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Logs of natural gamma ray activity in three energy ranges have been used to estimate the potassium
(K), uranium (U) and thorium (Th) content of earth formations. These logs (commonly referred to K-U-T
65 logs) were initially used in mineral exploration and bed correlation studies.
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and | |

c,=the count rate recorded in window i of the gamma ray spectrum {(i=1,...,m)}—counts/sec.

60 ay=the sensiti
cour tl;/ Bl (K; ivity matrix element for window i and element j (—Th, U, K)—-counts/_sec/ppm (Th, U);

M;=the elemental concentration of element i—ppm (Th, U); % (K)
For the four window system depicted in Fig. 1, the above system is solved with i=4,

. The sensitivity matrix elements a; were d
i e determined in test formations containing known
65 concentrations of Th, U, and K, with the following borehole conditions: s
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Computation of L for nominal borehole conditions
In the preferred embodiment, the quantity L is dynamically computed in field tool software from
nominal values of borehole variables including borehole diameter {dg,), mud weight (Wyyp), and in cased
holes, casing diameter (dcsg), casing weight (Wcsg) and the density of the material (pawn) in the
60 casing-borehole annulus. Pertinent variables are entered into the logging computer prior to logging. L is
calculated from these variables and used to generate an elemental sensitivity matrix [A’] for the specified
borehole conditions. This sensitivity matrix is then used in the K-U-Th computations over the interval in the -
well where these borehole parameters are appropriate.
In cased boreholes, if the logged interval is below the cement top, the density of cement is entered.
65 Above the cement top, the casing-borehole annulus is assumed to be filled with mud unless otherwise
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contains an embedded Am source that is used for gain stabilization. When Am decays, a 60 KeV gamma ray
and a high energy alpha (a} particle are emitted essentially simultaneously. The a particle is detected with

60 virtually 100% efficiency in the smaller detector, whereas most: of the 60 KeV gamma rays escape.
Approxnmately 20% of these gammas are detected in the large Nal detector. Since these gammas from the
stabilizer are in coincidence with a’s, they can be isolated from all the other natural gamma rays detected in -

- the large crystal with better than 99% efficiency. This serves two very useful purposes. First the gamma ray
coincidence spectrum contains only 60 KeV stabilizer gammas (and crystal induced 30 KeV iodine x- rays),

65 and henceis unaffected by changes in the number or distribution of external gamma rays. This yields much
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filtered, but only the total gamma count rate is used




ones less fittering is enpl oyed than in zones with | ow gama activity,
such that, statistical fluctuations in all zones are approxi mately the 35
same., Vertical casi ng interval S refore a function of ganma
count rate. In addition to the Ioggé b\ﬂ@éégcaqbed bel ow, the preferred :
senbodl Nt Béshtbd@hfles; ARL trerirevents the @rrorin Qulmsalfretboqsmw tuddscabinwabla!lptubmb emn
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significant measdr&umvaﬁdsaagaﬂier @Iih emms&:‘%aehemm pbcoatbe@f toglrwdhshe casing.
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primri l y o Ithudﬁé&} thy closko thenintiiested thizkmpse willl be to the correct average value. Only for extremely
- asymmetric sections (like the one used for these tests) will nonuniformity be significant. Also, iron removal

on either the outside or inside of the casing is measured equally well, but thickness or weight loss based on

65 external corrosion carries an implicit assumption that this corroded iron is removed from the vicinity of the
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: mm ray attenuation process. In thjs region of the spectrum the effe-c
of "iron casing relative to other downhol e materials are much |ess _ _
pronounced. Thi s.concept was first verified with an extensive series of
Mnte Carl'o r.adi ati on transportEﬁroJiqsiszgsB-pn in 1979. Cased and uncased
sand, |ipes n {T-L is n tvq% f \#Fr eI rrglnecorr sqoto Et r}ert r ! )
real i S\dﬁh &“af t@ﬂ‘%ﬂ”ﬁgg ﬁ“ﬁ%‘t“t?&?%a F- V\"f 801 AORIPAYS "lcﬁ VORTE rI o
results e casi hg effects described above. The casi ng effect can be
seen in Bb@rmlﬁatlomhfddimaﬂ‘unWBhdlmw ener gy spectra 0 350 KeV) - in the sanme
f or mat Pon clbmtoe!;hwmngaldwﬂifeﬂemmts %‘i‘ -gmhﬂemuﬁgpesromontam Bgc
out SI dedzgqﬂltécl{elca l‘lnthcgg%t (ks w& L? Ollp 5@ 52?95 &%i?ﬁf in It
i's obvi Offgc Jsemet o Lk ReiAEiDIS | ot faEthl)'Q Sioyéa
t hose i ntyple BBRYVSBttahbd dan'bl& rABFPMIBIBintdtive mnnethatmmgml origin ogindured by sakraeias

[err] .l mgﬁlacttOOLtmuStsw{eﬂis |bbih§°trmtooa¢aﬂbnm and[pbotod leqtr@ F@meepﬂaf tqumb-m Htel ve
?ﬁl’

i ndi cat i gefegser Gige r?é%‘ Y °° s and is
decent 1 aERERE ] e e t” B e
casing d'b@@‘ﬁ&r@ﬁtﬁted QJtoé]&ﬁﬁﬁ rﬂr |lyrb3@§£éré33h h%s Qﬂlﬁﬁgnt'ﬁ: B&rﬁﬁttﬁf’ iond a i hefbe

cn) casi dg. remelkdtscailysensitive liplobyymbasotemests @ dirgdsimolatet! hearuownaolemaltghmcianess
of 7.0 imy qugslgenjlrooasntrrghem%ﬂ sewsafn nta Fett?@@bv'aﬂ evq? tq verify hedoal gasingown.

