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TO Dt\TK SUMMARY OF MINK,lMILL GRADK DISCREPANCY

The attached three memo's investigate the difference between geology predicted
mill head grade based on stockpile grade estimates, and the reported mill head
grade measured at the lead rougher feed. They form a part of an ongoing study
into dilution and grade estimation errors. It has been noted that the mill head
grade is higher than expected when ore from the medium grade stockpile is fed to
the mill, but lower than expected when Faro (high grade) 8 stockpile, Faro
undergrotmd, and Vangorda ore is fed. The biggest problem appears to be with
overestimation of the grade of the tmdergrotmd stockpile.

The attached three memos analyze conditions during three separate periods of
time. The aim is to discover what factors must be applied to the grades of
various stockpiles, (by the use of multiple regression analysis) to calculate the
reported mill head grade. These factors represent the effects of a combination
of actual (as opposed to "apparent") dilution and grade. estimation errors:
underestimation in the case of the medit~ grade stockpile and overestimation in
the case of all other stockpiles In order to have some confidence in the
results the three periods of time are chosen to cover different blend
characteristics in the mill feed.

1) June 1st - July 31/90:

Feed is from Faro Pit (high grade "8" and medium grade stockpiles) and
Faro tmderground. No ore from Vangorda was milled during this period.

2) September 1 - 30190:

The feed comprised mainly Faro "8" (high grade) stockpile and Faro
undergrotmd ore. For a large part of the month no medium grade ore was
fed, and no Vangorda ore was treated at any time.

3) December lstl90 - March 24/91:

Mill feed came from all available sources: Faro 8, medium, underground
stockpiles, and Vangorda.



Resulta - Medium Grade Stockpile:

Grade factors vary from 0.944 to 1.602 (see attached) and with one exception are
all greater than 1.0. As there is no physical means by which our medium grade
ore could increase in grade between the time it is mined and the time it reaches
the mill, the problem must be one of grade under estimation. (This could be
largely avoided if grades were"Kriged". To do this we would need to buy "Ore
Control"). The very high factors for September 1st-30th/90 for both lead and zinc
are not as valid as those for the other two periods studied, as for much of the
month no meditlID grade ore was treated. Dagbert in his report and geostatistical
evaluation of the Faro Pit (P.55) also notes that the grade of medium grade (and
low grade) ore is underestimated using our present polygonal calculation method.
CtlIDulative StlID curves for September 1990 showing stockpile proportions in mill
feed against grade loss support the contention that medium grade ore is
tmdergraded: grade losses decrease when medium grade ore is being treated, and
increase when higher grade stockpiles (particularly the U/G) are being treated.

Resulta - Faro High Grade (B) Stockpile:

Regression factors vary from 0.85 to 0.96, and are all less than 1.0, indicating
some degree of grade loss or grade overestimation at all times. The extent to
which grade factors (i.e. correlation coefficients) for lead and zinc differ may
be an indication of actual physical dilution which is taking place.

Reaulta - Faro Underground

Regression factors vary from 0.74 to 0.892. They are consistently smaller than
those for any other ore source which indicates substantially greater grade
overestimation of the Faro U/G stockpile. Physical dilution with waste as well
as overgrading which traditionally accompanies polygonal calculation methods are
at the root of the problem. Sampling bias may also be important.
Cumulative StlID curves also indicate increasing grade discrepancies when Faro u/a
ore is fed to the mill (see: July 19-31/90; September 26-30/90).

Resulta - Vangorda Stockpile:

The regreasion coefficienta (i. e. grade factors) for the period studied, December
1/90 to March 24/91 were 0.91 for lead and 0.93 for zinc. These factors are
higher (better) than those for the Faro high grade and u/a stockpiles. This
tends to suggest that ore grades have been assigned more or less correctly but
that there has been a small amount of physical dilution.

•



Conclusions:

It would be an assumption to use multiple correlation factors as strict
indicators of grade estimation errors or of dilution. However, it is safe to
conclude that the medium grade stockpile is being systematically undergraded, and
all other ore sources, particularly the Faro U/G, overgraded to some degree. All
errors result from a combination of effects derived from the calculation methods
themselves and from actual physical dilution.

Recommendations:

1) The undervaluation of ores in the medium grade range indicates that
physical dilution is not a significant problem. Ore grading errors which
result from intrinsic problems with the (polygonal) calculation process
may only be remedied by using Kriging. This can only reasonably be done in
a production environment by the purchase and use of Gemcom"s "Ore Control"
system. An AFE to ~~chase this system and the associated hardware is
already in Toronto. It should be noted that Kriging will reduce the
quantity of medium grade ore mistakenly undervalued and sent to the low
grade stockpile.

