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DISCREPANCY - MINE AND MILL JANUARY/FEBRUARY 1991

1.0 BACKGROUND

On average, the mill head grade - Lead Rougher Concentrate is
reported to be 13% lower than the grade predicted from blasthole data.
The usual "accepted" discrepancy is around 5%. Since mineral content
has a direct impact on expected concentrate production, and revenues, an
explanation was sought.

Mining and Metallurgical Personnel met twice as a team, with some
graphs and statistics to try to isolate the cause. A problem analysis
procedure was followed. Conclusions to the problem January/February are
identified, and some clues to the more "usual" difference of 5% are
highlighted.

This report is therefore divided into 3 areas:

The problem analysis procedure
The Metallurgical graphs and conclusions
the Mining/Geological graphs and conclusions
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2.0 CONCLUSIONS - MAIN

The January/February 13% discrepancy problem is caused by dilution
- probably at the East Phase of Faro Pit. A test verifying this will
be carried out shortly. Measurements within the mill over 1990 show
average error Pb = 2.7% and Zn = 1.4% and cannot explain the normal mill
vs. mine 5% dlscrepancy. Other concluslons, Geological and
Metallurgical are uptront in Section 6.0.

. The problem analysis procedure highlighted dilution for Lead and
Zinc mostly trend together. The assays for Lead and Zinc, trend
independently. Four different sampling points confirm this .

. .'
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3.0 PROBLEM ANALYSIS DESCRIPTION

The technique used is called "Kepner Tregoe".

(Other Kepner Tregoe tools are Decision Analysis, Potential Problem
Analysis, Situation Analysis, Performance System Analysis. All use
techniques to keep the logic visible. However, Problem Analysis is the
most difficult of the tools, and the most difficult for a non-team
member to follow).

Steps are:

a. defining the problem in more detail e.g. both Pb and Zn; Pb
only; Zn only; change in waste % Pb content.

b. defining what the problem "is not". A difficult concept
and essential step e.g. not Pb alone.

c. developing distinctions between a and b. A large list of
distinctions is possible.

d. asking whether the distinctions suggest any changes.

e. developing a list of possible causes from c and d.
fl

f. testing this list against the original problem definition (and
the definition of problem "is not"). The list of possible
causes is greatly reduced by this step.

g. developing a test/tests to verify which of them caused the
problem.

The technique is expected to prevent the team members from "jumping
to conclusions" or "jumping to action". with graphs available to
Geology and Metallurgy, the steps took 9 hours divided into 2
sessions. An example of a blank standard format sheet is attached. (It
is a modification G. Wilson used to teach usage to Flotation
Operators. This analysis followed these steps.)

©
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3.1 Analysis of 13% Discrepancy

STATEMENT OF PROBLEM

Mill Head grade should be
M1l1 Head grade is

SPECIFIC DETAILS

5% lower than blasthole grade
13% lower than blasthole grade

What

Where

Is the Problem

Orebody
Loss of grade Pb and Zn
Blasthole Sampling
Mill Feed Assays

Apparent Dilution

Ph Rougher Feed S~upler

Blasthole Samples

Is Not the Problem

No logical alternative
Zinc only/Lead only
Tailings Samples
Concentrate Samples
Tonnage
Flotation Recovery
Increase in Grades (Fe
and S.G. not known)

Tailings Sampler
Concentrate Sampler

... ~\
.. '.... When First Observed January 1st. Less Pb

dilution 05-25 Jan.

When Since Observed Continuous 24 hours per day
Dilution 05-25 Jan.

December

Intermittent

When in the
Operating cycle

Extent

Ph + Zn trend toge~her

(Note: Gra~h deta1ls
Dseful here 1n deiin1nq the
problem specific details)

-13$»rJ
Ph +/- 15% Zn +/- 11%
Nearly always negat~ve

Independent

- 5%

Not often positive
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Distinctions between "problem is"
column and "problem is not"
column

Do these distinctions suggest any
recent changes

Different sample points None

No change

Not known

Little relative change (detailed
on graphs)

Calculation methods

Pb and Zn concentration Pb/zn

Pb and Zn grain size

Timing of sampling No change

Lead and Zinc nugget effect Changed with changing ore types.
Graphs studied

Assays change 1ndependently No change

Dilut10n trends together No change

'7 Blasthole results calculated
in 5 day blocks No change

Pb Ro Feed sampler & blasthole
both manual No change. Pb Ro Feed observed

Minin9 areas and blend East and south Phase Vangorda

Temperature Yes fluctuated. Not recorded for
this investigation

Viscosity

~orking cond1~1ons including
daylight

Varies with temperature and mon~h.