30 Ther et r%tEE [o) rogram was 1 ree b%g%ﬂigg l%‘r xﬂdd’ogm' o with
cal cul at MO LT B i eerﬂpeem .#ﬁ.ﬁh & w2t ,erm.n& Ribritkoal35
where a, bbrehaél namatsenwé:eﬂletseutraa di&ﬁbdttﬂtﬁbCFrbﬁfFEg ot c rﬂfers;en tbﬁit Below syt 100 KBV,g.
7, t he casd espedidily kenegy Windosw G, dathehgv effests laest signifi cmmsma ahoutyl25 Ke\s photbalectric

o T Q!Et?m M A R AL e

(1) th@ Lgth&@ &tgy al‘é ﬁ’d’hﬂ?&ffér@nt ft‘éfrﬁﬁ&sb@!ibd ity ratio, R, since -
distri butheon&ang(e%f mtbestei B6 idifereht. changes i n bor ehol e fI uid salinity; (3)

the eff eg';t sBeméuse@!gmrl photbplecttie f@iﬁffef@@%?ufsme@hemwé@ md%'!‘?dﬂw@ tP?'tmI ogy ok
type; an MEYLPYE LHeSape o
ar eas j,s ay egs's&l das(;lhe fonf' ﬁtlg%egmen ive ahlg aoele ruhabsggg?n cr?sss r[|sr teigf C‘h s ng es . .
in K-U Th s@wrce dpsg(z.nb)atlon Si nce both thor| um and ur ani um decay series
produce gamma rays over w de energy ranges, it m ht .45 be suspect ed that :
changes i n Hwuanergy derendqnee;in the PEQS%%“ gé:ﬂ'#ﬂ%a @'6'! %rﬁ"g{ sﬁgg‘
the
l
e, |er st

t he cogp@fEey '" o
i ndi v?égﬁqflu ﬁ?f;,, chmc dr na‘fl on zoneéMo

di fference THa raamsmbewaalmgartdm Bloee sentitive tol briaiwgesem borslﬁaw‘na&nt&esi tharbis theo ns _
relative phaxowra?siautwmhlﬁrb?me%t‘h Rs ar:t:aﬁhgghldna@ﬁ fedor F%O%g?»ﬁé?gﬁ:t ggatz- sw@t:‘e;e
effectg matian ! G?fjg ange
of the ngrrv% FE o8 e TS a%°"|pg%!ah°t' RS 2‘I 7% T 8 o Rl come"n ??[ ered .
casi ng 5Peteimifdtior 96 eSfroMiR gorrection to [err] is presently be| ng nade in
field sof t iapwerftorommue Fat B.e mustifirst bexerregedfosii khiomhele diametst, Agipl2t bereholesalivity. | s
Smal | er F;éa ‘g‘f’ reg StﬁV'E\é‘?"d‘f““lﬁ‘ﬁE‘eWmaﬁ"ﬁt‘sf rqrp, a [asge st ‘(fé?f&f?"a%mgt"é'? fitdes peen
error <F. OReREe MeL Py Py b BRITHH Forrection can be made in extreme accuracy

appl i cati onggwhen plals)«ml B AReBURERNt s are coll ected, since the source
distribution is obtained sinultaneously fromthe K-U Th 55 el enental

concent r aheéren &easg,renénts Effe tsaon err of changes in borehole fluid
sal i iy S S la! Tenaaen il %vb“tt b bf i 1 Pl 35 il e
gener al | yor an casl otoelectric casin ects wou e
expected to dom nate effects due to borehole salinity. To test this

hypot hesi s, R'{neidiu)ies. dm)aeured |n test formati ons contai ning the sane

casi ng® fi IE 't°h°'t) corrSGOIOKppm 60 NaCl salt water. The
resul ts areR gr(ﬂnjazf rat, able [err] is defined as: [err]
where [er r]can @ftrr;tesareeo,a .na,np@{“g rya@saﬁewal cul ated from neasured

[err] vaI ueall MlltlielSe wjectuoaﬂatebremdrbls&!ifnwtvam respedt krethe respangg oftiesgysierh iin/stdngard

