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SPECTRAL GAMMA-RAYLWGING II:
BOREHOWLE~RRECTION FACTORS

by

R. D. Wilson and D. C. Stromswld
Bendix Field Engineering Corporation

Grand JLIIICtlOII, Colorado

M. L; Evans, M. Jain and D. A. Close
Los Alamos Scientific Laboratory

Lus Alamos, New Mexico

ABSTRM3

Experimentally determined factors are presented that correct s~ctral gamma-
ray logs for the effects of varying borehole fluid and casing attenuation.
These corrections are for gamma-ray spectra fran the naturally radioactive
Isotopes of potassium (K”),uranium (U), and ~horium (Th). Measureunts *re
performed on the U.S. Department of Energy (DOE) calibration models in Grand
Junction, Colorado. A sodium iodide spectral gamma-ray pr~be was used to
!l;~lfictaata on the ].46 HeV aroma ray from 4%, the 1.76 14eVgamma ray from
‘“’”hi (a decay product of 2S%), and the 2.61 MeV gam~ ray from 208T1

(a decay product of 232Th)q Count rates for these gam~ rays ~re measured
for various ‘~rehole fluid and casing conditions.

Borehole fluid corrections are presented for both centralized and sidewalled
probe geometries for hole diameters from 3 to 12 inches. For a typical hole
diameter of 4.5 inches and a probe diameter of 2.O inches, the ~ter
correction is 23 percent for the potassium signal, and 15 percent for the
uranium a~d thorium signals. For the smaller borehole diameters, the water
correction is ne.~rlyindependent of probe placement. A8 the borehole diameter
increases to 12 inches, the correction for the uranium and thorium signals
increases to 50 percent for the sidewalled geometry and to 100 percent for the
centralized geometry.

Gamma-ray transport calculations were performed at the Los Alanos Scientific
Laboratory to predict the effects of borel,olewater for the centralized probe
geometry, and the resulting water factor corrections arc somewhat lower than
the measured values. The difference is attribL ‘d ‘ the fact t,~atde-
tector response has not yet been included in the calculations. It is expected
~hat future calculations, which will incluae detector response and sidewall-d .
probe geometries, will provide accurate estimates of borehole correction
factors.

Casing corrections are presented for dry borehnles with thicknesses of steel
casing from 1/16 inch to 1/2 In[h. The data are fit reasonably well witil
exponential curves having effective linear attenuation coefficients of 1.26
Inch-l for uranium and 1.03 inch-l for thorium.
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INTRODUCTION

The data obtained fran borehole gamma-ray probes are affected by the condition
of t+e borehole. In particular, the presence of fluid in the hole or the
casing at its circumference decreases the number of gamma rays reaching the
probe’s detector. Some of the gamma rays are stopped in the fluid or casing,
and other gamma rays are scattered to lower energies. A probe which has been
calibrated in a dry, uncased hole will systematically predict low con-
centrations in holes which are fluid-filled or cased. Rather than recalibrate
for each boreholc.condition, correction factors are applied to the data to
obtain proper concentration. These correction factors are generally more
complex for spectral gamma-ray data than for total count (gross) gamma-ray
data because of the discrimination of different energy gamma rays.

Borehole correcttcw, factors can be obtained experimentally using physical
models (e.g., the U.S. Department of Energy (DOE) models located in Grand
Junction, Colorado), or they can be calculated using canputer codes to simu-
late borehole conditions. Use of both experiment and calculation 16 desirable
because this provides the means of calculating many fluid and casing
conditions, and experimental data are available to check some of the
calculations to assure that they are realiRtic. At the present time, the
calculations have been completed only for the centralized borehole geometry
and the detect~r ?esponss function hes not been included Irl~he calculations.
Apectral gamma-r~y horehcle water correction factors have been deter~ned
experimentally for centralized and sidewalled geometry. Correction factors
were also ❑easured for steel borehole casings. .

