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SPECTRAL GAMMA-RAY LOGGING II:
BOREHOLE CORRECTION FACTORS

by

R. D, Wilson and D. C. Stromswold
Bendix Field Engineering Corporation
Grand Junction, Colorado

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

ABSTRACT

Experimentally determined factors are presented that correct spectral gamma-
ray logs for the effects of varying borehole fluid and casing attenunation.
These corrections are for gamma-ray spectra from the naturally radioactive
isotopes of potassium (K), uranium (U), and chorium (Th). Measurements were
performed on the U.S. Department of Energy (DOE) calibratior models in Grand
Junction, Colorado. A sodium iodide spectral gamma-ray probe was used to
cuellect aata on the 1.46 MeVv §amma ray from AOK, the 1.76 MeV gamma ray from
~i"si (a decay product of 238y), and the 2.61 Mev gamma ray from 2081)
(a decay product of 232Th), Count rates for these gamms rays were meacsured
for various 'orehole 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 :nches and a probe diameter of 2.0 inches, the water
correction is 23 percent for the potassium signal, and 15 percent for the
uranium and thorium signals. For the smalier borehole diameters, the water
correction is nearly independent of probe placement. As 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 calculatiovns were performed at the Los Alamos Scientific
Laboratory to predict the effects of boreliole water for the centralized probe
geometry, and the resulting water factor correctiors are somewhat lower than
the measured values. The difference 1is attribu ~1 -~ the fact taat de-
tector response has not yet been inzluded in the calculations. It 1is expected
that future calculations, which will include detector response and sidewall-d
probe geometries, will provide accurate estimates of borehole correction
factors.

Casing corrections are presented for drv boreholes with thicknesses of steel
casing from 1/16 inch te 1/2 inch. The data are fit reasonably well witi
expenential curves having effective linear attenuation coefficients of 1.26
inch™! for uranium and 1.03 inch™! for thorium.
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INTRODUCTION

The data obtained from borehole gamma-ray protes are affected by the condition
of the borehole. In particular, the presence of fluid in the hol= or the
casing at Its circumference decreases the number of gamma reys 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 borehol~ condition, correction factors are applied to the data to
obtain proper concentrations. These correction factors are generally more
complex for srectral gamma-ray data than for total count (gross) gamma-ray
data because of the discrimination of different energy gamma rays.

Borehole correcticn factors can be obtained experimentally using physical
models (e.g., the U.S. Department of Energv (DOE) models located in Grand
Junction, Colorado), or they can be c~lculated using computer codes to simu-
late borehole conditions. Use of both experiment and calculation is 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 realistic. At the present time, the
calculztions have been completed only for the centralized borehole geometry
and the detector vesponse function has not been included in ihe calculations.
Spectral gamma-ray borehcle water correction factors have been determ.ned
experimentally for centralized and sidewalled geometry. Correction factors
were also measurec for steel borehole casings. -

MEASUREMENT SYSTEM

A modified borehol:> logging system was used to collect spectral gamma-ray data
in the calibratior models at Grand Junction, Colorado. This system consisted
of a borehole probe containing a sodium iodide detector, 3,000 feet of 4HO
logging cable, research a.uplifier (Ortec 450), automatic gain stabilizer
(Harshaw NA-22), and a multichannel analyzer (Canberra 3100 or Tracor Northern
1710). %Mn radioactive sources which produce gamma rays of energy 835 keV
were attached to the detector to provide an energy reference for the gain
stabilizer. The strengths of these sources ranged from approximately 0.3 to
1.0 yCi, 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 reflecticns in the cable, and the output signal was bipola~ with 1 ;'s
shaping constant. The gain stabilizer was adjusted to provide a 2.2 volt
ulse for the 9%Mn gamma ray; this placed the 2.6]! MeV gamma ray pulses from
0811 (a decay product of 232Th) near the top of the multichannel spectrum
of 1024 channels.
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CALIBRATION PROCEDURE

Three calibratinon models at Grard Junction are designed for caiibrating
gamma-ray probes for their respons: to potassium (K), uranium (U), and thorium
(Th). All models contain all three elements, but in each model only one of
the elements occurs in an enhanced concentration. The models are designated
by their predominaat radioelement and their concentrations are given in Table
l. The models 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 zoner consisting of pure concrete. A 4,5 inch
diameter borehole passes through all three zones. The physical dimensions of
the models are given in Table 2. A lead cylinder 1.4 inches thick and 5 feet
iong is used to determine background counts during calibration.

