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SUMMARY

: 'I'he frequency diatrihution of data values ney be indicated by
four statistical parameters: mean, standard deviation, skewness, and
kurtosis, Statistical moment measures are used here to obtain thesas.
These parameters are applicable not only to sets of classified or

‘unclassified readings, but also to resulte of grainsize analyses.

The most commonly used methods of grainsize analysis are
sieving for the gravel fraction, sieving or using & esettling tube for
the sand fraction, and using pipette or hydrometer methods for the mud
fraction, When the results from a combination of these methods are
employed to obtain the required statistical measures there is one major
problem: sieving gives results based on actual size, whereas the other
methods are based on the hydraulic equivalent concept. Under some

‘conditions this problem ie either not significant or cam be partly

overcome.

Program GRSIZE outputs the four statistical parameters using
grainsize data obtained from the above analytical methods, or data which
are a set of classified or unclassified readings of a variable., Other
relevant options and outputs are also available with the program.
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INTRODUCTION

Program GRSIZE was developed to process. grainsize.data from
about 500 sediment samples from Broad Sound, Qld.. . Anglyaes ‘were: carried
out by sieving the gravel fraction, using-a:settling tube:for: the sand,
and pipetting the mud fraction; the parameters (mean, standard: deviation,
skewnesg, and kurtosis) associated with the grainsize:distribution of
-each sample were required for future quantitative.anglyses.

Once the program was begun, many options such:as:extrapolations
and plots of sample distributions were added. -When plotsiwere:available,
it was thought useful to make these usable with-any set- of-readings,
Methods of sieving: the sand and using'a hydrometerifor:the mud were also
incorporated to make the program compatible with methods: commonly-.used
in engineering laboratories. Additions:t¢ the program:-were 6ften a. result
of other people's requirements. These additions:have made:the: program
more useful and comprehensive, - For .this:T:woild: like-:to: thank
Dr PoJ. COOk Mr JiFs Mﬂrehall, -and@ Mr J.% Kel]-!tt. .

Combining methods of grainsize. analysislwhichmareebaaed on
different measurements (actual size and' hydraulic. equivalent).leads to
difficult problems. Discussion of these is necessary and relevant for
any user of the program and has been included, together with:a:description
of the BMR settling tube and its calibration procedures. : A deseription
of the various statistical measures is. given.in:the. introductory:sections.
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STATISTICAL ‘ DEVELOPMENT

Often it is necessary to know how the values of a certain
variable are distributed. An idea of this distribution can be obtained
by classifying the values into a number of classes and drawing a histogram.
This frequency distribution can usually be defined more precisely by
obtaining some statistical measures of the distribution.

' 'The,four most useful measures are the mean, standard deviation,
skewness, and kurtosis; these can be obtained on unclassified as well as
classified data. These four measures are defined below:-

Méan
. The mean for classxfied dﬁha, x s i8 defined as,

= Zx £

where, n : S total number of observations
h = number of class intervals ‘
x; - mid—poiht of fhe ifh class interval
f. '= frequency (number of observations out

ke of n) in the ith class interval.

If the observations have not been classified, x; will be the
value of the ith observation, fj will equal 1 for all i and h will equal
n., In fact, the mean obtained from classified data is really an
approximation, as the observations in each class interval are given the
value of that interval's mid-point.

The mean can be imagined as being the point of balance of the
distribution.

The other three statistical measures are determined using the
second, third, and fourth moments about the mean. This 'moment about
the mean' concept, for classified data, is defined as

1 h . __k{-
e = iy z (xi-—X> i
where, m = kth momg;? about the mean

In particular, my is defined as the variance of the sample
distribution. Again, if the observations have not been classified the
value of x;, f; and h will be as set out previously. Moments about the
mean for classified data are also again approximations., The above symbols
will have the same meaning when the remaining three measures are discussed,

Standard Deviation

The standard deviation, s, which has the same units of measurement
as the data, is given by

S=/mz

It can be shown that mp is a biased estimator of the true population
variance, and that

is an unbiased estimator. -

“~—



Therefore, _
S -— N m

_ 'ia more appropriate 1’.01' small
-values of n..

The standard deviation givea an indication of. ‘the ‘spread of the
distribution.. With a normally distributed population,“the interval
(X —S 4,X + S ) includes about 68 percent of the valuea, .and the
interval (X— 25 X +2S) includes about 95 Peroent.

Skewnosa

Skéwn’_esb, g, ,‘ which is a dimengionless number, is given by,
9 ol M
y E -

'I‘he valne of g,is zero for a symmetrical ‘distribution and
positive for a distribution with an ‘extended right 'tail!, Care:must be
taken when using gq to interpret the shape-of-a:dimtribution,.:as &1
can ‘also be zero for an aaymmetr:lcal distribution,

Kurtosis

Again a dimensionless number, kurtosis (52) is given by,
2 e+
As g» equals zero for a normal curve:with:a-mean .of zero and a
standard deviation of 1, and greater than -zero- for-a distribution more
peaked than this nomal distribution, gp .is ofiten used as a measure of
peakedness of a distribution. Despite this, interpretations from values
of g, are often questionable and uncertain.

Vw.'r. .Sheppard's Correctioris for Grouping

When these statistical measures are determined from classified
data, they are in error owing to the assumption that ‘the observations are
all concentrated at the mid-points of the :class-intervale, If the
distribution is symmetrical or only moderately skewed, -and the class
intervals are all equal, the m3 m can ‘be 'congcted ‘using,

mz (COrn ected

- —

ll.2) "\ 6

. — 1.3
mq (corﬁe(‘.'fed) — PP «—z— l“‘ mz - 24.0
where h is the size of the class intervals.

and,

These corrections are only warranted if “the-class intervals are
coarser than 1/20 of the total range, and if 'a large. mmber ‘of ‘sample
values were taken.

- More detailed treatment of descriptive measures of ‘sample.
distributions can be obtained in any one of 'a.large: ranga of statistical
texts, such as Yule & Kendall (1950),

z ¥ | |
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FIG I-GRAIN SIZE PHI UNITS

484 \
\
\
i \g SAMPLE : Supratidal { Broad Sound, Queensignd)
i }
. \ PREPARATION: CaCOy removed
i FRACTIONS AND ANALYTICAL METHODS
7
SAND - Settlingtube { 20mid-pts)
MUD - Pipatte A Tmid- pts )
38 v i
. \ SAND/MUD cut-off: 083 mm
'—
=
w
(& ]
' 4
w
a
24 -
> x
g >
w
=2
o
w
[+ 4
w
Sum of Digits
12 1 E xtrapolation
o] T i | ]
-2 8 10 4
X x 10°

To accompany Record 1972/140 " M(G) 241




-5-
APPLICATION OF STATISTICS TO GRAINSIZE ANALYSIS

Techniques of grainsize analysis can be directly related to the
statistical measures defined earlier. Unless each grain is measured
separately, n will be the total weight of the sample used in the analysis
and fj will be the weight frequency in the ith class interval. Therefore,
although the use of the unbiased estimator of the variance is not
applicable with grainsize results, Sheppard's Corrections often are,
depending on the points already explained. The uncertainties associated
with interpretations of skewness and kurtosis still remain. ‘

Available experimental methods for grainsize analysis often
necessitate the division of the total sample into three fractions, gravel,
sand, and mud (silt and clay). Separate analyses are then carried out on
each fraction. Each method requires an optimum amount of- a fraction for
meaningful and accurate results. For example, the standard pipette method
requires about 15 g of mud., Consequently, analysis of the results must
take into account any required splitting of, or adding to, a particular
fraction. In practice, it is often convenient to predetermine the
percentages of each fraction, analyse the appropriate amount of each
fraction, and then calculate the required statistical measures.

Extrapolation Needs

Using available methods, it would take many weeks.to analyse
the mud fraction of some samples completely. Usually it is not
economical to spend more than one day per sample, and .as'a.result, some -
clay in the sample remains unanalysed. A mathematical technique to
extrapolate the remaining clay down to any given size would. be useful,
Although this extrapolation would only be a rough approximation to the
actual sample distribution, it may be considered better to extrapolate
than to leave the remaining clay weight out completely.

An appropriate extrapolation. technique is the sum of digits
method, If the extrapolation is to be made over five class intervals for
instance, the five class intervals are numbered 5, 4, 3, 2, and 1, and
the sum of these digits obtained. In this case the sum of digits equals
15.  The weight frequency in the first extrapolated interval is then set
at 7/15 of the remaining clay weight; in the second interval at 4/15 of
this weight; and so on down to the last extrapolated interval, which
would be set at 1/15 of the remaining clay.

The effect of this extrapolation can be seen in Fig. 1, where
the x-axis represents grainsize in phi units. Here the clay remaining
after pipette analysis down to 9 phi was extrapolated to 14 phi over
five class intervals. '

If insufficient gravel, sand or mud is available for a
particular analytical method, but it is thought better to incorporate
these amounts when determining the statistical measures, the same sum
of digits in extrapolation technique could again be used, The errors
due to the extrapolation approximations should always be less than the
error due to leaving that fraction out entirely.
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Graphical Plots
Cumulative Curve -

At the completion of the grainsize analysis on all the fractions
present in the sample, each class interval mid-point is associated with
the corresponding weight frequency for that interval. The cumulative
grainsize frequency curve of a sample can be approximated using these,
and is obtained by plotting each of these mid-points against the sum of
the weight percents corresponding to all mid-points less than or equal to
each., Joining the resulting points indicates how much of a sample is
likely to be less than a certain grainsize. Unequal class intervals often
result from grainsize analysis, but no problems arise from this when
plotting the cumulative curve,

An illustration of a cumulative plot is shown in Fig. 2. The
cumulative curve has been used by many workers to obtain estimates of the
mean, standard deviation, skewness, and kurtosis. These are only
approximations to the statistical moment measures, Folk & Ward (1957)
discuss these graphical methods and their use in some detail. A review
of many mathematical and graphical techniques used to summarize grainsize
distributions is given by Folk (1966).

‘Frequency Curve

An approximation of the grainsize frequency distribution of a
sample can also be obtained from these results, A frequency curve indicates
the percentage of each grainsize expected in a sample. If the class
intervals are all equal, a plot of the mid-points against the corresponding
weight percent approximates the grainsize frequency distribution of the
sample. The same approximation would be obtained if a histogram of the
results was drawn and the mid-points of the upper edges of the histogram
rectangles were joined by straight lines.

With unequal class intervals, however, the larger the class
interval the larger is the percent frequency associated with that interval

mid-point; this percentage cannot be compared with percentages from smaller

class intervals. Therefore, the percentages associated with intervals
larger than the smallest interval must be scaled down by an amount equal
to the ratio of the two interval lengths. This scaled percentage is then
plotted against its corresponding mid-point.

To illustrate this complication a sample frequency plot is
illsutrated in Fig. 3. The x-axis represents grainsize in phi units, and
there are 40 plotted points each representing an interval mid-point and
its corresponding weight percent. From the left, the first mid-point
represents an interval 1.5 phi units in length and the next two represent
1.0 phi unit intervals, whereas the smallest class interval used in the
grainsize analysis was 0.25 phi units. Therefore, the weight percent
associated with the first mid-point has been scaled down by a factor of
six and the next two by a factor of four.