2) The overvaluation of stockpile grades in the higher grade ranges will to
some extent be alleviated by the use of Kriging, a~ noted above. In the
case of Faro tmderground stockpile grades, the unconvential method of
grade calculation needs verifying. The cheapest way of doing this would
be with a muck sampling programme. At considerable expense a tower
sampler could also be used.

Dave Tenney
Chief Geologist

DT:cc

cc: K. Ball
D. Basso
E. Beaumont
J. Hendry
J. Hogg
L. Hwozdyk
J. Vandenbroeck
G. Vos
G. Wilson
Geology Dept.



GRADE FACl'ORS

( HU~IPLK REGRESSION COEFFICIENTS)

Stockpile June I-July 31/90 Sept. 1-30/90 Dec 1/90- Mar 24/90

Pb Zn Pb Zn Pb Zn

Faro Medium 0.944 1.168 1.356 1.602 1.15 1.19

Faro High Grade 0.925 0.953 0.960 0.915 0.85 0.86

Faro U/G 0.892 0.837 0.824 0.890 0.78 0.74

Vangorda - - - - 0.91 0.93

Correlation
Coefficent * 0.964 0.967 0.993 0.998 0.983 0.982

* 'lbeae correlation coefficente are very high indicating a high degree of
6tati6tical confidence in the reault6.
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MINE-MIlL GRADE DISCREPANCY - SKPI'1lMBKR 1990

This study was done using the month of September 1990, when there was a

significant amount of underground ore in the mill feed and relativelY small

amounts of medium grade are. As usual most feed came from the Faro "B" high

grade stockpile. Cumulative sum graphs and multiple linear,regression are used

to determine the relationship between stockpile blends and grades, and mill head

grade (see attached).

Cumulative Sum Graphs:

September 1 -12:. Trend of less than average grade loss (appar~nt dilution)with

mainly a steady feed from the "B" high grade stockpile, and for a few days (3rd -

7th) an increased proportion of "H" medium grade stockpile in the mill feed.

September 13-25: No medium grade stockpile in blend, mainly "B" stockpile with

minor vari able proportions of underground ore. There is higher than average lead

grade apparent dilution. Zinc grade apparent dilution follows the lead curve

very closely possibly indicating that actual physical dilution is responsible,

rather than grade estimation errors.

September 26-30: During the last five days of the month substantial quantities

of underground ore were blended with almost exclusively "B" stockpile. This

produced a rapid increase in the lead grade loss (see steeper slope of Qsum curve

for lead apparent dilution) indicating that grade losses increase more when a

greater proportion of underground are is fed to the mill than when the proportion

of "B" high grade stockpile in the blend is increased. No medium grade ore was

fed for the last four days of the month. Our current practice of blending medium



CUMULATIVE SUM GRAPHS
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and lUldergrolUld ore together will tend to cancel out the opposite effects noted

when they are fed independently. When medium grade ore is fed to the mill there

is a tendency for the grade loss to diminish, and when underground ore is fed

there is a tendency for it to increase.

Multiple Linear Regression September 1-30:

Zinc
Regression Coeff.Stockpile

The same base data used to derive the cumulative sum graphs discussed above was

also used to derive multiple regression coefficients for the grades of the

stockpiles. These grades were weighted by the ratio of the stockpile tonnage to

total feed tonnage for the day. The resulting regression coefficients would thus

represent a "grade factor" which in practice it may be possible to apply to

stockpile grades to estimate mill head grade. From grade factors it is possible

to calculate an apparent external dilution. The regression coefficients obtained

for lead and zinc grades are as follows:

Lead
Regression Coeff.

Faro Underground
"B" Faro High Grade
"M" Faro Medium Grade
Multiple Corr. Coeff.

0.824
0.960
1.356
0.993

0.890
0.915
1.602
0.998

Although actual values differ from previous estimates, they are in the Same

relative order of magnitude. These data are considered good for the "B"

stockpile and underground ore, but not so good for medium grade' ore as much less

than usual was blended into the mill feed during this month. This probably

accounts for the relatively high medium stockpile regression coefficients for

lead and zinc (1.356 and 1.602 respectively)

Conclusions :

This analysis tends to confirm earlier work indicating:

1. Medium grads ore is undergraded (regression coefficient> 1.0)

2. Underground ore leads to larger mine/mill grade discrepancies than the

high grade "B" stockpile.

