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SAMEVATTING ABSTRACT 

Die geweidige uitbreiding in uraanopsporing gedurende die 
afgelope paar jaar het die behoefte aan die standaardisering 
en kalibrering van radiometriese veldlnstrumente duidelik 
laat Wyk. Om aan hierdie behoefte te voldoen, >„ daar in 
1973 begin om 'n kalibreerfasidteit by die Nasionale 
Kernnavorsingsentrum, Pelindaba. te bou. D't is sedertdien 
volgens die vereistes van die mynbedryf uitgebrei. 

Die fasi'iteit best aan tans uit 11 standaardbroc.ne op die 
oppervlak waarmee draagbare sintillasietellers en 
spektrometers. in terme van radioeiementkonsentroC'es. 
gekalibreer kan word asook enkel-modelboorgatbronne vir 
uraan en torium wat die akkurate kalibrering van 
boorgatopname-instrument* vir spektrometriese en bruto 
telopnames moontlik maak. Oraagbare i-alium-. uraan en 
t o r i u m b r o n n e is o o k beskikbaar om 
lugspektrometer-stroopverhoudings te bepsa!. 

Die toepaslike fisies-chemiese eienskappe van die standaarde 
word in hierdie verstag aangedui en r'iekalibreerprosedures 
en datareduksietegnleke aanbeveel. Voorbeelde van die 
situ metings word verstrek, beide op die oopervlak en in die 
boor-vat. wat toon dat die afgeleide kalibreringskonstantes 
radiometriese grade I ewer wat gemiddeld tct binne 5 °i van 
die ware radio-elementkonsentrasies akkuraat is. 

'n Tweede fasiliteit wat uit enkelboorgat- en 
oppervlakuraanbronne best aan, is by Beaufort-Wei in die 
suidelike Karoo gebou. 

1. INTRODUCTION 

In view of the widespread occurrence of uranium in the 
Republic of South Africa, radiometric field instruments 
have been extensively employed in the course of 
prospecting operations. Initially, however, instrument 
responses were viewed rather qualitatively, resulting in the 
maximum amount of information in terms of the in situ 
concentrations of the natural radio-elements, potassium, 
uramum and thorium, not being obtained. The tremendous 
upsurge in uranium exploration activity which was 
experienced during the early 1970"s and which currently 
prevails, has made the need for the standardisation and 
calibration of radiometric field-instrument responses 
apparent. In order to fulfill this need, construction of a 
calibration facility at the National Nuclear Research Centre, 
Pelindaba, was commenced in 1972 (Toens, et al 1973) and 
has since been extended according to the requirements of 
the mining industry. 

The facility currently comprises eleven flat-cylindrical 
concrete pads containing known amounts of potassium, 
uranium and thorium, and makes possible the calibration of 
field spectrometers for quantitative In situ determinations 
of the three radio-elements. In addition the standardisation 

The tremendous upsurge in uranium exploration activity. 
experienced in recent years, has made the neea lor the 
standardisation and calibration of radiometric field 
instruments apparent In order ;o fulfill this neea. 
construction of a calibration facility at the National 
Nuclear Research Centre. Pelindaba. was commenced in 
1972 and has since been extended according to the 
requirements of the mining industry. 

The facility currently comprises 11 surface standard sources 
suitable for the calibration, in terms of radio-element 
concentration, of portable scintillometers and 
spectrometers, and single uranium and thorium 
model-borehole sources which make possible the accurate 
calibration of borehole logging instruments both for 
gross-count and spectrometry surveys. Portable ponssium. 
uranium and thorium sources arc also available for the 
purposes of establishing airborne-spectrometer stripping 
ratios. 

The relevant physico-chemical properties of the standards 
are presented in this report and calibration procedures and 
data reduction techniques recommends. Examples are 
given cf in situ measurements, both on surface and 
down-the-hole, which show that the derived calibration 
constants yield radiometric grades which are, on average, 
accurate to within 5 % of the true radio-element 
concentrations. 

A secondary facility comprising single borehole- and 
surface-uraniur* sources has also been r j n , . . xtetí in 
Beaufort West in the southern Karoo. 

of scintillometers in terms of a fixed unit, viz. equivalent 
uranium (eU3C>8). may also be achieved. Uranium and 
thorium borehole standards enable the accurate calibration 
of borehole logging instruments, both for gross-count and 
spectrometric surveys. Portable potassium, uranium and 
thorium sources have also been constructed for the 
purposes of calculating airborne-spectrometer stripping 
ratios. 

In view of the extensive use of the facility, a secondary 
facility has also been constructed in Beaufort West, in the 
southern Karoo, where major exploration programs are 
being undertaken. 

In this report, the construction and relevant 
physico-chemical properties of the standard sources are 
briefly described and recommended calibration and 
data-reduction procedures are discussed. Results are also 
given of in situ radio-element concentration determinations 
using field spectrometers and borehole logging units 
calibrated at Pelindaba. 
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2. CONSTRUCTION 
FACILITY 

OF THE CALIBRATION 

2.1 Selection of a Suitable Site 

Tt:-. calibration facility is sited approximately 30kilometres 

."•>s! of Pretoria at the National Nuclear Research Centre. 

?:.-;.ndaba. on Ongeluk lavas of the Pretoria Group. These 

ri x l-:. are '.haracterised by a low background 

gamma radiation level which was the basis for the siting of 

the facility The outlay of the standard sources is shown in 

f igure I 

b̂ 

SCHIHO.E SOUWCES 

2.3 Construction of the Standard Sources 

2.3.1 SURFACE STANOARO SOURCES 

Calculations, utilising the PELSHIE computer program toe 

Beer. 1971). showed that a cylindrical cemented pad of ore 

2 m in diameter and 300 mm thick would suffice to 

simulate 98 % of the gamma radiation due to a flat 

semi-infmite source, provided the detector be placed 

directly on the centre of the pad. This geometry was 

therefore used for all the surface standard sources, as also 

for the background pad. 

t 

tr? 'rH~ > HH 

© U \ 
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w 
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FIG I OUTLAY_0F THE STANDARD SOURCES AT THE PELINCABA CALIBRATION 

FACILITY 

t Ore Selection 

• i ' j i . iu in surface and borehole standards are composed 

' . - . I Reef ore (of the Upper Witwatersrand Subgroup) 

. < p'cued oft the reef stockpile at the West Rand 

.1- !ut>.-'l Mnie, Klerksdorp With the aid of d 

.i t I'ometer, the oie was sorted into four concentration 

iv<|wiii's weighing 2 t each and was crushed to 90 "<-. minus 

• )'!i!ti pnur to lifting transported to Pelmdaba. Tne aye. 

. ••• ' i l lat ion and depth | ' 4 0 0 m ! of the ore ami host 

;.; r,i••nts pij i i ' ted to the uranium being in a state of secular 
1 . f i-|,ir>i Fins *J ' i subsequently supporter! by 

•I i' .ii,.v:s conducted on the ore at Penndaba 

l i i i i n stanrljrrls .ire composed of mona/ite ore 

ei i i'nT, the defunct Steenkampskraal mona/ite mine 

" i , - >,'.iprhynsdorp in the Western Cape. A potassium rich 

/ ' : " : p \ taken from tfie tjrekerkop quarry in tfie vicinity of 

iiali.i.wa. was used for the potassium source. The 

..ii..",.n used in the construction of the background pad 

i i.„'i>f'..ii,i s.'iec'.erl, using a calibrated diyital 

i ..i-i"ter ii order that the concentrations of potassium, 

i i i , ' and thorium would be an absolute minimum. 

ii•. I gabbro, derived from the Bushveld Igneous 

,mrl .:!i;ao quart* r ich river sand were eventually 
1 ' . I . I ! 'or this pu'pose 