MEASUREMENT SYSTEM

A modified borehol: logging system was used to collect spectral gamma-ray data
in the calibration models at Grand Junction, Colorado. This system consisted
of a borehole probe containing a sodium iodide detector, 3,000 feet of 4H0
logginB cable, research atiiplifier(Ortec 450), automatic gain stabilizer
(Harsha~-NA-22), and a multichannel analyzer (Canberra 31(NIor Tracer Northe:n
1710). 54Flnrtidioactivesources which produce gamma rays of energy 835 keV
were attached to the detector to provide an energy reference ?or the gain
stabilizer. The strengths of these sources ranged from approximately 0.3 to
1.0 pCi, and they produced a distinct peak in the gamma-ray spectrum whose
position was monitored to check gain stability.

The input signal to the research amplifier was terminated in 93 ohms to reduce
signal reflections in the cable, and the output signal was bipola- with 1 ;s
aha?ing constant. The gain stabilizer was adjusted to provide a 2.2 volt

?08TI (a decay product of
ulse for the 54Mn gamma ray; this placed the 2.61 MeV gamma ray pulses from

~32Th) near the top of the multichannel spectrum
of 1024 channels.
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Three calibration models
gamna-ray probes for their
(Th)o Ml -dels contain
zhe elements occurs in an

CALIBRATION PROCEDURE

at Grar,d Junction are tieaigned for
response to potassium (K), uranium (IJ)S
all three elements, but in each model

calibrating
and thorium
only one of

enhanced concentration. The ❑odels are designated
by their predcminaat radioelement and their concentrations are given in Table
1. The ❑odels are made of concrete wit”;a center zone containing selected
ores to enhance the desired elemental concentration. Above and below this
enhanced zone are barren zoneE consisting of pure concrete. A 4.5 inch
diameter borehole ,passesthrough all three zone6. The physical dimensions of
the ❑odels are given in Table 2. A lead cylinder 1.4 inches thick and 5 feet
long is used to determine background counts during calibration.

Table 1. Concentrations of potassium, uranium, and thorium in the borehole
spectral gamma-ray calibration moaels.

Model Radioelement Concentration
K (%) u (ppm) Th (ppm)

K 6.761 0.19 2.7 + 0.3 2.4 + 0.6
u 0.84 + 0.24 498.37 12.1 5.67 1.3
Th 1.447 0.08 28.3~ 1.0 505.5 ~12.1

Table 2. Physical dimensions of the spectr=l gamma-ray calibration models.

Model Diameter 4 feet
Borchole Diameter 4.5 inches
Upper Barren Zone Thickness 3 feet
Ore Zone Thickness 5 feet
Lower Ba~ren ?one Thickness 3 feet

During calibration cf spectral gamma-ray probes, the detector is placed In the
middle of the ore zone and data are collected for time intervals from i,000
seconds to 5,000 seconds, depending on the detector’~ size and the model used.
The data are collected using a multichannel analyzer, but only integrated
cou~ts in specific energy windows are recorded for analysis. The energy
windows used by Bendix are given in Table 3. These windows cover the 1.46 lleV
gamma ray from 4% the 1.76 MeV and 2.2(I MeV gamma rays from 214Bi (a
decay product of ~~a~), and the 2.61 MeV gamma ray from 208Tl (a decay
producl of 232Th).

T~ble 3. Energy windows for spectral garmna-rayanalysis.

Radioelerwnt
Potassium

Energv Window (MeV)
1.320 to 1.575

Uran’.um 1.650 to 2.390
Thorium 2.475 to 2.765
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The ccunts in the ●nergy wind~s fra th~ calibration models and frcanthe lead
cylinder are input along with the counting times to a computer pr~gram which
sol ‘es the matrh equttion

R-AC

where R is a 3 x 3 (rws x columns) matrix containing the cmnt rate data from
the models, C is a 3 x 3 matrix containing the kncmn concentrations of the
models, and A is the 3 x 3 proportionality mttrix whose value is calculated by
the progra. Details of the progrd and the i.lterpretat~onof the individual
mstrix elements are Aiven in heference 1. In general, however, the diagonal
elsmants of A are related to the detector’s ~cnsitivity (counts per second per
radioelement concentration) to potassim, uranium, and thorim, and ~ne
off-diagonal elements of A arr related to the stripping r~tios which rcznme
unwanted gamma rays and detector response from the windows, e.g. scatte:ed
thorium gamma rays from the uranim windcw.