'1J\~.
Dave Tenney

Chief Geologist

rtr:cc



REGRESSIUN-ANALYSIS

USGS STATPAC
'~.RN!~5·... ~;I:N T'i£ EuU.~.I!O.~ is FOECED THRlI iHE CF:J&IN

;~l STD DEV:~T!0N~ ANr. (O~RELATIONS ARE (OMP~lED APOUT
~'t ORlflN ~~~~:R 1H~~ THE MfM~

SELECTED VAPIABLE IN~I(ES

1 '
SELECTED VARi~BLE iDENTifiERS

MILLi.PB 'B'f:ATIO 'M'RATIO

f'ROBABILITY LEVEL' 1.000

U!BF:AI!O

MEANS OF SELECTED VARIAB,ES
2.9B73~~+OO 2.40200£+00 9.36667£-02 6.47000£-01

STANDARD DEVIATIONS Of ,ELECIED VARI~BLE,

3.00533£+00 2,49909£+00 1.41544£-01 l.Ol?9iE+~O

CORRELATION MAIRIX
f:O~ IIUMPER I

1.0(101) .9 :,4 2 .41 :.2 ,6411
F:O~ NUMBER 0•

,'1542 1,<)(l(lO .·3'~7 ,OZ'j'
ROW NUMBER ,..

. 41 ~'L . ~,2~,7 1,(;01)(1 ,1bb4
ROW NUMBEf: 4

.b41:, .4}n , ibM 1.00(10

VAf:IABLE , ('P'RATlO) A[I[lED. f , .30:,249£+03 DE8 Of ff: , 29 o COMPUTED , ,OOOOOOE +00•

VARIABLE 4 ILl/8RATlO) ADDEO. f , ,738082E+02 DE8 Of FR , 28 o COMPUTED , ,OOOOOOE+OO

V.ARIA8LE , ('M'RAIIO) ADDED, f , ,20270'IE +02 DE8 Of fR , 17 o COMPUTED , ,107144[-1)3-'

REGRESSION CONST~NT AND COEffICIEN]S IN TkE ORDER OF VARIABLE NO,
O,OOOOOE+OO 9,b0239E-01 1,3\IIOE+00 8,2!098E-Ol

MliLlIPLE CORRtlAllDN COHfICIEN]' ,992b~,21 f VALUE FOR 3 ANll 21 DE8 OF fR '
THE PROBA81 LI TY OF TH ISf:S: ,,)0(1

m SLIM Of RESIDLIAlS SQUARED' ,39b7342E+Ol

PARTIAL COBRELATION COEFfICIENTS
.Q3A9b .b4303 .9(l(l3(l

REGRESSION WEI8HIS
7.1'490~-01 1,OB944E-Ol 2,117b8E-01

STANDARD ERRORS OF REGRESSION WEIGH]S
:,b9138E-02 2,4b412E-02 2,IB440E-02

STANDARD ERRDRS OF REGRESSION CONSTANT AND RE8RESSION COEFfiCIENTS
O,OOOOOE+(lO 3.24138E-02 ),DbI90E-0! 7,bb714E-02

SIANDARD ERROR OF THE ESTIMATE OF THE DEPENDENT VARIABLE' 3,8333E-Ol

PERCEN; OF TOTAL SOHS Of SOLl.RES OF DEPENDENT VARiABLE E,PLAINED, 98,\36



H~bH~~~IUN f~NHLY~ ~

USGS STATPAC
~;2~:~G. ,.~H~N 1HE EQUATJON IS FDRCED THRU THE ORIGIN

~Ll ~!~ ~E\'!~!!0NS A~D [0RPELA'ION~ ARE COMPUTED ABOUT
1~t ;:: :G:~ ;~~H:~: !liA.~ rH: ;,\E!1.~

;ELE~iE~ ~~~IArLE IND1CfS
2

SEL~C1Ev VARIA,LE IDENTifiERS
MILL<lN 'P'RATIO TRAIIO

4

Ui6RATIO

MEANS Of SELECTED VARIABLES
'.li.0))E'0,1 '.43»3E'0(1 I. 44(1I)(lE-Ol 9.b9000E-Ol

STAN['AA~ DEVIATIONS Of SELECTED VARIABLES
;.l67DE+(n) •. ,7176£+(10 3,69~22E-(Jl 1.;140?-£+00

CORRELATION MATRIX
PGW ;.jU~::ER !

1.00(10 .%38 .4011 .6~6~

ROW Nll~BER 2
,%}S 1.0(100 .-j(l26 .m;

ROW NiJ~f'ER )

.4012 .30[h 1.0(1(1(1 .1 ~,B6

ROW NL'M2Ef:
.64b~ . ~~, 32 , 1~I~t 1.0(100

VARiABLE 2 ('P'RATIO) ADDEO. f , .391bnE+l>-) OE6 Of fR , 19 (I CO~PUTEO , . ,96046[-(17

VARIABLE 4 ILI/SRATIO) ADDED. f , .101913E·03 DES Of fR , 18 (I CD~PUTEO ' - .119109£ -Ob

VARIABLE , I'M'WiO) ADDED. f , .8b,1Q4E'02 DEB Of fR , 27 (I CO~PUTED ' •(IO(JO~)(JE +(1(1.'

