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STATISTICAL REVIEW OF THE "CANADIAN SAMPLING S -
PROCEDURE FOR MECHANICAL SAMPLING, (SECOND
DRAFT)", DOCUMENT ISO/TC-102/SC-1 (CANADA-2) 177E
by

Sutarno®
SUMMARY

| The second draft of the Canadian proposal for the sampling

- procedure for mechanical sampling submitted to ISO/TC~102 h‘aé been
réviewed from the sta.tisticai point of view, The sampling scheme was
found to be reasonable But the formulae used to evaluate the results were
~found to 'be unsuifable. A more conventional schéfne'for', evaluating the

‘ ré sultsv from the sampling scheme by analysis of variance techniques is
presented. The experimental results presented in the Appendices B, C,
and D of the second draft were re-computevd by this method. The second
draft, along with its Appendiéeé', is given as én Ai)pendix to the present

report for comparison purposes, -

*Research Scientist, Phy.sica.l Chemistry Group, Mineral Sciences Division,
Mines Branch, Department of Energy, Mines and Resources, Ottawa, - "

Canada, S : i
/ ) I
' ‘ ' |




INTRODUCTION

During recent discussions between the author and Mr. N,S. Eaton,
Chairman, CAC*/ISO/TC—lOZl, on the subject of the second draft of
"Canadian Sampling Procedure for Mechanical Sampling', Document
ISO/TC-102/SC-1 (Canada~2) 177E2, the author expressed his disagreement
with the formulae used to evaluate the data. Formulae (2) and (3), found
in the Appendix A of the above document’*, use the standard deviation of the
range as a measure of the analysis and preparation errors., In the opinion
of the author, these formulae are not suitable for this purpose. The standard
deviation of the range is not usually used directly as a measure of a
variation, For this reason, it was agreed that the author would review the
statistical aspects of the above document and would re-compute the data
presented in Appendices B, C and D of the second draft by a more

conventional method, This report gives the results of that study,

SAMPLING AND PREPARATION PROCEDURE

The sampling and preparation procedure described in Appendix A
of the above document can be illustrated schematically in Figure 1, The
number of increments*** necessary to obtain a certain precision depends on
the quality variation (intrinsic variation) within the consignment and on the
characteristic variations associated with various steps throughout the

procedure.

tl

*CAC = Canadian Advisory Committee
ISO = International Standards Organization
TC = Technical Committee
SC = Sub-Committee

*kThe complete document, with its own Appendices, is given as an Appendix

to this report (see pages 33 to55 ).

w4k For definition of the various terms used herein, see the Appendix, pages 37to 39,
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Suppbse that the number of increments required in order to
make a satisfactory assessment of the consignment Wa’s‘ estimated to be k,
These increments were then divided at random into sub-samples with
c increments forming each sub-sample, Since the number of sub-samples .
must be an integer, if is obvious that k must be an integral multiple of c;
also k = cr.

Fach sub—.sample was then submitted to a screening (sieving)
analysis, Having passed through this analysis, the size fractions Awere'
then re-combined to form the original r sub-samples, These sub-samples
then uhd’erwent a division process to provide m final samples from- each
‘sub-sample. Each of these final samples was then analysed for the quality
to be determined, with n "replic'a.te analyses beéing performed for each
final sample, i.e., a total of n xm x rvanal’yses.

'F rom the above proc'edui'e, the following -statietics were required
to be eétimated:‘ | -

. The top size of the consignmerit,

The ana1y51s error,

. The preparation error,
The qua11ty (1ntr1n51c') Variation throughout the consignment.

Total variation of the property to be analysed,.

o~ U1 b W N

. The number of 1ncrements necessary to achleve a certaln

requlred degree of prec181on.

- The top size of the consignment was determined directly from
the sieving test. All the other statistical parameters can be e‘stilmated .
simultaneously by the analysis of variance method.
" The basic assumption of this' method is that the tota_,i variations
of the analyseci values are ce.used by: | |
1. The variation Between the sub-samples, i.e,, the intrihsic‘ variation
of the con51gnment. | | |
2., The var1at1on due to the sample preparation (i, e., due to lack of mixing,
etc.).

3. The variation due tov' the,an_alytical error,
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Figure 1. Sampling and Preparation Scheme,



'Having estimated the various causes of variation, ene can then
estimate the number of increments necessary to obtain results with any

‘required degree of precision,

MATHEMATICAL DEVELOPMENT

Based on the above assumption conce'rning' the causes of variation,
the following mathematical model can be used to describe the sampling and

analysis procedure:

X, :?+bi+yij+z.. o (Eq. 1,)

where _
| x, = the individual value of the analytical result,

= the true value of the particular quality to be determined,

b.: = the deviation due to the quality variation of the sub~-samples,

1 . ' n
Yij = the deviation due to the preparation error, and . , |
z.. = the deviation due to the analytical error, |

ijv L

A fu;ther assumption will be that bi’ yij and Zijv are indep;nde;t,
normally-distributed variables with means of zero and variances of § , w
and oz-, respectively, ,

The splitting of the ‘sums of squares of the various deviations

. 3
from the means leads to the following analysis of variance table .,




TABLE 1

Analysis of Variance

Sou.rc_e of Sums of Squares Degrees of Mean* Quantity
Variation Freedom Squares Estimated
i=r
— — 2 2
Between mn Y (xi -X ) (r - 1) SS , 0‘2+1’1(.U2+m1’1l1]
Sub-samples i=1 oot |
, rem o 2 2 2
Preparation ny ¥ (x. -x, ) rim - 1) 8 g + nw
o ij. Ti.. 2
i=1j=1
i=r j=m v=n _ 2 2 2
Analyses DY vo(x.. -x..) rm(n - 1) S o
. . 1jv ij. 1
i=1l j=1 wv=1
i=r j=m v=n _ 2 2
Total DS o (XijV-X. ) .) rmn - 1 total

i=1l j=1 wv=1

“Note: "Mean Squares' is the ratio between the sums of squares and its number
of degrees of freedom.

The quantities with a bar (superscript) and dots (subscript) are the means of
those particular variables. The number of the dots corresponds to the level

of summation, thus:

%
I
™
™
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. 2 2 2
From the Table 1, the variance components, § , w and 5 , can

be estimated by the following formulae:

o =8, : (Eq. 2)
w —{ n } (Eq. 3)
1 .
. g2.g2 .z : -
3772
Y ={ — } o (Eq. 4)

The true value, u, can be estimated by the grand mean: -

iz=r j=m v=n

(Eq. 5)

x =y v T X, ‘
ceo =1 j=1  v=l 1Jv/rmn
with a variance of ' '
VIZ 1=V[bl+V[y 1+V[z ]
2 2 2
S AP I
T rm rmn
2 2 2
o mny 4+ np +g
- rmn
5
S3 , , '
v ['x] = tmn (Eq. 6)

The 95% confidence in’_cer‘va.l of the mean can then be computed as:

! ' 1
" ‘ = ¥ - : -
t0.975,_(r-1)'V[x... Fsusx by o0 pory Y IE

o=

X

ceveee(Eq. 7)




_7—.

where tO. 975, (r-l): the value from the t-distribution with degrees of freedom

of (r-1) and a 5% level of significance, These values, for various values of
r, are listed in Table 11,

| T he precision, as it is defined in the ISO/TC-102/SC-1 (Canada-2)

177E document (see Appendix, page 39 ) can then be computed as:

~ 2 1

97 - ( )
P t
0. 5,(1‘ 1) rmn

2 2 2 .3
=t mny +ny +g }
- 0-975,(1"1){ rmn
£,
W o
= y }
to. 975, (r- ].) { T Tm rmn (qu 8)

If the quality variation is expressed as Q, the standard deviation of the
particular characteristic throughout the consighment, and ¢ is the number

of increments to form a sub-sample, then

Q = C\l} ) (Eq- 9)
2 2 24 3
, _ Q - __o_} ’
Thus: P= t0.975, (r-1) { re * rm * rmn (Eq. 10)
where
rc = k, the number of increments,

rm = total number of final samples being analysed,
rmn = total number of analyses performed,
Q, w, g are the standard deviations of the intrinsic variation,
the preparation and the analyses, respectively.

