i?mp .‘?”ﬁ- o ’fqt' ‘Lgf’ "he #NCU
#0d OnEo arllgi R BT rea T : : & the 1 ' 15
Rw. ( D#) and Ft. (Cdusidend '
equations '77, 94p : _ A If this is

not the lat interal
el enent 30 55 5y LfiR § Ao YTl the P fcann
and returns to bl g& "':mAp, ZSDR:smpi usingfquatihxariiz tr

After al the mtel ' biblpck n 552,
XxAx fromthe PLt Wg" b pispofys m“%‘%ﬁg@h% Pire

| ogging i ntegval IS | 6 WBRAQOE ARk CADIBR b lesteld 5i§$lockTBHBﬂNext, 25
subrouti ne FILLA, d&isgn SGthﬂﬁth&&hemput valueofvm equalzero,Vc.mbemg
35t0 fill in m ssiamippytparamster if the snswerds NO, éngel(AV) 28dpng Mf- e entire loga s prj o

e 93532{0 S D e e 3001 _eCh
i \Gual ;E;egyeaﬁm 6mmhaosmawqﬁnrz&oﬁodel30

.to proceeding to .v..'.‘."‘
'3'7phe LCHCK COVPUTED PARVETERS sub-

i nterval arggcheclggg
Thi s isgrepresent ag g
routine, F g. 23.

bl ock 570 and 40 ‘5‘”
bl ock 572. 'Bse sl

constant for the 1N weks
equation 108, - bl RN B 106 al Rolop. prea &
than 0.13 amd if |.¢to|bsappned o) desigiatet ZSD;+g0al 10 S-Ag£hleck szaDtHeMGB;udal ock
580 and owci 45 shift isguibe mpued tgemamﬂedjzsl&smg teqwahlqcbﬁ%mﬂramaom bl ock

S it 15 e i i ﬂémﬂg'f@%d?as alDBCU.%gjdonThe

silt index Sl |is
1 |pfocedure|mhotto thdewsﬂb%

el aeent 586 4gext mm_f&l
el enent 588 asks idiscys

reconput ed bl ock : " inbet 6 iaterkdls fof Whic 'iﬁpputea«pﬂﬁftis\agﬂwtolﬁm

there-is a Y®5 5(bl<ah§949u\sfrepmnndtbh¢bcld3ﬂ6; EDGﬂseeleqmiemmeﬁ weighpefghe b| oc RO

592 is Qypassed eradp 19} , o o e
[] LA %y

and if it is not WES ARV KNG is Thorentiat : N @1 ,
program proceeds t Nelaasenret;txfmk“"” ided '.'.qﬁhbd:e!mrmmméﬂdmumMN is
gumber ¢ffintenvaly for which either an _ qd§° or equaP5

gr eat erA%t fran5y ﬁ(-ltbe

to (#xA%+0.01), bIff il'rf&?‘qjﬁ : “%ﬁﬁ @ i s next

agai n conput ed u5|m SHWER! N is g e P He Sanswes . BSD ikeeat er *
t han 03, VWIQMI@—&&J(% )0 olfe meanlrwtetu&@&u [eci sion el ement 86)6

asks if #= |60 greate eﬁ%@%ﬁﬁ% :g!sks i f

0.7 block 620. If
%i'eatﬁcﬂt&hlﬂﬁgm bl ock

jinx is greater tmm&s?ﬁﬁ
610 while if it isYERekrmgmow o Rg sltmhmdﬁEmINThn eltg?r
. 4%%@5@%%@&%0&

event, NO afdl 41 sibrautiog jsateed i



and 110, respectively, block 614 and the value Sl is again conmputed using
equation 111, block 616. Decision elenent 618 next asks if Sl is greater

..... ~than 0-3 and if is not, -656——X~41-tsset—egqual—t+6—0—F—0=1—btock—626~

65 1, 457, 758 - 50 If there is a YES
ans om ei ther decision elenment 596 or 604 or after block 620, the

prdg ' eeds to decision el eement 622 whi ch det ermi nes whet her thig~was
t heltis erval, if it was not, NO answer, the program proceeds to-

anal Yg\P hé next i nterval via. bl 01;45375324 and 572. After all theqgntervals

nd goes to

have “Heen cked TN5. Dl OCK B2

‘sweep 4, b m 45 33 u ﬁ%Psxb{gzkﬂ‘:kﬁ ﬂ?:""'m RIS I Terring now to
Fig 24, svxmvélmt&vdkhmmpmd.et[ﬁ dec&heelaméa 1436 @ské. @vh&ﬁErVﬂ,,aR.bl ock 660. The

i nput par am P:fQ;rXG ereflwawh VRafametey coadjatentintervals gre ogging
data ¥or t ; L glement; 438 4 o ock 664 as in

to [er r] arhd slapesod thashole liné foffie presengirieavilliffer byt e chiny o EHIEY 4s
| ess than on glem pleTIines, whethey fuc ayprage GRguf (A (TESIA I8 gRegeer | t he
pr ogF(hm pr
| evel in t

dept b IeveMrf Ac husi ng.a 15
si npltfied

nc A ) _ ‘ i anal§5|s i's
carried DY g, 105 ) (REQ); (il VRARerVBY Gibre thi @%ﬂ etail in Fig.
25. Referrdwmdmm%gshﬁe@abh )la‘ed mr@&%m bl ock 680 and

‘ﬁﬂ‘l“ﬁ’l 8’82‘\V s and(C Bt 6
asks R Tols Gagsha mmaﬁ‘?;emﬂ% S e R it

by block 448 1iAte

Fhsoset équal to
ervall 5, bl ock

zero, bl oakw aheifjiatameters w AUpU
688, and t hdeieg, ' ,d&ikmsrfromdmon element 450,the 20 If the
ans fro ot L e L T HSE PRI O1° PHERT Y asks if
is | &Ss thagn Bk -'-..%ec|s|0n € next asks

_M\Aepdxgmnm on el eme:nt

_‘to]mc mﬁ*@mm&yeﬁ%s [err]=is

if [err] |SQHOMranMaaqidwkiorﬁa@end436 he
694 is NO P é“ GORRIOR £ CP

NOW et €0 bilverl et 452. 30

30 [2(?r] ane ..r‘..ﬁ‘. Qilgt asks if ferr]
i s equal tgromed-gl’ Mmr{eqmljfoeﬂle oonsecutﬂfe mmalansm Rs GS, is sét equal
to [err]an SF‘?:ﬁmﬁét““ E°F‘ _‘5‘1"% . .!‘-‘ch-. €It he program

retugps top, ?@? fapcii 3 i togserr]
51 block 454 is bypassed Next, deds;oé&EmZﬁ&SNaﬁSWtﬂé tﬁdﬂdmedﬁnbﬁgon el enment 706

asks if [e -__rIfII
| f the ans kt '