RE6RESSION CONSTANT AND COEffiC1ENTS IN THE ORDER Of VARIABLE NO.
(I.(l(l{)(~QE+(l(1 9.1n69E-(ll 1.6(1))£+(1(1 8.90487£-01

MlILTj,',E CGr:RELAliON COEffiCIENT' .\'96(1129 f VALUE fOR .) AND 17 DEB Of fR, 2)28.347
T~E f'R08ASI1Ili' Of TEiS f IS: .000

m Sl'~ Of f;ESIOlIALS S'JUARED' .:,08417]E+(11

PA?TI., CORRELATION COEffiCIENTS
,;":;>t·(;~ .B6929 .9b61 Q

RE&RES,IJS ,EI6HTS
8.108'4E-Ol 1.14'37E-01 7.6(91)E-Ol

ST'NcARD ERRORS Of REGRESSION NEIGHTS
1.38&20E-02 1.2)333E-02 1.34001£-02

STAN;??D ERRORS Of RE6RESSION CONSTANT AND REGRESSION COEffiC1ENTS
(I,O(>('OOE-OO 1.~·bb92E-01 1.7"'6E-01 4.,7)41£-01

STANDARD Ef:ROR Of THE ESTIMATE Of THE DEPENDENT YARIABLE, 3,3798E-Ol

PERCEN' Of TOTAL SUMS Of SOliARES Of DEPENDENT YARIABLE EIPLAINED' 99,bl,
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IHTKR--{)FFICK Hlil1ORANOOM

FARO MINK SITE

D/\.TE : June 16, 1991

SUBJECT: NOTE ON HINK-HHL GRADE DIFFKRKNCKS

Previous work has suggested that the mine mill grade difference (apparent

dilution) drops when the medium grade stockpile is used ss mill feed, and

increases when Faro "B" high grade stockpile is fed. Preliminary conclusions for

Vangorda mill feed and Faro underground feed is that both can at times increase

the grade differential (i. e. the apparent dilution).

The attached cumulative sum graph is for the months of June and July 1990 when

only Faro ore was being fed to the crusher. It shows mill feed ratios, based on

tonnage, for the Faro high grade, medium and underground stockpiles. These

curves should be compared with the apparent dilution (grade loss) curves for lead

and zinc, which as expected mimic each other.

June 1 - July 11:

Trend is for generally above average content of "B" (high grade) stockpile in the

mill feed, accompanied by higher than average apparent dilution (grade loss) for

both lead and zinc. Mill head grades did not react favourably to the increasing

content of medium "M" stockpile in the mill feed from June 26 to July 4 (except

possibly zinc).

July 11 - July 16:

This is a critical period when the proportion of "B" high grade Faro stockpile

ore in the mill feed is below average. It coincides with a marked drop in grade

difference (apparent dilution) for both lead and zinc.
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July 19 - July 31:

Grade difference between mine and mill is increasing with increasing content of

Faro "B" high grade stockpile and Faro underground ore in the mill feed. The

content of Faro "M" medium grade stockpile in the feed is below average.

Multiple Linear Regression - (June 1 - July 31)

Multiple linear regression of mill head lead and zinc grades against stockpile

lead and zinc grades (weighted by tonnage) gave results in agreement with earlier

studies, and confirmed that the higher the predicted mine grade the larger would

be the differential (loss) at the mill head. The multiple regression

coefficients in the following table are an indication of the size of the loss (or

gain, if the regression coefficient is greater than 1). They are also an

unreliable measure of the apparent dilution.

Stockpile Multiple Regression Coefficients

Faro Underground

Faro "B" (High Grade)

Faro "M" (Medium Grade)

Multiple Corr. Coeff.

Ell

0.892

0.925

0.944

0.964

ZD

0.837

0.953

1.168

0.967

The regression coefficient for lead in the medium grade stockpile is less than

one. Otherwise the data is in good agreement with earlier results. The relative

magnitude of the regression coefficients is always in the same increasing order

shown above. Higher regression coefficients indicate lower mine/mill grade

differentials and lower apparent dilution. Dilution cannot explain a coefficient

greater than one, as this would be equivalent to negative dilution, or a gain in

grade at the mill head. If geological grade estimates were not understated (or

mill heads overstated) this situation would be impossible.

