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Application of Gamma-ksy Logs ol 0il vells to tue
Discovery 01 haGiocctive Ure
by

Garlena bB. Gott

Abstract

A study of 1,000 Gumme-may logs of oil wells in the cuntrel
pert of the United iteles bes conlimpea lne uilrility of these logs
for the detection o radiouctive dey,osits. kadiometric analysces
o1l &0 fest of corea irowm vells tiat nad veen putus-rey logged in-
dicate that cre inc. of deflectiovr on a Lune-hell: iype of zumke-
ray log, made «t a sensitiviiy seai. 0f LU inches, reglooohls ap-
prorimately 0.0008 gercunt equivelont uraniun,. In norsal soditen-
tury rocks the rociovsctivity is penerall, uniforn €0 Ligg &s the
Lithologic camractoristics are upiform.; the lincslones wna sana-
gtoLes ceuse the swalleet derlectiouns,and tue dlack sheles, lie
greatest. In one ares, non-marine crkosic csdimenti e cuntider-
etly wors raaioactive than tho werine sediments. A cross-section
of one oil field shovs & correlation tetiueel wdlhoXually figh radio-

astive Zones wna sume ovarlying nel;um~yroducin§ forneutions.

I{ntroducvion
Garme-ray logs, wade LY raicing o rodistion detector tarough
£ well bore and continuously wsesuring ond I'wcoruing the intonsity
of pamie redistion, were first ussd by the polroleun. inaustry about

toen yual's 0. fince thet tiue soverai tovusand oil wells witain
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thie United Stutes Lave veen loggec ip tnis manner. Such loss wre
usse principall; to intor.ret the stratizraphy in the older wells
wilen nave been cused end for wiich adeguate stratigrephic detsa
are lacking. B-cause they sbow the wount of ganna radiation,
treir use for dstecting radivactive aeyosits may pe syually ss lmport-
ant.

Ag a grost pumber of lopse has been nate by the 0il companies,
and nieny will be nade in the future, ana &s the arca wlrusdy esplored
by this tecunisue ie lergs, an investigation nes been started vy tue
. S. Geologicel furve, for tis atomic miergy Commission to determine
the value of tnese logs in tiie searcu for rudiosctive ore deposite.
spproximstely one thouseana garme-ray .ogs, principally of wells in
Oklahome snd Kansss, Luve been collecied end siucied. kgepraesentative
cor.s ol gama-ray logeed wells heave boen snelyued, and an ayproxineate
calicration 71or thu Lane-hells tyg.e ol sumaue-ray log hes veen €s-
tablished. aslthougn, o vwas eXpected, most of tre information ootéined
from these logs has been of & negetive neture, seclecticn ol three arsss
o wtnormally high radiosactivity for ifurtnsr study can be dirsetly

sttribut 4 0 tals teecuniqgue of investigotbion.

aseription of ddlustrations
Figures l.--As en initisl stsp ia this invsstipation the relative
degrez of radiosctivity representec by o unit deflection on gamna-ray
logs was delermained by rediomotiric and clewical analysss of 2Vl cor-

responting cor: selgles. From these ala i€ was astorminosd






enpirically that owe incew of ceflociion oo o Lane-wells gouaa-ray

log, mede at & soneivivity scale of L0 inches, ropresents ap.roximately
0.0008 p=reent of ecuivalent uraniun. Figurel snows graphicsll; a com-
saTloon bstween omne short cegument of & gsula-rey curve and the eurve
Ovhained by plotting the radiometric znslysis of the corresponaing
corss. Trnis calioration is only &y . roxinate s man;, con.licating
fastors have not ocen tekeu into accuuwnt. The most ip.ortent of thesc
ere tue tlickness versus grade of iue oced, toe fluid content of the
well, the shislding effsct of the casing iun cased wolls, aifferences

in ingividual 1nstrunents, snd toe rets of rovement of the iunization
chiewiber although it is generally reissd ot the sane rate o speed in
61l wells. Bovertheless, tor the purpoce of delimiting the most
fuvorable areas &n &y, roximate calioretion is eatrumely helgful.