A true comparison between all class intervals can be made using
this scaling method. The scaled percentage associated with a mid-point is
taken to represent the percentage of a sample that would have been obtained
if the size of the class interval had been that of the smallest interval
analysed. The plot, therefore, incorporates errors due to this assumption
as well as the errors associated with concentrating the percentage at
the mid=-point.



FIG 2-GRAIN SIZE PHI UNITS
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FIG 3-GRAIN SIZE PHI UNITS
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Despite these errors, this frequency plot is extremely useful
for descriptive purposes. '

METHODS OF GRAINSIZE ANALYSIS

The method used f@r grainsize determination depends on the
fraction - gravel, sand, or mud - of the sample being analysed. Methods
commonly used for each fraction are listed below:

Fraction ‘Method

Gravel (i) sSieving

Sand , | (1) Sieving
(i1) Settling tube

Mud (1) Pipette

(ii) Hydrometer

With all these methods, the selected size of the class intervals
will depend on the accuracy required for the statistical measures. 1In
any case, if a class interval contains more than about 15 percent of the
total sample, that interval should be further subdivided and the fraction

re-analysed.

Sieving and Pipette Method

Detailed description of sample preparations and techniques for
sieving and pipette analyses may be found in Folk (1965). Temperature
changes can have a significant effect on the timings for pipette readings,
and Appendix I contains these timings at 18, 20, 22, and 24°C. The
theoretical grainsizes corresponding to these timings are also given.

Settling Tube

Recently many articles have been written on automatically
recording settling tubes. Discussion covers such topics as calibration:
(equating times of fall with grainsize), accuracy (how close the values of
grainsize parameters obtained with the settling tube are to the true values
of these parameters for any sample), and precision (reproducibility of
results).

Both Cook (1969) and Felix (1969) suggest from empirical studies
of the mean and standard deviation that the precision of the settling -
tube is better than that obtained by sieving., The accuracy of a particular
tube,. though, obviously depends on the method and accuracy of calibration.
Several different ways of .calibrating settling tubes have been attempted.

: i 7

Most methods obtain a graph showing the theoretical rate of fall
of quartz spheres of any size in the particular settling tube being used.
Cook (1969)'used the rate of fall of glass spheres of varying sizes, and
adjusted these results for quartz using an equation from Rubey (1933).
Gibbs, Mathews, & Link (1971) went one step further and obtained an
equation from glass sphere results which they suggest may be used to
obtain the rate of fall of spheres of any required diameter and density.

(3 |
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Once the theoretical rates of fall for quartz spheres are
obtained, grainsize results for any sample can be determined relative to
these. That is, the size obtained for any particle analysed with the
settling tube will be equivalent to the diameter of the quartz sphere
(nydraulically equivalent size) which would have the same rate of fall as
the sample particle. In other words, a large flat shell which if sieved
would be classified in the coarse sand size range might be classified in
the fine sand size range with the settling tube, because of its slow

rate of fall.

Theoretically, then, samples made up of particles of any
mineral composition, or of any shape or size, can be analysed by the
settling tube and compared on the basis of the hydraulic equivalent
concept. However, practical limitations of the experimental method
effectively restrict this technique to the sand fraction., Therefore,
the hydraulic equivalent concept must be considered with reference to the
measurement methods used with the gravel and mud fractions.

Grainsize Measurement Problems

Most methods of grainsize analysis of muds use Stokes' Law
applied to quartz spheres as a basis, and therefore also use the hydraulic
equivalent idea., The use of settling tube with the sand and hydrometer
or pipette with the mud are therefore compatible., Use of such methods

produces results that may be used to indicate the energy of the depositional

environment., If only these hydraulic methods are used to analyse a sample,
results should also be comparable from sample to sample regardless of
composition and shape. Problems occur, though, when a combination of
sieving the gravel and using a settling tube with the sand is used.

When the gravel fraction is sieved it is subdivided according
to the actual size (more exactly, the least cross-sectional area) of the
individual particles, whereas the settling tube analysis depends on the
hydraulic equivalent concept. Two conflicting types of grainsize
measurement are thus used in the analysis of one sample. The same
difficulty, but probably to a much lesser extent, also arises if sieving
is used for the sand fraction and either the hydrometer or pipette method
for the mud., Similarly, the gravel, sand, and mud fractions are normally
separated by sieving and not hydraulic methods. If the sample was made
up entirely of quartz spheres this difficulty would not arise.

In theory, results from hydraulic equivalent measurements would
be comparable whether the total sample or only the quartz grains in the
sample were analysed, provided that all particles are in equilibrium
with the energy regime of the environment of deposition. The latter
condition is frequently not fulfilled; for example fine sediment may be
sheltered in shell chambers, shells may themselves be part of the local
fauna and not related to current energy, or the sample may represent
two or more sedimentary laminae of different regimes.

Where a combination of sieving and hydraulic equivalent methods
is used, as is normally necessary, the best results are achieved by
analysing only the quartz component., This solution is normally only
practicable where the non-quartz particles consist of carbonate which can
be removed by acid leaching., Platy and acicular non-carbonate grains,
and equidimensional heavy minerals, must also introduce anomalies, but
fortunately they are not often quantitatively significant.

\f
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Although impracticable at the moment, the overall solution to
the problem of mixed measurement types would be to separate the three
fractions hydraulically and to have a settling tube capable of analysing
the gravel fraction.

Once the difficulty of the two conflicting measurement types is
overcome, valid comparison between samples can be obtained. Comparison
of results from different laboratories will depend on how these problems
have been dealt with in each. Bere, of course, comsistent calibration
of settling tubes is also of paramount importance,

Calibration of BMR Settling Tube

Each individual settling tube should be separately calibrated,
as the rate of fall of grains varies significantly with differing
construction of the tube. Gibbs (1972) empirically tested these effects,
and he suggests the ideal specifications for a settling tube.

The BMR settling tube (Fig. 4) has an inside diameter of
approximately 7.5 c¢m and a length of fall of about 161 cm. Instructions
for the use of the settling tube and recorder have been included in

Appendix 2,

The tube was calibrated by a simple but accurate method
requiring sieved quartz standards. Ideally, the standards should have
been quartz spheres of all sizes throughout the sand fraction. As quartz
spheres were not readily available, a mixture of well-rounded quartz grains
from Broad Sound and Hervey Bay in Queensland, as well as from the Arafura
Sea, was used, The tube was calibrated for the range of sizes from 2 mm
to 0.063 mm and the calibration procedure was as follows.

The standard quartz set was sieved carefully through 19 sieves
from 2 mm size to 0,053 mm size, This gave 18 standard samples, each
having a known size range.

Each was accurately split into between 5 and 11 sub-samples,
each of which was analysed with the settling tube, and the pen sweep rate
used for each one noted, The average temperature of the water at the top
and bottom of the tube was always between 20°C and 22°C.

It was assumed that the first grains of a sub-sample to hit the
settling tube pan had a diameter equal to the size of the larger of the
two sieves which bounded the sub-sample. The average distance of pen
travel (at the appropriate sweep rate) before these first grains hit the
pan indicates the time of fall of particles the size of this larger sieve.
The actual time of fall of this size is obtained by multiplying the
appropriate sweep rate by the average length of travel.

Fig. 5 shows five of the nine traces used to obtain the time of
fall of standard quartz grains with a diameter of 0,250 mm. The small
arrow on each curve shows the point at which the first grains hit the
settling tube pan. The required length of travel for each sub-sample was
from the start point to this arrow. When calculated, the average time of
fall for the standard quartz grains of 0.250 mm diameter was found to
be 42.2 seconds.

Y



FIG 4-BMR SETTLING TUBE
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FIG 5-FINAL OUTPUT FROM BMR SETTLING TUBE

Size of Larger Sieve = 250mm
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Time of fall was determined by this method for each of the
eightean standard samples, From. these results a graph of the time of
fall against the corresponding quartz grain diameter was obtained (Fig. 6).
From the graph the time of fall for any required size can be obtained.

From this time of fall the horizontal distance of pen travel
corresponding to the standard quartz size can be determined for any
desired sweep rate., The sweep rates for four settings on the BMR recorder;
the time of fall - from the graph - for 21 grain diameters (in % phi
intervals); and the corresponding distances of pen travel for these 21
sizes, at a sweep rate setting of 10, are given in Appendix 3.

From Appendix 3 it can be seen that at a sweep rate of
3,65 s/cm, 47.9 cm of horizontal pen travel are theoretically required,
before all sample particles hydraulically equal to and less than standard
quartz grains of 0,0625 mn diameter, have fallen to the pan.

To illustrate this, sample 716360181, a shallow marine sample
from Broad Sound, first had the calcium carbonate removed; the gravel, sand,
and mud fractions were then separated by wet sieving through 2 mm and
0.063 mm sieves and the sand fraction was analysed with the settling tube
at a sweep rate of 3.65 s/cm; the final output from the X-Y recorder is
shown in Fig. 7. From the start point the pen travelled the expected
2.0 cm before the first particles hit the pan. Just to the left of E,
the 47.9 cm travel point, the sharp break in slope indicates the cut-off
of the 0.063 mm sieve. The further vertical movement of the pen past this
point indicates that either some mud remained in the sand fraction or
there were grains in the sieved sand fraction hydraulically smaller than
0,063 mm diameter standard quartz.

Between the points A and E on Fig., 7 the graphical output can
be used to analyse the sand fraction of this sample., The horizontal
distance of travel indicates the hydraulically equivalent size of
standard quartz; the vertical height represents the amount of sample
greater than this size. In Fig. 7, DE represents the total weight of
sand in the sample and BC represents the proportion of this fraction
greater than or equal to the size hydraulically equivalent to 0.250 mm
diameter standard quartz (OB representing the time of fall for 0,250 mm
standard quartz grains).

The complete size distribution in the sand fraction is given by
this graphical output. When using this to determine the statistical
measures required, the amount of information obtained from this graph is
limited only by the number of measurements taken from the graph. For
example, 21 readings of vertical height are needed to classify the sand
fraction into 4 phi class intervals. With the BMR Settling Tube these
21 readings would be taken at the horizontal distances from the start
given in Appendix 3.

Complete details showing how to incorporate a series of gravel
weights from sieving, a set of measurements from a settling tube graph,
and pipette weights from the mud fraction to obtain statistical measures
and graphical plots, will be explained later, This will be done using a
computer program called GRSIZE. _



FIG 6-SETTLING TIMES WITH BMR SETTLING TUBE-
FOR STANDARD QUARTZ SET
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FIG7-FINAL OUTPUT FROM

BMR SETTLING TUBE
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An alternative to measuring the settling tube graph at the
gelected positions would be to have the electrical impulses, which produce

~the graph, converted to a digital output. This would save time and also

reduce the measuring errors. Of course, the grainsizes corresponding to
the times selected for digital output must be determined as before from
the calibration curve (Flgn 6).

'Accuracx and Precision

The accuracy of a particular settling tube, depends on the
method of calibration., With the method outlined in the previous section,
the accuracy would be related to that of the quartz standard set, the
sieves used, and the experimental technique. Problems with the quartz
standards would include non-spherical grains and an incomplete range of
sizes.

