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CURRAGH RESOURCES INC

TO:

FROM:

SUBJECT:

INTER-OFFICE HEHORANDUH

FARO OFFICE

DATE: November 27, 1990

WH. W. DUNN
CHIEF ENGINEER

DAVE TENNEY
CHIEF GEOLOGIST

GEOSTATISTICAL PREDICTION OF HILL HEADS FROM BLASTHOLE
GRADES

=================================================================
Attached is a copy of my memo dated October 10th, 1990, with

the suggestion that we (temporarily) use a regression formula to
convert mill head grade calculated from blasthole data to actual
mill head grade. Also attached is Dr. Dagbert's reply to this
memo.

You will see that .he calculates two regression lines, for
blastholes grading above 4% combined PB+Zn, one for lead, and one
zinc. He also notes that these two metals exhibit· different
statistical behaviours. However, there appears to be a systematic
overvaluation of lead only. Accordingly, as an interim measure we
should use the following regression formula (for lead only! Dagbert
Page 3) when making short term predictions of h.ead grade from
blasthole grades: Y = 0.538x + 1.32

Y = mill head % Pb x =blasthole calculated % Pb

The cut off limits for ore blocks should be determined as they
are currently.

The far better solution, Kriging of blasthole grades, (Dagbert
Page 5), will be possible when the new "Ore Control" system from
Gemcom is put into operation early next year.

Dave Tenney
Chief Geologiet

DT:cc
cc: E. Beaumont

L. Pigage
G. Vos

J. Hendry
C. Reed
B. Pisony

G.Jilson
G. Wilson
M. Wasel

D. Basso
J. Vandenbroeck
P. Ledwidge
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Date: October 10, 1990

WH. W.· DUNN
CHIEF ENGINEER

DAVE TENNEY
CHIEF GEOLOGIST

STATISTICAL ANALYSIS OF HILL HEAD ORADBS AND BLASTHOLK
PRKDICTKD CRUSHKR FKIID GRADE

----------------------------------------------------------------------------------------------------------------------------------
Introduction:

Publiehed Hill Head Gradee for the period April 10 to July
6/90 were compared with blaethole gradee for a eimilar period with
a with a view to eetabliehing a linear regreeeion relationehip
between the two. However, the publiehed blaethole eetimate of the
mill head grade is for feed to the primary crueher, and there will
be a lag time before that grade gets to the end of grinding circuit
where the head grade ie measured by the mill ( the lead rougher
feed). Thie lag time muet be eetabliehed before any meaningful
linear regression relationehip can be established.

Hethod:

Six tablee of data were eet up each containing only two
variables: the publiehed lead rougher feed ae a ~ Pb + Zn, and the
blaethole eetimated primary crueher feed aleo ae a ~ Pb + Zn. The
data for the mill head feed, from April 10 to July 6 inc~ueive, (66
valuee), were ·identical in all eix tablee. In Table I· (zero lag
time) blaethole predicted grade for April 10 wae ehown on the eame
record line ae mill head grade for April 10, and eo on until July
6 where again blaet grade and mill grade were both thoee publiehed
for that same day. However, in Table '2 (not appended) blasthole
grade for April 9 wae shown in the eame record line ae mill heade
from April 10 thue allowing for a one day lag time, and eo on until
July 6, where blaet grade for July 5 ie on the eame record line ae
mill head for July 6.

In Table • 5, which allowe for (a rather unreaeonable) four
daye lag time, blasthole predicted head grade for April 6 appeare
on the eame record line ae mill head grade for April 10 at the top
of the table. At the bottom of the table blaethole grade for July
6 appeare on the same record line as mill head grade for July 10.
The other 86 recorde in the table ehow blaethole gradee displaced
by four daye in the eame way. Similarly tablee • 2,3, and 4 ehow
lag timee of 1, 2 and 3 daye.
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Table • 6 shows the logically ridiculous situation whers feed
to the primary crusher arrives at the first lead rougher cell the
day before, for a lag time of minus one day. This is included so
that the statietics for more reasonable situations can be compared
with a eituation which is patently impoeeible.

Linear regreeeion analyeie wae run for all six tablee to
represent lag timee from -1 to 4 days, in the hope that the
correlation co-efficient for one of the daye (a one day las time
eeemed the obvioue choice) would be eignificantly higher than the
reet.

