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Mines Branch Investigation Report IR 71-63 

STATISTICAL REVIEW OF THE "CANADIAN SAMPLING 
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 has  been 

 reviewed from the statistical point of view. The samplin.g scheme was 

found to be reasonable but the formulae used to evaluate the results were 
; 

found to be unsuitable. A more conventional scheme for evaluating the 

results from the sampling schenie by analysis of variance techniques is 

presented. The experimental results presented in the Appendices B, C, 

and D of the second draft were re-computed by this method. The second 

draft, along with its Appendices, is given as an Appendix to the present 

report for comparison purposes. 

*Research Scientist, Physical Chemistry Group, Mineral Sciences Division, 
Mines Branch, Department of Energy, Mines and Resources, Ottawa, 
Canada. 



INTRODUCTION 

During recent discussions between the author and Mr. N.S. Eaton, 

Chairman, CAC*IISO/TC-102
1

, on the subject of the second draft of 

"Canadian Sampling Procedure for Mechanical Sampling", Document 

ISO/TC-102/SC-1 (Canada,-2) 177E 2 , 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**"e necessary to obtain a certain precision depends on 

the q-u.ality variation (intrinsic variation) within the consignment and on the 

characteristic variations associated with various steps throughout the 

procedure. 

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

**The complete document, with its own Appendices, is given as an Appendix 
to this report (see pages 33 to 55 ). 

***For definition of the various terms u.sed herein, see the Appendix, pages 37to 39. 
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Suppose that the number of increments required in order to

.make a satisfactory assessment of the consignment was estimated to be k.

These increments were then divided at random into r sub-samples with

c increments forming each sub-sample. Since the number of sub-samples

must be an integer, it is obvious that k must be an integral multiple of c`,

also k = cr.

Each sub-sample was then submitted to a screening (sieving)

analysis. Having passed through this analysis, the size fractions were

then re-combined to form, the original r sub-samples. These sub-samples

then underwent 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 replicate analyses being performed for each

final sample, i. e. , a total of n,x m x r analyses.

F rom the above procédure, the following statistics were r.equired

to be estimated:

1. The top size of the consignment.

2. The analysis error.

3. The preparation error.

4. The quality (intrinsic) variation throughout the consignment.

5. Total variation of the property to be analysed.

6. The number of increments necessary to achieve a certain

required degree.of precision.

The top size of the consignment was determined directly from

the sieving test. All the other statistical parameters can be e'stirnated

simultaneously by the analysis of variance method.

The basic assumption of this" method is that the total variations

of the analysed values are caused by:

1. The variation between the sub-samples, i. e. ,, the intrinsic variation

of the consignment.

Z. The variation due to the sample preparation (i. e. , due to lack of mixing,

etc. ) .

3; The variation due to the analytical error.



.11•••■• --• •- 11171' 
I st 

Sub - sample 
r th 

Sub - sample 

Size 
Anal. 

Size 
Anal. 

I st 
Recombined 

Sub- sample 

Sample 
Preparation 

Procedure 

;—« 

r th 
Recombined 
Sub-sample 

Sample 
Preparation 

Procedure 

(r x m x n) Analytical Results 

- 3 - 

( r x  c)  Increments Arranged at Random 

Figure 1.  Sampling and Preparation Scheme. 
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Having estimated the various causes of variation, one can then 

estimate the number of increments necessary to obtain results with any 

required degree of precision. 

MATHEMATICAL DEVELOPMENT 

Based on the above assumption concerning the causes of variation, 

the following mathematical model can be used to describe the samplin.g and 

analysis procedure: 

x. 	= u + b. + y. + z. 	 (Eq. 1) 
ijv 	1 	ij 	ijv 

where 

x. 	= the individual value of the analytical result, 
ijv 

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

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

y.. = the deviation due to the preparation error, and 

z
i.jv 

= the deviation due to the analytical error„ 

A further assumption will be that b., y. and z
j 	
a re indepen.dent, 

ij 	iv  
2 	2 

normally-distributed variables with means of zero and variances of 111, w 
 

and 0'
2

, respectively. 

The splitting of the sums of squares of the various deviations 

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

. 



Sums of Squares 
Source of 

Variation 
Degrees of Mean* 	Quantity 
Freedom Squares Esti -mated 
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TABLE 1 

Analysis of Variance 

i=r 	
2 	2 	2 	2 

Between 	mn 7 (x. -x )
2 

(r - 1) 	S
3 	

0- + n w  + mn  

1.• • 	• • • Sub- samples 	1=1 

i=r j=m 	
2 	 2 	2 2 

Preparation 	n E E (x.. -x. 	) 	 r(m - 1) 	S
2 	

G nw 
 

. 
1=1 j=1 	

1.. 
1 ')  

Analyses 
i=r j=m v=n 

7: 	E 	 2 

i=1 j 	 13  =1 v=1 	\T 	
1 

rm(n - 1) S
2 

	

(x.. 	)  

Total 
i=r j=rn v=n 	_ 	2 	 2 
E E 	E (x.. -x 	) 	rrrin - 1 	S 

i1 j1 v=1 	
ijv ... 	 total 

==  

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: 

_ 	j=rn v=n. 
x. 	= E 	E 	x.. 
1.. 	 ',wimfl 

j=1 v=1 

v=n 

= E x. 
v=1 

- 

x.. 
13 
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cs = (Eq. 2) 

(Eq. 3) 

(Eq. 4) 

2 2 
j 

5
2

-S
1 

n 

s2 c2 
3 2  

1 mn 

j=rn. v=n 

E E x
ijv/ rmn 

i=1 j=1 v=1 
(Eq. 5) X 

• 0 • 

S
2 
3 

V rx ] 
rmn 

(Eq. 6) 

	

-t
0.975,(r-1) 

vr x 	12 	x
...

+ t
0.975,(r-1) 

v rx 	r 
• • • 	 • • • • • • 

(Eq. 7) 

From the Table 1, the variance components,
2

, w
2 

and 0-
2

, can 

be estimated by the following formulae: 

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

with a variance of 

V[ 	1= V [ ]+V[y ]+V[-z- 	] 

2 	2 	2 
+ 

r rm rmn 

2 	2 	2 
mn.11/ + nw  + a  

rmn 

The 95% confidence interval of the mean can then be computed as: 



P =t
0.975,(r-1)(rmn 

2 	1 

rmn 

S3 S3  

1 
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where t
0.975, (r-1)

,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. 

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

177E document (see Appen.dix, page 39 ) can then be computed as: 

2 	2 	2 
+ nw +  

t
0.975,(r-1) 	rmn 

	

2 	2 	2 
+ 	+ 	G  

	

= t
0. 975, (r- 1) r 	rm rrnn 

(Eq. 8) 

If the quality variation is expressed as Q, the standard deviation of the 

particular characteristic throughout the consighrnent, and c is the number 

of increments to form a sub-sample, then 

2 	2 
Q = c 

Q
2 	

w
2 	21

2 
Thus: 	P = 	 + — + 	 

t O. 975, (r-1) 	rc 	rm rmn 

(Eq. 9) 

(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 	= — x 100% 	 (Eq. 11) 
51 rei 	- 

• • • 

and the total variation as: 

2 
+ 

2}-1 
total 	W 	11J 2  

(Eq. 12) 
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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. 



A  A PP': HI)1 

TABLE 2a  

' 1111'.1( "PLF.  

1, AW UATA 

11-)')N 

Al 	A? 