190!0% @mgem. retueny toplockqual t o: [err]
Bt FYHES Mﬁﬁe Aogese bsgs agin ffhe answer s
YES, 49 he 5 mﬂg | -Gilies B f;AQ I

P Aol Ww&wm Bitabech asdgs i f
[err]is | ebentcwaputdd. véfbg s Hrouuﬁe FlILLAx wlﬁéﬁSs da&ibe:tabo{reebbc}k 470 (Bignput ed usi ng
equati on 119B) and the|progmm gopRo sy k4%, r ut-ed, usi-ng equation

120, bl ocky, %“%ﬁhgﬁ -~i yree (%;E‘“
%ld hd it usnciz Itér| the BrstS@dast - '-

of consecutive intervals) are read, block 502 One level of logging d:
read,block504mdthe¢nand¢nmeasuremenwarecorrectedforzero
puted in sweep- 1, SP is normalized by’ mulnplymg by XSP and'gg is corrected for

. oompacuonfactor,blockSOGaslswellknownm art. "The sand and shale’dis- o
50 criminators for the :SP ni¢asurements are ‘then- computed block 508:” Next, decision 50
elementSloaskswhether‘pnxslessthmOOSorwhether¢nxslessthanzem ‘If the T .
answer is YES, no analysis is done for tlie depth level and the p proceeds to
decision element:512: which asks whether this was the last m?th level in the interval,
If the answer is. NO the depth is incremented, block 514 and the’ program returns to . _
55 block 504 to begin the dysxsofthe next deprhlevel. o 55 7 o
If the answer from ecision element 510 is NO, the program prooeeds to o =
decision elemient.516 which after applying- the fast-break dlscmmnators 0 ¢ss ¢n and
¢p asks whether ¢5/dy is greater: 0.7; or whether XGR i is greater than zero and
GR less than DAX; or R, greater than RESH. If - the answer is NO, M, and N; are
60 computed -tising equations 84 and 85; respectively, block 518 after which’ decision - 60
clement “520. -asks .whether M, is greater than N;/3+0.65. If the answer is 'NO,
decision element 522 next asks whether the difference between $ax and ¢ is less
than 0,01 or whether XSP is not equal o zero and whether SP js greater than 0.5
(SPsp+SPgy). If the answer is NO, an array for comiputing $nsmo is entered with an
65 index proportronal 10 ‘Puaxs G and ¢, block 524. If the answer from decision element 65

’| ess than [err]
la to z8ro, block




and the programreturns block 690. If [err] is not less than [err] NO
answer from 10 decision elenent 714, SI is conputed using equation
121, bleck.Zlo. and.the program 10 retuurns via block 690.. Referring now
decision 692, if [err] is less than [err] YES answer, [err] is set equal to "~
zero and [err] is set equal to one, block 718. Decision 15 el ement s
720 next asks if[err]is less than [err] and if it is, YES answer, the ~ /& :
program 15 returns, block 690. If the answer is NO S| is corrputeél (AR
usi ng equatlom 116, bl ock 722. 1f Sl is | #5%,798han zero, YES answer fromd

deci si on, el eMENT 422 Vs, M ‘ sﬁtﬁ:ﬁa%&mmm 558 %ﬁep,?}i,t,per ang/

event, .t he prograrﬁburaihnrmﬂ ]
% for conpting ¢wor. ahd Qinéii apentked rvithtindi@9profi g. 24,

Sl usi ng SARANt he apswetjis NO, i o Ll N
o e g r . than zer
--"ﬁ?’a?iae&s’ﬁaﬁastzgﬁﬂ'& s S

whi ch agks N [ er PPitSa @ 3 t.h
and GR Ts | eSs t hajp JIAaie B il :?ocﬁ’(ﬁggde%
greater than [err |whichfaskshwhethes g tis le thin, 0.05; fot Fedhedh tispl:liaﬁch45$bﬂ
equatiops 144 and whather m,m ."{,).'-433I°0 delﬂd &7 cbrowhether

next asks if js gr%{%r) 1 67 Ly ‘Zg'rﬂ

t han RESH. I'f0 t he amb Vs andSSHS lesd 8

| ess than or equalputig &’ ehered "_';:mm&2|d1dtl*&eppxqsm n '__' _'compabch

of Rol :is corrpute '. ey i34 gaks, whethsy ngo;“s M@R—" grawphietirer Ry, i T t‘!?aﬁxwmetf [err]
in the int er}éa (el niig= B e A et e i ool o %

to decision errern,sr;,,-' R (S Sha ) v Rbtapus;

Next , deci si'on el enentrhé o Aedision Selefh IWhi

30 VSH measur enent Gar . lﬁ:xhs,mmwelr,é&e parem resigtivity] of nméﬁl@la!e' 1 (1CO0F. :
running sum gf GR EH¥S 08 FqUd H’%A @P%Ffs‘hq % ﬁgﬁa@d{ T42. 5 f
XGR equal s z€r 0, blngtedos’ fidck S16 ik ¢ comtp &f’ F oRpaT fbove. Saual
zero, NO answer’ frommaéuﬁdm &kﬁammﬂdéhsxoﬁbeméﬁ 530! sa{arrf}amuewrswmts for
the depth |evel ar program gropedscto loct . 'hsqgwqﬁs last thlﬂ!ld [err]
for shHale Ie; gl s i gREInETE of - g’mg"‘"ﬁm s ﬁ%equalzs
zero, ‘block 746 is S Q4 enent
748 ei-ther via decisss and 3.39,%334,% _s&) aidm,. (@easdkn(ﬁbtmmtmm asks

if [err] is great e!'“’l"‘?!’ﬂ!?‘l“?v weel7h s 95, .?%}mﬁiomﬁsmﬁpﬂ@sdsﬁhﬁk | f

the answer ?0 - tﬁ‘r 16 ERIE “{%kas“nd nt 668
whi ch- a§k5| thi s thafl $rite vel Tnt i nteval and Oit 1Is
not, the -next depth Afcmllthesntanddl;ueueewmal mSmﬁﬂﬁfamcﬂeﬁ@hSSlZ,thhe S
answer from deci si fipm dh ; YF&S"- ) 1;’%? Joge B xsp