An the standard sources were constructed in a similar 

manner, u.ing between 2 and 2,51 of ore ma* rial, building 

sand and cement, in varying proportions. I II cases the 

greatest possible care was taken to t ogemse the 

ore sand cement mix. This was particularly necessary for 

the uranium sources since the ore chips often varied 

considerably in uranium concentration. Homogenisation of 

the dry mix was checker' through the use of a scintil lometer 

or spectrometer and, when satisfactorily achieved, the mix 

was divided into a number of batches (4 — 5) for mixing in 

a concrete mixer Each batch was then poured, to a 

thickness of 300 350 mm, into a metal cylinder 2 m in 

diameter an I recessed to ground level. During pouring, 

1 litre samples were taken from uniform'y distributed 

points throughout the volume of the source for the 

purposes of subsequently establishing the concentrations of 

the three radio-elements in each source A minimum of 10 

samples were taken per source. The densities of the sources 

are estimated to be 2,2 + 0,2 gem 3 f o r the uranium 

somces and 2,1 ' 0,2 gem 3 f o r a | | the other sources. 

hie calibration facil i ty currently comprises one potassium, 

one mixed (U • Th), five uranium and three thor ium 

surface standards, as well as a background pad All the 

standards have r*en painted and their centres (reading 

points) indicated with a red riot. 
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2.3.2 BOREHOLE STANDARD SOURCES 

Singl* uranium and thorium borehole standards are also 
available at the Pelindaba facility. Ore material similar to 
that de«cribed above was used. The two standards are of 
cylindrical geometry, being 1,1 m in diameter with a 
horizontal ore layer sandwiched between two 
radiometrically barren layers of concrete, and are 
penetrated centrally by a 110 mm hole. The uranium and 
thorium ore layers are 860 mm and 900 mm in thickness 
respectively. The standards are 2,2 m in length and are 
partially buried to make them easily «Ccessible. The holes 
have been deepened'into the bedrock to a depth of 5 m in 
order to accommodate long multi-system probes. 

G'eat care was taken in th» preparation of the respective 
layers of the sources both from the point of view of ore 
homogenisation and in order to avoid mixing of the wet 
ore- and barren-zones. BX and NX size steel casings and a 
PVC pipe (all sealed at one end) are available for use in the 
borehole standards, making possible the determination of 
calibration constants for a variety of borehole conditions, 
viz. dry holes, water-filled holes, cased dry holes and cased 
water-filled holes. 

2.3.3 STANDARD SOURCES FOR AIRBORNE 
INSTRUMENTS 

Portable standard potassium, uranium and thorium sources, 
which enable stripping ratios to be determined for airborne 
spectrometers, have been constructed and are available on a 
temporary ioan basis to users throughout the country. They 
are cylindrical, measuring 0,25 m in diameter and 0,25 m in 
height, and comprise the same ore material as the ottwr 
sources at Pelindaba except that KCI was used for the 
potassium source. The cement/ore mixes are sealed in 
aluminium cannisters for protection and also in order to 
avoid any radon loss from the uranium source. 

In order to facilitate calibration in terms of radio-element 
concentrations, the Geological Survey utilises a calibration 
strip, situated approximately 10 km northwest of 
Oranjeville in the Orange Free State, on Karoo sediments of 
which the radio-element concentrations are accurately 
known (R.W.Day, 1978). 

2.4 The Beaufort West Calibration Facility 

In view of the extensive uranium exploration activity in the 
southern Karoo, it was decided in 1976 to construct a 
secondary facility in Beaufort West. The object was not 
that this should be an independent facility but rather that it 
should be a conveniently placed supplement to the main 
facility at Pelindaba. It is recommended that all instruments 
should initially be calibrated at Pelindaba and that the 
Karoo sources be used for the subsequent checking of 
instrument responses. 

The Beaufort West facility comprises single uranium 
borehole and surface standard sources. They are of identical 
geometry to the Pelindaba sources, and similar construction 
procedures and ore were used. The borehole source is of a 
much lower concentration than its Pelindaba counterpart. 
in order *o provide a double check on tfte derived 
calibration constant, and hence on tfte linearity of 
instrument responses, at medium to low grades. The ore 
layer of the borehole source is 0,95 m thick. 

2.5 Homogeneity of the Surface Standards 

The homogeneity of the surface standards was checked by 
readme, the sources radiometrically using a lead-shielding 
technique. The technique involved placing a cylindrical lead 
block 80 mm thick and 80 mm in diameter in front of the 
detector probe on the reading point. Two readings were 
then taken, one with the lead MocH in position and one 
with the lead block replaced by a'holiun polyester 
cannister of identical dimensions. The difference between 
the two readings relates to a conical volume of material 
directly below the position of the lead block and is largely 
independent of the rest of the source. 

Readings were taken on a 200 x 200 mm grid on each of 
the surface standards and the results are presented in Fig. 
A1 in Appendix I. An inspection of the standard deviations 
giver shows that variations i-i concentration for the first 
three uranium sources are within 10 % of the average values 
for each of these sources, ivhereas the variations for the 
fourtii uranium source and for the three thorium sources 
are higher, being between 12 % and 17%. However, since a 
large percentage of the gemm* yield measured is derived 
from the central portion of a pad the mean of the central 
nine readings was compared with the overall mean value for 
each pad. In all cases, with the exception of the fourth 
uranium source, the discrepancy was less than 5% 
indicating these sources to be adequately homogenous. The 
high discrepancy (10%) for the fourth uranium source 
necessitated modification of the adopted concentration of 
this pad. 

3. RADIO-ELEMENT CONCENTRATIONS OF 
THE PELINDABA STANDARD SOURCES 

3.1 Analytical Results 

The accuracy of any radiometric field instrument is 
dependent on a number of factors such as disequilibrium, 
source geometry, energy calibration e'e, but rests 
ultimately with the accuracy of the radio-element 
concentrations determined for the standard sources used in 
calibrating the instrument. It is unfortunate, Therefore, that 
discrepancies often occur between the analytical results 
presented by various liboratories in determining the 
radio-element concentrations. This problem, which is of a 
universal nature, has hampered the choice of radio-element 
concentrations for the standard sources at Pelindaba. 
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The samples taken during the construction of the standard 

sources were milled and forwarded to ttse following 

ana'yt.tai iaborato'tes for determination of die 

«ncenira?ijrss of o*ne or man of the three radio-elements: 

The National institute for Metallurgy (!MIM>. Genval 

Mim-g a."io Finance Corp. Ltd tGEN. M I N I . Rio Timo 

Zmr Corp Ltd (RTZi and the Isotopes & Radiation and 

Ct-.emistry 0 ; .- :s.om of the Atomsc Energy Board (AEBS. 

The anilytical methods used included delayed-neutron. 

radiometric (laboratory). chemical. co*orimef.ric. X-ray 

?iuorricer»cê atomic -absc*Ption-spectropbotor-ietric and 

r.eufc > actuation techniques Soth local and international 

standards .vere used to check the accuracies achieved. The 

results rh j í obtained are presented >r. Table !. 

3.2 Source Concentrations 

in .m)*sir-q the araiyfcí í results it was decided to calculate 

tl.e mesr values of the co-Tcentratiore given by the various 

Uooratorie; >"d to use these as a basis for thï absolute 

soii^cf conwt-at ions Slight modifications were necessary, 

wc'h'n :he limits of the standard deviations involved, based 

o" 5ou"ce rhomogeneities and the linearity of the 

r^-Co.-tr.-.tior,s when related to instrument responses. 

i". caicu ,3' ,"v) stf'op.ng ratios and calibration constants for 

a'- -••*,•-•..ment. the count rare radio-element-concentration 

r-;ii>orr.p function must be accurately known This usually 

Í T T M ' to^.'.tlnn evolves only three data points for the three 

trior,urr scu'C«>s and four data points for the uranium 

sources In ( ! « * of the inevitable minor inhomogeneities •n 

the -,*ï".-ía'd soj'ces (reflected by the lead-shie'ding resu.ts 

ir Ac;vi"i;x : anci the standard deviations in Table I) and 

the :>oss bi'ity that rerfaT, :nstniments may be non-ltr.ear. 

thece '!,»>.! were considered to be insufficient. It was 

thero'oro decidec" that radi2"ion from the sources should be 

obs»'vert directly on the centre of the source and at three 

height' i0.25 m, 0,5 m as.d 1,0 m) directly above it. The 

ben»? ts derived from this procedure are, 'irstly, that 

aí!ít;onai data points would be available in the 

linear re^re'sim analysis thus improving the statistics; 

'.eco.nriiv .mproverj definition of the response function of 

non tineir irstru"-ien's would be achieved, and thirdly, any 

r,h<-Tooei»it ei Aould bi. smoothed out since, by raising 

an • ntrrument =.bove the «ource. a larger volume of the 

source would contribute to the instrument response. 