Si nce @héofsa‘!!? eoqdes Hee9Qup-igkcml i kPP NpCl (mugiyeig "t"h”B"“d EP
0143529 Yepgioadive plepeqt ¥ ’té’?e‘,f!tjt’lg"f”hés Ry1gsgHm n‘“[szﬂtl?‘g‘j“’ PRHOLR i ne
bor ehol e B"’ om Table Il it can be seen that salinity errors are

virtuall y. B&gtdlegunbrlnaer tdrectit@vever, high Z. fluids are present inside the
casi nges( suchuraes reesurad)in fiyesaty ofitgst formatiogs with @pehgsebhaving dooeehelp diapaters vervinger
than iron, and [err] cannot be used to accurately
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1 . "'-'Effects on [err] of cerrent out si de casing Since nost’ ;
cerrents have Terr] val ues substantrally | ower than casing, it would be
texpect ed ;that ccement woul d al so constitute a nminor perturbation to [err]‘
_3___:and hence to . [err] . The [err] oER Q48 529 Bbvwever, closer to t hat of

| ron than rm | 30 ge:ﬂe‘ ore a. serfrees Olﬁ]}é conducted to -
quan - e el Ll P e
n#ra Ry,

‘essentT al |fd|‘mh .rétﬁ mrtia .Inr?/n%,rd %se @4 ds fur
.bor ehol e &igds. anky:pﬂvehh eianmﬁttadthﬁ:uﬁh ithe. d al doitxglis remsénhau Hy dn2dqubstiphof maa&rrng,

the othé&r containi n% in. (15 c¢m borehol e and uncenented 5.5 in. (14
cm., 14 b/ (21 grnrna+eagq~ §:9%f%ata were al so taken with several type A

and H CeNGibre tad bCHHUES 58 Sor& Tﬁﬁmﬁeégo G, 7.0 (18 cm, and 8.625 in. (21.9.

€cm. casings in other K-U orrratr ons. Illustrative results are
‘given i1 Zakdrehold salinityclmed [vesi )canebtn[nerr] .are the casing and borehole 15
di aneters (S ﬁ'teh‘?msaaww ”!“g 9@?- ff#r‘;lw;ah?féo i {en 2tdea Bingg il amount of
cal cul at e EIHE T 5’#%@ DB Farging ki &%’ESS@F@%% Bl Ren
Fr om t hes gorofisi EE re'? a8 emafic tre

toward zgreater apparent casr ng thr ckness I n cenmented borehoI es. Consr derr ng |
the smal|l and consi stent nat (fGwohultREanefr di/RutRen dduf ect s of cement w II

generally be s 0 01 corre

o e A ceRifal et i o SAGFER ot b R MP R it g heid

addi tives, tb® abovecgoayRralo+8R,faM+d&Jcngdequate, 20 resulting in a slight
overestimte of casing thickness. Effects of changes in formation |ithol ogy
M f er ent whese phidsilogndnglg sret predetermingd aypdratis; fungtiops pf Peny Efvivalent spligsy spn be or
al | comofPrPImBshgPadhe mud Meight Waymrdisif8r abl y | ess than that of iron. '
Changeszsi n I fyhol ogy,,=ex66Pfeafiok, Sxt remely thin walled casings, would 25
not be expected to srgnrfrcantly alter [err] and thus [err] The three

K- U- Th t ewhere Wuvatis orib/oal {hibdalwol1ag/esdur ce di stri buti ons but d| fferent Z

d t ﬁtbe' eq that aéf'f' guchgp Ae| Pres berphqle. go
e R Sl S De T B8 P b P B N o e TG s e

effects op, é&rdg]d.sft,wut.@as&;remr ng were observed. Table IVillustrates the

results, wheloeK?P avhich emits aigsgieveo@endigaic paoimé rag we have dbsersedtiat P ig approxirhately e
tabl e, [el® WP@O >5ni&°’4J W:ﬂaﬂmseﬁ“ tfﬁtq*ﬁeeetseattaomva'e mmga\swewamatawi -

[er ] egr gl m% '§§% éﬁttﬁr'} éf,'.%ﬁ[? @?P’gceﬁsa W JedhrRera: cﬁaﬁﬁ"ggf“é and

casing t VEL Uac es et

[err] is r n l&foir&ﬁfacﬁr,hldel‘mhﬂi@b‘t eZl:end'\&ttésﬂf,orrﬁdtlﬂh tas, réfl@ct§ th&frﬂﬂ&:add:o‘ﬁ@dﬁ&&ﬁﬂ of KI

the fol | oin thy frmetianon. It should be noted that if high Z. mnerals

are pregent the for suf icient concentrations that the
formatidn [e‘#ﬁj}] appt &a@?@eﬁ‘;ﬁ&% WP casing, [err] can appear slightly
| t hi cker t Qfdte MR, MHQretRd déficentrtioRESK(90) UBBMITIH(BIM) o¥@inbd¥rdndsifultanedidly dtired