equal s .zero, 39r if ol [°OT, | Tard. i E T err] +35
10. I f .=t he answer o OpRes prodeding #, thé Cbniphite ey 'Iqua ﬁ&¢§,?foind
[err] “for the deptmchma'ealamm mtswed@ @nﬁﬁntothe slalyr §'lhmof SP

and [err] for san “%3 blP‘ﬁeSG?ri‘P‘é
answer from d@ClSlg,g , 1 Biack
deci si on el ement 78at @& $rol fcall&GELemﬁ eompaéd; bloek s74 ’IGRslblse grmaﬂﬂe lihé)an
DALI M.and if the g qu T¢mping|Constapt fox, ¢ der R the rompusations.

| evel :are used in ﬁm’o qw AL AL c

sand levels us t hegldy,Sr i plock 582, rlfg,g\@rg,&&p jeci sigpn’
el ement- 754 is YESO]B;WSTSSMSSO Thesiltmd SI is ekt Nemputedchasing si on

el ement 758 asks |H,'19Pr 111, b &P 886 next asks if |°§‘N® a
50-cel | array for g irale %&ﬂﬁ%ﬂﬁg@"m&m pendent
on [er#] andsperr ] recds ' 8 I S50

YES, blpck 760 is b!}pasfm %WJ% 584 or 588, blesh ﬁzisebvwseds now conpl ete

S erva P O, ChEERE! ;%% ‘a"é‘f’;&%ﬁ% T e

1f all o the d@épth msehmmesetrmwmtmommmy ml)sh/er f 5Hm
deci sion el ement cbwessdhe aver age val-yes of, the. su err] ar conput'ed for
the interval ffom&ﬁﬁm “@@;ﬁ ulrﬁﬁ :f%%,:s
greater than ¢uax. IftheanswerstBS,%msetequaltoO?mblock&Olf '
60 theanswetstO;decxsmnelementGOSncxtasksxf%xxsgreaterﬂmn03 If it is 60
-not,¢mnssetequa!mmx,block610whdexf1txs, S answer, ¢ is set equal to

0.3, block 612. In either event, ¢y and ¢nc) arc computed again using equations 113
and 110, respectively, block 614 and the .value SI is again computed using equation
~ 111, block 616. Decision element 618 next asks if SI is greater than03 and if is not,
65 mmsctequalm07¢ml,block620 65



GR[err] are conputed using equations 75 and 76, respectively, block 764 and
then DAX and DALIM are corrput ed using equations 66, 67, block 766. Then,

127a, bl ock 770. As re 5 presented by block 772,the block SP
rents are normal i zed with the val ue of 5XSPfor the interval.
A's) now conputed using the using shown in greater detail in Fig.
rring nowto fig. 26, the subroutine is entered via bl ock 780,
Sion elenent if [err] |s14gf‘g§ter t han 0. 3. of sodrwn chl ori de

in tnemoa 11 Er T (.)H ULEU dbbUl ur l_lg_ LU _c uaL_l_u1| J.LU b+eck 784 and
~is not, PPM,,ﬁ1 oaofolaqolb Kale % _,'°f-_-_.1°°bt ock 786. Then

parts per thé'lakt , i itRS M kil m Pk & PPM :
J sndSlZZ.Q’EfﬂeBGllmﬂn o&kcﬂeﬂﬁdandprb anthe PRMerrL is

':.toc;"eepsg MO(FIQ ._;_I;Iecr sion 15 - . el eirent 788,
-. .E?r] is com

‘ns, bl ock 794

15 put 60 UMaior S m o Th e o ik e e K 07

"Referri ng badkxlt ecision) clerfidpi 6¢6capplies ilie fadebeéak disérifinbiofey &r@r&dwe [err] QL *
arri : nhes M&Qi, g ifepuisit i on10L03, bf ock
802. If t MR O0% | on el eneny
804, the preptg Wb and returns to

bl o 5 662 thia dtthbh!da Fythe gt _lh Q-Zﬂ, metndrsrtaﬁnoaipu:begﬁh”g's After aII' t he
intefval s & A% §and ela8, P (lnch A7 T.h

conput ed par sm@ % tind G ‘v;- 4 Gl y “pglno&rksbhe % ut cards

requi r ed f@mptttemﬁumggequidﬂf: llnwsﬁm SR 684 neeSasksCif, sﬁnt ed by bl ock
808,,,bef orgseates thap g mdaietokv&msetwalwzem, blocksﬁwlqbl,&_' -' @ been

descTi bed : - FQULiRR-te bock6re-" 2 ferred ;
enbodi rrentig;,,,p r,ﬁanr& T . s tdsg?ﬁﬁéé"‘%kl I ed, inthe
art that various * changes and rodi fi cations: ‘may be -made-'t her ei n. Attentl on
is directed to our .co-pendi ng .Uni edl Ki ngdoni Pat-ent: AppI i-cation No.

25052/ 76, Serral No. 1, 457, 759, whith was. di Vi, ded ‘out of the present
application 30~ - = . “WHAT VIE EFAM IS ... .30 1. Anmethod for
produci ng and:fltha&tswﬁrleNot Risiba Haﬁdhesmm&fm isgreaies g for evaluating an
~earth formation traversed by a.borehole;conprising the steps of:. a) -

derixing a plurality of c |3 ﬁ%h& i gnal s provi d|_ng, differ ent .
. respective represent ati d v@u ',rtg—gizl the clay content of an Z8arth
.. formation at a . pIuraIlty of 3% epth. Ievels over a 'borehol e section

from neasmmgﬁwgfmﬁzgo “ﬁ@th@‘l tin 35. charact'eristics; b)
conbi ning said clay- paraneter I'gnals to determ ne.a best- clay or clean

. zone i ncl udi ng. at 1 east one of {g; |% d

~and c) deriving at Ieastt-rﬁned;ﬁr nal N esent ati;ve- of .an i nput paraneter
for 40 " eval uati.ng. the f-01-kr 't'i"ou fom at Ieast one’ measurement of a

formation characterrstrc 400N ‘said best. zone.:-2.. The’ rretho of claim

1, wher ei ng (] duci ng - unction of a
B Uil b b W NS el K P

pIuraIrty aidd W ‘ersets,hgpgls pioar I ty of depth
zones over he bor ehol e secti on;.: and-4 .- ..deterni ni ng the best zone a
deptsy zone which corresonds tép: '&NRWMUm of - sai d function oveyy the

bor ehol e section.- 3. The netho °T¢c§' arm - wherein -said best zone is a

r}p h- Ievels 1 the . borehol e section;

best clay zone such functi.on- berng. enhanced tomardsuch op . by val ues
of those endaYc.paaeawta!em si gnal s. whi- ch- correspond to higher.clay contents.
50 4. The- . method-of: cI ai'm 2;- wherejn-sai- d best zone is.a best
cl ean zone;, such 50 function be i”enhanced tovvard such’ opti num by val ues
of those cl ay par anet er - sr gnal Wm correspond to Iovver cl ay contents.