57.64 	57.9P 
5P • 45 	58.31 
5q.p1 	c19.77 
60.40 	60.50 
60.73 	60.74 
5P.78 	59.1? 
61.05 	61.06 
60.02 	6 0.08 
62.29 	62.19 
63.91 	6 3.65 
59.85 	59.67 
57.67 
61.1g 	6 0.:q1 
63.28 	6 3.42 
60.30 	60.43 
58.27 	5.4P 
59.39  
5g • R 7  
60.20 	60.10 
59.71 	59.94 

81 

5 8 .04 	5.06 
57.15 	57.33 
59.67 	5c4.6(; 
60.40 	60.5 
60.81 	60 •40 
58.53 
60.65 

61.56 	61.3 
63.57 	6'3.58 
59.51 	5ce.5? 
56.83 	56.60 
61.59 	61.66 
63.45 	6.1k 
60•44 	hn.76 
59.00 	5.47 
58. • 4 
`D4.98 	5«--97 
59.87 	59.78 
60.28 	60.10 

I- - 
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TABLE 2b

APPFt\I') I x H. HI -

It r,:Al Yc, [1^ ()r vAk I ANIC^. TAi-TEF

S r)CinCGÇ^ OF V A^TAT 10 N! SU'y1S 0F I")EG!-^ EE1^ 0 F
5 r3 U n,l i= S F R E: r i')

Q ET!4 FEpd 1P.-SAM 1.3 I..F^ 19.()09p,
1

PRFPAP AT T.O.̂ S.0 :-316 2fi

1=.TFE^1 aL Y^;!:S .f,.377 40
„ IT^IIfiI

-TOTAI- f-) 791 79

F.>5( ly. ^n)

F.'-)S( P-,O. 40)

SOUQ.i'F S

2. ^'440

F - t^ AT [ . G F- ii T ^ ; T-,, 1 R 1 .) T 1 0N

45.`•i2

1S.7i^ L.^s4

r,P Anin A6 0.016 C)

9ET,4FF^,) SiJÉ;WS,V.1P1.r=.S VAPIWOCE 2.FZl8{ STGNIF rr,AfvT

P(?EPAPATTOI\ VAqIAf,IC.E .117^s STGraIF ICANT

F?ET'-IFE^•I AFJALYc,F.(;

TOTAL VA47TAn.iC,-: r.yS?6

`/AUTA1i,lCF ')F THE (^qJ) i'1ti, .1441

Qu; PEaCF-.^jT Cr)n1FT1)r.11GF IVT(FRVAL h9.2? TQ r10.81

aELATIVF. PPJP:CI;Inr.a 1.32 . PFKCFivr
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TABLE 2c  

APPENF)IX P. ;-)1)—oF"—TPF—'J ■ 1. ,1E.L;AP1_1-- 0 	 — Pi-RCFNI 

NUMRFP OF INrqrmrmv, R1:WIW-?FO FOP vAPIWIS  pi:  C isi  os  

NUm"F-..; OF 
INC. 

PCi5  ION PERCENT 
 AH5, nLUTF 	pl-TATTve 

	

,(1 	 2.70 	 4.5 , ■ 

	

1.42 	 2.3 
1.8fl 
1.51 

	

10a 	 .79 	 1.3? 

	

lé'a 	 . 7 2 	 1.1 
. 

	

14r, 	 .AN6 	 1.1'1 

	

.'-, 1 	 1.n7 

	

20 1 	 .'7,- 4 	 .90 

22 1  

	

‘-k1 	 .49 	 .W2 

	

.?q . 	 • /i5 	 .7',  

	

U0 	 .44 	 . -0 

	

-.) 	 .42 	' 	.71 

	

3e.Yi 	 e '4 0  

	

:0 	 . -39 	 . ( l 

.i)1 

	

4(4) 	 ...q) 	 .6a 

	

.5 	 .5c. 
.57 
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TABLE 3a  

APPENDTX 4. PW\-0E-THE-MINE,AMPLD tiEFOPE 4LEm1ING - ilEPCET MOTSTUPF 

PAW DATA • 

Al 	 A2 	 bl 	 82 

ln.1 4) 
10.76 

7 •44 7.36 
9.40  
7.92 7.84 
9.(v4 9.76 

9 .3? 9.3? 
7.68 
8.60 	8.5? 
7.80 	/.84 
9.5? 	9.44 

P.m) 	8.76  
q.04 

 

8.16 

7.36 	7•40 
7.36 	7.4M 

7.9') 	(.9? 
8 .3? 

 
84 4 

q.12 	q.00 
9.36 	9.56 
9.68 	9.68  

10.28 
10.48 

7.52 
9.64 

7.88 
9.88 
9.36 
7.68 
9.12 

8.12 
9.48 

9.00 

8.00 
7.52 

1  7.44 

, 8.04 
8.48 

8.04 
• 9.64 
9.96-  

10.20 

10.68 

7.5? 
9.52 
7.84 

10.04 
9.40 
7.76 
Q.00 

0..00 
9,48 

8.68 
7.9? 
7.52 
7.5h 

7.96 
8.44 

9.84 
10.04 
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TABLE 3b

ANP FNIIIx ii, i11IN-()F -(-",1NErnPLl- i) HI FUNt_ H I F. 1111) IH^^ - hFN(F l•i r 1-1,0

=aNAi rSIq OF VAKIANCF TA'-sLE

SOURCFS OF VA 2 T AT i t1N (-,Umq OF f)EGKEES OF
.'^fII.JARES FREF00^•I St,iUAuFQ

RFT'^iEFN S1.14-Sa`^PI F ^ 78.2039 1(a 4 . i 0

PRFPAqATTO!^ .6204 2U .^)';10

RF.TW E F N A".A L.Y^7,FS .^552 40 M t? b4

4iITHIN Fi"'^ n.i. S A LF

TOTAL 79.!1795 79 1.in10

F.95( 19• r0)

F-RATIO F-iIIqT•^IF?I)T I()i,,i

132.69 ^.11^

4 . ii(- l . R ilF.95( 20. 40)

GRAND MFAN R.7c^25

RETWEENJ SUP-SAMPI ES VQRIA"JCE: 1.OP 1? STGnllr Tî,ANT

PRFPARATI01, VAPIAniCF .t11?3 ';T(-)N1FTCANT

RE T'4FEN ANALYSES VrXPI AI\iCF .0064

TOTAL VAu T ANCE- 1.0399

VARIANCE OF TliF ;PAV) MEAN .0514

95 PFRCFNT CO^JFInF:NCE INTFPVAL 8.25 TO 9.?,1

REL4TIVE. PkF(;ISInN 5.44 PFRCE.N T
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• TABLE 3c 

APPENOIx 	P1.JN-OF-ThF-mINE,S4MPLF_D bEFOiqE 8LFNOINC, 	PF1RCENT 

NUmPFP OF INCREmENTS REQU . TPEO  FO  VM--,q0Uc,  

NUMPFP OF 
INC. 

20 
40 
65 
80 

100 
.120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
160 

400 
420 
445 
460 
480 
50,) 

KeuCISION PFKTPNT 

AHSOLUTE 	PEL41- TVE 

1.61 	 18.51 
.85 	 9.72 
.64 	 7.39 

.47 	 5.44 

./43 	 4.91 
4.51 

.17 	 4.19 . 

.14 	 3.93 
. 	 3.72, 

.• 11 	 3.54 
3,30  . 

,P8 

 
3.24  

• . 	 3.11 
.P6 ' 	 3.00 
.25 	 2.90 
.25 	 2.81 
.24 	 2.71 
.?3 	 2.66 
.23 	 2.59 
.22 	 2.5? 
.21 	 2.46 
.21 	 2.41 
.21 	 2.34  
.20 	 2.31 



Statistic 
Percent 	 Percent 
Iron. 	 Moisture 

8.72 

2.26 

0.11 

0.08 

1.02 

0.47 

60.02 

3.75 

0.34 

0.13 

1.72 

0.79 

Grand Mean 

Intrinsic Standard Deviation 

Preparation Standard Deviation 

Analyses Standard Deviation 

Total Standard Deviation 

Precision at 100 Increments 
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TABLE 4 

Appendix B. Run-Of-The-Mine, Sampled Before Blendin.g  
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TABLE 5a  

APPENDIY U. IRON OPP. CONCPNTPATE 	PERCg'.MT IPW'J 

DilTA 

f‘l 	 /12 

66.36  

	

66.28 	46.1:) 

	

66.44 	66.34 

	

66.44 	46.34 

	

66.44 	66.4 

	

65.64 	65.53 

	

65.39 	65.53 

	

65.47 	65.69 

	

65.31 	65.53 

	

65.64 	65.69 

	

65.88 	65.85 

	

65.39 	65.61 

	

'66.28 	66..32 
, 66.28  

	

66.28 	66.08 

	

66.5 2 	66.28 

	

66.28 	66.20 

	

66.52 	66.28 

	

66.36 	66.12 

	

66.36 	66.36 

81 	 P2 
• 

	

66.28 	66.34 

	

66.12 	66.10 

	

66.20 	64.34 

	

66.28 	66.50 

	

66.36 	66.34 

65.88 

65.72 
65.64 

	

65. • 9 	65:45 

	

65.72 	65.77 

	

-65.80 	64.02 

	

65.47 	65.45 

	

66.60 	66.32 

	

66.28 	66..16 

	

66.36 	66.24 

	

66.44 	66.36 

	

66.20 	66.28 

	

66.36 	66.28 

	

66.28 	66.20 

	

66.28 	66.44 



OEGRFEç OF 
FREPO01.' 

q.f., q77 

;7!) 

