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S0ME PROBLEMS IN THE SAMFPLING OF BULK MATERIALS

Ev Lous Taxwer! axp W. Epwarps DeEsmig?

Symorsis

The sampling of lots of bulk materials for the purpose of estimating the
total weight and some quality characteristic presents various kinds of diffi-
culties, hoth theorctical and practical. The fundamental character of a
statistical plan is demonstrable and controllable precision. In erder to use
the statisticnl theory for the sampling of finite populations, it is necessary for
the shipment to be divisible into sampling units in such 2 manner that every
particle of the shipment lies in one and only one sampling unit, and that all of
any unit and no material from any other may be drawn in-a routine manner
from the lat, This condition i met by packaged materials, an example being
wool in bales, from which cores may be drilled In specified positions. A sam-
ple of hales may be drawn from the shigment, and a sample of cores may be
taken from the sample bales, these cores then to be tested to furnish an esti-
mate af the average quality of the shipment. The total weight of the ship-
ment may be estimated from the weights of the sample bales. Statistical
theaties have been developed and are here applisd in the development of
procedures for sampling sugar, tobacco, and woal, and for regulating the pre-
cisions of the cstimates. Such methods have wide applicability, Howoever,
ather types of statistical procedures, possibly invelving theories for the analysis
of an infinite supply, must be developed for materials such as o pile of coal
which, for purposes of routine sampling, cannot readily be divided into definite
small units. Indications point to distinet advantagesTol sampling such
materials-at the source of supply. Hazardous biases and uncontrolled errors
of sampling may be encountered through failure to regard statistical prin-
ciples.

Two Tyres oF PROBLEMS

In facing the problems of the sampling
of bulk materials one encounters two
bread types of physical problems:

1. Materials like piles of coal or ore
in which no unigue subdivisions may he
specified as sampling units that will be
practicable for 4 routine sampling oper-
ation.

P Chiel Chemist, U, 5. Customs Laboratory, 408 At-
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dent, Burenn of the Budget, Woshington 25, Do C.

2. Materials in packages, bales, or bags,
or any material that may be subdivided
into unigue sampling units that are
practicable fora routine sampling oper-
ation.

A material may change from type A
to type B. For example, a type A mate-
rial, if arrangements are made to draw
samples periodically  from a conveyer
helt during a loading or unleading oper-
ation, 13 during this operation no lenger
type A but type B.

Statistical theories and a growing
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background of experience are being
developed by which many materials,
particularly those of type B, may be
sampled for cstimating the weight and
quality of a lot. Much new research is
being carried on, with the result that
costs of sampling and testing are con-
stantly being lowered and some progress
is being made in devising new methods
for converling certain type A materials
to type B,

The particular theory to be applied to
the materials of type B is known as the
theorv for sampling fnite populations
This theory has heretofore heen de-
veloped and applied mostly in the sam-
pling of human populations and farms,
and for whelesale and retail basiness
establishments, The mininture monthly
census of the population in the United
States and 1 similar quarterly census in
Canada are examples: out of these
studies come very important figures for
business and government, such as the
monthly or quarterly report on employ-
ment and unemployment, indexes of the
prices of food and clothing, and indexes
of business aclivity.

Extension and modification of these
procedures to the samplng of physical
materials have commenced only re-
cently, The next part of this paper de-
scribes an  application  of stutistical
theory to some of the problems of sam-
pling shipments of sugar, wool, and
tobacco.

The outstanding characteristic of a
statistical method of sampling is the
controllable and demonstrable precision
of its results, which are attained at
mindmum cost, But belore a statistical
theory can be applied, certain conditions
of sumpling must be mel. Briedly,
sampling depends on the theory of prob-
ability. The theory for sampling finite
populations demands thal every par-
ticle of a lot have a definite and known
probability of being drawn into the

sample: otherwise the caleulation of the
precision of the results cannot be carried
out. This condition is met by materials
satisfying the definition given for type
1. For such materialz it is possible to
perform random operations of sampling
and to specify by number or code that
certain particular sampling units are
to be included in the sample, with reason-
able assurance that in a routine proce-
dure of sampling, all of the material
contained inany of the units so desig-
nated for the sample will be included, and
all else will be excluded.

