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Summary

Instrumentation for rapid, high precision size analysis of silt and

sand size particles has been acquired and/or developed by the marine

geology group of the School of Oceanography of Oregon State University.

A Cahn automatic electrobalance with particle sedimentation accessories

is used for size analysis of the silt fraction of pelagic sediment; a large

diameter settling tube developed at Oregon State University is used for

analysis of the sand size fraction. The data generated with these systems

are recorded by a strip chart recorder as well as by a high speed paper

tape punch. Computer programs to deal with large volumes of data and

to calculate various size parameters for each sample have been developed

for this instrumentation and are documented in this report. Instrumenta-

tion has also been developed to permit specific size fractions to be separ-

ated from the bulk sediment to allow compositional studies of the different

size modes. All documentation necessary to understand this instrumenta-

tion system is presented in this report, and thus is available to all students

interested in textural classifications of pelagic sediments.
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1. Introduction

Size analysis of silt and sand size particles is a controversial
problem which has occupied researchers for many years (for an excellent
review of most methods, see M(zller, 1967). Since the component sizes
of many marine sediments range over a fairly wide spectrum of size classes,
different institutions have used different methods to study their granulometry.
Most frequently, size distributions of the material > 0. 063 mm have been
determined using sieving methods while size distributions of the fine grained
material have been investigated by measuring the rate of accumulation of
particles settling through a fluid medium. It is disadvantageous that two
different methods applied in separate steps have to be combined to obtain
a size distribution of the total sediment. Since both methods measure
different variables (settling velocity for the fine grained components, median
axis of the coarse components) these size distributions are not compatible
in many instances.

Size distributions of oceanic sediment samples are routinely
determined as part of the research programs carried out by the various mem-
bers of the marine geology group of the OSU School of Oceanography. To
avoid the above disadvantage, a system of settling tubes for size determina-
tions of pelagic sediments has been developed. It consists of a Cahn auto-
matic electrobalance with particle sedimentation accessories (Cahn Instru-
ments, Paramount, California) for determination of the size distributions
of silt sized material and a large diameter settling tube which has been de-
veloped by Mr. Milo Clauson at Oregon State University for the analysis
of the sand size fractions of sediments.

Both systems measure the settling velocities of particles. If
desired, the range of measurement for the large diameter settling tube can
be extended down to 40µm while the silt analysis system can analyze particles
< 63µm in diameter. Thus, the total system permits the overlap of coarse and
fine distributions, which allows proper matching of the individual grain size
curves.

Various procedures and attachments to the settling tubes, as
discussed in this report, allow the separation and subsampling of size classes
for compositional studies of various size fractions. The generation of large vol-
umes of data have forced us to develop computer programs to handle these data,
to calculate various size parameters as outlined below, and to plot size distri-
butions. The development of this instrumentation package and the accompanying
procedures is now largely complete. We have collected all pertinent informa-
tion about these instruments, all instructions on how to use the instrumentation,
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details of the computer programs developed for data reduction, as well
as ideas on how to avoid mistakes when applying these methods. We feel

that this instrument package is going to be widely used within this group

as well as at other institutions, and therefore we want to share our successes
and failures with future students of textural properties of pelagic sediments.
This report is not consistent throughout in the detail used in describing and
discussing the various components of the whole package because descriptions
of some instruments have been detailed elsewhere. The Cahn balance is
delivered with a comprehensive manual describing many of its essential
features which need not be repeated here (Cahn Instrument Company, 1975).
The large settling tube has been developed in-house, therefore, it requires
more complete documentation. The development is the most recent stage

in the evolution of a system that began in 1958 with the design and construction
at Scripps Institution of Oceanography of a settling tube to measure auto-
matically the size distribution of particles coarser than 0. 06 mm (by T. H.

van Andel and J. D. Snodgrass). In 1966, van Andel and R. M. Beer, with
ONR support, added a fine fraction component based on the Cahn sedimenta-

tion balance. The system was transferred to Oregon State University in
1968 and used, with minor modifications, for various investigations including
the ONR- supported study of Panama Basin deep-sea sedimentation. The

current instrumentation is different from the previous ones because it is
more refined and has a higher resolution than before, it is completely auto-

mated and it has the added capability of subsampling the size fractions.

The responsibilities for producing this manual have been distributed
among the following colleagues of J. Thiede who is at present one of the

Principal Investigators under the contract from ONR to the School of Ocean-

ography of Oregon State University: Mr. S.A. Swift (size analysis of silt

sized material, section 6. 1), Mr. M. Clauson (instrumentation for size
analysis and separation of size classes of coarse sediment component,
section 7. 1), and Mr. T. Chriss (data reduction and presentation for the large
settling diameter tube, section 7. 2).
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Analysis of fine grained (mainly silt sized) sediment components
of oceanic sediments

2. 1. Size analysis of silt sized components through settling

The settling velocity of particles is a function of size, shape, fluid
viscosity, and the density difference between the particle and the fluid. The
principle of sedimentation analysis is that particles with higher settling
velocities will settle through a given length of column faster than those
with slower velocities. Sand and coarse silt particles are commonly intro-
duced at the top of a column, separate according to their relative settling
velocities, and produce an analog record of cumulative weight versus time
on a sensing and recording system. (See elsewhere in this report). Fine
silts and clays are introduced as a homogeneous suspension, particles
settle out according to their settling velocity and their original height in
the column, and a record of the accumulated weight vs. time is produced.

The results of sedimentation analysis are directly related to the settling
velocity distribution of particles in the sample . The results may be interpreted
also in terms of the sizes of spheri cal particles, of uniform density, which
would settle at some theoretically or empirically determined velocity in
distilled water at a standard temperature. Sedimentation diameter, here,
refers to the diameter of tle quartz sphere with the same settling velocity
as the sample particle from nature. Size units used may be length units
or the dimensionless phi unit, where Phi= -log diameter(mm)

2 ( 1. 0mm )

The major drawbacks to the technique is that it is not direct and that absolute
particle dimensions are very rarely obtainable. For certain purposes other
techniques which yield dimensional or volume results are preferable, but
sedimentation is generally the more efficient method for large numbers of
disaggregated sediment samples (see Poole (1957) and Swift et al. (1972) for
reviews of methodology for coarse and fine material, respectively).

Characterization of the grain size distribution of a sample would, ideally,
give the distribution of sizes of the original particles either just before, just
at, or sometime after deposition. Such an analysis would provide information
about the original material, about the depositional process, or about the
extent of post- depositional changes. It would also serve to characterize
the sediment for lateral correlation and for studies of changes in stratigraphy.
Unfortunately, much of the information in marine deposits is probably lost
due to post- depositional processes (bioturbation, chemical and physical
diagenesis, and winnowing or total erosion by bottom currents), to alteration
during sampling and analysis, and to random variability inherent in the depo-
sitional regime. This loss of information and the limitationsof the settling
tube system with respect to reproducibility and accuracy should be con, ; dered
in any interpretations of size data determined by this system.
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There are essentially three conceptual steps in automated sedimen-
tation analysis which in practice may overlap: 1) pre-treatment of sample,
2) introduction of sample into settling column, separation by settling, re-
cording of analog output, and 3) analysis of output and interpretation. De-
tails of the hardware involved for analysis of fine silt to clay material are
fully described in Oser (1972a, 1972b), Dauphin (1972), and Cahn Instrument
Co. (1975). Procedural steps are described here because they may vary
with the investigator, because they have not been published elsewhere, and
because they are more closely related to the theory, limitations, and goals
of the technique.

2. 1.1. Procedures for sample preparation

2. 1. 1. 1. General procedures

Ideally, pre-treatment should return the sample to its original size
distribution. Because the results of sedimentation analysis are interpreted
in terms of a hydraulic parameter, original size distribution in this case
refers to the distribution of all the material which fell below the critical
shear stress at the surface of the bed or was trapped during the interval
of time represented by the sample. Very often this size distribution is no
longer obtainable, especially with silts and clays deposited in aqueous en-
vironments. Syn- and post- depositional processes are active in most depo-
sitional environments other than restricted basins, which break down, build
up, or otherwise alter the particles individually or en masse. Sampling
and handling may further alter unconsolidated or water-indurated material.
Thus, the degree to which the measured size distribution approaches the
original pre-depositional distribution, which reflects the continued influ-
ences of source material, transport processes, and hydraulic conditions
at the time of deposition, is uncertain. For some materials and some
purposes this uncertainty is less than others. This is the case for workers
who may be interested only in the sand- sized carbonate fraction or the silt-
sized quartz fraction of a deep-sea mud. Pre-treatment then consists of
treatments intended to remove air and free material from cavities, to re-
move post- depositional cement, and to otherwise return the particles to
their pre- depositional hydraulic equivalents.

When some doubt arises as to the extent of alteration of material, pre-
treatment procedures should be developed to reduce the effects of post-depo-
sitional processes as much as possible and to insure that valuable informa-
tion in the size fractions significant to the study remains unchanged. The

object of such procedures is to reduce the sample to hydraulically distinct
components without altering those components in any way. A hydraulic or
environmental interpretation can not be applied to the results of these an-
alyses. The analysis serves to further define compositional features of the
sediment and should only be used to these ends. These philosophical ideas
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should serve as guidelines in designing a proper pre-treatment program
for one's samples.

Pre-treatment may consist of one or more of the following: dispersal
of the fine-grained material; removal of post- depositional products; isolation
of a grain-size fraction or a compositional fraction to be studied; and deter-
mination of the weight proportion of the analyzed fraction with respect to
the sample as a whole.

Dispersal serves to disaggregate floccules. Techniques of sample
dispersal are: rinsing with distilled water to remove soluble salts; tumbling
sample in water; working sample through a fine-mesh sieve; removal of
organic binders; immersion in an ultrasonic bath; and rinsing with peptizing
agents (see Royse (1970) pp. 25-27).

Post- depositional products such as carbonate, silica, iron oxides,
and hydrocarbons may form by chemical alteration, diagenesis, or substi-
tution. To the extent that treatment does not alter the size of compositional
components of the sample important to the study, removal may be accom-
plished by various chemical means (Royse (1970) p. 9).

If a particular size fraction is to be studied, separation by repeated
shaking, settling through a measured height of water, and siphoning at
time intervals indicated by theoretical relations (see section 6. 1. 1. 2 below)
are preferable to sieving. Whereas the settling method removes material
according to its least cross-sectional area. Size boundaries derived by
sieving may include or exclude material with higher or lower settling velo-
cities than that desired, producing a poor separation or a misleading size
distribution.

Particular compositional fractions, such as all the non-carbonate,
all the silica-free, or only the inorganic material, are commonly studied.
Removal methods include HF treatment for silica, HC1 for carbonate, and
H2O or sodium hypochlorite (Anderson, 1963) for organics. Care must
be taken with the H O2 treatment to insure that the reaction is not so violent
as to break the shells of fragile marine microfossils. Also, solutions of
H202 and distilled water should be buffered to near neutrality to prevent
dissolution of carbonate tests.

Measurement of the proportion of sediment which is to be analyzed is
done by drying and weighing the total sample and reweighing after material
has been removed, or by drying and weighing before and after each pre-
treatment step. The size distribution of fine silts and clays may be differ-
entially altered by the drying process. If there is suspicion that this is
occuring, an alternate procedure can be used. The sample suspension is
diluted to a known volume, a small aliquot of known volume is removed y
pipette, the aliquot is dried, weighed, and a value for the total mass of she
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sample calculated. The remainder of the sample may then be used in the
sedimentation analysis. During this procedure, large erkors may be intro-
duced.

2. 1. 1. 2. Sample preparation for grain size analysis on the Cahn balance

Disperse sample.

1. Remove 3-5 gm. of sediment and place in an 8 oz. jar.
2. Fill one half full with filtered distilled water (FDW) and

3.

4.

add approximately one milliter of 0. 033M Calgon solution.
Gently break up large cohesive lumps with a spatula.
Allow to stand 1-3 days, swirling occasionally.

Remove organic matter.

1. Transfer sample to quart screwtop jars washing well with
distilled water.

2. Move samples into a well ventilated lab hood.
3. Add a small amount (25 ml) of basic H202

and note the degree
of bubbling.

---Be careful not to lose small particles when large bubbles burst.
4. Add up to 200 ml of basic H202 if the evolution of CO2 is non-

violent.
5. Leave 1-3 days in hood with loose lids or with watch glass

covers. Stir occasionally by swirling the jar gently.
=Hot plates and stirring rods are not necessary and only increase the chance
of selectively loosing fine material.

6. If left for more than one day make- periodic checks on the pH of the
solution with pH paper. Solution should be basic. Add more basic
H202 if acidic.

7. Test for complete oxidization of organics by addition of more
basic H2O2. Repeat 3 through 6 if CO2 evolution occurs.

8. When oxidization is complete (or if sediment has been oxidized

=_ <Be

for 3 days) rinse the sample 3 times by repeated candle filter-
ings and refillings with FDW. (Usually only 1 day is necessary
with 7'' long candle filters. )

careful not to let filters dry out and not to lose significant amounts of

fine sediment due to adhesion on candle filters.
Sieve at 63k.

1.

2.

3.

with a camel hair brush and a gentle FDW spray from a

With liquid reduced by candle filtering in step 8, wash sediment
through a 63µ sieve into a 1500 ml beaker.
Break up any remaining clay aggregates by gentle working

bottle.
Backwash the

squeeze

> 63µ fraction into a 250 ml beaker using FDW.



4. Allow > 63µ fraction to settle out (5-10 min. ). Decant off
supernatant and transfer solids to a dry, weighed Teflon dish.

5. Dry the > 64 material in a 60°C oven overnight (1-2 days),
cool in a dessicator the next day, weigh, and record weight

> 63µ. Transfer the dry sample to a labled vial.
6. Wash the < 63µ fraction from 1500 ml beaker back into its

quart jar with FDW. (If quart jar is too small store excess
in an 8 oz. jar and candle filter both volumes until the quart
jar is sufficient.

7. The whole sieving procedure should take about 3 hrs. for 10
samples.

Decant at 4µ (86).

1. Label all jars with a vertical strip of tape marked off in over-
lapping 8 cm. intervals.

2. Fill jars up to one of the upper marks with FDW. Add one milli-
liter of 0. 033M Calgon. Shake or swirl to produce a homogeneous
suspension.

3. At the appropriate time (as calculated from the Stokes' equation)
decant off 8 cm. of liquid into a clean quart jar and rinse the hose
briefly by sucking FDW through.

4. Wash < 4µ fraction into clean labeled gallon jugs.
5. Repeat until a clear supernatant is obtained. Use no less than

4 decantings; 7 is usually sufficient. Total time for separation
will depend on the number of decantings, on settling time, and
on the dedication of the worker. Record the number of decanta-

tions.
6. Add 50-100 ml of 0. 5 M MgClZ solution. to gallon

jugs containing the < 411 fraction. Let stand overnight.
7. Siphon down until the volume of liquid is small enough to be washed

with sediment into an 8 oz. jar.
8. Allow < 4µ fraction to settle overnight.
9. Siphon off supernatant and transfer to a weighed, dry 'Teflon

evaporating dish. Dry at 60°C (may take 2 days), cool in
dessicator, weigh and record weight <41i. Transfer dry sediment
to a labeled vial.

Estimate weight of the 4-63µ fraction.

1. Wash 4-63µ fraction into a 500 ml Erlenmeyer flask and dilute
to 250 ml.

2. Swirl to produce a homogeneous suspension.
3. Pipette out 50 ml of suspension into a dry, weighed Teflon

evaporating dish.
4. Dry at 60 °C overnight, cool in dessicator, weigh, and cal. _ulate

weight of 4-63µ fraction (multiply by 5). Transfer sample frcm
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evaporating dish into a labeled vial.
5. Store remaining 4-63µ fraction in an 8 oz. jar and add 1 ml

of 0. 003M Calgon solution until ready to be run Cahn.

Warnings and Notes.

1. Do not store samples in water any longer than necessary.
The longer that samples are exposed to carbonate dissolving
water (either tap or FDW ) the greater the possibility that
significant size alteration of the sample will occur.