Guv'ousiy, a'. soor, as an instrument is raised above a pad of 

the riimensior.s given, the pad ceases to be a semi-infinite 

source due to the increased detector cons-of-influence. A 

computer program. WELSHIE, developed at Pelindaba (de 

Beer. "0711 enables correction factors to be applied *o the 

source concentrations for various source-detector distances. 

This «ffect'vely reduces the instrument/source 

configuration to a semi-mfiniti ground-level situation 

providing four data points per 'ource in the regression 

«nalysi', A concentration correcti in curve, derived from 

expected exposures from an equilibrium 238| j o r e in a 

concrete matrix for source detector distances varying from 

0 to 1,0 m, is shown m Fir;. 2. 

M-t-.*fl» M^r M M vy*ct T»-

After numerous instrument calibrations at Pelmdaba, 

however, it was observed that the correction factors delved 

from this curve for various heights above the sources were 

not entirely consistent with the true source concentrations. 

it was found that, for measurements made in the 

total-count channel, the correction factors were excessive, 

whereas for spectrometer responses they were marginally 

low. The result was a slight scatter of data pjints which 

initially was thought to be due entirely to the 

inhomogeneity o* the sources. It was apparent therefore, 

mat the PELSHIE derived correction curve was inadequate 

to describe accurately the relative concentrations of the 

sources for the various energies and heights being observed, 

but could nevertheless be used as a first approximation in 

the derivation o* these concentrations. The reason for this 

discrepancy may lie in the fact that the count rates to be 

expected at the various heights are not necessarily entirely 

equivalent to the expected exposure rates. These 

observations were supported by correction curves given by 

LeWborg et al (1972) for source de*ector distances of 

0 - 150 mm. 

In order to establish instrument response-function curves of 

improved definition, the responses of 10 dif'erent 

spectrometers and 10 scintillo neters were accurately noted 

for each source, particular attention being paid to counting 

statistics Mean deviations from linearity, based on the true 

source concentrations, were determined and new 

concentration correction factors calculated at the various 

reading heights. 

The finally adopted concentrations, thus derived, are 

presented in Table 11 Values quoted at 0 mm art*, true 

concentrations, based on the analyses in Tahle I with slight 

modifications due to the observed inhomogeneities. and 

those quoted a: 0,25 m, 0,5 m and 1,0 m are relative 

concentrations as derived above. The two sets of 

concentrations, vit. tor ihe total-count channel and for the 

uranium and thorium channels, differ slightly from the 

single set of values previously published (Corner & Toens, 

1979) and, .t'though they will yield instrument response 

'unctions of improved definition, they should not affect 

previously derived calibration constants by more than 5%. 
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TABLE I 
RADIO-ELEMENT CONCENTRATIONS IN THE STANDARD SOURCES : ANALYTICAL RESULTS 

LABORATORY MITHOO 
ANALV9I» 

l|/l> 

SURFACEITANOAROI • O R I H O U ITANOAROI 

LABORATORY MITHOO 
ANALV9I» 

l|/l> U SOURCE 
1 

U IOURCI 
1 

U IOURCI 
1 

U IOURCI 
4 

U IOURCI 
9 

K IOURCI 
BACKOROUNO 

PAD 

0.7 ' 0.7 

< 10IDN) 

0.40 • 0.0* 

U IOURCI 
IBIAUPORT WI IT I 

1 390 ' 79» 

9» • 17INAAI 

0.14 • 0.04 

U I O U R C I TtitOUftCt 
U 9 0 0 R C I 

I I IAUFORT WCITI 

AEB 

OaUyxl 
NMIron 

Hxhgnwiric 
INAA. ON) 

Qumic*) 

U3OÍ 

ThOj 

K 7 O I V 

4 393 t 379 

4111 193 

0.3S 

7 1 4 7 ( 4 1 7 

744 • 10 

0.40 

1 417 < 193 

I f 3 • 47 

0.39 

471 • ! M 

93 : 71 

0,47 

1 7 - 3 

< I0IONI 

0.40 • 0.04 

< 10 

BACKOROUNO 
PAD 

0.7 ' 0.7 

< 10IDN) 

0.40 • 0.0* 

U IOURCI 
IBIAUPORT WI IT I 

1 390 ' 79» 

9» • 17INAAI 

0.14 • 0.04 

ï ï ' 4 

0.11 • 0 »0 

I H ' 74 

19 ' 1 

O i l ' 0.0» 

RT2 Ctwnic* UsO» 

U 3 0 i 

ThOj 

4 374 • 311 

4700 

330 

P. 7» 

7 »33 < 493 

7 970 

730 

0.77 

1494 t 197 937 > 107 

NIM* 

Cotorimvuic 
IXRF) 

Colorirvwtitc 

IXRF) 

AASpKUO-
photomttrv 

UsO» 

U 3 0 i 

ThOj 

4 374 • 311 

4700 

330 

P. 7» 

7 »33 < 493 

7 970 

730 

0.77 

I M 0 

130 

0.70 

970 

10 

0.79 

1.01 XRF) 

70.0 < 4.W XRFl 

177 

1910 
1 440 • 739 

114 • I4IXHFI 

0.99 

1 104 ' 179 

GEN MIN. 
Oitnvul 

Rachomttnc 

3 999 -349 

4143 1 399 

2 339-394 

7 461 • 310 

1 471 • 149 

1 977 ' 199 

979 -94 

993 • 179 

ANAL V I I » 

ThOj 

K j O W 

9URFACIITANOAR09 AIRBORNE 9TANOAR09 

LABORATORY MtTHOD 
ANAL V I I » 

ThOj 

K j O W 

Th-IOURCI 
1 

14 »94 » 717 

Th-IOURCI 
7 

ThtOUftCf 
3 

MIXED90URCI U IOURCI TN90URCI K IOURCI 

AEB 
Radiometric 

Chtmictl 

ANAL V I I » 

ThOj 

K j O W 

Th-IOURCI 
1 

14 »94 » 717 4 10» * 479 3999 ! »31 

3 4 9 9 * 799 

71« 10 

0.&4 -0.14 1.90 ' 0.03 9 3 0 

NIM* 

XRF 

XRF 

XRFIComcw.il»> 

XRFICwnpatili) 

Colonmavtc 

Colorimtlric ÍH
IiÍ

 14 330 • 110 

371 f 11 

14 «10 

371 

14 900 

391 

4 309 < 194 

U S ' 17 

4900 

101 

4000 

11» 

3999 ! »31 

3 4 9 9 * 799 

71« 10 

4 790 • 314 

M l ' T O O 

4 700 

933 

4700 

907 

lt>9 • 7» 

1 747 • 730 

10 999 • 177 

1 9 0 ' I 

f Standard dvwialtom of anatyt*» on 10 or mo#t tampttn. «hart no ttandard dwnai>om a«t pvan analyton wart conducted on 
compotit* tampto 

* Analytical raport» of !•*•> National Institute to» MvtaJlursjy Prorsci r«pomM411l I I . 6 0 M H H e0473H.7l. «»078(1 í and 
I317«n> 

http://XRFIComcw.il�
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TABLE II 

RAOKVClfMCMT OOUCCNTPATiOMS m THE STANDAM> SOURCES: ADOPTED VALUES 

' • '" - 1 

«art 
! 