The relative precision can also be defined as:

P
Prel = 5 x 100% (Eq. 11)

v e

and the total variation as:

_f2 2 214
Ototal_{c tow® oy }’“ (Eq.12)



RE-COMPUTATION OF THE EXAMPLES PRESENTED
' IN APPENDICES B, C,AND D '
OF ISO/TC-102/SC-1 (CANADA-2) 177E

In these examples the following parameters were used;

c = 5
r = 20
m = 2
n = 2

The computations in the present review were performed on a
CDC 6600 digital computer; the results and the original data are listed in
Tables 2 to 10, - - |




ARRERMDT /4 4,

Al

57 . hHi
58,45
5G.R3
60.40
60,73
58,78
61.05
60,07
67,729
63,91
59 .85
57.67
61.18
63.78
60,30
58,27
59.39
5R,82
60.20
59.71

TABLE 2a

g =OF = Jeb = A [NF e AP LED HEF ORE

>
N

57,98
54,73
59,77
£0 .50
0L, T4
59,17
~Y.060
A0 L08R
AP 19
~3.Hh5
B9, AT
L7 .,49
A0 el
A3 42
A0 .47
58,48
59,729
51,54
A0.10
59,94

\4,{\W

DATA

=]

5R,04
5715
59 .67
604
045831
H2.53
60«65
H9.A]
H1le56
H3eH7
L9e91
54483
blehG
h3 .45
AN 94
59.00
“Wl.T74
58,98
59,87

I RIER R

l-’z?

H,0A
57.33
54,60
6n 5"
60,90
91,94
A0 AR
5G40
61 ,3K
HRgbH
5G 02
SR, H0
Al ebm
SR I
~e L ThH
SH,97
52,48
53,497
59, 7%
60,110

-

WERCE Y

AR
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TABLE 2Zb

APPENNT Y. 8, wolyti=OF =Tk =0 [HE s SA4BLED AEFORE o FRDTNG = (8 RCENT [RON

ARAL YS TS OF VARTANCFE TABLE
1
SNURCES OF VASTATION SUMS OF PEGUEES OF AE i
' SOUARES FREFNO SOUALES
AETWEEN S1Jit=§amMp] F < 219,0098 g 11.526%
PRFEFPARATTOMN ’ 5.0316 ) 20 . ' « 7516
AETHEEN ANALYSES Y 40 c115Y
WITHIN  FINAL SAWPLE :
TOTAL ' 04,6791 79 - 2e7040
FOF=RATIO F=OisTRIBRUTION
FuS5( 19+ 20) 4% K2 Pela
FoQS( 204 40) _ 15,78/ Y .
GRAND E AN j CAN.0160
SETWFEN SUR=SAMPIFS VARIAWCE  2.RIAR STGNIF TOANT
PREPARATTON VARTANCE ' 1178 STGNIF[CANT
BETWEEN ANALYSES VAaw)ANCF 159
TOTAL VARTANCE 2.9526
VAR TANCFE OF THE GRAND ME AW ag)
A% PEPCENT CONFINENCE INTFRVAL $9,22 710 F0 AT
PELATIVE PRECISION - 1.32 . PERCENT .
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TABLE 2¢

APPENNTIX R,y WH=OF =THF <=M ] E « SAMPIFD BEFORE K EFNDING = PERCENT  TwO

NUMBER OF THNCORFMENTS REQLTIREND FOR VARTOUS PRECISTOMS

NIMRE S OF Pt CTISTON PERCENT
TNC . NS YTE PEL AT TVE
ch 2.70 4,509
g4 loa? 7.3~
=9 1.n8 1.840
W « 90 1.5)
109 . 79 1.32
129 .77 1.172
140 oY) : .10
1n" e n1 1,02
1= N o A
20N e D A
220 7 . H5
24N e 19 JH2
PAN a7 e
2494 A5 WTA
0N s o 17
320 Lar ' e
40 o] o b5
361 o4 «HA
3r41) « 39 «H5
4D . 3R 6
420 37 .l
L4040 . 16 < BN
06" . 16 LHN
Ll . 34 7
5ty . 4 .5¢



- 12 -

TABLE 3a

APPENDTX H. RUN=DF«THE=MINE ySaMPILED REFORE SLENDING = BERCEST MOTSTURF

RAW DATA -

AT hp , i1 R2
1n.14 10416 10.28 10,20
10.52  10.76 1048 1n.6x

Iy 7436 . 7.52 797
940 9,56 ' Yol 9,57
7.97 T R4 © 788 7 B4
9,84% 9,76A .88 LOu 04
2,32 G, 37 9,36 V.40
7 68 . 7.77 7468 TeTh
HoAD BeH2. L 9.12 Q.00
7.80 T84 3a12 2,00
g.qp Yelh ' ' Q.4H 9 -,L*"H
2,80 Yo TH ' 9400 RLHR
Q2,04 Bole £e00 792
7.35 7,40 o 7452 7,52
7436 740 : Y 7456
7.9% 7e9? ‘ . BW06 7,96
.32 R, L Bols 8 Hog 4l
a,12 3,00 Ra0u ", 00
9,36k 9,56 T 94h4 984

9,68 Y. A8 9,96 1n.04
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TABLE 3b

APPENNDEX Ty RUN=OF =THE =1 INE s S/ M
ANAL YSTS OF VARTANCE TAH

SOURCFS OF VARTATION SuUMS OF

SQUARES
RETHWMEEN SUR-SAMPY FQ 78,2039
PREPARATTON . 204G
RETWEEN ANALYSES « 2552

WITHIN  FINALL SAYLE

TOTAL 79.0795

F-R
FeOS5( 19« 70) ' 13

Fe95( 200 40) .

GRAND MEAN

- \
BETWEEN SUR=SAMP|] £S5 VARTIANCE
PREPARATION VARIANCE
RETWEEN ANALYSES VAR TANCF

TOTAL VASIANCE

VARTANCE OF THE ARAND MEAN
95 PFRCENT CONFINENCE TNTFRVAL

RELATIVE PRECISINN

FORE B3t

LE

NEGH
FREF

1a
210

40

79

ATIO

2.69

G o6

8,7225

1.0217

«N123

H0AL

1.0396

FMDIMNG - PReCENT OIS TURE

EES oF ME nt
YL SQUALFS
44,1160
«071310
e 1004
lennlQ
F-DTRTRTIRBUTION

STONIF TCANT

STOGNIFTCANT

0 qo?“)

PERCENT



TABLE 3¢
APPENDIX R, RUN=OF=ThF=-MINE,SAMPLED BEFORE BILENDING = PFRCENT MOTSTURE
NUMRER OF INCREMENTS REQUTRED FOR VARTOUS PRECISINNG
MUMEER OF PRECTISTON PERCENT
TrCo AESO UTFE RELLATTVE
20 1.A1 16,51
4 ) g,7?
(S ] : YA T ¢34
10 GG L BP0
100 ' a7 S. 44
R W43 4,91
a0 - <139 4.5
160 7 .37 4,19
181 A 3.97%
200 . . 37 _ 3.72
220 A 3,54
2410 P9 3.30 .
260 , .78 3024
2680 CWPT 3,11
300 .26 3.00 .
320 - 25 _ 2.90 )
340 .25 2.8
361 ' 24 2.713
IR0 « P23 - 266
400 v 73 2.59
429 PP 2.57
h4h ‘ .21 2 hh
460 L2l 2.4
4adn 21 2.e3h

500 ' ‘ .20 _ 2.3




Appendix B, Run-Of-The-Mine, Sampled Before Blending
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TABILIE 4

Statistic Percent Pe‘rc ent

Iron Moisture
Grand Mean 60, 02 8.72
Intrinsic Standard Deviation 3.75 2.26
Preparation Standard Deviation 0.34 0.11
Analyses Standard Deviation 0,13 0,08
Total Standard Deviation 1.72 1.02
Precision at 100 Increments 0.79 0.47
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TABLE 5a

APPENDTX Ch TRON O8F. CONCFNTRATE = PERCEMT TRON

rAw DATA

Al Az C B1 R?
HFe36H AR SRR P HAh e P8 6o 34
Ah 28 HhHLL 656612 AAGLO
AG LGS Y YA (AP0 Ay 30
RYSIIRA Ahe 44 ' AhH hA.HN
AL bb Hfrol? H6e36 Y YA
6% o AL A5 .53 65 ¢ BH f3.717
65439 684573 65472 65, H5
65,47 5.9 A5 R 6637
A5 .31 65453 ' CA5.39 HaE 45
A5 64 A£G, A9 : 6572 65,77
65 .88 65485 . 65480 H5he 02
65.39 65.A1 HSe4T 5,45 .
66428 FHe3? , . H6e60 hhe3?

