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CURRAGH RESOURCES INC
INTER-OFFICE MEMORANDUM

FARC MINE SITE
DATE: July 10, 1991
TO: Wm. W. Dunn

Chief Engineer

FRONM: Dave Tenney
Chief Geologist

SUBJECT: TO DATX SUHHARY OF MINE/MILL GRADE DISCREPANCY

The attached three memo’s investigate the difference hetween geology predicted
mill head grade based on stockpile grade estimates, and the reported mill head
grade measured at the lead rougher feed. Thev form a part of an ongeing 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) B stockpile, Faro
underground, and Vangorda ore is fed. The biggest problem appears to be with
overestimation of the grade of the underground atockpile.

The attached three memcs analyze conditions during three separate periods of
time. The aim is to discover what factors must be applied to the grades of
variocus 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 medium grade stockpile and overestimation in
the case of all other stockpiles . In order to have some confidence in the
results the three pericds 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 "E” and medium grade stockpiles) and
Faro underground. No ore from Vangorda was milled during this period.

2) September 1 - 30/90:

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

3) December 15t/90 - March 24/91:

Mill feed came from all available sources: Faro B, ﬁedium, underground
stockpiles, and Vangorda.

L




Resultas - 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 medium 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 methed.
Cumulative sum curves for September 1990 showing etockpile proportions in mill
feed against grade loss support the contention that medium grade ore is
undergraded: grade losses decrease when medium grade ore is being treated, and
increase when higher grade stockpiles (particularly the U/G) are being treated.

Resultas - Faro High Grade (B) Stockpile:

Regression factors vary from 0.85 to 0.968, 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.

Reanlts - 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. FPhysical 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 sum curves also indicate increasing grade discrepancies when Faro U/G
ore is fed to the mill (see: July 18-31/90; September 26-30/90).

Results - Vangorda Stockpile:

The regresaion coefficients (i.e. grade factors) for the pericd 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/G stockpilea. This
tends to suggest that ore gradea 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

indic

atora 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

arror
thems

s result from a combination of effects derived from the calculation methods
glves and from actual physical dilution.

Recommendations:

1)

The undervaluation of orea 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”
aystem. An AFE to purchase this syatem 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.

The overvaluation of stockpile grades in the higher grade ranges will to
some extent be alleviated by the use of Kriging, ag noted above. In the
case of Faro underground 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.

E (%'
Dave Tenney
Chief Geologist
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G. Wilson
Geology Dept.




GRADE FACTORS
( MULTIPLE REGRESSION COEFFICIENTS)

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

P In Pb in Pb Zn

Faro Medium 0.544 1.168 1.356 1.802 1.15 1.19

Faro High Grade | 0.925 0.953 0.960 0.915 0.85 0.86

Farc 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

* These correlation coefficents are very high indicating a high degree of
statistical confidence in the results.




CURRAGH RESOURCES INC
INTER-OFFICE MEMORANDUM

FARO MINE SITE

DATE: June 18, 1991
TO: Wn. W. Dunn
Chief Engineer

FROM - Dave Tenney
Chief Geologist

SUBJECT:  MINE-MILIL GRADE DISCREPANCY - SEPTEMBER 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 ore. 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). .

Cumilative Sum Graphs:

September 1 -12:. Trend of lesa 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 "M" mediuwm grade stockpile in the mill feed.
September 13-25: No medium grade stockpile in blend, mainly "B” stockpile with
minor variable proportione of underground ore. There is higher than average lead
grade apparent dilution. Zinc grade apparent dilution follows the lead curve
very closely poessibly 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 loess (see steeper slope of Qsum curve
for lead apparent dilution) indicating that grade losses increase more when a
greater proportion of underground ore is fed to the mill than when the proportion
of "B"” high grade stockpile in the blend is increased. No medigm grade ore was

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




CUMULATIVE SUM GRAPHS

APPARENT DILN—v—STOCKPILE FEED RATIOS

CUMULATIVE DIFFERENCE(DAILY VALUE —MEAN)

1 8 15 22 29
DAYS -~ SEPTEMBER 1890
0 APPARENT DILN. — PB + APPARENT DILN. — ZN ¢ FEED RATIO"B”STKPLE

A FEED RATIO"M”“STKPLE

X FEED RATIO FARO U/G



and underground 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:

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 _ Zinc
Stockpile Regression Coeff. Regression Coeff.
Faro Underground - 0.824 0.890
"B" Faro High Grade 0.980 0.915
"M" Faro Medium Grade 1.356 1.602
Multiple Corr. Coeff. : 0.993 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"
atockpile and un&erground 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 stockpilé regression coefficients for

lead and zinc (1.356 and 1.602 respectively)