.t hi cknessK-THEh rheasbrement. The b chefficdedls|in Emt(ﬁsﬁaranéedudi tiarnbize stadel srwpshipisenmden gountin
decent r al regegnd ¢°F‘°Gtﬂﬁet'°0afs'i Agh ehmPFFe i s not worn or cor r oded

symet I"TSCﬂ"teLs\(lgl'ed‘si‘rBcoraeci‘D ? Jf usly trigrge‘aq lpfrge er ﬁca:af E£|m e num ertgtF de
of the cagiBdnesd ot cate Mﬁ"ﬁ DT corted eprea.st cBhbtan woauoa |
Syst emat i Gonfutedr floniTBS abe s asielg esseahno»Frof fhle, fo difference wl

observed in [err] whenthetool is in contact wrththethrn VS. thrck srde'

of the ¥aSP ess cas
Syst emat) "% g%aﬁz' ts.r%%ﬁjrﬂrr e R e e
same weig ®be use GlrédﬂV Qﬁ’hhﬂr&ﬁﬁel 6@1@4& ilm&pe@allﬁﬁﬁhioﬁﬁtl oIanieBalmta-

cn, 26 5cdrbbtiot1s a(e3r9a® kg/ casing wwth a nom nal wall thickness of O. 375 :

in. ggr fhe lﬁﬁh:é?m’@r"?gmgﬁmlovbﬁ@% a'tbmh ﬁm':fata#mé‘rgﬁa“
whi | e t he
- e R e e
t he casi ngnhrof (@sé. etuanni coa‘nt;erradmhy RésTor atgwebathab@mhaﬁ}geiz.‘rﬁs bt&u 5\ rﬂ‘Bé'}ause therr]
was rrea@uloedl tpﬁ hﬂotmv fegpanae Is gyametii¢, land $pmetsignbl isigstiimesnetating the therehdie fluichThe

~thick vvalf the m a%‘r‘/n "’;’v'['té% ?ovs%t‘g;‘]S‘P'é%'fﬂ"gmrﬁmPH‘&IPa%t§§?'h’Qa‘&F eHdirestly and
wei ght, p&n f%;ntre 550! Inbibby m fsatetnaﬁ@tttart%t.ﬁrrearzramrngmmwd
[err] val bkﬂ&ne 5r6@ﬁtti‘i€9é’ntlwlbbhh6l Bircamidhce. Rlis ot 36airtFiGsta verly BiRalRéd Bimildk toGRdHralCt

of the #s0erdea wihkefe 4 [densitapad getedbrecallimation st carttetst thatrodkhwirfaces penvs erasbpldth @r
measurenent is very synmetric, i.e. only a slight difference in apparent

t hi ckness i s observed, when the tool istiin contact wth vastly different
thickness areas on the casing. This inplies that, to a | arge degree, gamm .
rays entering all points around the casing contribute 55 simlarly to the
[err] neasurenent, not just the gamma radiation entering the casi ng at the
oint of contact with th

average thickness (i.e. weight). Srrall thrn areas or perforatrons In an
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Aksofseen in Table V, the calculated .casing thickness (regardl ess of pOIn‘"
of ‘contact) is about 25% | ess 60 than the true average casi-ng thlckness
This inplies that; in a badly asymetrically worn casing, the casing. 6%:)
thi ckness indicated will be slightly |less than the average thickness. Th
cl oser the casing is to syrrrretEPc0|143529dess t he cI oser the indicated

- thick Q%?cuwwarls -R%Mn% l-'I % ta%% tﬁg {oof’i gtr d ng 0cgan tn(oerér%eym gful '
asy MTet Gihde rolgively SAAmE g : vbd B Vb 15t 1T €Y
ooy R e M G Al By oot MO S

casi ng i s Tirefosegoind desgtintion ynawmiake othartaiterhativk areangeroentsiseqdieg fodecoheesmdf ha 65
ext erhaPeeegt I¥Ttign apnarent i thase Killed inthe alssunmpti on that this corroded iron
is renoved fromthe vicinity of the 9 EP 0143 529 B1 borehole. In
intervals where this assunption is not valid, true external casing
corrosion can be greater than that indicated on the |og. Determ nation of
formation lithology 5 If a tool having a low [err] toolcase is used to
| og an uncased well in which the nud does not contain high Z additives
(i.e. barite or hematite), it is possible to neasure formation |ithol ogy
type. The sanme photoel ectric absorption principle is used to nake the
lithobogy neasurenent as is used to nake the casing thickness neasurenent.
It is also the sane principle (photoelectric factor) enployed in
lithol ogy/density type tools. Scattered ganma rays fromthe fornation, i
whet her of natural origin or induced by a source in a 10 logging tool, nust - -
nderzgo both Conpton scattering and photoelectric absorption prior to
réaching the detector. As described earlier, photoelectric absorption is
effective only at | ow gamma ray energies and i s dom nated by the highest
[err] constituents in the formati on and borehole. Wth no casing in-the - ;-
hol e,2st he npst abundant hi gh atom ¢ nunber elenent is calcium (Z=20). Hence - ::
| i mestone, dolomte, and sand can be differentiated photoel ectrically, :
primarily because each has a different calciumconcentration (and hence 15
[err] Photoelectrically sensitive | ithol ogy measurements were first
si'mulggated in a downhol e natural gamma ray | oggi ng environnent in the sane
1979 series of Monte Carlo cal culations used to verify the tool casing
t hi ckness neasurenent. The lithol ogy sensitivity observed between sand,
| i mestone, and dolonmite with the Monte Carlo programwas in good agr eenent
W thgs he results described below. Fig. 8 shows | ow energy range spectra in
high, internediate, and low [err] formations having identical 20 borehole
conditions and simlar source distributions. FromFig. 8 it can be seen
t hat bel ow about 100 KeV and especially in energy Wndow C, |ithol ogy
effegjs are significant. Above about 125 KeV, photoel ectric absorption
effects are mininmal, and the spectra have simlar shapes. The spectra in
Ei g. 8 have been nornualized in energy Wndow D where photoelectric effects
are negligible relative to Conpton scattering. Aratio RUT, of count rates
in Wpodow D.relative to Wndow Cw Il clearly be a function of Z. . It
'shoul'd be 25 noted that these energy ranges are slightly different from
those used in defining the casing ratio, [err] since the Z range of
interest is also different. Because siml|ar photoelectric factor
nmeasuyr enments can be made with the low Z tool and lithol ogy/density tools,
t he sane generic nonencl ature has been adopted bel ow to avoi d confusion.
The quantity P., defined as the formation effective photoel ectric
absorption cross section, is related to Z. as 30 [err] The energy
dependence in the photoel ectric absorption reaction is inplicit ,in P. since
preséf ected energy ranges will be used. P., when combined with porosity
[err] and bul k density (Pb), yields [err] the 35 volunetric matrix
phot oel ectric absorption cross section. UVA obtained fromthe |ow Z tool
systemis used to identify formation |lithology. The relationshi p between
RUT &hd [err] is nore sensitive to changes in borehole paraneters than is
t he photoel ectri.c relationship between [err] and casing thickness, [err]
‘Thi s occurs because the Z. contrast between the formation and the
interfering borehole constituents is not as great as the casing-borehole 40
cont rédst. Hence RUT muyst be corrected for environnental effects prior to

