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bul k density measurenent to a porosity measurenent is: 60 [err]
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areiPfoine © &

do not confidigh; 54 ths Blcdine hidBhOWAI ontt al'e, the |arger
t he rel ati we shakQinabawdeh thekiltahd weatclay achmtsl’la seche/\mt inddxefa:bstmta ttpe | am nat ed

shal e; anda$qqete¢aftt dlre shilp sandraren S gt Fighe 18 will he Semgid/&—Glhellel at | ve anount
of_sthuct uPAISen B UL R o bl S Shown (HE neutron
density crossplot of ure awn to I1fustrate the various areas or
sections of the crosspl ot and Nha\fsmﬁvgam fi- 15 cance. The area

defi ned by h g ters eram g a{e hshaly sand) def iRes an area for 15
whi ch al | ?ﬂt“ *0i Nt S T e en derived fromformations having a
char ac- ter| stic shal e given by theVp,ol nt [err] and a sand franmework
porosity which is practically coﬂﬁ-@'rt—. In terns of exploring tool

r-eadings, this type of shale is defimted by the[err] and[(e)rr] val ues of the
[err] point, designated [err] and [err]. Any points falli'ng in the 20

shal essar eacdelsmwtmdns@]) aléfd)ve Haleei r own characteristic shal e t4spe,
depending on the 20 particul ap Iogaslt1 5 of the point within this shale
area. Likew se, any point plottfhg t i‘n the dispersedghale area to the
left of the dispersed shale line will, in accord- ance wi'th its position on
t he crosspl ot l’ondefalhnemaths h;lafeaé( of gy rfo# ars hatneallyrﬁmifétﬁmeeh%es nmost shaly

sand data g(bpﬁt)1 rei%efcf o the ono }F: s% ﬁgthbgr %ﬁg{zﬁﬁﬂﬁmqg :ﬁl tion of one .25
char aE& eri ﬁ 1Eit %é ompﬂi aﬁﬂdlﬂn Ea%ol@-é RateRfgHent sspa dramatic
I Mpr ovenenbut whkh lpnseshﬁdumx ﬁaﬂdttddmt,%pmmttmﬂdremuaﬁoh uam mentaxlmhmul d faI | to the

| ef t of théranmlwgepos@w quwe?)uim zﬁ%her BiyO igelm hus, fq ,{: Egmsthqth at the
formation m§€egesq§£ﬂ ;Eé{:gi Eﬁ‘g i "E ! foo ﬂgs [err] should
C

ﬁo_a.u

be chapnged, hrd.- mt ,theahale Eme@ it Siedp@isnt 3% in Figure
11. The dispersed shale line would then nove over to accommodate this new

30 point as illustrated by the line 33a to thus give a new framework
porosity of [err]. 30 In discussing types of shale, one paraneter that
is informative is the relative pro- portion of silt and wet clay in the
shale To deflne the reI atlve proportlons of Sl|t and wet clay, a Ilnear

o, . T 1 - Y



t he designated point on the shale Iine and the wet clay point C, to the
total length of the shale |ine between the silt and wet clay points. Thus
the silt index of the shale type associated with the shaly sand area SS |n
Flgure 11T w1 be Sho-Taw G6-T L. The 40 - STt index of this shale
poi nt Sho is designated SI.. 40 Since
shal e consists of silt and wet clay the follow ng relationship holds: VI =
Vsilt + Vay The silt index defines the ratio of silt to shale. Thus: vail t
Sl=- (4) 45 %, Conbining equations (3);Ang4(4), we have: g
45 VCL., =Vs
essenti aI |y shal esasclthe see efhvbdlessodaedioith fapletdd o032l GOWBHdtHy QK. shaldr €l T
conposition (i.e. II%’H‘ ?%a%‘éeffgtham{frﬁha ipflefiptddy t@eriareqtdntt)c tpof respohsest dsigt 0 t he
partition of the JRS K e the co
tion of this shal earldtani;& aﬁéﬁﬁiﬁéﬁn gle b Cogi)dl%aﬁﬁ 3 é}feﬁm tS ﬂ:ﬁl;{:g 1% e dﬁ@‘?&bol as
equi val ent to (30)Pracs@l Lt fqnm,eﬁh ppxass:esmaly Isanda.:%‘hertfble, ‘ippdated fal td e right Bf POI nt
S

under eval uati on, f%‘)%lipffoéfas ) shaqﬁlt ltygﬂ%ﬂ%ﬁﬁ%%‘f}ﬁg OP@SM QZ?@FN‘I@ ‘z Ef?dax as
} ata

—

the pivot point. jon,| 184t a ile poi nt

i's given by tibe pommytcor&&)onmex brQol 6 Riffbrbnt tipgd @f Ps] Q e SWy§g
to the position g|d'9 tdue togheschelel effertna. tya mclsabmdnantsoléhew?irechf‘z‘l akesestlﬁS
through the plott ¢ ‘&%ﬁ R gg,"f“ﬁ SHRLS TR el i aibreaol nt
Shb. In this 99 of the’] nt inv tl N aat ing in this unhkel area is verified and, if necess

8 case, the type aﬁrreshaluengamdnrmwebnvmmh efqhﬁmp detidee BoRQhifis aBa?am‘pllsmd be 15
defined by the sha‘lﬂe}p sﬁbeds deta}-\slatl?fg the 0| nt Sh is defi ned by the
characteristic toq,Lut{oé‘é’ smfg?ﬁégf ki tuf%] V ?nd;a i s

possi bl e that ON, n@E'tap& S‘hd:@luitﬁns Sthe ‘ol il @ernee’a Q)sx Ofit of the
shaly 5 20 sandr wmesaf 88 cfiagtive by, %héalehaine Bk, eateShaturatisn efttmxesdddaarl -1 g

t he parabol a 30 déﬁeﬂ%s apdhe chargetprjsti-pepieoq) ang feppity respensang shaphlyidrpeasbann shal y
sands. Therefore, I f points fall to the right of this parabola and are not
cl ose enough to the shale #j-= r¢e+vsp¢pg|g eqn-a;g‘g(,xpn@.@ nvegty gated formation as a
shale, it is assuned, in accordance wth another” feature of the present

i nvention, that the porosity data does not correspond to a shaly sand or to
a shale. It 10 may correspond either to a di fferent type of |ithol ogy
or to a level for which t +30. t borehole ef f ect
on the measurenents. Ther h‘f%ore ng age;%c eﬂﬁgz ﬁ'#‘ he par abol a 30
and above thegs shalg.area is designated the ' unI i kely ar ea (Unlikely tg be

ei ther shaly sand or@shalieth) chamaceagioMERIRC Gervdd! fordsityi o Ldm’grlﬂttlkkeshalé @fjclr e o
the present inventio date vith|the aesi n t hi s unI i keI y area i s verified and,

i f necessary, 15 ;iﬂ‘o %Eggﬂ Sl@g:“ggtﬁ“g? pl oring

devi ces. Howag hi S(angh d¢aND discussed aboveDandi( 28 :ft rea(%fg% ok Eﬂ?&raf% det ai | 5
| ater. Havi ng now di bcths steehcd bfchydwetngtionsy Sal‘iﬁeqnﬂudi r‘n’nanﬂegxﬂﬁdshse@ bt yA)ew of

t he density- neut P"G?f“ecrosspl ot, it would be desirable to discuss the
responses of these tools in mat he- may i |_e£+ ,@fm The equations for the
density and neutron derived porosities o] in ter of the
effective porosity, ,e) shale volune, Vsh, water saturatl on of the invaded
20 zone, S,., and the characteristic heet¥n@and density responge to shal e
and hydrocarbon are: fD = e + VshA(sh) + Ae(1l - X) ($D(hy)y-) (6) 44 5
V4shSh+ * 35  SWOthRglg¢nge ofi Rydiocatboiy the By and héytrod Ferived porWMif Fe@dings 91, 35
25 (OD)sl, is the‘*“l‘:i rP&tYldeN le?tcnfa‘eﬂ ntt Soéj'elfqr\?@q‘!ﬂ POty ty anldelamvn mgn t he
Shal e aSSOCI ate hll@ew?;?jg lun ﬁ 1:;;?0 8-()(h ;lf% ‘g ﬁgalcte 1nes tll Scagﬁtron
derived porosity fog hﬁcalts ited Fxgurbé’" dlanc At 36 wemeensity
derived porofdity Vesdilig pdilmtrandh;tds rﬁd&ﬁmmSShaIG&somated w(tl(IB $£mﬁllhéifoﬁ'm9(1))ﬁh hage

been di scussed ab‘éﬂ?‘%f&mﬁﬁ"(glifﬁg}?ﬁaﬂim .t ‘yd PG"X?Q& 30 In
the absence of hydron @ BRRSos theh sify é’fne : 1ve o3 ﬁ&%’ﬁg ﬁﬁ)'a“d (7)
becone: (8) ON= Twill nbtr Ymkidés lﬂﬁ i ﬂ)maa&t by them eﬁesI &Bl:@%te fmust be

hydr ocar bons45 thetakhens ;}fgﬂaﬂdall therformatiay | ved orostlt readl n s ql, 45 35
aya ()
and Oq, provide Ssz roca ms%it% ggh%&fr%%tvgﬁherréﬁﬁdﬁg onsd in falc?SI ty O,

and shal e vol une exxst m the formation under investigation. The location of the plotted ¢p, ¢x point on
the crossplot does not indicate whether hydrocarbons are present or not. From Figure
50 3 it can be seen that hydrocarbons have the effect of pulling plotted points in a north- 50
westerly direction on the crossplot. However, the effects of structural, laminated, and
dispersed shale tend to displace the points to the right and parallel to the shale line.
In clean or non-shaly formations, the effect of hydrocarbons will be readily dis-




Vs,. The mathematical solution of equations (8) and (9) is analogous to the
graphi cal solution depicted in Figure 3. The selection of (fD)sl, and
(Q3-)8, determnes the scaling for this graphical technique depicted in

Figure 3, i.e., the shale point Shb gives the 40 VSh= 100% poi nt and
thus if -the type of shale associated with the particular formation 40
under investigation changes, the scale will change correspondingly. It is

obvi ous by 1 nspecting equations (6) and (7) that when hydrocarbons are pre-
sent jn the formation, the densi 534@@9 neutron derived pofgsity reeadi ngs OD
and ORN—aj hot—provi-de—suffici-eht I nformation—by—thenrselvres—and-t hus

ot her st ep&rdiBksbeciie #bof the plotted Bifts twdul FAPS filleynoARbtyof ehet s Jinor mat i on.

45 Bef or e deld whlngaditge tigarcutae. (Rfi donrsee ifghdopl teadiings app dmagyesteeths t o correct
equat i ons PRV (SN Lot i HrITs, VN1 Heh F‘*ﬂwgw’r rbe_known

whet hgr hy it QRGE BOHSe SHiect the et ofohoholartiont, AL6ed foonil Bjubtiibs b BHdSf, | NVesti gati on,
The | ocat i Bimydrbeatbh® afibcdtte @bl cB)ingd 3t fID itatvaladd of Bffective @SSy Of., addes not i ndi cate
whet her hydlﬂb(!’elpfb@cﬁ@m aiq@,mrs;?@éms (@rznﬁﬁzb ?ﬂdléthbmsgg%&ﬁl beSieaCC‘;fatc- 3 it can be
seen_that Gk SOTTEANNE U AP Gl SR PR vt s i o
northy  SHodRbkEIokywilth BE tdnddive QB tHe Nehoferd: OB SHale Gresen VY @drmatlone effoects of

st ruct ur al ynderainvestdzgbiipd, Thesdarel callpd stale dndida@tseTheewand alditiosp paeeoft he points to
the right gﬁqﬁﬁ% & Jnessumed pelqongt crgwqevekvg)m- ﬁ\j <eﬂlggggg§b;;fe@§§§;§g§a| y formations,
the effect (¢§)‘;, Lé,‘,}%fﬁdﬁsof%mcﬁﬂéx E}ﬁé@ﬁ Aﬁﬁ&sdhl WS § .

1, 344, 194 9 cerni bl e because all
of the plotted points would fall to themeorthwest of the sand line if the

t ool ¥eadings are accurat(‘é’?"vr(:tﬁ/&gh’r'%?z__%‘r—(’hé tool readings are?®

i naccurate, the plotted points could fal1™anywhere.) Hopgver, since it is
usual ly not initially known how nuch shale, if any, is present in any given
formation, it is not known how nuch 83y the effect of shale offsets the
ef fect of hydrocarbons. As s@’e')r‘}"?%"UZth'i ons 3 and 4, 5 if hydrocarbons

affect the tool readings at all, the valties of effectiv nporosity, O, and
shal e vol une, VSh, given by equations (8) and (9) and the crossplot wll be

ol

i naccur at eﬁ%dn ' n%}g &@@ﬁgéul eﬁﬁ?ﬁgi pih f{‘ﬁ cty of “Efs’i‘tggc%?f ;‘g@fggg&%ﬁ%@smrs when
hydr ocar bof& 8B }j’g a} ol frodho Bl o 1 wLon are
utilized. m&s uae;ﬁiﬁ%i,w zo al;y sciiBéd né@d,;fi)& ?‘r 5)rﬁlot henr | ogs wdoi ch are

sensitive to Bdfee dixwssing hof the fvadicgs pnwenparéréprte_tsm_n podganinegghwhen 10 under
1 1 ca. t € OR,- 15 WO S H H
l.nvesti gat chﬁ;o glrs%éssggepﬁ?g irﬁ@gor%gnnﬁﬁgﬁgbﬁ)éﬁmh%@s%é'di“mgsrsa?tﬁ addi ti onal

pi ece Of | BIhail hOTbaaih BSOS A &L Stnblh SiHubhclCoy el cikdal Ny and (0x) hy
whi ch23 eduaespgiréx@fiatiod WOV, &Icbrgiited SrolnOeachnsale ihllicsor i€ fuatl 4 mmmbxitharcan 25e

descri bed Hyis WPPQS‘Fdng alwags bexegnal 9o prgreatdr han () Vﬁr‘léfcg@)nf)% e terms of
nyarocar bo gD Y PELAHE AN G g AR U T

(+>1 =+5/ 7 lifued shove. o ATITY } 1S 32-
5p, , y3q 10) 8- Biidkey shle yididatprs=ar@P(1) spoB@nebiBhpptefitial) (2Egrurantai myss(3) #8) an¥® (11)

conpri se afuernb resisiyiii iy hygipcarbop zqgpsa (43 gas-spngline Jinity ) 1 ®UH3HPR 448en deri ved from
R ot (o S SR D )

consi derat , 13 BroQboh) MLk f’%rg’fioaﬁ% and its relation

to its physi Coikingrfiogd etelsp@sancoldydreudl Wca hhle adiog armaorerdfeasi thar Phy i s an
unkno®nh 20 the spontagaqeb Hotenighd vasienin pdigeap pannhewit the 1atie §E@é¥c‘1h¢fb%ECher ePBnafter.

20 et ore RIS g S B e dever e
when hydr ogafréyehisnabfobhd¥oRinfe RE clay Vg ﬂl{.QSrHﬁﬁanﬁdﬂl lis divyE&udlgat i on, it

woul d fir sto dadesglehan the velivheeoftvated instbeipmdédmenesWalwhich iscig@ditoor s nent i oned above.
These fhal e indicators are qugi_g ,Erq]rag,et ers or conbi nations thereof which
are st ongly influenced by shale tgnt Ht 25 An ap{qg)oxi mati on of V-~h
s conputed fromeach shale indicator in such a manner that 25 it is
supposed t dn aduariop<13) ahectepmat.S4 sivesrthegoialwater coriganoff theinyadedezoySind  Accor di ngl vy,

t he smal | edie Hm s jhe|amawnt of watex fhound tq the. elay pagiicles. fa determing they i cat ors wi | |
e Ve Dl

be the cl of8&F %% Ner (FUE VE, “I5n , therefore, retained to represent
the value of Vsh in the eguadj=ehsWidGusseWaabove. 30 These shal e
indicators are: (1) spontaneous potential; (2) gamma ra@3) (3) the 30

val ue ,0f 1 egi SLdW 5V dr ocanlnily GARCGder of 2. s9AMoRR VML Viftes | M 45 (5) the
satur ATi on 5 %E%ﬁ@ifégi’?f Biogdcal abgyﬁcamh%&sﬂgeamea%w Bsaetey. derived from
t he neutr omi qum(ng??e aﬁdpxt%?splpa;%gﬁli@h% %gvalewof'ghéoﬁr@aﬂe qsﬁbqllgtiqg (4N)~11; and
(7) the hydgwsaay _rgg,rTgi TSRS TRECIISE S1 ) eh & S POhRETRBUS Mt ent i al as a
Shal ¢ jond Ooh i a0y T I Ver s sl )Srm&wmwa.s FUPARBAS Pgh et al
varies in a linear manner with the ratio CECJ W where C 35 is the
cation exchange capacity of the clay material and Wis the total water of
the shaly




sand in the zone of ionic diffusion. It has been found that the cation
exchange capacity is proportional to the volune of day Vv,,,,, in the
formation and that Wis always equal to or |ess than the volune of water in
the invaded zone Wio which is equal to: 40 ' ’
WK=0. eSx +Vci ayWi av 40 (12) In-
equation (12) the term e8Sx0 gives the total water content of the invaded
zone and the termW,,y gives the amount of water bound to the clay
particles. !Eb\det erm ne the magnitude of WJ?X the foll ow ng equation cap be
used: Pwet V) Pdry ciay+\Wi n{/ )45 The density of d Oy
clay, Pdrycays is passal &aM b@fa ﬂrmﬁnﬂdd»ﬁfh epfxnle x%lgtlcﬁmphqy&hxf(ﬂlpfeiany ip&S 45
may be used accor dhawy ahd Wge 1}: o, Gleeh e esmeeftfpentanﬂmepdenﬂﬂlatgéclociep velCl ay can
be deter- mined f(€ et‘*ﬁ‘é‘ @Iﬁm‘fy rCFSB Pb?qﬁ%n@i"shz# detningdh| Hawewsf, or, for
wet day and sol vi gl sEPEETER fertpip theelationsp beryeen Yrnd ¢ e thesRIRPRONe of 5

.iay, it is onl y nﬁC&ScﬁrdhExéé vtuﬂ’t RBAON féabie & thd prbsBl @averdiof] tMPL abBmpiisid V. . Ay
f rom equat i on (5) by Bltting cha,/on vdrgus br&starbeemotémmrﬂdtdhadngtaMe whithaibdogpas hi p
between Vel1Jy/ W0 *Fbpe bt fitra thepiied prinsy Suchgplot is s ‘Zt”ﬂbtlt*’lgure 12.

er than consider all sponfaneous potential values, P g alon

1,344,194 10 entire length of the calibration curve 33 of Figure 12 1t l‘eﬁ\ﬂg %eé?j be 10
approxi mated with c@ls1HdrrbﬂErthd’sebaﬁtk Odtekpoftling 110 Ware dhflest ﬂ$1e5 ads) Qtﬁ 'S
known and W, is k*nm@mer of Igeamitt ﬁeborhewdﬁr@f p@fntss bn,teawebremnpmt emtheallrawat each

depth level can b ﬁ%ﬁ%ﬂgrﬁ{wﬁnewu can

pzgsent 1
be determ negds HOVIRY Qdzscnlfbr ths chride S ég omts corfe ¥ dmgo AR p[zﬁl@%}&eh‘%‘? idéxj: %‘t' onghi p
between V,, 1,,/W an aess bmhspmbtdimﬂﬂ lpﬁm15 could undfﬂ;b‘irﬁminte&he position of the cali-

5 In accordance vmbtaﬁ‘ma Her tf ea present invention, this is
scoom shes by phei et et 10 e e R e ors s e or 2w
a | ine whi ch20 nconpek of &rl;h he eRB At le¢1e1 tvta ¢Q SOt tnatﬁmm &F&temgkﬁah a fl ot
is shown in Figur eﬂﬂ.tzthemtahela mahizen tcx:h:erdescd@d ladrland;mmomsmemdsz pnnttemheal

val ues, i.e., thoé‘evei Al Yﬂhgeteon?l %dem qat O ire | e .

Cal 1 brati on curve.aa o Baie e daih s te e ﬁ&i’?ﬁ" ?Etémﬁff 10
consi der onl 95 t hostelepai debignaedSBS pamdtertgartdaenpurseoxﬁdaatuesota;ﬂ Qad ﬁand535
and define the cegﬁ%%ﬁd@‘b ﬁnogl {@fﬁfgﬁ%ﬁgﬁ% é%ltlslndieppmllnitasbizg h@ﬁaryato
calibration line el ?e Loln
A T e R T S

cl ouds of pobBhts eb(lSP d)lvdB catubeSdntaineecaﬁdhesamlqrsxneeme:t:mmeﬂgkeno’b@h, 30The
reason for this c tcgﬁtse“%‘f:‘ﬁ‘@%gval 5, e % ’éfnn? bFPt’a‘Em’FE, alll poj Nt s re

consi dered, 15 anpRabial & B Bartihal ot qgg;&tt

i nfluence the posmterma lagthtdia hb&hdlep 1d&l|tﬁkﬂw tdrRGinity € Eont PRSI on of
the cal i brat3on | (‘7 em8®g|tbt84<m\mrmmshﬁ&Hcahataumsfooﬂl ttehe lsqobmrt snesofis 35
potential can be ut¥ % th.the to ter the mag-
D e ot ait it ot DS B b o Bl SHELT e 00
Sl can be det er m medolloRidg watier. Glohd2rermiad the viluedof TBPIREV .0 & sbneeqﬁtesccﬂl”hed | at er
and equation® 5 ag‘ﬁigﬁ}g&dh‘ytl Wres |90 theoerfiea afippf the Figure AR WPSISnlotb@h@ethef ort4d in

detail |ater, the s PHEL A S AR AL PhLL AR B and

shal es shoul d be d&hetfaﬂasnﬁdum&'ae THRAI 8E xﬁéde&lohcofst@\@%l&iﬂﬁi@yam @ik al in 25
shal es i s desi gnated’V(SF? a:ms glmdwechlee ofh$fPact eri sti c_spont aneous potenti al

in sands is #25 | ab m?{’g'“g )'4"%"9 (VenBe i fesition PBHE i© Ibl‘atlg%h Sp.of I n tdhe
past, it has beenyfggs ’ypgfé ‘{i& )m% E‘ gf‘i“ra%‘t’?f "8 pection
of a spont aneous potentlal og However, such a visual inspection nethod
does not al ways give accurate ues of these t para- neters. For

exanpl e, a shale or sand EQ abefo an accurate val ue
30 of (SP),h and/or S nSIbe H@yer e S t he™¥hal e or sand beds

are not thick enough, 30 the chosen values of these two parameters may be
in error. SSP is the\ngihenled mlechlqan ploddeansadicgonafi che (aBRIn bf shae & Ite gSRinw al ue in

a formation Of 10(BA°8Hnathis rep ﬁdhctfﬁél‘t"“ @ft’
ey oot ot 1 IR e e o e ST IRAPET ovi e
the water salinity renmains constant Thus by 35 determ ning these two

paraneters, the SP calibration folGRali=8eBt\Vat-&Ml:s in terns of 35 Voa, is
known. In accordance wth another feature of the present i nveft® on, val ues
of (SP)0,1 and SShhefeanad@ a0efkuediod fefcidnf A0hd MebaVigrddnd WiatoR) i3 The Shuded 0SSPI Ot
of Figure 125in tiecous|rhtowi drgn waearsends; ahd eind Ol Be cilibetiviadoricd rdadP) . , 55
Vol ,,, is set. eqtt?% \é*l ‘apd Vg, uwectwely B%ménptymt e@mraltgymrm;twcmwmthe
vertical axis of Th& Blgilealemisy gy JESANGt ™2 FASR aitis normaliged fpnrdsatigy iy | ) i s
utilized in conjunction with the callbratlon line 33 to determ ne the val ue
of (SP)01,. To determ ne the value of SSP, the fact that V01l. nust equal
zero in clean sands is utilized. Thus, the intersection of the calibration
line with the

A_




V~010y/ W-=0 axi s gives the value of SSP. 45 Knowi ng (SP),,, and
SSP whi ch gives the position of the calibration Iine 33 of 45 Figure
12, Vc,,, can be determ ned. Then, conbining equations 5 and 12, Vh from
t he spontaneous potential |og, (Vsh)sr, can be witten as: ( 1 SIX Wld
SSP-(SP) (15) Another I og which can provide an indication of the
anmpbunt of shale is the ganma 50 ray log. In this regard, it has been
found that the relationship for the magnitude of the 50 gamma ray | og
normayj zed for bulk density in tepns qpf the vol unme of Sidt: and cl,ay, V,,it
and ..y (16)
where: " A" bills dasigaBy brnatnmgmq@fm Bi Gisand 1®|tﬂélv&9m$ mm@@%grbpmad radi ation,
i.e., the guimrerasios, ie, (Viay icgmtbyrit slaiiestid:ean water sands; and "B and
"C' are calibration coefficients rg].@dR—aA55 ing to VIt and Vi i ay,

respectively. By multiplyi n@ls»t)he—ﬁ-a-t-ﬁ-ea-l—%?nwa ray counfi7yate GR by the
bul k density Pb, the gamma ray co®@PHt&t=50s normalized for variations in

11 Before usmg the gamma ray log to prov1de a quantitative Bdidqtib@4f the shale

25 3 volume “U;L e fibrrion cepffsicspAsBand £ 18 and516, the
vol une of &% Pls ls m 3 »‘iya(ﬁ Hjﬁ %%eaa 8‘ .I.CI]L an the;f'ﬁ %F?l}i§ gl ven by the
rel ati onshigt baakgrdﬁnﬁ:&dléuc(n\lEltﬂe)fQMan n: B( Betole usi ng t he

gamma_ray |o dg‘"l;vfemg) ey ite) Bigere c}éuatntﬂlret dmensenalmdjxt @égamm xaf verkve Vahal e

volurd 1t St IR B A st o ﬁtf*@ﬁﬂ@oefﬂ%' ents A
B, and C ]:pl*lgu mea 59 f\ﬂs“;ﬁalﬁc A2 Qro\m ﬁ«i’ iosénOt her feature
of the preskenh qommetm vaith, ﬂ1ﬁgaﬁﬁtﬁtrk}stouﬁt&hte, GR, fbr&aﬂﬁdﬁrhﬁcetly\emtt he gamma ray

rreasu Fanq'fﬁ °Eth’e°naE %IWF'dW“SSJMHPIOt of| rﬂalﬁdort;aqb ldgrth leved) Arelmeat ion in the
ons

f or ITB ams th E %l i'%:rhécl lgﬁetlli? ﬂglgchls COln ldc t Of lsgamm r ay
Relehss sah u Tﬂ

versus V 1@ith me_an;] d= st rate axis is the
vertical axi sTp ﬂetﬁmgxgrtte c.ﬁJBaratxvmcobtécxetnhéB” iIIGs &{thyldetessanydo éédY;l,. eq@ales are t he
hor i ZQ(Pt al I‘V‘y lallaf‘g@‘(edr:‘%‘g% Ptgtlar.lltiﬁlé‘tw% 31;#‘&0 é@ é&:ﬂﬁ@%ﬂﬁ in Figure 13.
By utilizi n’gt@%ﬂ\g%ﬁn&oéf bt it gl%éga;l G no&%jh gnlsb rtaﬁ% @ cr o8- plot in
conj unct i omastiTthbs, sibe i aE@sel WY, §QYAL torat, Ghe 1 Ghis GRGNLeeRih | evel , a
poi nt can e *lbt%tédplern of fyest fihleg-teH Yipersi ma»hll pt equalop At 13 for each
dept hy} eve@q“aﬁn‘;}l{ &1}' has alreadpp ee detgrmfeqd @Hﬁ,“t“ﬁ?ﬁ‘%éf te 81ApF 9fn Fi gure 13.