Decem~er also dark

When dilution 'positive" only
1 or 2 days
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TESTING FOR CAUSE

The list of distinctions is taken one by one back through to
"specific details" of the problem. Unless it answel-S fully all of the
"problem is" and "problem is not" it drops out as a possible cause of
the change. As a consequence the list was greatly reduced to:

Dilution
Nugget Effect

Which Fits Common Sense:-

It was agreed that dilution was most likely. The Nugget Effect
was likely to be present in, and change in each orebody, but was less
likely to explain the jump to 13%.

Verification:-

The steps recommended by the team were a 3 - 5 day test of 100%'
Vangorda with dilution effects to be monitored over that period.

~:~Note: In following the problem analysis procedure, the team realized
more useful information would have been available should dry solids S.G.
be measured at the mill: waste assays were available, and plots of Fe
were available. Geologlcal work continued separately to isolate the
specific area of the orebody.
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^•0 METALLURGICAL INFORMATION

The discrepancy in grades was highlighted early January +/- 8th
late January +/- 27th, and in February. Consequently, statistics wer*
collected over these early periods. Dilution was isolated as a cause in
January, and no attempt was made at upgrading the metallurgical
statistics gathered for this latest, more rigorous analysis of
continued problems. Graphs of geological and metallurgical information
proved to be invaluable tools in the problem analysis.

•• P

•:
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4.1 HEAD GRADE SAMPLING

This is an obvious place to start ~nvest~gatinq head grade
discrepancies. Simple stat~stics are ta~led in "Met Table 1" attached ..
taken from the follow~nq sample points:

Sample

eSA

Pb Rougher Feed

Secondary Cyclone Overflow

New Flotation Feed Sample

Comment

X-ray weighted average. Sample is somewhat
biased. Calibration is way out of date.
The accounting sample, taken from
the eSA primary and secondary sampling
system. Tertiary Cyclone overflow Hand cut
full stream. Composited over shift.
Visually reasonable. Sample integrity
depends on the operator.
Hand cut grab sample from part of stream
only. Interm~ttent. Visually poor
technique.
Automatic. Installed after start of
critical period. Needs minor modifications.
No statist~cs collected/used in this
analysis.

Statistics Summarized 1/1/91 - 26/1/91

Pb Assay % Zinc Assay % Rank
Standard standard

Sampler Mean Dev~ation Mean Deviation Ph Zn

GSA 2.99 0.19 4.63 0.44 ? 3.J

Pb Ro 2.78 0.31 4.56 0.31 4- 4-

Tert. 3.14 0.33 4 ClI:. 0.33 2 1......
Sec. 3.18 0.31 4.80 O.lJ:3 1 2

The rank number aLLocated is an attempt: to slmpl.~fy the statistics.
i. e. Rank. 1 is the Ito::.t favour3.~le II £01- tl'le 1'-i'::"f lng Department". Hank 4
is the least f avoi.1rable II for t:.he Mlning DepartTllent: II •
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as the
worked on,
part of the

cyclone
= 4.84.

Use

4.1.1

a.

CONCLUSIONS - HEAD GRADE SAMPLERS

The OSA was expected to be the odd result
calibration is out of date. (It is being
as is upgrading sampling to the OSA, as
Mill Distributed Control System Project).

The OSA standard deviations are at the extremes of the
figures calculated.

standard deviations of the others are generally close.

The Ph Ro Feed Sample showed the lowest average Pb and
Zn.

The ranks suggest secondary and tertiary sampling are
close.

Discounting the OSA, the average assays over the period
were %Pb = 3.03, %Zn = 4.73.

In the absence of other informa~lonr the tertiary
would be the best sample to use. %Pb = 3.16, %Zn
Reason: It is the median. It is not the average.
the median. This is confirmeQ in any statistics
textbook.

h. Added sample points and info~mation acd to tne
confusion. Four samples add to the data, rather than
ciarlfying the data (Now 5 samples with the
commissioning of the new flotatlon feed sample in mid
.January) .

i. Use of one good samp~e point is bes~ (With a contingency
ready on mechanical failure).
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4.2 HEAD GRADE GRAPHS

Information on Met Table 1 Head Grades is presenLed on 2 graphs as
attached, section 8.0. The graphs add to the information.

Met Graph No.