Table 1. Concentrations of potassium, uranium, and thorium in the borehole
spectral gamma-ray calibration models.
Model Radioelement Concentration
K (%) _U (ppm) Th (ppm)
K 6.76 + 0.18 2.7 + 0.3 2.4 + 0.6
u 0.84 + 0.24 498.3 + 12 1 5.6 + 1.3
Th l.44 + 0,08 28.3 i_ 505.5 + 12.1
Table 2. Physical dimensions of the spectral gamma-ray calibration models.
Model Diameter 4 feet
Borechole Diameter 4.5 inches
Upper Barren Zone Thickness 3 feet
Ore Zone Thickness 5 feet
Lower Ba:ren Zone Thickness 3 feet

During calibration cf spectral gamma-ray probes, the detector 1s placed in the
niddle of the ore zone and data are collected for time intervals from 1,000
seconds to 5,000 seconds, depending on the detector's size and the model used.
The data are collected using a multichannel analyzer, but only integrated
courts in specific energy windows are recorded for analysis. The energy
windows used bv Bendjx are given in Table 3. These windows cover the 1.46 MeV

pamma ray from the 1.76 MeV and 2.20 MeV gamma rays_from 14gi (a
decay product of ‘QBL), and the 2.61 MeV gamma rav from 08T1 (a decav
aroduc: of 232Th).

T.ble 3. Energy windows for spectrel gamma-ray analysis.

Radioelement Energv Window (MeV)

Potassium 1.320 to 1.575
Uran-<ium 1.650 to 2.390
Thor ium 2.475 to 2.765



The counts in the energy windows from the calibration models and from the lead
cylinder are input along with the counting times to a computer program which
sol 'es the matrix equ. tion

R=AC

where R is a 3 x 3 (rows x columns) matrix containing the Zount rate date from
the models, C is a 3 x 3 matrix containing the known concentrations of the
models, and A is the 3 x 3 p-oportionality mitrix whose value 1is calculated by
the program. Details of the progr.m and the il.aterpretation of rhe individual
matrix elements are given in neference 1. In general, however, the diegonal
elemants of A are related to the detector's rensitivity (counts per second per
radioelement concentration) to potassium, uranium, and thorium, and iLae
off-diagonal elements of A arr related to the stripping ratios which rem-:-ve
unwanted gamma rays and detector response from the windows, e.g. scattered
thorium gamma rays from the wanium window.

Once the calibration matrix A has been Jctermined, concentracions of
potassium, uranium, and chorium can be calculated from field logging datsa
using the equation

C=a"lp
wheie C is now a 3 x | matrix whose elements are the concentrations of
notassium, uranium, and thorium to be detcrmined, A~l is the matrix inverse

of A, and R i5 a 3 x ] matrix whose ulements are the window count rates for
potassium, uranium, and thorium from the logging data.

BOREHOLE W.TER FACTOR CORRECTIONS

KUT Water Factor Model

The recently completed potassiim, urauium, and thorium (KUT) water factor
model of the Grand Junction calibratiun facilities was wused for the
measurements reported 1in this paper. Figure 1 contains plan .ad elevation
views of this model. The ore zone is 5 feet thick an: 1s sandwiched Letween 3
foot thick barren zones. The ore zone 1s a mixture conirining about 5.5
percent potassium, 370 ppm equilibrium uranium, and 275 ppm thcrium in &
concrete matrix. The five borehole diameters are 3.0, 4.5, 7.0, 9.0, and 12.0
inches.