6628 Ah 32 . A6 28 H441A
AH PR Af. N8R Fhe 36 AR, 24
Y FALZR ' Ahally hHhe36
H6 .28 A£Re20) : ’ 6 e 20 6628
66.52 6625 AhHe36 Y
HA 36 A 1? Ao PR HAL 20

66.36 H6436 65428 HA L4




APPENDTX C, IROHW NWE
aNALYSTE OF

SOURCES OF VARTATINN

RETWEEN SUH-SAdPL F Y
PREPARATTON

QETWEFEN ANAL YSFS
WITHIN  FINAL SA#RLE

TOTAL

- 17_

TABLE 5b

CONCFNTRATE = PERCENT 120N

VAR TANCE TAHLE

su4e oF NEGEES OF
SMYARES FREFN(

eanTr7 1

7853 ol

ol 34 4n
10,2963 79

F=RATIO  F=-DIST

FaGS( 19e 20) 3R.12

Fo35( PNe 40) 1.25

GRAOANTD MFAN 66,0726
RETWEEN StIR-SaMP) £ VAR [ANCE « 17231
PRFPARATTION VARTANCE 21013
AETWEEN ANALYSFS VARTANCH L0106
TOTAL vAL[ANCE « 1350
VARTANCE DF THF AN MEAy JONAT

35 PFRCENT CONEFINENCE

RELATIVF PiECTSTON

INTERVAL  6%,91 T

25

RS

SAUALE S

N
. 133

106

« 1303

=I1RUTION

calds

I.QQ

STGNIFTCANT

TNSTIGNTEICANT

G ePl

PFRCEN?
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TABLE 5¢

APPENDIY C. 1RON .NRE CONCEMTRATE - PERCENT Tw(ON

NUMIER OF iNC%FHfNT% REQUTRED FOR VARTOWS PRFCISIONS

NMBEEL OF O PEECISTION PERCEMT 3
THNC. ARSI UTE RELATTVE 7
2N . o7 ' HA
40 : .20 A
A « 73 , S W34
AD S ) .20
100 .17 .28
120 .15 W23

CT4n L4 , A
149 13 «1G
1an 17 . o1
200 ) .11 : S
r2n ' W11 - 1A

240 ’ 107 « 15
260 . el o 15
280 4 .10 ‘ 14
300 N9 Ll4
120 . N9 R
340 , .09 ' .17
IAN 08 .17
A0 W Wl?
400 X . .()8 ¢1>
420 NGE - .12
4an A LR 1
461 ' « 7 e11
AN i ol

500 7 o 11



- 19_

TABLE ba

APPERNDTX C. 130N ODF CONCFNTRATE = PERCENT wmaISTURE

Raw UATA

Al 02 11 32 !
7RG P =B 2 A8 Pel?
217 Sl 2ebb P60
2.16 2 B4 240 Pal?
2,80 P RD PerD g
2«4 P N ?eHG D BR
Falr 2e5? 2436 24t
?.hG 205 2 ebHH P eb4
72 hb 7254 Pebl ?abb
212 24772 2.2 P.T6H
2452 2anh 2elh Db
2ol 2.16 2e 04 P04
7 h4 il ?.68 el
3.00 2.9h 2«96 2,96
2.R4G 2 e 760 2eb)
2.60 2 AN 2.56 2460
264 ?eHR 2eHb Do b
7ol P4 a4 P e36
2.00 1.96 1.38 1.97
2.80 P RN Pelb Pelh

2.92 T 2.96 2,96
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TABLE 6b

APPEHIDIX Co IRIM NEE COMCEFMTRATE = PERCENT “OTSTURE

ANAL YSTS OF

VAR TANCF TangLE

SOURCFS NF VAR TAT [ON SSUMS OF DEGREES OF
' SOUARES FREFDHO#
RETHMEEN SUR=SAMPY 3 448391 16
PREPARATION . L0792 20
RETWEEN ANALYSFS - 072823 ay)

NITHIN FINAL SAmP(F

TOTAL , 449471 79

FeO5( 194 20)

FeG5( 204 40)

GQANﬁ E AN

BETWEEN SUB~SAMPI S vARTAMCE
PREPARATION VARTANCE

RETWEEN ANALYSé@“VAéIANCF
TOTAL VARTANCE

VARTANCE OF THF GRAND . MEAN

95 PERCENT CONFINENCE INTFRVAL

PELATIVE PRECISINN

A E £da
SHULIE S

° 7‘7‘47
;0040

w0007

» ’6)26

F=RATIO  F=DISTRIBUTION

64.32
5.50
é.@elo

0NR27
L0016
0007
0650

(032
2.50 . TO

4,51

2el4

1.854

STIGNIFTCANT

STGNIFTCANT

2els -

PERCENT

3




APPENNTX €. IRON ORF CONCENTRATE = BERCENT 90TSTURFE

NUMRER QF THNCREMENTS REQUTIRED

NIMARFS (OF

THC.

‘,)(\
L0

~ N

1an
120
146
1A%
| &)
200
229
249
250
230
3un
372
45
RN
30
L4010}
440
Loyt
Sl
fHlan

500

- 21 -

TABLE 6c¢

PLECTSION PERCENT

FUR VARTOHS WRFUISTIN S

ASSOLUTE

RELATTVE

o (2 f) 1%,3>
« 21 n, o
.16 hol?
.13 5,17
.12 4,51
11 4,07
<10 3.73
.19 3,47
19 3.25
L OR 3,02
.Y 2.9
o7 280
il 7 .62
il 2 .55
-7 2utsy
L1016 240
« N6 2.3
L 2.20
« 06 2.00
6 2.14
« 75 2e07
15 2elles
£ 115 1.90
« 15 1.9%
’“(:) loq]



Appendix C,
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TABLE 7

Iroﬁ Ore Concentrate

0.17

e

Grand Mean 66, 07 2,62

- Intrinsic Standard Deviation 0,78 0.56
Preparation Standard ]jevié,tion 0. 04 0, 04

: (Ins)

Analyses Standard Deviation 0.10 0,03
’i‘otal .Standard Deviation 0.37 0, 25
Precision at 100 Inc’:remer:lts' ‘ 0,12

Ins = Statistically insignificant

at 5% level of significance,
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TABLE 8a
’ APPERNDIX Do TROLr OF PELLFTS - PERCENT TRON
ShAw LATA

Al ne R B2

63 .27 AHE, 95 H% .95 HY 94

AR, RT A% .95 H5.79 65,65

65,19 Aoyt 65«85 65 47

S LA AY LR A5 ebT 6H3 .55

AG L 4T AG .45 5% 431 AR 49

65,63 A% 45 5463 A5 b5

65 .43 5,45 A5 0633 AT 4Y

65,413 65,39 HG o ah 6531

AG 45 A%, 30 6HS et 8 A% 4]

H5 40 A£G a7 A5 48 AR 47

65 .43 A58 A5 .40 6431

65 .4 65431 55 o 48 6H% 39

AT .32 Al e 21 - AS .8 AS L3

68,417 3 55432 6331

65.47 TR 6HS b7 AR .39

- 65.47 A5, 55 6ES b7 AL, 3y
65.55 AG 4R 6539 PR b

A% .39 A5, 31 £%.23 ASe31

- . £5 .31 ~501% 65 4R A 4
AS.23 A3 3] 6554739 A3.31
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| TABLE 8b
APPRENDTL Ny TR0 Wk PELLFTS = PERFCENT 1208

Etoal 05T< 0F VAR aMCE TARLE

SOURPCFS OF VAYTATION 5UMS OF DEGREES OF HF A

- SHUARFS  FREFDOM SQUALFS
RETWEEN SN -Ga4B) G : - 2.1153 14 ’ 21113
PREPARATTON o L1432 20 | 072
QETWE R Al YoES RS3 40 CL.n066

WITHTN FJhﬂl Sheof

TOTAL 2o 3 79 : 119

F=RATIO F=DISTRIBOTION

FolS{ 19« 20) 15.5% 2elu

Fe35( 204 40) L 1.08 o 1484

GRAND EAN - 65.47h6

QETWEEN SUR=GAMP| £S VAR [AMCE C07h0 E STGMIF TCANT
PREPARATTON VARTANCE 0003 CINSIGNTF ICANT
RETWEEN: ANALYSES VARTANCE 066

TOTAL VARTANCE 0329

VABTANCE OF THE GRAMD HE fo L0014

95 PERCENT CONFINFNCE INTEQVAL  A5.40 10 A5 . 6C

RELATIVE PRECISIAN . . W17 . PERCENT
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APPENNTX N, TR0 ARF PELLE TS = 2ERCENT 0N

NUMBER QF TNCRF@FTS REW TRED FOR VARTU IS weECISIONS

N «Fi NF PieF CISTON PERCFNT
e, . ArSOpUTE RELATTVE
~ 0 oo Y
40 14 o2l
0 .11 e 1A
N Y A
Lan LR o127
120 O .11
146 LA 10
1~ YA . 1%
1 LA el
200 .18 R
2on N5 o R
2 N5 W07
2R .05 .07
280 o4 07
300 e 07
3e” WG A
RITRY o NG 0R
AN o VG « 0A
Kol NG <04
LN RIS ’fo\
47 YA L0A
feg o L5
G .13 AN
fy 05 .13 .05

59 .03 .05
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TABLE 9a

APPENDTX . T20N ORE PELILFTS =

a1,

1.0

.98

1.93

1.08
1.09

«HS
o 173
. QA
o 13
« 74
ap

1.11
1.08

1oitd

Y]
74
o o8
A
o3
“ 9

V90
PAS
o 7Y

e f(_,

NE

w15
A
qp

A

Q4w DATA

-

PERCENT ®MOISTURFE

« G0
96
18

07

.gH
48
« 50
«H8

. e Rl

Mhala
20
.« 96,
« 95
o1
NN
«H9
« 90N
o 11
./%()
«83

H?