1
2

Assay

Pb
Zn

Type

Cusum
Cusum

With so many sample points, a normal graph of assay against time,
would contain too much information. Instead a graph called a Cusurn was
used. This type is useful for following trends, as can be seen. Cusum
= cumulative sum of the difference. A simple mathematical device =

I:(A-B) where A is the individual assay, and B is the average of the
assays taken. When the Cusum trencs down, the assays are below average.
When the Cusum trends up, the assays are above average. The Cusurn is
especially valuable in trying to isolate turning points, and periods of
correlation.
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4.2.1 CONCLUSION - HEAD GRADE GRAPHS

a. Lead is trending below average until the middle of
the month.

b. Lead is trending above average from the middle of the
month.

. ~

c. All four assay streams follow the same pattern. The~'
samplers are successfully picking up th~ major lead
trends. ~ .

d. The OSA shows less variation (confirmed by standard
deviation) .

e. The zinc trends are independent of the lead trends.

f. Zinc falls early in the month, but rises in a time
period where the lead remains constant.

g. Zinc assays are below average in the last 6 days, lead
assays·are above average.

'., ~ ..

h. All four assay streams follow the same pattern on zinc.
The samplers are successfully picking up the major zinc
trends.

i. The samplers at the mill feeds are picklng up the
trends. "Housekeeping" and investH]atlon are required
to choose the best sampler.

j. These 2 graphs have different turning points. The graphs
for discrepancies Pb and Zn (geology graphs) show the
discrepancies turn at the same time.

It is unlikely that head grade sampling or changes in
head grade sampling at the mill causes the discrepancy.
(Verified by problem analysis procedures).
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4.3 CONCENTRATE PRODUCTION

This is a less obvious place to continue invest~~a~inq.

However, the information attached adds s~gnif~cantly to the discre;~ncy

problem analysis. Met Table 2 lists monthly discrepanc~es with~n the
plant. Information on this Table is also plotted as follows:

Met Graph Assay Type

3 Pb Time plot. A "normal II graph of the result
against time.

,-

4 Pb Cusum. The same information, translated to
show trends.

5 Zn Time plot. A "normal" graph of the result
against time.

6 Zn Cusum. The same l.nformation translated to show
trends.

The graphs actually show the concentrate produced compared to ~~e

concentrate predicted from the head grades (Pb Rougher Feed). The
:cigure is calculated each month r and is plot~ed monthly ove: 1990. ~t

~is based on the simple mass balance formula thaL states:

Minerals entering the plant = minerals leaving plant as concentrate
+ minerals leaving plant as tailings

It is important to note that the graphs indicate how well the c_ll
is measuring itS8lf (heads, concentrates, taill.ngs, tonnage). Ska~~~y

stock changes, where applicable, have been added back to s~ow the b~st

estimate of actual production .

......."
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4.3.1 CONCLUSIONS - CONCENTRATE PRODUCTION

a. Pb is almost always positive, average 415.5 tonnes.
i.e. more concentrate is prod11ced than is predicted
from head grades and recoveries.

b. Pb is almost always within 5%. There are 2 major
exceptions.

c. Pb is frequently within 3%.

d. The large -ve in September is followed by a large
+ ve in October. It reflects poor stock estimates
only.

e. The Pb positive 415.5 tonnes average equates to
2.7% for the year.

f. Ignoring the 2 llflyers" september and October,
standard error = 2.03%.

':' .. ":::" g. Measurements within the plant probably cannot
explain the "normal" 5% difference mining vs. plant.

h. Measurements within the plant probably cannot
explain the recent 13% difference mining vs. plant
unless there were some recent significant changes.

i. A Pb Concentrate actual tonnage 2.7% higher than
precicted means ~hat ~he mill is uncerdeclaring
head qrades (Pb) by a similar proportion, or
underdeclarina Pb recoverv by a similar ­
propor~lon. More concen~rate 1S being produced
than predicr.:ed.

The more likely is underdeclaring recovery.
Reason: - Mine and Mill grades are assayed by
similar methods. - Tailings samples are at low
grades and (within assay lab) dllution effect or
physical effects are more likely.

j. Pb Cusum (Met Graph 4) shows no particular trend.
The variation in Pb 1S almost random (a welcome
conclusion) .

k. Zn is both +ve and -ve.

1. Zn is almost always within 590o.
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m. The large -ve values are followed by large +ve
values. This has occurred 3 times (and occurred on
Pb once). These reflect poor stock estimates
only. This is a significant conclusion. The plant
personnel are pressuring themselves when a -ve
is reported. The change the following months
indicates the true position. Metallurgical
accounting is provided good self checking.

...... Jr. ~ ._ ,., v... • ~~ •

n. Zinc graph 5 seems to' indicate the aVerage
discrepancy.

