FIETH PART

QUALITATIVE

L\PR&O ACH




NUMBER OF DIMENSIONS
OF AN OBJECT

® TH]REEaD]MEJ\]SU@N]AL OBJECHIS +

SUICHNSPEAKING allIfmAlENAIFERIELS
EX e_r.t—\chJ RFa tEE=CIMERNSIGRAISPAC

St

Of' C JJfst‘rJ@JJrJ@,
Example : 800.000 t lot of bauxite.




TWO-DIMENSIONAL OBJECTS : when
the third dimension, usually vertical, IS ...

¢ small as companediwith the other
Woerandss:
9 pretically tUnifenmn:

VIeGEl: e SHEE Bl PAPEN

Examples : arfiattrick=lead; aierest, a
com field; a flat mineral deposit, a
« plister » copper plate etc.



ONE-DIMENSIONAL OBJECTS
when the other two dimensions are :

¢ small as comparned with the first
$ practically uniferm.

VieGel: canle:

EXamplers a halch o particulaie selids,
IgUIdS G PRSI GWING at 2 mere or
less uniferm rate. A rver. A rail.

Freqguent. Easy and cheap to sample
correctly. 4




ZERO-DIMENSIONAL OBJECTS

By convention : a populatien made of
a large nuUmBbEr ef URILS that canrhave::

9 EitheRamMeLRERIESSIUNITERNIMEASS
Examplers allimanuiacitied enjects:
Caserdealrwitiirky classicalistaliStics:

9 o dIffEFENTMaSSES:

Example . mineral fragments Whese
mass can vary In a ratio of 1. te' 102°..
Case dealt with by Gy's model (1951).

5



CORRECT SAMPLING AND
NUMBER OF DIMENSIONS

EXperience shews that ...

® [he larger the number off dimeERNSIGNS
Off 2l GR|ECT, and thermere dificultaue
COSH\ASICOIECTSamPING:

® Correct sampling ofirreducible three-
oI two-dimensional objects Is ...

ECONOMICALLY UNACHIEVABLE

6



REDUCTION OF THE NUMBER OF
DIMENSIONS OF AN OBJECT

ATCORRECIT SOLEUNIONSIONIHE
SANVIPISINGIPROBIFENVNDOESEXISII)
ONLEYAWRERTNS economically ieasipleto
edUce e nUmMPEr O IMENSIGAS Ol a
3= 0 2-dimensional elh|ectter 1= 01 0-
dimensIeWHICHNEGUILESNISTECI almING

The economicalffeasipility:ehvieusly
depends on the mass to be handled.




REDUCTION FROM 3/2to 1dimension
The lot Is reclaimed and transformed
IRt a fleWIng Stieam:

9 panticulate selids s at the discharge
Ol CERVEYVOIRIENS

9 IgUIdSTand Pl pSEa tHENISCHAITE
O CRULES) G PIPINGISYSIERIS!

Example : pumping or gravity: flow: at
the bottom of a three-dimensional tank.




REDUCTION FROM 3/ 2to 0 dimension
the lot IS reclaimed and transformed Into
a pepulatien eff usually erdered units; :

9 panticulate selids (Lrcks, WaOGORS
maRualyAnECHaRICaINSIeVEIUISHELE?)
2 iejtiicels zieiel aotllos ef ejratiriel seolicks
10) =t llejeniel (elftinnls, gainlizlinlslfs, &ic )

Example (Werld recend; Japan)’: 16.0005t
ot of Valuable mineral, reduced te an

eight-ton sample processed In the lab.
9



HOW TO ACHIEVE A
MASS
REDUCTION

10



FIRST MASS REDUCTION MODEL

INCREMENTAL SAMPLING
Off a ene-dimensional flewing lot :
Lot L HeWS iremiRstants = 0ot = I

m m o g = I

At IRStants =ty t=tx, t= g, t=1lg
QI poeint-InCrements are selected and
extended into Q@ material-increments

Material Sample S'Is : S=X ;<< L 11




SECOND MASS REDUCTION MODEL

SPLITTING of a zero-dimensional lot.