HAH

-

—

s 077
203
e99
e
o 14
BT
76
o3

a7

o

90

J94

o722
A
o /5
C’(u
80
o 15
[.9(,'
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TABLE 9b

PELLFTS = PERCENMT MNISTURE

VARTANCE TAHBLE

WITHIN FINAL SAMPLE

TOTAL

FaO5( 194 20)

FL95( 20 40)
GRAND_MEAN

BETWEEN SUR=SAMPIFS
PREPARATION VARfANCE
RETWEEN ANALYSES VAR
TOTAL VARTIANCE

VARTANCE OF THE GRAN
95 PFRCENT CONFINENC

RELATIVE PRECISION

SuUMs OF NDEGREES OF
SQUARES FREFDOM
1.5705 19
«0933 20
1019 40
1.7657 19

ME AN
SQUARFS

JNR2T
-(-)()47

025

P24

F-RATIO F-DISTRIBUTION

17.72
1.83
« 8399

VARIANCE 0195

LANCF 0025
0221

1D MEAN .0010

£ INTERVAL «77 TO

2el4

SIGNIFTCANT

INSIGNTFICANT

91

PERCENT
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TABLE 9c

APPENMDTX Na [IOR GRF PELLETS 2 PERCENT MATISTURE

NUMRE®D OF IWMCREMENTS REGLTRED FOR VARTONS PRFCISIONS

NS OF  PECCISTON PERCENT
T, - ARSOLUTE RELATTVE

v
1

I . o « 3 27{23
l+-‘) - ."2 . . 14‘3_‘
o 09 10.87
RO «NAE N« B
]{,(I '{‘,7 R.O]
tem L6 7.23
1an 06 660
16“‘ “"15 6.17

Lo 05 .79
200 _ 0 Sou7
e Lol . 5.2n
240 04 4,97

pen L4 477
e I 4,50
inn A 4. 47
iz 04! 4,26
Jan 3 4oln
R0 S 402
e .03 3.91
o 03 3081
it SETE T 3.71
Ly 1Y, .”3' 3. 63
4nn W03 3,54
aan N3 347
500 ’ .13 . 3,40
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TABLE 10

Iron Ore Pellets

P e
Grand Mean 65.48 0. 84
Intrinsic Standard Deviation 0.36 0.31
Preparation Standard Deviation 0.02 0.00

(Ins) (Ins)
Analyses Standard Deviation 0. 08 0. 05
Total Standard Deviation 0.18 0.15
Precision at 100 Increments 0..08 0, 07

Ins = Statistically insignificant at 5% level of significance.
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TABLE 11

Value s Qf t

(r-1)

‘Various Numbers of Sub—Samiﬁie_s ~Vr(4) _

at 95% Percentage Point for

—
- O

blr-1) Y ey i e ) DR T3

2 - 12,706 12 . 2,201 22 2,080 . 41 2.021

3 4,303 13 2,179 23 . 2,074 61 2,000

4 3.182 14 2.160 24 2,069 121 1.980

5 2,776 15 2,145 25 2,064 o 1.960

6 2.571 16 2,131 26 2.060 :
-7 2.447 17 2.120 , 27 . 2.056
8 2.365 18 2.110 28 2.052
9 2,306 - 19 2,101 29 2,048
2.262 20 2.093 30 . 2,045

2,228 21 2,086 31 2,042
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DISCUSSION

‘Equation 8 shows that the precision of a sampling scheme depends
on the square root of the quality (intrinsic) variance of the cdnsignment,
the preparation variance and the analyses variance, and inversely as
the number of sub-samples (number of increments), the number of final
samples taken from each sub-sample, and the number of replicate analyses
performed for each final sample. The optimum values of ¢, r, m andn
to obtain a certain required degree of precision for a particular gquality of
consignment depend on practical considerations. As an example, in the
case of the chemical analyses presented in Appendix B of the ISO document,
the major component of variance is the intrinsic variance, QZ; thus,

the only way that the precision can be improved is by increasing the

‘number of increments, Having to increase the number of increments

(r x c), one can then either increase\'r or c, depending on the cost of analysis

and on the preparation capability. Increasing r will result in an increased

of the number of analyses; on the other hand, increasing ¢ will increase

the amount of material per sub-sample to be handled and, presumably,

will also increase the preparation variance, u)z. In another situation,

for a particular quality, where 02 is the dominant component of variance,

increasing n may be the most economical method to increase the precision,
Tables 2c, 3¢, 5¢, 6¢,8c,and 9c,show the effect of various magnitudes

of variation of the qualities on the number of increments required to obtain

various degrees of sampling precision, Another factor that also depends

on the number of sub-samples is the quantity t Table 11 shows

0.975, (r-1)°
this dependence; it is strongly dependent on r for the lower values of r,

and then becomes nearly constant at r 2 20,
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Sepueriber 1990

INTERNATIONAL ORGANIZATION FOR STAKDARDIZATION
TECHNTCAL COMMITTEE 102 - IRON ORES

SUB-COMMITTER 1 = SAMPLING

Canadian Sanpling
Procedure for Mechanical

Sampling (Second Drait)

- Answer to Doc, 102/1N 1625
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H’UN ORE GOA /LP WINY OF (/ ’M\AD'&

OrriChm

BEFT-ILNF, QUEAKC _Sept-Iles ) Québec ’
MORTREAL, QUEBEC )
uc‘::r{::u nvn).l,u.’oummc ) January 14 ’ 1970.

LAUMADOR CATY, HEWFOUNDLAND
Toery JOIt’', HKWFOUNDLAND

Secretariat of ISO/TC 102/sC 1,

Japanese Industrial Standarda
Committee,

Agency of Industrial Sciencc
and Technology,

Ministry of Intornational
Trade and Industry,

3 - 1 Kasumigaseti 1, Chiyodaku,

Tokyo, Japan.

ATTENTION; Mr, 8, Kurachi, Chilef of Standards Diyision

Enclosed please find a copy of document CAC’*SO/
TC 102/SC 1 M1 - "Sampling and Preparation of Irom Ore =
Second Draft". : '

This i+ the prbcedure referred to in item'3.1
of the letter from Mr. S. F. Coolsma of Canadian
Standards Association, to yourself or January 7, 1970.)

. We apologize for the delay and hope you will
find thlis method useful in your preparation of a
mechanical sampling method, . s

Thank you,
Yours truly,
. " / ‘\ “
) 1
PSS G
: : 3 }L e, Botan,
NSE/yﬁ . : o CBAIRMAN cAaC/isofTC 102.

Enqlfv _
c.C. Mr. 8. F. Coolsma

{7z
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SAMPLING AND PREPARATION OF TRON ORE

'SECOND  DRAFT

I SCOPE

The method covers the procedures for obtaining representative samples of a
consignment and for the preparation of final samples for all the determina-

tions required under various conditionrs of sampling and preparation,

I1 SUMMARY

The method is an increment sampling method where.thg number of increments is
based on statistical analysis of the intrinsic variatioh of the characteris-
tics desired within.the ore type and the overall or total precision desired
(4.4). ‘The size of the increments is based on the top size of the ore type
(4.5). The representativeness of the final sample (s) is a product of the

manner in which the increments were taken (4.2).  The increments are analysed

individually, as sub-samples or as a gross sample (5.1 -~ 5.2 - 5.3).