~

o. The actual calculated average is +411.8 tonnes.
This equates to 1.4%. Standard error of
estimate, as % = 2.8%.

p.

q.

w1 hin la1n t
re

Measurements within the plant probably cannot
explain the recent 13% clfference mining vs
plant unless there were some recent significant
changes.

The more llkely is underdeclaring recovery.
Reason: - M_ne and mill grades are assayed by
similar methods. Tailings samples are at
low grades and (within Assay Lab) dilution effects
or physical effects ar more likely.

r. The actual recovery values are important to the
Mill. Of more importance however, would be how
to increase the recovery.

s. Zn Cusum Met Graph 6 coes show a trend - below
average to August! and above average since. The
trend rough2y e~uates to 1.7% above average in
the recent months. No reason for this could be
found at this level of investigation. It 1S
not importan~ for th1S lnvestigation. It would
only become lmportant 1i the trend continues.

t. Relating these graphs to the Ro Feed Sample would
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indicate that this sample is a f~~rly

of the incoming head grade. At ~orst

Pb by an average proportion of 2.7%.
low on Zn by an average propor~10n of

good estimate
it is low on
At ,",orst it is
1.4% .

u. Met Graphs 3 and 5 can also be coiled qual1ty
control graphs. Quality control graphs can be
used as a powerful tool. (ref. Deming, Japanese,
stat. Textbooks). One danger however, is in
over-reaction to changes. The action/warning limits
must be properly set. It is suggested that a
3 to 5% variance on expected concentrate production
is acceptable at this point in tlme.

v. The best mill head grade sample ~o use for
future accounting purposes canno~ be predicted
from the work so far undertaken. The Pb Ro~gher

Feed is not a poor sample. It is likely that
the New Flotation Feed Sample ca~ be used as d
substitute. It presently re~~ires work on
the knife cutters, and downp:p~, to minlffiize
potential bias in these areas. ?roper Courier
calibration, and primary samplin~ will be ~he

ideal combination of accounting sample anc
contingency sample.
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U GeologyAUning

Two potentially major causes of the discrepancy between mill head grade

measurements at the lead rougher feed and mill head grades estimated from the

blasthole database have been identified as likely:

External dilution in the pits.

Nugget effect changes in different orebodies and within the same

orebody which ultimately lead to errors in calculations.

U 1. ~] Dilution

If external dilution is the only source of the discrepancy between blasthole

grade and mill head grade then lead and zinc grades should be affected equally.

That this is substantially correct is illustrated by Graphs A (Monthly cumulative

sum apparent dilution for lead and zinc, 1989,1990) and B (Daily cumulative sum·

apparent dilution lead and zinc, December 1990 and January 1991).

The apparent dilution is calculated as follows:

Ph apparent dilution (I) : 1 Pb Blasthole calc. - I ph in Kill Beads *100
J Ph ill Kill Beada

which in essence reflects the difference between blasthole predicted mill head

grade and actual mill head grade measured at the lead rougher feed. The formula

has the Banle fora for zinc. However, as the attached graphs show, the calculated

apparent dilutions are not the same, and some other cause must be found to

explain this part of the discrepancy (See 2 nugget effect.)

Internal dilution, which is included within the ore blast, is accounted for in

blasthole assaying. No effort is made to predict external dilution when

forecasting mill feed grade from blasthole grades. Historically in the Faro Pit,

the ore dig packets which contained most of the mill feed were a full bench in

height and of significant lateral dimensions. This situation tended to mask the

small amount of external dilution present limiting it to around 5%. Current

mining, however, particularly in the East Phase of the Faro Pit, has been largely

in long narrow (One to three blastholes wide) lenses of ore, which might be

expected to lead to high rates of external dilution: possibly from 14% to 42% ae



indicated in the table below. A theoretical estimate of dilution can be made for

varying widths of ore dig packet using the attached table. Assumptions:

1. broken/blasted rock at dig face slopes at 630

2. ore zone is vertical

3. density waste =density ore

4. all waste delimited by dig slope is mucked as ore.

Width of • of Bla.stholes Volume Ore Vol~ Waste DiIn.
Ore Blast Feet (AceBB Width) Olbic Feet Olbic feet X

=
24 1 4BO 200 42

48 2 960 200 21

72 3 1440 200 14

96 4 1920 200 10

120 5 2400 200 8

144 6 2880 200 7

168 7 3360 200 5

::( Owing to the assumptions the above table represents a worse case scenario.