Once the calibration matrix A has b~en i.ttermined, concentrations of
potassium, uranium, and thorium can be calculated fro~ field logging datb
using the equation

wheie C is now a 3 x
~otassium, uranium, and
of A, and R i~ a 3 x 1
potassitnn,uranium, and thorium fran the logging data.

c m A-lR

1 matrix whose elements
thoriwn to be determined,
matrix whose elements are

are Lhe concentrations of
A-l is the matrix Inverse
the window count tates for

BOKEHOI.EWi.TERFACTOR CORRECTIONS

KUT Water Factor Model

The recently cunpleted potassium, ur~niun, and thorium (KUT) water fac:or
model of the Grand Junction calibration facilities was used for the
measurements reported in this paper. Figure 1 contains plnn :.adelevation
vj.ewsof this model. The ore zone is 5 feet thick anc is bandwlched ~etween 3
foot thick barren zones. The ore zone is a ❑ixture con::~iningabout 5.5
percent potassium, 370 ppm equilibrium uranim, and 275 pm thorium in a
concrete matrti. The five borehole diameters are 3.0, 4.5, 7.0, 9.0, and 12.0
inches.

Dry Borehole Measurements

these measurements wis 2.0 inches in diamet~r anc
inch sodium iodide detector. After calibration

The borehole probe used for
contained a 1.5 inch x 9
within the dry 4.5 inch diameter boreholes of the K, U, and Th models, [he
probe was placed at Lhe center of the ore zone for each of the five hole sizes
wjthln the KUT waLcr factnr model. K, E, and Th concentrations wre calcula:ec!
from the daLa, and they are plotted in Figule 2. No bc!reholcsize effect for
dry holes IG observed for potassium or uranium, bllta very slight decrease in
thorium concentration is observed as the borehole becomes large. This
decrease amounts to about one percenL from the 3 inch to the 12 inch hole
size. Borehole size effects are not expected for a dry horehole when the ore
zone present~ an effectively infinite source medium Lo the probe detector.

. 4
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The thoriun signal decrease is attributed to the fact tha. che ore ~ne
not have the appearance of an infinite med~’nm in the axial djvectio:l
Figure 1). Since the thoriun deta are of YIgher statistical p’ecisjon
the potassim or uranim data, the slight decrease is observed only
thorium.

doeE
(se:.

than
.or

Stripping Ratio Measurements

It is important in correcting bor-;;~e spectral gam:ti-ray(lCUT)data for th,
presence of borehole water to quantify tue change in window stripping ratios
with borehole water content. Fur 4.5 inch ‘iameter boreholes, the change was
determined using a 2 inch diameter probe containing a 1.5 inch x 9 inch de-
tector. Data were collected with the pr~’a si:ewa:*ed in the K, U, and Th
mcdels for both the dry and water-filled conditions. Values obtained for the

four most significant stripping ratios are sive-, in Table 4 for both dry and
wet cases. The observed trends are consistent with the increase in Compton
scattering and resultant lGwer energy “build~p’” ::“perienced by the Iormation
gamma rays as they traverse the bareholti :~ate~. The striy ~in~ ratio E!(*.Iium
into potassium) shows the largest increase for ihe water-filled htiie eve~
though it is only 2 percent. This is expected because the l;-gest e~er~y
difference occurs between the thorium and ~tas:.um w~ni:jws. Also, the upwar;.
stripping ratio ‘“a” (uranitun into thorium) decreases with the additio:. ur
water due to the same Compton scattering kildmp r.ech:.nl.sm.

The effect of borehole water for hole sizes other than /:.5 inches cannot be
measured for all these stripping ratios with. the models presently avdilak:.e.