The preparation procedures are based on a size weight ratio until the size
sample is removed where crushing is continued with division in the same sizc
weight ;atio (5.6). The sample for moisgure is removed before crushing or at
greater than 3" (10 mm) and drying is then performed at 105 + 50C to constant
weight. ‘The analysis saﬁple is then pulverized to pass 150 microns. ‘the

following flow sheet shows the possible methods with resultant samples.
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IIY TERMINOLOGY

CONS TGNMENT

The total quantity of ore to be sampled. (Such as a shipment, train
load, or. day's production).

INCREMIENT

Quantity of ore obtained by a sampling device at one time with a

single operation.

SUB~SAMPLE

:

Quantity of ore consisting of several increments taken from part of a
consignment.

GROSS SAMPLE

The quantity of ore consisting of all the fncrements taken from a
consignment,

SUB-GROSS SAMPLE

A sample representative of the gross sample.

PRIMARY INCREMENTS

Increments taken from a total presentation of the consignment,

SECONDARY INCREMENTS

Increments taken from primary increments.or primary samples.

SPACING OF INGREMENTS _(DEFINITION)

Systematic spacing is equal ian time or positlion (tons) over the consign-
ment. Random spacings are selected Ly chance in time or position over

tlhhn e mnd Ao
ol CONlLtnninC.
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3.11

3.13

3.14

3.15
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TOP SIZE .

The length of a side of a square sieve opening upon which is retaincd
1 to 5 % of the ore,

ACCURACY.

A measure of agreement between an experimental result and the true

valuc.

ERROR

Difference of an observation or a group of ObG&lV&thﬂb from the best
obtainable estimate of the true value. / ’ :

BIAS (SYSTEMATIC ERROR)

An error that is consistently positive or negative. (The causc of bias
can generally be detected and eliminated by correction of the mecthod or
revision of the equipment used tor sample collection, storage, prepara-

tion, analysis or data presentation or any combination of these
factors.)

CHANCE JRROR

An error which has equal probability of being positive or negative.
The mean of the chance errors resulting from a series of observations
approaches zero as the number of observations is increased.

- SAMPLE PREPARATTON

Includes (1) Division - Reduction in weight
(2) Crushing - Reduction in size to %" (10 mm) -
'(3) Pulverizing -~ Reduction is size’ beyond %" (10 mm) and
(&) Drying at 105° C + 50

RIFFLE

Riffle is & stationary sampler for continuou° diversion of a portion

of it mirenm ne o osomnia af rhar stranm flamng Wifuin sanciota oo
(S o0 nLyoam oz Zampile oI That STFannm. fJdonea WIZNNIS oonninis of

an asscubly compriSing an even number of equally sizad chutes,
adjacent chutes discharging in opposite sides).

i
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INCREMENT DIVISION

That process of sample division whereby the entire sample is spread

out on a flat surface with uniform thickness and rectangular shape.

The surface is divided into segments of equal area. With a flat bottom
tool a scoopful of sample of equal weight is taken from each sepgmeunt
and combined to form a divided sample,

FOREIGN MATERIAL

A substance not hormally included in a consignment, (Must not exceed
.1 % by weight),

VARIANCE G2

The average of the squared deviations from the mean.

STANDARD DEVIATION o

The square root of the variance.

PRECISION

95 % coﬂfidence level or twice the standard deviation (20)

v SAMPLING PROCEDURE

Variation in handling procedures make it impossible to publish rigid
rules for all parameters but the size of the increments and the mini-
mum number of increments are defined and are based on the top size of
the ore and the intrinsic variation of the characteristics to be tested.
The representativeness of the final sample is also a factor of the
method of collecting increment.

Method of collecting increments:

The repreasentativeness of the final samples {s directly related to the
mecthod of coliecting the increments and is divided into the following
three types and where possible Type I should be used. Type I will
always take preference over Type II and likewise Type II over Type III.
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/

"TYPE I - Those'increments which are collected in precise accord with -

previously assigned rules on timing and location that are free of any
bias., (i.e.: All constituents or particles of a ‘consignment’ have an-

~ equal probability of being sampled.) The size of increment and method =~ .
of obtaining the increment are also englneered to be free of bias.
. Exanples
“a) A full cross section cut firom a stopped belt,
b) From a cutter moving across a. falling stream at uniform speed
taking a full cross sectlon without allowing the receptacle to
overflow. ' ‘

. c) From full grapples during dlqcharge.

These increments form a statlstlcally repreéentativc sample.

IYPE IT - Some measure of human discretion 1s exercised in selection_
of the - primary increments either by procedure or by design (part

‘stream cut, etc..). The representativeness is then subject ‘to proof

of non-bias. Proof of non-bias is obtained periodically by check
sampling of five (5) consignments by stopped belt method all within
calculated precision or 9 out of 10 within precision and the other
witlrn 1.5 times precision or proof of 95 % within preLLSLUn

TYPE III - These increments are taken from a stationary consignment, v
i.e.: the entire consignment is not presented to the sampler. Guide

lines for this procedure are given but the statistics are not valid

and the samples are assumed to be representative, Agreement should

be made between producer and consumer before ‘this- type of sampling 1is

used,

The top size, the total orecision of sampling the errors of prepara-

~tion and analysis, and the intrinsic variation of the characteristic (s)

desired are determined periodically by collecting 100 increments
systematically or at random from an ore type, combining these in groups
of 5 'to form 20 sub-samples which are prepared in duplicate and
analysed in duplicate as shown in Appendix Al

These variables must be determined for each ore type and each sampling
station as further blending would decrease the variations whereas
possible segregation (moisture, size, etc..) would increase the varia-

‘tions at destination over origin.

Should this not be practical, agreement between producer and  consumer .
should be obtained as to the size and number of 1ncrements to use and

~% - 3 v [}
e . ooy :
thae number of Sam ltld-\-\l T ana.iysc. B

\
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The minimum number of increments required are calculated by the follow~
ing formulae but must never be less than 10.

St = v 2 2
ﬁ/ f§~ + Sp~ + Sa_ A . (1)
WHERE St = Total Variation
Sp = Preparation Error
Sa = Analysis Error
AND Ov = Intrinsic Variation

St, Sp and Sa are determined from 4.3 and Ov is.calculated by the
following: '

d/ ov? + Sp? + sa?
2 Ot = 2 n m 1 eeneea(2)
WHERE 2 Ot = Total Precision Desired

n = Numbér of Increments
m = Number of Kepeated Preparations

1 = Number of Repeated Analysis

m and 1 will equal the number of increments, sub~samples or sub-gross
Eamples used and will be'l if only 1 gross sample is used.

The minimum size of increment is determined by the following 'table
based on the top size of the ore type:

* TOP SIZE "MINIMUM WEIGHT
10 mm 3/8 " 300 gm 3/4 1b
25 wm R 800 gm 2 1bs

50 nun 2" 4 kg 9 1bs
100 mm 4 v 12 kg 26 1lbs
150 mm 6" 20 kg 4t 1bs
200 mm g 28 kg 62 1bs
250 mm 0" 36 kg 80 1bs

Variation in the construction of the sampling device, the flow or size
consist of the ore, may make it impractical to collect increments as
small as the minimum weight specified. TIn such rases, collect an {in.
criment of girealer welghi. However, do not reduce the minimum number
of increments regardless of large excess of individual increment welght,
(This weight usually can best be divided with secondary sampling
following the same slze weight ratio.) .
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DISTRIBUTLON OF:INCREMENTS

The increments are to be diqulbuLeb throughout the entlre consignment
systemathally with a random start. S8hould there be a sequence in
movement of the consignment such that the sampling could become "in
phase" with a changing variable, the sampling cycle should be altered
or randomly selected.

DIMENSIONS OF THE SAMPLING DEVICE

The effective opening of the Sampling device should have a minimum di-
mension of 3 times the top size of the ore, ‘

PRESERVATION or MOISTURE

The increments obtained during the sampling period shall be: proLec(od
from changes in composition due to exposure to rain, snow, wind, sun,
contact with absorbent materials and extremes of temperature, The
riveulardian AfF adv tHronch aandnmant moct bho rodusad to 0 minimom to
prevent both loss of fines and moisture. Samples in which moisture
content is important shall be protected from excessive air flew and
then shall be stored in moisture~tight containérs. Metal cans with
alr~-tight 1lids or heavy vapor- impervious bags, properly tealc,d, are
satlsfactory for this purpose.

CONTAMINATTON | | S L

The sampllng arrangement shall be planned so that conLamination of

the increments with foreign material is avoided,

MECHANICAL SYSTEM FEATURES (FALLING STREAMS)

With mechanized systems, it is essential ‘that the system as a whole
including the sample cutter, chutes, conveyors, crushers and other
devices be self-cleaning and non-clogging and be deqigned in a manner
that will minimize the need for maintenance.