Drv Borehole Measurements

The borehole probe used for these measurements was 2.0 inches in diameter anc
contained a 1.5 inch x 9 inch sodium ilodide detector. After calibratiorn
within the dry 4.5 inch diameter borcholes of the K, U, and Th models, the
probe was placed at the center of the ore zone for each of the five hole sizes
within the KUT water factnr model. K, U, and Th concentrations were calculated
from the data, and they are plotted in Figure 2. No borehole size e¢ffect Zor
dry holes is observed for potassium or uranium, but a very slight decrease in
thorium concentration 1s observed as the Lorehole becomes large. This
decrease amounts to about one percent from the 3 inch to the 12 inch hole
size. Borehole size effects are not expected for a dry borehole when the ore
zone presents an effectively infinite source medium to the probe detector.
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The thorium signal derrease is attributed to the fact tha. che ore zone doee
not have the appearance of an infinite med: m in the axial di-ectiou (se:
Figure 1). Since the thorium dsta are of higher statistical p acision than
the potassium or uranium data, the slight decrease is observed ornly .or
thorium. :

Stripping Ratio Measurements

It {s important in correcting bor.i. . e spectral gamu.s-ray (KUT) data for th
presence of borehole water to quantify tne 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 pru.2 si:ewa:.ed in the K, U, and Th
mcdels for both the dry and water-filled corditions. Values obtained for the
four most significant stripping ratios are gzive- in Table 4 for both dry and
wet cases. The observed trends are consistent with the increase in Compton
scattering and resultant lcwar energy “"build—up” :-perienced by the rommation
gamma rays as they traverse the borehcle wate=. The strir »ing ratio B(* ..-sium
into potassium) shows the largest increase for che water-filled hule even
though it is only 2 percent. This 1s expected because the lr-gest ernerwy
difference occurs between the thorium and pctas:.um wincows. Also, the upwar.:
stripping ratio "a" (uranium into thorium) decreases with the additiou ur
water due to the same Compton scattering build—up rech:inism.

The effect of borehole water for hole sizes other than #.5 inches cannot be
measured for all these stripping ratios with the modeis presently availlal:e.
Measurements of y (U+K) were obtained, however, using an older Gr-d Junction
water factor model with high uranium content. For this model, it was neces-
sary to use a small, 1.5 inch x 0,75 inch detector to maintain arceptable
count rates. Results from this model show thnat the wet/dry ratio for v re-
mains constant at 1.02 for hole sizes from 4.5 inches to B.625 inches. inis
is encouraging and indicates that borehole water does not strongly affect the
Y(U7K) stripping ratio for the sidewalled probe geometry. A separate thcrium
water factor model with various hole sizes 1s not available for similar
measurements of the thorium stripping ratios.

Borehole Water Corrections to K, U, and Th Sensitivities

In order tc determine the effect of borehole water on probe sensitivities to
potassium, uranium, and therium, a 2 inch diameter probe with a 1.5 inch x 9
inch sodium iodide detector was sidewalled at the center of the nixed zone for
each hcle size of the KUT water facter model, and gamma-ray spectra were
acquired for both dry and water-filled boreholes. Tre K, U, and Th window
counts were stripped and converted to apparent concentration using a
calibration obtained for dry, 4.5 inch holes. Stripping corrections to the
potassium window count rates wcre so large that their associated uncertainties
produced stripped potassium results with uncertainties greater than 80 per-
cent. Consequeutly, it was necessary to perform separate measurements in the
upper barren zone of the water factor model, where the K content was about 2
perrcert but the U and Th concentrations were low enough to obtain satisfactory
potassiun results,



Dry/wet stripped K, U, and ih concentration rat.os are tabulated in Table 5
and plotted 1in Figure 3 as water factor correction ratios. Within the
precision of measuremen:z, uranium and thorium exhibit the same water factor
correction and o single, solid curve is shown to represent ihese data. The
correction amounts to about 15 percent at 4.5 inches and 48 percent at 12.0
inches. The water factor correction for potassium is greater, ranging from 23
;qercent at 4.5 inches to 5) percent at 12.0 i.-hes. Th2se correction curves
represent the adjustments required to the K, U, and Th sensitivities. Field
data should first he strioped before applying these sensitivity corrections.

Compurison of Resulis for Sidewalled and Centralized Geometries

Measur-ments were al:o performed in the KUT water factor model for a cen-
cralized probe geometry. Numerical results appear in Table 6 and correction
cu-ves are presented ir Figures 4 and 5. The figures also include for com-
paris a2 the previous sidewalled geometry results. The observed curve shapes
are quiiLe different, as one would expect from geometry considerations. For
the ceutralized case, as borehole diameter increases, the formation signal at
<he probe continues to decrease due to increasing borehole water attenuation,
and cthe correction ratio increases without limit. For the sidewalled case,
however, the geometry begins to appear more like a plane interface between
{ormation and water as the borehole diameter increases. Thus, in the limit
that the water-filled borehole diameter becomes very large, the probe signal
will asymptoticaily approach a constant value for the sidewalled geometry.