2. Do not crush, grind, or ultrasonic sediment samples. Some

abrasion causing physical deterioration of the sample will
occur during the normal lab routines given above (eg. candle
filterings, sieving), but intentional alteration of the size
distribution should be avoided.

3. Be careful not to spill any of the sample while stirring, sieving,
oxidizing organics, or transferring suspensions between
containers. There is some selective removal of fines during
candle filtering and decanting. Careful work can minimize
the loss.

Preparation of reagents.

H202 (pH basic)

1. Work with gloves in a well ventilated hood.
2. Dilute stock 35% H220 2 to about half strength with FDW.

3. Add concentrated OH and adjust to pH 7. 0/7. 5 with
NH OH from a 50 ml%eaker.

MgC12(0.5 A)

1. Weigh out 0. 5 moles (about 101 gm) of reagent grade MgC12-

6H2O and add to 1000 ml of FDW in an Erlenmeyer flask.
2. Cover with Parafilm and shake until dissolved.

"This solution is not intended to be used in quantitative analysis, so the
strength of the solution need not be exactly known. MgCl2-6H2O is wet
and sticky. Do not bother with decimal places in weighing it out.

Calgon solution (0.033M).

1. Weigh out 20.4 gm of sodium Hexametaphosphate (NaPO3)6

in 1 1. of FDW.
2. Calgon is (NaPO3) with many impurities. If clay mineralogy

is to be performed, reagent grade (NaPO3)6 should be used.

8



2. 1. 2. Calibration and use of the Cahn balance.

For material <30µ a tube (25cm) shorter than is normally used for
sand-sized materials is necessary. A pan suspended from the arm of an
electrobalance is used as a sensing device. The speed of the analysis is
improved and problems of adhesion of clays. and fine silts on introduction
are avoided by starting from a homogeneous dispersion of particles (Krum-
bein and Pettijohn, 1938, pp. 91-92).

These instructions are intended to provide a brief description and
stepwise procedure for running the Cahn Balance after it has been set-up.
These do not fully take the place of the Instruction Manual provided by the
Cahn Instrument Company. All the Cahn Manual should be examined and
the sections 1. 2-1. 8, 7, 5.7.3-5. 7.5 studied. The instructions and instru-
ment settings listed below are used for a suspended sample weight of 0. 080

to 0. 500 gms.

Pre-operation set-up.

1. Use stirrup B on balance arm and set tabs on the MASS DIAL

RANGE (MDR) and the RECORDER RANGE (RR) to B. Set
dial on MDR to 500; set FACTOR on 1; and set FILTER on 3.

2. Switch power on in all Cahn units 24 hours before running.
Switch on Speedomax Recorder several hours before calibration.

3. Fill pump in Lauda Constant Temperature Bath and Circulator
to 1 inch from the top with distilled water. Insert hoses into
water bath and turn on CIRCULATOR and COMPRESSOR. After
water levels in pump and water bath have stabilized, add distilled
water to water bath until water level is about 3/4 inch from
top. Let pump and compressor run until water in sedimentation
column is at 20.0°C (30-60 min. before calibration). Put test
tube containing 50ml of slurry into pump well, so that it also
comes to temperature.

4. Check paper in recorder and change roll if necessary. Clean
pen and fill ink reservoir. When not in use leave pen in up
position so ink is not drained from reservoir.

5. After cleaning glassware, pan, etc. , fill small closed cylinder
to inch below red line (25cm column) with de-gassed distilled
water. Set this container in the larger water bath container
and fill bath to about 2 inches from top. Insert pan and sedi-
mentation column into the inner cylinder. Either add or remove
water from inner container until level is exactly on red line.
Align hangdown assembly beneath weighing mechanism and
connect hangdown assembly to hook, making sure the nylon lines
and the collection pan are hanging free. Place wind shield halves
around the exposed strings.

6. Have ready: pipettes, beaker with rinse water, an empty beaker,
forceps, and a long spatula.

9



Calibration

1. When RR is in the Z position there is zero output to the
recorder. Switch RR to this position whenever changing the
weight hanging on electrobalance beam arm.

2. Leave Automatic Range Expander (ARE) on DISABLED until
a sample is to be run. Calibrate using FAST chart recorder
speed.

3. Find zero on recorder by unplugging cable connection leading
from ARE and shorting out the recorder with alligator clips
across the double prongs in the cable plug. This will produce
the recorder reading to which the rest of the electronics
will be zeroed. Plug cable back into ARE.

4. Zero ARE by unplugging, from the Control Unit, the cable
leading to range expander input, and inserting resistor wired
onto banana plugs. Make adjustments to NULL screw in front
of ARE with screwdriver and flashlight.

5. Suspend hangdown assembly from stirrup B as for a run and
lay a 250 mg weight on the pan below stirrup B. Turn MASS

dial to . 500 and RR to 100 mg. If weights on stirrup C have
not been changed since last run, simply adjust SET 5 until
pen reads zero on recorder.

6. If it is necessary to readjust weights on stirrup C, first read
sections 1. 5. 6 to 1. 5. 11 in Instruction Manual. With a 250 mg
weight on Stirrup B, MASS dial on . 500 and RR on 100 mg, add
weights to stirrup C carefully until recorder reads on. scale
or below scale. If below scale, remove weights. Continue
until recorder pen can be zeroed using SET 5 knob.

7. Switch RR to Z, remove 250 mg weight from stirrup B, and
turn the MASS dial to . 000. Flip RR to 10 mg and adjust SET
0/10 until pen is zeroed. Return RR to Z.

8. Place 250 mg on the left balance pan, set MASS dial to . 300,
and switch RR to 100 mg. Find chart paper marking 100 units
above recorder zero, and adjust CALIBRATE RECORDER knob
until pen stays on this line. Switch RR to Z, remove 250 mg
weight from stirrup B, and turn MASS dial to 0.

9. Flip RR to 5 mg and readjust SET 10, if necessary, until pen
stays on recorder zero. If any adjustment is necessary repeat
5, 7, 8, and 9 until little or no adjustment is required. The

system will then be calibrated.

Operation

1. With RR on Z, unhook hangdown assembly from weighing
mechanism and slide glassware outward so slurry can be added.
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2. Using pipettes, remove an amount of water from the sedi-
mentation column equal in volume to the combined volume of
the sample slurry and the rinse water.

3. Hang stirrer on the edge of the water bath; shake the test tube
containing the 50 ml of sample slurry until the sediment is
thoroughly dispersed.

4. While holding the bridle so that the pan is pulled snugly against
the bottom of the settling tube, pour the slurry into the settling

tube. Pour rinse water into the test tube, swirl to suspend any
particles adhering to the sides, and add to the settling tube.
Stir until thoroughly mixed.

5. Immediately after removal of stirrer from column, quickly
slide glassware under balance, connect hangdown assembly
to hook, and free nylon lines if they are touching. Be careful
not to lose any sediment out of the sedimentation column in
the process of mixing and hanging the pan.

6. Flip RR to 10 mg, engage ARE, and replace wind shield halves.
7. The beginning of the run is the moment when the stirring stops

and the sample material begins to settle. Mark the strip chart
"Time = 0" at this point.

8. After the pen has crossed the full scale of the recorder eight
times (or less) increase the MASS dial until the pen pegs on the
low end of the recorder. Quickly decrease MASS dial just

enough to bring the pen back on scale. If a sample with an
immersed weight large with respect to the recorder range
(RR) is run, then this procedure may have to be repeated 2
or 3 times during a run.

9. Switch the chart speed to slow sometime in the period of 34
to 101 minutes after initiation of run.

2. 1. 3. Data reduction of strip chart records

2.1.3.1. General procedures.

The analog output of sedimentation analysis on the CAHN electro-
balance is a strip chart plot of accumulated weight vs. time (Oser, 1972a)
The transformation of the plotted output into a frequency distribution of
settling velocity or size is done by mathematically simple transformations.
Unfortunately, these transformations are based on assumptions about the
material in the sample and about the dynamics of the settling tube method
(see Blatt et al. , 1972, pp. 52-55; Krumbein and Pettijohn, 1938, pp. 95-
119).

The assumptions made when the sample is settled out of a homogeneous
dispersion differ from those made when samples are introduced and ti Wing

11



initiated at the top of the settling tube.

As soon as the sample is dispersed and the electrobalance engaged,
particles will begin to settle throughout the entire water column. At any
time the material accumulating on the pan is a combination of fractions of
the sample with high settling velocities which have completely settled out
and fractions with lower settling velocities for which there are portions still
in suspension. This necessitates the use of Oden's Formula (Krumbein and

Pettijohn, 1938, pp. 112-117) in order to determine the size distribution:

W p_ t dP
( dt )

where W= weight of the totally settled fractions
P= weight of the pan at some time t
dP- slope of the weight - accumulation vs. time curve.
dt

This formula assumes that the conditions of Stokes' Law hold true. In

particular, the fluid should be of infinite extent and there should be no
particle-particle interactions. Wall effects and entrainment of small par-
ticles within the turbulence of faster settling particles undoubtedly occurs,

but no empirical assessment of the deviance from Stokes' Law in a fine

grained sedimentation system has been made. Stokes' Law is generally
assumed valid as the transforming function between settling velocity and
sedimentation diameter. An attempt to reduce the error associated with
the assumptions is made by running only dilute suspensions--. 50 - .84 gm/l.
The errors will probably be greater in the fine end of the size distribution.

The composition, density, and shape of particles in the silt and clay
fraction varies and is usually unknown in geologic work. But particle sizes
calculated by Stokes' Law from settling velocities are determined by assum-
ing a quartz density (2. 65 gm/cm ) and a spherical shape. The size distri-
bution therefore, is that of the standard sedimentation diameter of Gibbs

et al. (1971). Thus, a complete size distribution for one sample over the
limits of sedimentation systems (2000µ - lµ) may be formed. Though the

units of the size axis remain the same across the boundary between large
and small settling tube data (in contrast to past distributions incorporating
the results of sieving with settling methods), the uncertainty of the points
does increase markedly at the size where Stokes' Law is used to transform
settling velocity to size.

12



2.1.3..2. Digitizing

Recommended set-up and materials:

Light table with ample room to either side
Plastic base sheets inscribed with digitizing intervals

(phi or time lines )
Table of settling times (Table 1)
Data recording sheets
Ship's curves
See-through plastic rulers one of which is marked off in

0.1" increments
Several sharp #3 or harder pencils
Masking tape
Strip chart records
Patience

Tads

Accumulated weight values (short axis of strip chart) relative to
an arbitrary scale are picked off analog record at intervals on the time
axis which correspond to 0. 1 phi increments. These intervals were
calculated using settling times of quartz spheres from Stokes' formula
and using the chart speeds of the recorder.

Procedure

1. Tape fast chart speed base sheet to light table with scale
increasing from right to left. Note the equivalence of
these terms Horizontal axis = long axis = time or phi axis

Vertical axis = short axis = weight axis.

2. Unroll strip chart and use masking tape to mount the strip
chart over the base sheet.

2. 1 The point on the time axis of the strip chart corresponding
to the initiation of the settling of grains (withdrawal of
stirrer) should be placed over the vertical line (marked
Time = 0) on the base sheet.

13



Table 1. CAHN System Settling Times for 0=2. 65 and 25 cm column
at 20.0°C.

Based on Cahn equation:

(0. 3)h r 108 _
(0.3) (25) (0. 01005)108 = 4656.415

s - 1 g
(2. 65 - 0. 99823 )980(CL

Then: t
(min)

= K = 4656.415

d(cm)2 d(cm)2

0 µm Time
(minutes) (minutes)

4. 0 62. 500 1. 19 6.6 10.309 43. 81

1 58.314 1.37 .7 9.618 50.34

.2 54.409 1.57 .8 8.974 57.82

.3 50.766 1. 81 .9 8.373 66.42

.4 47.366 .2. 08 7. 0 7. 812 76. 30

.5 44. 194 2.38 . 1 7.289 87.64

.6 41.235 2.74 .2 6.801 100.67

7 38.473 3.15 . 3- 6.346 115.62

8 35. 897 3.61 .4 5.921 132. 82

.9 33.493 4.15 . 5 5. 524 152. 59

5. 0 31. 250 4.77 .6 5. 154 175. 29

1 29. 157 5.48 .7 4.809 201.35

2 27.205 6.29 .8 4.487 231.28

3 25.383 7.23 .9 4. 187 265.61

.4 23.683 8.30 8. 0 3.906 305. 20

.5 22.097 9.54 1 3.645 350.48

.6 20.617 10.95 2 3.401 402. 56

.7 . 19.251 12.58 .3 3. 173 462.50

. 8 17. 948 14. 46 .4 2.960 531.43

.9 16. 746 16.60 .5 2.762 610.36

6. 0 15.625 19. 07 .6 2. 577 701. 16

1 14.579 21.91 7 2.405 805. 05

2 13. 602 25. 17 .8 2.244 924.63

3 12.691 28.91 .9 2. 093 1062. 87

.4 11. 842 33. 20 9.0 1.953 1220. 87

. 5 11.049 38. 14
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2. 2 Vertical scale lines on strip chart should be aligned
parallel with vertical markings on base sheet.

3. With a ruler and sharp pencil scribe a straight line onto the
strip chart directly over each vertical line on the base sheet.
Continue out to the last line before the change in chart speeds.

4. Select portion(s) of a ship's curve(s) which will best fit smoothly
each segment of the analog record between scale changes and
scribe in pencil on the strip chart record a smooth line which
best represents the curvature of that record.

4. 1 Noise in the record (unusual peaks and troughs) should
be smoothed out. This includes noise associated with
pan and string vibrations at the start of a run, short
period noise due to disturbances (door slamming, elevators,
or air currents) while the CAHN is running, long period
noise due to heating and cooling cycles during the night,
and any noise associated with scale changes, adjustments
to the automatic range expander, and changes in recorder
chart speed.

4. 2 Near-vertical curves at scale changes and large amounts
of noise at the start of a run present problems. Scribed
curves should extend the smoothed record back to 4 phi
on the base sheet. Scribed curves on either side of a
scale change should be extended far enough that they inter-
sect an already existing vertical line or so that a vertical
line intersecting the two can be drawn.

5. Choose a convenient weight scale for the short axis of the
strip chart record and place zero at any horizontal line which
intersects the scribed line to the right of the 4. 0 phi line.

6. Pick off weight values at each intersection of the pencil line
scribed on the weight accumulation curve with a vertical phi
line on the base sheet. Record the value opposite the corres-
ponding phi number in the data sheet.
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7. Where there is a scale change or a change due to an adjustment
in the MASS dial, the weight scale must be recalibrated to the
chart markings. An example of a scale change is given in

Figure 1.

7. 1 A line (a) perpendicular to the time axis is selected

(could be a line on the base sheet or on the strip
chart) or constructed so that it intersects the

extensions of the pencil curves Q1, b ) scribed on
the strip chart record to either side of the scale

change.

7. 2 It is assumed that the weight at the intersection of bl
and a (read off the old weight scale) is the same as
at the intersection of b 2 and a. A new scale is
started from this point (using the same ratio of unit
chart height to unit weight on the pan).

7. 3 The same routine is used for changes in the strip
chart record due to adjustments in MASS dial.

8. When there is a change from fast to slow chart speed it is
necessary to replace the plastic base sheet with the sheet
marked for slow chart speeds and to proceed with digitizing

as in steps 2. 0 - 7. 3. In changing the base sheets, the location

of the time axis of the strip chart with respect to the new phi
scale must be calculated using the settling time tables (i..e. ,
the horizontal scale must be re-zeroed.

8. 1 Locate as precisely as possible the point where the
change in chart speeds was made. Draw a vertical
line, hereafter referred to as the Scale Line, through
the point.