Lot 1= 1S split between N tWin-fractions
tRatwiliNeecome NS IR pPete Rl SUIa-
SAMPIES, SAMPIEFSHS GRIAIRECNNSEIEE:
NG aRErgatERRG GREGIFSEVEaIPeIERE
HEl SURESAMPIES S IBERXSE

o "%

12




THE SAMPLING OfF
ZERO=-DIMENSIONAILL
MATERIAL BATCHES

13



CORRECT SAMPLING OF A
ZERO-DIMENSIONAL LOT

oL I51IS made e NrunRspeciied tnits Un
ay/ e Uniiehm e oL

f)
NE ZINS J:,lus SIN>=4

MESS @IWRICH

achieved by introducing a random factor.
14




LOT MADE OF N WELL-DEFINED
UNITS OF COMPARABLE MASS

S SY, ST, RA
Rl With URlierm

RANGEMIIS
firStintenald

Iq:|1+(q—1) Nsys




ST : Stratified random.

The lot L Is first divided into Q! strata
g O equaliiengnils:. ARiRcrement g IS
SElecied atancemnwitinre achrStetuninig

RAVRAREEm:

ONAIUES B raierSelecied aiancem
PEWWEERH FaREMN S WRICHFCGETNRES ©
INCEMENRIS |

SAMPLE. Inthe three cases, sample
S IS the sum of the Q' Increments g 16



SY :L=/756 DRUMS OF RADIOACTIVE
RESIDUES ¢ COMPARABLE MASS

[
)

L A N

ot = 63 aroups a@ Adrums.

n°4 at random. Interval = 12. S =n° 4, 16 28




ST:L=756 DRUMS OF RADIOACTIVE
RESIDUES ¢ COMPARABLE MASS

(

-
—
——
—

S

{

(

——
|—
\—

)
(0%

ot = 63 strata of 1.2 drums. S = randon
selection of n® 4, 23, 30 In Strata 1, 2, 3.




SPLITTING L INTO TWIN-SAMPLES
¢ ALTERNATE SHOVELING ¢

Lot I split by altermate Sheveling nter Sy
aRd Syr= WinrpeleRtiali samples

QD)D)
shovelfuls

Shievelftls o
oA‘/Toss eia Coln= Q
correct way to choose

1+3+5+ ... DbetweenS; and S, 2+4+6+ ...

ENIEIN

The operation Is usually repetitive 19



EQUAL FRACTIONAL SHOVELING

I split by EQUAL fractional sheveling
petween N-Win=samples: Raterd/IN =175

. A
<«<>»
S0 5

3+8+13+ ... Correct I actual
sample selected at random : S/ Ss 20



UNEQUAL FRACTIONAL SHOVELING

|_ IS distributed between two nen-twin
fliactions by UNEQUAIL fiactionalishove-

e TS memea ISINON=PROBABIIEISH)
Chealting s pessikier it can ke avelded.

A

AN O
d 15565 119
2 7, N7 :
o &
5, 10, 15

) T L
Japan : 16.000t to8t: 1/20; 1/10 ; 1/10 21



THE RIFFLE SPLITTER

Laboeratory device meant te split Inte twe
« halves » lets weighing (In: 2000) tp: 1o
1000 k@, OpPERINGS lem 6:te 80 mm.

dmax< 2 5
@30 mm

REepetitive Ay
| o jlmhﬁll

OPEralIon

Commercial
sampling




THE RIFFLE SPLITTER

Laboeratery device. Reliable when
Implemented correctly. (See elow).
NUmBERNFGFChUIES Girariifiiersplitter:

28 =<EINF 2248 WTRNEEVEN

GoltfigWielin WA =16 ie) 2)0) ra)an)
IerpPrevVeReRsiticoR=\A = sixid Niiags

menRtdiameten): Rractucally: 2i<d'< sOmm

RIEELE SPLINFIERS ARE USUALLY

CORRECTLY DESIGNED
lllustrations : Courtesy of Sepor, California 23




PRINCIPLE OF RIFFLE SPLITTING

ZERO-DIMENSIONAL LOT L SPREAD
ON A RECTANGULAR SHOVEL

Correct selection of S, or Sg by toss of a coin.
24



VARIOUS MODELS OF
RIFFLE SPLITTERS

IHOPRE With
gate s allews
MIXING PRGN
1O SPIIIING:

Micro-splitter : chute width 3 to 10 mm




RIFFLE
SPLITTERS

Dust preventing
Sy/SIEMS

ViRlANG

Enclosed




INCORRECT USE OF A
CORRECT RIFFLE SPLITTER

EXperment
calied eut

N 1952

Corect IRCOrIECt

FOUF SpPlitiing Stages =» 16: samples
oJoSSaVE NS G = left ; D = Right

Mass:G>D (6%) ¢ Pb:D>G (2%) pis




|Negative Negative Positive | Positive

pIas pbIas pIas pDIas




CASCADE OF RIFFLE SPLITTERS

Designed to extract 1/16 In a single pass

This device Is INCORRECT IR/ its principle

......

SHIOUINDNSIE
AV C)|P)=D) -
SAVIPEES

ARE

. e o e ~— o S—————————

BIASED




CONING AND QUARTERING

Uselessly.
60)551)Y

hane
MEmee

Alterate
shieVveling
alWay/s
petter

Two potential samples (A+C) or (B+D) 30




THE JAPANESE SLABCAKES

o o

DIVIENSI©INAIS f—= . 7

PESSIBIY BIASE I

TP/ C)- Fﬂ“- 9o

DI\ = NS LO)NA\ L
INGCrements ©Q 900 Q0|

Very popular inthe IEEEEEEEE

Pacific Area EEIEIEEEETE)




Example : Cattle Food “SAMPLING™ =
NON-PROBABILIST Picking by means

Ofjaistiovel

@ne shoevelitlii=one mncrement
Specimen = 2 inCrements

32



SECTORIAL DIVIDER WITH
A REVOLVING FEEDER

Usually:correct:lakhoration)
UL alSe pllet plantdevice: Tihe
IEEUEN I EVOIVES alOULItSIaXIS.

IIFESPECHVEIGINISHTASS O E
can e divideaN Rt NMWIRE
fiAactiens: Each o these can lde
iedarded as a 1/Nth sample oi L.

Typically : N =6, 8, 12. Commercial.




OBTENTION OF A TEST-PORTION

Use of a rotary: divider te ebtain
a 50-1000 g lakeraten/ sample:
IS IS a ene-dimensienal sampling.

Altermatersnoyvelng
BY A MEARSI G el SCEOP
1GrERIAINTS=500

ViiXingranditaking e
lest-portion (€.9. 1 g)
Py means of a spatula.




THE SAMPLING OF
ONE-DIMENSIONAL
MATERIAL BATCHES

35



PROPERTIES OF A
ONE-DIMENSIONAL OBJECT

—

Alene-dimensional; COmPaCH I IoWING BR]ECT
Al BETEPAUERas a SENES O petentalIAcre:
MENtS suchrasi .- o EaChNncrementsls ey
PE regarded as a zere-dimensional ekject, as
autecorrelation is barely perceptible en a small
scale. Residual’autecorrelation generates a
0-dim. Grouping and Segregation Error GSE

36




AUTOCORRELATION OF A SERIES

Correlation between twoe URILS of & SERES IS
called « autecorrelation of the seres ». ThIS IS
(e coelation BEWEER the PropertieS ol Incle-
meEntSHE (tekERrainnStaiists) e (eken al
IIStantite) [0 tNISISEHES NS ENURCHORIGI tHE
diSstance | o (o PEIRg the tnlferm Intern/al).

ThIS autecerrelation gIVes the SEES IS
dimensien. Difference withra pepulaten:

It IS represented by a guasi-continueus
curve a(t) ...
37




a(t) = grade of the slice of matter that flows
between time t and time t + dt

- — i \//\E

—»

0) t_t o) [ime T

Correlationiisisensiplerenlyinrtne Ieneange.

Onthe scaleoifan Increment GifleEnguard i or
ATITIS neglhiginle: For all practical purPeses
SsUchran' iInCrement can be regarded as a
Zero-dimensional object.

38



THE SAMPLING OF ONE-
DII\/IENSIONAL FLOWING LOTS

N0 a fraction o '[' ) Strean
during a fraction of the flowing time.