Decxs:onelemcnt700nextasksnf¢.,1sequaltoorgreaterthan o ' T e

| g Ve @=Ve)] ¢ T
35 IfthcanswerstBS,Vh:ssetequaltchlandSI:ssetequaltozero,block702and 35
thepmgmmremmsmilocksso 1 the answer is NO, Valssetequito g
: ' Vé.--_ |
1-SI )
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5. The method of claim3 or 4, wherein said:optinmumis an extremum val ue of
t he correspondlng functlon 55 6. The nmet hod of any of claims 1
to 5, -wh 36 2 ,

.a value of a fornatlon characteristic in the respeC|ve best zone as _
respectlve | nput paraneter signal. 7. The nethod of any of cainms 1 40.2
wherein said step ¢) includes pro--ducing at |east one signal :
representative of a formation characteristic neasurenent 60 i Y4
respective bgst zone and conbi ning sai d p#58@8ced signal with siqnal"'
60 sentative of fﬁﬁ%ﬁ&&&@&@&&eﬁeﬁk'&%m SHpRIE han 1 & 4.1
section to pro- deC&Qudl ,respectlve I nput. par amet.er signal. The. nethod
of any of clains 1 to 5, f .-:|nclud|nq t he: step: of select- - A
1,457, %58 durx [1-Vo® @5¥ejlert]  are conputed using

equat i ons 75 ‘and 15ne Exﬁﬁ&%hb"ﬁ]e&ogﬂnoﬁer&% RO 6b0Tan HANwend YRRt are
conput ed usi 59" eqpidgrat Piockss to aﬁknt'l?ﬁﬁwhﬂflhml; a’m&yahanao‘lselfof the

suns, [grr] are ccnepmiédnswm U&ksmufem if;jeis 2 ﬂuat i ons
127 and 127a, blo Y fanin 10, wa,al ‘, Eﬁv blckE 502 SP
measur enents are ) : Osélfwei

interval. [qor] i aecmmelem@m@& iss:omtdihﬂng/ajuatbnatl, Slafleirlﬁ]anc( the program74) .

This operation i sresupayi P__ P Pat.er:. det-a| Flg 26.--Ref-erring now to Flg
26, the subroutine i S ERIECR W% BREFE0*%and deC|S|on el ement 782 asks
if [err](75) is greater’ than 0:3...11.710 _-...,m',lt “the parts’ per mllion

times 10[err] of sodi:um chf orlde in theﬁm-d—f—rltrate PPI\/[er]r s 10

conput ed accordi ng to equatlen '128,-*block #84 and-if it i's not, PPMerr] is

conput ed accordin 2&‘% 831:094%98@ sgtmmto%@,tsiocpeis BoliidgOn 1 S
7%

10[err] of gediu aﬁtwusﬂﬁ@r@ﬁuatlons
129a, 130 and 131, retiuhgw antue nﬂswtmblﬂ?lﬂl@rw]nputed hmsequmltﬁ, b@cl\/\,hl ch

question is asked /By *de

(ip-tess fhanqacro, (ixop d *Wg‘ltlé* f‘Fp‘E\'teé i ng
equation 132, bl ofR’ 1‘5-..§...' “ﬁ“%m" % o W@krh® 133,
bl ock 792 ang t he dedisigr ddmenc?30; Rig, zﬁplwamka&env ﬁflessrﬂmgl érdxamgs 25,20

i s conmputed using &'ﬁ HF)!

et e o 5 e At .

the nesr=TTiter val is iqopmkd&@ﬁn dlembnt 736tk & R, ds Ik diok oeGl wicdSes, tRi1-aNg) ysi 250f

the 20 next ‘int e Sf “AB’F’ENQ;I‘!‘C :Yahle of Rogis\computed using oy ) yzed, -
the program pi nt rger ‘fﬂs eﬁ%(sm}’ i A7 BLFO can
automati tal ly - ) ,ggaut “cards teguire: for: runni ng the rnterpretation

program as ref resentNuk,_ abhe:&(mo aﬁ&fleGReequils zegp addllb@kt, &e(GR 26d 30
Wile there has be o eP‘§ %‘ comppytation. of “‘PB‘“S% re-
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Attention i's dlreqmeﬂ} " A SiP
No. 25052/ 76, ~Ser ispd TIH\LSSP éoeqsqt ene@ ero @h
application. 30 g,

‘ § ement egj out of .the %esent
aslisxs if - V,h ‘is’ greater than’ 0.25 or

@956, !fﬂﬁe

or 734 ' Dech
30 1. A nethod fo ac&m;pgs ms théx |p.«@eeag‘ ua
par anet er fot0 eval idn/eleme _,,_@&rwhlmhfasbn&thlsonﬂtrlav' ""'_",j'."_,
conprising the st “S'F : tll I_% N Mgé ‘”S| gnal S
providing differe