Resulte:

The attached table ehowe that in fact higher correlatione wers
noted for both zero and one day lag times, no matter whether the
regreesion line was forced through the origin or not. This
suggeste an actual lag time of about 1/2 day. This is in
conformity with other observations which include the eize and
average content of the fine ore bins. The linear regression line
which represents this situation the beet would be the average of
lag time zero and one day.

ie: y (mill head) =x
y = x

y =x

(blasthole grade) * 0.476 + 4.183 (zero lag)
* 0.426 + 4.575 (1 day lag)

*0.451 + 4.369 (approx. 1/2 day lag)

This suggeets that blasthole calculations overestimate grade if
they are above 7 .95~ Pb + Zn. This is in fair agreement with
Dagbert's correction of blasthole grade (P.45)

y =0.56x +3.2

based.upon a geostatistical line ofreaeoning. Ths obeerved and
the theoretical in this case seem to lend each other support.

We must coneider whether these regression lines may be used to
correct blaethole data to predict mill heade on a routine basie.
This approach should be checked with Hichel Dagbert before it is
implemented, as he will almost certainly have eome commente on ite
etatistical validity.

)):C~,
Dave Tenney
Chief Geologiet

DT:cc
co: Gregg Jileon

Lee Pigage
H. Dagbert

c. Reed
H. Waeel

D. Baeeo
B. Sanden

B. Pieony
J. Vandenbroeok

'--------------------- J



•

\ .

lIl1EAR REGRESSIDH - mL HEAD GRADE -Yl- BlASTHDlE PREDICTED CRUSHER FEED 6llADE
MITH LAG TIllES OF -I TO <4 DAYS
D. TUllEY - OCT. 2/'10

REGRESSIOIl NOT fORCED THRU ORIGIN REGRESSION fORCED THRU ORIGIN

---------------------------------------------------.-------------.-----------------------------------------------------, LAG TIllE CDNSTAIT l-cllEff toRR .. IlEAl HEADS 0 IlEAl BlAST : :COIISTAIT • I-com 0 toRR0 .. 0 • 0

------------------------------------------------ -----------------~------------------------------------------------------ I 6.12 •2311 .234 .. 8.046 8.lb4 .. 0 .9804 .9946.. .... .... ..
0 4.163 •416 .464 .. 8.046 8.156 .. 0 .9831 .9963.. 00.. .... 00

4.m .m .413 00 8.046 8.140 00 0 .9847 .99Y/.. .... .... ..
2 5.S94 .3D1 .292 00 8.046 8.1311 .. 0 .9B45 .9952.. 00

00 .... ..
3 4.891 .265 .m 00 8.046 8.142 00 0 .9835 .994900 ..

00 00.. ..
4 7.442 .om .071 .. 8.046 8.138 .. 0 .9828 .993700 00

00 .... ..
-------------------------------------------------------------------------------------------------------.---------------,
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MBMORANDUM

To:

Subject

Date:

Introduction

Dave Tenney, ChIef Gealog\lt, Paro Operatiam, Currap Rt:taurcM Inc:.

Michel Dqbert, Oeostat Sptoml International Inc., Mon~

Comparison of mDI head gradca and blalt hole predicted ClUSher feed pdc.

November 22"'1, 19!JO

!
L

We. have lead yoUl memo of O'tober 10" showing the comparison lIf duny lIvenlges lIf mill
Ilead grades and bllIst hole grades for the period from April 10 to July 6. First you find that
the best correlations arc achieved with II zero (0.464) and one day (0.413) lag time between
mine ar.d mill and second thut the regression of miD head % Ph + Zn grade on BH % Ph
+ 7-11 grade is of the form: y - 0.451 x + 4.369

This suggests that high blast hole averages above 7.95% should be decreased (but Ht the
same time. hlast hole vnlues below tbMt slime limit should be increased). 'fa iIIustrllte that
correction:

Actu.aI BH aver&JC CorTec1ed BH average

(~Pb + Zn) (~Pb + Zn)

6 7.08

7 7.53

8 7:9R

9 .. 8.43

10 lUIS

Note that IM~ correction 1) relates to average blast hole values over a day (and not
ip.l1ividuaJ blast holes) 2) relales to BIl values above a certain cut-off (say 4%) and not all
BH values.