Measurements of Y(U+K) were obtained, however, using an older Gr~d dunccion
water factor model with high uranium content. For this model, it was neces-
sary to use a small, 1.5 inch x @.75 inch detector to maintain acceptable
count rates. Results from this ❑odel show that the wet/dry ratio for Y re-
mains constant at 1.02 for hole sizes from 4.5 inches to 8.625 inches. “Anis
is encouraging and indicates that borehole water does not strongly affect the
Y(U+K) stripping ratio for the sidewalled probe geometry. A separate thcrium
water factor model with various hole sizes is not available for similar
measurements of the thorium stripping ratios.

Borehole Water Corrections to K, U, and Th Sensitivities

In order tG determine Lhe effect of borehole water cm probe sensitivities to
potassium, uranium, and thorium, a 2 inch diameter probe with a 1.5 inch x 9
inch sotiium iodide detector was sidewalled at the center of the mixed zone for
each hcle size of the KUT water factcr model, and gamma-ray spectra were
acquired for both dry and water-filled boreholes. Ti,e K, U, and Th window
counts were stripped and converted to apparent concentration using a
calibration obtained for dry, 4.5 inch holes. SLripping corrections to the
potassium window count rates w~re so large that their associated uncertainties
produced stripped potassium results with uncertainties greater than 80 per-
cent. Consequeti,tly,it was necessary to perform separate measurements in the
upper barren zone of the water factor model, where the K content was about 2
percert b!]tthe U z.nrlTh concentrations were 10K enough to obtain satisfactory

potassium resulr~.

7
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Dry/wet #tripped K, U, and ih concentration rat:OS are tabulated in Table S
and plott~d in F]gure 3 as water fac~or correction ratios. Within the
precision of measurement:, uranium and thorium ●xhibit the same water factor
correction and a single, solid curve is 8hown to represent these data. The
correcttan nmnunts to about 15 percent at A.5 inches ad 48 percent at 12.0

i;~ches. The water fact~r correction for potassium is greater, ranging from 23
;.ercen:at 4.5 inches to 53 percent at 12.0 I.-hes. Thnse correction curves
reprwsent the adjustments required to the K, U, and Th sensitivities. Field
dal.a should first he strf:>ped before applyi~ these sensitivity corrections.

Comparison of Resulis for Sidewalled and Centralized Geometries

Fleasurzmentbwere al::operformed in the KUT water factor model for a cen-
~ralized probe geaaetry. Numerical resul?b appear in Table 6 and correction
cuwea are presented lE Figures 4 and 5. The figures also include for com-
parison the previous sidewallea gecmetry results. The obsetwed curve 6haPeS

are qui~e different, as one would expect fran geometry considerations. FGr
the ce).tralized case, as borehole diameter increase~, the formation signal at
.he probe continues to decrease due to increasing borehole water attenuation,
and the correction ratio increases without limit. For the aidewalled case,
however, the geometry begins to appear ❑ore like a plane interface between
ionnation and water as the burehole diameter increases. Thus, in the limit
that the water-filled borehole diameter becomes very large, the probe signal
will asymptotically approach a constant value for the sidewalled geometry.

Wat~r Factor Calcula~ions Usir,g Conputer Cocies—.

High energy resolution gamma-ray transport calculations have been perfomed to
theoretically predict the effects of borehole water on probe responee. The
calculations were done at Los Alamos Scientific Laboratory, and the techniques
used are described in References 2, 3, and 4. The calculations are for cen-
tralized probe geometry and do not include the effect of detector response.
The more canplex sidewalled gemaetry and the sodium iodide detector response
effects will be considered in subsequent calcul&tions. 4ngular and energy de-
pendent borehole gamma-ray fluxes were calculated for uniformly distributed
formation sources of potassium, equilibrium uranium, and thorium, and both dry
and water-filled conditions were considered.

Figures 6 and 7 6hOW calculated potassium spectra for dry and water-filled 4.S
inch boreholes, respectively, ‘with ●nergy resolution of lCIkeV. Similar (but
more canplex) spectra were calculated for uranium and thorium sources and for
borehole dianeturs of 3.0, 4.5, 6.25, C.0, and 10.0 inches. In Figure 6 it
appears that the potassium peak at 1.46 heV dominates this spectrum, but this
is not actually true. When the intensity of the continuum from O to 1.45 MeV
is summed, its value is larger than that of the potassiun line by ~ factor of
about 3. Thus the continuum components of these spectra are very important to
the interpretation of gamma-ray logging data. This is especially *-ruewhen

the window method of spectrum analysis is employed with sodium iodide

detectors.