The gamma-ray logglng eyuipment wost coumonly used rscoras
dirferences as low as a fuw ten~tnousendths of & perceat syuivalent
ursnium. Toe lower limitv is dependent upon toc sensitivity scale
&t which the well is logged. Sucn swall aifforences, Lowever, are
of' little velue for s stratigrocpric inturpretation of the logs ex-
cipt in s0 far as the prose .abttern nay ove rscognizable froo one
tell to snotiur. On the othapr hand, diticrences in asfleetion lurge
enough. to pernit igontirication ot individuael peds are often yieldsa
by aifferent lLituologies wherc the veds in (uestion are ¢s thick as
the lengtn of the ionizuation chamber. The variation in coflection

2@ Ly & enange ilo tithology is perticularly pronouncsd oetwsen
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shales and toe othoer sodimentury rock tygo8. Neverthsless, & fairly

reliacle interprstation can cuumIonly te nemue vetwesn sandstones, lime-

7]

tones, ana dolumitss, by using a neuatroun log in conjunction witn a
Femec-ray log., Tihis i particularly true 11 the steatigrapuic secew
tion i well Koown.

ARy radical increass in reciosctivity over that expocted in &
nornal coeguencs of rocks incicates an sonormmal concentratior of radio-
cetive zlesents ana is, toorefors, of srticulsr interest,

Figure 2.--Tnis rirstigrepnic scction shows tie wormwal vaeria-
tion in rudiocctivity oetweun bdlack snoe prey swele, limestone, dolo-
uite, and sandstione. The bleack curvonacedus siale skown mear the
top of thy secetion is the Cnsttanoops susle of Upper Luovonian end
low.r kissiseiy, dan ags thot undsrliss on alsa of goveral huncrea
thousend syuurs eiles in tae Central united States. Trne Chattanoogs
shulc penetratoea oy tnis well i¢ cevimated, frow vhe gamma-ray log,
to contain woout 0,008 porecnt eyuivalent uranium, the auorozimute
wvolsge contont of poth surfece and subsurtuce sem.lss,. te redio-
activity of thic oe¢ is remurkuily uniforwm over wioe &reas and, as
it caurss nigher dolluctions than otlher ceay in this part of the
strotigraphic scetion, it can &lwayPs De rPoCOognlzed On glulna-roy loges.

The grey shels underiyily the bluck Cuattenovga shale is indi-
cated on tho senne-ray LOg by s much shorter deflection. The under-
lying Llimcestonzs, dolomites, and sanastulos erz in turn repiresentoed

oy mucihh sporter deilections than tie shales. Tihe type of deflections






sevn on this purticular log ueve veon duplicetcd asny wunarceds of
tim.: s,

Figure v.--In compzrison witu .figure 2 this illustration
SLOWS & fanmmua-ray log of sedisents conteining wore than a norual
anount of the radivactive slements. It is of intercst to nots that
tie nop~warine wrkosss causcd the highest deilections end tne murine
beds causud lae lowest. The nost radiocactive wlhores were derivad
from & nearby ronnsy.venian mountain range coupos.d of granitic rocks,
end bhe purcentaie o1 redioaciive olenenis in tusee prenitic rocks,
80 fvr ws is known, is coasidoratly luss than that o1 tne arkoscs
ghown on this log. The inYeronce is, tiercfore, that tie rediocactive
clensnts were concentratec in the arkoscss either turougn mecoanical
LOC 8808 or by lesceing of the raciosctive ninerale wnd subscguent
Lworawont througn tlhe msdium of srouwud wator.

Ad N0 otRer gEMLE-TEY 10g& al'e svailleble Irom this aree, it is
not knowe wihcther the radiowctivity of the wrkoses is comsistently
»bove normal, but the precencs of nholium in toe seie beds, Iartuer to
the weet, cuggosts that it may be,

Pigure k.-~ figure 4 compures normal warive sedimcntary rocks
congrsting o limestone, shale, and sendstone in well oo 1 with
ecuivalent, vut raciosctive, bude o1 the sawe lituology in well No. 2
one~vusrter of o nile awey. The two logs deronstrate the value of
using sucu date woenev.r they are cvailzole., without & gemma-ray
log of well Nou. & the prescnce Of the hignly radiosctive zone con=-
teining an estineteq 0.14 percent equiveient uranium vould never nave

becn guspected.
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Both of these wells were drilled about 30 years ago before the
custom of éavigg samples was started, Consequently, the cause of
the radioactivity cannot be determined from samples, Radium-bearing
celestite pipe scale found at the surface, however, suggests that a
uranium source may be present in the nearby beds through which the
fluids have circulated,

Figure 5.--The cross-section shown on figure 5 is of particu-
lar interest because of the abnormally high deflections on the
gamma-ray logs and because the same wells that have penetrated radio-
active horizons have a2lso produced commereial quentities of helium.