You relate that correction to the regreuiun uf rcttl BH % Pb + Zn gfl~des on their nearest
neighbor estimate in our phase 2 geostlltlsllCllI repon of October 3"': y = 0.56 x + 3.2

FARO. 1
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This regression formula can be interpreted as the Byemlle relatJonship between the grade
of H blast hole lind the gnu.le of the block (25 x 25) surrounding thllt blnst hole. To illustrate
thnt relationship:

BH JllIdC Bxjecte4 grade of block around

.(" Ph ... Zn) (96 Pb T Za)

2 4.32

4 S.....

6 6.56

8 7.('&

10 lUlU

12 9.92

14 11.04

16 12.1f;

Formally, it look~ very ~imilllr to the first correction fmrnul" (corrected vnlue~ in the mngc
/i-IO% are about me SlImt: - valuc:s lIbove 7.3% lire decreased - values below 7.3% lire
increased~ However we D1Ust keep in mind that the second correction function 1) deals
with individual blast hole values 2) at no cut-off.

If we as~ume that mill heftd grftcles are nvemse-~ of hlllck.~ grftdes nmund hln51 holes, then
the scco"d relationship could represent the relationship between mill heads and blast holes
provided that 1) it is limited tn blast holes above the eut-<lff 2) it is based on the
comparison of meaD blast hole values and mean block values around those blast holes.

Compar1JoD of b18Jt bolo gtl!ftAJeI at a CUl-otr.

In fact. if we repeat our compllrison of nearest neighbor BH estimate und relll BH % Pb
+ Zn gmde hut now only for eitimRle& !I!xM: 4% Pb + Zn, we expect lID Rvcrllge grRde of
8.48% Pb + Zn (out of 1728 bhut holes) but the It:al average grade of those bhut hole is
only 8.07% Pb + Zn. The regression formula for that restricted set of blast holes estimated
above the clIt--off of 4% is now: 'J = 0.47 It + 4.10 with a correlation coefficient of 1142.

Thi. is now vcry closo to the type of differences that _ ClID experimenlhlly obserw between
BH predicted and mill head grades.

FARO - Z
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It is intereGtingto note ~at jfwedoR '~=~r~~,~'~~ee~real~I~~t'~~~sr~'""'l
blest hole grade from neighbors III the slime tllt-uff of 4%, we get the same good resulu lIS

~ had at no cUI-off: 1l!7~ hlAst holes have an t~tlmate abOVe cut-off (tt 8% gain in tonnttge I
compared to m:!lrest-neighbor). The expected average grade is 7.90% % Po + Zn lind the
relll nverage &rnde is also 7.90%. The regression of real on biged grade is : y = 1.04 x -
0.3 (correlation coefficient .. 0.60) i.e. ahnost the perfect y - II rellllionship.

AnaJylla of dAb mID head and BH yaluef

We hilve received a fax copy of the daily values u~d to derive Ihe first regression equation.
For e~ch da)', from Aprii 1 to July 31 1990, we have tonnes, % Pb, % Zn lind % Pb ... Zn
as mir.cd thtll dtty fmm BH data and tannes, % Ph, % Zn Ilnd % Ph + Zn as milled that
day.

If we sum all the tonnages for the 122 days, we get 1,595,605 tonnes mined Rnd 1,6111,957
tunnes mnJcd, i.e. unly a difference of 6,352 lonnes or less thnn 0.4%.

If w-= C<llculate the lonnes-welghteCl average grades for % Pb, % Zn and % Ph + Zn we boet.

- frem mint: (IlH)
- from mill

: 3.21% Pb, 5.14% Zn, R36% Pb + Zn
: 3,05% Pb, 5.02% 7.n, 8.08% Ph + Zn

Tht:re Is one CJ<tremely high value of % Zn mineu for July 3: 14% (next highest Is only 6%)
whkh of course generates another high value for % Pb + Zn: 17.12% (next highest is only
9.73%I. If we eliminate that smpicious (Ma, we h:lVe aventge mined grade~ of : 3.21 % Pb,
5.06% Zn Bnd 8.211% Pb + 2n. Hence withoutt!'.nt pddity, the different:<: between the two
lead vnlues sll1ys high but there.i~ now alma•• no difference for ?Jnc (5.06% vs .5.03% hence
le~s than 1% relative dlfferc:lCt:).