A ccmgarison

the gamma-ray

.

of Figures 6 and 7 illustrates the effect of

spectra. The wet/dry intensity ratio for the

8

borehole water
potassium peak

on
at



Table~. StrippingRstio~for

Dry ar,~ Ktt 4,5 Inch Borehole6

Stripping Ratio
Designation

ct(Th-W)

bor~hol~
Diam~Ler
(inches)

3.b

4.5

7.9

5.6

12.C

Drv 4.5 Inch Uer L.5 Inch b’e:/Llr v
Borehole B.sreholt SAlim

3.03 3.0s 1.01

1.37 1.60 l.r:

lmo~ 1.03 i.01

o,o~~ 0.026 ~.G<

For Sldewallcd Probe

Dry/h’cc Strippeo Ratios

Petaasium* Uranium 7hor~u~
.—

1.13 I.(J3 1.05

l.u 1.:5 i.15

1.44 1.42 !.37

1.50 I.LS 1.46

Table 6. Water Factor CorrectIon Ratioa

For Centralized Probe

Dry/WetSt:ipped Ratiom

PuLuhblum* Uranium ?horiun
.—

1.:3 l,@g 1.0:

i.26 ~.~j 1. !-.

I.w 1.45 ‘1,-..M.

:,+.:, 1.7: :.1:

:.3E :-~~ :.(J:
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URANIUM AND THORIUM WATER FACTOR
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1.46 MeV is 0.844 while for the low energies of the continuum, the rat~o is
0.934. The larger ratio for the contiruum illustrates that the cent:.nuum
component is much less affected by borehole water because of mul::iple
scattering and build-up effects.

The potassium window ueed fcr ~odium iodide detector data analysis extends
from 1.320 MeV to 1.575 14eV. If only the continuum canponent within this
window is summed for the dry and for the water-filled conditions, the re-
sulting attenuation ratio is 0.947. When both the continuum and peak
intensities are sununedto ger the total potassium window intensity, the ratio
decreases to 0.855 for the 4.5 inch diameter borehole. The reciprocal of this “
ratio (1.169) is the correction factor ~equired to compensate the K window
response for borehole water attenuation. This analysis was performed for each
borehole diameter, and the results are tabulated in Tables 7 and 8 for the
discrete peaks at 1.4ti, 1.76, and 2.61 MeV, and for the total window
intensities of potassium, uranium, and thorium. I’herelatively wide uranium
tindow gives a response that is more sensitive to the continuum cmponent than
are either the K or the Th windows. Table 7 shows that more than half the U
window response is frm gamma rays other Than the discrete signhture ~ak at
1.76 MeV.

The calculated correction factors contained in Table 8 are compared to
experimental results for centralized probe geometry in Figures 8 through 10,
where the calculated factors have been plotted at an adjusted borehola dia-
meter to aczoun~ for the 0.625 inch sn,aller probe diameter used for thu ex-
periments. The calculated window correction “actors are shown as solid curves
and the experimental &ta are shown as points. The. calculated values are con-

sistently lower than the experimental values; however, the comparison is
incomplete because the calculations do not account for detector response. De-
tector response will be included in future calculations, and it is expected to
bring the calculations into closer agreement with the experiments because it
will emphasize the lower e,~ergy continuum components of each window which have
higher correction factors.

The dashed curves in Figures g-10 are the calculated correction factors for
only the discrete gamma-raye appropriate to each source. The separation
between the dashed and solid curves is due to the difference in borehole water
effects for discrete and total windov gamma-ray fluxes. For comparison to ex-
perimental results, however, the
propriate.

BOREHOLE

Casing Experiments

window correction curves are- the more ap-

CASING CORRECTICNS

Gamma-ray data collected in cased boreholes are affected by the ~,resence of

casing because the casing absorbs some of the gamma rays and scatter~ others

LLJ lowc!r energies. lt is. ther~fore, necessary LO apply cas~np correction
facto~s in order to talc. ‘,atu correct concentra~ions of potassium, uranium,
and th~rium. These correction factors are functions of the casing material
and its thickness.