use in conputing P.. Determnation-of [err] from[err]
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-er “to con’pute P.: [er rst he corrected for (1) borehole:.:
-_.r-arreter [er?] (2) borehole:-sal..l nity, [err] and (3) source di strlbutlon-
Wthin the formation, Froma large set of test formation data it has bee
45 observed.that [err] can be expgps@eizgabegy] Where 50 a(s), b(s),
t(s)=calibration terms which are functions of s s=source type factor :
reflecting the relative concentration of Kto other radioactive elements in -
the formation [err] 55  [err]=borehol e di ameter correction [err]=borehol e
salinity (or rmud weight). correction [err] the measured lithology ratio from
the tool [err] =count rates recorded in windows [err] and [err]
respectively. Al of these corrections are preferably defined with respect
to the response of the systemin stgndard 60 borehole conditions: [err]=9.0
in. (23 cm., [err]=0 Kppm NaCl (rmud weight=8.4 Ib/gal. (1.0 g/[err])) and -
s=1.0 (i.e. the'only radi oactive e en@ntowrghrn the formation |s
pot assium. @& _gtandard conditiong? [err] 1’ Borehol e dlg eN_ cOrrection -
65 [err] @ enegsured in fivedsdts o st formati@'s| with each set
havi ng bor eh8|$ d|' anetets varyinf2d 8 P§143 529 Bl<§’fr bm 6ol Ng (&5, cm
to 10 in. (2F cy, all borehol es cortdi rPnF fresh water g Eazchodr fePent set
of formations had different source distributions, but wthn & grrvem set
t he source d|$at |g)u13 og was the s o Fay each forrratlon [err] in. [err]
was conput edg &N & pkotted as aagEn'.Etr%n Df [err] in @ )~y 919 The eurve in
Frg 9 fitted t rough the dat a pgonts is represented by &h eqﬁ’atf"on of t.he

orm5 [err]= re a, b, and c are prgdeterdined const#Ent$. 10 2. Bor ehag e
salinity (rrua Hht) gorrection TEY orghde sallnlty _of g waiggt, §
correction i g & f“'UnC'tr 6h of both [er[f aAd Ferr] since e > pnBung of sal¥
in the borehBl elis a function poth Jf borehol e size and s@linity. [err] -a/vas
measur ed igr a variety of formgfiong MEtIR[&&r] from6 i%

(25 cm) ard [£r1]=rangieng frong 0 t8 1250 Kppdn NaCl . Fpor
di anet er, 01533[2 =] @asgcorrput éﬁrd plotted as a fuﬁ’ctu on
10. Mat heﬁatrcall'y [err] cargb p@esﬂecﬁas [ er B] EBhe