	

.4234 	40 

	

10.2963 	74 

souPCFs OF vAriVrToN SU-is OF 
gft.) ,\PES 

RETwFFN 

PRFPAPATTW\ 

9ETwFEN ANmYY:s 
wITHIN 	FII\AL 	AF  

TOTAL 

c.

• 	

)7 

. • 133  

• 11 106 

. 1 -303 

F.45( lq. ,) 0) 

R, 9 5(  20. 40) 

	

F-RATIO 	F-OlgIRIRUTION 

	

38.1? 	 2.14 

	

1.25 	 1.q4 

66.0726 

.1231 

.0013 

.0106 

.174q0 

SIGNIFICANT 

INSIGNIFICANT 
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TABLE 5b 
ADRENDIX C. IPai- 	CONCFNTRATF - REPCE1-  

1 , NAI_YSIs OF  vAIANCE TA;3LE 

(;PANO mFAN 

RETWEEN SNI—SAmRIFS VARIACE 

PRFPARATION vAPIANAC 

qFTwEFN ANALY(;ES VARJANC 

TOTAL VA ,'IANC 

VARIANCE OF THP (=1„, tmi) RFrj 

qL; PFQCJE- PT Cn .\IFfri:INCE INTPRVAL (-).91 	Tr)  

PFLATIVF R 4 ECIS1N 	 • 25 	 RFRCEW 
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TAB LE 5 c  

APPEND 1Y. C. 1PON.nRE CONCENTRATE — PERCENT ,Toorq 

NUM'3ER OF iNCREgNic-, REOuTREO FOR VARTONS PREC1SIou5 

NU 2 -t-L OF 
[NC.  

20 
40 

10n 
120 
140 
160 
P!O 
200 
220 
240 
260 
28n 
300 
32 1)  
340 
36P 

4nn 

420 
44n 
460 
4H0 

CIsION PERCENT 
APSnLUTE 	RELATIVE 

.c17 
• 

.?3 

.19 

.17 

.15 

.14 

.13 

.12 

.11 

. 10' 
; .10 

n9 
e n9 

.09 

•  

.n7 

.n/ 

.07 

•  

.2Q 
•  
.23 
.21 
. 19 

.• 17 

. 14 

. 14 

. 1? 

. 13 

. 13 

.• 1? 

. 1? 

. 11 

. 11 

. 11 

. 11 



Al 	 4 7  

:2 .P4 

2.7? 
2.76 
2..gn 
?.P4 
2.4R 

2.64 

2.64 

2.72 

2.5? 

2.?0 

2.64 

3.00 
2.64 
2.60 
2.64 
2.44 

2.00 
2.80 
2.92 

7.  •') 
».52 

2.64 

?..64 
2.72 

2.56 

2.16 

?. 6 0 
2.96 
2.64 - 

 2.60 

7 , 
 2.44 

1.96 

2.;h 

- 19 - 

TABLE 6a 

APPPrNOTY C. I 7-è0 ,,A 	CONCRNTATE - PEPUNT 	I TUF 

Pi\oi DATA 

H1 

2.A8 	2 • 7? 
?.64 	2.60 

2.80 	2./? 
2.80 	24  
2.R4 

2.36 	2.40 

2.6H 	2.64 
?.h4 	2.64  
2.72 	2 .76 
2.48 	2.4R, 

2.04 	2.04 

2.68 	?.64 

P.96 	2.96 
2.60 	2.60 
2 .56 	2 .60 

?.56 	9 .60 
2 .40 	2.36 

1.a8 	1.9? 
?.76 	2.76 
2.96 	2.96 



4.8391 	19 

	

.0792 	20 

	

.0288 	É4.0 

	

4.9471 	79 

.0040 

“)007 

.f626 

Si 	OF 
sOUA.REt3 

DEf3RFES OF 
FREEIffl sOUARPS 

F.95( 19, 20) 

E.95( 20, 40) 

TABLE 6b  

APREq0Ix. C. IR')m 	CnCFMTRATE 	PERCEroT MOIS FORE  

ANALyc;Ic oE vAjANCF TA 13LE 

SOURCES OF  VA-TAIION 

9FTwEEN Sui4 -44RI 

PREPARATION 

BETWEEN ANALYSES: 
wITHIN FINAL SAm,PLE 

TOTAL 

	

F-PATIO 	F-OISTRIHUTION 

	

64.32 	• 	, 2.14 

	

5.50 	 . 1.84 

(3RANO MEAN 	 2.6210 

RETwEEN SUF—sAmPLES vARIANCE 	.0627 

pRPARATION VARIANCE 	• 	.0016 

RETwEFN ANALYSES  -VARIANCE 	H  .0007 

TOTAL VARIANCE 	 .0650 

VARIANCE OF THE GRANO.MEAN 	 .0032 

.STGNIFICANT 

SIGNIFTCANT 

05 PERCENT CONFInENCE INTERVAL 	2.50 .TO 	2.74 . 

RELATIVE PRECISIoN 	 4.51 	 PERCENT 



NUm 4 F ,-,  OF 
INC 

fpECIçION PERCENT 
qu_ATTvF_ 
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TABLE 6c  

APPP- NnTx C.  igoN oIRF cONcpeqAur. - L'tPCEmT .AnTSFURF 

NUmPEP OF TNCREFNTS ,- -.Q1 , TL&:n F0 .1-2 VAPT011q oPEcisinbs 

4 1-) 

(7.n 

Urfa 
140 

16n 

24 

2",-Ïn 

-300 

34() 

18n 
/4(11)  

46" 
!l g.) 

c2“-P1 

. ?1 

.16 

.13 

. 11 
• 1 0 

.51 9 
enP, 

.r5 

.n7 

.

▪  

17 

."7 

.n6 

.n6 

.

▪  

n6 

.n6 
• 
• 
.n5 
• 
.n5 

1L, .3 2 

 8.0c: 

6.12 
.L.;.1"? 
4.")1 
4.07 

3.73 
3.47 

3.'26 
3.0u. 
?.93 
2.8n 
2.6 

P.5P 
?„,/0-4 

2.4n 

2.33 

2.2e- 

2.14 

2. 04 
 1.9Q 

1.9k 

1.91 



Statistic 
Percent 	 Percent 
Iron 	 Moisture 

66. 07 

0.78 

•  0.04 
(Ins) 

2.62 

0.56 

0. 04 

0.03 

0.25 

0. 12 

0. 10 

0.37 

0. 17 

TABLE 7 

Appendix C. Iron Ore Concentrate  

Grand Mean 

Intrinsic Standard Deviation 

Preparation Standard Deviation 

Analyses Standard Deviation 

Total Standard Deviation 

Precision at 100 Increments 

In.s = Statistically insignificant at 5% level of significance. 
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TABLE 8a

APPFtinix U. TOnK WF Pf:LIPTS -PFkCtNT TQ()IIJ

DAw taAT4

A 1. A ,' P1 H ?

6q.P7 tiq. o; 69.y5 hti.y^,

6n.P7 h51 95 65.79 6ÿ.9'.)

65.1, 05.Q^ 65.55 h4.47
65,,6"3 A9.4 -i 65.47 6401^
6ri,47 05.0i ^5.31 hV.4`i

6 5.6? 05. 4 9 65.h3 65. 4t,

69.63 hh.+5 05.63 60.4n

64.44 65.39 65.44 65. 31
65.40 o5. vl 65.48 A-;.41
4q,40 65.47 65.48 64.47
Fi-_̀ ^j.44 F5.3'-^ A5.40 65.31
65.40 45.,tl jî5.4fi 6`-?.3y

69.3. 65.46 A^.31
69.4A 65.32 64.31
65. 4 7 f• 9. 3^ 65.47 h'=; ..i ^4

65.47 05.55 69.47 0".3,y
65.55 49.V-1. 65.39 6^.4;A
55.30 69. 31 65.?3 64.3-1
65.11 F'S.K 65.48 65.41
65.?3 "S.31 65.39 6;.31



gOURCPS OF VA:? -PATION SUMS OF DEG 0 EES 
ERE- POOH 

1 1E:P.m 
SbUAL)F s 

	

F-PATIO 	F-OISTIRIAUTION 

	

15.55 	 2.14 

1.0M  

F. (1)S( 	19 	20) , 

F.95( ?o. 