1'

& d b
The inter seé{lgqu ax‘s gﬁé‘n TR Y e SR Bhe 1 Bgni tude of
t he cal i br &igi applies oe tifei cteteeiﬁhanolef Eiel’l:@lﬂmfnb:ﬁc cient 1“6 Gevini thle A@GorW t h

\/81t V _Eweeflylﬂe Vanc¥xisoand dheridene offbesidfist adangitheeV oivel @xish isoshern ion coef fi ci ent
"B, INE S My TasiShent - eayal to "0
S o NG RS Xy bbbl dd Bl o BDs, SHE] 10,0,

Fi gure 13. aﬂéh@faomakle Iwenqlgtiéﬁn@fthetMaw\newstoﬁt ahoha ¢tlmes Wibs giviaxtie at the point
20 V~ilt=1'q Bep ’gest‘ﬁ%g‘ T“t°n tXPé atl% ulYn%’fFCFmg theed gamra ray

p Lon o lane idt lott, t 1"
readi Bg i gl ﬁmcrﬁéégmﬁmm Vf Esf’ ié';‘"ﬁ‘aila lal tg "1, the
al o

| engt h of Hhmﬁanbheﬁtcﬁy, dnd GHlet mya,pred&)ﬁha&c&&f sil €lo sa)ﬂgmﬁl §t fi ng the
Vsl,,1=1 aﬂi’l@dlw FOI Cleblesa :LmdommarMBlaY foomatienpLrad pmdpnm&ntls&xltycsbam has al r eady
been det er q&hpe 2 of fb:t %Ch e&s‘ﬁnﬁ@ﬁg 392§SP"°“"€13 -best fit with

t he Gp axi sucaaﬁ{teesam estyp;r@htﬁg se X 3 ;ﬁs y tsrharr hé;?x“”g“ ng%am ndicgted in

25 Figure %Band ﬁerepresmlsmﬂenntm oftdmxtir élﬂgtdbtcmfinaﬁchhl o theaalitddtion so-equal to "B".
The same r &5 B Bl CE lﬁétﬂPO of the calibration

coef fi ci ente " of i r i Ve ﬁ % §ugﬁmsﬁ;ﬁe pl ane of best
fit almng hhemd\/(mu;:s,dﬁmtanaeﬁ SI aﬁr1&hlﬁ\ﬂm thelby, Q&Bﬁ)lﬁg’}o depthlevel 145 all the
gammma ra sbq*r nll@ sccwéanee vithckquation hh7);act gVeyinditagns efithe wollmegair € 13,

30 it woul rfg‘fg &l PR 1 s‘@fﬁ nore points
plotting neaty lemﬁdr&&é‘&x &iesaxit‘%gec oﬁzd e r° mﬁ‘é%ﬁé‘ gfﬁéfg of beSt fit

t-han sthe ofdierisg explessidn gpplieng rise to th e possibility of points dgrived from
one type of formation unduly,affggtyng type,posi t| on of the plane of best
fit. To alleviate this pr obl——em:-—-t—he-pl-eu—ed_ points are gggre- 35 gat ed
into three groups correspond¥:ng t &-Rel ean 8§and formations, shales having a

pre- 357 dRm; nancgugly &'u@yn 0 ﬂ)@ﬂeép&{:& Vilge . pr edoni nance of silt.
C ouds of poi ml B Qi@ Sy ofx@dl ﬂla'ﬂ’.garhﬂu f@xﬁfamfn Gl@whlg{ Gelgdpagtly cl ay
forma%s ons and fprredarm wda tstpplisl dytgyolghaloesy aXee weinkhoemteetdiqggener al 145 i n Fi gure

13 by the #¥signations 37, 38 aq? E{ﬂespectlvely The centers of gravity
for each of,dhese three cl ouds ol "por¥its are then conpud®d and 40 such
centers of grsyiid the akQudtld Fit&astutatondef i ne the plane of best fit. Thus, the
points 40, 40 41 and 42 represent such centers of gravity. The

determ nation of the calibration co- efficicnts A, B and Cis then nade in
t he manner descri bed above.




Once the calibration coefficients A, B and C are determ ned, these
coefficients can be used in conjunction with the neasurenents of gama ray,
GR, and bul k density, 45 pi,, and values of silt index, SI, derived
fromthe TD-gs crossplot, for each depth Tevel 45 in the bor eRoT & i Ti h
accordance wth equation (17), to give indications of the volunme of *shale

i ndi cated by the ganma ray neasurenent, i.e., (VS.1)Gr. A third indication
of shale volunme can be derived fromthe neasurenents of resis- tivity in

hydrocarbon zZp@es. | n hydrocarbon zoneslg)‘I4 1blredum bl e water saturati on,,
t he 50 ol lowing expression applies:

50 1 WrrVsh Irreduc19f<y {va{tg' takes the form of water which dlﬂ'és to the grains of the formation
(18) R e Relacerial becaBROfL capltieny dorbs ahds whikte canms ibs tisplickdy of t he

non-i nvaded porti on ¥ cleap &ormegions Nue fendsRje rpmain ppastang ghdsean pf deseribpd pheconnat e

or natural formnatGH*WERer which can be derived 55 from wat er

t abl es suppl ized by geol ogi s - tiaer wel |l -known te i ques; 5

and Wrr=<)eSirr Weafl = (wta/h (19) where Sl?zra?lsthe 3

i rreduci bl e water saturation. 12. 111,344,194

12 Irreduci bl e walreshalydhrestidnk)ahd predncidle wmevolmmhtanrbeodescn@;s Wyohd kiktigrai ns of

the formation mat &R'al because of capillary forces and which cannot be

di splaced. In clean formations, Wr, ywengs to;yemin constant and can be

descri bed by the rel ati onshi p 5 jC| eopn= (-8Rw)

1/ 2 . vh E ally OL} " Rt In shaly

formati ons, e i I o R he relatl

ship: Wrr Wel eapgiy ¢ 30 '%Ei & g‘é&ﬁfﬁé‘“ Lf Y %9 Sl 10

After corrputl ng a(\L.ngecanluertbntndd:fy swuhaxihquslwomsg agatloms @8y ao), cqm) (aac;) (zuhe

hi ghest resis-  18ingethe foyest Hmisofl ¥bhei Fast plectddy Gude Afithbeapdd e or gieaiealtide of Vsh

derived fromthe R, &9?% gf\@sf. )R, , can be found by sinultaneously sol ving
Anoth:

equations (18, (19) axandxcﬁt&lbasedsdnnﬁe mbBBuh QWESd of shilk berfssidigazn was
sel ected, (V,,,), sleaishdds ffidly e a}gu@ted twith (gas nebatdawcd Kantht ne—bo q@spka,l dean of Vs.

15 Anot h%ﬁdssfﬁ g oggin g haI e

thé cross

perm ssibl e for will be set &l lﬁénfﬂég di u}gsle&f'i Sai&?gj?gfgﬁlﬂp ;o ertles As

derived. On johe PNrihaEheﬁsr:ms&&hm:q wi maam&aznds%agmdsd f;(dlg&al?w‘;zgteenhlmdih-gas 204 | |
fall on a straig c>JF'SI Ifrfbls Kueps WGE% thvd, o idetg ippinig peypicthis goysand| e . The

; d tor t
sl ope of this gas éd&i‘s hﬁéré% %"e’;‘“‘ﬁe {rgll&‘id e B Sor s be
set forth in det ath niaaﬁtede,of vﬂ)ullaQ tecSthOfhtd phfhtstto tiegas sekddSesS] ptlsare
corrected 2025 cben teheahé mes sccimate diciivatiod af stelewpliune. tThias deep diovhd dit dhal | eSS

i ndi cated by the 5};3?@11? e j theqrolums (pf shpjesgiven by (thy ges sangdline digitsshele indisateh on noves
the ' Pn," #d data Povnt® BKefkdhis gas sand line limt, it is known that

the amount of V8,, indicated hy tpegsha e indicators was too high. Since

all of the shale indicators (\én)gz p )o i ndi cate ngza)rum |l imts of

shali ness, the magnitude of Vsh vﬁ @ﬁ} ('/\oig?éf' correct the data points to the
gas sandl i ne limt: is 25M** chosen to be the nost accurate indication of
shal e vol une® |t has been foundthat the 25 reglationship for the vol une
of shale given by the gas s n 5(e—l—t-su A(BasLe indi cat (Vah) g, can bg
witten as: 0 X - O(V$h? [ 8-5(%)lim” +3(~g hm2 i ) (22) 30
7 [(85()IimM +3(Cg)Jim (23) The lower limt of gas
density (pg)it,| ik lowdiimited gasleaity (pp)etis ampakd depfudrtionof deetoindeasacience t h t he
fol | owi ng expressWiéh?hcSOUOEié@,CXPreS?iqDepr 2 (Pg)iim 2 | 1000
+2000) (24) 10 DO+ ep' h D(epth where "depth” is in feet. 35

Anot her upper limt on the vol une 91‘_415.1&511 (u @l be found based on the fact
t hat 35 (pg)“ 1 1000 1000 (24)

0 50+ Depth Depth (DeEth)
1000 "\ 1000

where “depth” is in feet.

35 Another upper limit on the volume of shale can be found based on the fact that 35
the invaded zone water saturation S, must always be equal to or greater than the
uninvaded zone water saturation S,. The reason for this is that, before the borehole is
drilled, both the uninvaded zone and the region called the invaded zone after the bore-
hole is drilled have the same water saturation. When the borehole is drilled, the drilling

40 mud will invade a portion of the formation called the “invaded zone” displacing the 40
naturally occurring fluids therefrom. The effect of this invasion is to increase the water
saturation if oil was present and displaced by the invading fluid and to cause little
change if no hydrocarbons were initially present.



the invaded zone water saturation S.,. nust always be equal to or greater
than the uni nvaded zone water saturation S,,. The reason for this is that,
before the borehole is drilled, both the uninvaded zone and the region
call ed the invaded zone after the bore- hole is drilled have the sane water
saturati on. Wien the borehole is drilled, the drilling 40 mud wi | |
invade a portion of the formation called the "invaded zone" displacing the
40 natural Iy occurring fluids therefrom The effect of tm’ invasion is to
incretdse the water saturation if184419%as present and di spl aced bl t he
invading fTuid and to cause li1tile change . N0 hydrocarbons were initially
present . :l’ 4be water saturation of the uninvaded zone, S, can be found from the followmf 344, 194

rela 1onshi
2 The watef Sattfati on of the uninvaded zone, S,, can be found fromthe
foll owi ng reI ationship: 1 \I~hS¥,.S. 0a2S\W2 R, R~h .8R, (25) The
terms of equation (25) have a1-1—=beeﬁ—}bf-e-v-r-ousl y defined. 5 The
saturation of the i nvaded zom]-J{t S. Be caf®be obt ai ned RF the follow ng
5 expression! VAhS. .~ ' So Rx. (Rsb) zO (26) where R,
is resisti \Ilhé%{_rmi of Et;aaﬂon\(aijedvezann&pn ()Rymusl)' defired t he | nvaded zone
resi std vity offhepairgion of thatinvades, zom, Swj eanttqeobraimed romy the yfollpvinghe mad filtrate
whi ch i nvad®&*¥®e i nvaded 10 zone. Rf can be deternined by well known
techniques. If an R ,. device isvpel avaps.: 10 abl e, the invaded
zone wat er saturation can be—aap-ee—x-n—w&t—eé—f-rom Swin accor dance with the
fol | owi ng expression: (27) &nce®ms di sthrssed above, nust al ways be
equal to or greater than S., S.,, in 15 equati on (%5 can be set equal
to Swin eqmat-. IRQis (re?ﬁt)vxtﬁlaﬂth'& esRd @6H4AMRLDNE thedinwudell o resistivity of 15 V., ,, to
give an up mntltns,oh,r%:ﬁe bfalste'dy @hmttmd\ﬁ%taewwm@tlwéfﬁ |ﬂ6nnﬁa B(%/ o)
ot ng oy 2oty ey ytftg“%fgt oo At AL o v
is given bym R fo vuxﬁtgsmtaxe i onshi Rx0
(8 W- Sw R~f (8 S Xo Rsh 20
Anot her i ndi cat or of the upper(ltSait-5@df-Sehal e vol ume is gerl ved from the
ratio 20 between the neutron derived porosity @h to this porosity
in shal e. ThuSin€e: &) disclssed)abobBles. | AES Aragdiby edulli t6 0P ¥AS A HYPREM 1iNit on V.,
i.S obvb ous efiuadm @6)uat boset £qipl ©iice eqlpmns(zmand rase e«maons sdfiazldéon s the
gr eat est . to g“";a“ Upper At e‘h*th1 t raf‘ﬁlera fol qopgt of shal e
vol ume can JeEH élif; VESFEER PheS aem’a(’r’le’z “fead £V hé’t a sof ution of
equat i ons (6) (7), (10), (]Rl); aan (26) should give a val ue of hydrocarbon
density phy which is equal ¢t eater than the gas density limt
(p,)iijni. Reci proca\lsj,)y_sgb £ (Pg)iihn per(m)ts us to conpute from
the sane set of equations, a (V h),y which is at |east equal or
| arger than the true val ue th)eveo't‘ 30 The terms R ,, and
(R~h) 29 O have Abakm ingdécetdr pinthe uppgnbimit of fhaleouebeng dnderigedpiras dic rrgtio 20 30
the shal e iPRRIPRFheoteutrey; depivrd PO fo\f this) Reropiffein shale: Thishe det er mi nati ons of
R, and (R,,),. have been brought ahout by inspection of R and R 4, |ogs
in front of what was esti- nmate@.hoe=be—+epresentative of shale zones. In
this prior technique, values of Rt afédsR0 in shal e zones, was assunmed to
represent R,, and (R-h)x0, respectively. 35 }JS i n accordance
Wi t h anot hethe r@sh Wh i gidel g EpBSIRL onl VY RIHbVi6HS frofREBLGCE) NIt & 35
val ueszﬁof %mlm;ag Rshyle%sozchﬁgﬁat@or rput ed gglese val uerseof R;-J%nand R~h) 10,
can, i“h accor Fer e dépth | evel
(o' ne nov LR PRLAAES o G *?f AR
repr esent atneuproaaa;} 8ing b1, B(nehin ﬁ&nniisaﬁ o chep t1 f ﬁ\t samé ftt af&qml ce with 40

t he presenta valyy EAiy othich ds a3 fleastiegual efalﬁrgmltmmwemegalm theredfed tQ determine the

terms er. prgssin,
resi sPPVi ty, of | md,catﬁ?f ety &Wlx?gﬁe&a : Bt “giﬁ’. IR R AT kL has Ben found
that the r Qﬁ*e nV brbdshOdbolkt H9 ifsp@don abi |/ 06 of‘ﬂtat\b@sr 41 rom one
formation tomteihe bheptesentarive nf/shgle ednesgIncehis pacrrea;hmctﬂe,walues of R, and R,m
in shale zones was assumed to represent R, and (Run)x, respectively.
35 Thus, in accordance with another feature of the present invention, more accurate 35
values of Ry, and (Run)xo are computed. These values of Ry, and (Rey)x, can, in accord-
ance with the present invention, vary from one depth level to the next according to
the composition of shale.
To determine a representative value of Ry, at each depth level, in accordance with
40 the present invention, a statistical routine is utilized to determine the resistivity of a 40
formation as if it had 1009, clay. It has been found that the resistivity of the clay,
R, usually does not vary from one formation to the next in any geological area. How-

I)G




1, 344, 19 14 ever, as discussed
above, the resistivity of the shale, R,,, wll vary in dependence on
distribution of the clay and silt. Thus, the statistically derived val ue of
Rtiay can be utifTized in conjunction with the SiTt index Sl to deternine

the value of RW, at each depth level. 5 It has been found that
t he reIationship between RI,,, R and S| is: 5 Rcl ay
R=,, - (1- SI)" (32) By plotting the resistivity R derived froma deep

i nvesti gati o] r’ce5| stivity tool in shal elbedssversus 1/(1-Sl)2, a fam |l yltof
poi nts such—as*strowr i m Fi gure 4wt Tesult. A TTne 45 can then be drawn
in a manner to regro idisc tﬂ(‘icflr sty I‘I}C *b‘flc’ﬁ I‘tﬁﬂ} 3 Bdc‘g‘C o nhoints.
in a 100% ol ay 10 gﬁﬁf Rt he i & e R R 0l e
term 10 1/(1- SI1 "pe equal to one. yprolectlngarlnefrom
the "one" poisnt on t kehad beed foundSthpQtha xdlasionsigp tbheer:h RaeR4 Bnda$idisf rom t here t 8
the R, axis, a value of Rv.,y is establlsh d. Then, as will be discussed

| ater, a value of the silt index, Rat__e_aﬁh_d.epth | evel is computed and
used with the statistically determ ned vakuesif R ,.y in equation 15

(32) to determne R,, at each depth |evel. (32)

11 The sane technigu a( SX%E SRt that a
chal | ow | nvest | gatghetl S ek b el 28 Sefinfes s st ER: ol

value of (ROl a, 1) Sae ciaaanbteenutel riwnaol awhdnier vatepresntahe belsreﬁtswif lalt of thelplettedS| | t o
conpute (R h)IX0 atP ‘ﬁ%‘ﬂ 014 aﬂ}lert foprpatiem g essdh*edwﬁne zegpcan ghus gbe term T 10

to one. Thus, projecting a rom the “‘one” poiht’ on
rel ationship for 1/ 1’—'- Is t e line 45 and from there to the R, axis, a value of R

(R511) y0= estabhshed Then, as will be discussed later, a value of the silt index, SI Z@ea(:ﬁ].dcﬂh) 2 (33)
Havi ng expl ai ned How it beenpuiad armlusedshehltee tstndtmelat dyregmefdnvabeofdécm ipeghatignhe
overal | interd prdiZ éﬁ‘f—‘“ﬁ'ﬁt m 1sued ent &Nt 0 ow. G
di scussed. For thig. ti§§1§91todi tﬁuze Gn @'e#{ g)év Ef(Rfly:I:ICMee 15
where the sand anduwifhaiweh vilest el lides, tSI,pab eaR@Qa wmddpeelmermph»oduced
As di scussed ear | isane manner aglfor R4OThe Gegwslnm fop Ry)d:utili zed 25 to
determ ne the paraneters VEI and #e in the absence of a hydrocarbon effect.
I n 25 mat hematical terns, this nmeam.bhat there are as nmany
unknowns in equations (8) and (9) as (Bguat+ons—As di scussed earI ier thed
shale terms (0,)sh and (011),b in equati on& T8} and (9) constifyte the
values of O, and OD at the point on the crossplot where the I t parabol a
30 intersects the Shafa@ing ixpRinddIRS teivarioudshile intikatdriiéas b¢)dl:lr1mstd 1§ overall @reg-eCct i on
is to the 30 ﬂreaftton gEhedd ﬂephﬁsp%m lggé;g%g% Fuls:fegﬁgg Hrép&ég’ s the
characteristic shdp&da OB} lot Eﬁ’ e
and (OD),s, .5As dpsk R Gtk e O o Egﬁ‘e{rs, Vd s $J ntthd m&e 6fSa BbRfobdrbon Qfieet. NBd
the |l ocation of t hhﬁhemli’t&ﬁlamrthlstﬂems ‘Shathee E(lmanmanyl\lmrhmtl iegratidny (8) ardl s

énq

operation can be f&r# 9? constltu E’SQC@) ller at t pomt crop,al :ﬁ%oﬁlgg( 3 can
be expressed as: { a 30 3 E} (S‘ee ig. l%elf this tersec 35 ($N
(h - 30 left of the sE)ISHbint IS,., Sy, is taken th Sd1thé &t 2R end 30
expressed in ter msHh wilhdustieomedddie and (Ghhe Aaétswe*‘hsaﬂpmtmsﬂt ipdex ipdeprsi | t

i ndex SI as: (+D~l Il—% é1 cano% S)dlalr_ac erlwcs Ps)1l'1 can be expressed in
ternms of the .0 vdl'li {ﬁﬂ}/ lyWﬁt dperaifon ke B per‘gﬁﬁ a8 kdiyws. 48e limit parabpth t he
silt index Sl as: 30 in Fig. 3 can be expressed as:

40 (fi X)I'1(4Nelly(1 -SI) (36) Since (OnD)aay, are known par aneters,
equations (34), (35) and (3%(@%&@%&9'

N

1,344,194 35 ®9r (PD).h, 3and
SI. If Sl is 3g_reater than Slt %)ﬁe[(gsoﬁﬁht egﬁd)ﬁh t%s t=SILO, it islimted
;[ g 2' hygpgcgr EIO?](l Iéﬁ% én be)%hﬁerésseg in te otf %lgl‘i})?‘valuc of (tth et Cly&%&?é&,@m zutd sﬂtl f there

as i nac fues for Vsh
and <sp. In nmat herratlcal terns, thls means that there are nore unknowns in

15

equations 5 (6), (7), ( 10) ( 11§pvlarri?)26} —8han there are %guat ions. To
el i m nate one unknown para- 5
Likewise, (¢x). can be expressed in terms of the ¢y value of the wet clay point, ($x)uays
40 and the silt index SI as: 40

% )sn = (¢x)etay (1 —SI
(Px)an=(9x)etay ) 66

Since (Po)eay> (Px)1ay are known parameters, equations (34), (35) and (36) can be solved



neter, the | owest value of Vh, produced by a plurality of the shale

i ndi cators di scussed above is utilized. This | owest value is designated
(V8h)ind. Since (V81,)ind is an upper limt value and not always the actual
value, it nust be checked. To acconplish this, it is initially assumed that

there is ho hydrocarbon effect and equations (8) and (9) are 10 sol ved
for '. using (VA 1)i nd. The new shal e corrected values for '"PN and '1) are
desig- 10 nated 'P1 and wD. Thus, i Ax and AD can be witten as: '2=CN
(Vbh)¥nd (GP,) Nh 134419137) 4D=" pD- (V-h9Yi nd (' PD)1%

(38) These, shale c e eagln S and AD are the orrpared to
determine & éﬁditbéﬁ ‘},f)l D)sh@gdsg\’)zh &S 24@%&{@( D)Q{]ngl? PRBi 5 Fefative to the

cl ean sand line i§ Graphlcally, referring to

Figure 15, t hlfshf%yeradwrmqrbms cfﬂ:etpthetcedsplbywxmw rrrgccme valugsgpm¥d pl otted Op,,

ps pgint ﬂﬁi”ﬂ v eI AL ST ARRRIEHE on the comput ed

pRuraliff~of kHeI3h e veCtors 47,
48 and 49 ahnveFisg:wmd THhis rshresahxe U&etsigﬁhlfhﬁ (Ua),l,.seSIﬂCbQV,@L.DfstaﬁdJPMI nt to nove

paral | el t pmit ygueogd not alW@’P\ eecmalgrelue, afyydust Sheﬁ‘i:‘b g{?i 1ﬁhe 1)p lines
'd

(see ngurﬁn ‘Féil “@m'ﬁ%‘ he @3‘1‘?& Jéi@g m?? e ( PRN

I'nitially, nfdal \;,4 @me, k|8 Gl ,ﬁtehra ators S’lg(V0| ol)G

(Vsh)nt, (Vsh)x and (Vs,)g, |s retai ned for t he purpose of this correction.
As noted before, the vol une dk=¢wallerledtputed for each @Hal e indicator has
been derived in such a way that, L ust,3a5 be al ei ther equal to
or larger than the true vol u%e g’lf) (W (‘b%(“:onsequentlym?@ 25 | owest

val ue obt ailprscishille gorreetedy regstings ‘rﬁheanslh»alaef thqnd:plem@rlsdthCBEIQCM@ncl osest to the

true VAl ue®at ‘i;‘}’ gr’r‘fg‘ﬂf‘é;? o‘?n PRTE the co¥rection
provi ded bm%ﬁk lyrx?ief Esariiiibro ecgﬁahﬁﬁﬁ ima fﬁ%%lﬁ;&naf bpmaOve to the 450

cl ean sandcdrét%ngred mtluenmrwmﬂr rrythSIslgftlxﬁduﬁﬁrsI hee veaaggyzerCar bon effect
on thg 30 and 49 ipdJiigure uaty RS fa%P IﬁéOFNS | Parafie] (g F@s ar
themsgq ves 25 1pe il th‘tsé?grﬁmgg% ylings SZ%%IF‘g“ '?‘F@ opey diding ¥l e arfence of

such upsetting factors as borehol ggpl argenent, thick nud- cake, etc.) An
exanple of this is shown in Fi gure—}B where the |l og readings give a plotted
poi nt 50 and the anount of shale, @Jwen by the shal e indicators noves the
data poi nt bylntn*al%r lLeQGhdivale d R ¥AE ifdlcarthd Vst QQS.IP &,zg;kv%n the sandl i ne.
In ot her WatddW,.) Beetdied for the RAFEENGE thi caRalr rgmvsemb gfe, d was nost

i kel y cor Pfeﬂbﬂle sqnm;red fOMQaderahtnsimsthohﬁls Heepdgrived inJ&hgway Hat isamddl i ne_in the
absen of 1(:§/ atrﬁ Eme ‘grg)g %ﬁ atorlglﬁ% tfso %fe S“?f?tﬂ‘(}“%gytd‘_g@n gl%?en by
vector 47, ydn 'ﬁse@ one TRYiBSR b spih fu to a position on the

sandl i ne wher ¥ thdwe)rrpnubmprovmdlw (May.e c ke@tlteextbnbdwﬁ. heperarrerrfoarucmtl on if free

of shale. Gié gleen i§ ih elte yseaﬁ e g Hpeare é@secgng lﬁﬁ'{{a;r liged in
conju Ctl 0 fﬁg{‘ ’suc u géft r§1§ hole enlar Qgré? TR ) and Sl

(and from Sfie, ,An, ex thxs ls shemt emgm@nservhereeras egentng Lie a 40 Figures 2,
3 and 11. Mattddepoimt ﬁQ:enldIt shale, %qmbstlhosiele(r@)calamdm(/@)heame sol ved for V.h

and hg u5| Q‘gm‘tbhéf' N ‘ tll;l%po fi“g‘ Ssa“ & ‘ﬁ’j}s g o I}Qm equat i ons
(34), 3 35) momn mﬂﬁ%“assyé *‘ﬁ% B oy o VR ALt & Un i O ettt sis and CpD. The
sol ution oby equati, d:ﬂsfe(tﬁnﬂ@vps t(lBEl))ttdﬂl’pfﬁ( [ af’posinoh he threadlneathereal ues of AXT

and | Dr aI §7e !aveo e‘b& Eﬂ“’eé‘r’r@{itﬁ’edf frep of shale. Jhisibeiggsthe j n equat i ons
4 an be Fon)unctxon with the ¢p—¢x crossplot to 45 No

(4) a sh, 2 M %Qﬁch and Vsm in the manner rep ese ted in W

consi der t @u@m e1e mOGAyOPARing  Gual x@qe)rundcm % an effect on

the tool r §admah Susp ﬂ@mdl (orD.t angi (pd)en wemaﬁdomdqﬁarlm(ﬂ,%é)B t hat

hydr ocar b0§€ 2 eas1§:: ﬁx@?i)uffsdix?d $ aE ave g@vﬁughocf:f qggons éum ng t hat
(VAR jgnd | #"éich Lémnz é’s &,ﬁisrt@v;ii, T g1 Ve B O g Wi | move
the pol nt acrye&s cdnkié: a(é vhatd hgdrbarbbris e pﬁhmand «as&uemm &iect on
hydr ocar bots t%élreeimdﬂce@dﬂ’@ It piiditbe fresgl rpleﬁlgrr\hﬂlerhy lmaeb srreovelebsa point 50. In
this 56‘ 1&% O%O%QQ mv S‘béiaq a h s I‘t hwest and the
shal esgor r gt kydfd  AHnEMon 6 ea mC o’eﬁ{khﬁand 4oi ne.