Water Factor Calculatiions Usirng Computer Codes

High energy resolution gamma-ray transport calculations have been performed to
theoretically predict the effects of borehole water on probe response. 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 complex sidewalled geometry and the sodium iodide detector response
effects will be considered in subsequent calculations. Angular and energy de-
pendent borehole gamma-ray fluxes were calculsted for uniformly distributed
formation sources of potassium, equilibrium urenium, and thorium, and both dry
and water-filled conditions were considered.

Fipures 6 and 7 show calculated potassium spectra for dry and water-filled 4.5
inch boreholes, respectively, with energy resoluiion of 10 keV. Similar (but
more complex) spectra were calculated for uraniun and thorium sources and for
borehole diametcrs of 3.0, 4.5, 6.25, 7.0, and 10.0 inches. In Figure 6 it
appears that the potassium peak at 1.46 MeV 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 1s larger than that of the potassium line by a factor of
about 3. Thus the continuum components of these spectra are very importani to
the interpretation of gamma-ray logging data. This 1s especlally *rue when
the window nethod of spectrum analysis is employed with sodium iodide
detectors.

A ccoparison of Figures 6 and 7 1llustrates the effect of borehole water on
the gamma-ray spectra. The wet/dry intensity ratio for the potassium peak at
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Table

L.

Stripping Ratins for

Dry an- ¥etr 4.5 Inch Boreholes

Stripping Ratie Drv &.5 Inch Wer 4.5 Inch Wer/Drv
Designation Borehole Borehole Ratio
a(Th—>U) 3.03 3.08 1.01
E(Th—>K) 1.37 1.40 1.e2
Y (U—>K) 1.02 1.03 i.02
a(l—:Th) 0.02? 0.026 J. 65
Table 5. W¥ater Factor Correction Ratios
For Sidewalled Probe
borchole Dry/Wer Strippea Ratios
Diameter -
(incher) Potassium* Uranium Theorium
3.0 1.13 1.03 1.0%
4.5 1.23 1.15 i.15
7.0 1.30 1.27 .31
9.0 1.44 1.42 1.37
12.C 1.50 1.48 1.46
Table 6. Water Facror Correction Ratios
For Centralized Probe
Borenole Drv/wWet Stripped Ratios
Diameter
ljﬂcheﬂ; Patane lum* Uranium Engriua
3.0 1.13 1.00 1.07
4.5 i.2¢ 2.2 1.!°
7.0 1.56 1.45 N
«.( W.RD 1.72 I
12.¢ Z.38 z.08 s.0

*Tatdesius results are based on measuremen:s

barren zones of ihe new KUT water factor mode..

perfermed in the upper

Potassium resulrs

fror the mixed orc zone were unsatisfectorvy becausc of uncertainties

in thc larpe stripring cerreciions reguired.

>
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'1.46 MeV is 0.844 while for the low energies of the continuum, the ratio is
0.934. The larger ratio for the contiruum illustrates that the cont:nuum
component 1s much less affected by borehole water because of wnmuliiple
scattering and build-up effects.

The potassium window used fcr sodium iodide detecter data analysis extends
from 1.320 MeV to 1.575 MeV. 1If only the continuum component within this
window 1s summed for the dry and for the water-filled conditions, the re-
sulting attenuation ratio 1is 0.947. When both the continuum and peak
intensities are summed to 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 required to ccmpensate the K window
response for borehnle water attenuation. This analysis was performed for each
borehole diameter, and the results are tabulated in Tables 7 and B for the
discrete peaks at l.40, ',76, and 2.6] MeV, and for the total window
intensities of potassium, uranium, and thorium. [he relatively wide uranium
window gives a response that is more sensitive to the continuum compcnent than
are either the K or the Th windows. Table 7 shows that more than half the U
window response is from gamma rays other *han the discrete signature peak at
1.76 MeV.