STGNIFICANT 

.INSIGNI•ICAMT 
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• 	 TABLE 8b 
4PPF , 101 	n. 1t)T1 rj 	PELLIC; 	PLi-CENT 1;L:OM 

fT- " VPIA.NCE TA!-4 _E 

RETwFEN 

PRFPAPATIO 

RETwFEN 
WITHIN 	FINA1 

TOTAL 

2.1153 	lq 	 .1 1 3 

.1432 	20 	 .Pn72 

.2h53 	40 

2. (7,23 	79 

GRAND  .^FAN 	 65.4766 

RETWEEN SUR-S11,.,1 P11:5 VAPIPICE 	.0260 

PPFPARAFTON: VATrieqCF 	 .0003 

RFTWEEN:ANALYSES VARIANCE 	 .0066 

TOTAL VARIANCE  • 

VAPIANCE OF THE 	MEA 	 .0014 

P5 PEPCENT coNlInukF_ IN 'TPQVAL 65.40 	TO 	65.5P, 

RELATIVE RPECTSIqN 	. 	. 	• 	.12 	 PFPCENT 



PEqCFNT 
IRELâTiVE 

(:07 

1 -Jr.. 

• 14  

. 1 1 

. n 9 

• "7 
• 

• 

.06 

. n5 

• '15 
.  

.n4 

• ;14 

.0 4 

. (\ 4 
• 

.

▪  

04 

.

▪  

03 

.1 .r>  
14r,  

;) ;,./1 

3 -rr. 
24 , 1 

31-u1 
/-0 -jn 

4 .(7.) ) 

/440 

q!) . ) 

.41 

.21 

. 1-

• 	

) 
. 11 

.0n 

.07 

.07 

.0 7 
 .07 

.0 4 

 .04 

 .0

• 4 

 

• Or-

▪ 	

. 

• o t-; 

. 0t:7) 

- Z5 - 

TABLE 8e  

APPEK1r)T  X 	). 	1 -?(),1 flÇ,f 	Ps-- LL1 	4 -) 471QC1-  NT 	I --'0N 

N(JmqFQ OF TNC-? FF -JT 	 LJ, 1- 1) FOP VAPIOHS PL?F.CISIO 
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TABLE 9a  

APPEWIMX 	iRO 00E PELLP-TS - PERCENT mOI8TUk17:  

Q'  1.1 DATA 

k:31 

.90 

.96 

1.U7 
.98 
.48 
.80 
.68 

..81 

.90 

.95 

.71 - 
 .67 

.69 

.90 

.71 
•80 

.83 

•86 

•8-4 

1,07 

1.03 
.99 

.67 

.76 

.81 

.89 

.9r1 

.94 
• 

.76 

.75 

. 7 8 
 .80 

1 • (21 
. 96 

1.11 
1.08 
1.04' 

• 

. 76 

.• 71 

• 

.• 79 
-.7 9  

.79' 

.76 

.9L; 

1 . 114  
•  

1.03 , 

 1.08 

1.09 
.57 
.73 
.66 
.74 

.87 

.95 

.P1 

.90 

.8? 

.65 
• 

.W«-; 

.74 
,P2 



F.95( 19 ,  20) 

F.95( 20, 40) 

	

F-RATIO 	F-DISTRIBUTION 

	

17.72 	 2.14 

	

1.83 	 1.84 

• 91 

PERCENT 
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TABLE 9b  

APPEND IX n. [PoN ()Pi,  PELLETS - PERCENT MOISTURE 

ANAI YSTs OF VAR I ANCE TAHLE 

SOURCES OF VARIATION SWIS OF 
SQUARES 

DEGREES  OF  
FREFDOm 

ME AN 
SOuARFs 

RETWEEN Si>s -sAmPLES 	1.5705 	19 	 .0P27 

PREPARATION 	 .0933 	20 	 .0047 

RETWEEN ANALYSES 	 .1019 	40 	 .n025 
WITHIN FINAL SAmPLE 

TOTAL 	 1.7657 	79 	• 	 .0?24 

GRAND MEAN 	 .8399 

BETWEEN SUB-SAMPLES VARIANCE 	.0195 

PREPARATION VARIANCE 	 .0011 

BETWEEN ANALYSES VARIANCE 	 .0025 

TOTAL VARIANCE 

SIGNIFICANT 

INSIGNIFICANT 

VARIANCE OF THE GRANO MEAN 	.0010 

95 PERCENT CONFIDENCE INTERVAL 	.77 TO 

RELATIVE PRECISION 	 8.01 



OF IC!'<EmENTS REOLIPED FOR VARIOUS RRF 'CISIO'' . 5 NumPFQ 

.?3 

.12 

.1• 8 

.07 
• 

.(16 
ri 5 
.05 
.05 

.!)4 

.04 

.n4 

.n4 

.n4 

.04 

.0• 3 

.q3 

.03 

.13 

.03 

.03 

. 0 3 

.03 
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TABLE 9c  

APPENDU( n. 11 , N OPE PELLETS L PERCENT MOISTURE 

PRECISION PERCENY 
ASOLUTE 	RELATIVE 

1 

("1 

lqo 

1.  ryt  
14n 

200 
22n 

24n 
26') 
2r-H 
30q 

-1?'1 

314!.. ! 

36r ■ 

-3k!) 

/4 .4 	, 

ciV) 

27.?3 
14.31' 
10.87 
9.12 
8.01 
7.21 
6.64 
6.17 
5.79 
5.47 

5.2 17! 
4.97 

. 4.77 

4.4? 
4.2P 

4.14 
4.0;? 

3.91 
3.81 
3.71 
3.63 
3.54 
3.47 
3.40 



Statistic 

Grand Mean 

Intrinsic Standard Deviation 

Preparation Standard Deviation 

Analyses Standard Deviation 

Total Standard Deviation 

Precision at 100 Increments 

TABLE 10 

Appendix D. Iron Ore Pellets 

Percent 	 Percent 
Iron 	 Moisture 

65.48 	 0.84  

0.36 	 0.31 

0.02 	 0.00  
(Ins) 	 (Ins) 

0.08 	 0.05  

	

0.18 	 0.15  

	

0..08 	 0.07  

Ins = Statistically insignificant at 5% level of significance. 



TABLE 11 

Values of t
(r- 1) 

at 95% Percentage Point for 

• Various Numbers of Sub-Samples r (4)  

t 
r - 1 ) 	

r 	t
(r-1) 	

r 	t
(r-1) 	

t
(r-1) 

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 	œ 	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 

10 	2.262 	20 	2.093 	30 	2.045 
11 	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 consignment, 

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 n-umber of replicate analyses 

performed for each final sample. The optimum values of c, r, m and n 

to obtain a certain required degree of precision for a particular quality 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, Q
2

; 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 c will increase 

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

will also increase the preparation variance, w
2

. In another situation, 

for a particular quality, where 0
2 

is the dominant component of variance, 

increasing n may be the most economical method to increase the precision. 

Tables 2c, 3c, 5c, 6c,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
O. 975, (r-1)* 

Table 11 shows 

this dependence; it is strongly dependent on r for the lower values of r, 

and then becomes nearly constant at r 20. 
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APPENDIX  

'MAC 10;'./9: 	(C;fflpda.-2) 
S(1)1,cmb(Jr 1)70 

S 	0 

INTERNATIONAL, ORGANIZATION FOR STALDAIWIZAT I ON 

TECleqICAL COPIIITTEE 102 - IRON ORES 

SUB-COMIWEE 1 SAPFLING 

Canadian Sampling 

Procedure for Mechanical 

Sampling (Second Draft) 

Anal:er to Doc. 102/1N 162E 

1.77E 



riC)0.. 
Etetry.ihet. VI ) zone 
sencrie  I A l.  