Taki ng an axeaﬂjeldaa ptﬁmttShI“&uld as&mtottlm:tonh\pe,st zadldle Gkala cp)‘ireoﬂionatoulﬂ he point 52 in

Figure 15 @mag tt“‘hmnttaﬁess P ecleagsind gt‘f on %& shal e indicators
ﬁé orsf
Slt

thns, assu €10 a new

noves the E)g Bl’ﬁitlgeth@ al 1on rovrd t
posi t N 1 gpnase Rt & vciéisbr |b§tre@s,er, 53, ﬁ&hm%@efactsst hat the

shal e corrercﬁacorhatrnassllab\ﬁerctcmméla movndﬂb hhtyoné,rortt@ﬂthertmsn,tdﬂwest of the

cl ean sandtFicken sapdjilipaindisats hat ¢ %‘édt’&"é‘l“gsr HaATRYY aiegedbiobdiry affect ed by
hydr o- 16 1, 344, 194

16 carbons in the formation. However, this nust be verified since it is

al so possible that the nagnitude of the shaliness correction given by the
shal e indicators may be too great. To verify that the |owest possible value
for (Vh)| nd has been conput ed, |n accord 5 ~ance vvrth anot her feature
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be less than S,,. It is then assunmed that (V~h)ind is too | arge and a new
shale indicator is introduced. Since S.Oor S. appears to be in error, the
wat er saturations in the invaded and uni nvaded zones are conputed with

equat rons (25) and (26) and used to conpute 10 a value for (V.h)8 with
equation (28). Since V.,, and 0, are not known at this tine, the 10 V.,,
val ue provi de%By the shale indicators, (Vih)ifd, is used for V.,, in
equations (25) and (26) and be is apprOX| mated with the foll ow ng
expression: @die) app _=/1/2 (a2,, _f t(38M.Mere ad- and %D are the shaF(e
corrected vatues tor f and rs, .g., the values tor the 15

VT, this must be verified since it is also possible a'nat

corrected data poisbosdn t Loy & b
15 1f (Vsh), beco g mfgﬁtgu ﬁl()f tg‘j)shq‘\l}esi correctlxon egwen bé thc shale f"ln icat ré rnea3 i I?l écl’oCat ors,

it becones the value mfvertfy that {hE [bWbsdﬁﬁmHﬂg/vaﬂdﬂéorS{ﬁﬁ)lnehaB hc;én c@tp@tee in acced- it
becomes (V8, 14) | ldmcel mthtdnptéerétﬂem of the p %ﬂtatl‘@’ﬁlogcﬁs@ﬁtl?ﬂ TBACE [y fakue of

et
Vs, provided by tih rﬁ gé‘o‘gg %}t‘ a%‘t o Iijp“étf"if@t““‘*g*;;‘ié“éﬂﬁéiiﬁr\/ sh). P,
may turn out to bQS inﬁoctﬁcc “, ;JL dppdrs d 1:]1'01', tRQvateL Qtukdtied if thoinvaal t he
di scussi on concer rind gniggded tzoen arfe k puteuatxthtemenm )tusld@ﬁ) @fd std h)COIFP

dependent on 10 20 at‘hlblelfq’t\ﬁ‘é@e lﬂze%‘en S“§%1 Sed k“% ‘E%‘s R ‘I})aI 1y ¥has
set equal to 1toy 3" “°z£“f‘”t° ;émﬂ: attfﬁfo o new val ue

of (V8,,),, is corrpute us new y corrpute va ue SX Then |f this
new val ue of (V,,,)8p is | ess than (Valh)ind, this new val ue becones t he
new V.,, value provided by th@makdie(lfedtdrs. 25 (39) After the best
possi bl e value of (V6,,)ind is derived, the next step is to determne 25
if the new shal e correction noves the data point to or near the cI an sand
line. If the data t‘ertt\ agd jp Pre Hi?’g%‘t“fdtﬂg esclPretirfnd 8P M5 Hor

det ermi ned i f15t he j‘tiéi s,,\MhT.ehglJexh@y @PHAE ﬁﬁfcat@é\st\/&éonﬁ{ ovi d&d
by the gN-)1, cr OSrﬁepJ; of Ve, eromdt tthd's}iddf maiaddg s, iabeeones G5AML Ini this tvhn;,
formations. S. andt 8§, dsoap@lbkem#fugllend ofaWdl P@S;’éqi ltYottht@ Rne?%gi@“’-“
end, if the reconp Won 1" 2ht
means t hat thettgiég °‘£o\‘§i ﬁfﬁ? %ﬁg{ Egﬂiﬁll}%@.s tsehat;uaf Bere gafée)f;ﬂo 26
hydr ocar bons. Thl SappﬂOﬂm&fofle)Ct(Vsh)[Iem 4 hat vdilheaf dhswes somprisd udesdthp pevihe
OXN- - D crosspl ot aquttth‘o e é By n‘t"‘h‘*ga “@é’%l(e‘és*g) i\ g"[‘aﬁdlvs‘)mar%‘s i
conflict. The | Og|‘6‘5] ffega'gcé fwi gﬁeéehid %stdeﬁ (\{eplx;-}d Qebrrhie 1 00 25
| arge, which % al i‘l‘@ﬁéﬁle@siﬁﬂ&ﬁﬂr hj’lrh(y/esltﬂe YatLpuid o ér arr’tﬁt:nd‘lkﬁii sandl lihes Ifckde | ved.
Consequent |y, (Vbhdatachoidbstill movds ast tlhecleadgagd blasled d{:}ﬁmlnlﬁd léFhF F@'Ptl"tth]égsslﬁfa? e
corrected data poi Wh ‘ihSaR%h'e’éransﬁ’é%ﬁ’“"t“ﬁﬁ b fhe As %%e s are

st i
resistivity t Ol S &s&}téx%fré%orggﬁéd 951@%% él?@ ali‘eSr W ute Qﬂ&ely elms ttl?&ﬁt S30
and S.. are bot h f kiR log are\/ﬁdmanagmiatttmsammd hydco eTars, eht) inprgls

changes.) Referri ngatbmsweetﬁq by 5¢H'fe Jopand ? teg‘qt‘r’ﬁgf 53 on
the crosspl ot indi%d &élfgallg“ ICE) S“ gltc e:aa % g&‘ b)i 0 g)i;

poi nt 53 p| Ot% g nGQ:Fcy the shale rreEt [Qﬁhﬂlssﬁi&dleirltﬁb&.leavﬁﬁﬁdlﬁe tshat
the resistivity tOIiﬂeSo; ﬂﬁnestsbetyabdisendxhatrtdq pnemh: @hh}émtdn!ams (&ﬂ@allttherse agbul d not
be any hydrocar bonSeffe t!lfa gsht“ h alll thd T mn‘@io J ON ol3f 0"

vi ded by the shale. Q{g’f h‘gd tE %u‘icar; Ep 3 T 6 notiogt nal |y

m!inca Iroon ~CIic

pl otted point 4Pl L& tﬁehc%aﬁﬁaﬂﬁrlulld Hﬁurﬁdthithl& Pitivity &b, on'EhHao el Hinddketthe shabe
correction vector thsretchmmodéq:maﬁctl;@anbv)ttqﬂ’r}t:);ﬂl(}t};l‘g@r@@@ﬂ of. ﬁﬁlelsereftg;n Pt ur ned
ato i
to or near the cle to. the ancI ine at e ]toﬁ, g%he lenal]ger Eﬁ\‘g%lia sénaj%\ﬁitgr ﬁv@g esent ed
through S, and S, decreﬁ Tnﬁﬁ’- fthef! tHQ(fgﬁt ks! b€ 1o Ea@(ﬂ&r ﬁlsan45m£ I'n
this latter cgse, tehiiviy togls m@tesedﬁa ahrpgh I8t ab? Si, sndtcatb raemtsedhtm vf Iaét@mbd!ance 45
wi th the magnit udeefisft. Inftbis kntelr ool melf<¥a@d3t°mt ?‘?ﬂ 2 thatgt‘et" 3 e assune
that the shale cormﬂndg‘éfimf@thp%dé@ fect. rﬁ}f&;ﬁ VohoiG tdR gt }f;gdlbefore
the resistivity toqgnsof%i dtScarBbhs! 13 1§arentjfﬂh9&c161f S sQlﬁ‘eégl’aﬁ)ﬁf‘tﬁe cldaf sdnb lise. event ,
the vector S5lsgcl os@is téhehcg cttof)mtohtg bt @ditial pamd2 lig ﬂélrecw parallel tg)l’ e gechhas t HE
0 \' a da
S o by ind L erg‘ééhi}%w& AR L R ol b AT vector
- £ rli 1
to the initial dateg Qoﬁg correct e ?orrl the hydrocar bon effect Thi s
corrected datss poi nt Bfen th eOthtrehandanlal Syﬂé‘eei)fllsvedtmelt 53 kﬂggtou?} el Tt h 55

o
manner di scussed ek F‘eg %}er Hefisy glm Pgé‘%g ﬁf’“%t lion D5 o

on the other hand, plfrﬁéef il the IMIMSSI Q@onmﬁﬁhaﬂl&keﬁ he V\ﬁy
55 back to or near idhe iicaan oSBiﬂd)cirbd’ﬂetf it had b&lnqﬁﬁuemmieddat botlp8i- mtd H2armoul d be
used for thisépur peseientlynlesstthiorl wopdiete thh sl hifgrarbe theyvahe ebiiden 60
correction. Referring back to the point in the discussion where S. and S.,
were both checked for an indication of hydrocarbon, if it had been

determ ned that both S,. and S.. are 60 sufficiently less than 1 to

i ndi cate the presence of hydrocarbon, the value of hydro- 60 311 17

1, 344, 194 17 carbon density ph,

fro
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5 t he shale indicators and value of SI, (01,)Bh and (OPx)sh, picked
fromthe ON4D cross- 5 plot or fromequations (34), (35 and (36). If
pl, is greater than (pg)iiiii, i.e., Ph- is acceptable, it is assunmed that
t he answers provided by the sol ution of equations (6), (7), (10), (11) and
(26) with values of (fn)ah and (' 2by)sh produced from equations (34), (35)
and (36) are accurate. Then, know ng 10 VAT, and.,S, VO,1, and Vsil,
can be conmputed from equations (4) and (5). ' 10 Turning to
Figurg 15, this operation takes §5g 6prmof noving the shale coryected

poi m—%ﬂﬁmﬁww—%bo—mmwh%mﬁﬁ%andl I ne.
The corresearlpmrdchsntogpt;;mseﬂemteqtmmnd(ue) trol (13)dis olecked ondasminbé appl i ed to the

ori gi nal pB é% A vekye of ?‘Pt’b“l’;t*mggﬁ l%"tf'af s WA, This is the
| ocati on o %E' (éfg“l;]f lve us‘f ﬁgf gé‘ﬁ Ey hydr ocar bon.
Conseﬁuent ,shale hcﬁcaﬂ@ zﬁ\ﬂv &Aofcﬁﬂ(tp 6 add rﬂ\ , Piciked ifdomziiel cp\l—ﬂpp crossi O COBJ unction
with the pelotandrolvisequanbnsrﬁm (&) andh@6)bN- 0D crosspl ot to conp ute g and V-h

(or with e (S SCAT Bdedug) e, ’6 ik th Ehﬁtaf‘ Sof this point
58A al so d % e “;‘;:,‘;ngtq eas &ﬁ &é}d nﬁ%“ sﬁfésg th| n the shal y
sand @rea i, ah}ISIW,QSﬁﬁ) csa;ndcb pisiedt taen & tfonsl(m)lhﬁl s 20

torres pondl qr@ng tqunglm]Seth @pgguog;mes the form of movmg the shale corrccted

20 1 e R, TR LD R PR LIPSl e, 1 e
Phy had be f ;‘sqmtnl? chttoh,ssAhﬁﬁsasth Batioh 6he I a’g bigtfhs t hat somet hi ng
s wrbng- orﬁeoujdffecttddebyrl@dxdcarbbm onsequertippis peibt SBAan Waliﬂlseutﬂm‘d inA | i¥ely

candi dat e °§1“t‘ g‘g)eﬁn Ve linegjofs @ Plgy-oi ﬁessm’atoo £wpte %9pRdeY i nf | uenced by
bor ehol e of i qhgg?&gsmhsm 9 P val ue of

S., is conpbe sss.umgmtl e\l H&n £, théJérdsspiloe R dhl &mtxﬁ isi n accordance
with 20 25 &Iquatesumdu(thB)the shii¢ sonecﬁhat ion is rather errpl rical and |%ads

d test
general l'y {c égi@ﬁ%@q:e is a rmd or?%haeml%];ti hquvaa;o —one 'm?% é"(%nvaj ue of SI,
desi gnat edig} ke b h V) mg yiue Rc%%v@rgﬂb hom the RO tool,
it is aSSUHBdooI,h iiffuencadad yl]:ﬁre @Er.rmbttt chéch misR( appexiiteng. On t he

ot her25handyaljefof :@ mputes,i nemefrluetqﬂéngmmlaf hraIFtQOé)mtah@rdamMéhof ?5,, 30

derived fr ir asp 1é‘fsreasonabl y
accurate aﬂ? fh g@;%ﬁ&%@ ‘%"é ad?dgfmché“ ﬁ?’t 52§h gi ven by the

shal e i ndi Rabmxsngoé)nmg: ttthmhinar?@m)%wm 6ryegual/fbj1ﬁc vaiuedes,t eased until the

Ph, i¥® equfgriveddr i Sonime pibRroussts edithat s ¢ ted to
enab: e tﬂg? Dg}%}@ fq]ﬁﬂ i V(ﬁl @%“&Q t%ﬁj;{g&l ongm()g) (7),
35

(10), (11) carl:(o eﬁecuﬁlcagpd«ea 10 @RabR tm{ ntadaﬂpl.{té 5 VQOIaHd3$e, jth equat i ons
(34), (35) eqaﬂdn&’ﬂ(s), (7)Rﬂ®n(1t1)h(22§)3usmewalvealoﬂ@s) (0And G ami b@salamals new val ue of S.

can a¥5so ) "al ‘d"‘f‘“’ﬁ | t #eous
Colutton of SR as"?E gt Bt I BRI BT | Pevhe
operation efésea&eluﬁwmt@t bn) goinels 3|»ﬁ9astnbﬁdsmer&t&spodts&togmaﬁe@dmarI i er where the
dat a poi nt cagBn t ‘mwéd “tbablm ttv@ ntmh%s1 tpﬁ)?rmnﬂ%tatpemgiz\ﬁeﬂt new pojidr o- car bon

ef fect0 vectBr’ gg g w 52 90 the new
Naw! eosnald Gordls n%%s% 3&2&

poSi - 40 g pfidtecna MrSéoSth o b ?ﬁg :&a Y

40 Now, coisSiepiaed mvlﬁtztlreh [{3 enshawpemectldmereshaﬂpmomog meunuabdntamom or noves the

pl otted da3a itip: g is iggompaible wifh the Ridterion 9jf t he 450
sandl m:g’airg &@i’fé fﬂveglﬁihé aifﬂa’?e Asﬂﬁtdg‘in Ity phal Bcorrection
vect or 49 gmea\uyrt@ dhbile indRthtbrs @las chadea bnouhﬂtcnﬁiB 1ho vIRE o @S ok Igglts 64. Thi s

situation mgccurmorrratl ble with the underl y| ng crl ter| on of 45 t he

met hod t hay f“h ﬁ Y'?" ﬁé \Eﬂ sm houl d..al ways be
equal 4’:522?{0 léhgfﬁls gd@:%li:%hoc e o0 ;:\ielé: tﬁsgr ef ore,
assuned i nintthis and:am&hetdaﬁuallwsh yglvalmflu;e shdlbecosdftahe!ata pdnt@&ﬁ@i\&n was correct but
that eithebyithe value of Oh or ODis inaccurate. This inplies that either
"bN reads too high (effect of borehole | ar gement or nud- 50 cake) or
the density of the s rafn S locably increased (spy too low). Then,
{x is 50 checked tomgtg‘p‘ Z@'ﬁ"ﬂ“% orrpatigﬂoi with the naxi mum val ue
that can be expected in this sand. Mathematically, the Ax val ue of the
shal ecLcorrect o S O rrekedd DL 4 (\ggh) Zi nfd (i
- Sl )SSC % qg %ﬁg@mﬁ% r}""T? 42 i ?tgsh ﬁé,?i{;gtp )éorm"t%fia(!l\‘p(ﬁJ O%%fanggn £hL| s adj usted
until the corlneﬁztedlﬁahlaopmtm lsfd;tnt:@d b the lyector B5 mb&@g dwrpdirgcyd. | n Figure 15,
this opera?‘?"tﬁrﬁ“lrgad@ i Rotii 4o (élt“éﬂ‘ % B osoplinglye the 19l E&%tdi“éct ed point 64
vector 63 &m sa.tne

63 is m t ¢ sam 1rect10n as for a
to a gew philihahe e d &%@ el 8e oSOl wld 1§ O iggi nal data
point 63 is noved in the sarre di rectlon as the vector 65 and for the sane

=

di stance 60 thereasto the new position 66A. (Note: In this case, the
original data point would fall 60 18
1, 344, 194 IS to the right of the

I|mt par abol a even though not shown that way |n F| gure 15 ) Th| S new data

~ o~ R - o o



If ONis conpatible with the above test, then it is assuned that the val ue
of matrix 5 grain density, pnis in error and piii is adjusted until
the data point noves to the clean 5 sand line. In Figure 15, this
operafTon 15 depicted by the vector 67 noving the shale corrected point 64
to the new position 68 on the clean sand line and the correspondi ng’

novenment Ofé the original data point 63 to the new position 68A. There is a.

limt on th®& amount of adjustnent nade to p,,,. p,,,, and thus qgpl, (See 10
eq. 1), is agjusted onIy until it is eqm,a441190 a predetermned Iimt vallde
of matrix gTdIH T density._(Th The exanp given by the vector 6/ 1In

Figure 15, it was tabsrightdf thhlimitpatakoly qv BEWU%HQ}P‘NWB % 1 fg“ % d.)
Thereafter, O . i %c"%lf‘ﬁtau%"tmé&ﬁ f‘fln af’ﬂ%ze‘m’yetgﬁ crgsplet 17 fiek Fhag{g? ‘éa@ure T nli
di scussion up to B § QW Rhpdiss “aswmetektamealheasﬂaﬁeatmthemucownmk fall in

t he 15 BNl i ketain danséy.pw lif in @erproindi oo, fsadjuged yntibthe Hasa Emﬂtlrﬂeeqs ‘&m it Aust
first be verifieds@aAdng @r*ft e 151;11};3&’%?5{ '°E %‘gfjaay Bepsor f Ay ES
di scussed above c%ﬁvﬁén& AW itionl GRANOW PI € urre to be

doubt ful, other dataTheé 1s|al'lfnhtl&ﬂme&n$ily(t Mhﬂ)uhﬁmﬁ habetoaf.f & tnd Busys8eet 0 _
control thesad val eed)anaijised eldr pid it tl’Oqualamdpl;?eteﬂnW lig ‘éﬂlueﬁfjmatflﬁgr ’écor d¥hce
o th ot hor T eatur dSxEn Sy T RIS, PO G AR 5 T o
the acoustic travel eihdde 2 corrp n accordance with

equation (2) and t hewadhmmxoﬁp Mshls pajit\henssDyed ﬂha the da@@PoigP do aﬂdaltéamvra ra
shal e indi cal®drs alplé‘dmaie# |I§ H°1 tdalls g pnligely af'aﬁnﬁl St ﬁgt m‘{@éimce , t hes
corrcot o the {8 gkeeg P i L LR B O
forth above. Bef OrgcdairslGhESSIalteh 2O doftert ACAHAThI To thisax\&‘nafcdoﬂﬁncﬁl&/ltthvmd'
porosity 4s can bdeautdslof thegresent m;nmtecﬁw dfavsay paderived rornnth‘t St E % are

it would firé® berﬁeaslfl rcgeﬂued i aqexance; (2) and r,ff canth
mnja_ray shaje:in cators are ut1 ized to cor il
calibrated for co ong% tErpcﬂlta plinfléat BE srdl)4cE ny‘th@ ﬁan@ h&rforth%&)vk nport ant

features of the preSGSEfbreldliWL&d'Hgllﬁﬂ theTdabuStictr armtrdenved:mqrsemslcembefadm@r is

desi gnated Cl, |t t sorierioias falkiegt intthpoung Yo@i‘-at wopld dirsh §e Vé;llﬁ ‘b wﬂ Weutrggw
tool is reasdhabl i O;fslie::‘ur@erbfrﬁg?a sl FR e
that the val ue of ty given by 30 the sonlc t ool |s aI so accurate

in clean water sands after it has been coritected for com paction. Thus, to
determ ne the nagnitude of the conpacti on—éﬂjrrectl on, a crossplot of O,
versus U-, can be used. Such a crossplot i¥ shown in Figure 16. By pl otti ng
a plurali ty of poi Nt §t Rknéviethétnhic PREsRY Seadiby gwemstsph@m;utrm ltéohds F@sodaddycr i bi ng
the best fit 30f thecuBE in cean phiot tadi. Pob abs kiogn hip of MRSt AL het wédn
this line 70 and arhqtrgrr;rergz}gstg% %Ttil“rfg e pﬁt@iy}‘%ﬁ Ci’;lgcr%"ece? BossBl t 1/ C, ,.
In other words, miff lpér,y,g RO gflc@& Rf islshdwin i MFRatutedt 6By epldrdng
statistical best f pldrality sfepoin@ ohdletmhecrmsr trpssmot i Nre 70 B crtbhle thej bass figaf, thﬁI—lavr 39

determi ned t 138 facteed R?"@S Canng %\K/ thtSdmfj ﬁﬁ’ﬁ%‘h fﬁ%lgqfil ONS
e 1 ta :ﬁl.ICE lln r wor &ﬁ o ?%zp

the sonic tool in Sﬁgjl%g OS] g“pgc}j‘"g Dy &k i ndex,
SI, can be 40 edr@med g fdclr /q;,uate nb ,poisilBErtedd:t&nBlhmM‘tessml@d‘] a
crosspl ot. A stat |u§ttlnecmmc f.onltm(slﬁalesrﬂév thld@ncbelcrwselogrf\ﬂevﬁriyy&tt fridex, & GS‘S ot

gl ve a line 7 Whllé‘hi fRFfEﬁr Eoeguglt aslme sﬁv&cpch 111 et at;fgrll

i ntersection of ”ﬁ i@% reorse%}mw CN T oot G $ES0 G 6g1va Qal ofCHJEh | n pure
clay, i.e., ( r‘;dlretdn@ il.el‘,lt(rﬂ)’ safd the mtepkctibhbfshib lineavit ST SBlgivesSH. in B¢ vis Op in

the silty shal e ( sh&d By Frrarnoq!nstdm shecralug oft thén 4ps|shple fomation qap, by dgeraifed
formati on carf’be dBtESH ‘ﬁ@d pwm the cquatigls j ¢ 5 it jndex fromthe equatl on:

hush = S, d
on e G- oD or dsspl ot ot 1 AP 5“&? C{%i({fr?rhpk@r@axl?el"sa‘”)"hrfﬁte aiéﬁsf."l:”ts

derived porosity Ol, at eat the
val ue of porosi 1y gi BEB ? e °r§,qris"’t}a§£e§”‘t’§§li’§ S SRR P oust i o
derived 50 porosity T's used i |ts pl ace. However, the data point is noved
towards the origin until 4, CD = 19 P :

1,344,194 3 "E“ 19 This correction is

applied only when shale content is |ow because it has been found that this
correction i sonot e lelof paodiyightebmihe neutrbxetoblos imadciratn andsthe hahsyic daflveds 50
correction is grapasial i ysedipislast) Howeves g desa pBntdymevedtoyerét B¢ o8l Vi ng t he
original data point 76 to a new position 77, 5 In addition to

usi ng the conpaction corrected sonic derjed porosity 51'8
Cl, to correct unlikely data points, a shal Eness check is al so nade which
will correct these points which are very shaly. In this regard, a val ue of
Vah is conputed fromthe new



position 77 of the data point after the 10
10 CD correction and this value of V.,h is conpared with the m ninum val ue
of VSh conmputed fromthe ganma ray and SP shale indicators, i.e., (V8lh)Q&)

and (V,1Qpz If the value of V.,, conmputed fromthe crossplot is |less than
the m ni nrum val ue of Vs., conputed fromthe gamma ray and SP shal e
indicators, the data point is noved in a southwesterly 15 direction

towards the intersection of the line W CLd of Figure 2 with the O =0 axis
15 unid | these new values of V,, 1844003t he corrected poi ng on t heycr osspl ot
becmm%—mmmmepmﬁm by the
vector 78 Wblvncwg:cuones enpied ondycvied Shi@t@nmuntowwcause ighandwndomidt i on 79. This
rew pos 1 e S AT T ggg'fﬁfes*tﬁ% di scussi on,
i.e., ﬁ I;e;spo%'i‘cfs tQ i ni t| Edat nts di scussed
earl i GI‘ In addmon to using the compaction corrected sonic du.nved porosity 5 20
After the best values of VAb Oet SI have been conputed in accordance with

t he techni ques di scussed above, thé’Se new val ues can be utilized in
equations (25) and (26) to corrputea;ew and nore accurate values of St,. and
S. Al of ]tthl S datlgéy;l/%l% Oevpga ) ando -, can}}zt rlllecgmbcfepjré;clolrded as a
function of° 1 a S EIW 1 Bl ally, new

val ues of % ﬁﬁﬁz Eha?,[ H AP a‘h ag'% %3 lﬁfogld’u‘ﬁglfrgrf’ﬂflrfeaneous solu- 25
tion of equatl ons (10) and (11) using the |l ast conputed val ues of
fe Vh,, Sxo and (4P )a and (OD), h. #additionally, a parameter representing

t he fI“hld density in the invaded , (pr)Xo, can be conputed i 1
accordance with the expression: (PfirJ xo=1 .7 [5/7 (1-tPhy) "p% (1-sxo0)]
(42) 30 corredxibaliaid bia &hlheyof \L,hecqmpnxmeam {hbtmldﬁ:meamehevg@ tedd i N accordance

W th one og""!‘ ke fagpma fast’hfwé Sll’ghﬂl 1?%%(&%&6’@%3 |a%@’sh)sb( If:thS\XﬁWEZéB) where c, n,
and mare gAefRTLS &ﬁﬁg “g,l rthf‘ﬁﬁ i) il B e 09' c
consi ger a- drdcBiSowdds t el B3 rst0fl the line W, CLd of Figure 2 with the ¢x=0 axis

3 35 until these new values of V,,K@dm the cdm‘bb¢tqsdrpoﬂrt on e ferossplot becomes equal (4+)

35 where W9V g'i"v mBSP’é fidd F(?ﬁgﬁvm YRetpte ?Seatnaqug% S,, is

d d
appr eci abl oo Rk wﬁiﬁ‘;,e 9 bl T 40 ot AndeSo GRS, XQg. when S.

i S Nobo apppeifxs abdussed Earligr., | €SS than two-th The choice 1 n sebeecting
equat i ons égls}fé\ft@rth o Yes) vahliespd riGhs ¢ ﬁlmtbertncemlmt@ixxp@mo@memthﬂt@he area has

shown to a ues discussed above, 1he g; ( )and p| it s
possible tg, @a&fg Y Bt 'E"rﬁciféﬁﬁ@ a&‘}aam% ﬁitsgegfsgﬂ’{%f &&dtbon and’ the
wei ghts of smr(ahuy, mesvaﬂmabf st ho@ tdpgity pl.,rtazammdvaéml@ smdtkneﬁdeeohf-ol | ogd ng

expr essi Onsl 4quat1 @ 10_; agd (11) usig g last computed values of ¢., V. s]u 20

x)sh ATl 1t1onal A a parameter fepresenting the fluidde i
1,344,194 mvaded zZone, (p, oy Can be comguted in accohdance with the expre x* Aﬂtéﬁ ?I nal | y a gas
ree gas in fOI’I’TB.tIOﬂS

|ndex which permts 0s tore gnlzet e presenceo
can be derived from val ,9 and, 4'N as follows: fs/CpT -
(4d) (47) I'n wat erpg)lio o?l E Qghf ch%'é’ﬁg]a $2hre mat hemati cal | y equal
and GI remains close to 5 zero. gas zones, the porosity ONis
decreased dudeiitnallyt, e dewatilaon Kedah fbaEanaﬁted)ﬁn dryeekdatee with ogeor tharfolyas Wher eas t he
val ue O i dovipgurap lexprisyiesp eased- conseg@ently the (@). value increases
significantly above zero. As di d earlier, there are three forns of
shal e which can be found in any gl vem,mf ormation, nanely, dispersed shale,

| am nat ed shal e, and structural shale. The 10 vol un@3pf each of these
f onns of sh Ie sho ld e Th . . 10 Vsh = Vd
LV + Vs O s S 1 N it Db P elsR Al SRATE v, i ¢ he

vol ume of Iam nat ed shale, Vntr is the volunme of structural shale. 15
These fornms of shale are Qs D@rat ed by the manner they affect porosity
in acédrdance 15 witKthg;foll ¥Wfng expression:- (4)

where W, is given by equation (21) when water saturation S is appreciable, e.g.,

greater than two-thirds, and is equal to Sy X¢, when S is not appreciable, e.g., less

than two-thirds. The choice in selecting equations (43) or (44) depends on what local
cxperience in the area has shown to apply.

40 With accurate values of ¢., Sy, and pyy, it is possible to compute both the volume 40

of residual hydrocarbon and the weight of such residual hydrocarbon in accordance

with the following expressions:

rhy =¢e(1 - qu)

Weightny = Viny X pny

(45)
(46)



Ce +Vr) 1 -VL (49) Lam nated and structural shal es have been rel ated

t hrough the follow ng expression: Vt=(Vt+Vstr) (2VVstr)

(50) (50) 20 This distribution can be solved by a sinultaneous

sol ut rom of —equations (48), (49) and 20 (50) assuming 0. to be constant
and equal to the value of (@)IlIllax given by the 4PN4--D crossplot. *Such
conditions ghg often considered in recent depositions. There is no need to

assune t hat . is constant and when the sonic log is avail able, the

fol |l ow ng ex?({es- sion can be substitut ?344131; equation (49) to thereby give
an accurate_fndication-of the 25

V\B.y' Additionally a gas index which permits us to recogBiza the prefeliceof Yope das (VL + Vr
') ("sphl (51) whérfernfations canite dekivedfrovn medalies ofip.t Ge sstndvi st foloat: rout i ne
depicted in Figure 17, i.e., ( IS deter ned from Sl and the position
of the calibration line in accordance Wi A’ &guation (41). 30 In

t he above di scussion of the analysis of theg, Us and PD data, it has been
assumed 30 that t he shal e i ndi cators had al ready been properl(;ﬁ)cal i brat ed.