. Papers which compare the precision (reproducibility of results)
of sieving with that obtained with a settling tube have been referred to
previously., It is useful to consider the precision of a settling tube
relative to the precision of the methods used with the gravel and mud
fractions. Table 1 shows the resulta for three repeat analyses of two
samples, one with sand and mud fractiona, the other with gravel, sand, and
mud. The gravel was sieved, the mud analysed by the pipette method, and
the settling tube used for the sand., The range of the mean grainsize for
the total sample and for the sand fraction only is also shown,

TABLE 1

PRECISION OF RESULTS FROM SIEVE, PIPETTE, AND SETTLING TUBE
ANALYSES
Sample Fractions " Mean Range Grainsize Mean Range
Number Present (total) in phi Units (sand
fraction)

15¢ ., 5.307 2,173
15X S&d & gf?é 5.473 0,225 2,193 .087
15Y 5:.248 : 2.107
18C Gravel - 40% 1.133 2.192 . -
18X "Sand - 45% 0.384 0.749 1,980 .192
18Y Mud - 15% 0.759 2,036

Using.the range of the three repeat analyses as a measure of
precision, that of the settling tube results is less than that of the
results from the three methods combined by a factor of 2.6 times in the case
of sample 15 and by a factor of -3,9 times in the case of sample 18, This
example indicates that the experimental error with the settling tube is
much less than -that obtained by sieving the gravel and using the pipette
method with the mud, Although more detailed empirical testing would be
required to show this conclusively, it seems that the settling tube
precision is certainly adequate compared to the precision of the other
grainsize measurement techniques.
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Hydrometer Method

The hydrometer method for mud grainsize analysis is not as
accurate as the pipette method, and is also somewhat more difficult to
carry out., This method is mostly used in engineering laboratories for
soils. It appears that with these soil analyses the cumulative distribution
of the grainsize is usually the only output used. Such measures as the
mean grainsize and standard deviation of the sample distribution would be
helpful in some cases in distinguishing differences in soils more
precisely. For this reason the hydrometer method has been included here.

Engineering laboratories are normally interested in the
distribution of the actual sizes of the grains in a sample, as opposed to
the hydraulic equivalent sizes. Consequently, the sand and gravel
fractions are sieved. The hydrometer method is based on Stokes' law,
and therefore the problem of using two different measurement techniques

on one sample again arises.

Using the standard soil grainsize analysis the effects of this
problem will probably be minimized. For a start, the carbonates are
removed before the grainsize analysis is carried out, and the average
specific gravity of the sample is used in the calculations. Thus, only
differing grain shapes will affect the results,

Two types of hydrometer are in common use: one is graduated
from -2 to 60 g/l of soil in the suspension; the other is graduated
from 0.995 to 1.038 g/ml and calibrated to read 1.000 in distilled water
at 20°C. A nomographic chart for the solution of Stokes' Law is used to
obtain the hydraulically equivalent particle size for each reading of the
hydrometer. From each reading the amount of the sample smaller than the
corresponding equivalent particle size is also determined. These results
are handled similarly to the pipette results in determining the required
grainsize statistics. Complete details of the hydrometer method, as well
as suggested sample preparation, are given in the publication produced
by the Standards Association of Australia (1966).

The first reading made with the hydrometer may be taken to
represent the total weight of the sample being analysed, as with the
pipette method. Normally, though, the equivalent particle size corresponding
to the first reading is significantly less than the size of the sieve used
to separate the mud fraction., In this case, the amount of the sample
between the size of this sieve and the equivalent particle size of the
first reading must be obtained using the known weight of the mud fraction
used in the analysis.

An example of the use of program GRSIZE when sieving has been
used with the gravel and sand fraction and the hydrometer method with
the mud fraction is given later, The output from this includes: the
four statistical measures discussed previously; percent gravel, sand,
and silt and clay; and the sample frequency and cumulative curves,

Before samples are analysed to obtain the four grainsize
parameters, the following questions should be asked.

Are these parameters necessary for the study being carried out?
Perhaps other indicators of the grainsize of the samples, such as percent
sand or gravel-sand-mud ratios, would be adequate. See, for example,

Davis (1970). ey
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, What meaaurement type is to be used with the samples? A
choice must be made between hydraulic equivalent meaaurementa and actual
size measurements,

Do the.analytical'methods available for grainsize analysis mean
that both these conflicting measurement types have to be used when
analysing a sample? If this is so perhaps the problem can be overcome
to some extent, : ; : .

Given. the selected analytical methods, are the results compatible
with the requirements of program GRSIZE? The remaining sections outline

‘these requirements in detail,

PROGRAM GRSIZE

Program GRSIZE uses the statistical moment measures to calculate
the parameters mean, standard deviation, skewness, and kurtosis, The
input for the program can be either grainsize analysis results, classified
sets of values of any variables, or sets of values of any variables.

The experimental methods used to obtain the grainsize data may
be any combination of 1) sieving the gravel fraction, 2) sieving, or
using a settling tube for, the sand fraction and 3) using the pipette or
hydrometer method for the mud (silt plus clay) fraction, With this input
the program also determines the gravel, sand, silt and. clay percentages,
All class intervals with mid-points greater than 8 phi units (or less
than 0,003 mm) are included in the clay fraction. Percentages of the
sample in each class interval and the corresponding mid-point are also
given in this case.

Graphical output consists of the frequency curve and cumulative
curve on the lineprinter or plotter as required. With sets of unclassified
values, the values are classified if these plots are required., The
statistical parameters, together with fraction percentages if the data
are from grainsize analyses, may also be punched on data cards.

Examples of input and output of the program are given in a later
section, and the program is listed in Appendix 4.

; Proggam Options

The following explanatory notes will aid in the use of the
options available with grainsize analyses when using program GRSIZE.,

Extrapolationé

If the mud fraction is analysed by pipette or hydrometer, and
if the interval boundaries are in phi units, the remaining mud at the end
of the analysis may be extrapolated. This extrapolation is based on the
sum of digits method and each extrapolated interval is one phi unit.

The size 1im1t for the extrapolations is specified by-the user.,

If the mud fraction is not analysed, and the interval boundaries

of the other fractions are in phi units, the same automatic extrapolation
of the total mud weight is carried out if required.

. %7
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Extrapolation of the total gravel, sand or mud fractions is also
carried out, if required, over any range, with any number of intervals,
and in any units of measurement. This may be applied to the mud remaining
after analysis, if the above automatic extrapolation is not convenient.
Again the sum of digits method is used, but here the boundaries of the
extrapolated intervals must be specified.

Sheppard's Correctioné

Sheppard's corrections are made on the statistical parameters
if all the class intervals are equal and the interval size speclfied and
if the skewness is between =0.5 and +0.5.

Graphical Output

Cumulative and frequency curves may be plotted on the line
printer or plotter. The plots on the line printer have an accuracy of
+ 0. 5% and on the plotter O, 05% but output is about ten times faster on
the line printer. The plotting subroutines, QUIKPLOT (line printer) and
AUTOFLOT (plotter), are library service programs for use with the CDC 3600
Computer at CSIRO Canberra. With unequal class intervals, the frequency
curve is scaled as explained in a previous section.

When the frequency curve is obtained on the line printer, the
summary statistice are printed below the graph., In this way the output
for one sample fits onto one output page, unless the cumulative curve is
also required when the output will be two pages. All other graphical
options produce the statistics in normal format.

Use of phi units makes the scaling of the plots ideal. However,
if untransformed measurements such as millimetres are used for the interval
boundaries, the frequency plot often is virtually unreadable in the section
corresponding to the mud fraction., Consequently, if required, the interval
mid-points, xj, are transformed by, '

x; = -loge X;y to produce a more convenient plot.

This transformation will also produce a plot which has the coarser
sizes to the left, as is normal with grainsize plots. If untransformed
measurements not in phi units are used the curves will not conform
to this convention.

Options with Sets of Readings

If plots are required for a set of unclassified data, the size
of the class interval to be used to classify the readings may be given
by the user, If this is not supplied, the readings will be classified
according to a class interval of 0.3 standard deviations,

Although not relevant to grainsize results, the method of
obtaining an unbiased estimate of the variance, as previously outlined,
is used with classified or unclassified sets of readings.
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USE OF PROGRAM -GRSIZE

' The prbgram is written in ANSI FORTRAN langﬁage'except for the

use of two branched logical IF statements. There are four data card
types and these are explained below, The -section describing program-
GRSIZE should clarify this section and detailed examples of . 1nput and
output are given later.

Card A

Columns Description of Requirements (leave blank1 if not appllcable;

rlght-gustlfy unleas specified as decimal),

to end program.

5 0 : ,
1 : if data from grain-size results an&;settling tube not used.
2 : if data from.grain-size results:.and settling tube used.
3 : if data are an unclassified‘'set-of “readings.
4 : if data are a classified set of readings..

6 - 10 Number of gravel readings.

11 - 15 Number of readings with sand fractions; .

16 - 20 Number of readings with mud fraction.

21 - 25 Number of class interval boundaries with grain-size results
or a classified set of readings. The value here is equal
to the number of readings on Card Type B.

Number of readings with a set of unclassified readings.

26 - 30 Grain-size lower limit in phi units for automatic
extrapolation of mud fraction., The total weight (or
percentage) of mud must be entered in .Card Type C if the
whole of the mud fraction is to be extrapolated.

31 - 35 Number of class intervals for extrapolation of total gravel
weight (or percentage)., Boundaries of extrapolation. intervals
must be supplied on Card Type B, and total weight (or
percentageg given on Card Type C.

36 - 40 Number of class intervals for extrapolation of total sand

weight (or percentage). Enter intervals and weight as above.

1 A blank has the same effeét as 0 or 0.0,

£ This means as the input value is an integer, the integer must be placed

at the right-hand end of the columns allocated for this input.
If the input is required as a decimal number this value' can be placed’
anywhere in the columns allocated for it, and the: decimal point must

be included.

il
)
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Columns. Description

41 = 45 Number -of class intervals for extrapolation of total mud
weight (or percentage) or weight of mud remaining after
analysis, This can only be relevant if cols, 26-3C are blank.
Boundaries of extrapolated intervals must be given on Card
Type B. Weight (or percentage) is entered on Card Type C if
the total amount of mud is to be extrapolated. This weight
is not entered if the mud remaining after pipette or
hydrometer analysis is to be extrapolated,dgﬂiifs the mud
has been split or added to (see Card Type C) kot L ealily

50 1 if output on punched cards is required.

60 . 1 : if variable format cards are to be placed before data
Card Types B and D, either to read the data in unusual format
or to select certain fractions (such ag, the sand fraction
only) for independent analysis. For repeated similar
analyses no further variable format cards are required.

65 Single digit numbering type of punched output card. The
digit is punched in column 11 of the output card.

66 - 75 Size of class intervals if, and only if, all class intervals
are equal., Enter the width as a decimal number.

Card e B

The class interval boundaries are placed on these cards, each
boundary being entered as a decimal number in a field of eight. Therefore,
ten boundaries are entered per data card, unless the digit 1 has been
entered in column 60 on Card Type A.

The boundaries, in any units are entered in order with the upper
boundary of the coarsest size interval entered first. For unclassified
sets of readings the readings are entered on these cards.