The calculated correction factors contained in Table 8 are coupared to
experimental results for centralized probe geometry in Figures 8 through 10,
where the calculated factors have been plotted at an adjusted borehole dia-
meter to account for the 0.625 inch smaller probe diameter used for the ex-
periments. The calculated window correction "actors are shown as solid curves
and the experimental data 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 calculaticns, and it is expected to
bring the calculations into closer agreement with the experiments because it
will emphasize the lower euaergy continuum components of each window which have
higher correction factors. '

The dashed curves in Figures 8-10 are the calculated correction factors for
only the discrete gamma-rays appropriate to each source. The separation
between the dashed and solid curves 1is due to the difference in borehole water
effects for discrete and total window gamma-ray fluxes. For comparison to ex-
perimental results, however, the window correction curves are the more ap-
proprlate.

BOREHOLE CASING CORRECTICNS

Casing Experiments

Gamma~ray data collected in cased boreholes are affected bv the jresence of
casing because the casing absorbs some of the gamma ravs and scatters others
Lo lower energies. 1t is. therefore, neceseary Lo apply casing courrection
factors in order to calc' rate correct concentrations of potassium, uranium,
and thorium. These correction factors are functions of the casing material
and its thickness.

13



Table ?7

Calculated Borehole Gamma-Ray Flux Intensities

Discrete Gamma-Ray TLine Tntensity

Wirndow Integral Intensity

Borehole tondftfon (Y/em?/ unit source) (y/em?/ unit source)
K v Th

Diameter K u Th (1.325- (1.650- (2.475~
(inches) Wet/Dry Casing (1.46 MeV) (1.76 MeV) (2.61 MeV) 1.575 MeV) 2.390 MeV) 2.765 MeV)

3.0

4.5

5.25 Dry None 3.066 0.2832 0.6518 3.445 0.5923 0.6831

8.0

i9.0

3.0 Wet None 2.959 0.2742 0.6348 3.335 0.5780 0.6660

4.5 Wet None 2.587 0.2426 0.5743 2.946 0.5172 0.6047

5.25 Wet None 2.219 0.2110 0.5123 2.557 0.4597 0.5415

8.0 Wat None 1.906 0.1839 0.4576 2.222 0.4049 0;b857
10.0 Wet None 1.603 0.1572 0.4027 1.894 0.3521 0.4293

4.5 Dry 0.125 2.641 G.2469 0.5799 3.002 0.5253 G.6102

Inch
Steel




Table 8

Calcuiated Borehole Gamma-Ray Flux Correction Factors

Dry/tiet Intensity Ratio
Borchole Condition
Dlscrete Gamma-Ray Lines Window Integrals
K )] Th
Niameter K L\ Th (1.325- (1.650- (2.475-
{inches) Wet/Dry Casing (1.46 MeV) (1.76 MeV) (2.61 MeV) 1.575 MeV) 2.390 MeV) 2.765 MeV)
3.¢ Wat None 1.03¢ 1.033 1.027 1.033 1.025 1.026
4.5 Wet None 1.185 1.167 1.135 1.169 1.145 1.130
6.25 Wet Nene 1.382 1.342 1.272 1.347 1.28¢ 1.2062
8.0 Wet None 1.60v 1.540 1.424 1.550 1.463 1.406
10.0 Wet Nene 1.913 1.802 1.619 1.819 1.682 1.591
4.5 Dry 0.125 1.161 1.147 1.124 1.148 1.128 1.120
Inch
Steel
i
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The K, U, and Th calibration models at Grand Junction were used in collecting
data on casing effects. A 2 inch diameter probe with a 1.5 inch x 9 inch sod-
ium iodide detector was positioned with the detector in the center of eich ore
zone and steel casings were inserted between the probe and the modele. The
casings were cylinders 4.5 feet long with an inside diameter of 3 inches and
thicknesses of 1/16, 1/8, 3/16, 1/4, 3/8, and 1/2 inches. The counts in the
K, U, and Th windows were recorded for each casing thickness and for zern
thickness. The calilbration matrix A was computed separately for each casing
thickness.,

Variation of Stripping 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+U), B(Th»K), and Y/U+K) were calculated for
each casing thickness from the elements of the calibration matrix A. The
stripping ratios are tabulated in Table 9, and their values normalized to zero
casing thickness are plotted in Figure 1l.