The youngest bed shown on figure 5. is from 1,500 to 2,000 feet
below the surface. It will be noted that approximately 1,000 feet
below this bed there is a pre-Pennsylvahian faulted and truncated'anti~
cline, Movement continued, however, throughout Pennsylvanian time, and
it is probable that there was some displacement in the lower Pennsyle
vanian beds. Because surface elcvations of the wells plotted on this
cross~section were not available the base of the Douglas shale was
selected as a datum plane., Conseguently, the present structure is not
reflected, The presence of the fault shown on the east side of the
anticline has been well established, although its exact location and
inclination are not known to the writer. The fault drawn along the west
side of the anticline is an interpretetion from inadequate subsurface

data, The fault plane has, thercfore, been shown in a vertical position,
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Well No. 4 is actually much closer to the western fault than
it is to the eastern one. However, in order to get all the infor-
mation in a small space, the horizontal scale has been distorted.

It is possible that the high radioactive zones represented on the
gamma~ray logs conform to a fault plane of small displacement or to
a fractured zone above a fault plane.

The equivalent uranium content of the radioactive horizons,
estimated from the gamma-ray logs, ranges from about 0.05 percent
in well No. 3 to 0.2 percent in well No. 1. Appreciable quantities
of radium-bearing celestite (SrS0,) pipe coating has formed on the
inner surface of the pipes through which the oil and water flow after
they are pumped from the wells. This coating contains as much as 1.5
percent equivalent uranium, mostly in the forﬁ of radium. Oil and
water sanples taken from these pipes contained a uranium content
ranging up to 0.7 part per million, Abnormally high radiocactivity
has been found over an area approximately 35 by 100 miles in extent,
but the maximum extent has not been determined, So much radium scat-
tered over such a large area may indicate the presence of a very
significant quantity of uranium,

Vertical bars are plotted through the position of the beds that
have produced helium; however, another helium-producing formation is
800 feet higher then the top of this section. Although in well No, 3
the radioactive zone corresponds to the helium~producing beds, the

radicactive beds usually underlie the helium-producing formations.
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vonclusions

One company alone has mede garma=-ray logps of 01l wells «t the
rats ol apout 2,000 per year over larce arcas within tue Mid-cunti-
nent, culf Cozst, hkoeky mountain, and recific Coast regions. ss they
shov Jositive anomalies, the wore promising arsas ars sot apert from
te bthousands of sguere miles of varren rocks. Several of thuge logs
pave pointed towo way toward areas of auvnormally radioactive rucks
where there is roason to hope that ursniun ore geposite will be found.

rResults ovtuined frow tuoe study of 1,000 genmea-pay lLogs dis-
tricutcn througn two states indiceate toat thuse logs are a useful
means of determining ceni-vuantitetively the awount 01 radiouctivity
in suosurface rocks sno inaicete ss woll tnat tuey sbould be used
whenav.r they are orelluble for regionel reconnaissunce investigations

of ruaiouctive dugosits,
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=~ A COMPARISON OF RADIOACTIVITY CAUSED
BY DIFFERENT ROCK TYPES
SOUTH CENTRAL OKLAHOMA
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GENERALIZED RELATIONSHIP OF RADIOACTIVITY TO HELIUM,

Ratum

PENNSYLVANIAN
Base of Douglas

LITHOLOGY, AND PRE-PENNSYLVANIAN STRUCTURE.

NORTH AUGUSTA FIELD, KANSAS
2% Helium 800 feet EXPLANATION
higher in section

PENNSYLVANIA

CARBONIFEROUS:

Figure &