Conclusions:

This work confirms earlier studies which indicated that the mill never reaches

the higher grade levels predicted when high grade ore is fed. By contrast when

lower than average grade ore, the medium grade stockpile for instance, is fed to



the mill, mill head grade does not drop to the expected level. This is a

reflection of two factors:

1. In geology grade calculations higher grades are overestimated, and lower

grades are underestimated (Dagbert report p.55)

2. There is always some mixing of ore in the crushing/grinding circuit so

that changes in stockpile blend are never immediately reflected in the

mill head grades. The mill smooths out grade changes in the mill feed.

We shall continue to monitor the difference between blasthole predicted mill head

grade and the assayed lead rougher feed (mill head) grade as a means of

determining whether or not the steps we have taken to reduce external dilution

have been effective. I note that during March the mine/mill grade differential

dropped to 0.47% Pb + Zn, down from over 1. 0% in January and February, which

seems to indicate that the steps taken in late February have indeed been

effective.

Dave Tenney

Chief Geologist

DT:cc



REGRESSION ANALYSIS

USGS STATPAC
'rlR~ING... WNEN THE EOl/WOH ;~ >ORC£[! TNF:LI THE OF:!6IN

~LL ,TO DEYIATIO~S AND CGRRELATIO~S ARE CDMPl/TE~ A60Vf­
TH~ DRIG!N RATHER THAN THE ~EAN

NG~rER OF SElECT£P V~R!~PlES =

SELECIED rARIABLE I~DICES_

1 ~ ~,

SELECTED VARIABLE IDENTIfiERS
MILL,PS 'S'RATIO 'M'RATIO

rROBABILITY LEVEL' 1.000

l//GRATIO

MEANS Of SELECTED VARIABLES
3.013IiE+OO 2.33803£+00 3.475~lE-Ol 3.84754£-OJ

STANDARD DEYIATIONS Of SELECTED VARIABLES
3.02b~4E+0Q 2,61719£+00 7.03742£-01 B.37581£-01

CORRELATiON MATRIX
ROW NU~BER 1

LO(lliO .B9P .~:,27 .4i2e
ROW NU~GER 2

.8919 1.0(H)(J .17'60 . 1974ROW NUMBER 3
.4017 .1900 1, (1(1(;(1 ,:1(;9-)

ROW NUMBER
,4716 .1914 .}O93 1.0000

VARIABLE 1 ('B'RATIO) ADDED. f ' .237337E·03 DEG Of fR ' 60 [I COMPUTED ' · (l(H)(I(JO[ feU)
I'ARIABLE 4 ill/GRAT 10) A[J[JED , f ' .4B~S90E+01 DEG Of fR ' j9 (I CO~Pl/TE[1 , · j96046E -07
VARIABLE , ('M'RATID) ADDEO. f ' .357920£+02 DEb OF FR = ~,8 [I CG~PliTED ' · j96046Hi7

-'

REGRESSION CONSTANT AND COEffiCIENTS IN TNE ORDER Of VARIABLE NO.
O.OOOOOE+OO 9.2jO)jE-OI 9. 4400"E-('1 8.91~,3BE-OI

~l/LTIPLE CDRf:ElATlDN COEffl[iE~T' .964200(1 f VALLIE fOf: 3 AND ~,E: [lEG Df fF: '
THE PROBABJlI TY Of TN ISf!S: .00(:

VT[; SliM o~ RESI[lllAlS SGl!~RED:: .3,'290S7E+{l2

PARTIAL CORRELATION COEffICIENTS
,94630 . ~.! 448 . 6~.S60

PEGf:ESSION WEIGHTS
B.00199£-Ol 2.19503E-Ol 2.4b729E-Ol

STANDAf:D ERRORS Of f:EGRESSiDN WEIGNTS
3.5S102E-{l2 3.70049£-02 3.7015SE-02

STANDAf:O ERf:ORS Of REGRESSION CONSTANT AND REGRESSION COEFfiCIENTS
O.OOOOOE+OO 4.14981E-02 1.~.914jE-('1 l.3.J)jJE-OI

STANDARD ERf:OR Of THE ESTIMATE Of THE DEPENDENT YARIABLE' 8.2306E-01

f'ERCENT OF TOTAL SU~S Of SDlIARES Of [IEPE~DENT YARIABLE EXPLAINED, 92.96B
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REGRESSION ANALYSIS

USGS STATPAC
WARNIS&, , .WHEN THE EQVATION IS FORCED THRLI THE Okif;N

ALL STD DEVJH1;D~S A~u COR~ElATjONS ARE [D~rUTE~ AB~:T

THE OR:E!N RAIrER THAS THE MEAN

NUM8E2 0; SEL~(lED VA~!ABlES = 4

StLECTE~ vARIABLE INDICES
1 1 ,.