8. 2 If the line lies within 1 mm of a 0. 1 phi line on the fast
chart speed base sheet, switch base sheets, lay the
line constructed in 8.1 over the corresponding 0.1
phi line on the slow chart speed base sheet, and

continue digitizing.
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Figure 1. An example of a scale change in a CAHN strip record.
Horizontal axis is time from T=O increasing towards the
left. Record is digitized from right to left. Vertical
axis is accumulated weight. Line a is a vertical line
constructed perpendicular to horizontal chart markings.
Lines -b- and b2 are pencil lines fitted to the analog record
(line c) by the use of ship's curves.
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8. 3 Usually the Scale Line is further than one mm away
from a 0. 1 phi line. Look up in the data tables the
settling time, T , elapsed between the two 0. 1 phi

values bracketing the Scale Line. Measure the
horizontal distance between the Scale Line and the
last vertical 0. 1 phi line to the right. Convert
this distance to time, T2 (30" = 60 min.) Sub-
tract T from T

l
. Convert the remainder from

time to2distance at slow chart speed (3" = 60 min. ).

8.4 On the strip chart, measure off this distance to the
left of the Scale Line and construct another vertical
line. This vertical line corresponds to the 0. 1

phi value at which the next digitizing point should

be taken. Line up this vertical line over its appro-
priate 0. 1 phi value line on the slow chart speed base
sheet and continue digitizing as in steps 2. 0 - 7. 3.

9. The matrix of 51 values of accumulated weight vs. 0.1 phi value should
be keypunched for storage and for computer processing using the program
SIZEBAL (see below). A description of the format for punching is contained

in the next section. Using this format eight cards will be required for

each sample.

Problems:

1. At present the base sheets are marked from 4. 0 phi to 7 . 2
phi (fast chart speed ) and from 6. 4 to 9. 0 phi (slow chart
speed). Occasionally the switch in chart speeds during a run
is made at a point outside the overlapping phi interval, that
is, outside the interval of 33. 2 to 100.7 min. after Time=O

(6. 4-7. 2 phi). If the switch is made too soon then the position
of each vertical 0. 1 phi line after the Scale Line must be
calcualted and marked on the strip chart by hand up to 6.4

phi. First, the procedure for chart speed changes given
above (Step 8) is used to find the first 0. 1 phi line after the

speed change. Then, look up the difference in settling
time between the two 0. 1 phi values, convert this to distance
(using 3" =60 min. ) and construct a vertical line at a point
this distance to the left of your last 0. 1 phi line. If the chart
speed is changed too late, the same procedure must be done

from the 7. 2 phi line up to the chart speed switch after which
digitizing may proceed as in Step 8 above.
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2. If too large a sample is introduced into the CAHN settling column,
if the sample contains a large amount of coarse silt, or if too sensi-
tive a full scale range (selected by the Recorder Range dials on the
control unit) is chosen, then rapid scale changes in the recorder may
occur at the start of a run. The near vertical analog record produced
by the pen is difficult to digitize because curves drawn through the pen
tracings to either side of the scale change do not overlap. Considera-
tion should be given to rerunning a smaller subsample or to rerunning
at a higher value of Recorder Range. If this is impractical, digitizing
across the scale changes can be made somehwat easier by extending
the vertical width of the chart paper. Fix a blank sheet of paper just be-

neath the chart record, extend the pen tracings on to this sheet using
the ship's curves until they overlap and proceed as in step 7 above.

2.1.3. 3 Explanation and listing of computer programs

Data from both the CAHN settling tube (CAHN) and the large settling
tube (LST) can be analyzed through program SIZEBAL. SIZEBAL will
accept multiple data sets from either terminal or batch jobs, will calcu-
late cumulative and frequency distributions, will calculate descriptive
statistics, and will output the results on lineprint and as plotted curves.
An up-to-date version of SIZEBAL in Fortran and binary images is
stored on cards. The subroutines in SIZEBAL which analyze CAHN
data use a modified version of Oden's Formula (see Krumbein and Petti-
john, 1938, p. 110-119) to calculate the cumulative curve. The user has
several options to choose from in selecting a differentiating algorithm
to transform cumulative to frequency data.

The CAHN reduction routines will force several types of error to new
values :

1) If the cumulative raw data is not strictly ascending, an error
message is sent to the line printer. Checks for reversal
of slope are also made before and after differentiation to
a frequency curve. Any aberrant points will be set equal
to the value of the previous data point.

2) If the derivative of the cumulative curve is negative, the
derivative will be set equal to zero.

The last point on the fine end of the cumulative distribution is forced to
terminate in a straight line with the preceding two points.
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The subroutine LST (large settling tube, see below) does not check
the raw data for strict accension, therefore, be careful to check your
data during digitization. No forcing of the ends of the frequency distri-
bution occurs as in the CAHN subroutines, but the derivatives will be
set equal to zero if they are negative.

Options available in running SIZEBAL

1. Differentiating routines are loaded separately from SIZEBAL. Four
options are available to the user.

Routine *SMOOTH contains a cubic spline interpolation algorithm.
Use of *SMOOTH allows additional smoothing of the distributions.
Increasing the value of input variable SS will increase the smoothness
of the curves.

Routine *CSLOPE estimates the differential at each point by calculating
the slope between the preceding and the following point. At the ends
of the distribution the slope is calculated using the first two and the
last two, data, points..

Routine;U&SLOPE is similar to *CSLOPE but the slopes at the first and
last points are set equal to zero.

The user may prepare her/his own algorthm to obtain derivatives
by doing the following:

Write a subroutine named SMOOTH containing the algorithm
to generate derivatives. The calling string should be:
CALL SMOOTH (N, X, DY, SS,A, B, C, D) where:

N is the number of data points in arrays X and Y
X is the array of phi values at the digitized points
Y is the array of accumulated weights at each point in X
DY, SS, A, C, and D are dummy variables
B is the array of derivatives at each point in X.

This subroutine must be compiled and the binary loader
deck saved under a file name (e. g., *NEWSMOOTH).

This is done by the following commands on the teletype:

#FORTRAN, I= <PRONAME>, X (CR)
<PRONAME> contains the Fortran version of
the subroutine.

NO ERROR FOR SMOOTH the teletype should respond with this
#SAVE, 56=-INEWSMOOTH (CR)
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See additional comments under deck makeup regarding use of this algorithm.

2. Any number of data sets may be run within the user's time limits. The

number of data sets must be input as a value of NJOBS on Control Card A.

3. The values of smoothing parameters and punch option in CAHN processing
may be specified only once for all data s ets in a batch or may be read
in for each data set. Use variable KONTROL on Control Card A to
indicate which method you will be using.

4. Either Cahn or large settling tube data digitized off strip chart records
can be run through the program. Use variable ITYPE on Control Card A
to specify which kind of data is being analyzed.

5. Descriptive statistics from the cumulative curve (according to Inman,
1952, and Folk and Ward, 1957) and from the frequency curve (moments
statistics from Friedman, 1961) may be requested using variable
IS TATS on Control Card A.

6. Routines for 3-point smoothing of the CAHN cumulative curve and/or
5-point smoothing of the CAHN frequency curve can be selected if
desired using variables WT1 and WT2 on Control Card One. The same
variables are used to control the use of routines which can do a
3-point smoothing of the raw data from the LS T and/or a 3-point
smoothing of the LST frequency distribution. It should be noted that
3-point smoothing of the cumulative curve has the effect of also
smoothing the frequency curve from which it is derived.

7. The frequency percent data may be output on punched cards. For
CAHN data use variable WT3 on Control Card One to select for this
option. For LST data equip LUN 44 to PUN.

8. Plots of the cumulative curve and the frequency curve overlying each
other may be requested using variable IPLOT on Control Card One.

9. The high and low phi values of the distribution and the increment between
digitizing points may be changed for each data set using variables
LOPHI, HIPHI, and DELPHI on Control Card Three. The program
assumes that the increment between the data points within a data
set is constant. Default values are 4 to 9 phi at 0. 1 phi increments
(51 data points) for CAHN data and 2 to 4 phi at 0. 05 phi increments
(41 data points) for LST data.

10. The vertical scale of the plotted frequency curve is in weight percent
of the size fraction analyzed per digitizing unit. The magnitude of

these scale units is controlled in part by variable TOTLSILT.
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If percentages based on the total sample are desired, set TOTLSILT
equal to the percent silt in the bulk sediment. If percentages based on
the silt fraction only are desired, set TOTLSILT equal to LOO. The
vertical axes of the cumulative curves are scaled from 0 to 100 percent.

I.I. The vertical scale of the frequency curve may be adjusted so that maxi-
mum height will occur at full plot scale (6 inches). Use variable ICHOOSE
to select this option. Alternatively, the frequency percent at full scale
may be specified using variables ICHOOSE and HISCALE.

Deck makeup for batch jobs: (For OS-3 operating system at OSU)

Cover Card

7 JOB, XXXXXX, BBB, NAME

7TIME=100

7LABEL, 62/ NAME> must be present whether or not punched option
is requested

8

EQUIP, 44=<FILE NAME> for output of LST data only. May also be
equipped to punch (44=PUN). For Cahn data
equip to NULL

78 LOAD, *SIZEBAL, =SMOOTH, L=-GLIB Note: the name of file con-
taining an alternative differentiating routine
may be substituted for *SMOOTH

RUN
data deck

7 L OGOFF

Data deck makeup:
Control Card A
Control Card one
Control Card two
Control Card three
Data cards

must be repeated for each data set.
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Card description:

Control Card A

Cols. Numonic Format Explanation

2-3 NJOBS 12 Number of data sets

5-6 KONTROL 12 00 - if parameters SS1,
SS2, WTl, WTZ, WT3
are to be read once for
job.

01 - if parameters are
to be read for each data set.

8-9 ITYPE I2 00 - if data from large
settling tube

01 - if data from CAHN

11-12 ISTATS I2 01 - if requesting statis-
tics routine

02 - to suppress statistics

13-20 TITL(Z) A8 Default is <Heath> Name
under which plot is labeled
and saved at Computer
Center.

Control Card one

Cols. Numonic Description

1-7 ACCNO sample identification number

11-20 SS1 value of first smoothing factor in the cubic
spline fitting subroutine (Punch decimal).

21-30 SS2 value of second smoothing factor (Punch
decimal)

31-40 WT1 Controls use of smoothing average. See
below (Punch decimal)

41-50 WT2 Controls use of smoothing average. See
below (Punch decimal)
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Control card one continued:

Cols. Numonic Description

51-60 WT3 If WT3=0. 0, then final CAHN frequency
distribution will not be punched. Any

other real number will produce a punch-

deck. (Punch decimal).

71-72 IPLOT If blank, cumulative and frequency curves
are plotted. If any other integer, then
plots are suppressed (No decimal).

For CAHN data reduction:

if WTI = 0. 0, then SIZEBAL will skip 3-point moving
average on the cumulative distribution.

if WT2 = 1. 0, then SIZEBAL will skip 5-point moving average
on the frequency distribution

For large settling tube reduction:

if WTI = 0. 0, then SIZEBAL will skip the 3-point moving
average on the crude cumulative weight data.

if WT2 = 0. 0, then SIZEBAL will skip the 3-point moving

average on the frequency distribution

If KONTROL = 0, then only values for ACCNO and IPLOT are required

on Control Card one after the first data set.

Control Card two

Cols. Numonic Format -Description

1-40 TITL(4, 5, 6, 7, 8) 5A8 Descriptive label for each
plot. May be left blank,

24



Control Card three (may be blank, see instructions regarding default
values above).

1-10 LOWPHI Fl0.0

11- 2 0 HIPHI Fl0.0

21-30 DELPHI Fl0.0

31-40 TOTLSILT Fl0. 0

41-42 ICHOOSE I2

Smallest phi value digi-
tized (Punch decimal).

Largest phi value digitized
(Punch decimal).

Phi digitizing increment
(Punch decimal).

Total area below the
frequency curve. Default
value is 100. (Punch decimal).

If ICHOOSE=00 or is blank
vertical scale of frequency
curve is adjusted so maximum
frequency occurs at full scale
(6 in.). If ICHOOSE is any
other two digit integer, fre-
quency at full scale is read
from HISCALE.

43-52 HISCALE Flo.0 Percentage value at
full scale of frequency
plot. Default value is 20 when
ICHOOSE is not equal to 00
and HISCALE is blank.

Data Cards

1-8 SIZEBAL A8

9-71 CONWT 7(X, F8. 4)

72-78 ACCNO A7

79-80 A2

Job .Label (not
required)

Cumulative sample
weights

Data set label (not
required)

Card number (not
required)

Program Listings:
The program listings for SIZEBAL and its subroutine can be

found on the following pages:
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(Z)llll(000h'OZ)31IcM(_dVMI)JI 

HIV3H Hb=(i)lllil H6'03'{Z}l1ll).i 
(6C`(ZI'X)'i)iVbc3J 6 
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91 HTP'HT = 4.1
a' f)EL"HT = .05
nl 15 NPITNTS = IFIY((HIPHI - LnPHL)/nELPHI + 1.01)
94 TF (KEEP EO. I) GO TO 12

TF (K^NTRnL EO. 11 GO TO 12
TF (MOPE EQ. K« P1 GO TO 11

37 SS1=TSC1
qn SS'=TSS2
A9 t<T1 T W T 1

90 WT?='W'2
01 WTz=TWT3
Q2 GO TO 12
93 11 TS11=SS1
Q, TSS2=SS2
or TWTI=WT1
96 TW'2-WT2
17 TWT t=WT3
139 C
no C LINT PRINTOUT OF CONTROL CAR') VARIA'1LFS

ion c
101 12 WRTTF(IOOTPUT,40011(TITL(I).I=3,P)
102 WRITr( 44 ,4001)(TITL(I),I=3.8)
107 4001 FO0NAT(1HI,AAA1
104 WPTTr(TOUTPUT,13) ACCNO,SSI,SS2,WT1,WT2,WT3.NJOaS
10S WKTTF( 44 ,13) ACC(!O,SSI,SS7,WTI,WT2,WT3,NJO0S
105 13 FORMAT(1HC,tACCNO=t,AT,2X,tSS1=t F3.4,2X,tSS2=t,F8.4,2X
107 1tWT1=t,F? 4,2X,tWT2=t.FP.4,2X,tWT7=t,FP.4,2X,tNJOBS=t,TtL)
10' W?ITF(IOUT^UT,4002)L00HT,HIPHI,OELPHI,TOTLSILT,TCHOOSE,HISCALE
1113 WRTTE( 44 ,4002)LOPHI,HIPHT,OFL-HT,TOTLSILT,ICHOOSE.HISCAL£
11I 4002 FORMAT(IHI, tLOW PHI =t,F5.2 / t HIGH PHI = I F5.2 /
111 1 t 7 LTA PHI = t,F5.3,//.t TO{LSILT = t,F6.2,/,t CHOOSE = t
112 ? ,T?,/,t HTSCALE = i,F..21
113 C

114 C CALL S111FCUTINES
115 CALL OWTS(CONWT,INP(IT,NPOIMTS.IFLAG)iir TF(TFLAG.EO.1) CO TO 0
117 IF(ITY07.F0,1) GO TO 3003
III CALL LST(WTL,WT2,SS1,TPLOT)
11Q CO TO 30f4
120 3003 CALL CAHI!(SS1,WT1)
121 CALL CALC(SS2.WT1.WT2.WT7,IPLOT,TOTLSTLT,ICHOOSF,HISCAL=,ITYPE)
122 3004 CO'"TI"""JE
123 IF(ISTATS.E0.1) CALL STATS(ITYOF)

!2C C PE1UC4 NJO'S Pty ONF AND CHECK FOP ANOTHER 4ATCH.
125 NJ^S=NJPd-1
12' TV (NJ^'1S .LT.1) Co Tn 14
123 GO TO Q
129 14 CO"I' I`!Ur
131 CALL PL1T(10.,26.G,-3)
131 r'rj
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3 -WIF'O(?TINF ?WTc(rONWT,INPUT ,NPnINTS,IFLAG)
133 (IPJSI..tJ CINW (9001
1z4 C()iMnN ACrNO
13> IFLAG=n
136 1O(INI'UT,3002) (CONWT(I),I=1,HPOINTS)
1,37 4002 FJ04A-(Ax,7(x,F9.4))
IFQ

)
no 7P11 I=2,N'OTNTS

CONWT(I-1))IF(C0NWTlJ) LT GO TO ?70013
lug 3011

..
CO"1TInI)c

14' 3100
U-TURN
W!UITE(?0.3?_Oi)ACCNO P !)lz 3°01 FORNAT(10 HFY YOU GOOFEOV ACCNO 1,A8,1 .IS NOT IN OPOE

144 IFLAG=l
14S F.ETIJRN
IV Ni)F
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147 `'Ij otJTi (iF CAHN(SS1 WT1)
14a rr-'.iQN 4CCNO,HOLS,TfTL(10),INPUT,IOUTPUT,CONWT1800),n'(3CO),
141 I G'1MWTP(300),!P-OP(30'J),X(300),A(300),9(3G0),C1300),f1(3001,
15? XY(100).LOPHI,HIPHT,OELPHI.NPOTNTS
tct FFAL LrPHI
15' 0I'(FNSI0)t CF (71;)
1F3 II=MrOTNTS
15'. III = IT - i
15, IV = II - ?
156 C

15' C USFC ACCUMULATED WEIGHT VALIIES NORMALI7r0 TO 7EFO (CONWT)

159 C ANO TH= TRANSFO-MFD SFTTLINr, TIME VALUES (X)) TO
151 C CALCIILAT' CUMULATIVE WEIGHT PERCENT (CUMWTP) USING OOFNtS FOPMULA.