Type A materials are those for which
no- practical and unequivecal sampling
units can be specified in routine opera-
tions. One might specify, for example,
that a pile or car of coal is to be'zam-
pled by extracting certain cubes or par-
allelepipeds, defined as located so many
feet from the top and having certain
other spacial coordinates. It would he
impossible; though, as a regular routine
operation, for a worker to draw into the
sample the contents of any such sam-
pline unit and to exclude all material not
intended for this unit. Under such cir-
cumstances n material fails to meet the
fundamental criterion of a unique proba-
bility for every particle, and it is there-
fore type A.

The sampling of materials of type A 35
thus by definition not open to the meth-
ods that are used for materials of type B.
When samples are drawn from a material
of type A, the drawing must too often
depend on human judgment. Such de-
pendence, experience demonstrates, is
hazardous, as gevere biases often develop,
As g matter of foct, biases are the rule,
not the exception. No statistical measure
of precision can be caleulated fora juds-
ment selection.

The sampling of materials of type A s
not hopeless, however, but calls for inge-
nuity and a new attack. If a material can
be sampled off a conveyor belt at speci
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fied intervals, it 15, in effect, o material of
type B, no matter how it is piled up
afterward,

In this paper we intend merely to state
some of the problems of bulk sampling
and to describe certain particular solu-
tion= to some of the problems that are
encountered with materials of type B in
the Burean of Customs,

SOME APPLICATIONS OF STATISTICAL
TrEoRY 70 Burk MAtTeRTALS
or Tyre B

Theary—As stated earlier, a statistical
plan for sampling a lot of product is ex-
pected to provide estimates of quality
and weirht with known and controllable
errors of sampling, and to provide this
eontrol at minjmum cost, The errors of
spmpling are controlled by the size of the
sample and the procedurs of drawing it.
One sample design is better than another
if it yields the desired precision at a lower
cost than the other plan, Mathematical
formulas are available which give the
sampling errors corresponding o dii-
ferent designs, and for the determination
of the most ccanomical design,

In the theory to be applied here it is
assumed that the material to be sampled
has been divided into distinet units in
some suitable manner—bales or pack-
gges, hourly production, ete: in other
words, the material iz of type B, The
problem is to sample a lot composed of
a number of such units, In the general
case, each of these primary units is com-
posed of o set of secondary units—shaovel-
fuls, cores, sub-packages, cuts, or the
smallest portion that will be drawn out
for testing. Tertiary or higher order
units may also occur. In the special case,
the primury unit itself is the test portion,
in which case the general sampling theory
reduces to the well-known simple theory
of sampling.

Statistical theory tells us that the size
of sample and the most economical de-

sign may be computed from the following
equations:

Most economical number of secondary
units per primary unit:

,{-:EVE. PR P~ (1
7y i

Number of primary units to be drawn
into the sample:

Nial+ Bl

e

m(i)+b¢g

For the special caze, where there are
only primary units;

(2

Where previous measurements have not

been made:
n o= ('r%,)‘l ............. (5

Where previous measurements have heen

made:
:'I."E 4
"= ( E) ............. {4}
whera:

¢ = cost of prepuaring & primary unit
for sampling,

= cost of taking a secondary unit
from a primary unit,

E = allowable uncertainty of the sam-
ple mean,

& = number of secondary units to be
drawn from cach sampled primary
unit,

N = number of primary units in the
lot,

i = number of primary units to be
sampled,

{ = probability factor,

V: = coefficient of wariation of the

guality between primary units,

coefficient of variation of the ratin

of the second guality measure-

ment to the first,

ot = variance of the quality between
primary units, and



4 TarreEr Ann DEMING

#w = variance of the quality between
secondary units, within a primary
unit, averaged over all primary
units,

CElen the required informastion muay be
reliably estimated from existing data.
If not, it may be developed by suitable
investigation. Continupus evaluation of
the pertinent statistics is possible by the
adoption of suitable ways of keeping
records,

Iinstrations of A pplication.—The sam-
pling theory given above has been suc-
cessfully applicd on a large scule toa
variety of bulk commadities. Several
cases are here described bricfly as illus)
trations.