Card Type C

Columns Description of Requirements (leave blank if not applicable;
right-justify unless specified as decimal).

1= 10 Enter WI1 (see below) as a decimal number.

11 - 20 Enter WI2 (see below) as a decimal number.
21 = 30 Enter WT3 (see below) as a decimal number.

. The amounts of the gravel, sand, and mud fractions used in
grainsize analysis are either:

(a) represented by percentages and the analyses are alone on any
amount of each fraction. In this case, WT'1, WT2, and WT3 are
the percentages of the gravel, sand and mud fractions
respectively.

b
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a result of splitting, or adding to, the fractions as required
(see Section 4). Here WT1, WI2 and WT3 are the original weight
of the gravel, sand and mud fractions respectively which have
been Spllt or added to.

the- total weight of -each fraction in the- original sample. In
this case, ; _ :

(1) WM is not entered
(ii) WT2 is not entered, unless the settling tube has been used,

and then WT2 is equal to the total weight of sand in-the
original sample.

and (iii) WT3 is not entered, unless the hydrometer is used to analyse

31 - 40

45

48

51

52 - 60

the mud fraction and the first reading does not represent
the total weight of.mud, If this is:the case, WT3 equals
the total weight of mud.in the original sample.

Alphanumeric sample number . whlch does~not need' to be
right-justified.

1 : if the next analysis is different. That is, if a

different Card Type A is needed ‘for- the next sample.

2 : if this analysis. is on a. set of unclassified readings
and the next analysis is"the-same.

3 : if this analysis is on any set of data (except a set of
unclassified readings), and the next analysis is the same,

blank: if no graphical output is required.

1 : for frequency curve on line printer with associated
results.

2 : for frequency and cumulative curves on the line: printer
with associated results,

3 : for frequency curve on the plotter and printed output.

4 : for frequency and cumulative curves on the plotter plus
printed output,

5 : for (i) frequency and cumulative curves on line printer
and associated results.

(ii) frequency and cumulative curves on the plotter
and
(iii) normal printed output.
1 : if the mid-points are to be'trénéformed‘ﬁo minus the
natural log to give more readable graphical output,.
The remainder of Card Type C is blank unless the hydrometer
method is used.

Average specific gravity of the sample as a decimal number.



Column ' Description

61 - 70 If the mud weight is split before analysis with the
hydrometer, and if the first reading does not represent the
total weight of mud in the sample, enter the weight of the
eplit used in the analysis as a decimal number.

75 1 : if the first hydrometer reading is taken to represent the
total weight of mud being analysed.

80 1 : if the hydrometer used is calibrated in grams of mud
: per litre.

- 2 ¢ if the hydrometer used is calibrated in grams per ml
density.

Card e D

Either observations from grainsize analyses or the frequencies
with classified sets of readings are placed on this card type. These
data values are entered in the order corresponding to the interval
boundaries on Card Type B. That is, with grainsize results, the first
reading entered corresponds to the coarsest grainsize interval. Each
value must be entered as a decimal number in a field of eight, unless
variable formats are used (see Card Type A, Column 60).

With grainsize data, the units of these observations depend on
the analytical methods used. With sieving these are the weight of sample
on each sieve and with the settling tube they are either measurements
from a graph or automatic digital readings. When using the pipette
methods the observations are the weights of the dried 20 ml. aliquots
(minus any dispersant weight if the remaining mud is to be extrapolated),
and with the hydrometer method the corrected hydrometer readings are used.

There is no Card Type D with sets of unclassified readings.

Deck Structure

Fig. 8 shows the structure of the data deck to be used with
program GRSIZE. The method of incorporating sets of data, whether
repetitions of the same type of analysis or the addition of data from
a completely new type of analysis, is also given.

From this layout it can be seen that the most advantageous way
of setting up data sets is to group together all the results which would
require the same information on Card Type A. If this is done for
grainsize data or classified sets of readings, each group then only
requires one Card Type A and one set of cards with Card Type B format.
Each group of unclassified sets of readings would require only one Card

Type A.

The structure of a complete job deck for running program
GRSIZE with the CDC 3600 Computer at CSIRO in Canberra is given in
Fig. 9.
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FIG 9- JOB DECK FOR CDC.3600, CANBERRA
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PROGRAM INPUT AND OUTFUT EXAMPLES

The. input for four examples is shown on data sheets in Fig. 10,
The type of analysis and the options required for these are indicated below,

Example 1 (71635018 A)

This is an example of a gralnsize analysis ‘where the gravel was
sieved (eight readings), the sand was analysed with a settling tube
(twenty one readings?, and the pipette method was used with the mud
fraction (eight readings). Neither the gravel nor the mud fraction had
been split or added to and the total weight of sand in the sample was
61,044 grams, The twenty one readings for the sand fraction were measured
from the graphical output shown in Fig. 7.

The options which have been requested are: automatic extra-
polation of the remaining mud down to 14 phi; plotted cumulative curves
éFigo 3) and frequency curves (Fig. 2), plus the normal printed output

Fig. 11); and punched card output (Fig., 10). The mean, standard
deviation, skewness, and kurtosis plus the percentage gravel, sand, mud,
silt, and clay are punched on this card.

Example 2 (HYDROMETER)

This is another example of a grainsize analysis, but here both
the gravel and sand were sieved and the mud was analysed by the hydrometer
method, The mud fraction had been split from 170.0 grams to 66.0 grams
before analysis, the hydrometer was calibrated in gm/c.c., and the first
hydrometer reading was not taken to represent the total weight of mud
being analysedo

With this analysis the options selected were plotted frequency
curves (Fig. 12) and cumulative curves (Fig. 13) with the grainsizes
gransformed by taking logarithms to the base e; and the normal printed
output (Fig. 11). Although the class interval size was given, Sheppard's
corrections were not carried out as the skewness was greater than 0.5,

Example 3 (EXAMFLE 1)

Here the data are a selected set of readings classified into
18 class intervals. The output options are again the frequency (Fig. 14)
and cumulative curves plus the normal printed output (Fig. 11). The
variance has been recomputed to the unbiased estimate and the parameters
have been corrected using Sheppard's corrections.

Example 4 (PHEOSPHATE 1)

3 A set of 28 readings of phosphate levels -~ of Broad Sound
sediments -~ is used here to illustrate the analysis of an unclassified
set of readings. The normal printed output is shown in Fig. 11, Again

_ the variance is unbiased and Sheppard's corrections have béen made.,

As the cumulative and frequency curves were requested and no
class interval size was given, the readings were classified with an
interval size of 0.3 standard deviations. The resulting frequency
curve is shown in Fig. 15, ;
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FIG tI-PRINTED QUTPUT OF PROGRAM GRSIZE A e
SAMPLE NO,= 71435018 A
SIEVING FOR GRAVEL,SETTLING TUBE FOR SAND.PIPETTE FOR MUD
MUD RESULYS EXTRAPDLATED TO 14PH]
UNCORRECTED PARAMETERS
PERCENT GRAVEL » 33,007 PERCENT SAND = 45;688 PERCENT MyD = 2U,306(CLAYX = 6,577)
PERGCENT FREQUENCIES
3,3231 8.1854 11.8455 1,4945 2,5048 1.7109 2,3480 1.5946
1,0149 0.4833 0.6786 1.,6916 1.,0633 1.3049 0,9666 1.1116
1,1116 0.87¢00 0.8216 1,9818 . 5,5097: 7.7329 5,5097 2.9965
2,996% J.4708 2.5132° 2.8515 3,4034 2,9063 1,7991 1.9120
"1,9503 1,7973 1.4914°  .1,698%3 1.3563 1.0172 0,678% -0,3391
HID=PCINTS 5 4
=5,0000 =3.7500 -2.7500 =-2.1250 -1.,8750 =1,6250 -1,3750 =1,1250
=0,8750 =0,6250 -0,3750 -n,12%0 0i1250 n,37%50 0,625%0 .n,8750
1,1230 1.3750 1.6250 1.87%0 2,1250 2.37%0 2,625  2,8750n
3,12%0 3.3750 3.62%0 3,8750- 4,2500 44,7509 5,2300 5.7500
6,5000 7.%5000 8.5000 9.5000 10,5000 11,5900 12,5000 13,5000

L5y

MEAN . 1.4933
VARIANCE ® 15.1678
STD,DEV, = 3,8946
SKEWNESS = 0,4608
KURTQSIS = =-0.0024

SAMPLE NO,= WHYDROMETER
SIEVING FOR QRAVEL,SIEVING FOR SAND,HYDROMETER FOR MUD
UNCOR®PECTED PARAMETERS
PERCENT QRAVEL = 7,628 PERCENT SARD = 22.121 PERCFNT “yD = 70,251(CLAYX = 1,706)
PERCENT FREQUENCIES
-0,9207 1.4794 5.6283 5.7110 3.0497 2,3803 5,0457 £,9341
22,4719 5.1192 28,5319 13.6511 66,8256 19,23P3 1,7064 1.7064
MID=PCINTS
5,7300 3.7950 2.1200 1,0600 n,6050 n,4000 0,2245 n.1115
0,0660 7.0530 0.0440 0.0370 0.0310 2,0193 0,0078 n.004r

MEAN [ 0,424

VARIAMCE = 0,6037

STD,DEY, = 0.7770"

SKEWNESS &« 3,7116 ' ‘ s
KURTQOSIS = 16,4022 ;

SAMPLF NO,» EXAMPLE 1

PARAMETERS FROM CLASSIFIED SET OF READINGS
CORRECTED PARAMETEPRS

YARIAMCE UNBIASED

MEAN . 67.4978
VARIAMCE = 7,3228
STD,DEV, = 2.7061
SKEWNFSS = =0,1141
KURTOSIS » =0.0976

SAMPLE NO,= PHASPHATEL

PARAMETERS FROM SEY OF READINGS

CORRECTED PARAYETERS =
VARIAMCE UNRIASED )
MEAN . 698,5714

VARIAKCE = 33634,0206

STD,DFV, = 183.39083

he

SKEWNESS » =-0,0318
KURTOSIS = .=1,0490

1<0%u
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APTENDIX I l
Stokes' Law l
+ " 18h ™M ,
: i 2
(oo—p)9gd |
Where ‘1‘ = time of fall in secs.
’77 = viscosity of water in poise (at T °C) l
O” = density of quartz in gm/c.c. l
/O = relative density in gm/c.c. (at T °C) '
d = grain-size diameter in cms. l
3 = acceleration due to gravity in cm/secz. I
Tem;zerature 18 M
C (o"—0) 9 I
18 .0001174
19 .0001145
20 .0001114 l
21 .0001091
22 .0001065 .
23 0001040
24 .0001016 l
25 _«00009931
| TIMINGS FOR PIPETTE READINGS l
Diameter h Diameter 18°%c 20°¢C 22% 24°¢C
(phi) (cms) (cms) I
4.0 20 .00625 Initial reading at 20 sec (represents total mud)
4.5 20 .00442 2m Os 1m54 s 1m49 s 1m44s l
RE - STIR SAMPLE I
5.0 10 00313 2m Os 1m5 8 1m49 s 1md4 s
5¢5 10 «00221 4 m Os 3m48 s 3 m38 s 3m 28 8
6.0 10 .00156 8m 28 Tm38s 7Tmi18s 6mb58s l
7.0 10 000782 32 m Os 30m 22 s 29m 28 2T m 41 s
8.0 10 000391 2hrén - 2 1m  thr5m  thr51m '
9.0 10 .000195 8 hr 35m 2hr 8 m Thr 47 m Thr 25 m
$0 I
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APPENDIX 1T

INSTRUCTIONS FOR BMR SETTLING TUBE

1o

-
3,
4.