1" P = LOPHT + n-LD'HT

15t P=roNWT(1)
16' rOUWT(11 = 0.
!F3 OY(1) = 1.
164 X(1) = LCPHI
15, XX(1) = 1.
165 no 61r, K=2.IT
iFS (ONWT(K)=CONWT(K1-R
16A nYtK) = 1.
161 X(K)=P
1711 XX(K) = 4.*(P-4.)
171 51F P=PFOEL^HT
177 SS=Sv1
173 CALL SMOOTH( II, XX.CONWT,DY,SS,A,R,C,O1
174 on G25 K=14II
175 57F CUMWTP(K) = CONWT(K) - (YX(K1-1.)'(3(K))
175
177 C Fn2CFS CUMWTP CURVE TO BE NON-OFCRrAc:TNG AND FOPCES THE

179 C LAST DATA POINT TO A STRAIGHT LINE WITH PRECEEOING TWO POINTS.

17'3 00 627 K=2,IV

19 TF(CUMWTP(K).LT.CUMWTP(1))CUMWTP(K)K
CUMWTP(1)IIII

1°? C 114 = C11MWTP(K) - CIJNWTP(K-1)
1 a3 627 IF (CMM.LT. O. fl) CUMWTP (K) = CUMWTP (K-1 )
1^4 CU`4WTP(IT) = ?'CUMWTP(ITI) - CUMWTPtTV)
Ia5 C
196 C OOFS A 3-POINT SMOOTH OF CIIMWT° CURVF IF OESIFED.
117 IF(NT1.En.0.) GO TO 633

K=?,III
181 ,31 CF(K) = tCtl4WTP(K-11*'.`CUMWTPIK)CUMWTP(K+1))f4.
19n On F3? K=2,III
1'1 53? CU'4WTP(K) = CF(K)
19' F33 ETIJPN
113 FNO
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1O.. SUZROUTIN' 4`CtSS ?,WT1,WT?.WT3,IPLOT. TfTLSILT,
103 1 TrHnfS , I S C A L _ , TYPE

9r; TILro (300),0(300),fCR( 00)),Xt30Ct,t300)3D"19'
, .,0 0(WT^(300).FREQrUM1

1n4 7 XY(100),tOPHI HT+'HI,DELPHI,NPOINTS
1n9

°
n= )L LOPHI, MAILUSED

STnv Fr(75)nIMc720
201

N

ENCO?E (',?001,HnLS) SS2
207 2611 FO'MAT(t S=t,FF.1)
?03 NM = NPOTNTS
244 NT = NN - I

20r NIT = NN - 7
20A 17=0.1*70TLSILT
707 IF(TS.Ef.O.) TS = 10.

20' FF = 0.
259 C EE219 0

DERIVITIVrALCULATFS FPFQI)ENCY OISTRIRUTTCN AS TH
211 C OF THr CUMULATIVE CURVE.
212 S=?

LL217 SMnOTH (vN,X,CLIMWTP,OY,S,A,Q,c,O)CA
214 on 2024 T=1,NN
215 FRrOP(II = 13 (I)

21 IFIFRE'1P(I).LT.9.) FREOP(I)=0.
217 7024 COIITIHUF
21'1 C HT O
219 r

F5MCOTH'S FREOUENCY DISTRIBUTION WITH 5-POINT WEIG

2211 C AVrRAGF IF 0FSIRE0.
221 IF1t1T2.En.1.) GO TO 20?5
2?.' 17r CID = IFRr)n(NII) + .FRFnP(NI)/3.
?23 Fr(2) = (7.4FREOP(?) F FPEnP171113.
2?4 FF = FCT?) + Fr(NT)

22`- CO ?027 a=3,NTI
27x6 Fr(K)=(FRFOP(K-2)+?.*FREQP(K-1)43.'FRFQP(K)+
227 1 ?FiEO1'(K+1)+FREOPIK+?I
224 2427 FF = FF + FC(K)
22'1 no ?52' K=2,NI
?3n ?028 FRrOP(K) = Fr(K)/(FF=.001)
231 rOIITIHUF
23? C

233 C FS FREOUFNr,Y OISTRI3UTTON TO 100 PERCENTND MALI7
274

_

2025 SUM=(0.05*F?OP(1))+(0.05'FREOP(NN))
23rz nn 2C30 1=2.NT
23r, 7030 SU'"=SLIM+0.1*FPE0PIT)
23- no 2032 7=1,H'
234 2032 FI?r(ipII)=TS*FRFQP( II /SUM

2 4 )-O'MALI7ES CUMULATIVE DATA TO 100 PERCENT

2+.1 MATLUSFn = CUMWTP(NH) * .1

24? rUMWTP(1) = 0.
243 rUMWTF(N+I) = 10'.
244 no r30 K=7,HI

CUMWTP(V) = CUMWTP(K)/(MATLUSEO.1)24;

24r, C ANT
?47 C

HFC='CE.S FAT:H rOTNT ON CUMULATIVr CURVE TO PE GREATEP

241 C OR Fn1JAL TO THE nR0rF-DING POINT.
743 IF((')IMWTn(K).GT.100.) CUMWTP(K1=100.
2r] 1r(ruMwTF(K) LT.0.) CUMWTP(K) = 0.

751 rM = ruiWTP(KI - CU"WTP (K-i)
75" 6'0 IF(r'.LT.(.f SUMWT0(KI - CUMWTn(K-1)

7S4r

nt)`ICHFS OUT S"O5THED FRFDUENCY DISTRIBUTION IF DESIP"O.
?5 TF(WT3.EO.^.)r0 TO 20?0
2r6 no ?070 K=1,5
757 J1 = V

?4 TT=1G*JJ - ?
75'a ITI = 1^*JJ
26+ ) = 1C*K - 'I
261 )'!1TTr(ri^,2021) 1F4'F0P(T),I=IT,TIII,ACCNO,K
?r, 7020 C')NTIHUIC
?63 2,3 ?1 F")O"pT t10F7.7.X,A7, I2)
764 C
2F

C

C CIJT"TUT S rU''V-S Ti LINE' INT AND PLOTTER.
1J0C1TTr(I nUTnl1TW?

267 1101
.

,

F.)WHAT(1N1,1°X,tCUMWTnz. SX.tFrnUFNrvt,/.1 OX.toHTt.F't,
264 1 t"ATAtX,7nIST^T?11TI ONt1

N269 N 1W-- ITF(IntITPIIT ,IrnII (XIK,rIJAWT^KIFDFDn(KK=1
270 14C1 F^FMAT(19X,r7.1.5X.rti.1.6X,F7.?)
771 TTT or 1

77) TF (TPL-T 1-. ?) G^ TO1^^?
27A CALL III HI'zCM1LF)

274 1002 r^TtJ°I!
77': ryn
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77 rl0r'IT77N GSP 0 ( V^ H $r!
77 OM.0N

Arf',!pLl,TITL(f0),fN11"rTU
IOUTPUT,r'OMWT(900),nY(300),

279 1 C!IHWT0(3D0,FRrp0(300),X(300),A(300),R(300),C(300),D(300),
279 7 XX(1G0),LODHI,HIPHI,nFL°HI.N^oT('TS
2110 PF AL LOrHI
281 TN'FGF? C01111T
;, +!2 PATA fOfUNT=t?)
293 C X IS ARRAY OF X VALt1FS TO PLOT CU14WTP AND FQFOP AGAINST
294 C CII'IWTP IS ARQAY OF V VALUES
285 C FR=^P IS ARFAY OF Y VALUE";
?95 C N TS THE DTMCNSION OF X,CUMWTP, AND FQEOP
78' INTFOFR ^rNUP, PENDOWN, END
>81 COUNT = COUNT + 1

?89 PrNOOWN = 7

2,11 PE'ILIC = 3
201 FNn = -3
29' N = NPOI'TC
?93 A')J(IST = LPPHT
?94 DLNGTH = (HTPHI-LOPHI)/0.5
?9' TF (TTYPE .EO.1) AOJt1ST=4.0
295 SCALED= 7.1
297 TF (ICH.En.0.) Gn TO F
2911 AMA X=H T 3r'
791 IF (AMAY.EO.0.) AMAx =20.
30f, GO TO 1C
301 5 AMAX=O.
3C2 nn 1C I = 101
303 IF (F^FOP(I) GT. AMAX) AMAX = FRFOO(I)
304 1 CO"ITI^IUF
3 C S P"!EArp RLENGTH
3r;; TFfP.GT.PFMF1F?)PFMFAER = RP
367 LENGTH = IFIX(RLEVGTH)
309 KCn(1NT = MfDF(CfI)NT, 3)
3C0 TF(KCOUHT.ED.1)SHIFT = 0.0
310 IF(KCOUNT.F0.2)SHIFT = 9.0
311 TFTVCnt1NT.EO.0)SHTFT = 18.0
317 FSCAL- = 5. / AMAX
313 YFIKST = (AMAX - FLOAT (IFIX (AMAX))) as FSCALE
314 YNr)(T = ( a. - YFTRST ) / FLOAT ( IFIX (AMAX))
315 AMAX = FLOAT ( IFIX (AMAX))
315 ENCODE (a,100.RTYSGA LE) AMAX
317 109 rn-2" AT (Fa.2)
319 CSC, AL= = F. / CUMWTP(N)
319 FiCOOr(5.10)0,QLOPHI)LOPHI
37n FNrn]r(r,1000.HHIPHI)HI0-I
321 Ff!Cnnrl3.2000,D9t^HI)1rLPHI
72? ICCO FOK"AT(FG.11
3?3 900" FO114AT(1nEL=t,F4.7)
32'4 CALL PLOTSV9 t-.(4.-.5+SNIFT..21RLOPHT,0.,8)
3?5 TALL PLOTSYMR(PLENGTH/2.,-.r+++SHIFT,.?1,DfELPHT O. ,B)
3?5 CALL PL OTSY'fP(RLFNGTH-.4,-.r+SHIFT ,.21,HHIPHI ,U.111
377 PALL -LIT SYM3 (C.,-1.0+SHIFT..?1AC('Nn,0., 15)
3?a CALL PLOTSVM9(4.,-1.O+SHIFT,.2I,TITL(41.0.,1.0)
3?I CALL PLOT (O.,SHTFT,nENU^1
3,39 nn 15 1 = 1.5
331 YTNC''c - T + SHIFT
3t' CALL PLOT (O.,YINC0F,PFNOOW'l)
37' 'ALL PLOT (-.r5,YINCRr,PEN(")WW1)
3314 CALL PL OT (.I ,,YINC4E,PCNDn'.JN)
33, 1S CALL PL PT (n.,YTNr?E,PFNOOWN)
33F CALL PLOT (0.,6 .DFSHTFT,PENDOW!Nl)
7,77 CALL PLOT 1?LLNGTH.5.0+SHIFT,P=NDOWN)
3?R Y = F. - YFIPST + SHIFT
330 CALL PLnT IRLFNGTH,Y.PFNOnW"I)
349 CALL PLOT (QLENGTH-.OY,fl FN^)W"11
341 Cc' _L PLOT ('LENGTH F.0c,r,PFNn0W'Il
34' TALL PL0TSYMP ILFNGTH,Y,.21,QTYSCAL F.0.
347 rAtL ^L PT (°LrNGTH,.f15.Y,0FNUP1
3'44 CALL PLOT (?LENGTH .Y,PrN9OWN)
345 J = AMAx - 1

345 or. 1r, T = J

347 YN'('W = Y - YNrXT I
*41 PALL PL (IT 1?LrNGTH.YNOW ,PFNIDWI)
344 CALL rLn' IQLP NGTH-.OSS,YNOW.Pr"1DOWN)
750 C.1LL PLOT (_ LrNGTH+.0r,YN04,0rI10nWP1)
3r1 15 CALL PLOT (?(rN5IU, YNnW,PENOOWM1
35 CALL rLPT (°L=U)GTE'.5.+SHIFT,PFNDOWN1
353 CALL PLOT (FL OAT (LFNCTH),.9+;IIIFT,PFKInOW'J)

)35'5 CALL PLOT (rLnf:T(LFNC, THI.O.U 14IFT,PrN0OWN
155 CALL Pt OT IFLfA'(LF'IGTI!1,-.0;+C4TFT,PFHOn'WR!1
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35'5 CAt l LOT ( FLOAT (LF'1GTH) , 0. 0+SHIFT .PF NO) OWN)

357 00 1 7 T = 1 ,L17HGTP
359 YINCR- = LFNGTH - I

351 CALL FL PT (XTNCOE,+I.+SHIFT,PENOOWN)
CALL PLOT IXINCRP.-.05+SHIFTr)ENDOWNI

761 CALL PLOT (XINCRE,.05+SHIFT,RFNOOWN)
z6 CALL PLOT (XTNr,E,!1.+SHIFT.nENDOWNI
31;3 CALL PLOT (0.,9.+SHTFT,PEN00WN1
364 CALL PL(T tSCALc'R'(X(1)-AOJ')STI.CUMWTP(1)'CSCALF:+SHIFT,PFNUP)
365 00 20 T=? `J

=
365 20

NOOWN)
CALL PLn1ISCALEP*(X(I)-ADJUST),C)9WTP(T)CSCALE+SHIFT,P P

357
I

CALL PLOT(Sr!ALER(X(N-i)-AOJUST I.FRF!1P(N-1)FSCALE+SHIFT,PENU
369 00 30 T=3.*!
3F,a J = N

371 30 CALL PLPT (SCAL=P(X(J)-ADJUST),FREOP(J)'FSCALE+SHIFT,PENOOWNI
371 IF(Kr'OUNT.NE.C)CO TO 40

CALL PLOT(1.0,0.9,ENO)
37. CALL pUOTTNT(REMrOER+5.0,0.0,10)
374 RR = 0.0
3>5 PET I Rt'
375 40 PR = Rl"FRFR
377 G=Tt1QN
37' FN'1
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log 1.IHc=U b51) 

DZ 01 09 (0'0'tl't V1IHJ) d1 ash 
0'D=hNX=£I,X=Zw}=1X 

U S57 

SJIIS TJvIS INJWUw J +5h 
;i L5h 

1152d-Sld)hh'21/tbd-Sbo)=31,nr 

(I0u-=bd) 
+'2)/105d*'Z-56d+5d1+I(9Td-hod)+'Z)/fU3d+'i-'I bd+91J)=JM-)ii 

yy/(Sd-5bd)4yld-SF'u)=3iCOS 
'£/IhFc+D5ot9 Td)=JNV3i. 