QUzinIC 
LADN./.11:m CITY. IIIII! I'M/NOLAND 
CT.  »Med. liftWIOUIIDLAHD 

Sept-Iles, Quebec, 
January 14, 1970. 

ATTENTION: .  . Kuracht, Chief of Standards Division Mr. 

- 34 - 

ISOAC J021:,C 1 	 1777, . 

I RON ORE COM.PANY OF CANADA 

Secretariat of ISO/TC 102/SC 1, 
Japanese Industrial Standards 

Committee, 
Agency of Industrial Science 

and Technology, 
Ministry of International 

Trade and Industry, 
3 - 1 Kasumigaseti 1, Chiyodaku, 
Tokyo, Japan- 

peaL 

Enclosed please find a copy of document CAC/ISO/ 
TC 102/SC 1 M1 "Sampling and Preparation of Iron Ore - 
Second Draft". 

This i. the procedure referred to In item 3.1 
of the letter from Mr. S. F. Coolsma of Canadinn 
Standards Association.tO yourself on January 7, 1970.1, 

We apologize for the delay and hope you will 
find this method useful in yotir preparation of a 
mechanical sampling method. 

Thank you. 

Yours truly, 

It• P 

CHAIRMAN CAC/ISO/TC 102. 

C.C. Mr..S. F. Coolsma 
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350/1 i02./;',C 1 (clw•I:-2) j7W:,  

SAMPLING  AND PREPARATION  OF IRON 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 conditions of sampling and preparation, 

II 	SUMMARY 

The method is an increment sampling method where the number of increments is 

based on statistical analysis of the intrinsic variation 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 size 

weight ratio (5.6). The sample «  for moisture is removed before crushing or at 

greater than e (10 mm) and drying is then performed at 105 + 50C to constant 

• 

	

	 weight. The analysis sample is then pulverized to pass 150 microns. The 

following flow sheet shows the possible methods with resultant samples. 



OR 	3) TOTAL GROSi71' 5.1,2,3 p.) 1., IV J DIIATI 	OR 2) GROUPED -S UB 

	 L. 	  

C) INCREM 	iENT L TYPE III] 

	

 	• 

4. 4 	 ' CALCULATED . NUMBER AND WEIGHT OF INCREMENT -Si 

UK 'UR 
I B) INCREMENT 

'TIV DV TT 
INCREMEN T 
TYPE I 
	I 

- 	 - 

C -ONS IGNM'ENT 

5 . 6 	• PREPARATION 	 • PREPARATION 	 PREPARATION 

1-A  INCREMENT S AMPLES 	 1-13 INCREMENT SAMPLES 

2.-A SUB -SAMPLES 	 2-B  SUB-SAMPLES 
3-A  (SUD)  GROSS SAMPLE (S) 	3-B (SUB) GROSS SAMPLE  (S ) 

REPRESF,NTATIVE 	 REPRES ENTATIVE 
nrrn77, ,M mn n”nn, 
t! • • • • t..• ?:,•-• 2- 	 .•-•-• 

STATISTICS 	 NON-BIAS .  

1-C INC REMEN1 SAMPLES 

2-C  SUB -SAMPLES 

3-C (SUB) GROSS SAMPLE (S) 

ASSUMED REPRESENTATIVE 

BETWEEN PROD LIC E,R 

AND CONS UMER 

"" n'"rTnI, nn 
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III 	TERMINOLOGY  

3.1 	CONSIGNMENT  

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

3.2 	INCREMENT 

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

3.3 	SUB-SAMPLE  

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

3.4 	GROSS SAMPLE 

The quantity of ore consisting of all the Incrempnta taken from a 
consignment. 

3.5 	SUB-CROSS SAMPLE 

A sample representative of the gross sample. 

3.6 	PRIMARY INCREMENTS  

Increments taken . from a total presentation of the consignment. 

3.7 	SECONDARY INCREMENTS  

Increments taken from primary increments.or primary samples. 

3.8 	SACING OF  INCREMENTS  (DEFINITION) 

Systematic spacing is equal in time or position (tons) over the consign-
ment. Random spacings are selected by chance in time or position over 
f-h^  • 
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3.9 	TOP SIZE. 
• 

The letigth of a side of a square sieve opening.  upon which is retained 
.1 to 5 % of the Ore. 

3.10 ACCURACY 

A measure of agreement between an experimental result and the true 
value. 

• 3.11 	ERROR 
• 

Difference of an observation or a group of observations frbm the best 
obtainable estimate of the true  value. • . 

3.12 	BIAS . (SYSTEMATIC  ERROR) 

An error that is oonsistently positive or negative. (The cause of bias 
cen generally be détectPd and eliminated by correction of the method  or  
revision ot tne ,  equipment used tor sample collection, storage, prepara • 

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

3.13 CHANCE  ERROR 

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

3.14 SAMPLE PREPARATION  

- 	Includes (1) 1Division .  RedUction in,weight 
(2) Crushing - Reduction in size to 1/2" .  . (10 mm)- 
-(3)Pulverizing - Reduction is size - beyond 1/2" (10 mm) and 
-(4)Drying at 1050  C + 5°. . 

3.15 	RIFFLE 

Riffle is a stationary.sampler for continuous diversion of a portion 
nr,rnn7:'c nn n f:n11171n 	 cûnri;  

an assembly comprising an even number of equally Sized chutes, 
adjacent chutes  discharging in opposite sides). 
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3.16 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 segment 
and combined to form a divided sample. 

3.17 FOREIGN MATERIAL  

A substance not normally included in à consignment. (Must not exceed . 
.1 % by weight). 

3.18 VARIANCE e 
The average of the squared deviations from the mean. 

3.19 STANDARD DEVIATION  

The square root of the variance. 

3.20 PRECISION  

95 % confidence level or twice the standard deviation (26) 

IV 	SAMPLING  PROCEDURE 

4.1 	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. 

4.2 	Method of collecting increments: 

The representativeness of the final samples  i  directly related to the 
. method of collecting 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 engineered to be free of bias. 

. Examples: 

• - a) 	A full cross section. cut from a stopped belt. 
• 

b) From a cutter moving across a.falling stream at uniform speed 
taking a full crOss section without allowing the receptacle to 
overflow. 

c) From full grapples during. discharge. ' 

These increments forM a statistically'representative sampl.e. 

TYPE II - Some measure of . human discretion'is exercised in selection 
of the primary increments either by procedure or by design (part 
'stream  cuit,  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 
within 1.5 times precision or proof of 95 % wiLhin precision. 

TYPE III - These increments are taken from à stationary consignment, 
. i.e.: the entire consignment is not presented .té 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 censumer before this'type of'sampling is 
used. 

4.3 	The top s,ize, the total precision 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 induplicate and 
analySed in duplicate as shown in Appendix l'A". 

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 àf increments to use and 

u£ azzmplea to analyse. 	 . 
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4.4 The minimum number of increments required are calculated by the fo13.o„i-
ing formulae but must never be less than 10.

St = /- i2:-+ Sp2 + Sa2 ......(1)

WHEhE St = Total Variation

Sp = Preparation Error

Sa - Analysis Error

AND (iv = Intrinsic Variation

St, Sp and Sa are determined from 4.3 and Crv is calculated by the
following:

F!V2 Sn2 Sa2
2Cft= 2 ii + m+ ......(2)

WHERE 2Crt = Total Precision Desired

n = Numbér of xncrements

m -- Number ot k(epea ted Prenaz-ati_,nns

1-- Number of Repeated Analysis

in and 1 will equal the number of increments, sub-samples or sub-gross
'samples used and will bel if only 1 gross sample is used.

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

TOP SIZE 'TiINI.1`iUM WEIGHT

10 mm 3/8
25 mm 1
50 nun 2

100 mm 4
150 mm 6
200 mm 8
250 mm 10 I I

300 gm 3/4 lb
800 Sm 2 lbs

4 kg 9 lbs
12 kg 26 lbs
20 kg 4t lbs
28 kg 62 lbs
36 kg 80 lbs

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 weipht specifted, In Gtich ri5eGrn1 l.prY nn in..

Ji Vïccii.ct wE.i.r[1L, riowever, tlo noc reQUce Cne minimum number

of increments regardless of large excess of individual increment weight.
(This weight usually can best be divided with secondary sampling
following the same size weight ratio.)
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.4.4 	DISTRIBUTION  OF  •  INCREMENTS 

• The increments are to be distributes throughout thé entire consignment 
systematically with a random start. Should'there be a sequence itt 
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. 