Since the 4.; and, QD data. for t t|ref r8kmd eg to
comut e seveial DAL bl N R b AR R dur 05512,
13, 14 and 15, thgendatgas dl&EehsVﬁ valbees, i h@alfyonmted-emnseqmeeulwate @) veteer est i s

anal yzed for cal i breraas¢sgignificantii setfelfore the q:

anal yoed t0'pr ovuge M Sperir it i dicl eon R bl s
prelimnary, 1§ i rstoumioer B ae ff@tﬁ% ﬁoﬂlﬁeqdaﬂV@r'nfugt ation sweep i s nmde.
However, as can be seen froma nunber of the shale indicators equations,
hydro- carbons wi |l have a signifi canfs=Yset-Yon the shale in (It at or
calibration. Since the extent of the hydrocarbon effect can no

accuratel y det er mya@d viniidle vohife shaldpersddnililgat or s 40 have been

cal i brated and the shakeisithedvobene of Bminagwd shale, be properly calibrated until
the 40 hydrocarbon effeitths Whgsrbimpryebshaly difficult situation arises. To
over come thi g5 pr 0B, &0orhd bt 3k Al ABiadlL) HRINGKer inBPAMed: Rbtbsith BadctsiRce Of  tize
present inventi onwith Heefellosing episessibn:t he data are nmade. The first sweep
calibrates the shale indicators with the neu%gon and density data, assum ng
t he absence of hydro- 45 car bons@ Eond sweep, a conplete
interpretation of the data, including SRETyBis, YE+9, 21

1, 344, 194 21 of the ®%drocarbon
effect, is made, ysing this cal Indi-0 0
cators. The hydrog“é'i‘"ﬂ%i;tj a@?ftélgtm hmresect el(’f“ﬂreﬂagd rouﬁ theffotltlzs“g% %E“sﬁn g sweep 2
to nore accurately recalibrate the,sfaleviy@+vat¥ry. It can be assuned
that, after this second sweep, the shale indicators are properf

cal i bl’ at ed. Wev is itﬁrﬁlagt%ntcbnebcssglai eli Ians%lﬁé&egt{s%ol&mn of cqum}{ﬁ @Qt (45')82\63 be%

properly cal i'brat NVBERnstant SiAQqualltcBthdvabic 3f (pON.. B By SheSo L, -
ing sweep 2 nmay berotspl&CSM:h atnamoﬁEhm efen cadsidepedt il iracaht s«mwpns Q‘hmadew nedanal yze

the data using thée saeglte St@hafldewfie PEsis avadablen % desired
coul d be madg, Théif’é @fb@ ‘i“f@“é} ?/\F%’gbye%é K" & a?l"(’ﬁih%%fvfg’ep. 25
However, it has been oun ree sweeps are sufficient in nost 10

cases. bs =ty + Vi + (VL + Vi) ()

10 To meke the shal e indicator cal i bration as accurate as possﬂ?l e, data
falling in the unljkely, ,ait%@teenf;nea QioRiChE Rarltital RUGRWRSRS Jn k217,01 NG t he
final sweep 3, thig),, gg kefrom SOakiahd sitamrof ﬁretcﬂtﬂraamdmamadcytz@dce withese

t hree sweeps corrplectuswnvﬂmt |s deflor%edﬁ asl tsh)eh i nt erpr et at ass Pl‘lgbl‘
15 to thé | nt %{ Frbtth%‘ gn alread;%?ee b ro T 3@::11%‘ a@:%élgncet g;ﬂ{glﬁr epare

the data for the i tﬁcrentlr lnﬁﬁ&ttfﬂ HelNis BRE S0 ute Qevhra, %ﬁteﬁ fonthisf equency
crossplot. (In a pupsendyiced asEplrat12, JBhH adhate dfa derived gver Hatformawbat a poi nt

fell into each deﬁntﬂ@éiO%e@teetrls palzgdelo LFurResss pfqrfhe > #pd Pngadlct or
| ocation on Phe criy BPY ‘Z‘ntgrg g‘l& ko G Do pP T Ealt & R Be” uSed to

calibrate the tool s vr,tt;ess.ﬁ 8CEeerd ﬁ%.paﬁmetfan@shm §131dR 6 euarivhd, hetg- i .

Sl., (+z)nmox 20 carbongtvill ha@m@tﬁmnng?etthe ttfelshemmqmws cahbragme&tlferthectet@all the
data i's corrected o 8r hdpumpmcliser gp 8o gtc‘ﬁt& Sahiaviein c£§a::&t%ﬁ%e :
mdcake, “cal M at .o S e B 2 P A Wit TNRRECD.
into porosity uni t r&HmB T li)ibylexﬁEﬁde:foﬁﬁﬁﬁt\ﬁthad’d&r wofm:lt If&&xd:s fot)lthe
variations in denspretseyt ingentiont Itieee # einthe vete @re mads Bej fipit sy P Rélbrares

conputed. A | og offt d(t;,“éﬂ‘is “;f%%;?%{’ %ﬁlﬁww nfﬁ a}.‘ Sty a
for the fornmdtion FREETat <6F - re atconp g

t hese corrections and corrput atl ons is well known 25 in the vveII

| oggi ng art and need not be di scussed here.




After this prelimnary pass, the interpretation pass is run using the
nmeasured data at each depth level as well as the paraneters derived from
the prelimnary pass. Con- cerning the interpretation pass in detail and
first considering sweep 1, after rejecting 30 data which falls in the
unli kely-area on the SP-qQ- crossplot, the data fromeach depth 30 I|evel
I s anal yzed for shaliness according to the position of the data point on
the gf-P1, -crossplot. By so doing, initial values of g,. and SI can be
derivgd for use in the shale indjgayqr statistical routines. S| ¢e, during
t hi
hydr ocar bodi tefHyeredarbo effsar;, is amde, (:8)g 1@i8 Pre(iBinarg adliblaont itlei sEaOindis ’tead of 35

equat i ons @8, T(lﬂ)lydlé?bxl gl ¢ 1162 d dafhu%fhere tiring sw¢ eséértgnehr@LQ) in

conj uncti Oa@r 1ecat gf;‘re % %?g)a‘t::n %gha(ttﬁaéxale n 1cat e sufficient to
sol vesfor hLiyehenRabang g sheep ARG Preerprbratop las ddrl  hydy ocar bon
effect in ihpeteeeRingy $¢ 1nhd&®ratp&fl&tt&:taeashqurs®ebudeﬁladayo tlalyzesthatdtst i cal routi nes
may be in Wing de. reqies o da(:SCII‘I coulﬁ ror TE{ substant i al I elj m nated dur- ing
SUbsequentadﬁ sveep owever, it, has bee xéd th Agg%?g ‘% tﬁbve been

cal i bipat edcagmrl ng sweep 1, it I'sS now possi e a conpl ete

i-nt er pr et at i o mgke Ithezh ndlhear Glibatieh o gccakate as pqasﬂ:lﬂodgtumihg grthevi th the
cal i brat ec{"’éﬁf}:ﬂd €3 iy dfi%e &F Enm;ﬁ%gl iaed ¢ JPeing e fng) ¥@Sp 1S ‘PP t he

a 18 cor d an

i nterpret at ' Hs corh ‘fsodegmedtabQhehfﬁgér%oh%ss’eflfrﬁpt can be
accoumt ed thalie 13tbnpfeanuaiaues “p)cfhn(lﬁdgﬁ‘ﬁatsf’ is Qursio @repatathk dfh &r @i éitert hough not t he

nost accur tetmngbaﬁsﬁl wfa‘l’ ; S Ot ffreq cxlsrossxﬂlot, .

i nt erpret a?i% e ﬁ%ﬁ%@ giﬁli’ gﬁ)"f? gfg cg‘flfﬁgf during sweep
2, nore  used Lamﬁeuﬁeat,@s a\ﬁama&tm pithrfet ralkeSSBVA) mﬂabl e. These nore
accurat e vrad tﬂfescerame thetfirdt ipzse h grentar @erail, |tlbr:mtaes toluectsirfaﬂ ertaxmdnrctrat or20 Thus,

after the P&quf&’ F:t‘F‘@B?”i» ﬁeécalfeuﬁfllkraw’n e zcmrfrheld fsé i ndi cators
T be AR *°%Ye@pmelﬁjﬁm lﬁ EEERIBUAEET henyar ovar bon
ef fect. 50R,, can be uscdt giviy m ﬂ&f&%tﬁatl’ba\lﬁermeﬂ accurately

cal i @s5at edintmrett va #ceqmihmallt@ theSt5®>rra<slen8tdnésenmmwry icwdli kpowt ed Shal e

i ndi cat or Smlt surenents to
meke a congle eeam 'E’b“ f aﬁtﬁiﬁa@f’e@ ‘ﬁfs lsmu%%g‘gﬁpg:j@& This is the
functi on ofernigamp ma rp@dftatibh) @asé [t d2rairaed ist oMsiqeeisESswedpul,iafie) sjvasiep 3 data points
falli3®g inda welnthf#uswegua#éaara%@ta ecps lgﬁéﬂeém &emegth depth hat 3o dept h

I

ve mess accor oint on the $x—op
lLevels wi l ros nitial va or use in th

ale
55 Fi nal | ymm&ahe tichl igs ﬁma&p&;g Ssule® par £1 o£@r di splay or
recor di ng #me akeHen ob it trbtedeﬂeéfmu ameetnér(%) o bpuiled ngead ot i nterpretation
anal y&i s, q“”é“’ns( % ( (11n/ ’Cf?n‘?éilo AHOED coningtipnafip efig- out it t ed.

1ons ( 1ll be suffi or thesé dra eteé,s

Addi ti Onal w¥ep u}/sEajl bon| cAEH Hxaftacﬁ 1st ﬂﬁ}ﬁfa ed® tH@t ural shale,
VL, V,,, Vs'ﬁetnst;cal[}&ftiﬁ& b 'ﬁnyqrrog&!:‘owhdﬂ €his, crfoﬁﬁ isubisk IIIW nfirate® Bur- carbon by

vol ume andingveybeh 'eem $ygtok vol une l\)léleat é“ can al s?mbe conputed for dis-
60 pl@y antg)n!iéfg) m%ﬁﬂgﬁéﬁ r§ btt drp i coni%lly ion hgtﬂzj r6§PSt Ivity
data can bgiisREDIKEIE thikabrs, CRARBAL g% Eb B @hehtkglorabn pial Bur. Al SO,

statisti cajlng cwed fZJ tht eydm;arbcin éfﬁecttrwsbe wt:nuu;tbd f;»alsmdaeraluse)d(‘t'.ﬂmcearal uat e the

reliabilit al!? ple e Corr £ % 2ceisy mca;ﬁéti%dp ﬁﬁlrf“al;t‘;galwgﬂ%ﬁ e ingdicators
can b% Co gg}tﬁ a%ﬂl.d l, m are 1l);ble These mox%@éﬂugé v axgzr SEd he

under | yi ngtotr&ﬁllﬂi%ththe Sha&fmd:d%&rsp’l[‘ﬁfs‘ eifier thélst@i3tidalroytinkst rum Buring sweep 65 2:2
1, 344, 194 2, the shale indicators will be accurately calibrated including taking into gegouptosi bl e t o di scuss

a spegi fi cHERERMY B Lo B SR B\ Sk S AN 1 S
CoONNETt i ONyge iHoseVHowly QalBRred QB 1@to§sanb'i 1o PR @ HerR wagggmpput'er for
per f or m ngmédagensena lto/ male aabmpltte wwelLfinal dna-pmsm fll eacht depthi dgeldligairpUt €r pr ogr am

for use onthaf‘glétmﬂr"éFW ?Df %&lﬁmw@w 3,8 falling t he conplexity
of thg’ anaf %ﬁ%ﬁ%@ %Ctg at'no depdi aﬁ??ﬂﬁ *bn, g is

consi ered Preh4@b,abd Bard Gbn&phﬂedl H\Zr&:gtsh&pGQEYBttfbﬂd fof ﬂ’@ﬂaamraap;aagch 51n this
connect i on'ﬁ\dl-‘th uwi&dqiig?paz@%}e&e@romﬂrgedg%éhﬁ@ﬁrmeaﬂ augvst_agrrn,ﬁ@. »fl ow di a- grans
represent| 5 nev"’e"d‘ A “ na 0 £ referring to
e e T B L o it by
the preli rrpla,aagd ﬁéb&ﬁngdm@edd&s,e@htmlﬁe‘genm aagzhsmhmmnstnvﬂcmdatrmese)ef | ow di agr ans

r epr esent scmpstteté@r icompatigen Wirh the Oﬂ ﬁ@ g Mo, sptistical pooficiéngstdf Gmesst t he
i

prel [ m nar PSS R ATEASPRR R AN GBI KR AVOUS PRETe D 1 nput
const gits (P, Having wdx@ﬁs& rderd higt loP khe | pds @k ViRbni6, il Rt eregt are read
as repre- sented by bl ock 91 Next, the data | ogging paraneters are read

| evel by |level as repre- sented by the block 92. Next, the logging data is
corrected for such things as borehole and calibration errors, as
represented by the block 93. Then the values of qt#p .Px and tl) 15

are conputed | evel by I|evel fron1the Iogglng data as represented by t he

T 1 N e




97. As discussed in connection with Figure 2, the 0,, versus fit frequency
crossplot is used to draw the shale line and shaly sand trend line from
whi ch (92)u22Xx, Cn,, Sh,,, (and consequently SI,,) can be selected. After
the prelimnary pass has been conpleted, the interpretation pass is
initiated 25 (see Figure 19), as represented by the clenment 100. The

I nterpretation pass i medi - 25 ately enters sweep 1 for the

determ nation of the calibration coefficients by statistical routines, as
represented Py the el enent 101. Once sweg1d4i s entered, the data storeg on
magneti c WWMWFWGWVWW‘—HT—“
represented by thet)SbbleG«d&@@ldabmew"tc Cntbbtbln@oﬁstuapitm%mgatﬁmt exclmiggesy Il\/éd from
the fFequency croSis cad be Poutfiey W& O HIRON HRENRETBPATTEfAr y pass
are read and st or ggle dikitlERpifer, BRasEB ®e complexity of t t?‘f;ﬁ ch%ﬁgs?%é)ﬂbl ock
103. Each datsa p0|pfttenw\ihveﬁﬂtbn,f 1alslcsnsudmd)prtfhebluralunkze lche cammr @fogﬂaﬂﬂepffrbr@a D 5
crosspl ot (see Fi uré1 @E copnsctigi, Sk ré“ed%gﬁi’ﬁzbﬁésm%éi azg () WH’éW@cﬂOH sweep

1. How to vwiteeggseﬁpgéﬁ‘l gra?ﬁoée% bﬁ“&g%?%g ﬁﬂj gﬁn g|nthe
unlikely area canphi¢ dRassk yboa&cgamel nt in thes repledd paxm{yyt i cal

geonetry techhi qu@sngravhl ﬂ&crruatuatweloy thea;p glindnerynpbs @prem@dl oy an elenBfx $9e thende 10
whi ch woul d requi £ Fsl( edrn ft }(%’fa;l H&’P“"érg’ﬁ%ﬁ’ﬁlﬁ %“cml" readk e o
Chel

anpl e
cquat] ons coul o bERY L0 ERAEL Pek P BT P T R o o

the line 106 and ahmaﬁbrhﬂoaenaxazs tepre ntgtutsyahelﬂockos sretgmgadl@s sfhQseaddat,a poi nts
falling in ths a prcet)tn’utedr#ﬂt‘ll Yydeveffromhige !Si’asﬂlgldétaxs seprssented-pyghe UOWH’@C 15

cquat Fans o SuchTS kT S TR AP VRS S 1 s sea

further here. by the block 95. At the same time as the data is being written on magnetic tape, the
After data fallingyim 4§n|’l®tal.llﬁl|b¢1kgadtgtcdalh@airlhma) bednthelpdariched a fequeadyigons (34)

(35) and (36%0 arevg‘%ﬁ’ zre-‘zsapltt Cy i ﬁ];! E‘%%ﬁ@ﬁg@ﬁ@m byrh§mfaE aks 6a1§nd 20
() as represdfiBeAPE RHIHE T Sl GV D0 O BRERT R P gur
11, this operati Oun€ @bds&EAONAESE,) ta 1 rqawteag the parabol a 3 hrough t'he data
poi nt and thﬁ% fp, (pogmr tlée;'géxnp@ maswsbtbaeb@n tdmpktlc ,att{%mtetlﬁetanon pastomhrauagtirl kﬁZSS
the shale Ii is hated e Fi © WFERrgatog pasp ept

| evel 45 and theﬁ?ﬁ:ggs @é‘i%igcr}%grbﬁ %ietermm tx ?the hbratloritacoe%q @s fjgﬁs{:téfbrgh | e
point in accordanoemagrteh: tabnefrqmu aheaﬁhmmadl I&QUS&:edjteeeatbb @, aslripr&ntekisbygreater

than SI,,, | S Qj@ 2 cons fenpasamefess degi edégaatge tf@q ency crossplal  (# %9
is set equal @g{g TS ﬁ ytlh"?;*S Bt Bek 2 flgrredgn eyt e 1,

corresponds to deS| gRahidag fo ew&hafaﬂs P M uBkelPBrea of fhe b 14 P@bAIRI @e30 50
crosses the shal eﬂlgumellbrs dlshedeelahd thgs ntmcol[sxdésh()dumhgawc ltHvew 1o ariteeeqod- Si | t

index SI, it is nB CRERS pie dlata (poias n\?’?fl ISf%‘fa acgpm- -y and
Vo1 Usi ng aat EOE M c;% ST (R T, gl 168

G aphi cal |y, in Fiegtoas dok rﬁtezcarsté@@ﬁx@la a8 pbits Ml onrhe hg}@ oi el =atoa poi nt
for these paranet emdsabagslmml@?gmtﬂwrealb%Fﬁeega@fthfat K dpmaialbemmehlﬁ gotoxi-At this

P(r)tl 2'{ at?lglt :Jggq of fEoo\W b"etﬁdl‘;t)’}cgsse rea‘vﬂ%w ToaWiEfe Juatpay B pHSR Hines Snrdltkaer B use,,55

 oUTT s 0 1R DAL GeSab&n HRUIIEE LR Sons BAEEE) al Ues ar e
appr oxi mati ons Eﬁbaeatil&ed toh:(am byt elthe Giarilnien Séi(fbne@tanm(as)snm@trepﬁMd bpisi der ed.

During sweep 2, c gffe(ﬁ‘g“ 11} thiseoperafon oryepRo étmws to
i mprove thi s aI | ﬁ Ed:él ﬂgﬁ% ﬁ“ a}gﬁﬁ}gﬁ tp‘tshpla Ad Slysi s
avai | abl e, |s msm eDislt ®is @haSch@ﬁdttS bl HoinB M dblasce th

resistivit y of shate@rdccdnwahsm@né etrhrrdétsérsmrqaer Ra2S1,, SIiinseG@ual to SI ,a((wm dance
with the techni quistEa! g Fdrpyuisdet eaval oy af represchtech by theblock 1%im a

di scus- 60 sionypfight GUNfs dfredpbiidl cof ddlighadlsdhd Bhid Fdle 288211/ SE Sardtdla 30

under st aken gnly Eroes MR skilsling @i fhe SipGeef Shndating Hataucdesi waek S1romnshal e 50
formations. |If theosmigm qompisse vafuedfoh vgl Feri Ve arfdr \Bmusingguaons (Qa 6):t(Heandana r ay

t rat b s 1° 9 ly,dn, Figun d t hat
Che et o Wst@tﬁ et skl B Ry @t%';&%%ﬁ ed ha

23 in statistical routines to calibrate the shale mdtcaﬂo;sBZ?lﬂe,selﬁllles are approximations

23 if v, , |s gr ebacepe heliaﬁiff%‘) ffect hapn rbecarcetf;dtr £ VECP aribe o ess than
()1 were 1 dof PSR SISt et R AR L g ancier s 1o

the questions askeg ytatdﬁal §aBfs & tRRk 1v1ayg(3 sRdleEfodiBSons tth Eledmliate RQ[
conputed by &t ep a@@daawdﬂxthhh; b Biguss éqtilcvahu%gtmf 14RIc vali@e rmallddlfmeloh dl&DUSCOWpL@e a

runni ng aver age of‘°“F&§ redf‘l FQHS analysis,is pnge g only forpta
bt T on 555 B PR Ui e Rl v RETOEND | o

5 tions (32) and ﬁsﬁﬁa):d tﬂa; ﬂ:e dam floM&hshal foratisd. mhutietsﬁ; elamdt Bs Jdeitr@dinepUr poses
of making the statistical analysis. If the answers given by the decision

el enrent 193 are no, step 194 is bypassed so that only data which is thought
to be derived fromshale formations will be considered in making these
runni ng averages. 10 It will be recalled fromthe discussion of
F| gure 12 that the spont aneous potentlal 10 Iog |s caI | brat ed to prow de

. a0 o o



15 The data points falling into these two cl asses are segregated
in sweep 1 through the 15 use of the ganma ray and deep resistivity | ogs,
as well as the magnitude of V,, com puted in step 192. Additionally, the
spont aneous potential log itself is also utilized for this purpose. If the
spont aneous potential is relatively high and the magni tude of V,, conputed
20. in step 192 is relatively low, it can reasonably be assuned t hat
the formati-on under 20 consideration is a nearly clean sand formati on.
Thus23a decision el enent 195 detk¥mi¥es if the spontaneous pojgRiial is
greater than a given Timt value, SPLI and 1T Vrh 1s Tess tiah a
desi gnat ed! Mt Ercger) i gv\%h R greaey '-hf[‘p RBindpbR %%@g@lt)a\‘ﬁ@fﬁ ons is yes, it
CInes , a t_valu¢ for CS arameters. ¢ answers to € qUCSLIoNs ASKE A
can be assIRA dedat 193 @96, PbaRRLdf G cdnpuldd by dep 106 Ilihe Ibhsdell S €VeNt, a
runni ng awenageRadre @fized to comvfjute/ A unningSaveaga i ReJ amiC@®ay; )i it gecbrd-
25 NI5 1 ance\RithgsguagionsNi2) and ARIOrespiaesivaly, W Gpicssniechbiablersd 94- rlg)rm guat idon (12),

ana s s SRR S e Dl S O S0 W ol o

runni ng aviebg@edQb tlahehl;sRNFANROUSIZRAb 80adiAd from &AM ormikdbR@ill N accor dance
with the éxpoeglsiedin dbking (B6e running averages. ‘ -
Sp. . 10 It will be recalled from the discussion of Figure 12‘thaé/99 SRenEPEOSsPPEntipgh | ye 9 s
. 0 C q t n - t] el o YEr t 0
desi anat oS ATSEREA S U S A e el ocks o ano
197 r espectievedt.of kfavity @ t@NEIMIointsGorl A of URSLtvO BPesdS koRdaridys fkeci si on el ement
195 i s no,thinipempiaddato idesigohie thk eghition ofthib¢ ealibrativs lin 33.t corresponds to_a shal e
for melfi on. | nha d&p YIRS bipginothe twp Rlasses are segregated i fifes BTAENIBE ent i'al and deep
. . . .use oFgle ganﬁg rﬁyq d de rﬁsm’tmrér 0gS, 4 viell.aslthe a%lgu e of V', cip- th
resi Sti Vi tphedh step> 12U &hit tallﬁ_t Espb ) 1s§§ n¥iall 166ts al@hrilizedrer L N€ ganma ray
count rat emapdrpdsh conputed in step 192 should be high. It is the func-
tion of deicisgef tn S@P@mtp?ﬁg?l s r?elaaxsﬂy kigh andfthetmﬁgsléldqeég\ét jtoemsticand t2her eby
dot e ne Bt Ui AT RS B RS SR SR RS, 1 he
answer 1S jfiehe spon@nddhsGidteAil B)kehier &Qrﬁfiﬂwqe;%pgpinamftvs sigé atistical
routine. |thant fHdesigmedaimit @luy €6, ). alf rthenanivee rochoer questions fis ¥€) it can be V, ., ay/ Wko
usi ngz t he w G thgy pppnd formation is being logged. In this event, a running average of
40 N2 1 VoS foppyed acggrding oy yhere N, is the nunber of sanpl &. This
running average is called (AVOy, s1. Al,50, a running average of the
spont aneous potential is conpuBee— er—N, sanples, which is called (AVSP), h.
These operations are depicted °n™l oc¥s 199 and 200 respectively. 45
After conputing these running averages, the programexits the spontaneous
potenti al where W3 issdb@aintdtront &juatlod (i2), Al N]Ne ¥k nuiiteof Rinfps.arhissalier s t he ganma
ray stati sif iesigpat Che Alsg: peyrhiop aycrdge ofothe spentagepysrpotgessl steed- i n Fi gure 13.
It will bPTBCRPFUEErFT Bt thh&*MP¥¥ussi on of Figure 13 that the data is
segregated into three categoriexn,cprresponding to clean sands, shale forna-
50 30 tions having a prepondeEareeS8f silt in one case and cl &y in the
other case. If the gamma 50 ray dbunt rate is less than a given limt
val ue (des'l‘lgp?ath@qs &es)gna@e'ad(AVSP)g . ﬁ‘ﬁesé Rﬁ)soptxg@ogs Gre ldkﬂ}atéd_ i(l \éﬁmlgsd% (see bl ocks
201 and 202} bt rS@aivelg. assuned that the data is derived froma clean 24
1, 344,194 If the answer to the questions asked by decision element 195 is no, Bel dgtari¢l and runni ng

aver gges. ST S FTRl)s S RrL BN TATALE ¢ he speor s
Si OngagN, algge‘;ta ” rgy oéﬁ‘t_r ! °o§%féi‘r§¢f¥t %stoﬁ%bz}éh@?ﬁ_eh b, Tt is the func- and
5 Ns 1 o Njonlof décisien dleméns il Z8rto @skeatienh the@Qjbeshiansl andnildréb dexekmideat the he gamma ray

was above {agis [bripg der a shafecfrmatiane I e angwertipag, shepregrany ik o deternine i f
the dgta p%? ?{’&ta'&&%‘éé&rﬁg ﬁ%ﬁ‘;ﬁ%‘fﬂ%ﬁgfr’é BRI TS WEATE S pr epgnder ance

o

of either cly or Silt. First, a test is run to 10 determine if the
formati on under investigation Igs prianily a shaly one. To this end,
10 as represented by the decisto I t 204, determnation is made as to

whet her Vs., given by step 192%i s great’er than a limt value thereof. If

t he answerwhefe NOis the@mpérQg htples. This running average is called (AVC),,. Also, a
running average of the spontaneous potential is computed for N, samples, which is
called (AVSP),,. These operations are depicted in blocks 199 and 200 respectively.
45 After computing these running averages, the program exits the spontaneous potential 45
statistical routine.
Next, the program enters the gamma ray statistical routine to perform the opera-
tion depicted in Figure 13. It will be recalled from the discussion of Figure 13 that
the data is segregated into three categories corresponding to clean sands, shale forma-
50 tions having a preponderance of silt in one case and clay in the other case, If the gamma 50
ray count rate is less than a given limit value (designated 1;) and V,, is less than a limit
(Vauias (see blocks 201 and 202) it can be assumed that the data is derived from a clean



exits the ganma ray's statistical analysis. (It is possible that data from
sone depth levels will not fit either sand or shale formations sufficiently
wel | for statistical pur- 15 poses). On the other hand, if the answer
is yes, a test is made to determine if the forma- 15 tion is primarily
either silt or clay. In this connection, as represented by the deci sion

el ement 205 t question "is SI greater than (SI),," is asked. If Sl
exceeds this Yimt value, the formation is presuned to have a preponderance
of silt and ik it is less, the formationjsgiqaresuned to have a

pr eponder ance—of—d—ay——ﬁor—thpse—data-pmﬁrﬁaiﬂﬂﬂg—%e———kﬁ—tﬁe—w—ty—
cl ass, a runni ng awdraademghg mwerageshic zredt QaiRra.,Nay 0GR dRfoIding.to thy expresk VTi | t
20 are conputed as™epresented by thegfl qck 206. The sane operation is
performed for the data points which f |rk§l@d; he clay class as represented
by the bl ock 207. The equa- tions for Btzeps 206 and 207 are the sane as for
step 203 (except for the sanple designa- tions N,, Nd and N). 25