SJI1S11ViS (dVM UNV )i10 
t=0/II?G-(=d-56a).5'(:I=Il::n+ 
IOw/lIUW-(Sbd4Sc+)+5'1=icrS 
IA30/(103+-INV?h)=IMJ>S 

uu=lU=(] 
(hbd4 c)*S'O=INVK 

SUIlIlV1S i NI 

i57 
T5h 
057 
Ehh 
b+rh 
L+rh 
yhh 
5hh 
;hh 
!hh 
chh 
Ihb 
Uhh 

J t£h 

/L 7 

tl.IX+(b-H)IH+d=jbd 6L0 9Lh 
I=h 3L02 SLh 

ZLDZ U1 09 1'D'll'e)J1 ££7 

N'W:.=! 0LUc UU T£h 
(HN)X4(6-H)/H+d=""d 1)UZ 0£h 
I=nw SJDZ be 11 

a=H eZh 
1902 01 U9 1'0'll'a1dl Liz 

(11d1MH(l3 '7b =0 ih 
N`W=I y9 2 UU yih 

tw)X+(v-HH+d=Std 2902 hi7 
=w u98Z Liz 
C=H 

1Zh 27302 Ul 09 1'0'1l'01-11 1Zh (I)d1Mwn;i-'L=d 
0302 UJ E-Th 

lHW)X+l-H)/H+d=Sd L502 bTh 
1=Wr1 i50i LTh 

t if ylh 
LSOZ U1 U9 1'J'll'b)Ji bTh (I) dlMv1IJ-' Us=d 

L Th H'W=i »OC 00 
(ii)X+(d-H)/H+J=52d 2502 217 

I=h J30Z TT7 
LI7 

Z50Z Ul 09 ('0'1l'cI3I 1J'7 
(1)d1MWnJ-'c='J ,0M 

h'W(.=I iUf2 U0 U7 
IwW)X4(b-H)/H+d=91d Lh(Z 9uh 
I=hN '1UZ yDh 
a=H 'IUh 

Lh02 U1 09 (U'l1'c)3I 1Uti 
(I) d1M1.IUi- O (=L 201 

N'6=l 5702 Ou lutb 
( )X+(e-H)/H+d=0d 2+02 Ooh 

i=: JhOZ bbL 
>=H bbL 

2 +7 0 2 0 1 0 9 ('0'1l'y)3i Lb£ 
idlMW(1; - u=b 961: 

N'T=I C70Z Ou S6f 
(1f)dU321 i JJ = 33 0£02 7b£ 

0 0 LU Lb£ 
U'J = d3 ib£ 

SiNIGdN = + T6£ 
1HUlj0 062, 

IHdul = 1'CV1:,iHJ tF£ 
iuHJU cU NHRU O Got 

603 T=3dA11 VAVU 1sl cF£ 

SJIISIIVIS UdVM >)4IUJ JNV 1i,JW0W 'NVW((1 S3EVl(IJlVU N1J lu(no SIHI 
y6£ 

3Nt 7rv' J1211'! ltn1t' IU3h' I'+R:.il. lG ^ bv£ 
IHd7I i 1 Lb£ 

SiNiUdN'IHdIJU'IhJtH'[HdOl'IJLT)AX cb£ 
'IUO£IU`(OOE)0'(00£)b'IOU£)V'(OC£1X'(OOt]JU=Li`( oIMit c 

IN(_ 
LF£ J '1'UDL)AU'IUDo)1MNUJ'1nal(l0I'1nJNI`(JTt1d1111).1V1c(JJLIIIO 

Lh ULL 

o=H 

u=H 



45q RU 10 T=1.V
46'! k 1=X'f1f O'FRE ]°(I)1-F
461 In n=n+n
k62 XMAN=XM1
463 60 TO In
464 ?0 f1="HISTA4T+A4S(rHIST ART)
46G nn 25 T=1.N
466 XMl =XM1+fl+FR "Or(I)/FF
467 '6 O=r) +r

469 XMFAN=YMl-ABS(PHISTAQTI
46'1 3n O='HISTAPT
470 no 40 T=1 ,"!
471 CM=Qxa?+0M*0MFQFOD(T)

473 X43=X"i:+(QMss3)+FPEOP(I)
474 XM'f=XM4+10'"x`'41 "FP FQPT1
4 r 411 _ 14 n
475 XSTO V= 0QT(XM2/FF)
477 XSKFN=XM3/(FFXSIDE 1 '3)

Tn 41*471 XKUCT=XN4/(FF VXS

47'1 Wq IT[ (I0UTPUT,2C021ACC N0
401 2302 FO?'"AT(1H1,R0Xt ACCCSSTON NUM3FR *,A7//)

481 FlRITE(If'UTPUT,20031XmEAN,XSTDE V,XSKEW,XKU RT

417 2003 FO "(AT(t M04FNT STATISTICS MEAN *,F6 3,4X,$ STANOAR.3 t

483 ? OFVIATION t,F6.3,t SKEWNESS t,F6.3,t KURTOSIS t,

4a

r 3WFITE(TOUTPUT.2004)Mf^I,MEANI.DFVI,5KFWI,SK2I,KURTI

486
48' VIRIT F (TOUT°UT, 200S100QV t

6
4µa 20 04

,

2FF6, x,F6.3,10X,N'X,tIOEVIATIONIt,F6.3,/,74)(, SKFWNESS3A3

4Q9
, .

3 t5FC+INO SKEWNESS t,F6.3,8X,t KURTOSTSt,F6.3)
491 2J0 FORMAT(fP PHI QUARTILE DEVIATION t,F6.3,X)
49' WQITQ(IOUTPUT ,2006)M-ANF,SOR TF,SKEWF,KURTF
493 ?0CE FO<MAT(tf1 FOLK AND WARD STATISTICS ... MEAN t,F6.3,12X.

F6 3)
4Q4

.
2 t SORTING t,F6.3,/,2FX,t SKEWNESS 2,F6.3,11X,t KURTOSIS t,

4rr FFTt!PN
4nr, FNn
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40, 't LET (411 WT? SS11,I PL 1

1691 f0'9MONTACNO,H(LS,}ITLIt01.INPU ,IOUTPUT,CONWT(g00),nY(300)
O(300100)' ) (4911

509
501
502
504
504
5 05
505
507
03

5P'3
5111
511
51?
51.T.
514
515
515
517
511
F19
can
521
52'
523
524
5'5
525
527
F23
5201
531
531
53?
53*
534
53;
525
537
F33
5301
F4J
r1.1

,31(300 ,C1,CJIM WT-(3001.RREOP(300),X(3On ) ,A(300),
2 Y((109),LOOHI,HIPHI,DELPHI,N'OINTS
REAL LOPHI
fIUFNSTON ^.Ft100),FRF(l(100),FK(100)

THIS SUIRCUTINE TAKES NPOINTS OITA POINTS AT 0.05 PHI STEPS FROM
2.0 PHI TO 4.C PHI, SPLINE FITS THE DATA AND YIELDS A
SMOOTHCO t'E2IVATIVF , THEN PLOTS THE FuNrTION

GFNr°AT= X VALUES FOR SMOOTH CALL 2 TO 4 PHI RY .05
GFN7RATE CO'IFI?ENCE LIMITS ABOUT EACH DATA POINT, OY(T)

P = r,'l NwIt11
roNWT(1) _ e.r
X(1)=L0PHI
VN = N'II"ITS - I
nY(1)=1.('
ENrnoE(42C91.H'LS)SSt

2001 FOR"AT(t S=t.FF.1)
on X10 K=2.NPOINTS
('ONWTIK) = CONWT(K) - R
DY(K)=1.0

710 X(K)=X(K-1)+0.05
C NORMALIZE ALL DATA To rONWT(NPOINTS)

n0 720 J=1,NPOINTS
r!)4WT0(J)=CONWT(J)/CONWT(N-OINTS1*100.

720 C(lNWT(J) = CENWT(J) + R
3 OOTNT S"OOTHING IF DESIRFn
TF(WT1.Efl.0.) GO TO 730
Or) 7211 K=7,N+1

721 CF()=(!'U1WTP(K-1)+2.CUMWTP(K)+CUMWTP(K+1)1/4.
00 7?? K=2.N11

72? CU'4WTP(K)=CF(K)
CALL SMOOTH FOR SPLINE FIT PARAMETERS

730 CALL C400TH(NPOINTS,x,CUMWTP,DY,SSI,A,R,C,0)
C EP2n? rHErK 3.LT.C.C

00 731 T=1.NPOTNTS
FR7-O(I)='tT)

731 IF(FFEr)(I).L' O.O)FREOtI)=0.0
C 3 POINT S`"nOTHING ON FREQUENCY nISTPIBUTION IF DESIREn

TF(WT2.E0.0.0) GO TO 734
PO 732 T=2.NN

7?2 FK(I=(FPFG(T-it+?+FREO(I)+FRED(I+1)1/4.0k4 nO 733 I=2.NN
543 733 F^ECP(T)=FK(I)
544 F0Ft;0(1)=F'FO(1)
545 FR=0P('1POI^ITS)=FRFO(NPOINTS)

75

547 734 n) 735 I=1.NT'OT"'TS
cog 746 FR7OO(TI=F0c'O(T1
541 73r CONTI"III=
rcq WRTTF(Ir+1TnuT.7Q0

41RITE(44 710)
55' 71C FO' AT( 19X,tCRUOFt,5X,tCU"ULATIVFt95X,tFPEDUFNCYt,/,10X,tPHIt.SX,
553 2 t'ATAt,GY,t"E"C7NTAGEt,4X,90ISTRIBUTIONt)
554 W IT'(I^UTPUT.791)(X(K),CONWT(K),CUMWTP(K),FREOP(K1,K=1,

NnONT%Cr;) 1
W-'TTE(S44 7R1)(X(K),CONWT(K),CIIMWTP(K),FREOP(K)vK=1,

557 1 Nr0TWTS)
551 791 Fn,7"AT(4X,FS.',SX,F5.1,6X,F7.2,6Y,F7.?)
5501 TTY07 = n

551 IF (IPLOT Nc. 0) GO TO 909
561 CALL GSPLOT(TTY^E)
56? 0)0 P=TUR"
c63 rrl
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50-1.cOUTINE SMCOTH(N X Y.OY C. 3 CC O)
OI'FNSION Xt7501.Y/J151),Dv2C.ifFO),9(?501,C(250).0(?5C)

3 C

. POUTTNE Tn SMOOTH A SERIES OF nISCPETF POINTS AND INTERPOLATE
5 C 1F'WErN THEM aY MEAHHS OF A CU9IC SPLINE FUNCTION. THE COMP-
6 C ON-NTS OF ARRAY X MUST FIE STRICTLY INCREAIING. S IS A NON-
' C N=rATTVF DARAMcTFR WHICH CONTPnLS THE EXTENT OF SMOOThING.
9 C DY TS AM ESTIMATE OF THE ERROR OF Y AT cACH POINT.
o C

IC OIMFNSI^N R(?50),R1(25O),42(?F01 T(2501,T1(250) U(25C)
11 *V(760),S0T250),SR1(250),SR2(26O),ST(250),ST1(?50),SUt25a),
1Z *SVt250)
13 FOOIVALFNrc (P(1), SP(2)), (Q1(i'), `;P1(?)), (P2(11, S021[2))
1'. EOil IVAL rNCc (T(1), ST(2)), (T1(1), STi(2)), (U(1). SO(2))
15 rnIIIVAtENCF ( V( 1), SV(2)
Jr, LTMTT =250
17 Ni = I

14 N?=N
19 IF ( N' GT. LIMIT ) GO TO19Q
29 Mi = Ni - 1

21 M2 = N? S 1
2? OR( M1 ) = RI N1 1 = R1( N2 1 = R2t N2 R2( M2 ) = U( M1 ) =
23 1 U(N11=U(N2)=U(M?)=P=O.
24 M1 = N1 + 1
25 M? = N? - I
76 H = X(41, ) - X( Ni )
27 F =(Y( MI) - Y( NI 11 / H
29 00 10 T = 41, M?
?-1 G = H
3n H = X ( I + 1 ) - X( I )
31 F
37 F = (Y(I+1) - Y(T)) / H
33 A( TI = F - E
34 T(T) = 2. (G + H) / 3.
3, T1(T1 = H / 3.
35 P?(T) = DY (I - 1 ) / G
,37 R(I) = nY ( S + 1 ) / H
39 Pit I ) a - OY IT) / G - 7Y (I) / H
39 In CONTINUE
4 71 no ?0 I = M1, M2
41 ??(I) = R(II* R(I) + R1(I)*RI(I) + R2(I)*R2(L)
47 C(T) = 0(I)*R1(I+1)+41(T)*R2(I+1)
43 DII) = R(I)*0?tT+?)
44 20 rONTINUF
45 F? = -;
46, C NFYT ITERATION.
47 21 n0 30 T = M1. M2
49 R1(I-1) = F*R(I-l)
49 (T-2) = G*R(I-?)
5n P(T) =1,/(*9tI1+T(I) F* R1(T-1) - G* R2 (T-2))
51 U(I) = A(I) - P1(1-1)* U(I-11 - P2(I-2) * UII-2)
52 F = P* (',IT) + TI(T)- H*R1II-1)
53 G = H
54 H = n(I)
55 30 r1""TINUE
55 K=M1 + "+?
57 no 40 J=M1, M?
F9 I=K - J
59 L IM R(T) * U(I) - 01(I)* U(I+1) - P2(T) U(T+2)
6n 40 rONTINI)F
61 c = H = I.
62 no GO I = N1. "'?
F3 G='4
6'4 H = (U(T+1) - U(T)) /(X(I+1) - X(I))
65 V(T) = (H - G) OY(I1* 0'(I)
65 E = F + V( T1 * tH- G)
6 7 50 CONT IP!UE.
6R G = V( N2 t = - H* OY(.42) * nY(N2)
61 E = F- G * H
71 C = F?
71 F? = F*rwr
72 C IF F? NOT LFSS S OR F2 NOT SRFATED G THIN GO TO FIN.
73 Trt F?.(-,E.S.nR.F?.LF.G) GO TO 99
74 (1 FIN r-OUALS 9n.
76 F = 0.
75 H = (V("'1) - V(N1)) / (Y(MI) - X(N1))
77 90 Fu I = M1. 't?
79 G = H
79 H - IV (1+1) - V(I)) / (X(T+1) - X(T))
RO G = H - G - ?1(1-1)' ='(T-') R(I-2)
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it9 T)r=
g; EO ('Q NTT"t)c

8F Ic u ''JOT GREAT5O 0 TWEN GO TO FIN.
IF (H) 93. 911, FS

87 Al CO NT11:UP
gq P = P + (S - F2) / (r SORTS/E) + P) H)

99 C GO TO NEYT IT_.?ATION.
n n 21

p C CJ=XT ITERATION EOUALS 21
9? C USE NEGnTTVE 9RANCH OF S'OUAPF OCT,POCT, IF THE SEQUENCE
91 C OF A9SCISS3E X(I) IS STRICTLY -ECRFASING.
9+ C FIB!
55 90 CO NT IN:U^
95 00 70 I = N1, 42
97 A(I) = "(I) - P* V(I)
9a C(T) = U(I)
99 70 CONTI`!UE

ion no 80 I = Ni. 42
101 H = X(I + 1) - X(I)
102 n(T) = (C('+1) - C(I)) / (3. * H)

101 °(I) = tA(I+1) - A(I)) / H - ( H* D(I) + C(I)) H

10+ 81 COVTI`(UF
125 -c'URN
.0; 1Q9 CO`ITINU-
107 C c??OR cYTT.
102 PRINT 1J0C, N?
10 1000 FORMAT ( 50H ERROR EMIT FROM S`"OOTH. DIMENSION LIMIT EXCEEDED. ,/

1n 1, 7H N = , 15
11? STIP
112 FN,I

*CSLOPE

3

3

7

13

$U3R0UTINr SMOOTH (N X,Y,OY SS,A a (.01
J11`1ENSION X(?90),Y(20b),3Y(2O3),A12h0),1(2D0),
1 C[2J0),O[20^)
B(1)=(Y(2)-Y(1))/(X(2)-Y(1))
NN=N-1
5(U)=(Y(N)-Y(KNl1/(X(`J1-X(NN)1
nn 2 I=?.NN
A(T)=(Y(I+1)-Y(I-1))/(X(I+1)-X(T.-1))
r=TUPH!
FNn

*LSLOPE

S Sip T NE cMQ H r 4 X V , 1 Y sc A. C D1
t?I"KN ION XT?i1Y( 3b),:+5l,2t b0),3(200),C(200),0(200)

3 R(1)=O.Qpitl=8,r
DO 2 I=2,N

S 2 3(I)=(Y(I+11-Y(I-111/(Y(I+1)-x.(I-1))
7 QCTURN

END
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2. 1. 4. Discussion of some test runs

The effects of pre-treatment procedures of grain size analysis and
the reproducibility and accuracy of the Cahn sedimentation system w-ere
studied using test runs of eight deep- sea sediment samples and four samples
of ground analytical quartz (Table 2). Each quartz sample contained a
narrow size range of particles which had been separated out by repeated
settling and decantation. The sediments used were near-surface samples
from cores taken from the Panama Basin. The techniques for sample pre-
paration and sample runs described in sections 6.1.1-6.1.3 were used.