Assuming II zero Ina time hetween mine and mill, if we look lit the correlation plo15 of %
Pb lind % Zn (Figure 1 ",oilhout uro vlllue~ lind odd zinc wlue) we can liCC that:

l ..

x

x

.
there Is some kind of systematic difference between thc two 5Cries of lead
values: for that metal, we baveonly 38 days (out of 118) when mill j~ above
mine. A simple non-parametric .illn test Indicates thaI this discreplmcy i.
highly signific/lnl. The regression equation of Icl1d of rolil on lead of mine is:
y = 0.:138 x + 1.32 with II 0.39 correlation coefficient

there is no real systematic difference between the In': seric~ of zinc value~: we
now have 57 days (out oC 117) when zinc of mill i. more th"n ?.inc (.f mine.
This Us not II ~lgnifiCltnt difference. Of course, like In any comp<trlson where
the correlation Is passahle, low mlne values correspond to higher mill values
and high mine values correspond to lower mill VRlues. Thus the regression uf
mill on mine is: y .. 0.422 x + 2.88 with D 0.47 correlation coefficient.

FARO-3
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for % Ph + Z~ ~.~~~.~:~~: t~'~me regreSSio~-:~'y:~-t1-:y-~' '\

~,20 with a 0.36 correialion. We have ~o aays (out of 117) when millis higher I
than mine, 8 non ~igniflClint difference ilt a 90% confidence level. Of course '
tbe slight mine-mill unbalance that we observe for % Ph + Zn is mostly
generated by the unbalaNle of lead values.

To iIlllstrate thcdiffereDt behaviour of lead and zinc, we have plotted the weekly fluctuations
of mine and mill values (Figure 2). For each day, a weekly value is Ullcuhttecl by averaging
(using daily tonnages as weights) the values of that day, the 3 days before and the 3 days
lifter.

As wc average grades In;o more directly comparable IOnnages, we clearly see the ~ystematlc

lead difference and the more random difference for zinc.

DiacuaajoD

first wc have seen that 1I comparison of BH predicted lind mill hend % Ph + Zn daily
grad::s poir:ts to a correlation which is very much similar to the correlation between
estim~ted BH % Pb + Zn grade by the nearest neighbor method and real mI % Pb + Zn
grlide Iibove 8 cut-off of 4%. Hence it looked lit first like the differences that were obsen-ed
between mill anu mine cOllld be explained by the estimation errors of a blast-block grllde
form the single hlast hole in its centre.

After looking at the mine-mill differences in more details, we founll that we tend lo hAve II

sY't~m~tic lNerestim8tion of Ielid mill head grades whereas :tine differences eprear more
random,

Nnw il may be that, because of a more erratic behaviour, the estimation of the lelld grade
of blast bl~ by just the blast hole In the middle haa more serious impact on the recovery
of lead thlin :tinc. To test thltt hypothesis, we have redone the compllrison of bla." hole
estimates and blast hole real grade.~ hut now separately ror leaO .and zinc. Then we havt:
looke.d at the OifTereDces, for each element, Bnd only for hla.~t hole eSlimnlCJ above 4% Ph .
+ 7.n, Like before we have 1m hlasl holes In this case '" thdr Hvt:rase e~timated lelill
!l:ade is 3.22% and the average relll ~Hde is 3.09% (very close to the mlne·mln ptatislic.. of
lead). for zinc, thc Ilverage cstimllted grnde is 5.26% and the average rcal gradc L~ 4.91l%
I.e, a similar t)'PC of difference that we don't observe in the mine-mill n:CUDcililltion.

Alto¥ether, it looks like the mine-mill difference that we see for lelld can be explained by
the Wll)' BH data are handled in the grade control procedure whereas we don't huve /lny
readily expillnation for the good coincidence between zinc BH predicted lind mill heRO
grade.

L.- . .,

I
;

FARO· 4 JI
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'~t 811; ~ate we ;hin~'that a t~ blast hole'~~niI: pre(efKbkt~a~~ra'n~I
individual hlast hole Vlllues based on 8 reBreu;un of mill head grades on BH predicted \1
grades before a cut-off it applied to the»e individual blm hole value.. The overall
correction does not take Into accounl the local configuration of dllm (i.e. wnes with blast I

holes of systematic high of IllW grade where obviously no correction is needed V$ zones with :
blast holes of rapidly changing grades) whereas blast hole kriging does it. Also, the uverall
wrrection Is nol. applicable to blacl hole data belnw economic CUlo{)O'S (say 4%): in fact.
~c",(lrding to that formula, IIny blllsl hole would bave 8 corrected VU1Ull above the cut-orf (x

= 0, y = 4.369% Ph + Zn).

GEOSTA'f SYSTEMS INTERNATIONAL INC

Michel Dasbert, Manager

L.. . _._----_ _- ... _..._--

FARO·'
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