5.2 2. Nugget Effect

Some mechanism other than external dilution must be found to explain why

blasthole lead grades are in general more overstated relative to mill head lead

grades than blasthole zinc grades are relative mill head zinc grades. Nugget

effect can explain this difference from both the theoretical and observational

viewpoints. Semi variograms for lead and zinc at Vangorda are attached showing

what appear to be very small nugget effects (Y axis intercept). By contrast the

nugget effect at Faro is significant, according to Dagbert (p iii) explaining up

to 35% of sample variance. (Rock types 40-70). This suggests that ore sorting

and the calculation of grade in dig packets may be prone to greater error at Faro

than Vangorda.
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GruIm aDd DetAil.

Q.nlatiYe Sma Am?anmt. Dilution far Lead. Zinc (lor years 1989190 - by Month)

'D11s cumulative BUIll, as are all tho

Plotted

Rbere A =value and B =Ilean of va

aDd those prior to it.

that follow, was lotted using e formula:

= (A-B)

8 and inc1 only th plotted

..-

In this case the values represent relationship bebreen blasthO predicted

.mthly mill head grades and the monthly millllead grade meallUred at the

ead rougher feed in the mill. The lative SUJDB are plotted us a monthly

apparent external dilution cal from the blasthole grades BG), which

contains no allowance for external • ution, and the 1 bead grade (MHG), which·

does contain external dilution. following form was used:

Apparent external grade dilution = BG - * 100

aost of the time. Over

have zero grade.

ion which fol108 are to eDernal grade

te: a)

b)

1.

2.

3.

Dilution is considered

All references to

dilution calculated as ab:JVe

Lead and zi.Dc values a consistent t

the two year period i rated.

Apparent dilution for is generally gea.ter thaD far zinc (Note

a) there are larger 9 ive .ill aetallurcJ.ca1 balance adjustments

for lead than for zinc nugget effect far ead in the orebody

is higher than for zine_)

There is a ccmDOn fac affecting a dilution both lead

and zinc, giving a trend in values, but a second factor

causing the values ( t dilution) to})e different.

,.......
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JlAgAmOOr/90 - Januarv/91 numra Bla.athole mx -va- lUll Head mx

1. Trends for blasthole predicted lead mill head grade and assayed lead mill

head grades during Dec/90 and Jan/91 plotted as a cumulative sum.
, ,

2. Difference between two curves is directly related to apparent dilution

(and-part of the difference is no doubt related to actual external

dilution).

3. "Apparent Dilution" is used in the following ~e8 to express the

diffe~nce between blasthole predicted mill head grades and mill head'. ,

grades determined by assay of samples of lead rougher. feed •
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Dec/90 - Jan/91 Cusum Blasthole ZN X -vs- Mill Head ZnX

Same comments as for lead ( see previous page)
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Cumulative awarent Dilution for A>tln Kill IJAade Deem and JAD/91

This graph shows two cumulative sums for apparent dilution of lead gr~de and zinc grade

plotted as previously. The time span covered is December 1990 and J~uary ·1991, when

at times the mill head grade and the blasthole .predicted mill head grade were

significantly different.

1. As over the two year period described before, the trends for the lead and zinc
. .r.-·

cumulative sums are generally the same, and their magnitudes different.

2. Conclusions as for the two year period. .- two "causes" are i~ operation, one

affecting both lead and zinc apparent grade dilution, and the other affecting

primarily one of them.

3. Dilution would affect both lead and zinc grade apparent dilutions and account for

the common trend.

4. Overestimation of blaathole block lead grades (or underestimation of zinc grades)

would explain the differences.
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Dec/'90 - Jan/91 Apparent Dilution RljZn -va- raro U/G reed

This graph checks for a relationsl:lip between apparent grade dilution in the mill feed

and .the contained percentage of underground ore. Cumulative SUDUS for apparent lead
. : .

grade and zinc grade dilution are plotted as before for the period December/90 and

January/91 and compared with a cumulative sum for the percentage of Faro underground

ore in the mill feed.

1. December 1 - December 31 - apparent grade dilution for lead and z~c is. .

decreasing, however after December 19 the percentage of Faro underground ore in

the mill feed is increasing.

2. January 1 - January 10 - apparent dilution is decreasing and Faro underground ore

(as a percentage of mill feed) increasing to January 3 then decreasing. .

3. January 11 - January 31 - little trend in apparent dilution but proportion of

Faro underground ore in mill is increasing.

4. The above suggests Faro underground ore is not the source of changes in apparent

grade dilution at the mill head and therefore is not resPonsible for the

discrepancy between blasthole predicted mill head grades and mill head grade

measured at the lead rougher feed.