Conclusiona:

This analysis tends to confirm earlier work indicating:

1. Medium grade core is undergraded (regression coefficient > 1.0)

2. Underground ore leads to larger mine/mill grade discrepancies than the
high grade “"B" stockpile.

D Tesmeny |

Dave Tenney

Chief Geologist
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CURRAGH RESOURCES 1INC
INTER-OFFICE MEMORANDUM

FARO MINE SITE
DATE: June 18, 1991
TO: Wn. W. Duom
Chief Engineer

FROM: Dave Tenney
Chief Geologist

SUBJECT - NOTE ON MINE-MILL, GRADE DIFFERENCES

Previous work has suggested that the mine mill grade difference {apparent
dilution) drops when the medium grade stockpile is used as 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 ia 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. Theae
curves should be compared with the apparent dilution {grade 1dsa) 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 28 to July 4 (except
possibly zinc).

July 11 - July 18:
This is a eritical 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 i= helow average.

Multiple Linear Regression - (Jume 1 - July 31)

Multiple linear regression of mill head lead and zinc grades against stockpile
lead and zinc grades {weighted by tonnage) gave resultis 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 loas (or
gain, if the regression coefficient is greater than 1). They are aleso an

unreliable measure of the apparent dilution.

Stockpile Multiple Regression Coefficlentas
B Zn
Faro Underground 0.892 0.837
Faroc "B" (High Grade) 0.925 0.953
Faro "M" (Medium Grade) 0.944 1.168
Multiple Corr. Coeff. 0.964 0.987

-

-

The regression coefficient for lead in the medium grade stockpile is leas 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 eguivalent to negative dilution, or a gain in
grade at the mill head. If geclogical grade estimates were not understated (or

mill heads overstated) this situation would be impossible.

Conclusiona:
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 ihstance, is fed to




the mill, ®ill 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 beén effective. I note that during March the mine/mill grade differential
dropped to 0.47% Pb + ZIn, down from over 1.0¥% in January and February, which
seems to indicate that the steps taken in late February have indeed been

effective.

e
B- IW\J/VI
Dave Tenney
Chief Geologist

-
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CURRAGH RESOURCES 1INC

INTER—OFFICE MEMORANDUM
DATE: Jume 18, 1991
TO: Wm. W. Dumn

Chief Engineer

FROM: Dave Tenney
Chief Geologist

SUBJECT: APPARENT DILUTION IN CRUSHER STOCKPILES

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 = i stockpile grade * stockpile proportion in feed.
= X Gk¥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 understated for medium and low grade stockpiles. A correction
factor "F" to allow for dilution and grade estimation erroras (i.e. apparent
dilution) is required. If:

grade correction factor
grade

high grade stockpile
medium grade stockpile
Vangorda stockpile
Underground stockpile
stockpile proportion in millfeed for day

then millhead grade = Fp*Po¥(w + Fu¥Pu¥Gn + FoKPo*Ge + FukPokxGy

e B OoTam
T T T IR T I TR E R

The estimated grades of the stockpiles and their proportional contribution to the
millhead grade are known from daily production statiestics, as is the millhead
grade itself. "F" can be statistically derived from multiple regression. This
wag done for the period December 1/90 to March 24/91 using both lead and zinc
grades. Results were, for the most part in startling 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
1)



In t App M t App.

Factors Dil. % Pactors Dil. %
"B" (High Grade) Stockpile -Fv 0.86 (16%) 0.85 {18%)
*M* (Med Grade) Stockpile - F» 1.19 (-ve} 1.1% {-ve)
"¥* (Platesu)
Vangorda Stockpile - B 0.93 ( 8X) 0.8¢ (10X}
‘0" Yaro 0/G Stockpile - Ky 0.4 {33%) 0.78 {28%)

$ calculation assumes dilution with zero grade
Conclusions:

1) The grade of the medium grade stockpile is understated.

2} High grade stockpile grades are overstated, the largest overstatement
being in the highest grade of the high grade stockpiles (i.e. the
underground stockpile).

Comments:

Owing to the way stockpiles are blended some mixing 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 unlese 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
calculated for the highest grade stockpile (i.e. Faro U/G) will overstate the
expected grade loss (i.e. 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 the greater the
distortion there ia 1likely to be in grade factors derived from multiple
regression. This is a direct result of the mixing which occure 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 reascon a check to verify the grade of the underground cre should be made.

Y ‘8&~b&Ao7.
Dave Tenney
Chief Geologist

DT:cc
cc: 1. Bilquist L. Hwozdyk B. Pisony
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