2.1.4.1. Reproducibility

Reproducibility was assessed by recovering and rerunning the same

sample a number of times. The frequency curves of four to five natural
samples could be reproduced well (Figure 2a). For others, variations in
general shape, presence of peaks, relative heights of the peaks, and po-
sitions and shapes of the peaks may occur (Figure 2b). There seems to be
no way to generalize or systematize the variations observed. On the other
hand, the quartz samples show excellent reproducibility (Figure 2c). If

we can assume that the quartz samples received no preferential treatment
in analysis, then this high reproducibility suggests that the source of varia-
bility in the natural samples are actual variations in the settling velocity
distribution of the sample rather than analytical sources.

The possible sources of variations are:

1. Flocculation and/or disaggregation of cohesive particles while
settling or during storage prior to settling.

2. Changes in the shape and size of material during recovery or
resuspension.

3. Dissolution of silica or carbonate.

4. Losses of material during recovery.

Varying the amount of smoothing by either multi-point moving averages

or by the smoothing parameters in the cubic spline fit algorithm does not
significantly change these results.

While it seems reasonable to expect that careful laboratory preparation
and running of multiple splits of samples will on occasion produce closely
comparable frequency distributions, it is impossible to anticipate to what

extent, if any, the effects of flocculation of cohesive material, of mineral
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Table 2 Samples used in test runs on CAHN sedimentation balance.

i NA Core No Depth in Number of Runs
o.onccess .

Core cm H2O Pre-
treament

No Pre-
treatment

P009729 Y69-108 MG1 0-1 3

POO9730 Y69-108 MGl 5-6 3 0

P009731 Y69-108 MGl 15-16 4 0

G009224 Y69-108 MGl 0-2 0 1

GOO9225 Y69-108 MGl 10-12 3 2

GOO9226 Y69-106 MGl 2-4 3 2

G009227 Y69-106 MGl 7-8 3 2

G009228 Y69-106 MG2 0-2 2

Quartz Mode Phi Interval
Decanted for

Number of
runs

4.5 - 5.0 3

B 6. 0 - 6. 5 1

C 7.5 - 8.0 3

D 8.0 - 8.5 3

A,B,C Combination 1

A, B, C, D Combination 3
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Figure Z. Reproducibility of frequency
curves obtained when silt sample material
is recovered and rerun through CAHN sed-
imentation system. Data points are at 0. 1
phi intervals. No smoothing of curves was
clone. (a) Accession No. PO 09729 (b)

Accession No. GO 09227 ic) Quartz Mode D



dissolution or precipitation, and of sample splitting have altered a given

distribution. In light of this, it is unlikely that in the near future, the

techniques of sedimentation analysis of silt sized deep-sea sediment on the

CAHN will improve sufficiently that the graphical results can be used for

purposes other than qualitative comparison.

This limitation might be overcome in future studies in one or more

of three ways:
1) Flocculation effects might be reduced by running smaller

samples and by truncating the size range studied at a coarser

lower limit.
2) If the time required to digitize analog records could be reduced

more runs of the same sample would be feasible and statistical

comparisons of the curves might be possible.

3) The possibilities of quantitative comparison of broader portions

of the curve might be pursued.

2.1.4.2. Smoothing

Raw data from natural and quartz sampes were run through SIZEBAL

repeatedly to test the effects of moving multipoint smoothing averages and

of the smoothing parameters in the cubic spline fitting routine on the shapes

and positions of frequency curve models.

Use of the smoothing averages has the effect of removing small shoulder

and tail peaks and of lowering the curve as a whole. The effects appeared in

multiple as well as single mode runs (Figure 3).

Using the cubic spline fitting routine with the smoothing parameters

equal to zero rather than the point-slope differentiating routine increases

the roughness slightly, though no modes were moved, added or deleted.

(Figure 4). The half-height width of the peaks are slightly reduced.

Increasing the values of smoothing parameters has the effect of moving

coarse silt modes towards the fine end of the scale (Figure 4). At smoothing

values recommended by the spline fit algorithm this displacement ranges

from 0. 2 to 0. 5 phi units. Increasing the smoothing has the effect of filling

in valleys in the curves and rounding the shoulders of peaks. Use of this

routine to differentiate and smooth grain size curves is not recommended.

2. 1.4.3. Pretreatment

Oxidation of organic matter with hydrogen peroxide treatment did not

seem to effect the shape of the frequency curve in two out of four samples

(Figure 5). In the other cases the variability among the pre-oxidation curves

and among the post-oxidation curves precluded any comparison. The effects

of organic matter removal are probably disaggregation of fecal pellets and
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Figure 3. Effects of different smoothing functions on the frequency

curves of one run of Accession No. GO 09227. Data points

at tenth phi intervals. The frequency curves are attatched

to the appropriate vertical scale.

a) No smoothing

b) 3-point moving average smooth of cumulative curve only.

c) 5-point moving average smooth of frequency curve only.

d) Both 3-point and 5-point moving averages used.
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Figure 4. Effects of different values of the smoothing parameter S in the
cubic spline fitting algorithm on the results of one run of Quartz Combina-
tion ABCD. Data points at tenth phi intervals. Vertical arrows show the
displacement of the peak of the coarsest mode with the increase in smooth-
ing parameter, S. a) S=O b) S=5 C) S=10
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Figure 5. Effects of pretreatment of a natural sample (GO 09225) with

hydrogen peroxide. Data points at tenth phi intervals; curves
smoothed with both 3-point and 5-point moving averages.

a) Two runs of the same split with no organic material
removed by H2O2 treatment.

b) Three runs of another split treated with H2O2.
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unknown effects on the settling velocities of carbonate material and fragile
silt- sized tests.

2.1.4.4. Accuracy

The accuracy of the CAHN analysis might best be tested by running
through the system a series of samples containing particles which have been

artificially manufactured out of material of known density to a known shape

and then size graded. Sizes predicted from settling velocity measurements
could then be compared with measured dimensions. This exercise might
assess to what extent the principles and assumptions of Stokes'Equation are
approached in the settling apparatus. Empirical corrections to the equation

might be derived. To date such an ambitious experiment has not yet been

undertaken.

In a smaller scale experiment the size of ground analytical grade quartz
was measured in two ways. Subsamples of approximately one phi grain size
width were obtained by repeated settling and decantation. Two fine silt sized
subsamples were run through both the CAHN and a Coulter Counter. The

Coulter Counter produces a voltage proportional to the volume of each particle;
counts of particles within narrow volume limits can be made electronically
and a volume distribution computed. When the output from both instruments
is interpreted in terms of spherical quartz grains the frequency distributions
are essentially identical (Figure 6). It can be inferred from this that the
quartz grains have a high sphericity and that the effects of deviations from
conditions of pure Stokes' settling are minor. Thus, for inert, spherical
particles sedimentation analysis on the CAHN is a true predictor of grain
size. Unfortunately, such particles only vaguely resemble those mixtures of
cohesive and non-cohesive materials commonly found in marine sediments.
More experimental work is needed to understand the true size properties
of natural samples and their response in a settling tube.

2. Z. Separation of size classes of silt-sized material for composi-
tional studies

The separation of grain size classes within the silt range for composi-
tion studies has been mentioned in section 2. 1. 1. 2. and can be done by decanting.

3. Analysis of coarse (> 0. 063 mm diameter)sediment components

3. 1. Instrumentation for size analysis and separation of size com-
ponents

The analysis of the size distributions of material in the range of 2 mm

to less than 63 microns in hydraulic diameter is performed by settling
through a water filled column. This technique, although not new, has been
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Figure 6. Frequency curves of Quartz Mode C produced by a) CAHN
Sedimentation System and by b) Coulter Counter. Data points in CAHN
frequency curves are at tenth phi intervals. Background noise from flu-
id in Coulter Counter runs was negligible. Data points in Coulter Counter
frequency curves are the spherical equivalent diameters at the mid-points
of the volume channels in which data was collected.



modified to reduce several sources of error and lower the amount of labor
invested in each sample. The errors typically found in this technique are:
1) concentration effects, 2) wall effects, 3) time error in the introduction
of the sample, 4) low mass resolution, and 5) inadequate definition of the
size of the distribution due to wide digitizing intervals. The equipment was
designed to minimize error contribution of each of these sources.

The analyzer consists of a polyvinylchloride tube 230 cm long with
an inside diameter of 20 cm (Figure 7). It is supported by a wall mounted
bracket at its top. The bottom 40 cm of the tube is removable and is inter-
changeable with the size separation unit described later. Attached to the
upper mounting bracket is the semiconductor strain element and the sample
introduction mechanism (Figures 8a and b). The sediment accumulation
pan, fabricated from low density polyethylene, hangs from the semiconductor
element by a length of cotton/dacron thread. The settling distance is approx-
iamtely 215 cm.

The sample introduction mechanism is mounted to a vertical shaft
which allows it to rotate in the horizontal plane as well as to slide vertically.
The holder may rest in one of three positions to facilitate sample loading.
The sample is introduced by placing it on a removable pan and placing the

inverted pan into the holder. The holder is later moved from the ready
position into the run position where the holder settles on a pneumatic damper.
As the holder reaches the end of its travel, the pan trips a micro-switch
activating the digitizing equipment and immerses the sample in the water
at the top of the column, releasing the sediment.

Size separation of individual modes in order to facilitate composition-
al examination is accomplished by interchanging the bottom portion of the
settling tube and rerunning a split of the sample. The size fractionation
unit (see Figures 9a and b) is designed to separate up to six size fractions
during a single settling of a sample. The unit consists of six conical cups
64mm in diameter and 65mm high. An externally rotatable disk is used to
occlude all but one of the sample cups during any selected time interval
(corresponding to a particular size interval). Information on the modal
distribution obtained from the cumulative weight versus settling velocity
data are used to calculate a collection time window for each size fraction.
At the completion of the size separation, a valve at the apex of each cup is
opened and the individual size fractions are flushed into separate beakers
for microscopical or chemical examination.

The digitizing system consists of a sampling rate programmer, an
analog to digital converter and a high speed paper tape punch (Figure 6).

The sample rate programmer has selectable digitizing rates from 400

samples per minute to one sample per minute. Additionally, the unit can
be programmed to change its sampling rate after reaching a selected number
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Figure 7. Large settling tube for size analysis and separation of size
components of coarse grained sediment. Strip chart recorder and high
speed paper tape punch are shown to the left of the 230 cm long and 20
cm wide settling tube (see section 7).
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of data points. The unit can be programmed for automatic shut-off after
any predetermined number of data points up to a maximum of 47, 000. The
analog to digital conversion is 11 binary bits plus sign ( 2047 full scale).
Currently, calibration yields 3. 125 counts per milligram true weight on the
pan. The system noise when referred to sample weight is 0. 5 mg maxi-
mum deviation during a 10 minute period; however, this figure is dependent
upon the building vibration level.

Many oceanic sediments with particles in the size range 63 mm to
2 mm contain material of biological origin. These biogenic particles in-
clude foraminifers, radiolarians and pelagic gastropods. Foraminifers and
gastropods have internal cavities in their tests which retain air when placed
directly in water. The technique described below is an attempt to wet
the test cavity so that consistent mass estimates and settling velocities may be
calculated. Tests not wetted internally tend to float on the surface of the
column and fail to settle. Partially wetted tests settle much slower than their
wetted counterparts and, hence, give broader distributions.

The sample is dried at 80°C for a period of 24 hours and a split of
about 400 to 800 mg is placed in a 10 ml beaker. Approximately 5 ml of a
reagent grade acetone is added and the sample placed into a vacuum desiccator
which is then evacuated to 300 torr. The dessicator pressure is cycled
every 30 seconds for a period of 3 minutes between ambient room pressure
and 300 torr, after which time the remaining acetone is diluted with 3 to 4
ml reagent grade 95% ethanol and the pressure cycled as before. The super-
natant is decanted, 5 ml of 2%a aqueous solution of sodium hexametaphosphate
is added and the pressure again cycled. The sample may be stored in this
form in a closed container until the analysis can be run. Care must be
exercised during the entire process not to allow the material to desiccate.
Prior to placing the sample on the removable pan, excess fluid should be
decanted. The sample pan's surface is moistened with a 10% aqueous solution
of KODAK "PHOTOFLO. " This treatment croduces a surface tension
sufficient to retain large particles while the pan is inverted prior to release
into the column. Care must be taken to limit the amount: of fluid present
on the pan. Too much fluid may allow the sediment to drip off the pan while
the pan is in inverted position.

3. Z. Data reduction and presentation

3. 2.1. Explanation of computer programs

The raw data output by the large settling tube consists of a sequence
of integer numbers punched on to paper tape at varying time intervals. These
numbers are proportional to the output voltage of the strain gauge, and hence

are proportional to the weight of accumulated sediment on the collection pan
at each given time. The FORTRAN program *GRAINSIZ processes this
raw data for each sample, and produces the following types of final output
(see Table 3).
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1. Computer plotted cumulative and frequency curves of the
sample's grain size distribution (see Figure 10).

2. A table containing the cumulative and frequency percentages
at . 05 phi intervals.

3. A table listing the grain size statistics calculated by the
techniques of Inman (1952) and Folk and Ward (1957).

In addition, the program prints out various types of intermediate data, and
has several options for punching raw data and/or frequency percent data on

cards.

The computer program is internally documented, hence computational
details need not be fully elaborated here. The following is a brief summary
of the primary functions of the program's subroutines:

SUBROUTINE READIN: This subroutine reads in the values
put out by the strain gauge and converts this sequence of
values (voltages) to a sequence of cumulative weight percen-
tages. It also reads in control cards which contain para-
meters-which determine output and data smoothing options
used in subsequent subroutines. The subroutine is present-
ly designed to handle up to 1104 data points per sample. This
corresponds to approximately 32 minutes of data at the
present sampling scheme. Each data set may be larger than
1104 data points but the excess data will not be reduced.

SUBROUTINE SETIME: This subroutine associates a settling
time with each data point. It assumes that the first data point
occurs at 0. 0 seconds, that the first 200 data points are taken
at.666 second intervals, and that all subsequent data points
are taken at 2. 368 second intervals.

SUBROUTINE GIBBSIZE: This subroutine calculates the grain size
associated with the settling times which correspond to each data
point. Grain sizes given are for spheres of density 2. 65
g/cm3. The following equation of Gibbs et al. , (1971) is used to
determine grain size from settling velocity:

0. 055804v2.4f + 0. 0031140P f + g(_ps - y f)] [4. 5,-\v + 0. 0087050 9 fJ
r _

[g(s- 9f
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DEL_= .05

TRPE 9 RCCNO 007945

Figure 10. Size frequency of grain size data listed in Table 3. Units in phi,

tick marks each 0.05 phi.



where: v = velocity in cm/sec.
'= dynamic viscosity of fluid in poise
g = acceleration of gravity (cm/sec2)
r = sphere radius in cm. 3

pf = density of fluid in g /cm
Ss = density of sphere in g/cm3

It should be noted that the equation in Gibbs et al.is incorrect due to
a printing error. The last term under the radical reads v2 f s whereas
it should read v237 f. (M. D. Matthews, 1974, personal communication)

These grain sizes (in cm) are subsequently converted to sizes in terms
of phi units, where

phi = - log2 ( diameter in mm) (Krumbein, 1938)
lmm

SUBROUTINE FIXENDS: This subroutine searches the data set to locate

the start of significant accumulation of sediment on the collection pan.