."
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DecI90 - JonI91 eum. Apparent Dilution Pb And Zn -ya- VangordA Ifill feed (I)

This graph checks for a relationship between the percentage of Vangorda ore in the mill

":. f.eed and the apparent grade dilution exhibited by lead and zinc at the milt head (lead

rougher feed). The graph is constructed in the same way as previously for Faro

underground ore.

1. December 1 - December 31 - general trend of falling apparent external grade

dilution in combination with generally increasing percentage of Vangorda ore in

the mill feed.

2. January 1 - January 10 - increasing apparent external dilution matched against

decreaaing content of Vangorda ore in the mill feed.

3. January 16 - January 31 - no good trend in apparent grade dilution during period

of dropping then rising proportion of Vangorda ore in the mill feed.

4. The above suggests Vangorda ore ia not the source of apparent external grade

dilution and therefore is not the source of discrepancy between blaathole and

mill head grades.
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DeeI90 - JanI91 ApParent Dilution Pb/Zn - va - Faro Pit Feed

This graph checks for a relationship between apparent grade dilution and the percentage

of Faro Pit ore in the mill feed. It is constructed in the ~ame way -as the previous

two graphs and covers the period from December 1/90 to January 31/91.

1. December 1 - December 31 - generally decreasing apparent dilution accompanied by

generally decreasing content of Faro Pit ore in mill feed.

2. January 1 - January 10 - strongly increased apparent dilution .accompanied by

strong increases in proportion of Faro Pit ore in mill feed.

3. January 11 - January 31 - decreasing content of Faro Pit ore in mill feed with

little change in apparent dilution.

4. Apparent dilution is strongly related to proportion of Faro Pit ore in mill feed

for most of December/90 - January/91.
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DeeM - Jan.,l91 Apparent B>1Zn DilutioD - VB - S ftaaAQ mIl Feed

D.1ring December/90 and January/91 Faro Pit mill feed cam~ from two mining areas; the

South Phase (3390 Bench) and the East Phase (3550 ~nch).. This graph relates the

proportion of South Phase ore in the mill feed to apparent· dilutioD. data CClDBS

frua "aining statistics" (the only place where mining phases are differentiated) 80

there may be a lag time between in the dates of correspo~di.ng inflection pointe.

1. The proportion of South Phase ore in th.e mill feed, is not .related to apparent

dilution in anything except perhaps a negative way (~ee December 1 - 10, January

3 - 10, January 28 - 31).

2. Note that from December 26 to January 20 there was no ore mined from Faro South

Phase (straight on graph).

3. South Phase is not responsible for increases in apparent dilutiOll_
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Dec/90 - Jan/91 Apparent Pb/ZD Dilution - va - I Phase reed

This graph shows the proportion of East Phase mining, by day, related to apparent grade

dilution for lead and ~~nc.. All graphs are plotted as cumulative sums. The percentage

of East Phase ore in the total ore mined was used as a proxy for the proportion of East

Phase ore in the mill feed.

1. December 1 - December 31 - generally decreasing apparent dilution with decreasing

content of East· Phase ore up to December 16, and modera~ely increasing

proportions after that.

2. January 1 - January 10 - strongly inCreasing amounts of apparent dilution with

large increases in the proportion of East Phase ore mined (in mill feed).

3. January 11 - January 31 - decreasing proportion (none) of East Phase ore in mill

feed at the same time as level trend in cumulative sum apparent dilution curve.

(Le. "average" apparent dilution).

4. Of the two mining phases in the Faro Pit only mining in one, the East Phase.

correlates well with increased in apparent dilution~
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~ine and Mill Jan/Feb 91

~.O CONCLUSIONS - DETAILS

6.1 PROBLEM ANALYSIS

a. The January/February problem is caused by dilution.
Although the exact dilution source has not been isolated
by this analysis, it is most likely from the Faro
Pit East Phase.

b. Measurements within the Mill over 1990 show average error
Pb = 2.7% relative and Zn = 1.4% relative. These
are less than the normally accepted 5% discrepancy. The
5% discrepancy ~herefore mainly lies elsewhere.

6.2 METALLURGICAL

a. The Mill Me~allurgical balance includes a self-check
test. This compares predic~ed concentra~e production
to estimated concentrate production.

b. The Mill measures its waste product (taillngs). The mlne
do not. Any trend on mine waste would lead to rapid
trend identificat10n and should be encouraged. (Absolute
values are less important thao the trend, where the
objective 18 to monltor dllution.)

c. Mill Feed Samplers all pick up the trends. These
statistics lndlcated the accounting sample - Lead
Rougher Feed was a good overall sample over 1990.

d. Pb and
and Zn
change
at the

Zn Head Grade turning points are independent. Pb
d1screpancies M1ning and Mlll largely trend and

together. This supports the suggestion sampling
mill lS not the problem.

e. The Mill Concentrate Production predlctlon from Lead
Rougher Feed lndicate errors of Ph of 2.7% and Zn of
1.4%. It is likely these equate to an un~erdeclaring of
recovery.