The simplest application of sampling
theory is the case where the primary unit
is the test portion. An examplé of this
occurs in the weighing of imported re-
fined sugar. This commodity arrives in
large lots, about 43,000 standard size
bags containing approximately 100 1b.
each. The weighing is usually done in
drafts of 8 baps at the warehouseafter
damaged bags, about 1.4 per cent of the
total, have been segresated for separate
handling, A study showed that the co-
effictent of variation, Vs, of the draft
weights of sound bapgs of refined sugar
was stable and averaged about 0.1 per
cent. From Lq. 3 it is found that the
number of random drafts that must be
weighed in order that errors due to
chance may be no greater than 20,1 per
cent when { = 3 (& risk considered ac-
ceptable for this commodity) is 9. On the
basziz of this information a convenient
sample sige of 25 drafts was specified to
insure obtaining an average bag weight
for the entire cargo with a precision of
better than 4-0.1 per cent.

The potential time and labor savings
with @ sample weighing method such as
this is obvipusly considerable.

Had segregation of the damaged, par-
tially empty bags not been possible, as

iz the case with commeodities weighed
at the time of discharge from the vessel,
the coeficient of variation of the draft
weights would have been higher, per-
hiaps so high as to require an uneconemi-
cally large sample size to achieve the
dezsired precision, In such cases, and in
general whenever individual package
weights are not standard or differ con-
siderably, a “ealibration’ technique may
be employed, For most commodities there
iz available the producer's individual
packsge weights on the basis of which
commercial transactions have been con-
ducted. Due to changes that usually occur
in transit (meisture absorption, damage,
etc.}, the received or setilement weights
may differ considerably from the original
weights, necessitating reweighing. In
such cases theaverage ratio of the second
weight of a:sample to the original weight
of the same packages may be used as a
conversion factor to be applied to the
total original weight of the lot, The co-
efficient of wvariation of the conwversion
factor, V., must be known in order to
caleulate the size of sample required to
achieve a prescribed precision,

Anexample of the use of this “calilira-
tion" technique is the weighing of im-
ported cigarette leal tobacco, of which
gome 100,000,000 Ib. are imported an-
nually, This commodity arrives in lots
of several thousand bales of various sizes
ramring in weight from 10 to 300 lb.,
according to spurce. Previous Customs
practice was to weigh each package indi-
viduglly—a very accurate but slow and
expensive  procedurs, Individual bale
weights at the time of shipping ore
available, but they are not considerad
sulliciently close to the landed weight
to serve as the basis for Lhe assessment
of duty, nor for some commercial
purposes.

It was found thatl the coefficient of
variation of the bale weights averaged
about 3.5 per cent and ranged from 1.3
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per cent to 9.4 per cent, This statistic is
therefore not satisfactory because so
large a sample would be required for any
reasonable degree of accuracy that mate-
tial savings in weighing would be im-
possitile. The coslicient of variation of
the conversion factor, however, was
found to be stable, averaging about 0.7
per cent except for bales of Gresk tobucco
for which the average was about 2.3
pet cent. On the hasis of these values,
Eq. 4 shows that a sample size of 100
from shipments of most cigarette tobacco
(900 for lots of Greek tobacca) is ade-
quitte to achieve a precision of £0.23
per cent, i level considered satisfactory
in protecting both the government and
the importer against a material loss of
revenue oF overcharge in duty on any
ane importation. On the average, these
sample sizes represent a saving of from
V3 1o 93 per cent in the number of
weighings,

These two illustrations are obviously
simple applications of familiar sampling
theory involving only primary units. An
instructive case involving both primary
and sccondary units, and therefore a
more general illustration of the upplica-
tion of statistical theory to the sampling
of bulk materials, is the sampling of raw
wool for the determination of its clean
wool content. This case is but one of
many similar instances covering a wide
variety of products.

Raw wool appears in commerce in Jots
of various sizes, sometimes as high as
3000 bales or bags, averaging about 100
units. The packages range in weight from
20041k, to 1200 Ib. but are fairly uniform
in this respect for any one source. The
wool contains a number of impurities,
the percentage of which may vary widely,
as much as 30 per cent, both between
bales ina lot and betweesn portions within
a bale. The evaluation of a lot of this
commodity for any given grade and

quality dependz on the quantity of wool
contained therein. Customarily this fac-
tor is estimated visually by qualified
apgpraisers, but the need for a reliable
objective method for determining the
clean wool content withoul processing all
or a large fraction of the lot has long
been felt. The major obstacle to the
realization of such a method has until
recently been the uwnrelishility of the
only type of small sample that could be
taken, usually a few handiuls of Neeces
selected as repressntative on the basis
of the sampler's judgment, This particu-
lar difficulty has been eliminated by the
development of a practicable sampling
tool that can penctrate into a bale of
wool and remove therefrom a relatively
small core, The question arises as to liow
many such cores should be taken, and
from how many bales.