ST AMOAMO SOUHCIS 
MfkSMTASOVf 

SOU0JCE faaal 
K j O mo» •>» 

TOTAl COUNT j U aatf Tfc CMANNE I S 
«art 

U r « w > r a i l 0 0 3 5 ««« J 4 400 3 M 

! R 3 2 3 0 3 1 3 0 756 
SO 2 3 5 0 I 2 170 180 

j no 1230 1080 82 

U t m » - Pad 2 ' 0 0.40 2400 1 24C0 237 1 
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4. RECOMMENOEO CALIBRATION 
PROCEDURES AND DATA REDUCTION 

4.1 Portable Total-Count Instruments 

The standardisation of all scintillometer responses, in terms 
of a single meaningful unit of reference, is essential in 
uranium exploration, firstly in view of the often widely 
varying sensitivities of different instrument makes, and 
secondly since most instruments are graduated in terms of a 
gamma count rate which, without any conversion, is 
relatively meaningless from a geochemical point of view. 
Such a unit is eourvafenr uranium (eUjOgJ, indicating the 
concentration of U3O8 which would account for the 
observed reading. >f no potassium 01 thorium were present. 
This obviously stil! Surfers from the .nherent limitation that 
tota 1 count instruments are noo discriminative and thus the 
eU3C>8 «alue wni only reflect the true U3O8 concentration 
if an occurrence is known by some other means to contain 
uranium only (and other factors such as correct jeometry 
and equilibrium are assumed • see Section 5) . 

4.1.1 CALIBRATION PROCEDURE 

In order to establish the e U 3 0 g response for a total count 
instrument at Pelindaba. it is recommended that the 
uranium standards 1 4 be read directly on the centre of 
each pad (indicated by a red dot) and at heights of 0,25, 
0.50 an j 1.00 m above it. An aluminium stand is provided 
for this purpose. If the instrument is equipped with a rate 
meter and has an external time constant facility, it is 
recommended that this should be set to a high value 
13 - 10 s) m order that improved average value; may be 
obtained. For digital scintillometers a minimum of five 
readings should be averaged per height for a sample period 
of 1 s; this nurr.ber can be reduced if the sample period is 
increased. Readings should also be taken (at 0 mm only) on 
the background pad. 

The count rates are then plotted against the corresponding 
U3O8 concentrations given in Table I I . The small quantities 
of ThC>2 in the uranium sources will obviously affect the 
observed count rates and hence the eU308 values. This 
effect is, however, expected to be less than 5 % and, if 
greater accuracy is required, it is recommended that the 
thorium sources be read in order to establish the instrument 
count rate per unit g/t Th02- A correction may then be 
applied either by using the formulae given in Appendix I I , 
or by reduction of the data at the Pelindaba Computer 
Centre. 

The resultant response function thus pro'ides a means for 
stanclaidising the instrument in terms of fcU308- If linear, a 
calibration constant can be calculated from the slope of the 
graph by which all field readings ca.i be multiplied. Where 
the instrument deviates from linearity (usually at higher 
concentrations) the field worker will have to refer to the 
graph for an eU308 value. Thus eU308(g/t) = K i X field 
count rate (background corrected) where K j is the slope of 
the calibration graph in terms of g/t eU3C<8 per unit cps. 

Total-count calibration data may b* plotted at the 
PwUnUbm Computtr Centre. Calibration data sheets of 
which an example is given in Appendix I I I . are obtainable 
from the Geology Division. In order to assist the field 
geologist even further, a local manufacturer will ptoduce 
scintillometers graduated directly in terms of g/t eU jOe . as 
derived at the Pelindaba facility, rather than in counts per 
second. 

4.2 Portable Sptttotnwm 

The calibration procedure for portable spectrometers is 
essentially the same as for scintillometers. Uranium sources 
1 - 4 and the three thorium sources should also be read 
centrally at the four standard heights, whereas the 
potassium and background pads should be read directly on 
their surfaces. (Readings at various elevations above the 
latter two pads are not recommended, firstly since they are 
both extremely homogeneous, and secondly since counting 
statistics would be poor and hence contributions from the 
surrounding soil and rock might be significant.! It is 
important to note that good counting statistics are essential 
for an accurately calibrated spectrometer. Instruments 
equipped with ratemeters should be read using a long 
time-constant and digital spectrometers should be read a 
minimum of three times per height for a sample period of 
at least 10 s. Where low count rates are encountered the 
number of readings and or the sample period should be 
increased. 

It must be stressed that whenever any quantitative 
spectrometer surveys are conducted, including calibration, 
energy-window alignment (loosely termed 'energy 
calibration' by most manufacturers) must be continuously 
checked according to manufacturers' instructions. For some 
instruments this might be as frequently as every half-hour, 
depending on local changes in temperature. 

The 'cool' 5th uranium source and the mixed source may 
be used as checks on the validity of the calibration 
equations (5) below. The former source may be of 
particular use to geologists mapping with the aid of a 
spectrometer in areas of relatively low uranium 
concentration. 

4.2.1 REDUCTION OF THE CALIBRATION DATA 

The calibration constants which relate the observed count 
rates to ground concentrations of potassium, uranium and 
thorium are calculated by solving a series of linear 
simultaneous aquations (Richards, 1976) which are set up 
as outlined below. Similar matrix-based methods of 
calibration-data reduction have been reported, e.g. LeVborg 
e fa / (1972 ) . 

The count rate yjj in any channel i due to source j is given 
by 

Vji = aiiXj1 + »2ixj2 + »3i"j3 <1> 
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where 

* l i 

»2i 
»3. 

and 

cocnt rate in i * 1 channel per un:t per cent jotasstjm 
count rate m i f ) channel per unit e, t uranium 
count rate m t * channel per unit e/t thorium 

The mathx approach has been adopted because <t is leautiy 
generalised to arbitrary numbers of soirees and arbitrary 
numbers of spectrometer channels In add»t>un. most 
modern computers have available subroutines which 
perform matrix operations quickly and efficiently, and 

1 minimise programming requirements 

* , t percentage K j C in source j 
K,2 - 9,-t U3O8 m source i 
>cj3 - 9 t THO2 «n source j 

In matrix notation. the>e equations may be written as 
Y X A 

.vhere 

Y the -natnx of observed count rates 
X the matrix of source compositions 
A the matrix of calibration constants 
(As in normal matrix notation, the subscript convention 
above is that the first subscript o' each eiement refers to 
the row. and the second subscript To th» column of the 
matrix where the element occurs I 

«12.2 USC O F CALIBRATION CONSTANTS 

Once the calibration constants have been calcu>at*<:. th* 
spectrometer may be used to matte quan nat ive 
determinations of potassium, uranium, and thorium m tr.e 
field- The matrix equation Y - X A v.ll stsl' » icr i*e the 
field situation, but in this case X. th* scarce compos.? on 
matrix, is «he unknown. For a 3ir>an.'i«i spectrometer 
which is being used at a single heid p o r t m 1 and r. 3 
Thus r° is Simply the row vector of uisef.ed . "Kir-.l • •:«» 
(corrected for background and normal.ieci tour..t co^nMiq 
time) in the potassium, uranijm a.id :hor<;:m crt «"nets A >s 
the square matrix of calibration ccr>stants. and > ttt u » 
vector of source compositions. :s calculated frorr. 

X Y A - I 

In pictorial form 

m i •n j X i * 3 L _ • 2) 

where m is the number of sources used and n is the number 
of spectrometer channels (n 3 for r.-»,t portable 
spectrometers and m 7 for the Peimdaba facility, i.e. four 
uranium and three thorium sources ail with varying 
concentrations of these two elements). 

To solve these equations for the required calibration 
constants, readings must be taken over at least three sources 
with different known compositions. If more than three 
sources are used, as at Pelmdaba. the variables are 
overdetermmed and the equations are solved using a 
least squares criterion. Retaining the matrix notation, the 
set of equations Y X A thus has the least squares 

solution A * X T X t ' X T Y (3» 

Thus, knowing the observed count rates and the source 
compositions, the calibration constants (represented by the 
matrix A) can be calculated. 