4.7 	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. 

4.8 	PRESERVATION OF MOISTURE 

The increments obtained during the sampling period shall be protected 
from changes in composition due t .o exposure to rain, snow, wind, sun, 
contact with absorbent materials and extremes of temperature. The 
nirrnlf.itinn r.F pir rlire,“ 	ne-11141.smnl,f. 	 hn 

prevent both loss of fines and moisture. Samples in which moisture 
content is important shall be protected from encessiVe air flow and 
then shall be stored in moisture-tight containers. Metal cans with 
air-tight lids or heavy vapor7iMpervious bags, properly sealed, are 
satisfactory for this -purpese. 

' 	• 4.9 	CONTAMINATION 	 -  

The sampling arrangement shall be planned so that contamination of 
the increments with foreign material is avoided. 

4.10 MECHANICAL SYSTEM FEATURES (FALLING STREAMS)  

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

In the choice of mechanical sampling.aystems, it is necessary that 
over and above the strength requit'ements which would be calculated by 
PTIG74/1Pern ernM h,ill, debn4t1nc ,  onnes ,  

the specitications ot this method. i.e.: 

■•■ 

• 
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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. 

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

3) 	The cutter  shall have a minimum opening dimension of three times 
the top size of the ore. 

4) 	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 - 	 = 290 580 x 60 

With a 4 inch cutter 	= 4/12 x 290 	97 lbs. 

5) 	Secondary sampling required the same specifications. 

V 	PREPARATION PROCEDURE 

The procedure of combining increments is divided into three methods. 

5.1 	Analyse every increment and average results by weight. (Although this 
would be the most accurate method, it ià seldom practical.) 

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

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

a) 	One sample will be taken the result reported 

5.4 	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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5.5 	Thé procedure a't this point is also àependent 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 determined? 

3) Volume & weight of sample . (s) requireà? 

Moisture determination limits the procedure to a minimum of handling, 
crushing to not less . than 1/2" and that the samples are collected in 
moisture-tight containers. (Moisture should be determined as quickly 
as possible). ' 

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

,samples needed and requires examination of the minimum weight and 
minimum number of increments at the outset to see that the final samples 
will be large enough. 

5.6 	Reduction of sample weight whether•increment, sub-samples, gross sain, 
or sub-gross sample.. 	 • 

	

5.6.1 	Division of samples to reduce the weight are subject to the 
; 	• 	following rulesn 

1) Use  dividing •equipment (riffles) that will provide a 
divided sample with the same size distribution as the 
original sample. Test equipment for bias. 

• 
2) Use secondary increments:  The secondary*sampler must • 

• be out of phase  with primary, if fed directly. e.g.: 
Primary set at ton interval, secondary at time interVal, 
or'different timing cycles, or blend the entire primary 
sample. In any case, the minimum size and number of in-
crements must be adhered to. 

2.1) 	Tertiary sampling may be applied tinder the same 
restrictions as •secondary sampling." 

Increment .division: Proceed as defined in 3.15 taking 
at least 16 areas. 

2' (5û iT4 aÏLci 	cI Luut and quarLeLing or anernace 
shovel method may be used to divide samples down to a 
minimum weight of 300 lbs. (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  WEIGHT 

	

8 " 	,200 	mm 	 19,200 lbs 	8,600 	kg 

	

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

	

2 " 	50 	Mm . 	 300 lbs 	 135 	kg 

	

1 " 	25 	mm 	 40 lbs 	 18 	kg 

	

10 	mm 	 5 lbs 	 2.3 	kg 

	

.04 " 	 1 	mm 	 1 lb 	 .45 kg 

	

.006 " 	 .15 mm 	 14 lb 	 .100 kg 

(The table from 1/2 " to 8 " is based on a cubic factor with a 
4 " cube as the base with a Sp. Gr. of 5.0 i.e.: 5 x 62.4 x 
1/3 x 1/3 = 12 lbs. In order that this piece represents less 
than .5 % of the total weight, a factor of 200 must be applied 
or 200 x 12 = 2,400 lbs.) The last two sizes are based on 
practical two stages pulverizing to a 150 micron sample of 
100 gram. • 

5.7 	Drying - The moisture sample is to be removed during-the crushing- 
division above at 1/2 " or greater. 

The remaining sample may then be dried to constant -wreight at 105°C 1- 5 °C 
for further crushing and division. (5.3) 

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

VI 	FINAL SAMPLE_Çlil 

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

1) 	Analysis sample should be at least 100 1,gras dried at 105 4- 5 °C and 
pulverized to at least 150 microns .. 

2) Size snmule should be relative to the table in Ç.4 .2. 

3) . Moisture sample should not be crushed below 1/2 " and should be at least 
2.3 kg in weight. 
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APPENDTX "A"  

A - REQUIRED  

1) 	Determine top sizes cif the ore type. 

Determine the total variation of the characteristic desired. 

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

Determine the standard deviation of duplicate preparati.ons for the 
characteristic desired. 

5) Calculate the intrinaic variation.. 

6) Calculate the number of increMents required. 

. 	- VROCEDURE  

Obtain 100 increments systematically or randomly'throughout .a consignment (s) 
• of the ore type desired to evaluate. . 	. 

Combine these Jncrements in sequence or randomly . in  groups 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. 
Record top size. (l )  • 	' 

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

Détermine each sample for the characteristic desired in duPlicate,.i.e.: 
Al  -A2  and B1  - B2 

Determine the mean of A the mean of B the individual analysis ranges 
(Al - A21 and 1Bi - B21 4nd the individual preparation ranges 1W - Bt 

	

THEREFORE: (2) 	St  
9 

(3) sa 	dIA1 - A21  + 	d1B1 - B21 
2 

(4) sp 
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dv is calculated from (1) of 4.4. 

( 6 ) 	The number of increments is calculated from (2) of 4.4. 

Examples are shown.in the following appendicies: 

A run of the mine ore unblended. 

"C" A concentrate 

Pellets 

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



A • 

AP?ENDIX "W .  RUN OF MINE 	SAMPLED • 3EPORE ELENDING 

' • MOISTURE IRON 
• - 	• 

t A1-A2 i 	21 	! 22 .31-3 2 	 . Al 	. A2 

	

' .34 	58.04 	58.06  • 58.05 . .02 	 10.16. 10.16 

1 
.14  J  57.15 	57.33 	57.24 	.18 	1.1+ ; 10.52 .  10.76 

	

.06 	59.67 	59.0 	59.64 	.07 	.15 	7.44; 7.36 
• 

	

.10 	60.40 	60.58 	60.49 	•.18 	.0+ 	9.40. 9.56 

	

.01 	60.81 : 60.90 	60.85  j  .09 	 7.92 	7.84 

.34 	58.53 . 58.96 : 58.75 	- .43 • .2) 	9.84: 9.76 

	

.01 	60.65 	6.0.66 	60.66 : .01 	.4) 	9.32 .  9.32 

	

.06 	59.61 	59.59 	59.60 . .02 ; .43 ; 	7.68 .  -7.72 

	

.10 	61.56 : 61.38 	61.47 	.18 	.7Y • 	8.60 	8.52 

	

.26 	63.57 : 63.58 ' 63.58 	.01 : .20 	7.80 	7.84 
; 

	

,.18 	59.51 : 59;52 • 59.52 	'.01 	2 	9.52 	9.44 

	

.19 	56.83 .  56.60 	56.72 	.23 	:• 

• 	

8.80: 8;76 

	

.27 	61.59 	61.65 • 61.62- 	.06 	•5: -  ;. 	8.04 	8.16 

.14 	63.45 	63.18 : 63.32 	.27 	. 0  1; 	7.36 	7.40 

• i! 

	

.13 . 	60.94 	60.76 	60.85 	.18 	.44; h 	7.36 	7.40 

	

.21. 	59.00 	58.97 	58.99 	.03 	.6: 	7.96 	7.92 

	

'.10 	58.74 • 58.48 	58.61 	.26 	 8.32 	8.44 

1 

	

.26 	58.98 	58.97 	58.98 	.01 	.2 	1 	8.12 ; 8.00 

	

1 	• 

	

.10 	59.87 	59.78 	59.83 	.09 	

• 	

9.36 ; 9.56 	9.46 

	

.23 	60.28 	.60.10 	60.19 	.18 	.3e 1 	9.68 	9.68 	9.68 

	

60.09 	.16 	 59.95  j .13- 	.41 -8.67 
-! 