Qﬂ§ -V .
.g_ fheaﬁ)thlevels mlcempins over_a

maning. 3 wéﬁﬁ ;n¥ .aﬂntcrml,ngv* . Bohe 45
"M&,o LT o ' : ne a
best clay. or cl Al & NO,C Fhild -|aﬁ@- ; fame' epth Q¢ il Qﬁ%ﬁ- in the
bor ehol g secti on; pafadoi of a-runhing sum for. GRand V., for sand levels in the mterval, block 756.
50 If the answer from decision element 754 is YES, block 756 is bypassed. - 50
: Next,declsxonelement758asks1wa,,1sgreaterthan2RmmIftheanswer :
mNO,aSO—cellarra - for ‘computing’ ‘Ro—QL -is-éntered with an index value
dependent on R, and Ryo/Res ock “760. If the answer from decision element
758 is YES, block 760. is- bypassed. ‘The: ‘analysis of the deptli level is now complete
55 decision’ element 668 asks if* this is 'the last dépth” level in the interval. I it is not, 55
' the program’ réturns™ to block 664 via block 670.- =
X thedepd:levelsmthemtervalhasbeenanalyzed,YESanswerfrom
decision element 668; the a values of the sum Ry, GRes, VGans GResy VGay
are -‘coniputed: for the’intérval from the running sums, block 762, Next, GRgp and




c) deriving at |east one signal representative of an input paraneter for 40
eval uatl ng the formatlon from at | east one rreasurerrent of a formation

CITbI ni ng step b) corrprl ses produ0| ng a functlon of a pl urallty of

b)Y paraneter signals for each of a plurality of depth zones over the
! @ /section; and 45 determining as the best zone a depth

MAi £h corresponds to an opti-mum of 45 said function over the borehole
&2’ “3. The nedt hod of cI ali m12t57,merei n said best zone is ashest clay

.__Zone-.UCh kﬁp%l ngﬁ ey £n<a I,c'k"%ﬁ‘agé’ ['ues of those

clay paranpARrami D ufé@ﬁ{sﬁé 6 6m N C‘fG&YTEeQ, nts. 50
4. The nethmdgeofalmloﬁthmsﬁns Q@'ﬁ arzompute&,&cb@&tandl ean-zone, such

Tpyblock| T78-s Ay re-t hosé-—(:l aya

50 funct i ofiPsp \gai'&i
par an®t er &ﬁq O‘P?tgg d’% _. Bﬁlhtﬂg Ye & Thenethdd of

claim3 or WWWua@wm&s&nqum- i@f st he -
correspondaihlognfuultmmt!t)|c1¢ta155l ‘Fig.' _26- Referring. nﬁn@ Higt Eﬁydlmﬁu etinecl’ cl aims 1 fo 5,
wheribn sa Sipbleck 780, and, drcigion, @?7‘9 R g T8) it greees (o _'sgnt atixe of a
rlt§ l{ﬁ

val ue" of a_ . ‘; i Y b v-._- R maone as the
respect i Veadoﬁiﬂiﬂg tpaéqaimﬁerzgsbmtkalné 7Thehhpartsepeh Ofillioh -taney’ 198 .ofl ains 1 to 5,
wherein sa eompmséluﬂy atlmioeaél%eﬁé addakl

naeny #BM.,
" repr ;enta:%n%“‘%‘#@f"gyﬁ% ,'.f“, .;*—: ﬂ:‘% g the
respettive 35, Sﬁé mglrag 1 of W Ih signals repre-

60 sentati ve{efefnn draemm Big ai;al_cﬁgtxelnmt sfhunemnx.s—QD drlagy bor ehol e

section to R Qpis equ M2oHiakis 53, ° The net hod
of agy L % SRR 2053
1, 45 58 next mterval begins i thedi

After afl .tH] hbvaC adnd pfogrt sanet er. .si gnal s
at Ieast t v deﬁesafeherehp gemmmmuhmmcmrpmﬂemb) 9. The

met hod of 8P "qWFFéb i WWQ"‘!WE’F)*% wprseRfelsbychiecke| at i ng sai d
deriygd cl mﬁ’ 25 Shel Qm%a; 'o&sﬁ sel egti ng
thosgftwo Whmﬁudment&”onﬁir" @égo 2 %&ﬁ% par anet er

si gnal s. mthatvmouschmgﬁandmodlﬁcanons maﬁb!Mhbemthod of- claim8, wherein

said sel ec is; diges 0, Pageny Jar anmet er
‘signal s w %‘lﬂ onegga -'--er° oVer’%? lnctl)‘ore e s o%'“ﬁ%apph ‘ting as a p| vot
I ndi cat or thaf,

5 el - I er si gnal V\:hICh o] obaIIy correl ates \l/)\,ﬁ
al | e ot her A Jdthod. for rod Jalleas-['lﬁe Bﬁﬁﬁﬁ&es@ﬁm& Bf Mparsindtdr fi réin said
Step of Sebuip e i aversed B boreloléckompri *-am%oau the cl ay

par anmeter si gﬁadmmﬁnqﬂurﬂm/gf chytpmdmetcommlsarmudmg:dﬂeretfrﬁpmts greater than
a gi g;n | i FAPEes HEing, with cgntent of a‘tF‘%‘@““l“‘P La gl fer cqupri sing,

prio g T t%ﬁ%@l Hremett Wt he vari ations

of each one os)esﬁb:ﬁtn ¢ idieiay palanithenyigrila anneﬁﬁﬁeaﬂie@a@diclean - 15 by

ref er enci ngonshslmhemwd ml@dsm@nbamucamoaml maX| mum and a

stati tlcalﬂ:;nfl o;ma%%‘gf a X ?ne e d of 4glaim 12,

S re erenC|ng a glven m ni mum

mher n Ssa Z|ng S |nc

par apget er .m.. ! 7pcs _ 13, 4¢herein
sai dgg;t ep mdﬁmb Midad- .2 ' <0f. sal.u-C a§ par anet er
signals to prmd'llhaemétbmd ﬁadiip_' whereih sdepteh zimnk& ___f'q alay amé,mt ion F' (ij) of
the vari at heing trahaped, rawasg ss@hcqru@m thva@er _. ‘ﬂhm par arret er
signgys bef* fne claim /2, m b&?%&‘é a best cléan. Zome, such - 50 -
ﬁmcuonbemgenhanwdmwardsuchopnmumbyva!uesofthosedayparameter

s:gnalswhlchcorrespond to lower clay contents. .

SThemethodofclaxm30r4,wherunsa1dopumumxsanextremumvalue -
' ofthecorrespondmgfuncn ' s

55 6.'I‘hemethodofanyofclalmslm5 wherem said step. c) mcludes pmduemg 55

a signal representative of a value of a formauon charactensnc in. the respective best:

zone .as the respective input paranieter signal.

