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Abstract

The computer program described in this report was developed for
applying a borehole-rugosity and mudcake compensation algorithm to dual-
density logs using the following information: the water level in the
drill hole, hole diameter (from a caliper log if available, or the
nominal drill diameter if not), and the two gamma-ray count rate logs
from the near and far detectors of the density probe. The equations
that represent the compensation algorithm and the calibration of the two
detectors (for converting countrate or density) were derived specifically
for a probe manufactured by Comprobe Inc.l/(S.é cm 0.D, dual-density-
caliper); they are not applicable to other probes. However, equivalent
calibration and compensation equations can be empirically determined for

any other similar two-detector density probes and substituted in the

computer program listed in this report.

1/ Use of brand names in this report does not necessarily constitute

endorsement by the U.S. Geological Survey,



Introduction

The computer program described and listed in this report is part of
a generalized log interpretation program developed and used by the USGS
on the Honeywell Multics computing system. This system requires a
somewhat different format for fortran statements than is used in
standard fortran; for example, lower-case ASCII characters are used,
and continuation-card numbers are not needed in colﬁmn 6. However, the
Multics fortran format can be converted to standard fortran format for
use with other computers. The program described and listed in this

report is based on a density log interpretation technique discussed by

Scott (1977) and developed originally by Wahl and others (1964).

Program Description

The computational program segment liéted iﬁ this report must be
preceded by an input routine for reading both the far-detector and the
near-detector count rate logs. The far-detector log is digitized at
constant-depth intervals (usually 0.5 ft) and is stored in array
xlog(i,1) with corresponding depths stored in array zlog(i,l). The near-
detector count rate log is digitized at the same constant depth intervals
and is stored in array xlog(i,2) with corresponding depths stored iﬁ
array zlog(i,2). It is assumed that dead-time corrections have been
previously applied to count rate data stored in these arrays. The
digitized caliper log, if available, is stored in xlog(i,3) with depths
stored in zlog(i,3). The depth of the water level is stored as "wl",
and the nominal diameter as "diam". The index of the last (deepest) data
point in arrays xlog(i,j) and zlog(i,j) is stored in array nm(j) where

J=1 represents the far-detector log, j=2 represents the near-detector



log, and j=3 represents the caliper log.

The program begins by alining the depth of thé near-detector and
caliper logs with the deﬁth of the far-~detector log at the ith data
point using the align subrouting also listed in this report. Then,
depending on whether the ith data point is above or below the water
level, near- and far-detector count rates are converted to apparent
density, after which the compensation formula is applied to compute a
compensated density value for dry or water-filled boreholes. The
computed value of compensated density is stored back in array xlog(i,l).
If only the far-detector count rate is available (because the near-
detector log is missing at the ith depth point), the compensation
formula is skibped and the apparent density is computed for the far-
detector log only. This result is stored in array xlog(i,l). At the
end of the computation the output density and depth values are stored in
xlog(i,1), zlog(i,1l) for subsequent printing or plotting using output

routines of the user's choice,
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Program listing

c .
€ ALIGN DPEPIH OF oFaR DETEC!ION Ay CALTPER LOGS ALTH DEPTH UF FAR DETECINK LOG
c

ntar=nm(1)

xaiamsdiam

do 1040 i=1,nfar

2far=zl0qg(i,1)

xtarsxloali,1)

it(nlon.eq.l) aqo to 1010

call align(i,xalign)

xnear=xalian(2)

it(nlog.ea.3.and.xalign(3).ne.0,) xdgiam=xalign(3)

[
¢ COMPUTE APPARENT AND COMPENSAITED vENSITIES

C

1010 it(zfar.qt.~1) go to 1020

c

¢ ABOVE WATER LEVEL

[
xfarzaloal0(xfarxcorfx(1,159~,053xxdiam))
xtars((xfarxcta(d)+cta(s))xxfartctal(l))rxfartcfall)
it(xnear.eq.0,.0r.nlon.ea.l) go to 1030
xnearsxnearicorn*(1.012«,004*xdian)
xnear=((xnear*cna(4)+cnall))*xneartcnal2))rxneartcnall)
xn2=xnear*xnear :
xloa(i,1)=0(.40534237%xxnP+1.1424375)xxnear=5,3080027)xxnear

+((2.213Y4006axfar=-9,94753306)xxfar+1d,719678)xxtar
txnearxxfar*(2,2207909=,676235v8%xn2)=3,8756007
qo to 1040

c

¢ BELOW WATER LEVEL

[

1020 xtar=aloalO(xfarxcorfx(1,081=,027xxgiam))
xtar=s((xfarscfu(4)+cful(3))rxfartctw(l)laxfartctfw(l)
if(xnear.eq.C..or.nlog.eq.l) go to 1030
xnear=xnearicorn*x(1.009-,003xxdi1am)
xnear=({(xneartcnw (M) +tcnul(3))rxneartcnw(2))txncartcnw(l)
xlog(i,1)=(1.24312t3xxnear=7.6101682)xxnear

+(((=.067209984xtar+2.5029254)4xfar=b.2356909)xxfar+10,.9416%0)4xfar
+(5.345270b~1,95314224xxfar)*xxnear*xfar=,99360996
ao to 1040

c

¢ ONLY FAR DETECTUR DATA ARE AVAILASLE (ifar=1)

c

1030 xlog(i,1)=xfar

1040 continue

[

do 1050 i=1l,nfar
it(xloa(ist).le.3.0.anad.xlog(isrl).ae.l.0) go to 1060
1050 xlog(i,1)=0.
1060 continue
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subroutine align(i,x)

This subroute aliyns depths of | or 2 loags with a reference log stored

in arrays xloa(i,1),2zlog(i,1). The loas to be alianeu are stored in
arrays xloa(i,2),2zloa(i,?) if one loa is to be alianea, and in arrays
x1log(is,2),2109(is2) and xlog(isr3),2loy(i,3) it two loys are to be aligned,

nlog = number of logs to be aligned
i = depth inuex of reference loa at alianment aepth zloqg(i,1)
x = array of x=values alvaned with xlog(i,1): x(1)=xlog(i,1)

common xlogrzlog,nm,nlog
dimension x10g(5000,3),210a(5000,3),x(3},int(3),nm(3)

x(1)=xloag(i,1)

2refz=zloa(i,1)

if(i.at.1) go to 20

do 10 k=2,nlo0g
int(k)zifix((zloa(l,1)~zloa(l,k))/(210a(2,1)~2l0a(1,1)))

do 70 k=2,nlog

x(k)=0,

j=itint (k)
if(jole.0bor.j.gt.nm(k)) go to 70
it(zloaljrk).eq.zref) qo to 60
if(zloal(j,k).lt.2ret) go to 40
i=i=-1

if(jole.0) go to 70
if(z2loa(jrsk).ot.zref) ao to 30
it(zlog(jrk)eea.zref) ao to 60
il=)

je=j+l

go to S¢

=it

if(j.gtenu(x)) go to 70

it(zloq(jrk).ltezref) go to 40
if(zlog(jek)eeq.zref) go to 60

jt=j=-1

ie=j
x(k)=((zref=2log(jl,k))x(xloalj2rk)=xlog(jl,k))I)/
(z2log(jeek)=zlog(jl,k))+xlog(jl, k)

go to 7V

x(k)=xloal(jrk)
continue

return
end
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