SELECTED VARIABLE IDENTIFIERS
.llll~ 'B'llNlt '"'llNlt

7.tJ
PROBABlllT'( LEVEl < 1.00')

lI/SllNtt

HEANS Of SELECTED VARIABLES
j.12869E+00 3.9j443E+00 j.00B20E-01 j.81639[-01

STANDARD DEVIATIONS OF SELECTED VARIABLES
5.1~,n2E+(lO 4,42276£+(10 9.%827£-01 1.27662£+(1)

CORRELATION "ATRll
RON NUMBER 1

1.0(,00 .90."j ,46',', .4m
RON NliHBER 1

.9(13j 1.0(100 .2011 .1919
ROH NlIHFEf: 3

.46',3 .1014 1.0000 .3412
ROH NlI"BER

.4U3 .1919 .3492 1,(1(1(1(1

VARIABLE 1 ('B'IINlt) ADDED. F < .171166E+0" DEG OF FR < 60 9 CO"PLITED < .OOOOOOE+OO
VARIABLE , ('"'IINttl ADDED. F < .4B91"7E+01 DES Of fR < j9 9 CO"f'llTED < .m119E-06"

V.ARI ABLE 4 11I/G;'INtt) ADDEO. f < .,41jB2E+02 DEE OF fR < jB (I CO"PLITED < . j'ibom -07

REGRESSION CONSTANT AND COEFFICIENTS IN THE ORDER Of VARiABLE NO.
O.OOOOOE+OO 9.j297jE-01 1.16628E+00 B.36T'OE-Ol

"lILTlf'lE C[:RREWiDN comEIENT < .967133" F V.'LliE FOR 3 AND jS ['ES Of FR <

THE PR'lBA,Il!!Y (I' THIS f IS: .000

iTO SIJ" OF RESiDUALS SOllAr:,I' < .1\)371jOE+0"

PARTIAL CORRELATION COEffiCIENTS
.mso .m71 .60~,j3

REGRESSION HEIGHT,
B.1819jE-Ol 1.260)"E-Ol 1.07366E-Ol

STANDARD ERRORS OF REGRESSION HEIGHTS
·3. 4n42E ·(12 3. ~,a~~·~,E -02 -3. 57BJ2E -02

STANDARD ERRORS Of REGRESSiON CON,TANT AND REGRESSION COEffICIENTS
(I.O(lO(lOE+OO ".1673jE-02 1.60190Hll I. 44',98E-Ol

f' STAN['ARD ERROf: Of THE ESmAlE Of THE OEf'ENDENT VARIABLE < 1,3."72E+00

PERCENT Of TOTAL SIJ"S OF SOllAf:ES Of OEPEN[IENT VARIABlE WHINED < 93. m

282.4(16



CURRAGH RESOURCES INC

INTKR--DFFI CK MllK>RANOOH

DATE: June 18, 1991

TO: WID. w. Dunn
Chief Ilngineer

FR(li: Da.ve Tenney
Chief Geologist

SUBJECT: APPARENT DIUTrION IN CRUSHER STOCKPILKS

An estimate of the factors required to correct stockpile grades to mill head
grade can be obtained by regressing daily mill head grade against estimated
stockpile feed grades weighted by proportion of that stockpile in the feed. If
stockpile grade estimates were perfect:

Mill Head Grade = ~ stockpile grade * stockpile proportion in feed.
= i G*P

However, in practice, grade estimates contain no allowance for dilution, and
because of the polygonal calculation used, are overstated for high grade
stockpiles and tmderstated for medium and low grade stockpiles. A correction
factor "F" to allow for dilution and grade estimation errors (i. e. apparent
dilution) is required. If:

F = grade correction factor
G = grade
b = high grade stockpile
m = medium grade stockpile
v = Vangorda stockpile
u = Undergrotmd stockpile
P = stockpile proportion in millfeed for day

then mi llhead grade = Fb*Pb*Gb + Fm*Pm*Gm + FV*PV*Gv + Fu*Pu*Gu

The estimated grades of the stockpiles and their proportional contribution to the
millhead grade are known from daily production statistics, as is the millhead
grade itself. "F" can be statistically derived from multiple regression. This
was done for the period December 1/90 to March 24/91 using both lead and zinc
grades. Results were, for the most part in startl ing conformity with our own
expectations and also relevant parts of the report on grade estimation by Dr.
Dagbert. (p.55). The correction factors for stockpile lead and zinc grades are
shown below, along with the equivalent apparent dilution: (see appendices I and
II)