KW Taking the TOTALITY of the stream
during a FRACTION of the time,

P [2king el ERACTION of therstream
CUIRG e M@IALTNN e the time,

K} l2king & FRACTION of the'stream
during a FRACTION of the time,

| -— | — | — | — | —




n TOTALITY OF THE STREAM
DURING A FRACTION OF THE TIME

TIhAis can e achieved by cutting the
Stieamratertniiemmipte AN e URRe e
CEltalN2PSENOIRIIMENAIS PHRCIPIES

At At At At At
T [ | Lraer] [ o] o] |

Increments Iy Sample S = 2 g
Sampling Reject = Main stream 41




CROSS-STREAM SAMPLERS

EXxtract the totality of the stream during
a FRACTION of the time. Operate at adis:
change e kel ConVveyel G PIPING SYSIEn.

‘1 Rantictlaterselic

o) 05 Jyelnf) elfeel
Sampling reject = - / IACTEMERLS
feed 1o precess —»l 1 Sent tersample
o~ —_ ¥ preparation

_ circuit or lab.

42



CROSS-STREAM SAMPLERS

STRAIGHIT=-PATH CUTTER:':

< > Cutter
G S‘t\ream

VIGVESHREIWEERNGIENROSIIGRSE € TG
CIRCULAR-PN[ R CUIFTER

CUtEr OPERING: angleror:

Sampling ratie o /- 360:
Stream to be sampled

e

o

43



CROSS-STREAM SAMPLING IS THE

ONLY PROBABILIST
SAMPLING METHOD

O F ONE-DIVIENSICONAL Q&) SCTTS)
FURTHERNMORE ...

IT CAN EASILY BE
RENDERED CORRECT

44




EFRACTION OF THE STREAM
DURING TOTALITY OF THE TIME
his methediis NON-PROBABILISH;

S —
IfERENST RGO el Al NNIEWVEEANAE
PIOPERIES Gl CORSHIUERFARENTIST PESIHEN
I URE StFE A CreSS-SECtien (erg: gl aVILY,
SEgregatien) the ' Specimen'S may: hbe
heavily biased. Often used in° chemi- cal
and pharmaceutical Industries. 45




Implemented in chemical iIndustries

LOT L TO BE SAMPLED -
_—

IHV/POINESIS
O NEMGYEREILY .
tRreUgheUrthe Unrel_lable
SPHECIMEN

CIOSS-SECLIon.

Practically’ never ehsen/ed.
NEARLY ALWAYS BIASED

46




B FRACTION OF THE STREAM
DURING FRACTION OF THE TIME

his methediis NON-PROBABILISI;

o, <, = |, |

EXAMPIES : One shevelitifeVeR/ new.
ARENER GINER Gifa REINGAENRESPERE
siplelor a $7 millien cheating GVeEr: 8 Vears
(tinrconcentrates). Alserused In chemical

and pharmaceutical industries.
47




FRACTION OF THE STREAM
DURING FRACTION OF THE TIME

Example : Cattle Food “SAMPLING™ :
NONRPROBABIINSIFSPECIMENEIEKING

e PEPERLAY
CONAINSNOMING sampled
otz VALUELESS "

DANGEROUS
SPECIVMEN

Operator’s
hand

Paper bag

48

To conditioning and marketing



Example boerrowed from chemical industries

LOT L TO BE SAMPLED
>

Hypothe3|s. Elernirer !
O NGMOJEREIY | Ale mva — @
threughout the Specimen I
CI@SS-SECtIon. l
RPractically never

observed. BIAS |

Timer

49



THE SAMPLING PLANE ABCD

Straight-path
CULLEL:

= Alea scannea
Py the CULter
(GrEenraes
ABCD)




STRAIGHT-PATH CROSS-
STREAM SAMPLER

\/eny: smalll

mhVelraitlffe efflVe

\V/<3[0)6][1Y/

often nen:
i Sample S
Main stream to process ol

Pl S T \
o AW " o g .
e : #15
A o
g Fﬁ
1ZR
TR
'
y e
7 Nl
o
o




REVOLVING SAMPLER (Vezin)