5e

6o

Remove sizes greater than 2 mm (-1 phi) and less than 0,0625 mm
(4 phi) by wet sieving.

Split off approximately 2 g of this sample,
Wet sponge with distilled water.

Sprinkle sample evenly over the wire mesh and wet sample by pushing

‘mesh on to the sponge.

Ensure the average temperature of the water at the top and bottom of
the tube is between 20°C and 22°C.

Use only distilled water in tube and ensure tube is completely topped wp.

OPERATING INSTRUCTIONS

1e
2,
3e
4.

9e

6o

Te

8.

9.

10,

11,
12
13,
14,

Switch on bofh wall mounted switches.

Depress 'power' switch on recorder and wait a few seconds,

Insert paper and depress 'chart' switch.

Depress 'servo' switch and adjust to approximate starting position
with the two 'zero' knobs. (DO NOT TOUCH VERNIER KNOBS - X VERNIER

KNOB AFFECTS SWEEP RATE AND MUST BE KEPT IN THE FULLY CLOCKWISE
POSITION) :

Press 'pen' switch and adjust pen to exact start position with the two
'zero' kmobs,

If necessary test ink level using 'start' and 'reset' buttons - if
needed fill through hole in drum.

Press 'pen' switch to 1ift pen from paper.
Set sweep rate on 5, 10, or 20 depending on grain-size range expected
and range expected and range on convenient (usually 1) setting for

amount of vertical movement,

Rotate wire mesh on to tube mouth with a smooth even movement (too fast
disturbes the water; too slow starts recorder prematurely).

After sufficient time has been allowed for the 4 phi sized particles to
fall (about three minutes on sweep rate setting 10), press 'servo' switch,

Lift wire mesh from tube.

‘Press 'servo' again.

Repeat for next sample after any finer particles have fallen.

Sediment should be cleared from the sample collecting pan (with the
moveable rod at the base of the tube) regularly. If the 'servo' switch
is on when this cleared the right-hand zero knob will have to be turned
quickly clockwise TO AVOID POSSIBLE DAMAGE TC THE RECORDER.

k£
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APPENDIX III
Sweep Rate Setting Actual Sweep Rate
on BMR Recorder
0.73 + .01 sec/em
1.83 + .04 sec/em
10 3.65 + .04 sec/cm
20 7.30 + .04 sec/cm

DISTANCES OF PEN TRAVEL CORRESPONDING TO DIAMETER OF STANDARD

QUARTZ GRAINS

Diameter Diameter Time of fall Distance in cms for sweep
(microns) (phi units) (secs) rate setting of 10
2000 -1.0 7.4 2.03
1680 -0.75 8.2 2.25
1410 -0.5 9.1 2.49
1190 -0.25 10.1 2.77
1000 0.0 11.6 3.18
840 0.25 13.3 3.64
.710 0.5 15.4 4.22
590 0.75 18.0 . 4.93
500 1.0 215 5.89
420 1.25 25.5 7.00
350 1.5 30.0 8.22
300 1.75 35.0 9.60
250 2.0 42,2 11.55
210 2.25 50.0 13.70
177 2.5 60,0 16.44
149 2.75 T1.5 19.59
125 3.0 85 23.3
105 " 3.25 100 273
88 3¢5 117 32.0
T4 3.75 140 38.3
62.5 4.0 175 47.9

This sweep rate setting of 10 is the most convenient as the

output page is 38 cm wide.
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APPENDIX [V
PROGRAM 3RS]ZE -

THIS PROGRaM !SES STATISTICZAL MOMENT *EASURES T| CAL JLATE THE PARANET ﬂ:n

ANDARD DEVIAT]ON,SKEWNESS AND KURT

(1) GRAINS]IZE RESULTS
_ (2) CLASSIFIED SETS OF VALUES OF VARIAdLES
TAND(3) SETS OF VALUES JF VARIABLES
_THE EXPERIMENTAL METAODS USED YO ORTalv THE GRAINSIZZ RESULTS ¥AY 3E ANY
COMBINATION OF =
(1) SISVING THE GRAVEL FRACTIOY

1
1
|
i

€2 €2 €220 (2[C2 O €3 C2CD €A

(2) SIZVING 0% SETTLING TUBE ~I[TH THE SA 1N FRaCTION .
(3) PIPETTE OR HYDROMETER WY« THFE MUU(SILY+CLAY) FRAZTION
T WHEN GRATNST7Z RESULYS ARE AVALYSED,THE PERCENTAGES JF GaAvEL.>Aun SILT
AND CLAY ARE &S DRETERMINED
CUHJLATIVE FREGUENCY AND FREJUENCY PLOTS.ON EIT-IFR TuE lec-aﬂxursa OR
PLOYYER,FOR ANY #TA SET MAY aLS) HE ORTA[ANED

OIMENSION JBSt104) ,FREQU(L13Q),2TS(107), idUNJ(la“!.Jrla’(lul-lrﬂtlo
1),NJM(4)
REAL XURT

_ S READ CARD TYP: a

10 READ(S0,20) (NTYPE,NA,NB, NC, Vo NITVE, NIRAV, YSANT, MU0, vCERI, NSILY, IC
10,CLINT)

SNSRI NTSeaNocnwawn -

BONN
- -

20 ronuubls W5%,15,8X,A1,F15,0)
IF(NTYPE,EJ,C)G0 To 1451
JLH’I?
IF(NTYPE,NE,3) G TO 50

24, 30 READ(6U, ‘ﬂ)tp* (1) oIl

2 40 FORMAT(L0FE, e

26 GO TO 127

7 _ T READ CARD TYP:Z =2

a8 50 IF(NSOLY,EQ, 1) G TO 70

29 REAN(60,%40) JFORY

30 60 FORMAT(1.AB)

n READ(60, JFORY) (BOUND(I), =1, R

32 GC YO 90

3 70 READ(S0,30)¢RLUML(L), T2, N)

34 80 FORMAT (10FR,«)

s 90 DO 11%-1s2,% :

16 IF(32UND(L»1), AT, RAUDCLYY 53 TO tin

n PIS(1»1)2ASSEHCUNDEL=1)=R05%D 01072, 2e40uUyD(]=1)
38 GO0 YI 113

=l 100 PTS{I=1)=ASSIQUNDII=1)=304Na(1))/2,3+30049D¢( 1)
a0 110 CONTINUE

a Z READ CARD TYPE ¢

@ 120 READ(60,13%) T1,WT2,WT3,NI™(2), vIH(Y),NRET, JLRAF,LN3,SP3RAV,H3WT,
a3 "N

“ 1707, ~HYDRO T

45 130 FORMAT(3IFLr ,6,AR,A2,15,218.F9,0,F1C,0,215)
4 IF(NTYPE,EQ,3) GO YO 592

47 NEN=1

[ 140 MNQeNAeNg+NT

" JF(NTYPE,ED,4) NI=EN e s s sy e o e
50 Z READ CARD TYPZ D

51 IF(NSDOLY,.ES,i) GY TO 179

52 IF(JUMP,EQ,3) GO TO 160

o _ READ(60D, 150! IFM

54 150 FORMAT(1CAB)

55 160 READ(60,[Fv)t2ESCI),121,%N0)

54 GO TO 19C

57 470 READ(60,180)("RSCl),I=1,NQ)

58 180 FORMAT (10F8,4)

5 o 190 [F(NTYPE.EZ,4) GN _TO 610 S

[

C DETERMINE WFIGHY FREQUENCY CORPESD0IDING TO EACH 1 ITERVAL “|0-P)IyT
C FOR GRAVEL FRACTION

|
|

m NS AW N~



'

- YOTGw0,0
i J 200 IF(NA,EQ.0) 210,220
1 210 [F(NGRAY,EQ,0) GN YQ 252 ]
H NEXTai 2
Fomme  come e sl OALL EXTRAP(NSRAV,WT1,FREQU,VEXTY . . . . ) o . N 3
4 GO TO 25¢C e .
L T 220 IF(WT1,E3,0,0) GO YO 230 5.
[ NAQ=] . & =
7 NBQENA o e — 7
I NSPLED 8
’ CALL SPLIT(NAG,NAQ,WT1,085,FREIU,NSPL) i ) N ) L
10 G0 TO 250 o T T T T
Mo o o R00 DO B0 JRLANE e . - _— s - n
12 : FREQU(J)®03S(J - ! R )
F] 240 CONTINUE 1
14 C DETERMINE iFIGHT FREDUENCIES FOR SIEVED SAND FRACTION ¢ . 4
s 250 v0TS=0 P ) ‘ . ’ 15"
% “IF(NB, ia 0) 260,270 N O e, — =0 i ey
” . 260 IF(VSAND EEl) GOTO ADN: . g : . . . n I o
12 NEXT»1 i
" CALL EXTRAP(NSAND,wT2,FREQY, NEXT) “
. 2 GO T0 30€C 2
: n_ 270 'IF(NTYPE,E2,2) GO TO 410 = ) n
s on WAQENAeL ' R T Ty
£ n ; B NBGUSNA+NE e ) v ) . n
E’ 24 ; {F(WT2,E3,0,0) GO TO 280 ' - o e )
25 CALL SPLIT(NA3,NBQO,WY2,085,FREQU,NSPLY . - . 25
% 2% = G0 TO 300 B " 26
E 7 280 DO 290 J=NaQ,%®0 ’ ”
n JNSEJeNGRAY S - TUUUUERRETEE S g
g » . FREJQU(JNS)=0BS(J) ey D S, I e s e i W A Y,
T 30 290 CONTINUE S " 30
£ a C DETERMINE WEIGHY FREQUENCIES FOR ¥UD FRACTION . I . M
£ n . 300 IF(NC,EQ.0) 311,320 32
§ ARS— 310 |FINMUD,EQ,0) GO YO 480 T e == N i m
s NEXTaNA+\NBeHGRAVS1 meea semes SN g
a IF(NTYPE,EQ,2) NEXTSNEXT=) s e - 35
§ CALL EXTRAP(N-UD,WT3,FREQU,NEXT) e e
E GO YO 450 37
2 J20 MAGENA#NB+1 5
__NBQsNAeNBeNC

|
i
1
1
|
|
1
|
i
|

"IF(SPGRAV,EQ. t.o) co 70'330 SR e . Sl s

IFtNPlPE Ea.o; 440,380
<330 DD 34C J®NAQ.\BOQ
0BS(J)=08S(Jye50,0 iy e
340 CONTINUE
IF(NMUD,EQ,0) GO TO 350 »A s
WYs08S{N30) ' ' AT S, e
NEXTENBQ4NGRAV
IF(NTYPELED,2) NEXTESNEXT=] =
BALL EXTRAP(N“UD, WT,FREQU,NEXT) B s -
GO TO 370 i < Sl RS
330 IF(NPIPE,E2,0) GO TO 379
360 CALL PIPETYE(NBO,MZ,PTS,FREQU,0BS,NPIPE,NC,WT3, ISAND,NGRAV,N,NTYPE =~~~ =~~~ — === —— ===
1,BOUND)
(NC,EQ,0,AND,WT3,NE,0,0) ,GO TO 450
IF(SPGRAY,NE,0,0) GO TO 440
370 NAQeNAQel
Do 390 é-znn;uso
IF(NTYPE,EQ,2) GO TO 380
JNSSJONSANDONGRAY . . 0118008

o

o

o

<

=

[

]