It then rescales the raw data. See comment cards 587 to 606 for details.

SUBROUTINE INTERPOL: This subroutine uses linear interpolation to

determine the cumulative percentages at even . 05 phi intervals,
beginning at -2. 00 phi (4mm) and ending at 5. 05 phi (. 0302 mm).

SUBROUTINE PTSMOOTH: This subroutine is a program option which

may be used to smooth the raw input data. It uses an eleven point

(maximum) smoothing function described by the following general

formula:

A W1Vi_5+WZVi-4+W3Vi_3+W4Vi_2+W5Vi_1+W6Vi+W5Vi+1+W4Vi+2+W3Vi+3+Wzvi+4+Wlvi+5

vi =
2W1 + 2W2 + 2W3 + 2W4 + 2W5 + W6

where Vi = unsmoothed value of variable V at data point i, and Wl
through W6 are weighting factors which the data points before and
after data point i are multiplied by and summed in order to return
the smoothed value Vi for data point i.

If smoothing of the raw data is desired, the weighting factors are
read in on the program control card. See comment cards 737-759
for additional details.
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SUBROUTINE FVSMOOTH: This subroutine is a program option which

may be used to smooth the derived frequency distribution. It is
similar to SUBROUTINE PTSMOOTH except that it uses a five

point (rather than an eleven point) smoothing function. This function

is given b""

A
Vi =

WWI Vi-2 + WW2 Vi-1 + WW3 Vi + WW2 Vi+1 + WVlVl Vi+2

2WW1 + 2WW2 + WW
'A

where WWI, WW2, and WW3 are weighting factors.

See comment cards 791-796 for additional details.

SUBROUTINE HILOW: This subroutine limits the output data to the
size range for which sediment was present in the sample.

SUBROUTINE FREQCALC: This subroutine takes the sequence of cumulative
percentages from SUBROUTINE INTERPOL and differentiates this data
to determine the frequency percentages in each . 05 phi size class. It
also calls SUBROUTINE FVSMOOTH if smoothing of the frequency curve
is desired. See comment cards 864- 872 for important details.

SUBROUTINE SETOUT: This subroutine prints out the final cumulative
and frequency percent data. This data is punched onto cards, or output
to a file, if desired.

SUBROUTINE GSPLOT: This subroutine plots the cumulative and
frequency curves on the Calcomp plotter. Note: the frequency
curve is plotted . 025 phi to the right of its proper position. (See

comment cards 864-872 for details. )

SUBROUTINE STATS: This subroutine calculates grain size statistics
for each sample by the Inman and the Folk and Ward techniques.
The following equations are used for these calculations:

Inman statistics:

Median = 050

'Sean grain size Oi A + 0 94
2

Phi standard deviation = O,q4 - $16
2
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Mean - Median
Skewness = Phi standard deviation

Second skewness measure = 1/2 (095 + 05) -
Median

Phi standard deviation

Kurtosis =
1/2 (095 - 05) - Phi standard deviation

Phi standard deviation

Folk and Ward statistics:

Mean = 016 050 084

3

Standard deviation = 084 - ¢16 095 - 05
("sorting") 4 + 6. 6

Skewness = 016 + 084 - 2050 05 + 095 - 2050

+ 2($95 - $5)2($84 - alb)

Kurtosis 095 - 05

2.44 (075 - 025)

where
x

= the phi value for which x percent
of the sample is coarser.

Preparation of Control Cards

Two control cards per sample are required for program *Grainsiz.
The first of these cards contains the accession number for the sample, all
input parameters required for computation, and variables which control out-
put and computational options. Card 2 contains any 40 character descriptive
title for the sample. All input variables are integers with three exceptions.
The ACCNO (the accession number), TITL(2) (the user's name), and the 40
character descriptive title are all alphanumeric. The integer variables must
be right justified whereas the alphanumeric variables may appear anywhere
in the designated field.
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The variables are:

TEMP: The temperature of the fluid during the settling tube run.

Must be an integer between 20 and 29'C.

ACCNO: The sample's accession number, or any other identifier.
May be any seven characters, including blanks.

ISAVE: A one digit integer which reduces control card preparation
in computer runs involving more than 1 sample.

If ISAVE is zero, all the required input variables must be input

for each sample.

If ISAVE is non-zero, only TEMP, ACCNO, and the 40

character title must be input for the second through last

samples. All other variables will be assumed to be the
same as for the first sample.

TITL(2): The user's name. May be up to eight characters long.
If left blank, the output will be labeled with the name Chriss.

ISMOOTH: A one digit integer which determines whether data is
to be smoothed, as well as when in the program the smoothing is

to occur.

If ISMOOTH is zero (or blank), no smoothing is performed.

If ISMOOTH is 1, raw data is smoothed.

If ISMOOTH is 2, frequency percent data for each . 05 phi

interval are smoothed.

If ISMOOTH is 3, both the raw data and the frequency data

are smoothed.

Wl through W6: Two digit integers. These are the weighting factors

used in smoothing the raw data. They may be left blank if ISMOOTH

is zero, blank, or 2. At least one must be non-zero if ISMOOTH

equals 1 or 3 (raw data to be smoothed).

WW1 through WW3: Two digit integers. These are the weighting

factors used in smoothing the frequency percent data. They may

all be left blank if ISMOOTH is zero, blank, or 1. At least one must

be non-zero if ISMOOTH is 2 or 3 (frequency data to be smoothed).
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NOSTATS: A one digit integer. If non-zero, calculation of grain
size statistics is suppressed. If zero (or blank), statistics are
calculated.

NOPLOTS: A one digit integer. If non-zero, plotting of cumulative
and frequency curves is suppressed. If zero (or blank), plotting is
done.

IFPUNCH: A one digit integer which controls punching of data or

output of data to a file. Equipping LUN 40 to the card punch

produces punched output whereas equipping LUN 40 to a file out-
puts the data to a file.

If IFPUNCH is zero (or blank), data is not punched onto cards
or output to a file.

If IFPUNCH is 1, raw data only is punched or output to a file.

If IFPUNCH is 2, phi values and corresponding frequency per-

centages are punched or output to a file.

If IFPUNCH is 3, both raw data and frequency data are punched

or output to a file.

IMPORTANT: If punched output is desired, the punched output
must be labeled. See section regarding this under program
execution.

Control Card Set Up

Card 1:

COL. VARIABLE

1-2
4-10

12

14 - 21

23

25-26
28-29

31-32
34-35

37-38

40-41

TEMP
ACCNO
ISAVE
TITL(2)
ISMOOTH
WI
W2
W3
W4
W5
W6
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Card 1 continued:

COL. VARIABLE

43-44 WW1
46-47 WW2
49-50 WW3
52 NOSTATS
54 NOPLOTS
56 IFPUNCH

Card 2:

COL. VARIABLE

1-40 Descriptive title for sample. Up to 40 characters.

REPEAT CARDS 1 AND 2 FOR EACH SUBSEQUENT SAMPLE

Program Execution

Prior to execution of *GRAINSIZ, the raw (unformatted) paper tape
data must be run through the assembly language program *SJRUN
in order to produce data in a format compatible with FORTRAN
programs. See writeup on *SJRUN for instructions on use of this program.

Execution of *GRAINSIZ itself is most conveniently performed from
remote teletype terminals. For teletype operation, the control cards must
be stored under some file name, and the actual data set must be stored under
another file name. Running procedure from teletype is as follows:

#Equip, 7 = (Name of file containing 2 control cards per sample)

#Equip, 6 = (Name of file containing raw data output from -SJRUN.
A "nines card" must separate the data sets from separate samples.
This "nines card" will automatically be supplied by *SJRUN and
consists of the integer 9999 in any position of the data field. It

may be in the last field of the last card containing true data, or
may be on a separate card following the data set.

or

#Equip, 40 = PUN (if punched output is desired)

(see Note below regarding labels. )

#Equip, 40 = (''some file name") if output is to be directed to a
saved file. Note: This file name must have been created prior
to program execution.
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#, LOAD, BGRAINSI, L==*G LIB (CR)

RUN (CR)

(Computer will now respond by typing RUN again)

(Finally, it will respond "End of FORTRAN Execution")

#LOGOFF

Note: (CR) means "press carriage return.

*BGRRAINSI is the binary version of *GRAINSIZ

*GLIB is a program library containing plotting subroutines specific
to the OS-3 operating system.

The following commands are required if punched and interpreted output
is desired. The last two may be omitted if the output is to be punched
but not interpreted.

# LABE L, 40 / <USER NAME>
# LABEL, 40 / < JOB NUMBER>
#LABEL, 40 /INTERPRET

3. 2. Z. Program listing

The program listings for GRAINSIZ and --=SJRUN can be
found on the following pages:
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3 
Z9 
19 b31101d dW031V3 3H1 01 OT b36WfN Nnl 0 
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62 
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CALL UNEQUIP(1O)
63

CALL EDUI0(10,3HPLOT )
64

C 65

C FOLLOWING FIVE CALL STATEMENTS ARE FOR THE 66

C PLOTTING OF FREQUENCY CURVES AND CUMULATIVE CURVES 67

C THEY ARE PLACED HERE, RATHER THAN IN SUBROUTINE GSPLOT BECAUSE 68

C THEY ARE ONLY TO BE CALLED ONCE PER COMPUTER RUN, NOT 69

C ONCE P=R SAMPLE. 70C THEY ARE SPECIFIC TO THE OS-3 OPERATING SYSTEM AT OSU

73CALL PLOTINT(-6.,6.,10)
CALL PLOTSYMB(0.,0.,.21,TITL,0.,80)

74

CALL PLOT(0.,0.,-3)
75

CALL FOTATEXY
76

CALL PLOT(1.0,-26.0,-3)
77
73

C
C

C
40

C

C

C

C

C

C

C

C
C
C

C

CALL SETIME (TIME,NPTS)

CALL GIBBSIZE tTIME,OPHI,TEMP,NPTS)

CALL FIXENOS (DPHI,FCUMPCT,NPTS,MINPHI)

CALL INTERPOL(OPHI,FCUMPCT,DOPHI,OCUMPCT,NPTS,MINPHI,
I HIPHI,LOWPHI,ISMOOTH,WI,W2,W3,W4,W5,W6)

CALL HILOW(ODPHI,LOWPHI,HIPHI,L,M,NN)

CALL FREQCALC (OCUMPCT,DOPHI,L,M, NN,FREOPCT,ISMOOTH ,
1 WWI,WW29WW3)

CALL SETOUT(ACCNO,TITL,DDPHI,OCUMPCT,FREQPCT,HIPHI,LOWPHI,
1 L,M,DELPHI,IFPUNCH)

THE FOLLOWING STATEMENT BYPASSES THE PLOTTING SUBROUTINE
WHEN PLOTTING IS NOT DESIRED

IF (NOPLOTS NE. 0) GO TO 41

CALL GSPLOT(TITLL,OCUMPCT,FREOPCT,OOPHI,LCWPHI,HIPHI,DELPHI
I ,M,ACCNO)

C
C THE FOLLOWING STATEMENT BYPASSES THE GRAIN SIZE STATISTICS
C SUBROUTINE WHEN STATISTICS ARE NOT DESIRED
C
41 IF(NOSTATS NE. 01 GO TO 42

C
CALL STATS(TITLL,OCUMOCT,FREQPCT,DDPHI,LOWPHI,HIPHI,DELPHI ,

I M,ACCNO)
C

42 II='I+1
GO TO 1
ENO

11tItt1:::21 111tt2:ittitttttttitttttttttttstttt:ttttttttttttss:Ii111222212*12ttttttttttttttttttttttttttsttt21*211ttttttittt
SUBROUTINE READIN (TEMP,ACCNO,TITL,NPTS,ISMOOTH,W1,
1 W2,W3,W4,W5,W6,TITLL,NOSTATS,NOPLOTS,IFPUNCH,WI:I,WW2,WW3,II)

ttititt:1111111111:22ttt21122:ittt22ttittttttttttttttttttItt*21:11*11t2tiIIttttttttt::12:12:121:1212*1tttttttII12tIt

THIS SUBROUTINE READS IN THE DIGITIZED VOLTAGES PUT OUT BY
THE STRAIN GAUGE AND CONVERTS THIS SEQUENCE OF VOLTAGES TO A
SEQUENCE OF CUMULATIVE WEIGHT PERCENTAGES

IT ALSO READS IN THE ACCESSION NUMBER OF THE SAMPLE. A

DESCRIPTIVE
TTO

EBE TITLE FOR AS THE
IN SUBROUTINES

PTSMOOTHANCFVSMCCTHING

THIS INFORMATION AS WELL AS THE RAW DATA IS PRINTED OUT
FROM THIS SUBROUTINE

COMMON CUMPCT(I110),NEWV(1110)
PEAL N=WV
REAL MINVOLT
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139
143
14'
142
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144
145
146
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t1MENSION VOLT(1110),VOLTDIFF(1500)
REAL LASTITL
DIMENSION JVOLT(111O)

C FOLLOWING EOUIVALENCE STATEMENT IS SIMPLY TO REDUCE MEMORY
C REOUIRE4ENTS OF THE PROGRAM. WE ARE DONE USING JVOLT
C PPICR TO THE USE OF VOLTOIFF.

EOUIVALENCE(JVOLT,VOLTDIFF)
C

DIMENSION TITL(10),NULL(6),TITLL(5)
INTEGER TEMP
INTEGER W19W2,W39W4,W59W6,WWI,WW29WW3

C NOTE( IN FOLLOWING READ STATEMENT, ISMOOTH CETERMINES
C WHETHER SMOOTHING IS TO BE PERFORMED ON THE
C PAW DATA (INPUT VOLTAGES), THE FREQUENCY PERCENTAGES,
C ON 30TH OF THESE, OR NOT AT ALL. SEE COMMENT CARDS FOLLOWING
C STATEMENT 400 (CARD 350) FOR DETAILS.
C
C W1 THROUGH W6 ARE WEIGHTING FACTORS FOR THE SMOOTHING ROUTINE
C CALLED PTSMOOTH WHICH IS A MAXIMUM ELEVEN POINT
C SMOOTHING FUNCTION WHICH IS APPLIED TO THE RAW DATA.