In the choice of mechanical sampling,systems,~it 15 necessary that
over and above the strength requirements which would be calculated by

rmeoinenrae froam hull dencitdiac onnnr!n ot ctha avetom ot mmand
o re From hull denslfiec, Le,.. e gyvelem nmuel wozo

.

:

~— o~

the specitications of this‘method_ i.e.
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3)

4)

5)
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The cycle of the sampler shall be fast enough to take required
number of increments in the smallest consignment at the accuracy
desired,

The cutter shall take a full cross section perpendicular to the
stream at uniform speed with leading and trailing edges following
the same plane.’

The cuttfer shall have a minimum opening dimension of three times
the top size of the ore.

The sampler shall operate at a speed such that the minimum weight
will be equivalent to the weight of ore on the preceding conveyor
for the cutter opening width at normal operating conditions or

by the table 4.5, whichever is greater. The speed shall also be

- such that the cutter does not overflow.

EXAMPLE: Belt Speed =~ 580 ft/min.
Long Tons per hour - 4500
‘ ’ _ 4500 x 2240
e e 1bs./ft. = 580 % GO 290
With & 4 inch cutter = &4/12 x 290 = G7 1ibs.

Secondary sémpling required the same specifications,

\' PREPARATION PROCEDURE

The procedure of combining increments is divided into three methods.

5.1

5.2

5.3

5.4

Analyse every {nerement and average results by weight. ‘(Although this
would be the most accurate method, it is seldom practical.)

Combine increments to form sub-samples. Analyse each sub-~sample and
average the results by weight.

Combine all the increments to form a gross sample from which:

a)

)

One sawple will be taken the result reported

"oy e e . - Te @, - .- - -
LALLM N NHAUN LN Wl 142 YAV TRD DAVOoTRgoS YolULlLY Tanarrvosn
=3 B ARG R AR )

& i < 2 . el . EAS V¥ R ERORC LR W
g

The preparation procedure following will be done on each increment
in 5.1 each sub-sample in 5.2, on the gross sample in 5.3 (a), and on
the sub-gross samples in 5.3 (b).
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The procedure at this point is also dependent upon the determinations
required and the following three factors are directly related to the
preparation: ' : :

1) Is moisture to be determined?

"2) Is size to be dgtermined?

3) Volume & weight of sample (s) required?

Moisture determination limits the procedure to a minimum of handling,
crushing to not less than %" and that the samples are collected in
moilsture~tight contalners. (Moisture should be determined as quickly
as possible). ' '

Size determination. limits the procedure to no crushing until the size
sample 1s removed at the proper weight to.top size ratlo. Total volume
and welght required are of course directly related to the final gross

fsam;les needed and requires examination of the minimum welght and

minimuwn number of increments at the outset to see that the final samples
will be large enough.

Reduction cof sample wclgnL whether  lncrement, sub-sanples, pross sample,

or sub-gross sample.

5.6.1 Division of samples to reduce the weigﬁt are subject to the
! following ruless

1) ‘Use dividing-equipment (fiffles) that will provide a
' divided sample with the same size distribution as the
original sample. Test equipment for bias,

2) Use secondary lncrements: ' The secondary sampler must
be out of phase with primary, 1f fed directly. e.g.:

" Primary set at ton interval, sccondary at time interval,
or different timing cycles, or blend the entire primary
sample. 1In any case, the minimum size and number of in-
crements must be adhered to,

2.1) Tertiary sampling may be applied under the same
: restrictlons as secondary sampling.

3)  Increment division: Proceed as defined in 3.15 taking
© at least 16 areas, S : '
43 At 2% {30 wwy and uver coue aud quariering or aivernace
shovel method may be used to divide samples down to a
minimum weight of 300 1bs. (135 Kg).
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5.6.2 Crushing ~ Division Ratio: Should size not be required or
after removal of the size sample, the following schedule of
crushing is to be followed in conjunction with division

5.6.1. :
TOP _SIZE MINIMUM _TOTAL WEIGHE

g " 200 mm 19,200 1bs 8,600 ke

4 " 100 mm 2,400 1bs 1,080 kg

2" 50 mm 300 1bhs 135 kg

1Y 25 mm 40 1bs 18 kg

yu 10 mm 5 1lbs 2.3 kg
04" 1 mm 1 1b 45 kg

,006 .15 mm % 1b .100 kg

(The table from ¥ " to 8 " is bascd on a cubic factor with a

4 "M cube as the base with a Sp. Gr. of 5.0 i.e.: 5 x 62.4 x
1/3 x 1/3 = 12 1bs. In order that this piece represents less
than .5 % of the total weight, a factor of 200 must be applicd
‘or 200 x 12 = 2,400 1lbs,) The last two sizes are based on
practical two stages pulverizing to a 150 microun sample of

100 grams.

Drying - The moisture sample is to be removed during -the crushing-

division above at % ' or greater.

The remaining sample may then be dried to comstant weight at 105°C -+ 59¢
for further crushing and division. (5.3)

Pulverizing - Is then performed on dry samples on the last two welght-~
size ratios of 5.6.2 if required. -

VI __ FINAL SAMPLE (S)

The final samples in size and weight are dependent on the characteristics to
be tested but the following general rules apply.

1)

2)

3

Analysis sample should be at least 100.grams dried at 105 + 5°C and
pulverized to at least 150 microns.

Size samnle should be relative to the tahle in 5.4.2.

Moisture sample should mot be crushed below % " and should be at least
2.3 kg in weight,
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APPENDIX "AV

A - REQUIRED .
1) Determine top sizes of the ore type.
2) Determine the total variation of the characteristic desired.

3) Determine the standard deviation of duplicate analyses for the
characteristic desired.

b)) Determine the standard deviation of duplicate prcparaLions for the
chaxacteristlc desired,

5) Calculate the intrinsic variation.

6) Calculate the number 6f-increménts required,

B - PROCEDURE

Obtain 100 increments systematically or randomly'throughout_a conéighment-(s)
,of the ore type desired to evaluate.

Combine these increments in sequence or randomly in group of 5 to form 20
sub-samples,

Sieve the entire sub-samples ‘through a sieve or sieves down to 10 mm to
determine the top size, i.e.: the largest sieve greater than 10 mm con-.
taining .1 to 5 % by weight. Weigh plus and minus portions and re-combine.
Rccord top size. (1) '

Prepare samples for the characteristic de51red obtaining two samples A and B
from each re~combined sub-samples above.

Determine each sample for the characteristic desired in duplicate, i.e.:
Al - A2 and Bl - B2

Determine the mean of A the mean of B the individual analys;s ranges
A1 - A2f and {B1 - B2| and the indideual preparation ranges 'A - Bl .

d?t+d"

THEREFORE: (2) St

(3) ga - dlAl --A2] + dls1 - B2l
. > }

(4) sp = UI% - Bl
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THAN: (5) Ov 1is calculated from (1) of 4.4.
(6) fhe nupber of increments is calculated from (2) of &.4.
lExampies are shown in the following appendicies:
"B" A run of the mine ore unblénded.
"c" A concentrate

"p"  Pellets

Each type is taken at a separate sampling station with a separate falling
stream mechanical sampler.



N OF B MINE (&I SAMPLED - 3EFORE  ZILENDING

AZDENDIX "BY

- MOISTURE ‘ A

PSS S o

- 48‘—

A2 0 R w2 omy Um2 V5 miol miia)l a2 K alear w1 sz R mlemr Ew o
57.98 | S7.81 .34 | 58.04  58.06 [58:05 .02 2% . 10.15. 10.16! 10.16 1 .00 ~ 10.28 10.20 10.24 .08 . .08 | 0.8
- ! { . ' i : .