>

-

<

x

=

3

|
C‘GEHK&:BESKSS%:G&&S&SS

|
1
|

t3!&2:23:283328@&&6:8333‘::‘:3
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FREQU(JINS=1)s0BS(J=1)=0BS(J)
IF(FREQU(JNS=1},LT,0.0) FREQU(JNS=1)=0,0
GO YO 396
350 JNSEJeNGRAY
FREQU(JNS=2)sGPS(J=1)=08S(J) _ : — y X : ) L
‘ IF(FREQUIJNS=2),LT,.0.0) FREQU(JNS-Z)ID 0
390 CONTINUE . o
IF(4T3,E3,0,0) GO YO 440 ;
NAQENAQ=1 . = - I '
IF(NTYPE,ED,.2) NAO=NAO—1
NBQENBR=1
IF(NTYPE.ED,2) uao-nan-l
n o IFI“!PIPE.NEJb) NBO=NBO°"Z
“D0 400 JENAQ, PO
JNSsJeNSANDeNSRAY
FREQU{JNS)SFREQU(JNSI®NT3/0RS(VA*NRe1)
400 CONTINUE .
GO T2 440
C DETERMINE WEIGHT FREQUENCIES FOR SAND FRACTION nlALYSfD WIT4 SETTLING YJBE
410 NAQaNAe}
NBGQeNAeNS
1F(WT2,E5,0,0) wr2=1,0
e A e i DO.4§§_;§N}Q_yHD R
"TOBS(J)03S(J)eWT2/0BS5(NA*NT)
420 CONTINUE
NAQSNA®2
D0 430 J=Nag,\EQD
JNSEJeNGRAY
FREQU({JNS=1)8%F5(J)=0BS(J=1)
IF(FREQU{J\S=1),LT7,0.0) FREQGU(JNS=1)=0,0
430 CONTINUE
JF(NC,ED. 00 310,320
C DETGRMINE TOTal CF WEIGHT FREQUENCIES AND THEN GRAVEL,SAND,¥UD &ND ) ) o T R
C CLAY PERCENTAGES,
440 IF(NC,EQ.0,AN",WT3,NELD,0) GO T3 360
450 Y0T=0,0
IF(NPIPE NE,O) NsMeMZ
DO 460 J=1,N
TQTeTQT+FREQU (M) SR e e ; Y R G PO s e e
460 CONTINUE
_IF(NGRAV,NE,0) TOTG=sTL
IF(NA,EQ,0) GO TO 48)
Do 470 JEL.NA
TOTGETOTGeFRESU(J)
470 EONT]NUE R S
480 IF(NB,EQ.0) G2 YO0 500 : ==
JBsNAeNBeNGRAV o
AF(NTYPE,ER,2) JRsJB=l
JASNAONGRAVeY
DO 490 JeJa,JB
TOTSeTOYSeFREQU(J)
490 CONTINUE
500 IF(NSAND,NE,0) T0TS=aT2
TOTMaTOT=T3TG=TOTYS
TOTSsYOTS#100,.G/Y07
YOTQeTOT52100,0/70T
TOTMETOT4e100,0/70T S e s e e e e
YOTSIs0,0
tF(NC,EQ.0,AND,NPIPE.EQ,0) 510,520
510 1F(NC,EQ.0,AND,NMUD, Eﬁ‘or GO T2, 560
520 IP(Ng 1EQ, 0; J3s0 ar & o ) ) . : b= _" )
JBONSAND® JBed
P o 1F(PTS€J3),QT,3,0) GO TO 540 0118009
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Lamson Paragon Formalinar

D0 530 JeJB,N

O NVPYSEIFIX(PTS(J)*1000,0)

1 IF(NVPTS,LE,3) GO YO 579 e

2 530 CONTINUE

o _yorcsg,0

' GO TO 64C

s __ 540 DO 550 JeJg,n

s ’rtlrl“"?S(Jli.uE B) G0 T) 570

7 550 CONTINUE e

[ 560 YOTZ#0,0 - L

- — _TOTSIsTOTM

10 GO TO 64C

1 . 570 NNJzJel y

12 D0 530 T=J2,n0J

12 TOTSIsTOTS]eFSEQUC]) o ——

14 580 CONTIVUE

5 TOTSIIYOVSIOI L, 2/70T7

14 TOTCeTOT wT07S !

" . G50 TI 84°C -

T S DETERN[UE TaTal L0 FRENUF ICIES FOR SFTS of QEA)! eSS

" 590 DG %00 Jsi,M sl

20 FREQU(J)=1,D

) _ 600 CCNTINUE

22 TOTEFLOAT(\)

23 . _GC T3 b4an

24 01d DC 623 J=1,%

2 FREQJ(JI=CIS(J) ey

26 620 CONTINUE

7 . TCT=J,0

28 e 63“ Jei, N

R s TGTRTICTIRE(J)

10 030 CONTINJE

n C _NOIHAL PARAVEYER C9'PuUTATIONV STARTS HiRZ

32 C OBTAlN FIAST FAUS MIMFNTS ARQUT T4E O=1.lw

a3 640 3u~1=1,0

34 SU"?".G

35 N _Su%3s9,n

2 SuMdsT, D

P ng 650 Jei,k e

3 SUMIESJMIFRE L (J)ePTS()) T

] SUM2ESJM24PTS(J)es2eFREQU( )

“ SUM3aSU43ePTS(J)esSeFREJU(Y)

4 SUHllSUﬂ‘0°TS(J)oo‘ornEQU(J)

2 050 CONTINJE

a“ SUM18SUML/TOT o

“ SUMZeSJNMZ2/TOT -

a8 . ..Sum3asuMi/ToY

4% SUMeaSuMd/YDT

47 _C_COMPUTE FIRST FOUS MOMENTS ABOUT THE “ECAl

@ RSUMTESUV]

" RSUM23SU“ 2wl "10e2 Em—

50 RSUM3aSUV3w3, oS M1eSUM2+2 005 110s]
ST . _RSUM4=SUv4wd, 85 M1eSUM3Ie6,0eSUMLPs28S MI=3, 005 1M e0d

52 € COMPUTE JN3IASEDL SECOND MOMENT A3JUT NHEAN

52 LI E A

54 IF{NTYPE,EQ,3.0R,NTYPE ,EN,4) 660,670

55 660 RSUM2BRASUM2&T T/(T0OT=1,0) et e

56 NNBEl

57 C _OBTAIN STANDARD DEVIATION,SKEWNESS AND <URTOSIS

8 670 STDEVESQRAT(RS:I~2)

5 SKEW®RSU“3/ST2EVeed

0 KURTSRSU%4/RSIF2en23,0

IF(SLINT.EQ,0,C,0R,NTYPE,EQ,3) GD TO 680

1A

L 2

2010 %

L I e

PSRV Srir fiei--gi ]

10



B NN N BN EE S EE e ' %

IF(CLINT.EQ,U,0) GO TO 6A0
(] LF(SKEW,GT,0.5,0R,SKEW,LT,=0,5) 60 Ti 480 5 -

'_H__._QQBBEI_WMTUA; RS . SR s st ol

NNNE L SRS A
’ _RSUM23RSUNZ=CLINT»#2/12,0 3
4 RSUM4TRSUMA=CLINT®=28RSUM2/2, ﬂ’le“""'7 n/269,10 ¢ 3
s STDEVESQAT (RS M2) i
. KURTSRSUM4/RS.JM2e#2-3,0 4
7 C_ SWIYCH CONTROL DEPENDING ON DATA TYPE AMD PLOTS *EIUIRED ’
L) s

680 JF(NTYPEJ.ED,3,AND,NGRAF,EQ,0) 50 Tu 71y SR S e

S o IF(NTYPE,EZ,d.AND,HGKAF,EQ,0) 30 T0 71 9
10 IF(NTYPE,EZ,3)CALL TYPES(PTS.N, CLILT,STDEV, ¥X1, FREIU) 65
wo.o C ADJUST FREQJENC!H; TO A PERCENTAGE HAS|S "
17 DO 699 T=i,M ' 1”2
13 690 rnsou(u-rasaulz-‘um.cﬂor S e o o R . - 13
14 IF (NGRAF NE, ;) 700,710 e e
(L 700 CALL . GRPL.ONNA.FREQJ ROUND, N, 2TS,HSJML,STDEV,5<5W, K J]T, TITG,TITS, is
in ! 170TSI,TOTC,NGRAF ,CLIUT  NTYPE,LNG) 1
T PH‘WTVPE E3,3) NzHeNXX ) i7
18 10 1F(VGRAF,EZ,1,0R,NGRAF,EU,2) GJ TO 17382 18
1 WRITE(61,720) NUH(2),NUM(S) e = .o 19

s 0 720 FORMAT(1X/13H SA4PLE NO,= ,A3,42) - e Y
2 1 i _ IFtJJUYP,FQ,Y) Go TO 1311 2
S o IFCNTYPELED,3) WRITE(61,730) 72
x 2 730 FORYAT (334 PLRAMETERS FROM SET OF RTANINGS ) 21
P CIF(NTYPEF5,4) wRITE(61,740) e
- B 740 FORMAT (44 P:RA4ETENS FROM CL4SSIF]=D SIT 0F SeAaDINS ) 2
T IF(NN3,EZ, 1) 50 T0 1240 % : p
;-i Bog oonew S PRINT JUT TYPE 0F FXPERIMFYTAL “ETHOD USED 7
2 IF(NTYPE,E2,1) 750,990 28

A PR 750 JF(NC,EQ,0) 741,840 29
= M 760 IF(N3,E3.0) 770,790 30
: 770 WR1TE (81,780) e ‘ o
2 n 780 FORMAT (704 SIFVING FOR SRAVEL ) = q :
§ 3 o GO TO 114n n
s 3 790 IF(NA,EQ.0) R"0,820 3
& 3 300 WRITE (41,810) e e 3s
§ u 510 FORMAT (18w SIEVING FOR SAND ) "
E ¥ GO TO 11640 T - i . n
- 13 820 WRITE (61,53u) ’ 38
39 830 FORMAY (2_9-! SIEVING FOR SAND ANJD GRAVEL ) 19

0 GO TO 1140 10
M e 1B B40 IF(VA,NE.O,AND,NA,NE,0) 850,390 »

@ 850 TF(SPGRAV,EQ...0) GO TO 87D 12
3] WRITE (61,960) 13

“ N RAVEL, WWTUP"SA"H.?VMCHETEQ FOI 4UN) S A S e e .