The conput ational data derived fromthéi“stlat\;stl cal routines of sweep 1 are
stored 25 in nenory as represented by whe ‘Bl ock 225. |If the |evel
considered wass not thel | ast | evel, which questl on is asked by the deci sison
el ement 226, the program proceeds to tlié ><‘? | evel as represented by the
el ement 227 to run the sane statisticalj ut *fres for that level. If the
presently considered I evel was the | ast” IeveI the data stored in nenory 30
is utilized to co uﬁfeth%ﬁmandcr@ﬁ’c 201 hidrmmatddehasmesima 8Y wosbers thedipiitesent ed

by the bl ock ?E ,gﬁf %f,d‘fg&aét@mpon g e h‘ﬂ?;ﬁ;@;ﬂfeg tse §‘§f‘6ﬁ§‘ Ssp=
(AVs) sd(Av) shg (Av ation under invl s%?a‘i ‘pn en P 10
4( AVC) sd) ( AVSP) ah rep(e&(méd/ﬁ}) 8 Mdedisii Skemedd 204, (d&a)mr(a ClS‘ QS d'hether Vs.,

(3 The cali brat i osiverofstepdPRingmata, th@almﬁva@e fheroehh Fmanor, S’EE’F‘hI stics
are com 35 I ?ﬂ&ggﬁ gﬂnlét? ﬂ@u‘%ﬁ} als Mith the
followi ng: 15 poses). On the other hand, if Ila }an B8s s W detorribe F B foodiNi NG5

aver ages nmade dur itiog istpnignaBiR eHeatilt ot Icla)alIn tioudohmeetioh,es trépeesdnl Ibpwerdgcxm Silty
Shal e Runni ng AveplglgggiES the quesghdls(glgsegtu than (SD@Y jgagked. If ST e thigy hﬁgs 1 40
a

PGR formation 1s presume have a preponderancc f silt and 1 1t s less, t

formatioiis presumed to have a preponderance of clay. those data pomts falling
40 N 1 - Vchfty in the silty class, aGunning average of noralized gamma ray (GRCE) Ny$ and V Mfi,20
S, S, are computed as rep8@enijd by tiRbblock 206. The same operatmn is performed for
1, 344, 194 the data points which fall into the clay class as represented by th oc 20] Th
; t for stepn 203 (e t d g
O - s3ci ) 6e24( s3c Aol AEINPlf (A 285 ' 595 28 (2o %{ ‘(‘}isa& ° Yes-c2)

G + NC2-C1) 263] The co(nﬁﬁéno ldata'ﬁer[véﬁiensth): st fi¢abiduthiy of Gdeep U afeStored?2) 6253]
(56) 5 in memory as repwegte level % ideBrd Sfagpat t Before

proceedi ng to di sﬁé ’gx g‘ﬁ‘gz;eseh ke M cnﬁj‘%‘z‘g “tqfé el rize the

1
operation of sweephadic §RthsRatd kRl was&ﬂ&@asﬂb“eﬁﬂﬁﬁat@%or@d/\ﬁ@t@m yis to
run statistiad andl 839 torprpun 8P end $H.. foanr dipSP ewdstisse tpfegnted/byhthe block 30

det er i nati on fr oftd iecwriarce with dhedfallowing expressigngc o accur ate determ nations of
V,,, given by the shal e indi caigghs dy R before a conpl ete
interpretation analysis of tie t( F (9 IWWE ) med (52 | s assuned,

10 as a first approximation, that f‘)tb' from aI I dept h level s exhibits

an insignificant hydrocar bon e( (f I—$a a SJ is assunption, it is
possi bl e to sol ve equationgpa, U@ 58)('“’@’ sh3-Wes) {Wef)sd6 to use the
results in calibrating the s”hal e i n(@ivcj m}gd Havi ng a st appr oxi mati on

of the calibration parangters f haI ndl cators i.S now 15
possible to %‘ete é“ l%;g? ?(%ﬁ ‘ﬁ é %Pi' L ig Eﬁg}ags“gﬂe fHts 4
exan ne the e fect  Callingahdde y&rtmaﬂ rhsersglas A R AR ctadsteal s i s the

function of sweemethethItmng lwmsately if there is a significant hydrocarbon
effect in the formtj ons n% in egy%at g%h & c%ll Hatlon coefficients
for the shale indic WA werE“aeri ved “dliri ng swedp 1 will be

i naccur ate apgl thus va uemef V.h degj ved fregmthe skal e i ndica- 20 40

tors will also be inaccdhrate. It therefore follows that the interpretation
anal ysi s made 20 durilng sweep 2 would al so be inaccurate. Therefore, the
results produced fromssueep 2 will ngt be ougputted ag the final results

but will instead be utiN zed to recalibrate the shale indi cators, this tine

taking into account thelhydrocar bon effect. After this recali-

E -_— -1} Sl S2 Sa



brati on operation during sweep 2, the calibration coefficients for the
shal e i ndicators 25 w Il be substantially accurate and thus can be
utilized during a final sweep to produce 25 a conplete and accurate
anal ysis of the data. Thus it can be said that sweep 2 is for the purpose
of recalibrating the shale indicators for the effect of hydrocarbon.
Turning now to Figure 20, there is shown a flow diagramrepresenting the
opera- tions performed in sweep 2. After entering sweep 2, the data

reprgsenting the constant 30 13? qameters and cal i bratr on coz;fr cients
W are read 30 _as J‘e\nLe ent ed by

the bl ock 240. As in ep 1, the data fromlevel s where the IN, I> points

fall in the unli kell\yij:rﬂ(ze3 530, 5,40, 5. 821 AR d,C - qsz)g%prggsnt ed by block 241. Next,

that data which has n been di scarded 1s anallyz and corrected for
hydr ocarbon effect to produce new data vaI ues for ON and qq,, designated oc

and 4Dc as represent;%:by the 35 ck 242. This step conprises the
oper ati ons depictead t é0 4G ad 49 in 35 Figure 15.
Bef or e proceedi ng wi ﬁsel)@g%a? ’d+e¢ d)f weep 2, %1 woul d be desirable to

di s- cuss the operations performed in step 242. Thus referring to Figure 21
there i s shown the hydrocarbon anal ysis portion of the programin detail.
40 After .ent he, hydy ocar Bon anal ysis routine, the value for
silt index Sl is °° thfa%?*k‘??%)@lﬂél %‘)ﬁijequal t@e)SI, and SXO is set equal
to 1 as represented by the bl ock 250. Next, (V~h)r;a is conputed in
accordance with equadt']rieem (17) utilizing the calibra- tion coefficient A B
and Cscorrput ed during sweep 1, as represented by the bl ock 252. Next,
(Vsb)3p is conput e&W&%ﬁé@P&%l-r(&ﬁ_yS@B}q)usr ng val ues of SSP and (SPa, corn-
45 puted in sweep 1, S,,0=1, (see step 250), and W,,0 determ ned
from the cr depl @bceeding to dlscu345m£1bh QEWoulRTst be bésiratlel tb sddenafiei @€l t hat equati on
(15) for ("tli'e flswsb ddéssdltwdteetrhm Oe_puNose phiwgep bis 16 runj statistiahi | abl e at this

h 1
time. To HSS 56 DU IRS i dipnat ed (@) app is
conpuged V\Sefoht aI t&’ﬂeﬂgoneéﬁﬁ)l 5%523 teMHata can étéperformed it is assumed,

1, 344,194 a: a ﬁrst approx1manon, that the data from all depth levels exhibits an mmgﬁﬁcﬁlﬂSe) pp/ i

(W @bSPH)a? Egi ﬁpﬁ&m delthis ags h EPO IUC t‘hgé Vo cpugti vslt4erm in equation

(59). eau Sl ihbicHTUE e taor ré%f fo L 2le | té“éi% ohp derive a val ue
MS§, , >, possiblelt6 Bompafe vAIGR LSS o dh yarct Ol $hud SAmAR Ma, (\Ys5h). and

(,Vh>) are €¢d d:aléqhsmtﬂqderq'adatlat@ﬁ‘slsésmfumchorodgweéﬂ and respec- 5

tively. nfortunately, if there is a significant hydrocarbon effect in the formations mg

5 The nextiahetecAbwli SObESE0E Shi B sbd *?‘“2‘5332%%3’ B GG, a val ue for the
shal €0i ndi tom twdlt a1 oVbe, ihge glram tthmaqfdﬂtfblmns th(ar2 )analb&is mgdd he nreutron and

density d?‘i{l‘;‘&e fdpsltltléi 1 flffr gre,tth’efeﬂlu F"Gel’shal e Sho, i.e.,
( P) h an 1c gj terf? aki ﬁtg@;;&ﬂqg roacﬁxlﬁ ng caltI mt, (p(

, - Thbrdio atf@@-ﬁ&f@ ts@kep (2 the chalibrdtidn shale md dtdpdT equat ion (24),
as I‘ é’ér es antl bd srtb;tartuhlb' dg¢umd<anﬁ§lﬁts can be utilized durmg a ﬁnal sweep to produce
10 The fi vg;oglﬁlaotgeé;ﬁ PR gtatmlréls tggl e STty éﬂt‘fier j; that sweep 2 | iis)foz j i) sr,
(Vshyn , (VeTmboratide b rns o6 o SRR opt! | abl e of the
shal e i ndrtmastmfs:mea' pczr ﬂftertelﬂeﬁﬁg svkopez, tha teeetpferestmgrtbe ddiistaht zed, at | east
initi38lly aa@md@tserdmah'eaﬂ oe@iallenjewlmh b(i\rt beep {tﬁjteddn thAgnemenyy age reagbnt edo by the

bl ock 257 = E{ oEﬁ @g@%}swgg 5% he‘{'eri‘&‘t@‘ 'f"pur shal e i ndi c-
15 a& whith h¥d i afded S8 cor sthr8orl dﬁddt@:ﬁt ors are
kntr oduceobrodlhcer mwdra&mharfm dsnd ¢n, Hbignpeloat andnrppt herepresgnnddt by, thaHavi ng a val ue

for (9. h) bl 242 {This step Sompsi8 Sheppreratiens é@rqteécbtf veqias 47, 4gigd 4Bin  dadd points
for shal | TeSE./oTq, L his5, Gl HAlHERIPb: RePBd: Bodia & Ges®BTRYLEY Wi th equat i ons
(37) and (88 )theddperafé paiitea Gh H3p J4D.TH ﬁsﬁﬁu 28 Figdid 21 there is shown NOW t hat t he
0,, OD dattbe hdscdgeon pnadysis pextipe of ﬂlepros!malm deé@ls with the shal e indicator

20 (V1) r}g %‘gerﬁ%‘#& tr °?a S°S’ECG“ %‘ts%m]gbﬁggt ngx 8 the @Brrected

dat a poi Yar: is € t {e Yfac &d ewnf thé Bffibral t Wi Il be
recal | ed fttoﬁmeﬂibxeutdr Swss:saomputﬁfduﬁnw&p Esﬂ:[héttntddfby ebloelomect ed data point

faIIs on or ﬁ‘é‘-atrs(‘txhse mP‘§ jth 49 °nt1£§f %eﬁr%ﬂn S 'S portron of the

pr ogrd m i s%ﬁér%é@“tf% lb‘m %‘% i eat m zed 95 for
e o 115@5 h@rthl Td get hidhdGHIE, 664 & ﬁloﬁ)‘&i 55112 falls either
e

above or designate@ &. ¢ isosempihal withethn fdlowiol txrpns;onfur r steps must be taken.
In this connection, as represented by the decision elenment 260, the

gquestion "is ill Iess than As" is asked. If the answer is no, it is next
determ ned whether 6s is approximtely equal to AD, as represented by the
deci sion el enent 261, i.e., is the cor- 30 rected data point on or
within a given range of the 45 clean sand line. If the answer 30 is

yes, i.e., |f the corrected data por nt |s on or near t he clean sand l'ine,

o -, " . o Y T 4



35 If the corrected data point had fallen above the 45 line, the
under | yi ng assunp- 35 tions of the nmethod would be satisfied. In

ot her words, since all of the shale indicators are supposed to give

i ndi cations of V,.,  wWhich are either equal to or greater than the true Vh,
the shale corrected data point ,s-, 4,, should fall either on or above the
clean sand line. if the shale corrected data point falls above the cl ean
sand line, it can be 40 assunmed that either (V,,)ill,i was too |large

or that a hyglrocar boﬂ\\effect does exi st ;Babh 0 of these assunptions,,
conme Wit hi MWMM—W

shal e corrected data point falls below the 45 1line, it can only be assuned
that the derived neasurene t Henm el v Ie/] RACCHE aze did not fit the
nodel , or that one or nor eqﬁ“f’?ﬁ/z%r@bkﬁg?’l@ F@l{’/@&%é@%%@%[rect ly sel ected.
In this event, the pro- 45 gram proceeds to nmake certain tests to
determ ne what is suc®(\d,)3N8 att@mRlkquatiddl BBPERations (15) and (5B aRO5EC tsin@NS .

Bef or e cont i nui ng mamedubly tolveridi aselus ofi (8m)s:0 Thinha ripycmed &y the hlockn 21 gas:il &4p,0ut i ne,
it would first be (Vs 3V e)stage eppried @itk sgpatiaab i) theveh (Kdbepdi B9 FFRSCr out i ne.
The subscripts "C' 4gy.pl aced after data which has been finally correcteds

Thus, A and ',, rephesantied, RE rebieadkd bPblock 255,55 &l ®mp¢ & @Eccidr that@lepoi nt s
and 4xc and T)'r: inrdispior bkt Wtﬂhequmonsa(ZZh r(é@a}sibmbﬂcmtroe@n@densﬂy derig@ (| f

any) data val ues ?ﬂﬁlﬁva{’@gz‘gef%ﬁéjédﬁl ‘i’ﬁ%‘ﬂ%sﬁytfr\,\g@%& Q‘E?Qk : ?P&%; routine.
G aphi c- al | oS pedieiGuarod 2, Ubifegre B Giod 256 WL G T EpreSeRtP T fe pongt
58a and 4sc, 4.;'nc Wbuﬁda shelp ird B e ;ashascpmdnte,a&..)( H'F(Uspl pmmnst,e\rmdw th

nuner al subscrlpt

Concerning fi rst t,%ﬁnggﬁﬁg X}'[&'é? é[}?met i re EDECEC nt i EE 4L Al ‘ziugsbel ow

the |ine, 5 Qedt@Sy the'SbldSm 87, (9. 06k @d’t m;daemlt e t dehe fndie gi ven

limt val ue rlépr esemtAsngll tbhézs@shdﬂaﬂeuethcxfshalehedlbatcm are panoaig@ll 1amcdn§1st¢ntles s ndi,

t he shal e correct &8P avm ‘?value :or ()] no ettl 1 Comc e? /> n sand |ine

Pr

al ong a constant Afor)sh lln » ToPehis eﬁp uﬁcrn j@éo ﬁfe %ﬂ? ah sa%%ul{tde 15

thc original data(mlamepte&n&mmnthealbdskaseed by  t he sane anount

1, 344, 194 20 Now that the ¢x, ¢p data has beenhcorrcctcd for shalipegs wigh §ﬁ lpeud@g_tor t o 20
ex er] et t oInt W,

cccoml ih (11 o, (REURIAIL LTS e *m@ggggxmu i pute

with equation 40, BShd GHHESRRER £230Kon2R htkr (RIESt sand@Bnel BP RS &d by t

deci si on eI errent 202 pijs pZD(lOlI of tuehmgwni:sa; plavgt Then)he brigmal Cfata\tNmt B agaiﬂalt er t han

(i, i Ut © regtpd goptaopaint gl githep abow pract edP

), i o) ,.Oth 3
val ie of fi is coiﬁ fvéﬁﬁ‘*ﬁm q?‘?“ éﬁhﬁsaﬂ? eemif‘il%n e ol ig0gus Ry essi on:

5 O\|='>DO+( (‘h) 11d)+, 16s8'thhxX%)” B asked. If the answer is no, (160 hexASle@@pica t @dthbry vbliock 264,
the final shal e cowpexmeey d@nlstp trys a@wresemﬁ bethg C®on slerB@t Z@qualls thocorhe BD

val ue conput ed ink :ésl 13?1 i e";'}(gc;f' pliqéxsngfgrf('m tf?e cleart s d?lf arst)var di s?
tinguish it from teh & ﬂygfo alysis-tdutine after setting tH2QorkelddP Ll 244 b ,@J&m El , in

step 263a COrr espanas pt.ondm; Ggaltih the Ofigigd male oﬁa\t a1d . ® repﬂe&n@d)by‘lthp dox. ftr,

an anmount equgl tde1 6@:(5?‘5{%@ ion a { 0| nt. Thus, in
Figure 15, it vvoultg, ﬁﬁﬁ@’“ﬁ&&éﬁﬁ‘ Q‘f %’e er?’ gq’{ BE to the
poi nt 66a. Since taegu,g r‘,{matd,asta V.S whikH Seardéa Hanof O,

outputted fromt harda Wik d*cahab:omrran:ald ipsint e mm @u an@r on, OrIaQOVthe cegual to

Ja fal
t he original asu"r‘ ﬁ! ebj‘ %:"“ZE?}C ata P"Fﬁ s € }jmcarlb °3 d i‘éf%% by Y 5
m

t
bl ock 264. AS dep| asfc%nc‘l;eﬁ ing ﬁse%foche cﬁhﬁ
in step 263a. Ret uxd fmgletsmam@&mddmata@ BRI beld® Ak, 45P flch it chrSoriiy ﬁehssnm&du mts,

t he program pr oceel!l% theglerhetl @mmmeemmmmsc}wam ere H@fcumahevr didtnof i ttgprratrdnl, density,

p.a woul d be j&eq W’;‘%ﬁ ha ggrre gI“ZI EERLRC Pl e, as
represent ed b)g/ th%mﬁ o%e ﬁt;:}rt%gsr&g% Am Wr ecte ?i%%(ﬁa |sr11’btab?1(; th4§

fol | owi ng expr essi on:Before continuing with the discussion of the hydrocarbon analysis routine, i2@oulll 1) YNO
+(V,,1)111d . (o, ﬁrs?l;g;i;snlrgble 1o d;fcuswﬂ?y rgesegct hle Frastinge g qubpc “ " ii5s bei ng
corrected at 5bh| S %jl rrectegz%nh% #gt y gb esen%%ncﬂxéiﬁhé&gcﬁ T ct%I OCk?
273. This new val Ug a@h ddd haluesSwHit Sfe@ﬂ@ﬁt&f ithe hydz6Pa@bd MAlysts@dutin asapﬁ ef fect
of moving 25 tahyesml@stna, lpﬁgnte 15 opxts e volldaepraan the PotnIeSSbyldrmkwngwﬁNC—j SDC.
25 Using OD,,, thdpamhéed vg’g EBRPES &ih AnTertlesIsgREt B0 Pal?b> N th this
new matrix degsity 6%{)&@@%@“ 8L casd fhekeShO @M BRRSLDE: dofle GlAEKIowide BRI 1 Sss
greater than a valauest @f mgie aé Betd@ne ift o isdessalani asgiven Gt vhlye fepr@h tm@)ﬂ]&&fl’\,l ence to
be unlikely to be velxcefebteldrrlllts ITahabslaITlfm;i noriv;a‘flxqﬁéallq S})faﬂ;‘a@lgse@ @?f}? ‘jé Pﬁtc?) ng%dﬁl s
function is repre Ei ‘Hg %’E‘? Seelif vqegor is less
than (p)lij,., |t§%u§ns gﬁf’g ahlggq qcgo?r%c"led b‘?z o%%l}]%lf‘e with the
density 30 neasurenent S,, i.e., it neans that the data poi nt can be noved
to the 450 sand |ine without Pat exceedi ng this limt. Thus, gDic is set
equal to gD, conputed in step 266 and quiz is set equal to the ori gi nal
data point tp,. In Figure 15, this corresponds to nov-




ing the data point fromthe position 63 to the position 68a. This operation
is depicted 35 by bl ock 268.

35 If the total ip, correction cannot be made because of pad exceeding its
limt, pain equation 1 is set equal (p.a)li and ApE, is re-conputed, as
represented by the block 269. Since this new value of 6Pl,, designated

p,.-, represents the maxi num acceptable correction for ' i.e., the maxi num
noverment of the shale corrected data point 64 40 f Figure 15 towards
t he %Iean sand line, the final oLt cted value PPI C Can now be_set 40
equal to < as represented by tdtittock 270 At this stage, thé&" corrected

dat a p0| Nt _N3s sok 21 88 RGN Ris GheRRt: Hf dor vl e )., &f ,tlhe limt
(p, &, .]. pled bs‘?tl%&@uiﬁhﬁ4ﬁj§f%épﬁ@ﬁt@d b} bltﬂckI’BSIlE;.INl sééﬂﬁ pre :h)gi mﬁi’m o the clean

sand | i ne degigion] eéemee 26em g fsedicciidt agaimsg (¥alh A v @8)eatglsthng%v‘t~)he ipew val ue PD2, as
represent e“écéP it wﬁ“ﬂﬁh“% ‘?ﬁ“ﬁe{bﬁéﬁﬁ 25, » Treficarahed talf (ERSEL Y i s conput ed
accordi ng 3 uat1 on ?5‘5 & AETED- 45 resented by the block 263a. This
new val ue AN, |s set equal tm:qmﬂm;l)mtt'(e\)hydrocar bon aréhysis routine is
exited as reeresent ed b btleogks 272 and %gg The opergtl on pf bl ocks 271,
263 and ﬁfe BBt e ) s A corr ot ed data
point tot méh 2R k,” 1 F”ne orlglnal dat a poi nt
woul dioc hange The campfhtion of <,’)\HGWSE€§ )263nadoueponds to movmg the ongmal data 10

50 The di sh\ 'h» P> EARGYpIced tont*m F%re ? X ki ’the anal ysi s
whi ch is “&&méﬁmﬁ m"ﬁl‘?‘éﬂ o ﬂ%ﬂ%‘;ﬁﬁ‘ﬁ%&%g i fmttaits bel ow or to
the right @ﬁfotalﬂench BAR, ARGl hheis stWuﬁQ@&ie deiginaaaisulR@paens. when t he shal e
corr elét ed it epe) mnnrti dtpadtddéyétbdvlﬂolhs depicedhby 1I>1e0kt272311)\<,t1h@t ghdan sardd line. As

di scussed ®aryFH spendg .t h th remi ses of the
0 scuseed oL MRS oS 1 DG i P52 O
55 either e Ry dsgont Benhe ks ek 'Eh@hﬁafs&ep@dsen’te ab;r te\Bloly 266, ¢p is Sorgr eat er than the

true Mh. Whawl akedinhi e ddlovieg expgesdiat a point falls above the cl @8n sand
line, the deep and shallow r s_,st \(,I? ;pasurenents R, ( nd R, are utilized
to deternine which of these Pwd Condti GHe

x_.

S exists. To thrs end first
appr oxi mat Smns:nlyftheSﬁcnausmﬁarS 1: beu@roerremdrputhedmﬁov\c is sef qrthtequasl ons (25) and

(26) usi ngrepregent bynbl s _rep bl ocks 280 60 and
281. o anthgb&a{’;sp ﬁeg Q je mg‘gi }’;‘@ygﬁ ngﬁiwﬁthg fiteg (gé’tm”% i s gsked by
t he deci sion Usmg 1» the value of py is recomputed and dcsxgnated pacte Wlth this new 1, 344,194

28 el enenthCSQdenSty)@aranstec FPUs edv posdhie ©rtkak lf@nll(szriatcmsa atune vaI ue of S,,
derived i noigrad 'g“’h isykg msfé flé&eﬂgcﬂ"]é?e 7FlaV| ng first

limit value is lable sentcd ﬁ swn element 26

On 1§ I
appr 03@ mat if ml QI!S @u)l..,,,Mmé a% e full ortle&loﬁ) e Gvith QneCde re 3o, with S,
to determ melsurtmetlhﬁ), Saf it madnk e MO B394 paiti canBe xﬁovpd toand458 sandampear to be 5

f easi bl e. Witiogt tx%?t[_feegf% glle llnet léf(ﬂ“Sanctlg@é}f}%ﬂ:&;%g??%gb%ﬂeﬂﬂﬁ

5 As discu r "f‘ % ! fo or greater
than § . ?gg?;ﬁzsgpgngr%% f;%o ha P o 68ﬂa’ne answer. g%@\%ﬁ by dgci sion
el enent 284 i ¥ mcnmfht oo ¢orrecnon cunidor &t htydeaﬁ&usmﬂ ptlhﬁteecsxwﬁetlimmgxl s wong with

(Y. 2119 Lo m% 05) gty E Sympch SapbEduIaE V.10 a

par anet er £ Q8 A0 ST Fim ok o%ﬂﬁ%hﬁeetmaéa SEL TRk 610 VAb in

t hesedtequabfl Kifise & totv RSt tloR s ailng e 5 ) dofd€tjed value $re can now be set . 40

10 In thi scce#etntfn,#hleprﬂentezln'd’@bloqke’é{@rur enent s are utilized to conpute a new

shal e i ndi cat® agc)‘h corre “f ?”aggﬂrt f Vh |l ess than
(V. h) 1nd. Ffa&i:‘ﬁm ? Bt b tﬁ?&i %m%nt{%ﬁﬁmd Jabud dsgg’e\?gﬁuétb@on 28, as

r.epr e4sent eduelb;oclenerfﬁmh a.'xiay@val hem is aSnptxeqbnce@:ang @dtqth;dod(h@), atlecpl-5| omsel enment
311, a testesTylSI e bstoegk & ’efhntsr;?ev uﬁ?(:%ss set equa Zgg%gha he . Y§r°t than
(Vh)Q) 132 %oeltbf%ﬁ’and }ﬁesl{g%rﬁ ﬁl‘ }Zm ‘ %%n & made of *
(V.,)5%nd1 @wn@\evatuest 284 has |nd| cat ed S, . to be Iess than S,,, ¥nd thus

na uspiom 31 ‘gﬁx
Er esumabl y nd'= ﬁhen on'lé :h clbcrgrér‘ﬂt M dafa‘);%omt p ﬁrg or € W\E tI ¢ cle ‘9 the
ydrocar bOQm@ 1 erH B%ens Wheft the shleV H:?cd omt ifal[sc% Biwel t her steps 281

or 283 is 2o the left ﬁ\ﬂﬁ:lcle&b aﬁad firRr AstBusiel el ahib Qfredp iRebwinber that S,
was iPhiti apteyuseevt ﬂe %tPfetatiﬁn 'reptied of the QGSQPWHEFP'@E 1123’@ 1 lﬁﬁh?tst tgser at$Son i s

depi cted b§"Bh gu *tat;ﬁg*tt e8] a‘t ﬂfégz h RS gpat ed

(V.,,)sl, -shatﬁﬁv {eeﬁtﬁse&@ ecatesthmtd& QiR Rne Sbfth o%ﬂfs@s'[ i's then made
to de%ﬁr m Eve, dofiditidag s;;zra?(gg;oéndygymvamrokmmnt a8y, ¢nid~8 ts)msl lédl}:ilgg it |06 s0 bI e; Is ’
(Vh)i i sfrgmateq r% & Lsipg )Yb xgpresentedobyy nt ed®®by bl oc
315. 25 S ‘tﬁ‘ea&“rﬂle\ﬂf’lstﬁe?é}?}’g % C%?ﬂ“js}‘ % W HEEE conput at i ons
which require (V.,h)i.id as 25 a paraneter can now be i nproved since a
new nore accurate value for (V.,h)ind is avail- able. Thus, after setting
(W)ild equal to (V.,)>., this new value of (V,1,)jnd is intro- duced back
|nto the programjust prlor to the 42 4,, corrputatlon step 258. The pro-

oy o P T T T . e T T




value is still less than the new value of (V.,,)Ind, the programrecycles
again. This con- tinues over and over again until this portion of the
programis exited either by the SXO<S, test 284 being satisfied or V.,,

val ues " Tower than thé Iast (Vb, I)i,. I value being 35 no | onger
conput ed. >

35 Upon either event taking place, the program next determnes if the R,
and R ,, data is indic tnng t he presence of hydrocarbons, i.e., the '

answers from deci sion eFénent 284, 311 and 314 carry the programto a
deci sion el ed®nt 288, |f the resistivity¥bb4 indicate the presence of 28
hydr ocar bons, it ¢ i 0, f. t
correction to the%&}ﬁﬁfﬁng%%&t@}g&&&&gny QS%%FEle(%lr tgfos“rrc%ae e "T &%
correction, 40 t he I\}pwolysmgnﬁrsnspprcemanhatalutm Lonp 8Ll i dtgpskrbtncrarcmparedeny ty
is at |east equal ege 1;;1 °“}Pu‘a“° ﬁptﬁt‘@oﬁw APASYTO®KP256. To
acconplish thl's H‘feaf—‘P W 165§ debigicy ﬁ’évg LaP (8L 8L B, it S, . “and
S, are both |ess txharg lagrgart&etrhnm’ ueﬂeruamxgtm uymgaslon clemert BB 6is xR, t he
gi ven val ue i s 45 initially ass@nedThee squsthing gs mbngt\hths(v ke Fiomreqiagond §43) atddeb)by t he
deci si on el qu nt ¢an be seen that Vi, is a parameter : m w a%sw,éﬁ’Végépmtg&sgﬁorm Ocﬁ)
d