41 .24 | 10.48 10.68 10.58 .20 @ .06

58.31 | 58.38 .14 ! 57.15 57.33 ! 57.24

{
. ! N
59.77 | 59.80 ' .06 SETHENS JUFR I BT 7.404%.03 ©7.52; 7.52 7.52°.00 .12 | 0.0

.0 . 9.40. 9.56| 9.48 .16 9.84 - 9.52 9.58 .12 .10 :'0.8

)
(@]
.
()
[=))
(@]
wn
w
(o2}
()
Py
=~
.
]
(6]

§0.74 | 60.74 | .01 | 60.81 . 60.50 | 60.85 ; .09 & -1i ' 7.92  7.84! 7.s8 .08 7.88 . 7.84 7.86 .04 - .02 2.8

59.12°1 58.95 ! .34 | 58.53 , 58.96 © 58.75 | .43 . .2) 9.84 9.76% 9.80..08 - 9.88 10.04 9.56 .16 ' .16 . 0.0

-

; . : ; !
'21.06'5 61.06 % 01 © 6065 60.66 . 60.86: .01  .4) E 9.32° 9.32 5.327.00 © 9.35° 9.40 9,38 .04 .06 L9
60.08 | 60.05 E .06 | 59.61 ; 59.59 ; 55.60 . .02 E 450 7.88° 7720 7.70 .04 7.68 :-7;?6 '7.7zv..os'? 02 2.7
5 62.19 § 62.26 | .10 | 6156 ¢ 61.35 ; 6147 .18 . L7 ;; 8.60: 8.52| 8.36 .08 9.12 9.00 9.06 .12 .50 ‘; 0.8
63.65 | 63.78 | .26 | 63.57  63.58  63.58 Lo .20 gf 7.80" 7.84; 7.82 é.oa 812 8.00 8.06 .12 .2 . 2.8
59.67 | 59.76 18 | 39.50 ; so.s2 0 so.s2! Lol i oLz | :9.sz£ S.44! 9.481.08 | 9.48 9.48 9.48 .00 .00 0.0
57.48 |'57.58 | .19 5 56.8355 56.60 . 56.72 ; .23 ; .8 ﬁ 8.80§ 8.76 | 8.78 %.oa"‘ 9.00 "8.68 8.8 .32 .06 g 0.0
§0.91 | 61.05 | .27 g 61.59 ° 61.65 | 61.62»% .06 i .50 g 8.04 8.161 8.10 |.12 . &.00 | 7.92 7.96 ;.os sy ;'1.9
63.42 | 63.35 | .14 ' 63.45 | 63.18 63321 .27 | .0n |l 7360 7.40] 7.38 .04 7.52 7.52° 7.52 .00 .14 i 1.0
60.43 1.60.37 | .13 60.9 E 60.76 | 60.85 | .18 | .ag i; 7.3 7.400 7.38 o4 7.44 C7.56 7.50 .12 121 0.0
58.48 | 58.38 .21 § 59.00 2 58.97 § s8.99 1 .03 | .6 Eg 7.96 - 7.92 7.94'|.04 . 804 ; 7.96  8.00 0805 | 1)
59.29 1'59.34 [".10 g 58.74-§ 58.48 ; 58.61| .26 ¢ .7t i» 832 8.44 8.38 }.12 g 8.48 ; B.44 . 8.4 04 .08 16
58.56 | 58.69 | .26 : 58.58 | 58.97 | s8.98 | .01 | .20 0 812! 8.00| 8.06 \.12 | 8041 8.040 8.04°.00 .02 | 2.1
: : : i i - : :
§6.10 { 50.15 |.10 | s59.87 , s59.78 % 55,53 09 | .3 gi 9.36§ 0.56| 9.46 .20 © 9.64 9.84 © 574 .20 0 .28 | 0.3
: ! } i i : i . i
59.94 | 59.83 | .23 | 60.23 | 60.10; 60.13| .15 | .3¢ | 9.68 | .63 | 9.8 [.00 | 9.96 '10.04;10.00 .08 & .32 '] 0.5
IRENE RS Clsses s U T T T T T e e Los ; ' Z 876 Loe | L1z 1.1
e o | T T T T 1 es e L The os |2 il

P &
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- APPENDIX  ''p¢

CALCULATIONS

1) Top Size:~ + 2" is 1.14 % which is between .5 and 5%, therefore,
minlmum increment weight must be 9 1lbs,

2) Total Variation of Iron:~- St
. OR+dF _ 1.63+1.72 1.68
2 2
3) Precision of Analysis:- 8a
JO 1AL - A2) 4+ d\BL ~-3B2} _ .10 4+ .11
2 . 2
Sa = ,105
4) Precislon of Preparation:- Sp
= O|X -8B = .28
5) Intrinsic variation Ov is calculated from formula (1) of 4.4,
- oo 2 2
st = \/5 oS + Sa ceeea(D)
R dv? 2 2
68 = /5 + 28t w10
ov = 3.7
6) The number of incrementsv(n) is then calculated from formula (2) of 4.4,
[ ow? | sp? | sa?
PAVIVERR A | ¢ N i ) i ....-.(Z)

Using a precision of 2 x .40 and 1 gross sample we have
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) 2 . 5 . . . .
/.3.7 L 2282 108
40 = Vo' on S T 1 : , o
n = 194
7) To obtain a precision of 2 x .20 fake 2n increments taking 4 sub-ssmples

for preparation and analysis from each n.

20t V[ dv2 2 )
S = Ovl 4 8p_ 4 Bal
V2 2 - n m 1

2 x .20 o 2 2 2 i
Y e T ,,[ 3.7, s 28 4 ’1?5

v & o v [13 - -
n = 227 i




APPEYDIY C I R 0 N 0 R € 0N CEXNTURATE
I R 0 N ¥ 0 I $TURE
SAMPLE | 4, A, A | As, | By By E | By-B, | A3 Ay |4, A | a8, | By By | B | b1-B, | A-3 f %+ 10

4 1 | 66.36| 66.42 | 66.3 .06 | 66.28 | £6.34 | £5.31 | .06 | .cS 2.84] 2.50 | 2.82 | .04 | 2.68 | 2.72| 2.70] .04 | .1z | 3.0
2 }66.28| 66.10 ) €6.19| .18 | 66.12 | 66.107| 65.11 | .02 | .08 2.72] 2,60} 2.66 | .1z | 2.64 | 2.60| 2.62| .04 | .04 3.1
3 | 66.44 ) 66.36] 66.39 | .10 | 66.20 | 66.34 | 66.27 | .14 12 2.76') 2.860 | 2.78 | .04 | 2.80 | 2.72| 2.76 | .08 | .02 2.1
4 | 66.44 | 66,341 66.33 | .10 | 66.28 | 65.50 | 66.39 | .22 | .00 2.80 | 2.80 | 2.80 | .00 | 2.8 | 2.84 | 2.82 | .04 | .02 2.9
5 |e6.46) 66,42 65.431 .02 | 66.36 | 66.34 | 656.35{ .02 | .08 2.84 | 2.80 | 2,82 | .04 | 2.84 | 2.88 | 2.86 | .04 | .04 3.4
6 | 65.64| 65.53) 65.58 1 .11 | 65.88 | 65.77 | 55.83 | .11 | .25 2.48 | 2,524 2.50 | .04 | 2.3 | 2.40 | 2.33 | .04 | .12 3.8
7 |65.39| 65.53 | 65.46 | . .14 | 65.72 | 65.85 | 65.78 | .13 | .32 2.64 | 2.64 1 2.64 | .00 | 2.68 | 2.64 | 2.66 {' .04 | .02 3.5
8 | 65.47| 65.69 | 65.58 | .22 | 65.64 | 65.37 | 65.51 | .27 | .07 2.64 | 2.64 | 2.64 | .00 | 2.64 | 2.64 | 2.64 | .00 | .00 3.9
"9 | 65.31) 65.53 | 65.42 | .22 | 65.39 | 65.45 | 65.42 ] .06 | .00 2.72{ 2.72°| 2.72 | .00 | 2.72 | 2.76 | 2.75 | .04 | .02 3.9
10 | 65.6L | 65.65 | 65.67 | .05 | 65.72 | 65.77 | 65.75 | .05 | .08 2,521 2.56 { 2.54 | .04 | 2.48 | 2.48 | 2.43 | .00 | .05 4.1
11 | 65.88 | 65.85 | 65.87 | .03 | 65.80 | 66.02 | 65.91 | .22 | .o4 2.20 1 2.16 | 2.18 | .04 | 2.04 | 2.04| 2.04] .00 | .14 4.1:
12 | 65.39 | 65.61 ] 55.50 | .22 | 65.47 | 65.45 | 65.46 | .02 | .oz 2.64 | 2,60 | 2.62 ] .04 | 2.68 | 2.64 | 2.66 | .04 | .04 3.7
13 | 66.28| €6.32 | €6.30 | .04 | 66.60 | 66.32 | 66.46 | .28 | .15 3.00 | 2.96 | 2.98 | .04 | 2.96 | 2.96 | 2.96 | .00 | .02 3.4
14 | 66.28 ] 66.32 | €6.30 | .04 | 66.28 | 66.16 | 66.22 | .12 | .08 2.64 | 2,64} 2,64 | .00-]|2.60 | 2.60| 2.60| .00 | .04 . 3.2
15 | 66.28 | 66.08 | 66.18 | .20 | 66.36 | 66.24 | 66.30 | .12 | .12 2.60 [ 2.60 | 2.60 | .00 | 2.56 | 2.60 | 2.58 | .04 | .02 ! 3.4
16 | 66.52 ] 66.28 | 66.40 | .24 | 66.44 | €6.35 | 66.40 | .08 | .00 2.64 | 2.68| 2,66 | .04 | 2.56 | 2.60 | 2.38 | .04 | .02 | 3.
17 |66.28 | 86.20 | 66.24 | .08 | 656.20 | 65.28 | 66.24 | .08 | .00 2,46 | 2,66 | 2,46 | .00 | 2.40 | 2.36 | 2.38 | .04 5 3.9
18 | 88.52 | 66.26 | 66.40 | .24 | 66.26 | 66.28 | 66.22 | .08 | .08 2.00] 1.96 | 1.98 | .04 | 1.88 ] 1.92] 1.90| .04 | .08 4.0
19 |66.36 | 66.12 | 66.24 | .24 | 66.23 | 66.20 | 66.24 | .08 | .00 2.80 | 2.80 | 2.80 | .00 | 2.76 | 2.76 | 2.76 | .00 | .04 A
20 | 66.36 | 66.35 | 66.36 | .00 | 66.28 | 66.44 | 66.26 | .16 | .00 2.92 | 2.96 | 2.94 ] .04 | 2.96 | 2.96 | 2.96] .00 | .02 L.t