13
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#.25
8.0
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3.0

A.5

5.25

8.(J

10.0

4.5

Tky None

Wet None

Wet None

Wet None

He t None

Dry 0.125
Inch
S:eel

Table 7

Calculated Borehole Canma-Ray Flux Intensities

T)tscrcte (Lmnna-Rny l,lnr lntrnslty

(y/cmz/ unit source)

(1.4: PleV)(1.71 MeV) (2.~ MeV)

3.066 0.2832 0.6518

2.259 0.2742 0.6348

2.587 0.2426 0.5743

2.219 0.2110 0.5123

1.906 0.1839 0.4576

1.603 0.1572 0.4027

2.641 G.2469 0.5799

Window IntcRral Intensity
(y/cmz/ unit source)

(lm3;5- (1.6gO- (2.47&
1.575 MeV) 2.390 ?leV) 2.765 t4eV)

3.445 0.5923 0.6831

3.335 0.5780 0.6660

2.946 0.5172 0.6047

2.557 0.4597 0.5415

2.222 0.4049 0.4857

1.894 0.3521 0.4293

3.002 0.5253 0.6102
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Table 8

Calculated Eoreholc Gamma-Ray Flux Correction Factors

Riamet~r
{inches) Wet/Dry Casing

3.r! wet None

4.5 Wet None

6.25 wet Ncne

8.0 WCt Nme

1(-).0 wet None

L.j Drv 0.12.5
Inch
Steel

l’)rv/WetIntensitv Ratio

Dlscretc (huna-kty Lines

K TII

(1.46 MeV) (1.~6FleV) (2.61 MeV)

1.036 1.033 1.027

1..185 1.167 1.135

1.382 1.342 1.272

1.609 1.540 1.424

1.913 1.802 1.619

1..161 1.147 1.124

–- —

Window Integrals

(l.:25- (1.!50- (2.4%-
1.575 14eV) 2.390 k!eV) 2.765 MeV)

1.033 1,025 1.026

1.169 1.145 1.130

1.347 1.28E 1.262

1.550 1.h63 1.406

1.819 1.682 1.591

1.14e ?.128 1.120
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The K, U, and Th calibration models at Grand Junction Wre used In collecting
data on casing effects. A 2 inch diameter probe with a 1.5 inch x 9 inch 6od-
itnniodide detector was Psitioned with the detector in the center of e~ch ore
zone and steel casings were inserted between the probe and the modelb. The
casings ~re cylinders 4.5 feet long with an inside diameter of 3 inches and
thicknesses of 1/16, 1/8, 3/16, l/~i,3/8, and 1/2 inches. The counts in the
K, U, and Th windows were recorded for each caGing thickness and for zero
thickness. The calibration mtrix A was computed separately for each casing
thickness.

Variation of Stripp ing Ratios with Casing Thickness

Data collected in the calibration models were analyzed to determine the varia-
tion of stripping ratios and window sensitivities with casing thickness. The
principal stripping ratios a(Th+Ll), B(mK), and Y’U+K) were calculated for

each ccsing thickness fror the elements of the calibration ❑atrix A. The
stripping ratios are tabulated in Table 9, and their values normalized to zero
casing thickness are plotted in Figure 11.

All three ratios show a systematic rise witi~ increasing casing thickness. The
qualitative trends can be explained by the down-scatter 2racess which shifts
gamma rays I>to lower energy windows, and by the energy differences between
the K, U, and Th windows. y(U+K) shows the smallest sertsitivity to casifig
thickness because the two windows are adjacent and the energy difference is
not large. On the oi:,er hand, 6(Th+K) shows the greatest sensitivity because
the energy difference ktween the thoriu and potassitmr window~ is over 1 MeV.
The Y ratio approaches a constant beyond 3/16 inch casing thickness. The
entire Y variation is only 2 percent, and it can be considered invariant with
casing thickness without introducing significant error. a and B rise by
about 7 and 13 percent, respectively, frcnnZe--o to 1/2 inch casing thickness.