e
are predeSerm__n (Lq dratic &metlﬁnsc,ofg[eir] Equi gal er& §a i )y fan ®
appr oxi maged f I@ d weldght , [€rr] using [err]2whefe|lerd s Pn 43
I'b/gal . 2% 1pr I—O 12"g/[§erﬁ].§ I't_shoul d be noteq;',ﬁhat i1 high [err] 28
additivgsgsugfh as barite @ FfeBratrCE aredprgsent i@E the—gofrehol e, no mgcg
wei ght corgrett—g e C Be réade Since ftTie fredsured [fesr] i &)rﬁs‘naﬁedmby:g -
these addftivés. 30 cSou!rce ,gllﬁ rifouti on correcti 8n ROT [err] which 8fts
a single Ronoengrgeti c gagma r%y %Bav.% dbserved Bhag P o S PRI OXi rrﬁt’@ly
a linear function of [err]'5 Fork U aﬁd 3h,dwdse daughter | Gre@senit SE
conpl ex gﬁmra W s@ecky ax we have gxperimental |y oﬁser\rej't hat the® n\k,GBse
Tel atlonshlpﬁetween [errE and [erL] is (a) nore non-linear, and (b) g
[ 3 Eln ~ o _ REY 3T 2 g 3:
hond 2 g’ 2l & ©® Q el & & 8 52
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| 3 EI5 38 2 E|® 2 ® ¢ o8
E|l®w w o % = - = )
_f_E_ T2 r -§ ? _ gs
[] o = Qo O » kT
& . 8 Els g £ £|8 8 8 8 §F
Ele & o §# g @ 3 - &
~ NS . -6’__ g -UE P gg
El3 52 £ Els 8 5 § 22

13




@57 essentially identical
correct [err]- for changes in the concentratlon of Krelative to Uand Th.
- derived fromextensive test formation data,

source factor,
fract.ional®
wher e .
si mul £ aneously derived

are used to.nornalize the relationship between count

for each elenent. 45

formations plotted as
corrected for prevums
The nunber in paren@ie

Fig. 11 represent cons
using an equation ofjt
P. Although there are
are usually either .,wel
[err] or are in gerrersa
of ten be used di rec’*é’ly
if automatic hole size
be noted that the P. o
concept, can appearg

| og. In general, th:,g

accurate as the P. Tro
f'rom natural activit

is used. The low z too
change fractionally le
because the 60 Iew.‘Z—{
is lost in penetIatwrrg
tool will require |ess
directly througiSthe p
of the low Z toog |iEh
| arge formatiog goluge
sensi ng j ust a“\fsary"-esrr
pad detector cglll MMt i
or cal cul at Fofis i gv
soni c data can tle nore
observed by all 8 Conmpa
val ues can be usgful i p
The foregoing degcrié
to the concepts $Hf ut e
(art. 10 15 20 23" 3@»35

(Ib/ft)  (kg/m) (in

chG
{mm)

(in)

concentration of Kin the fornation:

[err] are the concentratgpng 13 §260B1U(ppm, Th(ppm obtai ned
The a coefficients in Eq.

for both Uand Th. is:

40
K- U- Th neasurenent.
Fig.

function of P.
def i aed bor ehoI e di aneter

11 shows a plot of (

ant s val ues.
ne formof Eq. (49). 50.Gene
several corrections in congef
odefi ngd (salini ty/ mud vvelgg
gsngl 1 8(s). In fact [errgg o
PorSqullitative |ithol ogy i
salinity corrections are @
bt ai ned fromthe [ ow Z tool
fergnt fromthe P. obtai ned
h® Z~t o8l derived P. will
M t he density | og, since t
hre | ower than those obt ai,ne
lithol ogy signal is gls§ s
5s for a gi'ven |ithol o-ﬁy cha
08l Bi tHol ogy responsesis Sy
thesbosehol e fluid. The [er
borehol e correction snce t
pi nt of contact with tge f
pRogH n®asurement is_tdhat
grofindt he entire bﬁrg;hql €
pl | area simlar to g@ &ge
pn sl .ot contacts the,_r_g)ck su
oEvi®g Berr] data frorgthest
feani ngf ul since rel &ively
i son of density deriv@d and
h_qugl itatively indicainggf
8n Zaygmake ot her al tger na‘al
5 present invention @pag‘én
40 45 50 55 60 65 12% ¢

t

5is for ‘each formation indicates s. _
P. can be conputed fromR LIT.and s

necessar y1 t her ef orje':"’ .
reflects.
(52) [err]
(53) |
rate and concentration
R UT) for various test .

where R LIT is the neasured [err]

and salinity effects.
The curves in.

al comments on [err] and
Bing [@r] to [err] they
n®) , Yeasi |y neasurabl e
bserved on the | og can
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jg. 5 § g Eshoul d al so
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0. 143. 529 Bl [err] EP 0143529 Bl [err] ~ EP 0 143 529 Bl [err]
EP 0 143 529 -B1 d ains 1 A met hod for natural gamma ray spectral |ogging
‘of a well, borehol.e to deternine the relative el emental abundancies of - @
‘ur ani.um pot assium and thorium rays in earth formations by 5