MEA 66.06 | .125 66.08 | .16 | .08 2.63 | 028 2.60 | 025 .050 | 5.6

¢ .39 | .033 - 33| .077 | .082 .73 | 028 26 | .022 | .033 |

..‘[9..
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APPENDIX  ''¢"

CALCULATIONS
Top Size:- + 10 mesh (1.68 mh), 3.6 %‘\
As this is less than 10 mm, the minfmum increment weight must be 300 gm.
Total Variation of Iron:- St
. OA+dB _ .39+ .33 | 4
2 2 '
Precision of Analysis:~- .8a
GjA1 - A2f + dIB1 - B2f  -.083- & .077 .
= , - o= — = ,08
.2 2
Procicion of Preparxdfion:« Sn
= olf -3l = .o82 .
Intrinsic variation Ov is calculated from (1) of 4.4,
fov2 .2 -, .2
st = V/ 5 + Sp” -+ Ba”
av? R 2 : 2‘
36 = d/v 5 +  .08% - + .08
Ov = .76
The number of increments (n) is then calculated from (2) of 4.4.
dv? ng Sa2 e
20p ==2V/rwn t i t 1
Uoing % groce semple snd o precicien ©f 2 ox JZ0 we huve, »

5 : ‘ _
f .16 2 2
20 = ‘/ = + 087+ .08

n = 21




I R O X PELLETS
APPEXDIN "DV
o 1 RrR 08 T 7 M OIS TUTRE I
'SZ§9L£'_~_Z;—-' _A;_"_ '"i_——'iiiiai— élh_ "52— 1 é,-Bz -3 A, s, s 1A, By B, B E. B, -3 Axfizi )
s e T e
1 65.87 | 65.95 | 65.91 | .03 | 65.55 | 65.95 | €5.95 | .00 0 1.04 | 1.01 |1.03 | .03 .50 | .86 | .88 | .04 | .15 .3
2 65.87 | 65.95 | 65.91 | .08 | 65.79 | 65.55 | 65.87 | .16 | .04 98 | .96 | .97 | .02 96| .83 | .90 ! .13 | .07 .6
3 65.39 | 65.63 | 65.51 | .24 | 65.55 | 65.47 | 65.51 | .08 | .CO 1.03 | 1.11 {1.07 | .08 |1.18 [1.07 [1.12 | .11 | .05 1.2
4 65.63 | 65.63 | 65.63 | .00 | 65.47 | 65.55 | 65.51 | .08 | .12 1.08 {1.08 |1.08 | .00 }1.07]1.03 J1.05| .2 | .c3 .2
5 €5.47 | 65.45 | 65.46 | .02 | 65.31 | 65.45 | 65.38 | .14 | .c8 1.09 | 1.04 | 1.06 | .05 981 .95 1 .98 | . | .08 1.0
6 65.63 | 65.45 | 65.54 1 .18 | 65.63 | 65.45 | 65.54 18 | .00 574 50| .53 | .07 .48 2 | .45 | .6 | o8 4
7 €5.63 | 65.45 | 55.54 | .18 | 65.63 | 65.45 | 65.54 | .18 | .00 3 .76l L] 03 80 | .76 | 771 .6 | .03 .2
8 65.48 | 65.39 | 65.44 | .09 | 65.48 | 65.31 | 65.40 | .17 | .04 66 | .58 | .e2 | .o4 68| .67 |..68 1 .o1 | .06 2.0
9 65.48 | 65.39 | 65.44 | .09 | 65.48 | 65.47 | 65.48 | .01 | .04 I 72 I ST R 2 B 81| .76 | .79 ] .35 | .06 1.3
10 65.40 | 65.47 | 65.44| .07 | 65.48 | 65.47 | 65.48 | .01 | .04 .87 | .83 | .85 .o4 821 .81 | .s2| a1 | .03 .3
11 65.43 | 65.39 | 65.44 | .09 | 65.40 | 65.31 | 65.35 | .09 | .08 95 | .89 | .92 | .06 901 .89 | .88 .m | .03 1.4
12 65.40 | 65.31 | 65.35 | .09 | 65.48 | 65.39 | 65.44 | .09 | .09 .83 | .90 | .86 | .07 96| .90 | .93 .3 .07 4.5
13 65.32 | 65.23 | 65.28 | . .09 | 65.48 | 65.31 | 65.39 | .17 | .11 90| .8 | .ss | .04 95| wea | Les ] .| o7 3.2
14 65.48 | 65.23 | 65.35 | .25 | 65.32 | 65.31 | 65.32 | .01 | .03 .82 | .79 | .81 | .03 vl oL | .| o2 | Lo .6.
15 65.47 | 65.39 | 65.43 | .08 | 65.47 | 65.39 | 65.43 | .08 | .00 65 1 79 .72 | s 67| 76 | | x| Lot .3
16 €5.47 | 65.55 | 65.51 | .08 | 65.47 | 65.39 | 65.43 | .08 | .08 3y oLrs | L6l Los 69| .75 { .72 | .3 | .04 1.1
17 65.55 | 85.48 | 65.52 1 .07 | 65.39 | 65.48 | 65.44 | .C9 03 96 | .76 | .85 | .20 90| .78 | .8 | .12 | .c2 5.5.
18 65.39 | 65.31 | 65.35 | .08 | 65.23 | 65.31 | 65.27 | .08 | .58 .85 | .95 | .90 .10 1) o.so | .75 L9 | oL1s 10.4
19 65.31 | 65.15 | 65.23 | .16 | 65.48 | 65.47 | 65.48 | .01 | .25 76| .82 ] .78 | .08 80| .75 | .77 .35 | .01 3.8
20 65.23 | 65.31 | 65.27 | .08 | 65.35 | 65.31 | 65.35 | .08 8 821 ..84 | .83 .02 83| .90 | .86 | .27 | .03 S1.7 .-
weay | | T Tes.es [ aes | T 7T “65.47 ] 09 | .05 85| .06 .83 .06 | .06 2.0 .
Jd 1 i (”~T25 I 054'['— T .16 | .0s9 | .056 a4 | L045 s 037 .039 —

_Eg.—



1) -

- 2)

3)

4)‘

5)

6)

- 54 -

IS0/1C 102/5C 1 (Canado=2) 177E

APPENDIX  “p"

CALCULATTIONS

Top Size:- + %' = 2.0% therefore, the minimum weight per fncre~
 ment must be 2 lbs. : . .

Total Variation of Iron:- St

OA+ OB _ .20 +_ .16

5 5 .18

Precision of Analysis:- Sa

OlAL = A2) _+ dIB1l - B2 _ 064 4 059

2 2 = .06

Precision of Preparatiqn:u' Sp

= Ol -8l = .056 = .06

Intrinsic variation Ov is calculated from (1)-of &.4; _

| | - '
st = V/>g%~ + sp? 4 sal

o Gv? 2 2
————— + . 6 + .
.18 = ¢/> 5 0 _ 06

Ov = 36

The number of inciementé are calculaéed from (2) of 4.4.
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Using 1 gross sample and a precision of 2 x .20 we have

2
.36 2 2
20 = ‘/-—--n + .06 + .06

n » 4

As n 18 less than 10, we take 10 increments and substitutc 10 foxr n
and calculate the precision

)
.36 2 2
6o - = \[10 + .06 4+ .06

6t = .14 OR 20t = .28