4 GO TO 1140 35

“ - T BY0 WRITE (6i,%80) " s

o BB0 FORMAT (534 SIFVING FOR GRAVEL,SIEVING FOR S&.D,°IPETTE £33 4U7 ) 37
a8 777 TTTTGo YO 140 8
» 890 |F(NB,EQ.0) 900,950 S s e g ) - . e |

0 900 IF(SPGRAV,EQ,0,0) GO TO 930 50
P = S T 910 WRITE (61,920) 2

52 920 FORMAT (20K WYDROMEYER FOR MJD ) 52

5 . GO TO 1140 . . 3

“ 930 WARITE (61,540) M

s 940 FORMAT “(17H PIPETTE FOR MUD ) s e s o g 55
5 GO T0- 1140 56
57 950 IF(SPGRAV.EQ.",0) GO TO 970 57

< 50 WRITE(61,950) 58

4% » 960 FORMAT(37H SIEVING FOR SAND, dvunonsvsn FOR “UD ) Rl T

! »

',_ 970 33:32 :::nuo: 0118011 “



] * i

980 FORMAT (344 §]FVING FOR SAND,PIPETTE FOR MUD )

J GO 72 1140
1 990 IF(NC,E2.0) 1900,1050 S 5 = y . C e e A
2 1000 1F(NA,E3,0) 1)1n,1030 Sl
1 1010 WRITE (61,1027) k]
] 1020 FORMAT (244 SETTLING TURE FOH SAMD 4
s 60 7O 1140 s
‘ 1030 WRITE (61,1049) §
7 1040 FORMAT (43W SIEVING FOR GRAVEL,SETTLING TURE Fpi sm;s ) 7
e GO TO 1140 - S e :
Y .. . 1J50 IF(NB,4E.0,ANI,NA,NE,0) 1060,1100 . .
10 1060 lF(SPu?Ah.tQ...D! Go To 108r 4 19
n WRITE (61,1077) &
12 1470 FORMAT(61H SIEVING FOR GRAVEL,SETTLING TUNE FI3 SA-D,4YDIIMETER FO 2
L] 19 gyl s SSEERE MR i - . 13
14 30 10 1140 - ¥
1s 1080 4RITE (6!,139:) i
18 1390 FORMAY (58~ SIFVING FOR GRAVEL,SFTYTLING TUXE FO+4 SAN,,PI2ETTE FOR Y
e C14yD) i
7] GO TO 1149
1 1100 |[F(SPGRAV,EQ, ,Q) GQ TO 12p 5
. 2 ARITE (6%,111 ) 3
: 1110 FORMAT (424 S=TTLING TURE FOR 3SAMD,HYDROMETER F10 'ty ) 2
co22 G0 YO 1140 2
2 u 1120 4RITE (621,113)
E 24 1136 FORMAY (39w SETTLING TU3IE FOR SALU,PIPETTRE FI% 10D 1}
- C_PRINT EXTRA 0OPTIJMS USED.
e 1140 [F(NPIPELED,L) GO TO 1160 2
S » WRITE (61,115 ) uPIPE X »
28 1150 FORMAT(2%h Myl RFESULTS EXTAPJILATER T0, 15, Xn2~1 ' 24
E .. ; ) GO0 T2 11%0 ) ) ) bl
s 3 T 1160 IF(VMUD,2Q,0) GO TO 1189 29
E WPITE(61,1170) B " ‘|
“ o2 1170 FORMAT(23h VJ'. RESULTS EXTRAPILATEN) 2
§ a1 CL1BC IF(N3AND.EZ,») 62 TD 1230 pr
I WRITE (83,119 ) i
& A& 1190 FORMAT (25+ 5i50 WEIGHT EXTRAPILATFD) .
§ T 1200 IF(YGRav,EZ,u? GO YO 1220 g
E ¥ ARITE(®1,1210) s e i
- n 121C FORMAT(2FH GRAVEL RESULTS E=XTRAHAL ) 2
19 1220 [F(NSCLY.E2,U) GO TO 1240 D
© WRITE(BL,1CD) ‘0
a 100 FORMAT(2%4 SOVE DBSERVATIONS 24ITTED) -
2 1240 IF(NNNLEZ.1) S0 TO 1260 7
s IF(NTYPELE2,3) GO To 1280 S _ g
“ WRITE (51,125 ) A
s 1250 FORYAT (24- U GCORRECTED PARAMETERS ) ' 1
48 30 1O 1290 i bl
a7 1260 WRITE(61,127) ‘ - L
a8 7T TTTTT 12707 FORMAT (22W CLRRECTEDR PARAMETERS ) "
4 1280 IF(NNB,Es,1) 1290,1310 L L . i B s g
0 1290 wRITE(61,1300) - ' ‘ 50
S1_, 1300 FORMAT (184 VARIANCE UNBIASFD) "
52 1310 IF(NNB,EZ,1,09,NSOLY,SE,N) GD T2 1330 52
$2_ S PRINTY PERCE\TAGES OF GRAVEL,SaND,4yD(=SILT+CLAY) a1 TLay 53
54 WRITE(61,1320) T197G,TOTS, TOTY,TaTC 54
55 1320 FORMAT(1),16HPERCENT GRAVEL =,F7,3,1X,14~PERCENT SAND =,F7,3,1x, y . . s e e S
58 113INPERCENT HUL =,F7 s.emcuvx 77,3, 170 ) ) s4
57 _ 1330 IF(NN3,E2,1) 30 TO ubo 57
58 C PRINT FREQUENCY-PERCENT CORRESPONDING TO EACH MID-POINT 58
= 5 WRITE (61,1347) (FREQU(I),I31,N) : 59
w 1340 FORMAT(2CH PESCENT FREQUENCIES/(1Xx,8F10,4)) 3118012 50
—_ ke

IF(JUMP,EQ,3) GO TO 1360



C PRINT EACH INTERVAL “IDePOINT )
WRITE (61,1353)(PTS(1),121.,N)

C

! 1350 FORMAT(12H MIC=PAINTS /(1X,BF10,4)) - ~ L e i LI sy . |
2 C PRINT 4EAN,VAR]ACE,STANDARD DEVIATION,SKEWNESS &Nl KURTOSIS 2
3 1360 WRITE (61,1377) SUML,RSUM2,STDEV,SKEW,XLRT 1
4 1370 FORMAT(11H MF&h 3,f12, 4/114 VARTANCE =,F12,4/11H STD. n:v. =,F1 1
5 12,4/11H SKEWNESS -.r12 4/11H KJRTOSIS =,F12,4/7/) 5
s 1380 lFlMCARD E2.,0) GJ TO 1430 s
7 lrl\NB EQLLIU"'}‘SOL"u"Eln} 139".1‘10 s e z T B I
8 € PUNCH sAqFLE NUM3ER,CARD IDENTITY NUMRER,MEAN,STAVIARD DEVIATIO 4, 3KFWUESS A1) o - 8
| . C _XU3TOSIS . & 9
10 1390 WRITE(62,1400) % JM(2),NJM(3),NCD,RSUML,STDEV,SKEH, KUIT 10
n 1400 FORMAT(AE,22,21,4F8,3) "
12 GO TI 1430 . "
13 C__PUNCH CARDS WITH “EA“,STANDARD DEVIAT]Qw4,SKEWNESS aMD KU3T0S]S, - 13
14 T PEICENT SRAVEL,SA*7,%UD,SILT anND ZLay i
15 1410 4RITE(62,1420) NIM(2),NJ4(3),NCDLRSUML, STDFV, 544 v, KUST, T3T5,TOTS, T s
16 *0 L)
17 ITP' TIT51,TaTC 1
18 1420 FCRMATIA®S, 82,083,458, 3,5F6,2) i#
" 1930 IF(NPIPE.NE, D) “N=zNaMy o )
- 28 24el b
P 1] G0 TD (10,1447 ,1440)0RET n
- 1440 Jyroel P
2 n [F(NRET,E0,2) 37,120 il
I: 24 1450 EHD 4 .
a 25 _ SUHRDUTIHE SP_1*1%AQ05,4325,+75,2785,7RE0,452)
= TTYALS SJAROUTING 15 LS80 IF & FAACTION OF Taf ORI 1AL SamPLI IS ST i
52 S BEFQORE ANALYSES 238 NONE,O07 IF PEITENTAGES' NF SEWA2ATE La“e g 2
* T FRACTIINS ASE USTT &% A SAMP_E JF FAGH FAATTI?OY & aLYSZp §32aRaTIiv, i
s 29 T THE SUIADUTINE £ v 3TS APPARENT WEIGHTS [N THE 2PoRD R[ATE ZUASS 2
£ 2 T INTERVALS, INTQ -t(13=TS USED [ THE FInaL CuMBaTeTiINg, 5
E n DIYENSION 2352¢1770),FREQ(1I0)
e T T0TALED, T i .
§ u 00 107 JeNe3js,t.ans s
5 34 TOTAL=TOTA e5-S30 ) !
T 10 COuTINUE I
5 1 e ne 2u =LANS, T 28 : i
E w JisSJedsc e o il
3 3 FREI(JUS)I=-9¢ {1 1eaTs/TATAL -
9 20 COW"l%NJE | =
40 RETJR™ ' -
41 E'U
42 SUDRIYTINE EXTRAL(ISGM, 54T ,FRET, HEX)
a 2 TH1S SUBROUT!.E 1S USED IF GRAVELSAID OF “uDd F2aCTIINS ARE 2RZSENT dJT
4“ Z HAVE NOY 3EEN AfiALYSED EXPERIMENTALLY, [F REQUIREID THE auAUNT Iv SUCH i
I C FRACTIJNS IS EXT=APOLATED USING THE SUM OF SIGITS RET40, &
4 c INTERVAL M]D=2014TS MUST BE SUPPLIFD ON THE 2% iINtL DATA CAXDS FQ3 THISE "
a C EXTRAPJILATIINS
40 DIMENSION FREIL133),SInTCLHM) #
'l IF(SAT,E2,3) 32 YQ 6u e I
50 JSU'“T 2 52
s1_ NETBNEX# NS5V : o
52 [F(¥EX,ESZ, L) 73 TO 2¢ W
s NXENSGH : : si
54 No 10 JsNZX, .ET ; i
55 JSUME JSyvenx S e e . - . W
58 SINTI)=FLIAT (M ) 2t
S NXENXel 52
s 10 CONTINUJE 52
9 oo o o - BE 2040 : : 5@
£ P _ 20 Do 30 Je1l,NS% e e I e
[ ] v e - £+
~> f~ JSuMEJSUvey



Parafio met. No. s n
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SINT(J)SFLIAT ()
30 CONTINVUE

)

1 40 SSUMSFLDAT(JSUM) e e,

2 DO 50 JENEX,NET

3 - = . FREJ(J)3SWYOSINT(J)/SSUM

4 S0 CONTINUE

5 60 RETJRN _

& END :

7 SUBRAUTINE PIETTE (1B0A,MB,°T34,FREJA,0154,42124, JC2,ATAS,NSA,NGR
s 1,NZ,5TYP2,20UHT)

v T _THIS SJBROJTINE FXTRAPQLATES THE IEMAINING SILT ana CLAY OF THE

P e ZTTPIPETTE 93 <YDROWETER A4ALYSIS D2«4N T0 avy SELECTE GRAINSIZECIY 2H]
n % USING THE S.M NF DIGITS METH0N, THE EXVIAPOLAT[IN TAN A_SD 3z DIN= :w YdE
12 = CYOTAL ¥dJo FAATiaM,

12 < THE INTEZ5valL ‘1D=POIuTS JF THE ExXTRAP0,ATED ~c]id4T5 ARE AJTOMATICALLY
14 C DETBRHM]NED :
< 2 DIMENSION PTSA(132),RATAC20),03SAC10Y),RINT(27),FREGA(10]),BIUND(Y
1% 1o

W wies S Comm ,*A-lFlst=Y=At &)

18 IFIMA,E23,5P1PL) 3D To 42

1L MAz¥Ael - [,

20 MBENP[2A="a
.n . aAarL:)AY('u)

22 RBEFLOAT(3)

n [Suvs?