	

1.63 	.10 	F 	1.7 9 	. 1 1 ! .28 I 	T  lcr  

-Samp1 
! e 	Al  

1 	1 : 57.64 
2 	58.45 

IMean 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

.15 

16 

17 

18 

19 

20 

59.83 

60.40 

60.73 

58.78 

61.05 

60.02 

62.29 

63.91 

59.85 

57.67 

61.18 

63.28 

60.30 

58.27 

59.39 

58.82 

60.20 

59.71 

A9  

57.98 • 57.81 

	

58.31 	58.38 

	

59.77 	59.80 

60.50 . 60.45 

	

60.74 	60.74 

	

59.12 	58.95 

	

61.06 	61.06 

	

60.08 	60.05 

	

62.19 	62.24 

	

63.65 	63.78 

	

59.67 	59.76 

	

57.48 	57.58 

	

6.0.91 	61.05 

	

63.42 	63.35 

60.43 .60.37 

58.48 58.38 

59.29  .5934  

	

58.56 	58.69 

	

60.10 	50.15 

	

59.94 	59.83 

10.16 

.28 	0.9 

_ 

•A 1 -A2 21 : 22 	5 	AP  
ï .00 . 	10.28 10.20 10.24 •  .08 • .08 	0.8 

1064 ! .24 ! 10.48 10.68 10.58 ' .20 ; .06 1:; 0.7 

7.40. ! .08 : 	7.52 • 7.52 	7.52 .00 	.12 ! 0.0 
1 

9.48 .16 	9.64 • 9.52 	9.58 .12 •  .10 	'0.8 

7.88 	 7.88 	7.84 	7.86 .04 - .02 • 2.8 

9.80 .08 • 	9.88 10.04 	9.96 .16 ' .16 • 0.0 

9.32 :.00 	9.36 	9.40 	9,38 .04 	.06 • 1.9 

7.70.  .04 	7.68 • 776 	7.72 .08 	.02 	2.7 

8.56 :.08 • 	9.12 • 9.00 	9.06 .12 • .50 • 0.8 

7.82 .04 	8.12 	8.00 	8.06 . .12 	.24 : 2.8 

9.48 .08 : 	9.48 : 9.48 	9.48 .00 •  .00 ! 0.0 

8.78 .04 	9.00 . 8.68 	8.84 .32 	.06 , 	0.0 

8.10 .12 • 	8.00 	7.92 	7.96 .08 	.14 	. 1.9 

7.38 .04 	7.52 .7.52 	7.52 .00 • - .14. 	1.0 

7.38 .04  • 	7.44 	7.56 	7.50 .12 : .12 	0.0 

7.94 .  1.04 	8.04 . 7.96 	8.00  1 .08 	. .06 . 1.1 

-8.38 .12 	8.48 : 8.44 	8.46 f.04 • .08  1  1.6 

8.06 .12 ! 	8.04 	8.04 	8.04 r.00 	.02 	2.1 

.20 	9.64 	9.84 	9.74 '.20 

1 
.00 	9.96 10.04 10.00 . .08 	.32 • 0.5 

.08- 	• .8.76 ;.09 	.13 ! 1.14  

1 1.00 :.08 
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1) Top Size:- + 2" is 1.14 % which is between .5 and 5%, therefore,
minimum increment weight must be 9 lbs.

CALCIn,ATIONS

2) Total Variation of Iron:- St

^ (SÂ + 1.63 + 1.72 = 1.68
2 ' 2

3) Precxsion of Analysis :- Sa

6 [A1 - Aa.I + d ^B1 - B21 . .lo

Precision of Preparation:- Sp

2,

Sa = .105

_ ( S Â -i3.i = .28

• APPENDIX

5) Intrinsic variation (fv is calculated from formula (1) of 4.4.

v

It

1.68 = V 5

Civ 3.7

+ Sp2 + Sa2

+ .282 + .1052

......(1)

6) The number, of increments (n) is then calculated from formula (2) of

dv2 Sn2 . Sa2
2Ut i,;- Z v II in 1 . . . . . . W

Using a precision of 2 x .40 and I gross sample we have
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I/.3
..7

2 
„ .282 , 

:
105

2 

.40 = ‘ ..n 	' 	1 	' 	1 

ISO/iC 102/bC 1 (Canada-2) 177E' 

n 	194 

7) 	To obtain a precision of 2 x .20 take 2n increments taking 4 sub-samples 
for'preparation and analysis from each n. 

31-7 	2 V/ . n 

2 x .20 

V h  

3.72 	.282 	105' 
y 	Li 

.z 227 



0 R CONCENTRATE IR ON APPEMX C 

	

IR 	ON 	 MOIS 	TURE 

	

SALE 	Al 	A2 	7 	A1 -A2 	B1 	82 	7 	B 1 -B2 	7:7 	A l 	A 2 	-A" 	A 1 -A2 	Bi. 	B 2 	ii 	bi -B 2 	7-7 	% + 1O  

e 	1 	66.36. 	66.42 	66.39 	.06 	66.28 	66.34 	66.31 	.06 	.08 	2.84 	2.80 	2.82 	.04 	2.68 	2.72 	2.70 	.04 	.12 	 3. 0 

	

2 	66.28 	66.10 	66.19 	.18 	66.12 	66.10 - 	66.11 	.02 	.08 	2.72 	2.60 	2.66 	.12 	2.64 	2.60 	2.62 	.04 	.04 	 3.1 

3 	66.44 	66.34 	66.39 	.10 	66.20 	66.34 	66.27 	.14 	.12 	2.76 	2.80 	2.78 	.04 	2.80 	2.72 	2.76 	.08 	.02 	 3.1 

	

4 	66.44 	66.34 	66.39 	.10 	66.28 	66.50 	66,39 	.22 	..do 	2.80 	2.80 	2.80 	.00 	2.80 	2.84 	2.82 	.04 	.02 	 2.9 

	

5 	66.44 	66.42 	66.43 	.02 	66.36 	66.34 	66.35 	.02 	.08 	2. 64 	2.80 	2.82 	.04 	2.84 	2.88 	2..86 	.04 	.04 	 3.4 

	

6 	65.64 	65.53 	65.58 	.11 	65.88 	65.77 	65.83 	.11 	.23 	2.48 	2.52 	2.50 	.04 	2.36 	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 	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 	2172 	2.76 	2.74 	.04 	.02 	 3.9 

	

10 	65.64 	65.69 	65.67 	.05 	65.72 	65.77 	65.75 	.05 	.08 	' 	2.52 	2-56 	2.54 	.04 	2.48 	2.48 	2.48 	.00 	.06 	 4.1 

	

11 	65.88 	65.85 	65.87 	.03 	65.80 	66.02 	65.91 	.22 	.04 	. 	2.20 	2.16 	2.18 	.04 	2.04 	2.04 	2.04 	.00 	.14 	 4.1 

	

12 	65.39 	65.61 	65.50 	.22 	65.47 	65.45 	65.46 	.02 	.04 	2.64 	2.60 	2.62 	.04 	2.68 	2.64 	2.66 	.04 	.04 	 3.7 

	

13 	66.28 	66.32 	66.30 	.04 	66.60 	66.32 	66.46 	.28 	.16 	3.00 	2.96 	2.98 	.04 	2.96 	2.96 	2.96 	.00 	.02 	 3.4 

	

14 	66.28 	66.32 	66.30 	.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 	66.36 	66.40 	..08 	.00 	2.64 	2.68 	2.66 	.04 	2.56 	2.60 	2.58 	.04 	.09 	 3.5 

	

17 	66.28 	66.20 	.66.24 	.08 	66.20 	66.28 	66.24 	.08 	.00 	2.44 	2.44 	2.44 	.00 	2.40 	2.36 	2.38 	.04 	.06 	 3.9 

	

18 	66.52 	66.28 	66.40 	.24 	66.36 	66.28 	66.32 	.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 	66.28 	66.20 	66.24 	.08 	.00 	2.80 	2.80 	2.80 	.00 	2.76 	2.76 	2.76 	.00 	.04 	 4.4 

	

20 	66.36 	66.36 	66.36 	.00 	66.28 	66.44 	66.36 	.16 	.00 	2.92 	2.96 	2.94 	.04 	2.96 	2.96 	2.96 	.00 	.02 	il 	" 	4.4 

	

MEAN 	 66.06 	.125 	• 	 66.08 	.116 	.08 	 2.63 	.028 	 2.60 	.028 	.053 	11 	3.6 

	

cf 	 .39 	.033 	- 	 .33 	.077 	.082 	 .73 	.028 	 .26 	.022 	.033 	' i 

0-1 



S t  
av2  

2. 	 —5—  Sp2  + Sa2 

- 	 - 

5 + 	.082 	+ 	.08
2 

.36 

- 52 7 
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APPENDIX  "C"  

CAL&LATIONS  

• 

.1) 	Top Size:- 	+ 10 mesh (1.68 mm). 	3.6%  
As this is less than 10 mm,  the minimum  inement weight must be 300 gm. 