All three ratios show a systematic rise with increasing casing thickness. The
qualitative trends can be explained by the down-scatter process whirch sh.fts
gamma rays into lower energy windows, and by the energy differences between
the K, U, and Th windows. ¥Y(U+K) shows the smallest sensitivity to casing
thickness because the two windows are adjacent and the energy difference is
not large. On the viher hand, B(Th*K) shows the greatest sensitivity because
the energy difference h:tween the thorium and potassium windows 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, from ze~o to 1/2 inch casing thickness.

Varjation of Stripped Window Sensitivities with Casing Thickness

Stripped window sensitivities for each casing thickness were obtained from the
diagonal elements of the A matrix. 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 semilogarithmic fcrm, and straight lines were fit
to the data. The lines have slopes of 1.26 inch™1(0.498 cm~1) and 1.03
inch™! (0.406 cm~!) for the uranium and thorium windows, respectively.

These slopes represent effective linear attenua.ion coefficients for this
particular source—attenuator-detector geometry and for steel casing. They are
about 40 percent above the values quoted in the literature for a plane,
parallel beam of gamma rays incident normally on a thickness t of material.
This plane geometry does not occur for boreholes, however. The effective
casing thickness is t/éEEE, where t 1s the actual casiny thickness and cost
is the average cosine of the gamma-ray incidence angle € measured from the
plane perpendicular to the bhorehole axis. The gamma-ray transmission 1s:

(1)

Transmission = coxp(-i:t/cos0)

1Q



Table 9
Stripping Ratios Obtained With

Various Thicknesses of Steel Casing

Casing
Thickness a(Th—U) E(Th--—--> K) ¥ (U—K)
(inches)

0 3,00 + 0.01 1.38 + 0.004 1.04 + 0.00:
1/16 " 3.02 % 0.02 1.40 + 0.01 1.05 + 0.00:
1/8 3.02 *+ 0.02 1.42 + 0.01 1.05 ¢ 0.00:
3/16 3.08 *+ 0.02 1.46 * 0.01 1.06 + 0.0C:
1/4 3.08 ¢ 0.02 1.46 * 0.01 1.06 + 0.00:
3/8 3.16 + 0.02 1.52 + 0.01 1.06 * 0.00-
1/ 3.24 * 0.02 1.56 = 0.01 1.06 + 0.00%

NOTES :

ra
-

Uncertainties are one standard deviation.

Uncertainties in the concentrations of the models are not included Ia :he
quoted standard deviations because they tend to obscure the variaticn of
the st. .pping ratios.

Stripping ratios are for a 1.5 inch x 9 inch Nal crystal.
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where u is the plane geometry, linear attemuation coefficient for the casing
aaterial., The values of the average angle of incidence calculated from the
slopes in Figure 12 and frow the knowr linear attenuation coefficients are 45
degrees for the uranium and 43 degrees for thorium window. The two angles are
near the 45 degree value expec.ed for truly isotropic gamma rays incident on
the casing, the slight difference being attributed to the angular sensitivity
of the detector and the presen.e of the borehole itself.

It appears useful to formulate a sinple model to predict casing attenuation
corrections for all materials. This model assunes an average incidence angle
" of 44 degrees, exponential casing attenuation, and that plane geometry at-
tentuation coefficients may be used for u in equation (l). With this model,
equation (1) was used to calculate the potassiun transmission curve shown as a
dashed line in Figure 12. Measurements vith additional casing raterials are
required to determine the usefulness of this nodel.

SULMMARY

Correction factors have: been measured that account for the effects of borchole
water and casing on the quantitative npeasurement of potassium, uranium, and
thorium from borehole KUT loge. The factors were obtained using a 2 inch
diame.er probe with a 1.5 inch x 9 inchk sodium iod.de detector and using the
window method of gamma-ray energy analysis. Additioneal measurements are
required to extend the corrections to other probe diameters and detector
sizes.

Gamma-ray transport calculations at the Los Alamos Scientific Laboratory show
promise 1in predicting these same borehole ccrrections. Preliminary
calculaticns show general agreement vwith experimental values for borehole
fluid effects in the rase of centralized geocetrv. The more complex sidewall
geometry and detector response effects will soon be added to provide more
useful predictions for the correction of fielcd data.
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