The established computer program (after Richards. 1976) 
utilised at Pehndaba, first normalises the c'js^rved counts to 
.inn counting time 1 i.e. converts them to count rates) and 
makes a correction for the observed background. The 
matrix of calibration constants (A) is then calculated as 
above hy simple matrix manipulation. Since the potassium 
count r.tes are very low and since the Pelindaba uranium 
and thorium sources contain relatively small amount, of 
potassium, it *ias been found convenient to calculate the 
potassium constants separately. 

If more than thrie specomete: c^*.i-*s i re ;;4*Í: 
least squares criterion may aoa'n be used and 

Y A T I A A T i • ; • 

For convenience. acaM'at ion criatt si*.' as sr.j.-.n n Fuj 3 
may be drawn from elements *22- *2X *32 *"'1 *33 ° f t f l * 
calibration matrix lA) , this allows u'annjm and tror.um 
concentrations to be obtained quickly m the field 

FKUWC 3 

ATOMC ENERGY BOARO / GEOLOGICAL SURVEY 

GAMMA-RAY SPECTROMETER CALIBRATION CHART 

100 • » 

Calibration data die reduced at me Pelmdaha Computer 
CeniiO and the corresponding calibration charts are plotted 
as a free service to industry The matrices of calibration 
constants, (A) and inverse (A ' l . are also given and. if the 
calibration chart is found not to be sufficiently accurate 
(due to its scale), the potassium, uranium and thorium 
concentrations may be calculated directly from the inverse 
matrix as follows: 
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It rt-n nvers* rrsair» A ' is g i t c i ny 

(* 1 ! *12 * u \ 

*2J *22 *23 ] 

"31 *32 * 3 3 / 
The?» 

* ! 2 

'13 

"' '2: 
• K a 

. U •31 Th* 

22 

*73 

* 3 2 ! (Thi i 5 ' 

i l l *33 (Thl 

* • » ' « i K ' i t» 1 «•-.: i Th ; tn the count rates, normalised 10 
unit court -ng t-me - the potassiuí". j - j n i w n and thor ium 
channe l *e ioec t i .e i , 

Calibratior it»T« sheets V,- spectrometers as well as for 
»otai-couni .nst.ume<-<rs are available at the Geology 
D>*>von. Pei-.noab*. An example s presented m Appendix 
I I ' . F"i» read>m)s pe< ooseuat'On point are allowed for the 
orar.-um and thor^urr sources and ten readings jre allocated 
•or the background and potassium pads If accural* 
ciMi-t.-iq statist cs are required, count ing t ;m«s should be 
•ncreised abote the minimum sample per oris recommended 
• n Sections 4 1 and 4 2 

4.3.1 C A L a M U T K M PROCEDURE: 
LOGGERS 

TOTAL-COUNT 

The Pdindaba uraruum borehole standard and 
correspondMif weal-count gamma log a schematcaHy 
shown m Fia, 4(a). Prior to bemg cat&raeed. the loejng 
system should ae allowed a warm-up period and the 
er.eigy- window ahgnment checked according BO 
manufacturer's instructions, where necessary. For 
calibration from an analogue chart such as in Fig. 4(a) the 
detector probe should be I O H M i d at a speed r : i f u n m - l 
with a M M constant setting ef I or 2 s. This will produce 
an expanded anomaly suitable for the dertvavor o* a 
calibration constant. With digital calibration, required fo r 
comouterrsed interpretation methods, measuring intervals 
of between 100 and SO mm should be used (depending on 
«he accuracy requred). due attention being paid to an 

t counting time. 

r « « • •OMCNOLC CSÍ.*JM^IOM HLmmBT 

4 . 3 Borehole Logging Int t rut tMnts 

The cai'oration procedure and method of analogue field log 
interpretation p'esented here are based on the ' total area' 
method of Dodd and Eschhman (1972!. The procedure is 
simple, accurate and can be readily applied to raw data 
either manually n The field or by computer analysis using a 
program such as GAM1.0G ( D o d d & Eschhman 1972). 

A more sophisticated interpretation approach uti l ising 
iliqitai tunt» series analyses may be used (Cinaway and 
Killeen 197&. Inverse ijigital fi lters are applied to the data 
using discrete convolut ion in order to produce a log giving 
radio element concentration (discriminated where required) 
as a funct ion of depth Although analogue gamma-logs may 
be readily digitised. this involves added costs, and digital 
(incremental) gamma logging, which is not currently being 
employed in South Africa, is ?berefore ideally suited to this 
approach Access to a microprocessor or portable 
minicomputer is also necessary for on line data processing 
and. unless large scale logging p rogram wi th high 
daily production rates are en/isaged, costs might make this 
approach unattractive In addit ion the effectiveness of the 
deconvolufion procedure diminishes wi th decrease in count 
rate and corresponding increase in the statistical noise 
envelope an inherent problem with many of the 

low tenor local uranium ores 

n o 4» inTEwwtcTaTiow or r c t o toe 

The instrument calibration constant (or K factor) may be 
derived in on* of two ways, vi*.: 
(•' By the Plateau Method 

]M ffc»'i U3O8I 
Op [ CDS J (6a) 

where Op is the average maximum deflection, f rom the zero 
l ine, of the log and should be calculated by averaging at 
least three count rates 100 mm apart ( R t . R2 end R3. or 
more, at closer intervals) in the central plateau region of the 
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anomaly. For the Beaufort West borehole standard, which 
is thicker, the 'plateau' should be averaged over 400 mm 
(i.e. five count rates 100 mm apart in the central plateau 
region) in view of the inhomogeneity of this source. 

(ii) By the Total-Area Method 

kg/t U3O8 
CDS 

where D a is the maximum deflection calculated from the 
relation 

Anomaly Area (A') 
a Ore-zone thickness 

A' is the area under the calibration anomaly approximated 
by numerical integration as follows: 

n 
A' = I. I r, (6c) 

i=1 

where r is the equivalent count rate deflection for the itr> 
interval and I is the measuring interval used. 

The deflections D a and D p are numerically equal and will 
thus yield the same K factor. The total-area method may be 
sed in preference for digital systems and should provide a 

more accurate K factor for calibration standards which are 
not perfectly homogeneous and therefore do not havt a 
perfect plateau region (e.g. the Beaufort West source). 

K factors may be determined using either of the above 
methods for a variety of shielding media in boreholes, viz. 
air, water, casing and casing plus water. BX- and NX-sized 
casings are available at the facility for this purpose. Users 
are requested not to pour water directly down the holes. A 
PVC pipe (NX diameter = 80 mm) sealed at one end (as are 
the casings) is available for this purpose. 

K factors calculated in this way using the Atomic Energy 
Board's logging unit have been found to agree within 3 %, 
i.e. within the limits of experimental accuracy, for the 
Pelindaba and Beaufort West borehole standards. 

4.3.2 FIELD-LOG INTERPRETATION 

The analogue field record may be converted to eU30s 
concentration either manually or by computer as follows 
(ref. Fig. 4(b)), the area under the curve is approximated by 
numerical integration in exactly the same way as with the 
total area method of calibration, i.e. the field log is divided 
up uniformly into measuring intervals of not more than 
100 mm (this may be reduced to 50 mm for greater 
accuracy with anomalies of narrow half-amplitude width). 
Tr ; deflections at each of the measuring points, in u 'ms of 
count rates, are then summed from background to 
background, and multiplied by the measuring interval (refer 
to equation 6c). This yields the area under the field curve 
(A) and the equivalent U3O8 concentration is given by 

eU308 (*g/t> = - y - i / i 

where T is the thickness of the mineralised zone calculated 
from half-amplitude points of the first and last anomalies as 
in Fig. 4(b). For this relation to be valid T should be greater 
than ± 500 mm otherwise inaccuracies due to the effect of 
thinness dilution will result (see Section 5.1.1). 