2) 	Total Variation of Iron:- St 

d  
2  

.39 +  .33  .36 2 

• 

3) 	Precision of Analysis:- Sa 

ÉjAl - .A21 	-1- 	d1B1 - 1321 	.083 + .077  Y= 	.08 
2 	• 

nr Prrannrei 4-  .(Sn.... 	Zr.  

-131 - 	.082 

5) 	Intrinsic'variation dir is calculated from (1) of 4.4. 

Ci■r 	- 	.76 . 

6) 	The number of.incrementà (n) is  then calculated from (2) of 4.4. 

2 
.Y2.1 	

, 2 
.21 11.- 	

Sa 2 
, 

Uuing 	 uumplu und u pruciuinu uf 2 ;.; .20 v..; 

2 + 
	.082 + 	.082  

„ 

n 	2.1 

.20 E= V 	n 



• 

O RE  IRON 

APPEZDIX "D" 

PELLETS 

•I 	R 	0 	N 	 MOIS 	TURE  
• • 	  

	

SIIIDT F 	k 	 B
1
-73

') 	
A-3 	A1 	 -A- 	A

1
-A

2 	
8
1 	

B
2 

	
. 	2 	

SIZE 
ii 	 1 	-, 	A 	Pl-A2 	31 	32 

	

_....____ 	T .  

1 	.1 	65.87 	65.95 	65.91 	.08 	65.95 	65.95 	65.95 	.00 	.04 	1.04 	1.01 	1.03 	.03 	.90 	.86 	.88 	..34 	.15 

, 	65.87 	65.95 	65.91 	.08 	65.79 	65.95 	65.87 	.16 	.04 	.98 	.96 	.97 	.02 	.96 	.83 	.90 	.L3 	.07 	 .6 

3 	65.39 . 	. 65.63 	65.51 	.24 	65.55 	65.47 	65.51 	.08 	.00 	1.03 	1.11 	1.07 	.08 	1.18 	1.07 	1.12 	..L1 . 	.05 	1.2 

. 4 	65.63 	. 65.63 	65.63 	.00 	. 	65.47 	65.55 	65.51 	.03 	.12 	1.08 	1.08 	1.08 	.00 	1.07 	1.03 	1.05 	.34 	.03 	 .' 

5 	65.47 	. 65.45 	65.46 	.02 	65.31 	65.45 	65.38 	.14 	.08 	1.09 	1.04 	1.06 	.05 	.98 	.99 	.98 	. .31 	.08 	1.0 

6 	65.63 	65.45 	65.54 	.18 	65.63 	65.45 	65.54 	.18 	.00 	.57 	.50 	.53 	.07 	.48 	.42 	.45 	.36 	.08 	 .4 

7 	65.63 	65.45 	65.54 	.18 	65.63 	.65.45 	65.54 	.18 	-CO 	.73 	.76 	.74 	.03 	.80 	.74 	.77 	.36 	.03 	 . 9  

65.48 	65.39 	65.44 	.09 	65.48 	65.31 	65.40 	.17 	.04 	.66 	.58 	.62 	.04 	.68 	.67 	..68 	..M. 	.06 	2.0 

. 9 	65.48 	65.39 	65.44 	.09 	65.48 	65.47 	65.48 	.01 	.04 	. 	.74 	.71 	.73 	.03 	.81 	.76 	.79 	.35 	.06 	1.3 

1..0 	65.40 	65.47 	65.44 	.07 	65.48 	65.47 	65.48 	.01 	.04 	.87 	.83 	.85 	.04 	.82 	.81 	.82 	.01 	.03 	 .8 

11 	65.48 	65.39 	65.44 	.09 	65.40 	65.31 	65.36 	..09 	.08 	.95 	.89 	.92 	.06 	.90 	.89 	.89 	. . 31 	.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 	.36 	.07 	4.5 

13 	65.32 	65.23 	65.28 	.09 	65.48 	65.31 	65.39 	.17 	.11 	.90 	.86 	-88 	.04 	.95 	.94 	.95 	.31 	.07 	3.2 

14 	65.48 	65.23 	65.35 	.25 	65.32 	65.31 	65.32 	.01 	.03 	' 	.82 	.79 	.81 	_03 	.71 	.73 	.72 	. 32 	.09 	 .6. 

15 	65.47 	65.39 	65.43 	. .08 	65.47 	65.39 	65.43 	.08 - 	.00 	. 	.65 	.79 	.72 	.14 	.67 	.76 	.71 	.39 	.01 	 .3 

16 	65.47 	65.55 	65.51 	' 	.08 	65.47 	65.39 	65.43 	.08 	.08 	.73 	.79 	.76 	.06 	.69 	.75 	.72 	..)6 	.04 	1.1 

17 	65.55 	65.48 	65.52.07 	65.39 	65.48 	65.44 	.09 	.08 	.96 	.76 	.85 	.20 	.90 	.78 	.84 	.12 	.02 	5.5. 	. 

18 	65.39 	65.31 	65.35 	- 	.08 	65.23 	65.31 	65.27 	.08 	.08 	.85 	.95 	.90 	.10 	.71 	.80 	.75 	. 39 	.15 	10.4 

19 	65.31 	65.15 	65.23 	.16 	65.48 	65.47 	65.48 	.01 	.25 	.74 	.82 	.78 	.08 	.80 	.75 	.77 	. 35 	.01 	3.8 

-20 	65.23 	65.31 	65.27 	.08 	65.39 	65.31 	65.35 	.08 	.08 	.82 	. .84 	.83 	.02 	.83 	.90 	.86 	. 37 	.03 	- 1.7 . _ 

	

-7MEA'Isi - 	--- - - - 	65.48 	.105 	 65.47 	.09 	.06 	 .85 	.06 	 .83 	.06 	.06 

---- 	- 	-- 

	

0' 	 1- 	.20 	-. 0641.--- 	--. 	 .161 	.059 	.056 	 .14 	.045 	 .14 	.037 	.039 	. 



St  
• / dv 2  

= ‘f 	5 Sp2 	+ Sa.2  

dv2 
 5 .18 
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APPENDIX "D"  

CALCULATIONS  

Top Size:- + %" = 2.0 % therefore; the minimum.weight per incre-
ment Must be 2 lbs. 

Total Variation of Iron:- St 

	

d + d 	- 2 	• 20 + 16  .-- 	= .18 2 	• 	 2 

3) Precision of Analysis:- Sa 	. 

diAl 	- A2I 	+ 	diBl - B21 	.064 	+ .059  = 	 - . 	 = 
2 	 2 

4) Precision of Preparation:- Sp 

= drA-  -1-31 = 	.056 = .06 

Intrinsic -variation  d'y  is calculated from (1) of 4.4. 

177E 

.06 

+ 	.062  + 	.062 

= .36 

6) 	The number of increments are calculated from (2) of 4.4. 

.." ; 
et 	V n 	ni 	—1—  



- 55 - 

ISO/iC 102/SC 1 (Canada-2) 177E 

Jiising 1 gtoss sample and a precision of 2 x .20 we have 

.36
2 

.20 
+ 	.062 + 	.062 

u 	n  

n 	4 • 

As n is less than 10, we take 10 increments and substitute 10 for n 
and calculate the precision. 

+ 	.062  + 	.062  
dt 	V 10 

Oi 	_.14 	OR 	20't = .28 • 

• 

4. 