: 7'I’hemethodofanyofclaxms1t05,whe:emsa1dstepc)mcludespro-

ducmg at- least ‘one signal representative of .a- formation characteristic- measurement . -
60 in the. respective best zone arid combining said produced signal with sngnals fepre- - 60
sentative of formation _characteristic- measurements in the borehole secnon ‘o pro-
duce the respective input parameter signal.
. 8. The method .of any of claims 1 to.5, furthermcludmgthestepofselect—



25 I ned clay paraneter signals;

25 conbi values of F (ij) for all (j) zones to produce a

repr esent h (i) for each of said depth zones (i); and selecting the
dept h zone¥{(i Ai ch correspénds to an ext45&788n of the representa- tion 52
P' (i) as the best gRay el ustfg" TRfciBé4h cl ar m
14, whereinsaid fupak ﬁ”ﬁlﬁxﬁm@ oﬁ&%ﬁ& i andu;’tfénsmgsg,‘:ﬁs%d bllgck m fx%eqd,t]ﬂén err]
reptiésents the normgtasez ewhﬂnamﬁPafV%heSHsk I76$( tvvefx
the levels 35 t&n @’“ﬁiﬁm 1 fgﬁ

representatro’rh P(r%s? rern stgn (1)) |s grventh

fol | ow ng val ues: +1,R§ mmowcbmpu rmlﬂervameqméﬂ% (blhek eaeem opematioeel S i
to J d@ W gg’f E, M -::- Wrom: =
B ThETmaE

Uk sa fb FPOLC i cdmpueedl, i f  NO

Ievels | to

i ncreases from | evaﬁpugedta@o gweﬁeﬁ@rl
clay ‘paraneter si gaaérding chaceqaaseslﬁrchlnckeﬂé.l per Gn‘lhqnf timesl 0% pk cl ay:

w ti 1293, 430 '
par aneter signal de “f’? M |'st°8‘l}“q2 i ;‘;u".;sls 2 bngd Hre than
one clay par gget er ﬁ@% 1 30, Othenion, B, is o 1O 15

deternmine the bestpf&equ&dlss Tk 1792 q%m@my mspbacml to 16, '

Some of the bE %ﬁ‘ﬁ%’;ﬁ%ww&

) the QRGN SbE to block 662 where the analysis oihe 20
+:t he- product [:at tirjtereh) Afvgradliedhé intaéalsi bave(lboars iadalyzesly the progm:) ratio

¥) the ratio ‘b Vﬂyﬁt‘fr press cand @lso (Cane auespatioally gﬁay in

tion with eq Ega@ ‘%é’r“é‘?ﬁm’%"m&% %ﬁ?ﬁﬁ‘&‘ﬁ of th

ing cl ggms, hﬁewrmmswﬁa&orm résbhr Sdhstiefell 29 HRApAITEL €r 2
C s are deri ve;&!:qnda rembddyents ) ofnthisud@nﬁrmasuwélrrbm%mm ttdnehdwekilbgen thont ent
d’btil k density o @@ ‘9&?‘?%“% Fg ggég qu claims 1
(05, further | noluobighee BARELR o et Dot Kol el s il
paraneter signal in selecting a set relatively argillaceous or a ‘set
of .rel ativel )j%cl ean dgpiadr wi\eaAtmiS: sar d borehol e section and conbi ning

Y

signal s derived from xrmwmiryr&lu ﬂtkakzeaﬁts.gﬁmee eadntiBtel B2 ;QH&E!&CIOEI’IS'[?OC
over at | east soneewluadngiat mmwn Ibg\adioshdocqmmmaﬁemcynal

representation useful a)t‘éggo%;ﬂv:ryﬂgm mmem Rrameier 525 (‘§6‘H€ ; Mhol e
section. m over r borehole section from hg

claim 19, \M‘.%erer n

ksgna represent ation Is of an |nput par anet er
val i d over the borehobxombiging s clag parameter dlvoddcﬁrmmbabmdaSZ@;clMerer n said
i nput par anet er srmlm‘ﬁdﬁ‘ﬁ ‘Fé‘ %&Fq ﬁeifl?ﬂ’ aspr ement s
of said at |ggst opgf: gud fmmat &H,pa it is0d of 40
clai'‘m 20, wher ei n iBaidtheit W_t par amet er  si gna tr on is f or mati on

paranmeter valid in sa?dTlomethed o damil, ovhereid3aid Thwbinieg sepl b flonmnasm 22,

erern’sal | for mi EpehiCshan i P e o

determining as the best zone a depth zone which corresponds to an optimum of 45
said function over the borehole section.
3. The method of claim 2, wherein said best zone is a best clay zone, such
function being enhanced toward such optimum by values of those clay parameter
signals which correspond to higher clay contents.
50 4Themethodofdaxmz,whermnsmdbestzonexsabestcleanzone,such 50
function being enhanced toward such optimim by values of those clay parameter
signals which correspond to lower clay contents.
5. The method of claim 3 or 4, wherein said optimum is an extremum value
of the corresponding function. '
55 6. The method of any of claims 1 to 5, wherein said step c) includes producing 55
a signal representative of a value of a formation characteristic in the respective best
Zone as the respective input parameter signal, -
7. The method of any of claims 1 to 5, wherein said step c) includes pro-
ducing at least one signal representative of a formation characteristic measurement >
60 in the respective best zone and combining said produced signal with signals repre- 60
sentative of formation characteristic measurements in the borehole section to pro-
duce the respective input parameter signal.
8. The method of any of claims 1 to 5, further including the step of select-
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water resistivity. 30 24. The nmethod of any of clains 19 to 23,
wherein said sel ected set of depth levels is a set of relatively clean
dept h | -oveltrmardbrdhomiB O emfmay—0F—61-a-8—10—t0 23 conpri-sing repeating

t he respective best clay and/or clean zones and input paraneter signa
conbi ning said i nput para- 35 neter signals to derive to cl
and/ or a clean selection paraneter signal used in - 35 sele
said set of relsagtively argillaceous depth4$x?8gls and/or said set of 93 M
relatively 26.7The OfyiabiS 1eb' QS At

| east one input par %ﬂt@ﬁuw%f‘bl n seIEigtﬂ&lr ?gﬂgﬁghdgg%ﬁt%fe deptéﬁgl evel s
conprises deriving bo?tmxb(lnethqdcbfclaaa& wheteinciaid orlectipg s tmvﬂmmrgl!a#sﬂdnd
using, beth sefd si peragieiersignaly %@FB“**&EF“%‘P"&‘%'&@F%W '
argi |l acéous depth \ o Sy % g&ym%@gﬁﬂa{devel s
27. The nethod of clyarived cﬁﬁlﬁfam&ﬁr sfgﬁarﬁtmoﬁammt @yer Othe Gofelale SdetichC iidon
para- nejer. signal Mx@xtmwmatvmwﬂmmmﬁﬂé%mms of