‘conmpari son with standard gamma r%}’cﬂaiﬂ&iﬂﬁ &1 spectra of uranium
potassjum and thoriumtaken in standard borehol es havi ng standard
‘geonetrical and constituent properties, conprising the steps of: (a)
obtaining with a borehol e neasurenment system an unknown ganma ray energy
spectrumin a measurenent borehol e having non-standard borehol e conditions,
sai d unknown gamma ray spectrum conprising gamma ray,—Tntenm ti es neasured
in at |east four energy bands corresponding to a fi¥St &n& g¥ 10 band
containing the 2.61 MeV thorium decay peak, a secoRd& ¢ner gy band contai ni ng
the 1.76 MeV urani um decay peak, a third energy band ¢ontaining the 1.46
MeV pot assi um decay peak| and one or nore additionals emerg kands for
nmonitoring the shape (gf’g s&j dounkrwn gamma ray speés §@ aa‘ unction of

el enental concentrati @] ( bf" deriving a paraneter ifditaf v€ of the effect
of the non-standard borehole conditions on the 15 unknown ganma ray energy
spectrum and (c) appl y ng said paraneter to said g@‘m!dg & ightensity
information to derive & ¢Tental gbundanci es of potassijum urani um and
thorium characteri sed.E m that: said parameter is arLeI emental sensitivity
matrix which is deriv&d from sel ected physical conditil@s Ebf %_ai d well

bor ehol e, informationSrggarding said conditions bef’@ @bt & ned froma 20
" selrce other than sai dS) em 2.oA nethod for natural ganmma ray spectral

| oggi ng of a well Rorefolle to determne the relative ¢l emental abundancies
of uranium potassium _and thorium ganma rays in eg3h 8 ofm® ons by
conparison with stgndarfl|@m@ ray calibration gpectT 4 "of <r &hi um

pot assi um and thot® um=gken I'n standard borehol‘es hayi ng st andard
geonetrical and corgstiétue*nt properties, conpri sEng the steps pf 25 (a)
obtaining with a bg@rehct¢ @redsur gfent system an Eunkn*@wrg ga&xm&; ray ener gy
spectrum in a nmeas@ emént| shorfehol € havi ng non- standar d bor ehol e condi ti ons,
sai d unknown garm.asray spectrum conprising gar®ng ray_iing ensitd es neasured
in at |east thre % kandsemconrespondi ng gaa &% dtd ener ¢y band
containing the 2. ﬁE Me\2 1 I®or i&ifh decay peak, a ggcond g¢ner gy band contai ni ng
the 1.76 MeV uran®@m ckccly peak, a third energy@and-wont aining the 1.46
MeV pot assi um decay p | saifoengrgy bands al sé 3&§ dithg Jis@ for

moni toring the shage o qugmkruawn gamma ray sg)ect*rtm as a function of

el emental concentr&i ons (b) deriving el emental@ stripgping constants for
the non-standard bd ehole conditions; and (c) c@vbl,r@rg:sq;dostri pping
constants and sai dr? ra"ay 38t e85| ty informtions B |sdidat-least three
;\rgergy bands to derg ve, l|ément al abundanci es of potasdium uranium and

orium 35 chagct@rilsed in that: said el enental stri Qpi ng constants
~ ™~

! . o 3
are derived from sel ec?tfc_gghy'.\slgca.l@ condi tions £ 2
. -~ [ ) -
&
<
=3 (=} -} (o]
ElR ©
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‘ofi-said-wel | borehole, information regarding sal i ons bei ng supplie
from a source- other than the sai d neasurenent sy ﬂ ”,Htlmm accor dj
rent de

to claiml or 2, .further conprising repeating sali

level,s inthe vvel | borehol e and recordi ng sai d derived el errent al :
“abundanci es as a function of th ﬁ)qjq lgpgt@@flept hs. 4. A nmethod according
toclaiml1l, 2 or 3, wherein sal step ? I ncl udes obtaining a | ow energy
phot oel™e Giaiing - spectrum neasurenent and, in open hole nmeasurenents, further

conpri sing ales iméthdg forlratira @mdmmassmaarua riggingof & mall barehae tootﬂeterm«rlefttﬂ reletiveon’
l'ithol og)elen&ntaAah'mdthas&dmfmm pqtifs'emauan# thori moﬂa“!I“a 'El??“%é?’d‘ag?'@ b‘( a)

el uds SN M AT ST S R LS AT

in cased T rbgl rehol %eﬁf@ém&@ e'ns.ﬁmﬁhk aly @RrgyPbgéctrum in a

measur e”ﬁﬁéa‘éur@tﬂedt ieﬁaﬁ lh%gorfohtsihadﬂ'ﬂ&bﬁgolé boreiitions Sald onknben lgammla @dyespe@rumA _

met hod aceewdsinypatmon mt;hsmasmeasxr@ i e! I@st fourrenergy b@d 1esn°n M@sm the

count matl@sd 1=q17ta!"r'n9t %ﬂﬁ'ﬂg‘ ? “ﬁ,@’r’% k §M°§’t“ |
anaﬁ dLj‘, j;‘é asslu e a ea he

preci si orf ddd il & lﬁfaluﬁ it h Jf§ ) wgﬁﬁcﬂono

gama ra Stat] s uct ua [ ons such that t he amount

of fil terl Ngb) IdSmE.Q; & rpmedhsei gndrcalvatoeduetejfettm thiaegmr&ardérdchombplg@nwldns @mthe

st at i strs omkndwe gamowa G eséray ppectwnd andi on of bed_ boundar and iq’é‘ﬁr Vi

good st at i s{9 eRplvinacspidserampler said 4R By intensineinfogTAten fof e&‘ée sigmenfaly FV@'F?