320, the hydrdcar boh TRSIEY Tk St Kt RS 0BG TieR el
A > conputed in sttﬁpcar%a/s,ehd ﬁth&eﬂlpﬁ&iprb‘\&i\.l.hevam oiSr l1':lss(il&rﬂc()(}\frrg;,ﬁ’)e.d |rc1 eslat her step

281 or 283. The f oI | ra%re 21:\¥ e darampeeisutiiping %meas,grs _reptetentedb byelqmpnt 50
F= 1 + 7 (1 -'1- 2 ( V ) ) s rep sent by e dt{cnsqa l@n sts ’gﬁ a tes{f is made to determine if
5 ( sh /s cds’ E shgi h €n

ME45E o o o et 3) =28 97E Crvwas® & 19408 SoF
224 A further check can be fdi bf (Wxi)ina. Since test 284 has mdtcated Sxo to b &55)
Mp3, 32- Np + R=0 tlg/ ‘, and t presumably less than 1, a new (Vau)se can be computed taking the
1 3’4 4 19 4’ ’ arbon e ect into account, ie., a valuc of §,, from s% ]93'% é%?ﬂ e&n ds

’ T . available for use 1 ganon (15). Remembe,r that S,, w; UW g 0 Etp
sol ving for Pl y 1B ttgxezss)etrh Qlop@siéatid RPisted by bIB@ 313 a vi,0F pat i ons

(8), (9) together dwxanhedet}’uaht i onspest@3d $ylthy decigbatienmegt 19]3 tlsam nfadedohy t

the density Phv atms e i jugh Voif i&? nﬁ;’g Ibﬁerlaseu( m)-nr§5t$é&‘tabf°ed |n

bl ock 320. The val'lUewdh adh Trblr Rbte ut&ngme%q} e W ol 4sPO) | M

whi ch has been 5 a parampedi ﬁd:hS eyimmrmuh&da, ne@& Snofecodutaseevalue ebr th)t.dHEavdﬂCI sr on

el ement 321. |If ph‘?kl Uwaffm sqttipg (-Dis, cqua tq (Vs thisenewrysiuge of Gst)xnd tro-

val ue of O, desi g:ft PeeE, f?ﬂi‘{@“g’u%g‘@u‘@ﬂﬁj‘ Sml%w Jsﬁ %ol ut| on
le

of equationssg6), T, mﬁ ond 1111(3—)hr@1 FoNioR 5t he k 822.
Next, this rp | vaVu)et iissrecoonped 4 ewedady par hndes,“, dmrtmttedlex(resrl()Va,pm as

represent ed by dedplsy ’éﬁ“lble rﬁ@ﬂt‘hc:}?ﬂ"al o (V) gﬁ f@ﬁf@f FYC‘?“H%
sh mJ altl

limt value desi g@é@d‘fgf °‘gﬁ§f‘g l’sﬁ’l‘gt\ %pﬂféwés e b extt : equal

the last
to O,, (bloek 3233)ongddonigitddyal UES o rrput usi ngp
this new val ue, as r@pcnesent @dltbq,kmt;rpeicdalﬂuqkogzalhsnexfl'mtsmmwvf mIRAemcil &t hen

. . t 119 ”
utilized t ohcorrputd%;tlnsn an rry th garl}i):s c;ezt 10n eemEnt %Fr%f glr sts?’w rS] to W
step 320. The progam; (ﬁ'&g ncL %3 Ej}dfo n &Ocﬂe dcdrbdnN€ NEW 'y
conput ed val ues ofeffédetorradiidn 9 origin &Qﬂﬁﬂ&b,ﬁ@,ﬂfaﬁXPM&@hﬂm@Cﬂﬁ&Eqrreaion,whI cto
time new val ues ofihcztlsommitfses that theqepm ulet‘r’e'd tdewdit fian dpatt lgual gpstheconput ed

values of g St S LI ﬁ;irs-ﬁhemade §llucld s b3l o
(26), as repr esentaﬁ‘:doo g%jk )bﬁad?a W InXhid i @!g:b'é%sv
desi gnat ed o#p, , Eﬂ1dl‘haa§‘<,tng oThtesemsmh use&paree by e daﬂﬁ@ @@reﬁtezzsed for any 45

hydr ocar bon eff ect hext RheleRr POt OiESeWQrsté‘dh mputequsng S
(QpD)nh, (pl X) sh- 5F a ffg’g/\ F"’t i “EP“T“%B‘pS‘% tt‘f‘d t ﬂ“ﬂt éw\faﬁ‘tj‘&dof
(+e)ap and t her ef or E‘hé ovM ﬁb@&q@gons are solodd sﬁnultaxﬁ&ﬂlypl ,Y. Initially the

val ue of (t~ C3<app| was only an_approxi mation whi ch coul d 20 not take into
account the &act value of hydFoddiEbh2 #Ppeck ) td¥t he po®Bsity tool s,

because the exact value of Piy was not pejsgknown. Aftergpach successive
approxi mation of pity on this |oop, re exact values of fo can be

eval uated. After these new val ues of ~And pi D have been conputed in step
325, new val ues 25 of Mr12%84HFa r—ean be conputegqy OF these val ues,
SI is of particular interest because 5% was assuned that Sl= SI, when
conputing (V4,h)il. The new value SI which is nore correct, will be used
now to reconpute new values of (Vh)id B’\',r-eturni ng to bl ock 252. Also the
true value So will be used RT28 h¥Fcz i of the SF( ﬁhal e indicator.
These val ues are set in block 328 and theSdata goes through t he sane

anal ysis again. 30 These new val\,g,e)_s ghe Lpof,ered into the program j ust
ahead of step 252. 30 as been foupgpthat this
recycling operation wwth the new data values SI and S., Is, at the nost,
necessary only once. Thus, as represented by decision el enent 326, the

hydr ocarbon analysis routine is exited (see el enment 328a) after one pass

t hr ough




this decision el enent 326. 35 Referring back to the decision

el emrent 321, if the conputed PiY value had failed 35 the limt test, it
is first assuned that S,. is reading too low. As a check on this, another
S, value is conputed fromequation (27) using the conputed value of S,,, as
repre- sented by the block 330. Then, as represented by el enment 331, a test
Is made to deter- mne if (S.,)Wis greater than the | ast conputed val ue of
S,,. (Step.281 or 323). If it is 40 less than S,,,tdit is assuned that

the Ry neasurenent was erroneougsgngs S, ., is set equal 40 to GOW as
repr%%d%ﬁ%e%@%w%&e@—é—ﬁw—pw&a

returns to thenisSdoagpandOiotsblving o B il Be Bre ¥E eqlidtiofispavilgepy ¢pbiiea®f SO brings the
conput ed v@hnaelor@f(s) E?)thabtbqre«vutlheuahonﬂ(t()) (Ilheelﬂpng)@n)gralm( wtedes as di scussed
earlier wi {FigHie E‘%, e} te"ib {26 "gh;sz P e Q 3 lg £ the 45 new
conpuged V?Ae%sl ﬁ:mphédISf Fepreseht (j eci 1i}|e%e C; P hm??se cauge of wrong
val ues  45idftheunswer isciges’) @ nevavahd df 43, designued ',Mglst&blhpu&)d(ﬂ&&fgh yemual ue of

(V., h)ind. tﬂfﬂﬁ@ r‘lir?ﬂltah@n (D @h EWa <1 @ndy(26)cds r@Bgenteg b&’h‘@ blégil OW Nng process:

it reconpuf¥shs 5"%@&*% I tﬁgyw' %}eélﬁ I"te%ﬁn}%%lu tly equal to

gge val ue B0 Btk M,lg fan &w s,o s, n blpock 332)

me tdmputekecsmglthmnqw&h bbmsktecBBylthf slod el Z[és ntat bot h S,
and (S,,, )"*‘llltf,gi‘rl the nh‘ér'%e ewst H@S{a{“de“m‘ 5“’834 whose
function i &5 breEErEn ;ﬁﬂj% j;]lnd;wqu“ L3 %"(ﬁw fozigh Ré he program just
ahead;sof sqsl,e&ez utll fulingl ¢ SasttOMpu¢al vdRes YT e&daﬁmprogrlam pr oceeds
as expl ai n&Y (Hette), (ll)faHQ 86),)!Uemnrp@t dhqhipctﬁé Tm@wvﬂandsbnmmeno be greater
than S, , O Hers egfe%% deq';éue gyalues are g ‘f‘ gﬁ‘;hfér dYHrase? esumes that the
R, measuf il Eaihbro Jafi“e‘t,ﬁ p e R4 hat (Vi,))ind

is tom | ar ges,, i ,t,h IIﬁuﬂlyel&twaluan (¢gp,r,eﬁeaﬂlye i ¢ ik, colly/4h>2d i s
decr eased tpytatO/bnmebomwelew Vlalmeflwheca plo ‘am}hemmsah@delbe?ﬁusst ep 258. The

progr am pr n’ét%’%q)so I_‘Qori vt ‘8“ s§°tlk5?§§‘% dj%“?ﬁ“’e(%)"f‘ﬁﬂw&ﬁﬁp“go t hr ough the

entire analySAftr Gk nes 485E W 6, ha @eearcawuémmtéplazm@mmxe to recycle and
recycise, eeddt, Vghmﬂemrleammdﬂﬁr these vafuek, SILis lof partichiyr xilme&@ttbéthusé an 2xit from

t he hydr oc’éuwbb*}ﬁsu Is= SLothen ﬁ@PPfsﬂgf( and Th value Sgh graphical ly
speaki ng, $HE ’1§:f‘| A SCt SRt %} qgﬁ,x“gfvt%g Eﬁ}f rought back to
a locati OnTﬁh@ﬁ'Fal\Ie @ablock 30 andl tﬂedaaen § kbﬁgﬂxﬂ@sa Qhaws@agaed ement 261 will

cause3tan eXhese ﬁqwomussm;e aledoowriroprogrma fugs aheadraﬁmem ﬂ%Z, etc At thi38 point,
t he hydr ocar biSfResasen {pundstig fhis Efé’éh“%%‘t?ﬁ‘g Sr%g’%d go
us, as represente y dec1s1on ele

4 0 18, at the mos nece: am ement
the hydrocarbon analy51 10 u 4ted (see element 328a) after one pass through
t 0 val ues wfs deisionadhshefitf 36, designated gxN and’j,"'lIc, "arc avail able for

anal ysi s by tkeerfigrmatidelie datisiGveaient2321,NDike rc@ﬁpufem |p,ngam@haﬁlfgwne 25 sweep 2
uses thesethnéwt\m it éssfirgy laé‘,suraqﬂdhfblsaes !F@lr:gmlo‘pu\tsedatmwlssahmr of SI using
equat i ons lue Egg}’“‘%é “°“ § telt:ﬁéaw’H‘F geK 5 340.
Thi's new VﬁaFnH@f L) 3 grbster augn.@ L&Kml féz,., Snos A widsmted to S, if
It 1s40 5 gfselaheS&o,ithassunﬁéd that alg kﬁrapeaasmhtaﬂs Byonbluoml S34slset eeiumng wiot h this,
('P)sii an® :4»)“2 SSICEFF dl ‘Pﬁ‘b@éh’f 32 0%jith thisgpey velue of Sy.ftheSprag®ind.  Next, new
val ues of Ef Y mpueo E"mpute e (5% ut, eg‘ usi ng equati ons
(9. (5, LA J@Ms@%m:b& G SRR S B vl e e
desi gaat edn&» comp Mxe M(id 4ilBda6! oW isZindidd¥es thad th GSdaserlﬁWrd(\@-’lvﬂﬁs of 4,, and 10
VSh4, it isf fnowﬂs ¢ ¢ ibad ontvelme meswnmevél (Fe8ine0 fThS, progeamd t18x O usi ng

cquat i ons Pt ,s°°t,damb¥e§$f°‘;°:m§;z® RIS Tentdta kol ock 343 A
this point (5. Ng @aal e TSt Sy a1 § a ‘has been

conpl g ed Ormmpdeas@rmhktnp%&%&e&sgﬁgesqmtﬁaﬁsl RR @%m “aarm.ﬁhznow fpe used to
return theasi thdréfert bragthesasiplbck SBEwlios: faiitionetotdbeeaeaV ), ol Bt 190 Beifrar anet ers for

t he shal e rqfﬂateem B¢ prog 1115 just ahead of StePr?5%1M'di| Ehlsornthelw efc(é(IshDrbr'éhen ng the shale

i ndi cat or st ‘2’ ﬁl g ’§5’ & hﬂ? G gomacti on _correction
factoss C,, ey ; S04 ih ak@f’&a reﬁexfztc}i‘m&éteﬁmma Wehitsd SPOMsaNeous

potential, n,)maam@borleaq itt rhwsletv t,damresbened be tlodkr B30 (WVhR.a €quat i ons used
in the stat*ld§% byl iy V's‘g‘ﬂﬁ‘l%‘?ftl eag g Plzé8 tTﬁEW°&fd€mpar ed with the
measured d&{oes sgf,‘:, Yo vﬁ”é le i“ge Ly he statistical
routi Bes. 20,). by 1/0 unnl Wlthﬁiﬁ‘CﬁxE myda &Waﬁa ssrim{h 8¢ ltdund) i s groduced,

in Fig. 20gxample, sqpb. mllanm%d(m the shalemreprgt &t ot maysevmtbjnbethmugltted using the
val ues of YRt “°a‘§5@"h i’ eané@ﬁfﬂ’ﬂ&*@ﬂ Hupthe flecision domenpdfd viflhgusei e, V.1, Oy4,
5 ¥ roca na

014 and S,/ 121 o @§h Hllé) u;:neﬁas%% c@l’?ﬂet&P End: neqro&m'&teﬁd dur- ing
sweep 1. The expre55| on for the reconstruct ed I's: Velay SPe,, =SSP-
( SSP- SPUN) (67) 'Pe Sxo+W lay Wul ay 25 This function is

represented by block 344. This reconstructed SP value is a synthetic 25



val ue derived fromthe equation (15). If the SP data was properly
calibrated, the reconstructed SP val ue should be sub- stantially the sane
as the nmeasured SP value. A figure of nerit for the SP, designated FMs.,,

i s conputed by conparing the 30— Treconstructed SP, SPee with the
nmeasured SP, as represented by bl ock 345. The 30 expression for
this SP Figure of Merit is:, FMSP pi= S-r(68) A decision elenent 346
determnes if V,,1., is gr‘e‘ater than a limt value thereof and by- passes
step 345 if ¥Yp,,, is too large. The reasguyis that we are i nt er est ed i N3 he
quality 35 ~the— the-SP+s——
inportant as a Shadabeslofldi gdtpordetignated %axdm,eramamelammr dnylghishg alichromimdff ect .

Hydr ocar bons appedf sV P ands an n shal hl %uallt of
Feconstruct i on of g % g e s Wi, oo
sent purposess A raaoonﬁstﬁewc\taﬁ of) ST Riedigadted SI,. snui eldue‘drt@mtxhe ival ues
of V,,, and VOW 4gBeater than 33, peetepresaged lheblmlﬁbrﬂa‘tngmhclo%f('ﬁ\bsc peinPsAre B and C
conputed in sweep iMitd&c@rgj g @ if ST2Yo NsHatoREIB P VEnYs et on | s
represented by bl Qdﬁpééﬂusmg tq%atfoescnp%5),r@p4n@%)gamseﬁ@a/bpa&k gpatgd. &ree, is
conpared with the vamasut adiggaddg, Vay, AN tnd Vii . QWia mde Hew ivalufsosf 4.hendyanma
ray, desi gnatl@d F’\%g; Sssﬂcg)p@:3 n @Fé%;:g@g%ﬂﬁl?@tg je! of Swirad ﬁ@hﬂ;lmq}ﬂol@){w ensj onio
FMBt (6Rrec_6R. Pb § %1 h ng t r eAresentad. by oé‘q P48 AS
for the SP, the tha'L:dptﬂanQ ?ﬁ‘éﬁm 20l B, data §§§¢x}oeq>eh§e frd) Gk e Obratletital S
practical i rrportarmdymmeﬁdaehb tahmratfoorpmmetanfqrsherwﬂe indicatghal y and t her ef ore
i s conputed Wen Vh il82 °“t"b€FC lifyag 13, syeaR i al H@nlb‘&:é eshf’f*Fe 15
deci sion el enent SARPIICAES ﬁ%m’, R RS s oty
reconstruction andnmrfﬁﬁdhbﬁﬁﬂm OChis synthetic data iBHe comlhred wittie bsurtd dagan be
averaged on a _runmnes bamtsnpbthpﬁ&wq of anefif egatigfcal routines50) nerit for data
over the ent I2|0e for P,%{oirv l?g t}‘ﬁfsyriﬂﬁfl aéagirproduce@ n Fig. 20, the spontaneous 20
otentia lS reconsftructe S O

usiiig the valtie clays Po AL uted in stcps 342 .
1,344,194 and 343, ie. Veups ¢oc and Sm, as well as the vah;es of SS%;DQ@SE com ST
and V.,,,, the dedpe sves B U The lekptestimaistIthe psiktrdéd SB ig:econst r uct ed assum ng

100% water bearing formation of re5|st|V|vty Ra, in accordance with the
fol - Iovmng (SSP—SP,,

(1 - SI)' V811l RW+ 1.250e Rel 4 ?570) o O+ W, V(JHE ter MRO i's G%td here
because it has corre to be the de5|%nat|on for the resistivity 5 0of a
fornmati on whéfe S, a;;jcl . clgg;hgggprﬂfgﬁgfé B lg S3fePrvsemteehy mitdke sagetcrhe 25
recon- structed R, §f BESP QNS liicny(zdﬁateé\%tre%trﬁc%r@%nzﬁlgulpyesrug'e

deci si on el enent &&Qnaandxeshrmacdc tRbricasukddesPsaR®e operation is performed to
reconstruct I§g a;gorﬁdﬁ %gﬂ.rsqﬂhéorftmth$lbvg§?a£§t Egu;%&ggﬂggtqu‘a{)ﬁgﬁgﬁg _{tllg( 0
measur enent av Y o)r
10 (2 - SI) V.h R, %r? lin SIR%F:%X fi fsltlsl'hese reconstructed resistivity
val ues can be conpared with the val ues to determ ne the presence
of hydrocarbons. Running averages-ef—dai- to calibrate t(?@ SP, gamma ray
and resistivity data are conputed Sfshe/ sane nanner’ as r sweep 1. Since

4

’V

sweep 2 has considered the hydro- 15 carbon effect, the calibration
coefficients w || Aéecisior &enaﬁtcmsattanﬁieixemhswee prec2thdni afhnﬁlhﬁtue rhe:”e&f ama; b;a

hydr ocar bon ef f ectP SSQSH@PI?J‘bﬁflféfm Thﬁl’k’f’lEl a'Fla’GnntifrsSteé 5
el enent 99 i’ Fig °“s‘ﬁ&dﬁ g’e:ﬁm ‘@1 e n%?’[) sﬁﬁd‘“ﬁfﬁﬁf"dashe
line box 99 in Fi gw@lal firdkn amsmt araakatsigaﬁdaﬁa forlgadit i ne to
conmput e runni ng a\mragee;esof data Whl ch can be used to comp ute t he acoustic
or the sonic é % 11 t10n e c1en co{@; tgldci;fx(;lmute'a 11?11st mc@(?ismwespon%
in shale in cor@éﬁé e&s\i\s?ﬂl hﬁmx,.{?‘ﬁ éu@@ &Q@Aﬁeﬂ‘ikaﬁ%ﬂa&a Bama2y 16 and
17. This is represiesihaei OF. . .0lseomated the nebsuft p@n@Orayid G igins oSi@mlorl N

detail in Figure 2 gafing sy, desiomtsd filcpgs domBpted & cording t0|tlle fplfowing lgepreseal | ed
fromthe discussion of Figure 16 jhat the ope of the line which best 25
fits data points on a Os ver$z _SRoee 0% Bt reIativeto(@b;e sl ope of the
line representing f/+x=l 1 gi Ves rb&aﬁfss, | caI ly average al ue of 1/Cp.
However, as discu 'g( earlier, thi at aggrt}agl ng n}lst utilize
en o ¢ quality of merit of the 45

pOI nts der | Véa fr Z%L %ﬁ Wﬁe i gé]ﬁﬁ%cal T y when the formation is not too

shaly and therefore is computed when V.,h 1s not too large. When this is not the case,

the decision element 346 causes the program to bypass the gamma ray reconstruction

and comparison.

50 Both FM:p and FMur can be averaged on a running basis to provide figures of 50
merit for data over the entire formation section of interest.



that only such data points are utilized, a series of tests are run on the
data fromeach 30 depth | evel.

30 Referring to Figure 22, step 210 determnes if V.,,., conputed in step
342 is greater than a limt value thereof. If V.,, is less than this |imt
value, a test is nade to deter- mne if the sonic travel tine readings At
are valid, i.e., to determne if they are | ow enough to insure the absence

of a cycle skip effect. (Cycle skip is caused by a tool mal- 35
functilon which causes the At neastmgpent to be too high.) This tést is
per formed by 351de0|5|on erenenttZtl Next, ta test |s made 0

1§ S 1 1‘ S C H 5
?ﬁtes;gr ,nev\éaszu mghl.oy%ga\t/t:él earm% 'E)r H%lgnsoft&: lFlS}lTVl)Eéyhé\, i'l-gillzfg() Ea“?caf sgfﬂi?f%?:ﬂ |an| Idg]CIt S:/g':,]ue
el ement 210. This test is represented by the deC|S| elenent 212. If the
test of decision elenent 212 is paBsRdy; the water saturation S" is conput ed

40 from equation ((556“ Whe bl ock 213, and a test is
made to determ ne 40 i f ? g?’eate a4l a given d&ém t val ue thereof
as represented by the deC|S|on elenent 214 If t he test of deci si on el enent
214 '8 pasSida erp Ro is usedy gofep hathF (glgpé ?@éﬁﬂsﬁy“ﬁat er3beari ng,
chen s Pl MR ga@r% S

conput ed aslodkespl, Qﬁees&he are&nﬁtﬁﬁt &hebieg @Itveslidsne sl ope of a

i ne 45 ing efpptionaié an Rhene@suregxpm ipgveilablee dat a p0| nt 0s, 4'NC (see Figure
$6), a running average of 45 Jépl{po w il give the sl ope of the line 70
in Figure 16 which reprgsents a stati$tical fit of all of the pojynts
corresponding to a cl ean wat e(l-sstpdi, R.f+anys@&.,t hese tests (211, 212 or
214) were failed (answer of No), the sonic statistical @butine is exited.
To determ 0 0,)Jdh, in

accor dance?ﬁeﬁgggﬁﬁgﬁigfg VRY vglue%af P goﬂlggﬁg%tw gla%p ﬁl’%ured ngisf() runni ng

aver ages of LRlslpmﬁhve;achIoﬂRatarbckaﬁiraﬁte ﬂ&e §P, gmena rﬁ&ndwiptwttedatim data derived
from gtal ecHpE %mebmo i‘rir?‘iv??e 111 $m°ao SYe5P ?rﬁtslce‘ﬁldF;§g Pl_ °-arily shaly, a
series’ of féabslfygro%aﬁ- t)ta ftc?gfs s&) *ﬁgn& ttﬁ:&: t&%cte by’elcu [9t§ tes

represent egh F1gura32'b Th:s element 99 is shown in detaxl as the dashed line box 99 in Figure 19. 1, 344,194

32 by deci sij ohexeltherpeqstamM@rs 8l sratltthalsommer wtcobmet rupgngpassgedf datae. , MV, ,, s
gr eat t h% :{an sonic re Nnse In S %C lrﬁa?cf:)lxé PC?:\;I‘;;I-;E? fe gflqaétfonsggﬁ?:ﬁ:lfguﬁ:det € m ne I f .
at, SP and§fg r7eTﬁ % Erttaﬂedgry \iebhedtioB) 20 Whith'¥6 stOATthEclaY cofnt rate is

greater t hanFigurgZen Iimt are nade as represent ed by decision elenents
216, 217, 218Fighgopaoing |f al|l of these tests are passed, i.e., if the 5

answer to each test is yes, runni ngl_sums of G, SI, SI2, and SI, X -. for N
(nunber of 5 levels) are corrputeda,;5| ng the Iatest data (i.e., Sl4), as
represent ed by bl ock 220. | f any one of these tests are fa| | ed, the program
exi t s%X he g(ﬂﬂm repalgc fS"E“I %151318 %é@;f@é Heh éﬂ% PO diieom stleep 2 are
stored in EZI‘_ glreég'r”s Q;ée qg& - c“‘"5e| ng consi dered

i s deri vedthisr sfidtidal dedpigihg n&majnmtﬂaefs detmam frbzhelekra\sztterdﬁﬁt rrolﬂure | evel , which
guestion i §laagllbe@db°}atat peintstiee indizgin a edrleen'éntstsai:';&un prhie pqrtegrpramctl hen goes to

10 th® nexfRy S?WLt@ £R5 88 %gx | SRR 33 3l Lbadis LI 1 st

sh.y 2
dept h | eVelun BeEW alull Bsresi! It Er B th eﬁ.mf 2 il VA Bér @d C are conputed
from t heseminevif el iamicngpvel wizreaepdings stsare¢ r:l,e-sem eazlerrb ipe ifhieylrolol 355.