Past users of the Pelindaba facility will notice that the 
definition of the calibration constant I'.Q has changed in 
that it is no longer multiplied by the measuring interval. 
This is in accordance with the recommendations of Fink 
(1978) made on the use of K and A at the Grand Junction 
Calibration Facility, USA, viz. since K is a constant of 
proportionality relating uranium concentration to count 
rate it should not be dependent on the measuring interval. 
Similarly, the anomaly area is not correctly defined unless 
it is multiplied by the measuring interval employed. 
However, incorporating ! in A rather than in K has no 
effect on the final eL/308 determination. 

The accuracy of the eU30s concentrations derived, using a 
calibration model, is obviously dependent on a number of 
factors such as instrument dead-time, thinness d'lution, 
disequilibrium and the accuracy with which the model 
simulates field conditions. These aspects are discussed in 
Section 5. 

4.3.3 CALIBRATION PROCEDURE: SPECTROMETER 
LOGGERS 

In order to be able to determine uranium, and thorium 
concentrations quantitatively dcwn-thehole, calibration 
constants must be derived from both the uranium and 
thorium borehole standards. These should be logged in the 
uranium and thorium channels in the same way as described 
in the preceding discussion. Two factors are, however, of 
utmost importance both in calibrating and in field surveys: 
firstly, since the signal-to-noise ratio deteriorates drastically 
due to the narrow energy windows, adequate counting 
statistics must be achieved by either increasing the counting 
time or reducing the probe speed; and secondly, correct 
energy-window alignment must be maintained by utilising 
the alignment source supplied with the instrument. In field 
surveys the alignment is best achieved by first conducting a 
reconnaissance log of the borehole in order to locate the 
mineralised zone. By this time the detector probe will have 
attained the average temperature in the hole and should 
then be readjusted for energy-window alignment prior to 
logging the mineralised zone in detail. Some of the latest 
instruments are drift-stabilised by means of a built-in source 
and this procedure then becomes unnecessary. 

Calibration constants may be calculated in the same way as 
for hand-held spectrometers in tlr; preceding section, i.e. 
referring to equation (1), and neglecting the minor amounts 
of potassium in the two sources, four simultaneous 
equations may be set up expressing the maximum 
deflections (central plateau region of the anomaly, see Fig. 
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4(a! of the LÍ: ..v.^rr. (L'i and U2) and thorium (Th-j and 
Th2> channfi> m terms of the source concentrations as 
follows: 

For the uranium source, 

U-tcps- a2i x-2 ' 331 x 13 

Thicps a22 12 + a32*13 
and for the th. <um source 

U2cps- 321 *t\2 ^331 *23 

Th2cps = a^2 x 22 + «32 *23 

where x i2 and X13 are the concentrations of U3O8 and 
Th02 in the u- nium source respectively, 

X22 and X23 o>e the concentrations of U3O8 ar.d Th02 in 
the thorium si. rce respectively. 

and a2l, a j i , «22 ar>d a32 a r e the calibration constants, in 
terms of coir rates in the uranium and thorium channels 
per unit com, itration of U3O8 and Th02, defining the 
matrix A. 

The require'' calibration constants in terms of 
concentration jer unit count rate may then be calculated 
from the inver--- of A -'- ( X T x H x T Y . 

Borehole cal<!> itioii data may be reduced in this manner at 
the Pelindaba Computer Centre. Users are requested to 
utilise the da.i sheets, of which an example is given in 
Appendix IV, trainable at the Geology Division. 

The question of background counts is worthy of mention 
here since any -bserved count rate should, strictly speaking, 
be corrected tor background. However, since cosmic 
radiation is completely attenuated by the rocks surrounding 
the probe in a 'orehole, the only background measured will 
be due to inh> ^nt instrument noise. For most loggers this 
is extremely low and absolute background may be 
considered nt.--.jiigible. Although there is no facility at 
Pelindaba for i-iadity determining the absolute background 
of loggers, a close approximation may b j obtained by 
lowering the detector probe to the bottom of the 
calibration ho; s, i.e. into the Ongeluk lava which contains 
only trace amounts of uranium and thorium and small 
amounts of p; rassium (the latter being of extremely low 
activity anywa,•). 

4.4 Airborne Spectrometers 

The calibrate.n of airborne spectrometers is ideally 
achieved throu ;h the use of large pads with a recommended 
(IAEA 1976) minimum diameter of 8,0 m. In executing the 
large-scale airt irne survey of the Karoo Basin, which covers 
roughly 60 % of the Republic, time did not permit the 
construction c/ such sources. In addition it was considered 
impractical logistically for the aircraft to return continually 
to a central facility for calibration checks. The portable 
cylindrical sources described in Section 2.3.3 were thus 
constructed as a compromise. They enable stripping ratios 
to be calculated, in much the same way as for portable 
spectrometers and the reader is referred to Richards 

11977.1978) and Day (1977) for the procedure. They do 
not. however, permit the accurate determination of 
radio-element concentration in the area surveyed. In order 
to facilitate this, the Geological Survey currently utilises a 
test airstrip on Karoo sediments of which the radio-element 
concentrations are accurately known. 

5. ACCURACY OF IN SITU RADIOMETRIC 
ASSAYING 

5.1 Factors Affecting Accuracy 

Tht accuracy of any in situ radiometric assay, assuming 
adequate counting statistics, is dependent on numerous 
factors of which the most important are true simulation of 
field conditions by the calibration model, the presence of 
thorium or potassium in the case of non-discriminating 
instruments, geometry, disequilibrium and instrument 
dead-time. Detailed discussion of these factors is beyond 
the scope of this paper and only the essentials will be 
repeated in order to retain the reader's awareness of the 
problems and limitations involved. Further details may be 
found in the quoted references. 

5.1.1 GEOMETRY AND CALIBRATION SOURCE 
CHARACTERISTICS 

The calibration facility at Pelindaba simulates essentially 
two geometries encountered in the field, viz. a 2JT steradian 
(flat semi-infinite surface) geometry and a 4n steradian 
geometry as encountered in a borehole. Any deviations 
from these geometries may result in serious errors in 
predicted radio-element concentration. In the field a good 
2ÏÏ steradian geometry is considered to be one where the 
outcrop being checked is reasonably flat for a radius of 1 m 
around the detector probe (with the probe placed on the 
outcrop). If the observation point is in a gulley or valley or 
next to a hill, optimistic radiometric grades will be 
measured due to side effects, unless the surrounding rock is 
essentially barren from a radio-element point of view. This 
can be overcome both on surface and underground through 
the use of a lead-block shielding technique, such as used to 
check the homogeneity of the standard sources, described 
in Section 2.5 (Corner, 1978). Conversely, if the outcrop or 
boulder being checked is smaller than the calibration pads, 
3 pessimistic radiometric grade will result. Deviation from 
the calibration geometry may thus result in errors of 
hundreds of per cent or more. 

The problem of geometry is not as severe with borehole 
instruments since most boreholes are of a regular and easily 
simulated geometry. Variations in borehole diameter may, 
however, lead to marked errors in radiometric-grade 
determinations, especially for water-filled holes where the 
shielding effect of water plays an important role (Dodd and 
Ëschliman, 1972). The 110 mm holes at the Pelindaba 
facility are a good compromise for most exploration holes, 
and any deviations from this diameter, within the range 
7 0 - 150 mm for water-filled holes, should result in errors 

http://nt.--.ji
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of not greater than 5 % tor most detector probes. A similar 
accuracy may be achieved in dry holes for a slightly larger 
diameter range. It is nevertheless intended to construct 
additional borehole sources with varying hole diameters in 
order to be able to determine diameter correction factors. 

A further geometric effect in boreholes is one of thinness 
dilution where an intersected ore layer, very much thinner 
than the diameter of the sample-volume spneroid (i.e. 
< 500 mm), will result in an underestimation of 
radiometric grade and an overestimationof layer thickness. 
This problem can be overcome if a convolution 
interpretational procedure is applied (Conaway and Killeen, 
1978) or alternatively if correction curves are utilised 
(Corner and de Beer, 1976). 