Zn t App Pb • App.
Factor. Oil. I Factor. Oil. I

"B" (Higb Grade) Stockpile -F. 0.86 (161 ) 0.85 (l81)
"H" (Med Grade) Stockpile - yo 1.19 (-ve) 1.15 (-ve)
T (Plateau)

Vangorda Stockpile - Fv 0.93 ( 81) 0.91 (101 )
"U" Faro U/G Stockpile - F. 0.74 (331 ) 0.78 (281)

• calculation a....e. dilution .itb zero grade

Conclusions:

1) The grade of the medium grade stockpile is understated.
2) High grade stockpile grades are overstated, the largest overstatement

be ing in the highest grade of the high grade stockpiles ( L e. the
underground stockpile).

Comments:

Owing to the way stockpiles are blended some m1x1ng must occur in the
crushing/grinding circuit. When higher grade is added to the crusher mixing with
(lower grade) material already in the mill circuit will prevent head grades from
reaching the expected levels unless the new high grade blend is continued for an
extended period of time. In other words the assayed mill head grade does not
immediately reflect the contribution of the new higher grade material fed to the
crusher. In this situation the multiple regression factor "F" which will be
calcuiated for the highest grade stockpile (L e. Faro U/G) will overstate the
expected grade loss (Le. the factor will be too small because the millhead grade
is smoothed around a mean value.) A similar argument can be made in reverse to
conclude that any stockpile with a grade below the average mill head grade will
have a grade correction factor which understates the expected grade loss (or
overstates the expected grade gain.) •

The further a stockpile grade is from the average mill head grade ths greater the
distortion there is likely to be in grade factors derived from multiple
regression. This is a direct result of the mixing which occurs in the
grinding/crushing circuit, which tends to smooth out variations in head grade.

Caution:

These results are statistically valid for conditions during the period tested
only - their applicability to future stockpile grade estimates will be examined
in the coming weeks. They do, however, indicate "orders of magnitude", and for
that reason a check to verify the grade of the lmdergrolmd ore should be made.

Dave Tenney
Chief Geologist

DT:cc
cc: I. Bilquist L. Hwozdyk B. Pisony



USGS STATPAC
"RNiN' ... 'PEN ;PE EOUATiON IS FOACED THAll THE ORIGIN

~lL ';1[' [:E',,':QjeN: AND C:jREElATION~ ~f:E COMPUTErl ABOUT
I,.', O.~I~;," t,AIHE; TH.;it T';E /'lEAS

hU~BE~ O~ ~fLE(TED VARI~BlES ~

SElEC1ED ~~~IA~LE I~DICES

2 3.
SELECTED VAAl ABLE IDENTIFIERS
mlFB 'BU'BIT 'N'IPBIT VANlf'BIi L1/GJPBIT

PAOBABILITY LEVEL' 1.000

.60bl .7773 . ~.890

.1H~ .31 !-3 .129,

1. ')(l(l{l .3399 .H08

.339S I. 0000 .H2O

.4408 .H2O I. 0000

F ' .174047E+03 OE6 OF FR ' 113 g CONPUTEO ' .OOOOOOE+OO

F ' .1'7210E+03 OE6 OF FR = 112 g CONFUTED = .119209£-06

F ' .174614E+03 DEG OF FR ' III o CO~PUTEO ' . ~8b04bE -07

F ' .109039E+03 [>£G OF FR ' 110 g CONPUTEO ' .OOOOOOE-OO

.19H

1:00(10
2

,
.'

.~·S·i(l .1295

VARIABLE 3 iTU'BI!I M'OED.

VARIABLE 2 i'B'IFBITI ADDEO.

VARIA8LE 4 IVANIPBIT) ADDED.

ROW NU~;EF:

,b'B(1

F;OW NW!8ER
.6'H

ROW NU~BEF:

.7773 .3113

VARIABLE ~'('JI6IPf.1T1 AOOEO.