.l.~.;':\ 6.3 MINING/GEOLOGY

a. External d~lution is being caused, ~d it ~s likely this
comes mainly from Faro Eas~ Phase.

b. Nugget Effe=t changes in different c.=ebcd~cs. and within
the same orebody. This u~-:lmately leads to errors :.n c.~l-=ulations.

~~,~
~" ..
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^-line and Mill Jan/Feb 91

7 . 0 RECOMMENDATIONS

a.

b.

d.

e.

c

A verification test is necessary. It is the usual next/last
problem analysis step. e.g. Mining and Milling 100%
non-refractory Vangorda For 3-5 days. Watch dilution over
that period.

It is suggested that the Mining Department try to establish a
method of sampling waste left behind. Although actual values
would be difficult to obtain, through sampling inaccuracies,
any trend is important.

Useful tools have been shown - Problem Analysis and Cusums.
Trends should be kept daily, Cusums of Pb, Zn, Fe, S.G.

Pycnometer for S.G. should be purchased (est. S7500 as used
by Lakefleld). S.G. and Fe trends will help isolate dilution
by massive sulphides or other, when compared to Pb and
Zn discrepancy trends. S.G. should be measured on Mill Feed
Samples, and is an "indication" of ore mineral content.

Work should continue in improving Mill Feed Sampling (minor),
and this is likely to be the New Flotation Feed Sampler. OSA
Lead Rougher Feed primary sampling and calibration will
take somewhat longer - scheduled - 6-8 weeks.
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Met Tabl.

e.S.A. Pb Rou~her Feed Tert. Cyc elF Sec. C)"C e/P
Dat.e Pb Zn Pb Zn Pb Zn Pb Zn

----------------------------------------------------------------------------------
01-Jan-91 2.87 4.57 2.49 4.74 2.93 4.95 2.90 5.02

~ :.... 02-Jan-91 2.63 4.10 2.51 4.96 2.84 5.08 2.83 5.21. --
03-Jan-91 2.73 4. 53 2.44 4.48 2.58 4.52 2.60 4.46
04-Jan-91 2.79 4.63 2.12 4. 31 2.68 4.77 2.68 4.88
05-Jan-91 2.79 4.63 2.45 4.40 2.64 4.62 2.92 4.62
06-Jan-91 2.74 4.49 2.38 4.58 2.62 4. 31 2.54 4.09
07-Jan-91 2.97 4.84 2.86 4.28 2.62 4.21 2.87 4.19
08-Jan-91 2.82 4.12 2.67 4.18 3.45 4.83 3.17 4.42
09-Jan-91 2.95 4. 78 2.41 4.20 3.18 4.81 3.12 4.62
10-Jan-91 2.98 4.76 2.57 4.39 3.14 4.84 2.92 4.60
11-Jan-91 3.02 5.80 2.59 4.99 3.26 5.66 3.40 6.01
12-Jan-91 2.76 5.05 2.92 5.29 3.48 6.00 3.44 5.79
13-Jan-91 2.86 4. 50 2.87 4.53 3.05 4.86 3.02 4.98
14-Jan-91 2.93 4.69 2.66 4.42 3.01 4.69 3.16 4.73
15-Jan-91 3.02 4.85 2.90 4.59 3.24 4.84 3.57 5.05
16-Jan-91 3.13 3.43 3.09 4.56 3.53 5.02 3.59 4.95
17-Jan-91 3.15 4.97 3.13 4.67 3.62 5.14 3.59 5.04
18-Jan-91 3.00 4.87 2.96 4.74 3.49 5.22 3.40 5.19
19-Jan-91 3.05 4.98 3.07 4.81 3.27 4.99 3.29 4.84
20-Jan-91 3.07 4.78 3.04 4.50 3.12 4. 78 3.30 4.82
21-Jan-91 3.20 4.67 2.78 4.56 3.38 4.88 3.43 4.75
22-Jan-91 3.36 5.12 3.26 4.60 3.14 4.84 3.39 4.65
23-Jan-91 3.28 3.92 3.29 4.10 3.52 4.23 3.46 4.18
24-Jan-91 3.25 4.12 2.78 ... 56 3.67 4.66 3.59 4.70
25-Jan-91 3.22 4.56 3.33 4.59 2.97 4.49 3.17 4.37
26-Jan-91 3.23 4.56 2.78 4.56 3.29 4.66 3.28 4.56
27-Jan-91
28-Jan-91
29-Jan-91
30-Jan-91
31-Jan-91
----------------------------------------------------------------------------------
AVERAGE 2.99 4.63 2.78 4. 56 3.14 4.84 3.18 4.80