Radon loss from the calibration sources could also seriously 
affect the calibration constants, and hence the resultant in 
situ radio-element determinations, yielding optimistic 
results. Such radon loss has been reported (L0vborg et at, 
1978) at the Risjt calibration facility in Denmark. Radon 
escape-production ratios have been determined on a small 
number of the ore chips used at Pelindaba and were found 
to be small, varying between 2 and 7 %. Inspection of the 
results ;n the following section lead one to the conclusion 
that any effects of radon loss are thus negligible at 
Pelindaba. This is further supported in that continuous 
monitoring of the sources since 1973 has shown no marked 
seasonal variations in gamma activity such as reported at 
Ris0. It is felt that the size of the ore chips played an 
important part in reducing the effect of radon loss. 
Contrary to subsequent recommendations of the IAEA 
(Report 174, 1976) that the ore material should be crushed 
to the consistency of sand, the ore at Pelindaba was crushed 
only to 90 % minus 20 mm. Each ore chip, which comprises 
highly consolidated quartzite or conglomerate, may thus be 
considered as a sealed unit allowing a small percentage of 
radon to escape only f rorr, the uranium minerals (uraninite! 
appearing at the surface 

In using a coarse aggregate for the ore material, however, 
the overall density of the sources is reduced and is therefore 
somewhat less than the average values for most rocks (see 
Section 2.3.1). L(ivborg et a/ (1972, p. 157) have shown 
that gamma-spectrometer calibration constants are 
essentially independent of rock density and chemical 
composition for most rocks. Intuitively, one might expect a 
higher count rate from a rock of relatively low density, due 
to a reduction in th.> attenuation of the gamma rays. This 
would, however, be compensated by the fact that an equal 
volume of rock of lower density, given a fixed 
concentration per unit mass, would contain less uranium, 
thus reducing the observed count rate. Inspection of the 
problem (within the range of densities encountered in most 
rocks) using the PELSHIE program shows no change in 
radiation dose with density and thus the above two factors 
are probably fully self-compensating. 

5.1.2 PRESENCE OF THORIUM OR POTASSIUM 

In view of the extremely low gamma-activity of potassium 
and its relatively low concentration (mostly less than 5%) 
in nature, it may be considered to have a negligible effect 
on uranium or thorium ore grade deterrr .aations. 

Thorium, which has a specific gamma-yield of roughly 
two-fifths that of uranium, does, however, pose a problem 
for most borehole logging units equipped only with a 
total-count facility. The effect of thorium can be corrected 
for only if the uran>um/thorium ratio remains largely 
constant. This would have to be established by laboratory 
analyses on numerous samples over a wide concentration 
range. 

5.1.3 DISEQUILIBRIUM 

This is undoubtedly one of the chief sources of inaccuracy 
with in situ radiometric assaying and cannot readily be 
detected in the field with standard radiometric exploration 
instruments. Beta gamma analysing systems, which 
overcome this problem, are available but are really 
applicable only to homogenised powdered material. The 
only firm guide which can be put forward to the field 
geologist is that where the uraniferous ore layer is situated 
wel1 below the water table (i.e. below the zone of seasonal 
fluctuation) the ore can be expected to be in equilibrium 
(Corner, 1976; Corner and de Beer, 1976). Disequilibrium 
can also be expected to be a minimum in a fresh and 
unfractured outcrop showing little oxidation of the iron 
minerals. If, however, the degree of disequilibrium is a 
constant for an occurrence, as is often the case in arid areas, 
it can be corrected for by conducting an orientation study 
on a specific occurrence (Corner, 1976). This would involve 
a comparison, using linear-regression analysis, of numerous 
gamma-log grade determinations with chemical analyses of 
the corresponding borehole core or chip material. In situ 
radiometric-grade determinations on occurrences showing 
variable disequilibrium are of little value in ore-reserve 
estimations. 

5.1.4 INSTRUMENT DEAD-TIME 

Instrument dead-time, or the time it takes for an 
instrument to sample one pulse during which it cannot 
sample any other incoming pulses, may be a source of error, 
especially with high-grade ores (i.e. with high gamma flux). 
This causes a deviation in linearity of an instrument 
resulting in pessimistic grade predictions. Most modern 
radiometric instruments have inherently low dead-times 
(less than 4 îs) and do not require correction except for 
very high-grade ores. Some instruments also compensate 
electronically for this effect. A simple dead-time correction 
can be applied (Dodd and Eschliman, 1972) to the observed 
count rate as follows: 
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If n is the observed count rate 
N is the true count rate 

and t is the instrument dead-time 
then 

Portable sources have been built at Pelinciaba tu enable ihe 
calculation of instrument dead time, although analytical 
problems in determining their exact conce Hrations still 
remain to be solved. 

5.2 Results of In Situ Radiometric Assays 

In order to check the accuracy of in ucu radiometric 
assaying, using the f'elindaba derived calibration constants, 
a numbei of selected outcrops were read with a calibrated 
spectrometer Shallow boreholes ot up to 150 mm were 
drilled into the fresh rock £t eajh site and tf.e cores were 
milled, homogenised and assayed at the Atomic Energy 
Board and Geological Survey for K2O, U3O8 and Th02-
The results, presented together with the field radiometric 
values in Table A1 in Appendix V, are plotted in Figs. 5, 6 
and 7. The lines of best fit were calculated by the 
least squares method and show tho radiometric values to be 
too high on average by a factor of 3 X for potassium and 
too low by factors of 2't> and less than 1 % for uranium 
and thorium respectively all well within the limits of 
experimental error. Overall linear correlation (as indicated 
by the correlation coefficients) is exceedingly good for the 
U3O8 and Th02 values and reasonable for the K2O values. 
The reason for the large scatter and reidtivei/ low value of r 
(0,69) tor the potassium data is felt to be chiefly due to 
inadequate counting statistics in view of the low gamm3 
activities involved. Count rates used in the calculation of 
the radiometric concentrations were derived from four to 
five readings of 300 s each for the Geological Survey values 
(see Table A1) and four to five readings of 60 s each for the 
Atomic Energy Board values 

The scatter of the data could also arise from one or more of 
the following factors; inhomogeneity of the rocks sampled, 
inaccuracies in the laboratory determinations, inherent 
experimental error with the radiometric values and poor 
geometry (data points affected by side radiation are 
indicated as such in Figs. 5, 6 and 7). 

Although sufficient data points are lacking in certain 
concentration ranges in the above Figures, it is felt that the 
data nevertheless indicate that in situ radiometric assaying 
is accurate provided the limiting factors discussed above are 
borne in mind. The linear correlations observed for uranium 
and thorium are anticipated to extend into the higher 
concentration ranges (not sampled in this exercise) in view 
of the fact that the calibration constants were derived from 
sources of high concentration. Errors in potassium 
determinations are, however, expected to increase, with 
increasing concentrations of uranium and thorium, due to 
the larger contributions of Compt'. -1 scattered gamma rays 
in the potassium channel and hence a reduction in the 
signal-to-noise ratio. 
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The borehole results, presented in Fig. 8 are equally 
gratifying. They were derived from all mineralised holes 
logged to date by the Atomic Energy Board in at least seven 
different occurrences (sedimentary and granitic) 
throughout Southern Africa. Only intersections (50 in 
total) which were situated well below the water table (i.e. 
largely in equilibrium) and which were seen, through 
spectrometry checks on the anomalies, to contain little or 
no thorium, were chosen. Laboratory assays were provided 
by the contributing mining companies and were derived 
using XRF and chemical analyses on core or 
percussion-chip samples. Ore-layer thicknesses were 
normalised for each point, according to the intervals 
sampled, in order to make the labor at oiy and 
radiometric-grade values directly comparable. 

Linear regression of the data points in Fig. 8 shows the 
radiometric data to be optimistic by a factor of 3 % with a 
high correlation coefficient of 0,92. Scatter of the above 
data is felt to be due chiefly to ore inhomogeneity 
(inevitably), methods of sampling the drilled material, 
laboratory inaccuracies and inherent experimental error. 