Small te very small flow-rates
Strean e e sampled

IACrEeEmMEnt cuUtter
GRERING

AxialipIReterarVercutien
andevactuate Increments

Main stream to PreCESS

Increments and sample
52




REVOLVING SAMPLER

(Vezin-type)
Usually: correct
Clterrane
2N UIOE
i i) gzl fzlie
i f -
i INCTEMERLS
Electic arive
(Correct)

External view
53



REVOLVING SPLITTER
WITH A FIXED FEEDER

lum:takle withiNremeyvahle CoRtalners
PESSINEtNEUGRNRE CISChaIGE el alVildla:
RGN EcHERERIENSISPlItEVEE NN VIRE
SaMpPIES:

Very small
CapPaCIty
Commercial
Operations.




REVOLVING FEEDER
SECTORIAL DIVIDER

Usually:correctilahoration)
UL alSe pllet planidevice: Tihe
[eeder 1= rieVvelVes aneui s, axis;

IIEESPECHVEIGINISHTIASS O E
can e divideanter N WIRE
[iActenS: Each ol these can ve
taken as a /N thrsample o L.

Typically : N'='6, 8, 12




DIRECT BOTTLING UP
REVOLVING SPLITTER

MINEMETF device.

Fixed feeder: e - N :

EOWISNSIAISTHIUES . ) e
RENVEERA IWE=IIEN |
JESEANE|ECIHRS

Completely’ enclosed
dUSt-proof device desi-
gned to split very fine
and dry uranate powders.

3 56



DIRECT BOTTLING UP
REVOLVING SPLITTER

Same design, smaller scale
MINENMETFdevices e
Slnrll S ol plef o]
Ui 2ENPCWEESS
(EQUateralfATHE2)

Al moeisture and
dust perfectly w
controlled. Feeds 12 x 250 mI jars contal-
ning final samples (to parties / reserve). 57




HAND SAMPLING OF
FLOWING STREAMS

Inconect and DANGEROUS IRStiuments

SOME O tHESE] ave
PEERIStandandizedi!)
and are stllrall tee eiten
USed at Inadusthaliscale:

Jo be avolided
whatever the flow-rate.

58



STOPPED BELT SAMPLING OF
FLOWING STREAMS OF SOLIDS

This hand methoed Is especially imple-
mented as a “REEERENCE METHOD”
WHERMNESHRG 2 Sampleior Bias: INEVET,
IMPIEMERIECNRGENSTIUINA

CoECHWRERMRE
OPErator dees neot
try to cheat !




OVERFLOW « SAMPLER »

ENSURING UNIFORM FLOW-RATE
One ofi the most Incorrect samplers |
Ieed an RN fUerESCENCE
aial\y/SermWithirartRIierm
IHERCE the eVERHIoW tank: v"
HUGE BIASES
due to differential

The problemiwas e I .
' ﬂow
HeW=raleroifpule:
gravity segregation

To X-ray Reject




HOME-MADE ILL-DESIGNED
SPECIMEN-TAKER

Nickelmineiin Seuth-America
gical drllingy 2Biasedlt 2Unrell




THE SAMPLING™ OF
TMA/O-DIMENSIONAILL
MATERIAL BATCHES

Actually “Non-Probablilist Specimen-taking” 62



TWO-DIMENSIONAL SAMPLING ¢
HAND-PROBE ¢

EXAMPILE : Tuckiead of leese sandy:
matesnal: —

Model'sample : whole cylinder
Specimen obtained : BIASED
Practically, never goes to bottom : Ex. 63




TWO-DIMENSIONAL SAMPLING ¢
MECHANICAL PROBE ¢

EXANVPIEE S Itckiead 0 SUGal DEELS.:

mhVelreit]flezl)Y
GIIVER PreRE
FIRtRERRIES
Gdepesited on
truck hottem
By PrOAUCETrS
prier to leading. 1000 % hias en Si0»%

DELIBERATE DEFRAUDING 64




THE "SAMPLING™ OF
THREE-DIMENSIONAL
MATERIAL BATCHES

Actually “Non-Probabilist Specimen-taking™ 65



« SPECIMEN-TAKING »
BY VISUAL SELECTION

I'he operatoer, a “Sworn Sampler”,
CNEOSES| hE AGMERLS NE Feganas as
“representative of the |ol:

ActualiyuRreliaklieSpecimen taking -




"SPECIMEN-TAKING” BY MEANS
OF THIEVES, PROBES, AUGERS

IHIER spear:like Implements.