a formation c Jn the eslggﬁt Y 10
55 26 e metRod of. & ety H; aﬁ}’w}ﬁ&lﬁ %i}%alpe% {a
signal is the maxi at ural gamma ray neasurenent derived

from sai d best cI ay zo%s’“’% néthod iokjang Iotadnmsélteét fugther romprising,carios tocpaid |coms the
m ni mum C bining step b),

val ue. GRmi n ot5 nat g afefeths % %?:a:ﬂé;%m of cach o?mmﬁsmm‘g%% ol ean

zones. 29. The net hcdusn&almhﬂmumm&eaﬁ:oaz:&pmwmmal n said extrenumvalue is

used to deternine the JyhiThe msthos G"} 12, W ?ﬂélm g pfcrencing
spont aneous pojgent i gaiaw PhaeY o da): X ural 29
gama ray and/or spont Mlel’hemethodoﬁa@uﬁ ctaatsarhbfla,lwmaussame@m)eo t cabl e at

each depth Ilevel for demhtmgrtatngasvmehefr pofuge tfardeatln t he
relatively argill acﬁgs:ff gmfg lc)ﬁélf I‘§e “°“’8B‘ ‘h‘Tgﬁﬁgj of
any of claims Jk'to oduibiHRd 3 paRmbrer Az adld; rﬁ“‘%é& P
plurality of borehole mw&et@ludiebeij)‘l&rtahE()) mpeqtrma b egpresehtatiars 10

and i npué par anet er %(l_'ﬁmepthmnw(l),
10 conbi ning sai d regnei L .)_ :

one signal repggesentat iyerk —.mahda

traverseg by said borehole sectlons 31 The net hod of any of cl ai m 1 to
3, wherein said step b) of. detpe(ln])rumJEl l__the best cl@) zone is .
repeated for a plurali ty of Tespectiy szhbdté-sleéjt) ’bns d 15 further
conpri sing f) sel ecting am)ngt he best chay ' zones determ ned for said
borehol e sections a Rivot z ne mhereln at | east._one |gnal re ese ative
of a predeterm ned %’Iﬂﬂﬁ’ e SePeSHisly & positiye; qogficien ﬁ’ﬁ pti mum
relationship. 20 32 ‘The net hod xgfy—sk@i m 31, Wherel n ‘sai d
predeterm ned formation parameter - 20 ef—step—+) is chosen froma group
conprising the formation apparent matri-x der§1fty and; a paraneter M
functionally rel at eCefrQediPRS MorRialAd Farifion gmg&q ansi t
time of the foBiratht)mB@.a'él'he met hod of lehglc%&“psl or%yﬁereﬁ%k%tep 35
c) of deriving said at 165The methofl ehdsimdAer 15 whereip the aspewsentation Bfihis cliosn sshe
borehol e section containing sai.d pivot zone - 25 includes: cl) deternining

i f a predeterm ned formation’ par arretelp'(gggmpk,,,)s%ntm pivot zone satisfies a
first given relationship, and,.:if .it-doesy c2) ret-al ni ng at | east one si gnal

representative of a foi nati. ork .Shar actLee“stl C

~ ¢ +1,ifno ycgarameters:gnalkmcreasesfromlevelsxtoj, i
40 0, if only one clay parameter signal k increases from levelsitoj; - : 40
—l,lfmorethanoneclayparamctersxgnalkmcreasesfromlevelsxtol, : :
. .- to determine;the best ¢clay zone; and :
* R +l,:fnoclaypammetersxgnalkdecreasesfmmlevels1to1, .
0, if only one clay. parameter signal decreases from levels i to j; '
45 .—l,lfmotethanoneclnyparamenersngnaldecreasesfmmlevelsxtoj, S 45
to determine the best clean zone.
17.: ThemethodofanyofclmmsltolG,wheremsmddayparamctersxgnals
of step-a) are representative of .at-least some of the followmg parametels .
a) the natural radioactivity, GR;, . _
50 '-.b)thespontaneouspotennalSP e 50

QL

d)the. apparent matnx denslty p,....



30 measurenent in said pivot zone froma group including and not

restricted to bulk 30 density, neutron derived porosity, sonic transit
—time—resistivity, spontaneeus—poeten-—tial _and natural ganma _radi ation
-Qne such input paranet er si gnal of step—c)y—vati-e—Fer—cl ay throughout the
AV section containing said pivot _ net hod of claim 32 or
pigrising, if a predeternined forﬁmﬁHmmlm m”mir_am?ter si gnal
5lLéps a second given rel ationship: "« 35 c¢'2)
c¥ng.-a signal approxi mat el WA4%EBE8 esent ai ve of t he ay comggent in said
pi vot zone, and c' 3) conbining-gad.d clay content srgnal” Wt at | east one
signal representative of pua=f-0¢-Bt-+-0n char act er | stic’ nea@g)renent in said
pi vot zone from.a gr oup ‘com - 4b—¢u prising and not restricte. to bulk
density neuteymgrﬁ rived porosity, -sonic transit 40 tinme; resistiVi ty,,
spont aneous pot eni al -and-natural ganmme._ radiation to produce at | east ene
such input paraneter- signal. as.-def+sed.in. step ¢) which is valid for clay
t hr oughout the borehol e sect’ Non—co'gsfrhl ng sai d pi-vot: zone 35 The et hod
of e¢laim-33 or 34 wherein the pré"d erm ned formation p@g mét er
i s chosen from: ‘a group comnprising the.apparent.nmatrix e)n5|ty of t he
formation aﬂdh%rﬂg?araneter Mfunctlonally related ‘to measurenents of both
bul k density and sonic tranS|t of the fornmation.” 36. The method of any
of ‘&lains 31 to 35 furthey the step of derivg,ing a signal
representative of a forrratlomog.a-r-p,npter from rreasurenén? of at Ieast 50
one formatlo) char acteristic in said pivot. zene . and. ceombining said signal
W th a‘P’ st one signal related to-at l-east one formation
characteristic nmeasurenment wo(@ngb)of the best. ¢l ay zones-ot her than said
pi vot zone to produce - M'si-ghal—r-epresent at i ve .of - one-s Yy i nput paraneter
as defined,in step c¢) val ud“'tlhroughout t he bor ehol-e. secti on whi ch
contains - said other best  clay zone for eval uating the formation. 55
37. The rrett}od of . any_of clains 31 to 35 wherein sald step c) of claim1l
55,4 ncl u eﬁ e s liamete ‘ﬁ-é‘!‘ orholaipday; cont ai ni ng -a best clay zone ot her
than sai ik chindéon #iH& ) . “’t”hé“‘*/&ﬂlf s defisededet dPni ned,
formti on plar a}hetrmhoclcgrmj of fthet