~Vn '" POOT 'SOO 2OO0 7300 3«0 » 0 0 
' « « >,r,, . , / • ' 

iMSfp on CHtMtCftL. nm. oci * * to *cuT»cf« * M i r * f si 

A constant source of error could be the absolute 
concentration quoted for the uranium standard. In 
particular, no cognisance is taken, with gross-count lodging, 
o' the small amount of thorium in this stantard. 
Considering the gamma activity of thorium in relation to 
uranium, the concentration of thorium in the borehole 
uranium source (134 g/t Th02> is equivalent to roughly 
53 g/t U3O8 or 3,5 % of the total equivalent uranium 
concentration. This is small considering the relatively large 
standard deviation associated with the actual uranium 
concentration of the source (1 440 í 236 g/t U3O8) 
Numerous orientation surveys conducteJ by the AEB and 
exploration companies (of >vhich Fig. 8 is an example), 
have shown that this concentration, without correction for 
the thorium in the source, generally yields U3O8 grades to 
within 10 % and mostly better than 5 % of the true values. 

Until more logging data become available (when the 
uranium concentration will be reviewed and modified if 
necessary) users are recommended to adopt the quoted 
uranium concentration as an absolute value for the 
standard. 

Certain exploration groups have reported that K factors 
derived for instruments calibrated at the Grand Junction 
Facility in Colorado are higher than the Pel.ndaba 
equivalent by between 15 and 20%. The reason for this 
large discrepancy is being investigated It can, however, be 
said that all the logging conducted by the A£B (results 
contained in confidential reports) in Southern Africa to 
date has never revealed overall discrepancies of this order 
unless the occurrence was known to be out of equ;!ibrijm, 
but has rather yielded accuracies, after regression analysis, 
mostly within 5 "i, or the true grades. It is possible that tne 
Grand Junction calibration sources have a higher radon loss 
than the Pelindaba sources, thus yielding relatively 
optimistic K factors. 

6. CONCLUSIONS 

The standard surface and borehole uranium, thorium anc1 

potassium sources at Pelindaba provide threefold benefits 
to the uranium exploration fraternity, viz.: 
(i) Provided cognisance is t«.ken of the inherent limitations 

of gamma spectrometry, i.e. chiefly as regards the 
problems of disequilibrium, counting statistics and field 
geometry, observed count rates may be related 
quantitatively to the in situ equivalent or true uranium, 
thorium and potassium concentrations. Orientation 
studies with surface spectrometers and borehole loggers 
have shown that the radio-element concentrations may 
be predicted radiometrically with an accuracy of better 
than 5 % over a range in concentration from less than 
10 g/t U3O8 or Th02 up to prevailing ore grades. 

In) Although instrument sensitivities may differ wide1',', 
uniformity can be obtained if scintillometer responses 
are expressed in terms of a standard unit of 
radio-element concentration, i.e. CU3O8 as derived at 
the facility. The concept of eU30g is thus far more 
meaningful to a field geologist than an arbitrary count 
rate and surveys with different instruments may he 
readily compared. 

liii) The standard sources at Pelindaba also provide a 
reference for checking the correct functioning of 
instruments 

The calibration ficility (which may be regarded as an 
integral part of any uranium-exploration program) will be 
extended to include additional borehole sources enabling 
supplementary calibration constants as well as diameter 
corrections a.id instrument dead time values to be 
determined. 
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FIGURE AI HOMOGENEITY OF THE STANDARD URANIUM AND THORIUM SOURCES 
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CORRECTION OF THE TOTAL-COUNT-
CHANNEL eU30s RESPONSE FOR THE 
EFFECT OF THORIUM IN THE URANIUM 
SOURCES 

The procedure adopted for correcting f o r the effect of 
thorium in the uranium sources involves correction of the 
slope of the linear port ion of the calibration curve rather 
than of each point individually. This is done since only a 
single calculation is necessary and any possible errors, due 
to poor counting stat^i ics and ana'yticai errors associated 
witn the concentrations, are simultaneously reduced to a 
minimum. 

The count rates measured on the uranium and thorium 
sources are functions of the concentrations of uranium, 
thorium and potassium in these sources. Since the 
concentration of potassium, which has a relatively low 
gamma-activity, is smail in these sources, any effects due to 
its presence may, for practical purposes, be considered 
negligible. Thus 

C u - - a i U.j *- a2Thg 

and 

CTh ~- ai U j h + n ThTh 

where C u and C~h are the sums of the count rates 'over 
the linear port ion of the calibration curve) as 
measured on the uranium and thor ium sources 
respectively: 

31 and a2 a r e constants expressing tho total count 
channel response per unit concentration uranium 
and thor ium respectively; 
U u a rd T h u are the respective sums of the 
uranium and thor ium concentrations in the 
uranium sources corresponding to the count '3tes 
used in the calculation of C u ; 

and UTh and Th - r n are the respective sums of the 
uranium and thorium concentrations in the 
thorium sources corresponding to the count rates 
used m the calculation of C j h 

Solving the above eouations for a} and a2 we f ind 

T h T h . C u - T h u . C j h 

ThTh- U u - T h u . UTh 

U u CTh - U T h C u 

3 n d a 2 - U u . T h T h - UTh -Th u 

Thus for tho f ield situation 

eU30g(g/t) - — x Field count rate (background 
corrected 1 

where — is equivalent to the constant K i in Section 
a i 
4.1.7 

The concentration components of a i may be obtained f rom 
Table II in the text. 
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ATOMIC ENERGY BOARD 
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TABLE A1 
COMPARISON O- IN SITU 

RADIOMETRIC AND LABORATORY ASSAYS 

K2O (%) U308(g/t> r h o 2 (f/t) 
SAMPLE SAMPLE 

LAB. RADIOMETRIC LAB. RADIOMETRIC LAB. RADIOMETRIC 
i 

*KW1 _ 5.8 22 17 44 
1 

S9 i 
VR1 - 4.8 22 21 66 53 
TS1 - 6.9 19 25 59 51 
TS2 - 5.0 13 12 48 53 
TS3 - 4.9 14 15 61 57 
G21 - 5,3 14 15 31 35 
KD1 - 4.8 55 47 11? 108 
KD2 - 5.0 61 45 I l l 109 

**01 7.4 7.5 49 51 7.2 5.7 
02 5.6 2,5 4,6 12 19 22 
03 3.0 3.0 10.5 19 41 52 
04 3.4 3.8 3.5 3.0 57 58 
07 5.8 5,1 8.0 10 17 15 
08 5,6 5.3 3.2 5.1 8.4 14 
10 7.8 7.7 400 380 50 47 
11 3.4 4,5 5.8 6.3 19 24 
12 8.2 7,0 1.2 2.0 11 12 
14 5.2 5,1 6.7 7.0 18 17 
15 6,2 4,5 4.3 6.6 24 19 
16 3,7 5,5 3.1 3.0 21 16 
19 5.6 7.4 2.6 5.3 4 4 
21 3,5 4,3 2,5 2.3 12 5 
22 2,7 - 4.6 4.7 24 22 
23 4,8 4,3 5.5 4.0 19 15 
27 7,6 8.0 4.1 4,2 49 58 
29 3,8 5.1 1,7 1,4 26 25 
30 3,4 5,7 4,4 3.2 26 30 
31 4,5 5,2 2,8 5.5 97 95 

Correlation 0,69 0.998 0,98 
Coeff. (fair) (high) (high) 

ID 
, 

"Samples derived from the Bushveld Igneous Complex 
This set of laboratory values was derived at the AEB using 

This set of results comprises averaged radiometric delayed-neutron (U3O8 values), neutron activation (Th02 
values derived from Geological Survey report GH-2471 values) and chemical (K2O values) techniques. 
(Richards, 1978). 

NOTE: Standard deviations that can be associated with the 
"Samples derived from rocks of the Damara Mobile radiometric values are less than 10% and mostly 
Belt better than 5 %. 
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