STD. DEV. 0.19 0.44 0.31 0.26 0.33 0.38 0.31 0.43

Rank Pb 3 4 2

"
Rank Zn 3 4 2

~"'.
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let Table Z.....
• DiCfereace Difference CUSUI

...:," Actual Tonnes frol Actual CrOI Xean Difference S Difference..t~ ..·~:
Dm Pb Zn Pb' %at Pb' ZnU Pb Zn Pb Zn

-----------------------------------------------~--------------------------------------------------.-

31-Jan-90 IH15 m04 m 1 Sf -305 54 -305 3.3 0.0
28-Feb-90 12310 11914 %0' -191 -m -1104 -19 ·1409 U .t,4uv

31-Kar-90 11m 31m lH 101% H. 155 HI ,SH 0.8 3.4-" ..- -tlt/l

30-Apr-90 18312 31816 m '3 -1% -304 -354 -941 U 0.0
31-11&;-90 15m 31m 1013 115 m -192 2H -1139 5.0 0.4
30-Juo-90 lH05 %1156 m -118 HI -m 594 -1623 6.2 -0.5
31-Jul-90 15803 3m8 'H 58 -140 -m 554 -1862 1.5 0.%.,V

( 31-Au,-90 ' 113%1 3m9 ,,, -, -9&.0 .. 5Z -1201 500 -3068 2.1 -t.?v ••

30-Rep-90 14%35 3%181 -1m 1691 -ml 1384 -9Z1 -1584 -f.I 5.% "

31-0ct-90 16815 34111 1m 1195 1m 889 590 -194 11.4 3.5,-
30-Mov-90 14131 30Z4% -9 1150 -U4 m 155 59 -0.1 U\
31-0ec-90 15850 Z9m m ·505 -m -81Z -50 -m U -1.1
%5-J&0-91 11402 Z1086 m 1m 60 m 0 0 4.Z 5.0 '

r

(

(

AVERAGE 15380.1 %9108.3 415.5 305.~

STD DEV. %030.0 41%1.% 634.1 805.5

l Ket Craph 3
t Ket Craph 4
, Met Craph 5
n Ket Graph 6

ft.
4.0

Z.4
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Met Graph 3

Ur~<;;ount~ Dlfforo~06 for LoOO CO~

.......-, .
" ..

I:
4)
V...
X.
.5
c:

2
E
E
0
~..
~

8
'tl

¥
.J..
0

!:
0

12

10

6

2

o

-2

-4

-8

I
1

.rf
/1

.,,)3/ I
.,.,.

-10

-12

.:51-Jan-90 .:51,Juf-90 .:51-0d-90

Met Graph 4

:J,,;;-::-.;;ounted Differ~r,;,;es for Leoo <;;0;';';

3O-.il.pr-9Q

''6-----

1"<3-·)cl'\-91.:51-0d-9031-...Iul-90

/~
l

i
"-,l';J /

'""\ ..
" I\. I

" I
~

1000

000

800

700
600

500

400

300

200
100

o
-100

-200

-300
-400

-500

-600
-700

-BOO
-900

-1000

.:51-Jan-90

c:

e
\l
L:
I:
o..

'" ". \... "



m

c

I
E

z
c

N

Hi

\

I

-6 -i 1-

Met Graph 5

Unaccounted Differences for Zinc Cone
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5. VERIFY

4. TEST FOR
CAUSE

3. POSSIBLE
CAUSES

BREAKDOWN ENQUIRY / PROBLEM ANALYSIS SHEET

Extent-How many units
-How much of I

each ,

---------'- ----------- -----------,-----------I
What -Unit A.List distinctions IB.List recent System

-Malfunction between 2A and 2B I changes
I

___________ ----- 1 -----

I
IWhere -Geographical I
I -On Unit I
I I , _
I I I
IWhen -First observed I I
I -Since observed I ,
1 -In operating I I
I cycle I I
I I I
I I ,----------

IExtent-How many unitsl I
I -How much of I I
I each I I

________ 1 I 1 _
I
IWhich of 3A or 3B explains BOTH the His H and the His not"
11.
12.
13.

-- 1 ---------------------------
I
IWhich of these fits common sense
IWhat steps are to be taken by whom

{..,:...'>"L.."t l _

COMPILED BY:------------- DATE: ---:- _
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