M WBerl3E Ble” Blidifemeg@ne Sati sties a
third, ?L%Y atfedguedﬁﬁsuep a), include’ Béajurécitb®i Ni Ng  at | east
ongs. si gn ‘V(?Figii o C eristic 60 sur enent
| n t he sraiasaaéhﬁtldbe W ahaLanet er st gnal of

step c) apdlord sptoof rdhtaryiy M@m it kbR m&ee&chdﬁe o.;',,;,??g? & section. 38.The
et hod Io% \(ResusIments (b at hw@ngfovmmonehmmﬂmshm b step c4) is at
| emst pagafl Fohatihel 5o Qo DN reh I Lﬂﬁ‘éi"ﬁ’r’faﬁﬁ"l WB@@WP&H@G@ si gg@l deter-
mined in tfze whe/ﬁt:th&iosfeclam 19, aBsiga- regrbieneiiieh A0S agf cLal m or

i ncl udi rll}'ﬂmte}%@ swﬂm.f or ngil on paraneter of ep c) satisfi | es a
fourth § S paganaeter sigmal tadN appr oxi mat e

r egsr esera;l,&{u;lug@]ghc ﬁf}n 59“’3(;?!{ @Fi’f“’?“ﬂfﬁglf@ spd op least |°993 ofestipn ¢| ay,zone, based
on an inp umﬁmeammofd&ﬁrzm WBdleit @did Sput parameRflsign &Fméone afid conbi ni ng

the cl ayHog 'elfvahCBi}lsudbdmhelesebm.st one SI repre- sentative of
a for matgy, ﬂ“czzrré'égfﬁ'f'éﬂ‘érft’mm% P*P@wwesﬂp@cmume best clay zone

tcBOproducezat Eradifiod WP Ay BICGaidhd definedyj n step c)
whi ch i éewakaéféhdaﬁvu%gueaiwh ﬁamgra%g%‘e%?l ve“ﬁgfgﬂ’g\ e secdt ion. 10

40. Theb ef 'H;:o?'e fmnBQf clmherlmtmzswe;mprisﬁg pSatfﬁtheCs’tBbf oed out if the clay
cont ent Bfon a‘g etermipe ~-. # bandaxonpr i si ng

dessi vi ngmteﬂﬁiﬂﬁalspﬁfm Qrcla'§| 1 Aol
repecti \?%ecnnsbmdedqobﬁerehmm @gillaf:doﬁdﬂiiepthdavels ridiior B
per stef ?&;P.ﬂe methode,{aat Oigewﬁ‘ed acent bo(%r e-

aid- st using. sai(l: et Jeast
parameter signal in selecting such® set of depth leevl:els comprises denw:sé lo’gethm o T e

40 and clean selection: parameter ‘signals and using' both said “signals for selectini d 40
: feet vel:f relatively argillaceous' depth levels - and/or sald set ofgntelauvely clean %:;’m '

.27, The method of claim 25 ‘or 26;: whemem sa:d clay -or clean selecuon
meter signal -is an extremum -value derived from the me sation
45 charazcgen%cm thttlz1 orispefctxve best zone. asurements Of a formanon 45
: e me of claim 26, wherein said clay selecuon arameter al
the maximum value GRmax of natura! gamma ray . measuremenp it derwedagu fro:
said best clay zones and said clean selection parameter signal is the: minimum

Bt il BT i on 44n the

—Jl!

el ee[m&.ygnal as deri’ved



hol e section. 15 41. The nethod of any of clains 1 to 18 wherein
the best clay and/or clean 15 zones are determned for a plurality
of bor ehole_sectiooc further conpr-sRg—edeterfi-ning t he maxi mum val u
GRmex of natural gamra ray nmeasurenments in the best clay zones; and/
m ni mrum val ue [err] amma ray measurements in the be
zones; 20 mmm{mm“mr&g mation interval sections ons o
which the natural gamma . ray ® s nmeasurenent is relatively stab¥e oy
pr edet er mi nedssri ni num t hi ckness; - and sel b#37788) such s

nmeasure of the natyfala - Bl | gAmPib ey ge@um&wsa&mms&ablsm\m:udms .
sufficiently, neargohde ax val ue.in-accordance W._th a pres d,eterm ned

rel at onship and/ (29. The sncthot of i cleimo?7. ot 38, yehergin spid £xtoem B ‘rs “%rgn 25
formati ons |f\/suchd°§;°§'a!§1=éb°v -g’fﬂ{gg j A ek 1 he (Rar in s
accordante 25 (1t @i badi) QeptiD le '_ bg lwbethenf cl ai m
41 further conpri sy 0 leved Infag bk Bdecmd ieithe irebiivele preill "-mmtﬂlﬁ/@lﬂ@ﬂ tchtn t ur al

gamma ray neasure in: iﬂ-@elmu_”. apyopf 1§%é§ : Q‘ﬁ@ﬁgw rmed by
ext endi né said sel u? e85 ";hf’ bché"’Va'f’ues represe ations- 30 10
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set of representations and combining the respective averages for producing said input

parameter signal. . : _

- 76. The method of claim 74 or 75, wherein said signals combined per step d)
include two sets of representations respectively derived from measurements of
hydrogen content and sonic velocity and said correction factor is a formation com-
paction correction factor for sonic velocity measurements.

77. The method of any of claim 74 or 75, wherein said signals combined per
step d) include two sets of representations respectively derived from measurements
of hydrogen content and bulk density of the formation and said correction factor
is a scale shift calibration factor for at least one of said measurements,

78. The method of any of claims 74 to 77, further comprising combining signals
derived from measurements of at least one.fomsity related characteristic over said
selected set to select water bearing depth le
selected set in the respective borehole section for use in step d).
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