28 INTeNF

25 0C 10 Jei,vf L =

26 [SuMe |5 %+ 1%5T

7 = RI'JT(J)I-L-A'H\I')

w INTEINT-

By e 10 CO‘:TIWE

20 RSUMIFLIET (IS =

n IFLNSAE2. D) JESALRYAYSATAY =

n Dt 29 JE1,v9

af 2 nuTqu:Jésu-EJH-MWU}MSJ‘!

34 20- CONTINWUE

15 IBPE {3 JAeM Ty

“._.4.__-__”, E REASS i “JAD= J:Nj‘_
) IF(TYPA,E2,2) NaP=4aP~]

) IF(NTY3a,EZ,2) §7PaNuPey - )

ED IF(NCA,ES D, 4.0, sTA3,NE,D) YAP=YaPey

I IF(NCSA,EZ, 3, A U.aTAJ NELD) NIP=HHPey

41 g yPsl

2 U0 33  J=.ao, PP

a JNSEJeNSAe\GR s

“ FREJA(JINS)ERaTA(P)

45 NPayPel

4% PTSA(JNSIZRAe;,5

a7 BOUNU(JNSe1)n3A+1,0

@ RATRA®Y,3

" 30 CCNTINJE I e T

50 40 RETJRN

n__ . END

52 - T SUSIIUTINE HV SROM(YHAQ, NHB2, HAT3, mGRAV, NHYDR, U4YPE, MTOT, 44T, M54 4D
L) ——— 1,K08S,4REJ, 13RAV, HMUD)

4 [ THIS SU3I0JTIE DETEIMINES THE WAFIGHT FREQUENCZIES IN THE MJD SIZE
55 € CLASS JITERVA .S FROM HYDRQMETER RESJULTS,

58 DIMENSION #4085(100),~REQU(LNT)

st IF(NHYDR,EJ,2) G2 To 20

58 D0 10 Jsli4AH,NH30

59 HOBS(J)2~035(J)e0,6238HGRAV/IH3RAV=1.0)

) 10 CONTINJE

GO YJ 40

1
2

3

4

5

L]

~ . 7
L]

L

1o

|

13

1

15

e

1

H

19
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'
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I N it

-— 2 . i 2 g metS o FRR B . 3 3 o 5

20 DO 30 JENH4AQ,%H3D
MO3S(J)®(HIBS(J)=1,0)1210008H3RAV/ (HGRAV=1,0)

C

1 30 CONTINJE S R e S e SN ol e e S S .4
? 40 IF(MY2T,5Q,1) GO .TO 100 2
3 ~ NJNSENHAZevuSA Ne4GRAV. {]
L] IF(NHYPE, E:.zx NJNSENJUNG=1 4
s IF(H&T,EQ,0,%) G0 TI 5) 5
L HREQU(NJNS)BH. 13- HUBS(\JHAOIOddTSIHHuY i
7 IF(HREIJIININS) (LT,0,u) HREAU(NJNS)I=0,0 N - . _ _ 7
[ GO TJ 62 R T
v s _50 HREQJ(NJNS)&n.T3-HOBS(nHAD) 9
10 60 NHAJENHAQe1 0
n 1F(4dnT,EQ,3,) 30 TI 80 I
12 DO 70 JaN<AQ,NwWAD 12
13 NJNSB JeMSANDe¥GRAY e e . 13
Log lr(WV?E.E:.Z) NJNS=vJINS=]1 ——— sy
15 HREJJ(NJNS)B(40BS(J=1)=HOBS(J) ) ®HWTI/HANT 1
16 IFC(HREIIININSY LT, 0,0) HREQUINJINSYI=0,0 %
” _7U CONTINJE e L
1’ RO T 147 19
" 80 DO 93  J=NHA),i.m3J . W
c .20 NJNSEJeMSANN e ‘GRAY 2%
s IF(NHYPE L ED,2) NJMS=U=1 < 2l
* n HREIU( VJNS)IBmDHS 1 Ja1 ) =HOBS () 3
2 90 CONTINJE
< GO T2 142
o 2 100 MHAQE'4A3+1 o
€ 1F(4~73,2G,0,30 30 T3 i20 %
s n 10 112 J=N<AD,%H53 »
28 NJNSI JeMSANN ; b
PR T IF(NAYPZ  F2,2) %JINS3uJNS=1 :
'§ 30 AREJJ( I S=1 15 ( =285 (J=1)=HIRS(J) I ®uwTI/HIBS (V-4 )=-1) ‘
£ @ 110 CONTINJE .
[ ag vy iel
§ u 120 DO 133 JEiHAL, wm3Q
[ 7] NJIS®JeMSANNe "2RAY
L T IF(NAYPEL,ED,2) NJNS=UJNS=L
§ ) AREAIL NS =1 2~05{J=1)=H035 ()
E » 130 CONTINJE T
3 n 140 IF(A43Z5(NH30) ,LT,1,07=5,0R,4%J0,Fa,0) 40 TO 179
19 [FL4~aT vE 0, .) 32°TH 159 3%
0 Haz4J33( vHE0) u
4 GO T 157 i
a2 150 HW34333(\H3Q)eraT3/HART
a3 160 MHEX®.H437eMGRaV . o ) i
“ IF(NAYPE ,EQ,2) Y4EX3UFEX=] : ' it
4s IF(MTOT,EQ,0) hMZXenNrEXel 1
“ CALL SXTRIAD (4 -UD,HA, AREQY, VHEX) %
& 170 RET A 5
“w B ’ END T T %
49 SUSIUT]NE GRALOT(NUM,FREQU,0JNN,.: ~.Pfsﬁn§u~u.srat\/.~<w <JRT,T0TG 19
50 1,7075,707SI,T2TC,NGRAF, CL!W.W\'PE LGy T = e
51 s THIS SJ330JTI<E JETERMINES THE CUMULATIVL FREJUENCIES AN YAKES :ALL~ T3 $3
s 7T 7T 8 APOROPRIATE PLOTTING SUARQUTIYE DSPENDIG 0N 0PTIQHS 3E_EFTZ0 57
. -  DIMENSINY VJM(4),FREU100),32UNN(107),PTS(14),FRI1T0,1).CUS(107, 53
s 113, 33E20100) . NFI(3),NCUMFR(3) 5
55 NFR(1)=B48FRESUEY e o i 5 ki e e
56 NFR(2)=34CY P'.“CE g Se
s, .. NFR{3)e8eNTE ; 57
58 NCUAFR(1)38HeZUMILAT 58
M 5 NCUMFGR(2)s8K],E FREQ = e 59
— &0 NCUMFR(3)sPHUENCY® = s0

1 ' NU“(1)38-e



5 NUM(4)=BHe
] IF (NGRAF ,E2,1,0R,NGRAF,E2,3) GI TO 3
1 CUMTOT=0,0 ; )
2 Do 20 r‘.\' LRSS "'—ﬁ 2 e e T e = __..._.__.)
F CIF(PTS(2),LT,275(1),AND,LNG,NE,1) 60 T3 10 L 3
‘. CUMTITECUMTOT+FREQU(]) S
5 CuM(l,1)8Cy¥T2Y 5
s : 30 T3 21 6
7 10 JsNejel A i s e SEUL ' . 7
s GUMTIT2CUNTOTFREQU( D) - ) A . v il ik
s L BUM(J,1IEC MY : 0
10 30 COATINJE he
n 33 IFCCLINT NS, 0,0,0RNTYPELED,3) 50 Tn 71 5
12 IFLLNG,VE 1) 45N TO 58 1
13 J0 40 Isi N R L om— 13
14 40 PTS(I)==4L24(TS(])) = o i teley
18 SC CALL FRSCA_E(FREIU,BAUND,N,GRED) 15
14 20 %0 1= LN 18
"o 50 FR(1,1)25RzQull) i
1] Go TD ER] I
i1 70 DO 80 Isi,N T S : 1%
e 2 80 FR(1,1)=FRZQutI) ] § - 4
= n 90 IF(NGRAF,EJ,3,0R,NGRAF,EQ,4) 32 T2 1350 : : 2
5 % CALL QJIXPLAT(PT3,FR.=N,=1,8Hex[1=PTe,FF) 2
F n IF(NTYPE,ED,3,UR,NTYPE,ED2,4) 53 T2 11u e
I ARITE(SL,100) “UM(2),NUM(S),TIT5,T073,T0TS1, 7T ,R5U¥1,STDZV,S<E«, ;
° 5 L] I i
S = 1URTY o
s v 100 FORYAT(LA/8H SAMPLFE ,AB,A2,4X,74GRAVILA =,F7,4,4Y,7H35a D% =,F7,3,4 -
n 1X,743ILT% = ,F7,3,4X,7HCLAYX =,77,3/,22X,5AMEA 1 =,F 2,4, Y%, 94STD, b=V ‘ 5
8029 24myF9,48,3%,10-SKZWNESS 3,F3,9,3X,1THAUITLEIS =,9, 1) 32
L3 % % -
3 50 Y2 130 L1
E » 119 WRITE(S1,120) HUME2) ,NUM(S) RS J¥LiSTIEV, 5KEA, <uT 1
L 3z 120 FORMAT(1Xx/94 3AMPLE ,Aa,Az.u S EAN =, F9,4,3¢,04sTD, D%y, 2,FY, 4 3x ) - a2
§ u . 1,1043XEWVESS x,F9,4,3X,10H<U1TISIS =,F9,4) i1
s 133 IF(V3RAF.E2,1:00 ,NGRAF,ED,2) G2 TO 140 23
A CALL Aur:PkonPrs.rn.-N.-1.w-|.w:n :
§ 1 140 [F(NGRAF,NE,2,AND,/IGRAF,NE,5) 32 T2 183 ’ ?
§ n CALL OJI<PLOT(PT§ CUMs=N,=1,35481[0=PTs, NCUMF ) i
- ARITE(61,150) ]
»w 150 FORMAT(LX///) ' 19
o 160 IF(NGRAF,NE, 4, AND,NGRAF,NE,5) 3D T2 173 . 5
WY i CALL AuTJP;UTcPrs CUMy =N, =1, NJ4, " CIuFR) 3
@ 170 IF(LVS,NE, 1) 50 TO 190 5
Q NO 180 [s1,%4 e 3 1
“ 180 nYStI)-Eth.prsnn ) ) ' 1
s 190 RETJRN - &
“ ' " END ) ' ¢ 1
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