Addi t 5onal gggxtlth ﬁeﬁfebsmcwet :ylfgrﬂ@qﬂfftéﬁ%egﬁ cgersr;tb gﬁ@g%@ ., (4.).his
conputed 152" W SHE e té‘s,t:ttétoe cediiEit oo L, PHLE Smpih ﬂepre ented by
bl ock 357, sthﬂ'BﬁGQEd’sdlﬁﬂ@Qvaﬁﬂﬂe therdds, W i vaayMs Megs tﬁéﬁ&h@l&ﬁitﬁﬂlﬁ h AS -
BS (S| ) given gm dec1sxtor‘1)fe%e°§;r11tn210 This tlegtns p?:jpsreg gzﬁ\ht;y thséagt'c)sx%n §,{@Qe§; n%lzge? ) * | S A N -
Y (S 0 €S | (Sl))z 20

The a)é°eragé‘°$feq?§ g Q@iat‘t it e ,; ey : cheoni o
conpacti on214. If the t@@offcﬁﬂsﬁanrelc%n z(1$enepal§sled)¢k b Gle kaad;tfb tldnhE pr ogr am
proceeds temswéae g lasfmr‘ée rre ‘Pfetﬁ@ t“S‘%Qel t thshlet:he change from
Sespg o LUEFRPnE E E?%f P AR ouep 10 sueer
3. The orlgt a@ will ﬂtea eVo?- HeaBe 08 nch haé;ﬁes Bicaomch depth |evel
dur- 25 of aliqﬁ f potxmgtdaxtea@madrdeﬁa teedstsdznrl; N3 sweep 2 being
di scar ded. or 214) Wefe faile (answef tth"t-‘t‘ttll Ef tm“ftnh "é"r‘i“élo |crgd| ators have been
recal g rateﬁﬁg jo‘}ﬂggl&tgﬁt 3y a’rg %Ex Desatg fiouyes of
merit ave fad €69 Akl be e&ﬁoxﬂih‘dlef&lxﬂadoﬁbdﬂ‘eaétdrﬁmeﬂ iAGCImACY Of t he

cal i brati orrilpelrafyor neids ofurestsreage Bmebp firkt tes\bting the Upén#lyteﬂa¢nrd§¢nartied shal e
indicators, it is now possible to run a conplete analysis of the derived
wel | 1 oggi ng 30 nmeasur enments and produce conputed out put data for
presentation. This is the func- 30 tion of sweep 3 which will be
descri bed next. Referring nowto Figure 23, there is shown a flow di agram
of t he operation of sweep 3. In sweep 3, the calibration data from sweep 2

I [ . o, N 1




menory is read for use during sweep 3. It will be recalled that during
sweeps 1 and 2, 35 data falling in the unlikely area is discarded
because of the possibility of its having 35 an adverse effect on the

stati stttat—Toutines used for setecting the calibration coefficients. In
sweep 3, data points in the unlikely area are corrected before being

anal yzed. The sonic derived porositibo and (Vsh)ind are utilized for this
pur pose. As represented by the decision element 371, it is first determ ned
whet her the 49 plotted data point 'id4a4,014, is in the unlikely area, 3as
represent ed—by thedecrsronmerenmemt 40 371 Thi s same test TS performedTn
bl ocks 104 and 24]!JY|dQClssqneéfqgsnt_1.21@1dﬂﬂ® firsF et lseeSFPd lm ela‘matedeltaenlmlmnlmg if a
OX, iDpoint is i ﬁ’ag‘ therghq ey IS tolater qn; gdyen limigs ' o

. gamma ¢ count ra 18 greater an a °’ en lnnt are m. %% I'c resented
data point does n d@‘iﬁnee Rede S‘Z PIHE LN 21658 all b WesP LUk Bstenoa,, BICceeds to

anal yze the data faaswehydudaar bqes ﬁlfx @:ﬁlmsaisq;,rapSE,S@ntse, ">b§br @mﬁbemz Thi s
hydr ocar bon 45 levela)r?aq gpsted Sslligq‘éfnta et afata(f. ft:h5 h%? remfaté%ﬁ bipgk &4 Hken in

sweep 2 and need Bt e, é?:i,ﬁmgfﬁ:ﬁ; ple eI 4 he Gat o

poi nt does fall instheme orﬁiﬂ&éils aaaidedlfommpﬂhsev 1Qhr th aﬁuasmpthhl rds of
O, which questi onewlswaskadsrbxy istasled demesiemmnelemmﬁ 3We29rog:r4meﬂ@Dgoe0d poi nd
i s adj usted towar d%“g ‘“’6‘r%}I Se(‘Bi bﬂﬂ*{&% f- It igjhclatfep q&lnf‘e“‘t‘@mp /Ca as

represented by bl qg%e = St § TS c‘fmdmm frorﬁﬁléfse S Gnated O
and p,,'. 50 Addlfﬂﬁﬁﬂly, ﬂasorﬁceﬁxvelsm RGhdy ofdi1o Mk& 1374%) 3%5oﬁp\ded376
gamma ray and5SP diem| e ponigitravel time staBificse agt mopresemgdeby tilick B dh tcoordrorrpitie Vs kb
and the smaller oftheisRoWngF*pessianst ect ed. Before (Vb,,)sp and (V~h)Gn can be
conputed, a value of S1 is r(¢f§};s=saryss(§i)l s val ue can, for(ﬂeu)(anpl e, be
selected as the S1 of the shale point defined by the intersection of the
shale line with 33 1, 344, 194
33 aline fromthe sonic correcteg ga nt to a point defined by the
intersection of the Wd d Ii Ay ﬂaws (See Figure 2). Howto
acconplish this entails stan- dard gsrgéomstry t echni ques and need
not be di scussed further here. The va ue 0 1 so defined is |abeled Slap,
and is conputed in step 373a. Step 374 uses Jl. 5 and t he
calibration coefficients A B aﬁdSItZd@Hpifsédﬁdurl ng sweep 2 to conpute

5 (VBA)GR with equation 17. X3 gen(f bl ock 375, the calibration
paranmeters SSP and SPsh corrputed uring swe) p2 and Sl ,,,, are utilized
to conmpute (Yyh) SprniMaldiage @ 3l/hQMNs bddaticallp @RNibraded if ERHESEME SRlichY¥mplcAHK 378
the smal | er of théser Gyo(Skeablok S56) Vsh are sel ected and cal |l ed (Vsh) ,,,1.
Next, another val ue Lefly:\he program pry ZS"' Q?’%@Sﬁmed byt ghanents3S8. 4p

val es_produced 1 P ST Ty B azﬂe o el s ,eaasd&gﬁmsﬁﬁt ed 10
by bl ock 37725As nhigRepaninedy,y vid patéd durirg t@Sp 2 béngiadRdeddO det erm ne
this corrput ed val ue éf ﬂMspomt, enshale ed!cawrs bave ee@?e?ahbrateé to ta(<évf9h at@mltlﬂs gr eat er

f 1
than (V~h)'ind corﬁ’}tz‘i.‘;:?ﬂg] q%w@szg%%‘g& ee&siggg“ m;f;tr;% lfg)gf\/’l) 1,1d
S (d

the AN, fl'l poi g igdiat &mb Qﬁa‘lys@ HveQ Exin ,
line with t hao 0K—Q1ehshféﬂemminki|pr ¢d\/&hcpinpyted ¢ug>ueqanaror tpﬁ:se(lMt‘ich) Thik b @S fub 30
represent ed by bI oxquofasyv%ep Wn@\kﬁ’ﬁ I gggﬁ % er usrea(tjl tg enter
the hydro- %@J ﬁr t cg‘f éga é‘; storiciﬂmhad been

greater than (VSb)me!n ytJu%a F @EREBE Swieh3. R 1&Irécauewu el g,ame gQhd pised to
enter the hyds ocardwgrfalbngaih yisd snlikedyr areats(dncaafcdtbhmus pbgma:mnbmiytoéntsmMgnew 35

corr eCt ed Val ues P a@ers tPPomessltaﬁﬁf::@‘}nrou are a CO rect mg be ore Fl%analg?ﬁc Ced 20
by step 242, thes “ye’g ,1 Vej ay,
Vsilt, Vsh 20 an sh ,rep&Sent’e& [er QR .eieln @nk u318 Brst h&ﬁlﬁle(ﬂ emermalﬂues are

desi gnated @8 VcDd®iedialgoint Y3 ok naﬁpel u@ikely angy, hreprmnteﬂahyuhpsdegﬂonment VSi 40

1. 2. Th
and SI,, as well éigque or de@@ﬁlsﬁ% 4)?@? m’zg) un ke 6a¢gamaix eeéngs%usél;lfa ft?f'md C
conmput ed during t h esgl mrﬁﬁé/udllﬁcl)r O bhe p ds to

represented by bl aﬁd(yza&z .dat thydréchndor efed,rus idpm&htﬁﬁb}gﬂm42‘ ayis hygircegbgaar ed 25

with the nmeaddired e lﬂ@ycaéwg;#?e Flilaéj’ﬁl? wndertakepdin s eei’ not be digce d| ng4 o

equation 25 ( m@ﬁ@ﬁ g TR de?z C;Jn %ﬂ,-ﬂ/*‘“t,, E

spont aneous potentplmad is a8l QL OURAY 186 bREn bF, Q=0T & CLRFRE amétp S.,
VW I, and the val ue;ses@ted$$lﬁloamj’3593:kc mm uméculfbdarrdim resdes’ te&-?\ asd tpxe -

resented by BPock 38Nextygiac 4 11 éﬁmﬁ %" dt'he 50
reccurod 96 30° SR e Rzl Wi e E R TR R 1
equation 68 in thee SRR of the shakCpo AR bR Ghe SMRRPioR of @6saiepieas@nt ed by
bl ock 385. The data is then prepared for output, as represented by bl ock
386. A detailed flow diagram of how this is acconplished is shown in Figure
24 and will be discussed next. Lastly, the prepared data is printed out
and/ or recorded on magnetic tape or a filmrecorder, as represented by

el enents 387, 35 388 and 389 As shown by eI errents 433 434 and 435

o 1 . o ~ - o




40 able data, i.e., that calibrated data conputed during sweep 2. This
function is repre- 40 sented by bl ock 400. Next the hydrocarbon density
Ph, is reconputed by simultaneously solving equations (6), (7), (10), (11)
and (27) using the latest conputed values of 4N, gn, 4e, V,, and S,,,, as
represented by block 401. Wien Sx or S, is close to 1, thus indicating that
very little hydrocarbons are pre- 45 sent, the conputed val ues of
hydrocarbon density play will show large fluctuations for 4 ?5 smal |l errors
in thé paraneters which are used13#,98e conputation of pf,. 'In t3s s case it
m ght be preTerred’to conmput e and_print_oudt optlonarTy The TTUIG density in

t he i nvaded p °°"e°t‘idr9§ S 191209 t defingd SCW zone fluid
density (pg ragﬂ?‘:%‘.’?égm’ Ty %ﬁfd éﬁﬁ%ﬁsg Zﬁ““ﬁ& H% “é”ﬁéﬁﬁkd by bl ock 402.

A deci si OﬂoBBEEﬁBﬂhﬁnedQBlabc&chﬂig arddOis Sepaedl ib: p373a swpavheses §pf,) .., is to be
print &d outand(eleealfgtawkc ts A,fB ¢rdr § comnuedrdgtmgt ovebe 2pto pamepdicout , 5Ph, 50 i s

printed ouf 'gp‘e‘ﬂmqﬁgg“&m@ 5s§5§e‘§f g bl;?fl‘af_e I ze;liggch% % ﬁe’filsé t hydr ocar bon

effect for e(g réggmg EmhRA gm S Agsgfepresent ed by
deci si on bIchd(e pd hdaiecaﬂddr(tvsh)’l;,i CN'clx anotheBBlue\fﬁr, Vi 35 @mpiput athgand conpar ed

with & | i 7373 EUOZR)G& |(9) CPBES@Qd 0Pty is
b b@ﬁ e T

55 The nextstcﬂmtnfm,.) [ RR&t e wagﬁyust Wirdd mms val ue for
out put . \Whextid, of thesWnearlind @08/ thet eoslalnmx Ne) afis bbemhmdsasussed above for
the h%roc&&‘ﬁé?ﬁteﬁ hEIP"ckx@ fine g palugs fos @y 84 dpeareeceio ‘ﬂ Bdron S,15 To

ci T cumvent SERATEhd) i‘?é?ffiaﬁ%smq e Al Qg such nat 1 ar go
fluctuati ofigéa bfl’khépr:ocx@rﬂ scale wi |l produce snall

fl uct uat i ons Mﬁertﬂh@ewemsctdb‘dlumftmardff/msc ¢vc|vb¢%\}feve bealrpr@x én- 60 sion of

S, | © IR ek IR S g L aid ey Secour® the fac

t hat 34 Vshs and SI,. With the values of Vais Ve, and SIZ as well as the mma—]-ayfgﬁlfi;:eﬂ94
34 at thi s tbmowetiddnerA slmndr(atam;ed tdhzengrtmc edpad, rtlheXgaﬁﬂ&ﬁ(MYEIS part |y oil wet

whi ch_| ead&meted ey ieps *ts*strywlqcb Liherrcapgitugied gagimagay is TRRateAg t o Fi gure 26,
thereXA s s ,ﬂ;;ﬂ;ﬁ t“éié‘?%° ?f‘tt‘srfém%‘idlaﬁ’iﬁfﬁnélm%%‘(‘?“é’nvers"és r ecor ded

S, on the verAddﬁamau@Xths sp eod@b&eﬂall is Ncofsictdde bR SR kRorbpied | | near 5
ene for onelywedialdd, Yas Iandph«ofahe esdd S&h cmmusdlgume@wdéclaSSsp- The solid

line curver ‘gby block s e b degresesl 88 t he, conput ed
s, vafles. 3 &m °“3P&§aﬁ1§f‘ 585, 28 M&Sffgﬁm EF outbue, cONpUt ed S.

pear 0 andaslf m&dh@r lﬂockSSdl@f Yerdiled Howedihg rdiﬁ)'bﬂhbw this Gsnactomphdnei gecorded val ues
of S_ Thi sshfo re:’gm%!éﬁ Zqi@éllaggfergcbfrdmdsegl nexgeﬁesﬂﬁgmrf\geha& ‘é‘ggg%ﬁ3§r e 24 as

follo repjesented by
b ock)’a’ﬁIS ol i&h@l e‘im%éﬁ?ﬁég%%i? lls§rea}<l:e J?V%.' oGt On i s BSked by
deci si on el enden, rddifig toFigurd 24, cierepslthosn amo\adramxdamnmgthe itdspe foI | ow ng

expr essi onPerfgmrdl pr xgthgdat% n(gtgugdurmg sweep 3 % ﬁ}q ,
lues g‘é@i @E% oo mf% & A é‘pﬂ: quesgol on i s
,lS

d

e (SR

asked by t kewedBlbisk @00, Woxt the hyd ﬁipl& byalmuasanagusty ed val ue of S,
i s printedsolving enapmeﬂi@nﬂbdlﬂb)(lblaod: 270 dsthg the lates:t.Borﬂm‘uteSWlues ohbetween zero and

.4, V\hlch&u by is computed in
accor gance %‘EM ﬁtﬁq%th“s 'a‘ikg;g“ ‘?}?f v@iﬁ e gﬁ??‘ms m? fi-= Sis +. 02

o
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Ts

(73) 1+105Ghall eﬁpr,s il te ﬁunﬁatdrml carenie phpusdiedofi pi.. Inhiis 8@a¢ke manner as S, ,

i s and neealgfl 3% mstea% t:;fwmlzll}ltlglsﬁfﬁe gy ?F ﬂtu;g H?DS;?I;{‘J H’tha"éﬂﬁdl s represented
7] xny Phy 5 1

by bl ock 4 atlonr (42) as represcl:ntcd by block 402. A demszon tﬁn iy ;—gﬂgve val ues of 6.

and 5 5, XfHetior Jpr)@liro GO PRMddaards (sekiblosk QY. nﬂmpmi& tb G privked@b@p,l NY Vsl ues of
fbe and O. is)prigtad ox@(s&bloclf M03 bfiwmnlytif bere isx sniemnemrmaebbnb ecbfopthk 423. A blip is
t hen pri nt E¥PPREg vaig Brbéﬂlé‘t“é’ﬁﬁ*l ﬁéffpiﬁﬁﬁ Ryrdegisign plosk 109ahefgne- and gpe X
1-S,., as P‘E‘p”f”e}é%n{@tl‘stf)‘)mﬂit‘gc?ﬁ gosppared yith a limit values, Wheee BR&S+* hortion of the
"prepare data for output” roufine isg o0 CO te perne- 25 ability
usi ng either equation (43) %?[(14/4,%) i (49 }'uatlon is to be used is

determ ned by the decision el ﬁ'?&y Thisldecision is set by the

oper agor bﬁ‘, erﬁmceuraﬂmgthrshecmnqgg@mr thdn (ROKAE bR, (44) is to bc uged, it

must Tirst DeTkbeher mutdedbrypa rcquterd waer ts@uidgon3%). value fo:saxtpuequal to S.,

or a val ueg‘tbert évrmnwedoq%,dhﬁ ﬁ%?% gp igeg%d E?{ﬁfmath%ﬁ) g bonTh| s is 30

det er m ned (see deci si on
l th

el emegy 42 wswf?grﬁﬁc o uﬁ@@ﬁa%%nsﬁi‘hﬁl@ vgl &feovcr, laiS expiii- ; equsd to the

val ue f or nmsieh 6frm,nib eﬂuafbn ﬁn;slm(rZ@x)pu&dl(S @adc);oralsmepcrces\etht@dtmgt bI ock 428. On
the other hand, if SW is less than two- thirds, W,, is set equal to
S.."1, as represented by bl ock 429.



35 Steps 439-442 are used in the conputation of the percentages
by volune of the 35 different fornms of shale using equations (48),
(49) or (51) and (50). It will be recalled fromthe discussion of Figure 11
that iT The nmeasuréed values of Px and ha, give a point on the gN-D
crossplot which falls to the left of the dispersed shale line, the

originally selected value of (pz),, MK cannot be correct and still be
consistent with the nodel. Such 40 an occurance i s represented by the
point 33. In 4his event it is gurred th@tﬂwe ori g| nal 40 ( p),,, i s 3pot

applicable a
pass through t he pm tni& 1@8wat€l’xhsaﬁ1ra|ﬁm;vt1fct rogk Ma}nueocmm:s tpbuem ol Meewmch leﬂlsoo

equation 49 for thgrmeouqlse}omCOpnéqueYa cs ¢OS()?.CCO I |fscglml;tuhc ‘%é repare
data for output” r Qx'ijs velf% q&fc rli%%%én fé a? he dotted 1meé13?f Sart he
measured t!)s.[) BiQithHont selatiohshibler B&mp $ch6s [iosRESS aliige Faaitef | ned

45 by (@)1l ax by gsdu ecotdﬁng(meWﬂ appliéd b it ‘compfeed| . vakes. (ttcz1) be deenxirgng  set
equal to 4 s3 + V 30 ‘E ab‘FS‘éﬁ %?tcfiﬁt\ Beaé&ﬂ"é‘t]@%n"&QC‘S\VW,“‘,ﬂe@F““aand V, 1.
are then COITpUt ed nt’Fh? ﬂ m ) e dRE Qm(ogpx)vuré 2LE 1SiloRR Fﬂ‘é‘tZt)ﬂe
course, if somic daﬁ@ue@semamttahbeqc( Edﬁﬁmﬁ@cgalv, bR MBS T3 Ss HethBdn, .6 4iQ)0, and 10
(51) are used i nst which (Ettiom is44i@Y by Yrision element 416, Bl dsncomprascdr in redrdarice with

hydr ocar bon sat ur athF SHlOHRY XESERE are conputed in accordance 50 with
expressions (45) and (46) and printed our resepted by bl ock 432.

Next the gas index as given by)i % g =S rﬁc(lﬁﬁw_ édn)pTed gegording to
equation (47), as repre- sent ed y bl dek\ a8 Fi ndl | if the | evel being

considered is not 1evlashy) 8! is defMEenPh QY BMLLGL JHERSH & QekPby the dedsRE
begi nni ng of §VeepelAndnd4BOHS bEQ cimh@d © znemftshe grend, ab peientcdiby lepRESent e

by el e- 55 nehi S48 detfr erd-pmgiu f‘r,eﬁﬂﬁnpu%ﬂum if sk Py tvalefivpntelemeny 420, S¢ he
program stops, as SEpPREE it é‘d"rﬁ‘}?‘“’e‘f"é‘ﬁb liopigng cquationy 5
1, 344, 194 4—108, 35 Now referring to

Fig. 25, there is shown an exanpl e(m,u@,—_lsag.qzn-eduee# in accord-(78nce with
the teachings of the present invention. The pi prt¥-the | eft-hand side of

the depth track corregpongd, &8, kBG4l GQLALL QR . IH;%QSAL /is abd) Geeflhii@NCE
between two cef- SaRdkbskd BirBirDBhil BRERS RNbScseht@ Gﬁ)&cle 2nunber of feet of 20

100%0 porosity of por Nespodumgigtiyerlué of $. and 'aeﬁ(le—S“Eax;kpozpplpcdoﬁhlt Iq‘emmo t hand
side of the depth &} BEK HEr rlréeenpsmér <l e8volinfinget is opresertse T L EE
hydrocarbon in pladerp iy J&;é e ARG PEFhedbr TTY RS Paf'e f’ecorded In
track 11, S,,26 Sl. %he atpdidonSt 1Is “pfcﬁzﬁ" hn;ﬁnmeaphomana% WSoBpLad mmcecor aed.
S, ist he fraction abﬁtywneelﬂﬂm agmasionf {4P) exd44i Whicl epustiat iisgn bovated s, dc@fmﬂ is
the residual hydr o %ﬂg{ B RN o RintecizipRy's £ Y the opEFag, RfoTpning ©

wei ght of residual QEREDOM) BES LOULK iVAkUTE: beTRRAIMNA FHHhYOB,, is o bc 10

* Shi, and 9 %0 S-y-sct.equal tboﬁ\ﬂcqrde/aluﬂdmrh nZOf1@s sehiingoquatibie (10 asl ctzy~ m'ns @l I |39

cl ose to uni ty I ndffg lf\gﬁeéﬂg‘-’re ‘ﬁg‘t"?é d@?%%smg
ati o of gt b m:&;%; B iii’ﬂ 't r ack

1. porosi ty anal yls {45, W, rlyﬁ’ﬁequtﬂ 10 B4, KaSHWVsaka thenar 8d. qJ IS

formation 15 35 por 8eps 43 9ee42r=ectlsedjmftb¢c utnt@@afblemerantdgcshm@r@fd@@t and

9. S.. is the waterifre J;q igps of shale usinascqy }?""ﬁr“ﬂ) PR andie) e gl bsatpRedn t he
isc ss1 of Figure 11 casurc valhes o m give om

two curves correspiis 3 OIS Ne anbor T ol dath BUROS Ik AL RV %

anal ysis is recordedcctca vilﬁa&ﬁKij \[cadnac HeRbiSect @gatillbe Mkjsient, mrh\ésq médal Sech are

recorded. It d@n ben§@€W¢ rsawesghfé by gig‘egglﬁgﬁ %ﬂlhwen%eu/}!% ﬁﬂ‘g‘eql% tg\ﬁeﬁm

have been 20 tlons
Wiith these inpr ovééie u%ﬁﬁ&%m gﬁ%!glrsrﬁ]re ‘dat a lﬁ % zgas gv‘,{u %{Ef%gz\g een
avai | abl e can now be Tonpouhgish disdn dkS‘pd-mcedmt for emald] euie closwpdped, eep 440

i nterpretati od of PF ms the H&PFH”C I"'epq'é}r‘h*gt*’i d‘ﬂ$°f ”\/‘Wﬁls(5 Scﬁﬁ@ké‘mh %Cdbeen45
descr | bed what  ar e TS Bt éntgaumm plaf ey d-eabdlli B o

this invention, it ek ){l(@NSndt(@O)t’ $@2p 3Kj). éﬁduxﬁeﬂﬂsﬂﬁ: Qlatis by Edblevarl ous
25 changes andStcmeﬁﬁ,lcqmtmn@l(}@),m aiub’Smhdeutﬁhemeadr(SmpHﬁ()ut departi ng
fromthe invefion, Then thcrz4;?hlq ogarfjo S"*utf & arbyet prg TEBEr al 10
such changes and xpres 10N }) f og otﬁc[fhgr Sente ?{;EEOH ﬁe‘n: t{ld d
clai ms. NVHW AVWE {éﬁlw bloéc 433 1 A et hod of proce55| ng wel 1ogg| ng data,
conprising: 30 Finally( éthed%llcli b):lna gorgidey dgcglﬁf r%q’tl lhwla%ﬂcvgiaethsmpm:emtmzlto 5
represent atIVés of é}mﬁeﬁ“ sec I:E"Ii(:%% ﬁ ﬁ%re last cw the %]nn st@ é‘sﬁ}?ﬁsﬁn@d ljsel ected
depth levels over @em&tusson 87 57bor e ni n ffleast some of
sai d derived neasurenents from at | east sorre of sal d sel ect ed depth | evel s
over said borehole section to conpute at |east one input para- neter for
sai d borehol e section: 35 'c conbining at | east sone of said
plurality of derived neasurenments from at 35 |l east sone of said
selected depth levels with said at | east one input paranmeter to com-

j_.




pute at |east one output paraneter for at |east sone of said selected depth
| evel s; (d' characterized by conbining at | east sone of said derived
measurements with said at |east one outpuispgpaneter for at Ieeas‘;t sone of3>
sai d sel ect eddepthrtevets—tore—46 —-cotptte—sat-td—at—teast—onre—+nput
paranmeter or conpute aetrfering pEit. Zgaﬂl"a'ﬁfﬁtsﬁdfwnfanrexamplc ofalog prémcemmﬂéntmtl on
wit'h at |eas- sonﬁ“tﬁ%“;mg(‘ihgtigﬂ gt P'Qfmn@ isp-chemins o, ftd’éwc%deduttlg
paraneters represer& L\%SQ ;;; tsa %\-ctt mﬁ ;tng b A
met hod of processi ngrevELh bip daggaxr@ faltialdan:@lE ﬁﬁgtridﬁr redd alsel E@nze@
in that at |east orvéf@f Ofshxddmrh ma: arret ers is a cali br at| on coeffl ci ent

Of a rel at I on 45 Q@Iee‘ I'OC”"‘JOH "l" :‘ilt! glgg.: G?Coré Irb o "tlgl Sd
measur ement s and thmecshﬂ Gor ARk GRLr OF. S, - is the r“”fghft Rirdellh k‘bflk ’Hh d
according to dPai - :BH;D-I’,D Lis twhedighic R &ﬁ\iﬁl[ atdrdchtpait pe|aai:1arm1tuﬁelr S"harteo envs, put ed
characterized in t 1Sﬁput cifren et gongsrseice Bk idbysiat ¢f ol icdest fo witent s of
rela- tions givi ng E{ﬁt{ IR B PhE osHAPE CBAt ERETBI ¢ héf 8rifatiBn. 50
4. .Method according te: atrnbori’slwbﬁﬁ‘acE&{ek zefaisly thatosRi ¢, SeRIsHSMERNt S
related - 39 t 0 potvsitysdvarbesdcion heindcarber hrdOkbale h&cspﬂnbameausrhspotaenﬁﬂeal t ke
natural gamma radi d’é&’fli‘ |Tf1§F ‘“6?’*%“‘Fé‘si“3tt‘i‘q/7-‘étr ssqmm ﬁ EQO Q“edA
met hod accordi ng tcfn@@yargf, ¢ Palyss 1y TERAFLR B L S FR4E: %t 'elst one
of said input gar anet &t sani le &nChaﬁa&tﬁFeh&ﬁd ﬁlaNﬁJwUﬁdefnp@ ddyipehoal hsbaka over
said section invepygd ﬁoh@abgrgﬁ@;l.sgmd shaly sarlld ionmt ions. With these 1r1prow§d methods, 20
55 6. A nethod acciﬁéﬁe@aog le?mfte ret ﬁgz:lif a&g ;%ﬁh#@a%?@ﬁpf% FW‘tq‘ltﬁt sai d
at |east one out put  pa¥ ?erhalv.§b@9 gﬂa& IQcorﬁﬂErgd ehelel prQEhred
measur enent s, a fi resﬂbocmn@ts@f t‘mhr'&hndnSu K\ﬂpﬂ,‘eeﬁﬁﬂi,adihve siofed tilee b kHét eheinsi ty
and second oné’of t _fra'e@ renhee @Fd“th@euﬁ vithent fepertieg frap e fﬁ'fﬂ ‘ﬁfal d 25
an 1t£ !’{;@n@ dg[ﬁﬁ;hﬁb stucl-bﬁxlaréges 6mod1hcat1PfJéta%fa I1t ‘Borrput e

sel ected depth | evg{S,.
anot her input paraneter.