Textile sacks of coffee, etc.

PROBE

AUGER=" N/

g
-
AN
-
<

o ..

Corkscrew.
probe




‘SAMPLING” DRUMS BY MEANS
OF A SHEATHED AUGER

EXPErment caified eult
Py the ULS, Atomic ERenay,
Commission (1°60S) 6N
U2RalEes: FOURENRIESE:

e dritim canteremplieaH
CROSSSIIR =AY
SAMPLEING WAS
PREFERRED AND ,

ADOPTED AS A ROUTINE METHOD 68




“SAMPLING” A TANKFUL OF A
GROUND SOLID « PULP »

CHEARINCORREECI) .
VIANEGALSIVIEN R @D :

DUE e selective
gravity Segregation,
(he specimens: are

always hiased: F T
Bucket = specimen -




« CORRECT SAMPLING »
OF A TANKFUL

ONLY CORRECT METHOD

Cet S tansiermed 'r i
e & ORe-dIMmeEnsIe- sampler
el eljECT 2R Sani: L

PIEGFESSUEH: iy
o)

Sample S IV’-‘l
m 10




« SAMPLING » A GOLD-CYANIDE
SOLUTION FOR ITS ANALY SIS

Assayed fer Al ky Atemic ARSOrdtIen :
TThe selution was ... ‘
CLEAR Y g of solllefs /e[S
LIVIRPID) < rlo) oatlezlf efisielfilo)p)
ATTEF AN OUISIOIFEESEINGE
1St reading (ne stirring):: 387
2nd reading (mild stirfing) : 550
3 10 8 (Vielent shaking) : 850 £ 2

TRAP!
INVISIBLE GOLD IONS DO SEGREGATE &




NON-PROBABILIST
SAMPLING =
SPECIMEN-TAKING

Examples and Dangers

12



NON-PROBABILIST
SPECIMEN-TAKING

Rantioiitheloiisran unknown guantity,
THEREFORE there can be NO THEORY

of NON-PROBABILIST SAMPLING
NONSFROISB AL ST SAVIPEING 8 RROIRS

ARENIFEREFOREUNPREDICIABINE

EXPERIENCE SHOWSHthey are
USUALLY UNACCEPTABLE
73



THE THEORY PRESENTED HERE IS A
THEORY OF PROBABILISTF SAMPLING
CORRECIF ORINCORREEH)

NONSFROIS A EISTT SANI P EINE
PROVIDES NOTrlING SUTT
UNRELEINS LS SR EC|)\YI = NS

NHESE SRECIVIENSTARE
DANGEROUS,; ESPECIALLY
INFCOMMERCIAL SAMPLING

4



PICKING = SPECIMEN-TAKING

Picking on top of a container : drum, bag,
Waggeoen, truck, etec. Most acecessible part of lot L.
Basedion
RYPOINESISIOf ‘
NOMOUENREIL
GENEERBUS
PECAUSE
UNREALSITIC

Unrelrable SPECIMEN
75




EXAMPLES OF COSTLY
SPECIMEN-TAKING ERRORS

MINERAIFPROECESSING RPIFANIF CESIgREG
O BasIS ol hIasedi specimens: loss $10L(1:960)

TRADE OF TIN GONCGENTRATE ¢ Lise of
MENBENNGISIPIOVIAINGNIESEGISPECITIENS S

S|, S|, — NN

LLoss of $7 million over three years (cheating
at the smelter).

76




BLAST HOLE CUTTINGS : copper-gold

mine. Specimen-taking as shown cost the mine
$8 million a year. Two Sources of Ioss :

B valuahle erewas sent te Wwaste pile,

B \aste was sent to) plant.

ASCOGECT
sampling
PIENTEWES
amaontized
N Weeks !
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