h
constant. Of-’)glz?h;@: L ttr\%{'agg?j Eﬁ otbrQs &rl ddniBnthi sehifivit) fatrk WHIth isdeRehdiWoRCRREEA J
the countppy&aéssorditiohd 6 s8id el boRAGIElSnidmiation AdsrBing did torlditiensbding dbmgired\f@m a
stati sth Cslrcplotet ma@rsandavﬁ!eradj usting the f| I ter| n I enqt hs accordin
(]

changes in 2ha methedd re!caawmarre\r 8&:}’% or befsf;a st?JE?tgﬁf;loptnba%ge'aé“’
t hat the %?ﬁﬁﬁ‘?ﬂ aBFn srg:u}sa\rd arg‘:rar?a Bgaé o}yﬁ‘a rﬁ‘q;o s.&:ﬁ en in

di ver genci b it %ﬁhth eQMét S Edpetitand koperiés, GdmpitRihg IRLIRERIdfES,
and t o ,pr oviidepb@mig vithad bcﬁ&ﬂoﬁ&hea&t&pﬁe& a{mtém by uhknowD gEBMa\Fay repergy wmtruraurec
are rel atesslrpmentrtwtenle, ha'amjnon-&nand érborﬁbple CMS’B?-GF\'EM;Ode@PF‘NarT

nmeasur e ﬂamg L g S| a sec nd en rg ia%ﬁdnta@? é ? g;s:ﬁm tgn
measur enejing conanin: ki é't’affﬁ.é %ﬁ\hﬁvsp b pbat] safdl onbid b&RS bIEE
t hi ckngg Seiry 35 5561 Si@ REKHoIWA Garin Gaysdpegiumods huhdiion enélerskapd h
| evel s 1 ncohl%htrm&ink borehol e and recordin sal d derived el ement aI
abundanci es (lasdeawﬁsu plementel s@rfpptnaeom r ﬁgda@aefg'm'%\

Ver f ahr en Z 333 ;ﬁﬁg@tsﬁﬁ? Egun r): mlﬁ E& hgaud at l?ast tP‘l’P . i
zur Best i TTEY dl, that: s it Ard Séhv?i sﬂ?dmme%fee PhyéRBlcORENRIAS VON
Uran-, f<a$f| sUlmwell B I'df&l'ﬁﬁﬂdﬁ’fﬁé‘ﬁrd' a&fbohdﬂtldﬁs déiog sapplicdfeom 4 si:urce hthbﬂhgﬂ tbe ch

m t Gam‘rasid mhésuﬁmhsmbmt ren von Uran, Kali um und Thor| um‘ai % té'iept n

St andar dboh 3+bm@9ﬁ8°°ﬂﬁdwlglé‘dﬂﬁ evels
St :Edggdzﬁe éﬁﬁéhg‘gﬁ%@m FRrHng faéagﬁgf%% TanT 'é?\‘ggﬁ rallift(%tm%l fehole

Gewi nnifhig™sign RSmeéthPicedtihg o GRRRITE St érad) M&aﬁ%ﬁ@tﬁﬂpﬂkélﬁd&%blamu@ [ aﬂlﬁm energy
MeBbohr | oa{bto"aebma Blbtrung) @ieasurdvent d8atin bpnnhiobdneaguﬂgm fartheresbepeisingederiving from
Bohr 1 och sSspsuemsns o jedcaion o thegormqm

Gamast 1 gv,\%%m 28 3 %hﬁaﬁsas e A AT

easyreme
weni gst‘énga E' éig; thw  thd@biehdte.€i NeM den
Thori um Ze aa.y mu..mi h:ad fetheredomprisibeprodessingthe bauntiratee iimtben

den Uran- e”mrdya:lahdspeadtwb@tersltp ?ﬁorm\#wma&c@wd@nd adipstingthe Eh%\" 'eéijg,( °’é'i“9|e

el g K,,ngs S @;}%ﬁ% AR b Bl kil SO

besagt en U n S tig Héﬁﬁg ;ﬁb@sér_dgl’tké ¢oQnt rakes in the energy bands
Konzentr ahsnﬁmaﬁptﬂmflﬂsammevemﬁspcae oteaisipn, ( alogi aﬂbistegt teging) Lesgtﬁa mmgtns ra,

der die V\thahunls n@t@rgamn@mav bl’efﬁ'@ntc;géﬁ‘i?t!cg Bt'ggllo a no ounggﬁg
Gam‘rastasar'i‘l" FF\F_'ﬁEFe oo lstl re;%ng“ ﬁ ere co a,,t and:
besagt en ‘fh%lré ea men erivi {lh% me éﬁ%tahﬂialca Qf th i‘rﬁatlon lithology;
Gamast: rah} en| nt ensitit zur ung von Vor kommen . der El enente Kalium

Uran und Thdadn caseq hcﬂlardeascﬂemgmdnmm f@lfmée meagBmduts amindisgiioe ofithg apipg Wicknestia
El enent enpeihemhplehred t snat

repeating said steps at dlr#erent dsepfh levels mQhe well borehole and recording said derived elemental
abundancies as a function of the borehole depths.

Patentanspriiche
65 1. Verfahren zur spektralen Bohrlochvermessung mit natiirlichen Gammastrahlen zur Bestimmung der
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