60 7. A nethod accord'\ﬂg\féﬂalﬁi ApH X:atns 1 to 6 characterized in that sal d
at |east one gytput par e r‘;r‘é fe‘s*élrllf’%t“g\ﬁétao‘f““g“%%a ontent .of th
formation at Some QfSai xﬁmgrel R d&a?ﬁisi‘%&eéi}fe’f . Z‘f“g%}jﬁﬁc SeE8 g t o
any of clains 1 to 6 Cﬂﬁ&:bvﬁlﬁﬁxﬁd’ hizied dobhe tohadid Gaivell Mdasur@@Sts from 53 Teast some of
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the depth track comues msdomccrutphEparmaagﬁatax Gt @fmepmsmssbtey*cd Jdoen lekielsi ance
bet ween two con- secat( }\poar F~p§dr eesiang gt | aSSE’Iﬂ@@ﬁeﬂdﬁ W?C?ma@frem% Btvithf 100%

porosi 1y of pggt VAR TP R S R R e g
the depth track r em&ﬁﬁ@ﬂ&ﬁ“ﬁr Ste 8€t Q)[uraht\ su @Rhts & pi &QE @&ﬁ\l’tbon In
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TC librat

Pratti on ol pare valdlbir o AT, D @‘an‘%ﬁﬁf““’ﬁﬁé"iﬁa&?ﬁ%&& du

ey oqsilamo? n‘i‘fl&
hydrocarbon per bukle fémdatisre and 10 S r - ph, is the weight of

resi dual hydrocarbon eif}etb@sil ku\mi’mm‘aﬁﬁhewtmh@mwegﬂl l’xpulgar@ne’terﬂﬂ romand Up-
Shyr * Ph, coi nci d&Th, g;tCan%L;I éh“lf e LA arlr(g?‘l“ ey ok 4%
unity. In ligk§ hy r 0GAKBeM 20088 1o emtmaﬁa&v;@@l M8 Oncash B Rfcla@a OF . 50°
Shiyr - Phy to O * tcthr:ykralelcsnrtrhench admoe;antmamsqbetmmat, ;he nhtnrat gaamia r:idhdagtwppr osity
anal ysis curves +00qu gfé a ma éf S f rrgsgp n le o
porosity correct ed f gfq Tyt éﬁaﬁﬁ a%li £y été"éc ﬁlﬁdf émeﬁﬁ,d oStk e
water-filled 55 15cpeiasichle. T us the area between'the two curves 55
corresponds to hydrocérdantpd Muerdm @raslwylalmlbmﬁkhw@teum imhat Sy'lsilasleass

13T n d
recor ded I n traCk |O?f OL;E}RI’H‘:SPI%?&’I?}ELEE 11’?&, bl.xill\t s‘t\leaf'sl J.SEICCH OI@EﬁErém?nés 6 )abt?ile It

can be seen from t Qe ik Gheaehng F AR Ve, el ad i ave Heen 20
i nvented for enal yziete oshkalpes aasberShat v arSladftd' ormati ons. Wth these 60

i nproved nethods, 20 hme@o@lactcerdmamamavé 1 thEfchyresterjecdrin gheialdadleest can
now be conputed an@alzii”ﬁg’g‘ iV elﬁﬁﬁﬁf“&“‘” ﬁéﬂle PR R L PPBEET B P51 shal y
sand and shal e for Hal §OASeth c&dﬁngwﬁn havigindaas sdam‘creh&edn Watdaidak Rasat
present considered to be preferred enbodi nents of this invention, it wll
be obvious to those skilled in the art that various 25 changes and
nodi fi cati ons may be nade therein w thout departing fromthe invention,

25 and it is, therefo i cover all such changes and

nodi fications as fallﬂﬁ” “ﬂ! ﬂ ] pe of the appended cl ai ns. WHAT WE
CLAIMIS: - 1. Ane g well | ogging data, conprising: 30
(a) deriving a plurality of neasurenents representative of characteristics

of an 30 earth formation at selected depth levels over a section of a
bor ehol e;




(b) conmbining at | east sone of said derived neasurenents fromat |east sone
of said selected depth |evels over said borehole section to conpute at

| east one input para- neter for said borehole section; 35 (c)
conbining at |east sone of said plurality of derived nmeasurenents from at
35 | east sonme of said selected depth levels with said at |east one input
paraneter to com pute at |east one output paraneter for at |east sonme of
said selected depth levels; (d) characterized by conbining at | east sone of
sai-d densved neasurenents W|th sai di, 34 194€ast one out put;gar aneter Bor at

| east smmﬁ—sm—d—sehecredﬂmﬁdﬁ—evetﬁoﬂhe*ﬁe—-cmﬁe‘mfat
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of said deriv mﬁcor i%roc 3 on an ; s are Tegor SQ @:%&ae act1 ulkpw:);leuga i

formatidR. 3.¢- Iw,t m,dxsamcﬂaigﬂt agrehéiamtyaroeasboﬁ parbuﬂ; dngﬁr Thenws @ueesal | nput
paraneters ar pute dene brincide ineeil zouqd singe thendensitg af ¢! i slowtto pRivaneters are
cal ibration c%éfﬁ’i‘ﬂq%jiccﬁ,fog esy the to oprves qvergs. JPeRUQ Y gerSur i 1 € 3% t he shal e

content of the LI Bor ana1y31s curves ¢,%nd &BL Q@Qecﬁ@éaor}f G Rfoknhri6d @i M 3
char act el5i zedporasitst tvartctesiafior] hyiermarbonedne shade efEttaahedpt S, is B@ twoerthilel shall®

content i ncl URPEPSIER a&ﬂé’é gen b atte iy libdadi oact i vity,
or the resistiy S‘ttygiaf‘ﬂjd N AL ’?)chm%d “A"f‘(r% 0 H’@c‘Wﬁ‘? "1 0any of cl ai s
1 to 4 char act et 280bd Renl heth vt fole@Rf! th@N@w Qhd Sdirsbed mauttdspaveaxssat ers is a
char act e40i st i igventad foe amalyziag th%pemd)iha&haﬂéormmns Sawh dheseampriond nigthods, @ the

bor ehol e. more data than has ever before been available can now be computed and displayed to

55 6. A met hol AphT it Tt Beckibsithod hat e i orudtlias b picke 1 N that sai d
at | east one @wwmtmmrﬂasrr&teeﬂtont it wm(lﬁhbd’kﬁdtovmdshskﬁl@dm thf arSthdrGasribey | ved

measur enent s, chetlg¢8| arnétrmd;ﬁfetmﬁ mhbcmadeshereepw@eernemméw@ftht he’-nmal k déhsity

and second o T‘s"’f‘féﬁl ‘Eé’a‘{'ﬂ o coyRk Wpchhangpend gedifcptioghasdtl €hie of said
selected dept econpufe one input para- 60 nmeter or conpute
anot her i nput pavnmzt\EE .CLAIM IS:— 60

-

7. A method accdrdi lni%h@cvgll?lrlgzeswfg well dogsise ﬂate:cfmspréharéﬁterlzedf’gen that said at

| east or® out 8%&’&%& ‘é%ggj“éat %ﬁ%e“fjf“’e of Hpergshlet of ®he

formation at sone) Qhbisdk & BRI & flsatieRtibed r@cuﬁteaem&mﬁ\amsshme agcording to

any of cl ai nesaiti st}@:teﬁ ge;?)nlaelﬁaftstoeansmuomhmetsdamn te edmpputa bt lhaetam input p3G-

1 344 19 meter tor sai orehole section; one Out Ut ran-et er
b Hg

s 1epr e¥ent a8 B8 AR BRI o DRk oN giit ;ﬁemi% cofil @y TN the

formation at ﬁmla:osabtdpuspirﬁxfeteedordexaishsohe\éetaﬁxsel ted’l)\eltthqbdetsaccordu ng to any

of claims 1 to Eid)ccthaata@t?eirlvyzedbmmg ethlsgst Dae df ragglcderipad tresdsuf emprut Wpar anet er of

COWDUt ed Ot heﬁal ﬂlﬂ said asﬁ%gel eteéfoebtrlgIF QK%PUE{ s ﬁg‘gﬁg rfo of
s

sai d derf®ved ggg_ J,’rmer;ge[ Sle susrﬁ’ aram‘fp Put  par arreter
5 10. Method ﬁ%ﬁfedlré]@es&rﬂn@d &l afrledst Gde femmhrarca&hmmtz:ed | n that sal d

r econput ed |nput2 Eﬁhﬁét‘érpr‘p?ssl dt’%d'gdﬂthéimidw °‘*§,§":§}E§g gerieds conbi ned
s and

with at Jeast® st ?gggg % r oy put
par anet ers. ]ffef él?cggoo? gj:g to clal ch ' % wher el n sg%d atﬁl east

b
one out put para-3. M}thod accorfiieg ebrclanns orte whatit pudralpmnmmretes arerroiide one or
more of por osREY, flztfh%ﬁ“?"é}glattimgj i &%ﬂg‘t‘m ﬁ‘g&? eglibrasion spefficienth of Eleny, shal e,
silt or 5%' ay [ %/‘ ﬁ &%ﬁ T %:H %d'mgaﬂurer&%ts AaBEt hodg

according to ®n sﬂ;fle & ﬁ:htm&lu e {he spbiltazbia [paedtial chﬁzdurblrgaxhhﬁt'adﬁicn{q@;ist one of
sai d i nput pacrraheeteemsltst cfrthtsfynnhtlborehol e sect i on | s co ut ed by combi ni ng
first derived nmeadupghee e o gy ‘hg'ejjé‘?ag 4nd second

of said jgput parame ers lf c arac v lu VET
derived gJ¥easufzEpe Jo,ehl esen atrve ydrogen cont gnt at
sai d sel ected deptAtmétmdachrdetthartymfﬂdxms1155dWcuMd ﬁreta&umerzemss 13. Met hod
according to Q!‘Iﬂatnmtrzramgrlhtiwbgeﬁaﬁlﬁgf et om pri se

one or mor e ol {HE SRR ﬁat“gﬁat TR AT ity
resistivdply Ofet@Ci ,,(,@y,e pult IpBem for mat 1 on, charact &ri zed 60 t hat
said i nput par ametAe:neﬂnoe agcoidihg to any ocalamtsrlab 6@hnrat;teeieﬂ lircthgrstid meleat | Nng sai d

spont aneous p@%ewvt ﬂmé; m%ﬁ’ﬁﬁﬁmﬁﬁﬁﬁﬁ shafecopfpns of the Soymaion @Esomg o5 ha| e
content, or %% %lg ﬁ @ nytotﬂglaﬁﬁqu%'cﬁach{eﬁ%glm &ht@@idqgfeisyed porosity
or re5|st|V|ty o racterlstl o a shale or clay over the borehole section.
14. Method according to any of clains 1 to 13 wherein first and second one
of said derived neasurenents are conbined to produce representations of a
data val ue 25 characteristic of the type or conposition of shale at
each of sald selected depth Ievels 25 15. Method according to claim 14
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resentations of the volune of at |least two of "lam nated, dispersed or
structural" shale. 16. Method according to any of clainms 1 to 13 wherein
first and second ones of said derived neasurenents are representative of
bul k density and hydrogen content of 30 a formation characterized in
that said first and second neasurenents are conbined to 30 produce an
I ndex representative of the relative proportion of silt and clay in the
forma- tion in at |east e of said selected depth levels. 17. Method
according t3 claim 16 ch&racterized i n1,14h;§&4 t he val ue of said index 36
representative 1s set 1n rel atlonshl reseFect ed vaT ues of data
relating to the %’Q{fk“’ am“ftt"'s’o ‘@é‘p h@é’l’f’p&rd?ﬂ @it g wey clay
characteristic s asemamdd @fa.am ﬁ{sll a.aetteﬂzedm?aﬁatamcoaatﬂ bor ehol e
section of the fiopuwgphiamerer «i&omﬂmtdhmdr &xpmopad!lmgr tsaomlbxa:dmuﬂa&r maast Jstne
characteriz&d i n"fts tdefabt’ctl e W‘SC%P resomRytel sl @ lepsg ° t hi r’d

deri ved measureni?a e;ﬁ%‘*gﬁi %Fm:g ot eé,'ﬁi &ist sone of

sai d sel ected defiidl ¥@lemeitO1oC@RPUE eth&toupﬁﬁﬁa&an&teﬁoe'% f1Ci ent o a rela- 40
ti onshi p between sallththqdraztcorrdmgmatctamn9 eimhiGoharit stid @ lestcbns aytplitiprrdex over
said sectidf — 4petgier : mﬁ?ﬁl‘ Mg F PR 9f P t“f%g:f BV BERO par aft er
o 52 secti on B PREDHTA, ‘q::fﬁéofc ehie et Amt L Pl
characterized byonsef &t g ptxbzeetdem kaid Bovebls saaﬁonwh¢ombutaﬁbyclcoﬁlbimﬁg fen of i ndex
and sai d third oderivedaetasyementy reprosqutative plthe duf deneity dnd se¢gd derived sewseredance wit h
the value of dat ;aerngggmref ure Bibabydreg toubtet gt ehre! ARESErEEmEAYar 1 45

at |east some of " SasinaRiditoRtngds Bhih 12eMRls Wit bkl RHRE GhastAndtQ6kRS er n ned
limts. 20. Met hoile aemﬂﬁ:dtemgﬂteponﬂa:&bmpiﬁnmh na‘h?ral(ghsamafaﬁescnﬁadreimpv@onbl ni ng

sai d i ndex repr egemuatc j typeel @ifne Phefqﬂe?tatbl chiga dr hiabwddvpﬂé P3rameeRé ac| a | n
the formati®n at? :;F “gfﬁcxﬁgiﬁ%atﬁﬁc ‘ge%j" Ef &hbart gggg "gg{,s'l;
presel ect ed val UgSes ivitg ahRacteBitlof B ghaleGr tihe £hole sectionde€NSI

hydr ogen cont ent fd|4 Memdrda:ccan:dxg 1osmy of elzh:at etatﬁjwlaranhmtamd eqtm@tqncofcl ay over

50 said bor hol es3idgletiyed “"t“Pfés 1“'61‘ inedh sepiationg ofyp daty a¢l
measur enent® to PFa e ‘é@l oIcBRe 14 S %ibg - é%‘éﬁ Eﬁ[ﬂ‘dlﬁ;ﬁ 1 efl s
characteristic s:lasaix:&xou fUI&-SwoluﬁteB tﬂdilst@d?:eof am&ﬁﬂe dd ﬁhli'ded/ edktrli@ast fmrent s bei ng
representative of tllﬁeMsth‘ail ascogdinet te by foclamﬁel ﬁdﬁrrdﬂmrﬁrst}amﬂsee@mnc enpfng said

1 jhhyeg! 1J
first, Secgﬂd an;afot Eﬁ:r?l% brf7 féﬁt';:%glﬁ %ias'e‘gér %mesqgure n¥s aico %0
presel ecte shal g £ EebitehibrioV 8f HE Riatiéd (odpRRiEhs & sAThnd ISY if f&maof t
shale 55 ContentionGin atpmsmmi yfsaﬁkelectd&tdbnﬂdle&tscordl ng to any of clains 1 to .
20 wherein at | east!7oMethestacerud 1 glerac'iesze‘% ﬁ%‘»etqﬁ s&j indexat | east
one [ nput_pgr ae R R gt%@& gttt%z" e, gq SRS HE at Least
one neasur eabl e &k ﬁ%@ﬁdl febtfon Of the ©nmat 1 on. 2 Ne hod of
claim 21 wherein sas.dMabaisuroaligeto clhar amrelr?l@trammc@lneﬂmhegemoanb 60
t he spont aneous i e“rFPIFﬂaPEdf“tl éthéiti% ";E‘E ?}S %g'é fﬁ‘ﬁ%rls‘i“em stivity
of an' i nvadgd or ﬂiﬂ U &g T LT T depy
| evel . 23. Met |s£l& cleficiedt dkig anlinPit pd maaafroaatdesrcttzedf the bérbat  at
| east one out puthobar aneter |s conbined with said at Ieast one i nput

parameter to pr?ﬁ?“&:jﬁ e;:iféma} ﬁ?ﬁé&‘m Assici %‘!"l‘%ﬁﬂ‘é e F‘S &t | east
one_formatign c erztﬁthberaQJE ol BerErte ?ﬁﬁg e of B3 messoentens 5L M S

at least some of said selected depth levels with respéb; ddBthined limits.

37 have been derived Mtth@tameh@twsbmel@ﬂr Vathdracyerizedcbyeepmlinipg eid éded s, and

d il
that sai d comput SAANE, SRR IRRAPIL S\ CRiTF LR 'tﬁg; Safiier i ved
measur ementsoof  tHE:S Ak %{ Ghe: Frtd ChadaQbrisidd 2 SafiEe lcaal&?exsel egg ed
depth levels to sptamdxwm sac gﬁtmefoaﬁanmemdtsa@fﬁrssaiddeaaimamaak@remstq ®o- 5

24. The method ofucclonptnrastisome; pf faidyseleced rdapth devdlsycher a‘if Qle wadied adieirdi ved

measur e- 5 rEReS B m‘@"’?ﬁﬁe@'ﬁt’g‘ g"’iﬁﬁ’éﬂ?a?q‘ié urg @tk ¢ i rd
measur errent55deped@l rlﬂ’p@a@et 1 saﬁfcﬂﬁﬁcteﬁ&xc sQo@QHﬁc@la& mdﬁmi Ehlé@thatt onespf
sai d input paransitet sr paesity.sai d sectlon of the borehole is at |east one

cal i bration coeff | @il -cMethodeacey s Ao AR abasginfdenst PHOWRY At on shal e,
sil't or clay ooty il fat“ %ﬁtﬁéﬁtﬁ:@t@tﬁ‘%&%ﬁtﬁm S"Ppr esen- 10
tative of fepr mat 1"on2, . of Slhipnt 21 Gfheré §10434rf8 char@dterS@ETEX Shobdn QRongt he 60
conbi nati on of szmontahamefaotcsxaaldhmrmalednmﬁea@m@mnhesrewmh of & igvafedput
paranet er incl udi ¥ r’l‘t*1 7% ¥ ; ] denS|t and
hydrogen cont ent ﬁléé,{ﬁn?ﬁﬂg{ﬁ §‘f“e sé maﬁe %a\pgld@ dat | east
one cal i br agi on o@@af prédeitionsd1 e Wack e oL o nt gpr
conposition representative output par arreter to produce output indications
of porosity 15 or content or conposition of shale, silt or clay.

15 25. Method according to any of claims 9 to 11 wherein said derived
measurenents include first and second neasurenents dependent upon porosity
and several measur e- rrents dependent on formatlon shal e content
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20 steps of deriving several values of the shale content fromsaid
several neasurenents by 20 neans of so-called shale indicators

rel ati onshi ps which all provide upper limts of the shale content, and
conbining the smallest of these values with said first and second
measurenents to produce shale corrected values of said first and second

measur enent ording to claim25 characterized in that said
shal e i ndi Ciu"m“umwmﬂ Wﬁ| ude at |east one r@Bationship between the
magnigyude of *oné of sai & séveral ;gmasyre- 25 nments and the shalg content,

some—catibratton—coetferents—of—sata—+etati-onship—com—prising—one of said
[ nput par almet baes derized, at Meltdsodmaefcad dal d ﬂdpthdévals rmPhachidcagiedi zed in t hat

sai d shal e°‘1‘m’dlfﬁ’&t‘; Fa§°fisrt‘€"-| arﬁgg h lf‘lifa%‘@dlﬂd oft e ¥mM8 sand |ine
limit, theSERIRRHS SOLHIastopRe st Ffe prh levely i\ PRRS 241 ROF nvaded zones,

the val ue Of HNETHOWSHEDENIGAN! fer kibiscRriRla a6l Qld Skiv@ medR-Shal €, the
hydr ocar bomeruhemdu®>bulk28n81Whm§n amuor dtdngthird)maaagwodnt ddpatdms o5 to 27 wherein

h
3 P e S O TRl v rom
| east one f?:fma%@d 2l e o feﬁt &5@&@ 1ea§t%5 [ sr@prés&‘mpf esentation of
t he hiodr ocativeci f@atdmaﬁaleomtoﬂ‘clatyhemmn\bad@dosz@a,ahe GmBnation of sok€r i ve) from one

measur emenef, Se; derived aiegsyrem tsamdi saitl dnpus peraineso inglyding thel egtof reasure- 35

nents are gqﬁf“%n £ ﬁme%\m TR0, et hoc
accordi ng og,p@smsn gj@ gef cdtion s’t id porosity

depenkfent mmmerremmsmmeaflsle rﬁlsentlatlve of the bul k den5| ty ang hydrogen

content of . t gip anyAf gla tevherin lﬁde cas%@mms 30. The
rothoo of ATt FRe St A SRS RN o
40 steps Oput it 166N bitp@ Phdméa ot ﬁgaﬁtepmmaamcl es hei d derived

meas u20e me ngeps bbdenmg gvesad vaws efithelshple honlteevﬁéns saidsseveral impasurpn@det' erm2ed limts,

prevent i ngmf"‘l'ﬁe°f o320 arﬁ&?#¢d@‘%§“§§?@nﬂg§é¥é’éﬂalh§'§ t‘%‘tst)ﬂ‘gonput e and/ or

reconput e Sag acOle LML DAL SLE brof Gl sicold e b, | €VEl S wher e

sai d data relza;t mdmtxoa 6 8iby &dcliIRDS Wha k& inS thdd said shaldOddRile of sai d

pr ede?ber mi mégﬁqap fepst one relanonshtp between the magnitude of one of said several measure- 25 45
31. Met hod“;%%; dﬁ“)‘t?tghat C°§ i TR ¢ galihratiqry cosfligientsoof id relafoahiP, @8- by enabl i ng t he
conbi nat i of Of7, Malheh SRbNSth HBAST BiRR-ANt tRPWid RAIARRIAES L0 reconpute
said at | emslﬁdeoaletmnuﬁgstwsc@an aleegae sandrlin€ Gy tie sadifaden @tid petweepar anet ers for

t hose3ddept 1‘?"4% ﬁ‘[ﬂ Sf%tgdthdathé@ of ghegtyduggen sonkat foy @ ghamsisttifener®ls i s

out si de of 5 o loF Bikos 25 257 wh g%m Methgd according to
clai m 31 whee edn&msca 'ta@m iPdeReR Gromn(at 1O Eork ﬁ?eﬁér‘faanrég ements chara>0 Sai d der i ved

measur enenteszeamethaeh adpesbntamntdiehdamhfocaﬂl@nsamrytxcmrnﬂ theyidvadglemanecciont ent  of t he

f or madd on dFives iy §la ’&Penawatetewptz'wsuren that the step
of enabl i n‘é’i‘e‘t‘%"é‘: °?r§?2u%i ?ﬁ %éif a&tﬁ%% SRRl Sorbdtg! udes adj usting
sai d data H@Erﬂ&ﬁdmﬁsﬁreﬁ&ﬁs € rdﬁmeeta@v e &mﬁsit ¥ ¥ndlydrogénddomgen cont ent for

t hose, dept ¢f thefoahationtesaid ssledted CEﬁth level dat ais out side of said predeterm ned
l I m tg) ang ISWFF%?PE%?d ﬁgﬁ% lt()’.ii.nie one ar ﬁllgﬁigg‘ ebr.‘}l,‘rilé. meaélfxge{;l%l:g ﬁ:l‘r eCO%Ut € Sal d
at | east é epﬂgiEv%ﬁé Grithi® preSddihidi £ coRBinaion Tt Er'S. 33.

Met hod acccfrsdidrtyrnted xmdamemeﬁs’ztd/\taeipab Aandyai d:ccﬁhpnue\sﬁd atrieass atiecippnt s at sai d

sel ec% ed deaet te; é‘tre‘h"é Wﬂté‘t‘eﬂs thclsadelafonéa@r torfisrived @feaspig@efol nat | 4§n acoustic

trave said pr 0 o g ive Bf the
ﬁg@ o S o &ilé)r%ﬁlggdrﬁ 0k fﬁﬂfm‘ﬁ ak

ting Method
formati on sdimngrios O b&d) Herls BB MaGurement a rd 13 R ftep of

adj usting legt p@rcﬁlwmrmmem; depapde phe oomumem@%rsptmtﬂnsoﬂepthﬂeret?acoust ic travel
ti me saleFrsH ta%ﬁtdg‘ PeHPaREFeRs 18 “ff’é’é Miket hog accordi ng
to cl%lrm 9sa§l{§2 sraccz; " ﬂ%@@ﬁm 35 atf%é'm rst)%and second
measur enentomatiop aesmrﬁeladxddv&pmﬁevhu bid d&a&drtzga 1an1d;t Iﬂy:dfepgewmmgt ent, and 65

a. third nets umhmmn fosaxﬂdpmmﬂ morsursthenksainciugest @nl@tmg@héldetetr@q’chzfed in that the

—t

flUn

one ore of bu nd hydrogen content for those depth levels where said
step r edata%sr1 1d 1 re e?erm ed limits and thereafter combts:ﬁﬁ Lﬁi_]d adjusted 3S
conputi ng Sﬁé @t@% 1d RasObte RiipuishtHeRE 6 coiputé pagl her OUt put

par anet er S mews.| udes the steps of conbl ni n said first, second and third

measur enent s ﬁ’\%@ ﬁgﬂt dclll*:lé'} &% ajereip sy ;F'e’ Frepsprem éP‘des of bul k
densi gy an dﬁu‘E t,mégtﬁt;%é? i 10 1 ‘fi‘ﬁ:tfﬁ‘c‘tetéihéﬁé to hydrogen
cont ent an ri tlﬂﬁﬂl& btkpy ofta@juidin® GURAorMEELinUepeAdh&@ o8 one or bothQEl tHaUT

r epr esent atdowiis raveliiati said sbﬂet:dnen Bsmtvoeofcaswdmcar bons or the accuracy
of 5 sai.d t"‘é‘h‘e‘:&t’%ﬂ‘: %Pfetwd@f? &id 2 t? ting one or

bot h gf s ahth AR ielal o GorBic oo L z‘ﬁtzi“ ﬁttsﬁe? STy L Ogsbr i ng
about a preselected reIatlonshlp betmeen said data related to bulk density
and that related to hydrogen content. 35. Method according to claim9 or 10
wherein said derived neasurenents com 10 prise bul k density, hydrogen
content and first and second resistivity neasurenents rep- 10 resentative
of the re5|st|V|ty of dlfferent r adi aI portlons of a formatlon
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second resistivity neans to produce corrected data related to hydrogen
content and 15 bul k density corrected for shale and hydrocarbon
effects, and conbining said corrected 15 data with other derived
measurenents to produce said reconputed or other conputed output
paranmeters. 36. Method according to any of clains 1 to 13 characterized by
conpari ng one of said output paraneters with a limt value thereof and
reconputing at | east some of 20 sai d. Qutput paraneters if said
conpared pargmeter i-s beyond said Iimt . 20 37. Met hod
according t erized |

) _d_cnmlar_ed_pa.LanﬁLeu'_J_s___
matrix grain dens 'c&h(pum?gSsald'Vﬁtlél&don@%&gi aHﬁ&etEroorCJoﬁﬁﬂhé” Bn& N, ﬂtcﬁa%{e?cﬁd in
that said conpar eGhcpadsahededt of Sombiig KRG &dcbid m&lrﬁeysurc& ts to produce 39.

Met hod accordi ng tdeta G¢la¢drm036alq:¢varcmdt\ekucsz@dbulk riertsinaind Saildgee @oqyar, gdnpar anet er

25 is the water ofehiptr Bt ‘3:;’ 3 lcaw%%f?‘iﬁtﬁm gf° QTS EPEOt BPTPE A °paTi on of a
formation. 40. MetiBd.s Gle bedrebibNalil “ﬁarne’s"ﬁqhﬁ@fsm dhih adiaccnai d

conpar ed par anmet efo hgirdgen ame;d ok @ulﬁlaérﬂtydlefbhﬂg.? ofit :0pFestibreed iystopgprbeweat ent  of
the formation at $gd dat% @Ia@dtt@blulh:i dqotity ah@thal wlate®@ @ hydrogen Contenﬂl Met hod

1 - .
accor di ng to &l ai ?{ )M%&g ? % %’oﬁl?clgi nyﬁ]}gg?hﬁr\zleé altﬁsls Vit nﬁ%ﬁ e giftsg:el;- 10 30
related to the resiskdnvd fyméi ﬁy b Borfdns b Sacterized

characteri zed i n tihébt theastag ot:anqmnﬁ@ sqﬁdimaemtoecr ouliiit pdmlcmbr&bmmhwnamuon in
the i nvaded zone to@PePsrametpraingiygey epmb mz)ﬁm%@tiﬂﬁdemetsw ﬁO&EPF%‘t%@é@FSéﬁ 42.

Met hod accor g ng ﬁértg éﬁiﬁ%@?ﬁ*‘fﬁ}zﬁm zggfca Eﬁﬂi pa-Likchy Qegp g t put 1530
parameter is rel atded wid otheNRASAIRARNe &saleriec&@;su&alo thé¥ d
formation, said outputaﬁraknlemst vaI ue be| n ut ed from a maxi rmm of

porosity over the p ‘% g0 any3 dmél"’é‘i“%rf’f%G

. T

wherein’ a vabse osaliablﬁ;’,é’ﬁ I&éﬁrﬁ%ﬁ ;%J n A %ﬁ%‘é e dikectol's
characterized by conpamdigdachang edclmess cﬁefrac&ﬁt D thh ik c&a;raa»d pieh&és to
determne if theylbamerlwgtahl ch:nf’et!yoredeterm ned range with respect to one 40

anot her and by adjusf% {36, 6?”“t3ﬁéha§*’r‘?§f1@dé’b?’?f“e§h’f* Cﬂ"@?afeéé’élm‘l“?tﬁm t he

ocar c§
shal e indi- 25 40 Cas) l@etﬂéa?aéc Bkl 3B e BLNE ) ABSHERoAREEEhaE 25
rel ationship w th iy ®e peed orthydrosatbod birdiies of 4 REbiadipl wetsa iohg fareaiov.al ues of

sai d out put paranet ef& Mahed apgand Sdf’@i m Gb%@f?rl pq said g perameter
substantial ly as ¢ge BEL et n g s B HCoPE ?\g‘ﬁ ‘Emf‘%g?é‘{fg‘da% ccted

il lustrated Bm the amqma)étcegmgrtawmﬂg% witRin one of said defi®od rivatu@gheMOBPT i S3NQ
a record of the prduesselt wétivityobthaiinedtd Bynctoh ée relivipcthafcterized in thiGsadny

precedi ng claim 4B"Pasd pameser in e ST HEraten R Byaded 20nag tept the vadidity of

characterised by TRkiSa e Otits N6 tharkRASl iPM8: Ofid SAlgke@lubgast one

out put paranmdiers p%m&tfr @trélheerd 10 Wt 4 urda it adEPen@dnt o porGifty GONP WdrReliopUajaut 35
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45. A log comprising a record of the processed data obtained by the method of 45
any preceding claim.
46. A method according to any of claims 1 to 43 characterised by making a record-
ing of at least one of said at least one output parameters or of other output parameters
or of computed output representations of measureable characteristics of the formation
30 as a function of depth on a recording medium. 50
47. The recording made in accordance with claim 46.
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