In the sampling of this commadity
the primury unit is the package; the
secondary unil the core. When reliable
estimates of the within-hale and between-
balé variances are availsble, different
sampling plans may be followed, each
of which yields a sample of the same pre-
cigion, Thus, & cores may be taken From
each of a; randomly selected bales in
the lot, or # cores may be taken from
each of #e bales, For any chosen value of
#; the corresponding value of # is given
by IEg. 2,

Systematic studies were made of the
mignitudes and stability of o, and a
for many commercial lotg of most types
und grades of wool from different sources
throughout the worll, As was to be ex-
pected, no one single pair of values
covered all the wools investigated, How-
ever, it was found that, when grouped in
a relatively small number of broad classi:
ficatinns according to origin, end use; and
type of package, these statistics were
fairly stable and could serve as suffi-
ciently reliable estimates for sampling
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purposes, Some typical vaues are shown
m Table 1.

By using these estimates of cw and
oy in Eq. 2, schedules may be prepared
giving, for each class of wool, theé num-
ber of packages to be sampled for various
lot sizes and for various numbers of
cores per package, at any required level
of precision, Table IT fllustrates such a
schedule,

Each of the four plang llustrated in
Table II will result in a sample of the
same precision, but nol at the same cost.
There are two operations in obtaining &
core of wool: first, positioning the hale,
and seeond, Loring it. Each operation

TABLE 1—CLARSIFICATION OF TAUKAGED
GREA ]

SY APFAREL WOOLS FOR
SAMPLING PURPOSES,

I o | Th
Srgenting - i 1.5 L3
Amtrabia .o 1.5 L]
Chile; e 1.0 5.0
TIREPRIAT osns i st omai )| E0 1._5
T R et | 4.5 .0

¢y = the estimated standard deviation of the pa cent
clean wool content of fndividual cores within packages in
& lot,

o = the estimated standord deviatlon of the poy cent
clean wool content between peckoges jooa umeal eom-
mercial lat.

has its own cost? ¢ and ¢ respectively,
and their ratio may vary widely depend-
ing on the existing conditions. For ex-
ample, if sampling takes place at the
time the individual bales arc heing
weighed or moved to storage, there
is virtually no additional cost for posi-

tioning the bale, and i—: might be, for

example, 1.0. On the other hand, if the
bales are abready stored in piles in a

¥ The cost of testing abould slso be included in do-
ciding on the most-econonsien] plan, I esch secondary unit
in tested individually, es shoald includs the onit res1 cosi.
Tn the case of woal, the cores nre composited ond osingie
tesl is performed on the composite sample,

warehouse and the piles have to be
broken down to permit sampling, the
cost tatio might easily exceed 25. The
most economical plan of saumplog is the
ong which uses that number of cores per
bale given by Eqg. 1.

The usefulness of this miethod has been
proved in actual practice. One testing or-
ganization is regularly called upon to
sample lots of domestic wool stored in
warehouses, For this wool :7: 15 about
2.25, and under the conditions of sam-

pling, E; is approximately 20, Accord-

TARLE II.—SAMPLING SCHEDULE SHOWING
NUMBER OF PACEAGES TO AR SAMPLED FROM
ALOT FORWHICHs »=obh = 2.5, FOR A PRECISION
OF Lo AT A PROBABILITY OF G5,

Number of cares per sampled
Number of packages package
In the 1o

1 | 2 4 [
25 5 19 L& ks
L T a5 | n
T 55 I3 2% 2
1 &l i % H
Ll 43 3 i 15
an a5 H 24 Pl
o 4 15 bt TR 1)
200 44 ] do 1

Li0d | 3

ingly, the sampling plan followed is tc
take 10 cores from each package, the
number of packages being determined
from FEq. 2. A second organization is able
to sample its Imported carpet woul as it i

being trucked into the mill, In this case ©
i

. iT;
is about 1 and == wlso averages aboul 1
a

go that the sampling plan uzed s one
core per sampled bale. The two plan:
differ considerably for the same pre
cision, yeb cach is the most economica
plan possible under the different condi
tions faced by the two organizations