NEA~S OF SELECTED VARIABLES
3.(1,16,[+('0 1,;'82,4E+00 4.60614E-(11 j,(I99BlE+00 4.71mE-Ol

SfANDARD DEVIATIONS OF SELECTED VARIABLES
3.08790E+00 Lilli8E+00 7.2333'E-OI L~,(19j(IE+(10 8.39469E-01

cORRELATION ~~TRII

ROW NU~HR I
1. 1)('('(1 . 6~'8(1

REGRESSION CONSTANT AND COEFFICIENTS IN THE ORDER OF VARIA8LE NO.
O.OOOOOE·O(' B.~.C4m-(11 1.1462iE-00 9.0~,101E-OI 7.B2838E-Ol

NULTIFLE COF:R,lAIiD~ (OE~FICIE~T' .9m017 F VALUE FOR 4 AND 110 OEG OF FR '
THE PRO~'Blll;" OF THIS F IS: .OCC>

al ~,.,387

WH' S:.I~ OF RESIO;.lALS SOUAREO' .304,160E-02

f,R::~L ;['F:ilAlION COEFFI(IE~i5

.9i~;~ .7~.36a .9(11~~ .70395

~tGR~SSION WE!6H1S
4.8C'3IE-01 2.68'12E-OI 4.4118'E-Ol 1,11820E-OI

STANDARD EPRORS OF REGRESSION WEI6HTS
1.3:322£-02 l.9~z~aE-02 2.02446£-02 2.0473~E-02

STAN~AR~ ERFORS OF REGRESSION (ONS'ANT AND REGRESSION COEFFICIENTS
O.(I(I(i(J(lE~('(1 3.2i673E-02 B.376lilE·02 4.14242£-02 7.53091£-02

STANDARD EPROR OF THE ESTINATE OF THE DEPENDENT VARIABLE· '.078IE-01



USGS STATPAC
iARNING., ,iHEN THE EuUATION IS fORCED THRU THE ORIGIN

ALL STO DEViATiONS AND CORRELATIONS ARE CO~PUTEO ABOUT
'HE ORIGiN RATHER THAN THE ~EAN

N0~,ER OF SELECTED VARIABLES ~ ~

S~l£(i£D VARIABLE iNDICES
2 3

SELECTED VARIABLE IDENTIFIERS
mLm 'B' l/NII T l/NII

PROBABILITY LEVEL ~ 1.000

VANI/NII

,
.'

U/GI/HIT

~EANS OF SELECTED VARIABLES
I.6~312E'00 2,210~8E'00 7.79298E-Ol 1,2136BE'00 7,06BI2E-Ol

STANDARD DEVIATIONS OF SELECTED VARIABLES
L07~,l7E'00 3.00n~E'00 1.2199(IE'\)0 1.72891£<00 1.26001E.00

CORRELATION ~ATRII

ROW NU~BER I
1.0000 ,mo ,om ,70B2 .5631

RON NUMBER 2
.mo 1.000(1 ,I9bo ,3100 .1289

RON NU~GER 3
.02b5 ,1900 1.0000 .3m .1503

RON NU~BER I
,7082 ,3100 ,m7 1.0000 ,1319

RON NUMBER 5
,5031 ,1289 ,I~OJ .1J19 1.0000

VARIABLE 2 ('B'lINiT) ADDEO. F = .lm2BE'0) OEG OF FR = 113 0 COMPLITEO = .OOOOOOE'OO

VARIABLE I (VANIINIT) ADDEO, F = ,1171~2E'03 OEG OF FR = 112 Q COMPUTED = ,OOOOOOE'OO

VARIAGLE 3 ('M'l/NII! ADDEO, F ~ ,217b12E'03 DES OF FR = 111 0 CO~PUTEO = •(,,)(lOOOE ")0

VARIABLE 5 (U/GI/NII) ADDED. F = .B9lnOE'\)2 DEG OF FR = 110 0 COMPUTED ~ ,OOOO(IOE'OO

REGRESSION CONSTANT AND COEFFICIENTS IN THE ORDER Of VARIABLE NO,
O.O(:OOOE '00 lB. mm -01 j},.I9OD6E '(1(1 f314J1£-01 p. 54711£-01

~ULTIPLE CORRELATiON COEFFICIENT ~ ,9816162 F VALUE FOR I AND 110 OEG OF FR ~

iH, PROBABILJTY (if iHIS F IS: ,0(10

NTD SUM OF RESIDUALS SOUAREO ~ ,90723B8E'02

f;RTIAL CORR,LATION COEFFICIENTS
,93882 ,BJ7S2 ,S39S3 ,6671S

REGRESSION NEIGHTS
~,~069~E-01 3.10~26E-Ol ),II521E-Ol 2,03112E-Ol

STANDARD ERRORS OF REGRESSION NEIGHTS
l.92bm -02 2. OS31 IE-02 2. mm-02 2.10301 E-02

ST,NOARO ERRORS OF REGRESSION CONSTANT AND REGRESSION COEFFICIENTS
(j,OOOODE'OO 2.99889E-02 7,981~OE-(12 5.mm-02 8.02790E-(12

STANDARD ERROR Of THE ESIIMTE OF THE OEfENOENT VARIABLE' 9.081bE-Ol

127,780
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