Variation of Stripped Window Sensitivities with Casing Thickness.—

Stripped window sensitivities for each casing thickness were obtained from the
diagonal elements of the A natrti. These sensitivities were then normalized
to the zero casing values to obtain gamma-ray transmission factors for the
energy windows and casings considered. The results for thorium and uranium
are plotted in Figure 12 in semilogarith.uic fcrm, and straight lines wre fit
to the data. The lines have slopes of 1.26 inch-1(0.498 cm-l) and 1.03
inch-l (0.406 cm-l) for the uranium and thorium windows, reswctively.

These slopes represent effective linear attenuation coefficients fcr this
particular source-attenuator-detector geometry and for steel casing. The;J are
about 4J percent above the values quoted in the literature for a plane,
parallel beam of gamma rays incident normally on a thickness t of material.
n,is plane geometry does not occur for boreholes, however. The effective
casing thickness is t/c=O, where t is the actual casin;, thickness and L=6
is the average cosine vi the gamma-ray incidence angle @ nwasured from the
plane perpendicular LO the borehole axis. The gamma-ray transmi~sion is:

Tr:lnsmissicln = Lx]l(-;:t/c-1) (1)



Table 9

Stripping Ratios Obtained With

VtiriousThicknesses of Steel Casing

Casifig
Thickness
(inches)

u(Th—>u) E(Th---->K) y (u —>K)

o

1/16

1/8

3/lb

1/4

3/8

1/;

3.00 t 0.01

3.02 t 0.02

3.02 t 0.02

3.08 t 0.G2

3.08 t 0.02

3.16 ~ 0.02

3.24 t 0.02

1.38 k 0.004

1.40 t 0.01

1.42 t 0.01

1.46 t 0.01

1.46 t 0.01

1.s2 t 0.01

1.56 z 0.01

1.04 2 O.OG:

1.05 2 0.00:

1.05 t 0.00:

1.06 x O.OC’:

1.06 t 0.00:

1.06 t O.OCX

1.06 t O.00~

NOTES :

1-. Uncertainties are one standard deviation.

~i. Uncertainties in the concentrations of the models are not included <n zh~
quoted standard deviation8 because they tend to obscure the variaticn @f

the st. .pping ratios.

3. Stripping ratios are for a 1.5 inch x 9 inch NaI crystal.

.
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where M is the plane gemetry, linear ●ctemecion coefficient for the casing
aaterial. The values of the average angle of incidence calculated from the

slopes in Figure 12 and fran the know Mnear ●ttenuation coefficients are 45
degrees for the uranium ●nd 43 degrees for thorium window. The two ttngles are
near the 45 degree valu expec.ed for truly isotropic gamma raya incident on

the casing, the alight difference being attributed to the angular sensitivity
of the detector and the premwe of the borehole itself.

It aPpar6 useful to formulate a s~ple model to predict casing attenuation “

corrections for all meteria16. This model assms an average incidence angle
- of 44 degrees, exponential ca6ing attenuation, and that plane geometry at-
tenuation coefficients may be used for u in ●quation (1). With this model,
equation (1) was used to calculate the ptassiun transmission curve shown as a
dashed line in Figure 12. Measurements htithadditional casing materials are
required to determine the usefulness of this nodel.

Correction factors hawu been measured that account for the ●ffects of borchole
water and casing on the quantitative measurement of potassium~ uranium, and
thorium from boreble KUT logs. The factors were obtained using a 2 inch
diame~er probe with a 1.5 inch x 9 inch sodium iod”.dedetector and using the
window method of gamma-ray energy analysis. Additional measurements are

required to extend the corrections to other probe diameters and detector
sizes.

Gamma-ray transport calculations at the Los #dames Scientific Laboratory show
promise in predicting these same borehole corrections. Preliminary
calculations show general agreement dch experimental values for borehole
fluid effects in the case of centralize geo~trv. The more complex sidewall
geometry and detector response effects will soon be added to provide more
useful predictions for the correction of field dats.
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