C WWI,WW2,WW3 ARE WEIGHTING FACTORS FOR THE SMOOTHING ROUTINE
C CALLED FVSMOOTH WHICH IS A MAXIMUM FIVE POINT SMOOTHING
C FUNCTION WHICH MAY BE APPLIED TO THE FREQUENCY
C PERCENTAGE DATA.
C
C IF 40STATS AND NOPLOTS ARE ZERO (OR BLANK), 90TH GRAIN
C SIZE STATISTICS AND PLOTS OF SIZE DISTRIBUTIONS ARE DONE.
C IF NOSTATS AND NOPLOTS ARE NON-ZERO, CALCULATION OF
C STATISTICS AND PLOTTING OF DISTRIBUTIONS IS SUPPRESSED.
C
C IF IFPUNCH IS ZERO, DATA IS NOT PUNCHED ONTO
C CARDS. IF IFPUNCH IS 1, RAW DATA ONLY IS PUNCHED ON CARDS.
C IF IFPUNCH IS 2, PHI VALUES AND CORRESPONDING FREQUENCY
C PERCENTAGES ARE PUNCHED. IF IFPUNCH IS 3,
C BOTH RAW DATA AND FREQUENCY DATA IS PUNCHED.
C
C IF ISAVE IS ZERO, TITL(2),ISMOOTH, WEIGHTING FACTORS,NOSTATS,
C NOPLOTS, AND IFPUNCH MUST BE INPUT FOR EACH SAMPLE.
C IF ISAVE IS NON-ZERO, THESE PARAMETERS MUST ONLY BE
C INPUT FOP THE FIRST SAMPLE. THEY WILL BE ASSUMED TO BE
C THE SAME FOR ALL SUBSEQUENT SAMPLES. THUS FOP THE
C SECOND TO LAST SAMPLES, ONLY THE TEMP AND
C THE ACCESSION NUMBER, AS WELL AS THE 40 LETTER
C TITLE NEED BE INPUT.
C
C TITL(2) SHOULD BE THE NAME OF THE USER. IT IS USED
C TO LA3EL THE PLOTS. TITL(4) THROUGH TITL(8) IS A 40 CHARACTER
C DESCRIPTIVE LABEL FOR EACH SAMPLE.
C

READ(7,7) TEMP,ACCNO,ISAVE,TITL(21,ISMOOTH.WI,W2,W3,W4,W5,W6,
1 WW1,WW2,WW3,NOSTATS,NOPLOTS,IFPUNCH,(TITLL(J),J=1,5)

7 FOR1ATtI2,1X,A7,1X,I1,1X,A8,1X,I1,1X,9(I2,tX),3(I1,1X),/,SA3)
C

C
C THE FOLLOWING STATEMENT CHECKS FOR AN ENO OF FILE ON
C LOGICAL UNIT 7 (LUN 7) ON WHICH THE HEADER CARDS ARE BEING
C READ. AN END OF FILE ON LUN 7 INDICATES THAT THE PREVIOUS
C DATA SET WAS THE FINAL DATA SET. IF SO, WE TERMINATE EXECUTION
C OF THE PROGRAM.

IF(EOF(7)) GO TO 30
GO TO 31

C THE FOLLOWING PLOTTING STATEMENT IS TO CLEAR OUT
C THE PLOTTING 3UFFEP.
31 CALL PLOT(10.,26.0,-3)

CALL EXIT
31 CONTINUE

C NEXT STATEMENT INSURES THAT PLOT WILL BE LABELED WITH THE
C NAME CHRISS IN THE CASE THAT TITL(2) IS LEFT BLANK.
C

IF(TITL(2) EO. 8H ) TITL(2) = 8H CHRISS

C FOLLOWING IS A ROUTINE TO SAVE THE INPUT PARAMETERS
C EPOM THE FIRST SAMPLE.
C IF(II NE. 1) GO TO 8888

LAS TITL=TITL(2)
LISMCOTH=ISMOCTH
LASTWI=W1
LASTW2='W2
LASTW3=W3
LASTW4=W4
LASTW5=W5

147
148
149
150
151
152
153
154
155
156
157
158
159
161
161
162
163
164
165
166

163
169
170
171
172
173
174
175

177
178
179
ISO
181
18
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
08

199
200
201
202
203
204
205

207
203
209
210
211
212
213
214
215
216
217
21A
219
220
221
222
223
224
225
226
227
228
229
230
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LASTW6=W6
LASTWWI=WW1
LASTWW2=WW2
LASTWW3=WW3
LNJSTATS=NOSTATS
LNOPLOTS= NOPLOTS
LIFPUNCH=IFPUNCH

8988 IF (ISAVE EQ. 0) GO TO 5900

8900

TITL(2)=LASTITL
ISMOCTH=LISMOCTH
W1= LASTWI
W2=LASTW2
W3=LASTW3
W4=LASTW4
WS=LASTWS
W6=LAST W6
WWI =LASTWWI
WW2=LASTWW2
WW3=LASTWW3
NOSTATS=LNOSTATS
NO°LOTS=LNOPLOTS
IFPUNCH=LIFPUNCH
CONTINUE

C
C NOTE% THE PROGRAM IS PRESENTLY SET UP FOR
C REDUCTION OF UP TO 1104 DATA POINTS PER DATA SET. THIS
C CORRESPONDS TO 32 MINUTES OF DATA AT THE PRESENT
C SAMPLING SCHEME (SEE SUBROUTINE SETIME). IF MCRE THAN 1104
C DATA POINTS ARE PRESENT IN THE DATA SET, THE EXCESS DATA
C IS DUMPED INTO A DUMMY VARIABLE CALLED NULL. IT IS NOT
C REDUCED.
C
C NEXT SECTION READS THE RAW DATA PUT OUT BY THE STRAIN GAUGE
C
C

M=1
N=5
DO 10 K=1,134

C
READ (6,1) (JVOLT(I),I=M,N)

I FOR;IAT(X,6I6)
C
C NEXT STATEMENT CHECKS FOR -NINES- CARD WHICH INDICATES THE
C END OF THE DATA SET. A -NINES- CARD WILL ALWAYS BE READ
C EXCEPT FOR THE SPECIAL CASE IN WHICH EXACTLY 1100 DATA
C POINTS COMPRISE THE DATA SET.
C

DO 421 I=M,N
Ir(JVOLT(I).EO.9999) GO TO 12

421 CONTINUE
M=11 +6
N=N+6

10 CONTINUE
C
C NEXT SECTION CHECKS TO SEE IF DATA SET IS LARGER THAN
C 1104 DATA POINTS. IF SO, IT CONTINUES READING DATA UNTIL
C A NINES CARO IS READ, BUT ALL THIS EXCESS DATA IS DUMPED
C INTO THE DUMMY VARIABLE NULL.
C

IF(I.LE.185) GO TO 12
423 READ(6,1)(NULL(J),J=1,6)

00 422 I0=1,6
IF(NULL(IO)EO.9999) GO TO 12
GO TO 423

422 CONTINUE
12 NPTS=I-1
C
C NEXT SECTION CHANGES JVOLTS FROM INTEGER TO REAL.

IJ=O
DO 2C I=1,NPTS
IJ=IJ+1
VOLT(IJ)=JVOLT(I)

20 CONTINUE
NPTS=IJ

C
C
C *****NEXT SECTION IS USED TO CALCULATE
C *****OIFFEPENCES BETWEEN SUCCESSIVE DATA POINTS, SO
C *****T4AT 940 DATA WILL BE APPAPENT. PRINTING OF
C *****T-IIS LIST CF OIFFEPENCE HAS BEEN EL IHINATE0
C *****IN THIS VERSION, BUT CAN BE PESTOREO BY ADDING THE
C *****A°cOPRIATE WQITE STATEMENT.
C

VOLTDIFF(1)=0.0
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D^_ 3^u^_0 I=2,NPTS 315
3000 V^_TCIFF(I)=VOLT(I)-VOLT(1-1) 316

C 317
C NEXT S='CTICN PRINTS OUT TABLE OF RAW DATA AS .ELL AS 311

C THE I'iP'JT CONTROL PARAMETERS.
319

aRITE(30,200) (TITL(J),J=1,2), (TITL(J),J=9,10) 321

2a0 cCR'4AT(1X.2A8,4JX,2A8) 322

W :Z,- 323
7777

WRITE(30,6) ACCNO,(TITLL(J),J=1,5) 325
6 ?RMAT(1X,A7,1X,5A9) 326

WPITE130,7777) 327
WRITE(3094) 329

4 FORMAT(IX,tTENP ISMOOTH Wi W2 W3 W4 W5 W6 WWI WW2 WW3 9, 329
it'r3UNCH NOPLCTSt) 330
WRITE(30,5) TEMP,ISMOOTH,W1,W2,W3,W4,W5,W6,WW1,.W2,WW3, 331

1 'r°UNCH,NOPLOTS 332
WRITE(30,7777)
WRITE(30,9996)

333
334

9996 °^RMaT(iCX.tRAW OATAt)
WRITE 30,7777) 336
WaITE(30,9997)(VOLT(I),I=1,NPTS) 337

9997 FCRMAT(X,10(F6.091X)) 338
5 FORIAT(2X,I2,5X,I1,3X,7(1X,I2),2X,I2,2X,I2,5X,I1,7X,I1) 339
C FOLLOWING SECTION IS FOR PUNCHED OUTPUT, Ir DESIRED. 340

IF (IFPUNCH EQ. 0) GO TO 400 341
WRITE(40,200) (TITL(J),J=1,2), (TITL(J),J=9,10) 342
WPITE(40,5) ACCNO,(TITLL(J),J=1,5) 343
WPITE(40,4) 344
WRITE (43,5) TEMP,ISMOOTH,Wi,W2,W3,W4,W5,W6,WW1,.W2,WW3 345
IF(IFP'JNCH EQ. 1) GO TO 500

346GO TC 400
500 WRITE(4J,9996) 348

W?ITE(40,9997) (VOLT(I),I=1,NPTS) 349
400 C04TINUE 350

C 351
C 352
C ****** NEXT SECTION CALLS SMOOTHING SUBROUTINE, IF DESIRED 353

C IF ISMOOTH EQUALS 0, NO SMOOTHING IS PERFORMED 354
C IF ISMOOTH EQUALS 1, RAW DATA IS SMOOTHED 355

C IF ISMOOTH EQUALS 2, FREQUENCY PERCENTS AT .05 PHI 356

C INTERVALS ARE SMOOTHED 357

C IF !SMOOTH EQUALS 3, ROTH RAW DATA AND FREQUENCY 358

C PERCENTAGES AT .05 PHI INTERVALS ARE SWCOTHEC 359

C NOTE) SMOOTHING OF FREQUENCY PERCENTAGES IS DONE 360

C FROM SUBROUTINE FREQCALC. 361
C 362

IF (ISM00TH EQ. 1) GO TO 9a98 3363

64IF (IS400TH EQ. 3) GO TO 9999

C

GO TO 9999 365

9998
CALL PTSMOOTH (VOLT,NPTS,WI,W2,W3,W4,W5,W6) 367

C 368

C

NEXT SECTION WRITES OUT SMOOTHED RAW DATA
3369

C
70

WPITE(30,7777) 371

WRITE(3C96666) 372

6665 FO,R4AT(i0X,tSMOOTHED DATA*) 373

WQITE(30,7777) 374
WRITE(3J,5557) (VOLT(I),I=I,NPTS) 375

5557 FOR4AT(IX,10(F5.1,IX)) 376
WRITE(33,7777) 377

C 378
C 379
C NEXT SECTION MAKES ALL VOLTAGES POSITIVE BY SUBTRACTING THE 380

C VOLTA= AT THE ORIGIN 381
9999 '1I14VCLT=VOLT(1) 382

DO 2 I=1,NPTS 383

2 VOLT(I) =VOLT(I) - MINVOLT 384
C 385
C 386
C 387
C 389

C THIS SECTION CHECKS TO SEE THAT THE VOLTAGE IS CONTINUOUSLY EITHER 389

C INCREASING OR CONSTANT. IF THE VOLTAGE DECREASES 390
C (THE-5=3Y INDICATING A DECREASE IN WEIGHT ON THE PAN-- WHICH 391

C CAN ONLY 9E DUE TO NOISE IN THE SYSTEM), 397
C THE VDLT;S= OF THE AOERRANT DATA POINT IS SET EQUAL 393

C TO THE VOLTAGE OF THE PREVIOUS DATA POINT. 3°4
C 395
C 396

00 9 :=1,NPTS 397

9 Ir (VOLT(-,+1) LT. VOLT(I)) VOLT(I+1)=VOLT(I) 391
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C
C NEXT SECTION CALCULATES THE WEIGHT PERCENT OF THE TCTAL SEDIMENT

C WHICH HAD ACCUMULATED AT THE EACH DATA POINT

VOLTPNGE=VOLT(NPTS)-VOLT(l)
C
C

DO 3 I=1,NPTS
CU'PCT(I) (VCLT(I)/VOLTPNGE) * 100
PETURN
ENJ

etttitttetttttttittt1itettitettltttttitttittttttttitttttititet

itttti2itisti111*11ittti21112211122tttit11tttttiitttiittiiitit

SUBROUTINE SETIME(TIME,NPTS)

tttttttttitttttetitttisitttetsttetisettt:ttttsetttitittitiititt1221stt1tttsetettiitettitttiiti1ttttiltit

399
400
401
402
403
404
405
406
407
409
409
410
411
412
413
414

416
417
418
419
420
421
422
423
424

THIS SJ3ROUTINE ASSOCIATES A SETTLING TIME WITH EACH
DATA POINT
IT ASSUMES THAT THE FIRST 200 DATA POINTS ARE TAKEN AT .6666 SECOND

INTERVALS, THAT SUBSEQUENT DATA POINTS ARE TAKEN AT 2.3680 SECONn 428

INTERVALS, AND THAT THE FIRST DATA POINT OCCURS AT 0.0 SECONDS.

DIMENSION TIME(1110)
DO 1 I=1,200

I TIME (I)= I * 6666

2

C
C

00 2 I=22.
RETURN
EN D

+((I-2 3.)*2.368)

C

C

C
ttittItIttttttttttttItttIItffC

titet
tttttItttftI tttItttttttttttC

SUBROUTINE GIBBSIZE(TIME ,DPHI,TEMP ,NPTS)

2111thteat:::ttt111tfffifittittitttttitiiti1tttetstittttftfttttft

THIS SJ3ROUTINF CALCULATES THE GRAIN SIZE ASSOCIATED WITH

THE TIMES WHICH CORRESPOND TO EACH DATA POINT. GRAIN SIZES

GIVEN ARE FOR QUARTZ SPHERES OF DENSITY 2.65. FORMLLA

USED IS GIVEN IN GI93S, MATTHEWS, AND LINK, 1971,

JOURNAL CF SEDIMENTARY PETROLOGY, VOL. 41, NO. 1.
HOWEVER, THE LAST TERM IN THE EQUATION FOR R ON PG.

OF THE PUBLICATTIICNNIS INCORR0CT.
IT

SHOULD READ

( . 0 0 8 7 0 5 V**2)*PF

SYMBOLS USEDARES
CM/SECIN

NU=DYNAMIC VISCOSITY OF FLUID IN POISE
G=ACCEL. OF GRAVITY IN CM/SEC**2
R=RADIUS OF SPHERE IN CM
PF=DENSITY OF FLUID IN GRAM/CM**3
PS=DENSITY OF SPHERE IN GRAM/C4**3
L=LENGTH OF SETTLING TUBE IN CM
T=TEMPERATURE IN DEGREES CENTIGRADE

REAL G, NUU(10)
REAL NU
REAL PF
INTEGE? T(10)
INTEGER TEyP
DIMENSION OFF(10)
REA L L
DIMENSION /(1110), OPHI(1110),R(1110),0(1110)
DIMENSION TIME(111^.)

C

431
432
433
434
435

437
439
439
440
441
442
443
444
445
446
447
441
449
450
451
452
453
454
455
455
457
458
459
460
461
462
463
464
465

467
469
469
470
471
472
473
474
475
476
477
473
479
410
481
482
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4A3
C 484C F_RST SECTION CONSTRUCTS AN ARRZ Y WHICH CONTAINS
C THE VISCOSITIES ANO DENSITIES OF FRESH WATER AT DIFFERENT 43n

4A
C TEMPERATURES 48
C ANDC TNIS SECTION COULD ALSO BE MODIFIED TO GIVE VISCOSITIES
C DENSITIES FOR WATER OF DIFFERENT SALINITIES, IF ONE

48-

C WERE INTERESTED IN DETERMINING SETTLING TIME VS SIZE FOR 490
491

C SALT WATER 492
C 497
C 404

T (1)=20 495
T(2)=21 49ET(3)=22 497
T(i)=23 49QT (5 )=24 499
T(6)=25 500
T (7 )=26 501
T (81=27 502
T(9)=23 503
T(10)=29 504

C ********* VALUES FOR DENSITY AND VISCOSITY OF FLUID 505

C*}**+**+i* ARE FROP WINEGARD,C.I., U.S.G.S. PROF. PAPER 506
507C a+ssss*i* 7009,PAGES 8161 TO B166.*}+ssis+ THIS PAPER ALSO GIVES VISCOSITY AND DENSITY FOP 503C

***+***** WATERS OF DIFFERENT SALINITY. HERE WE USE 500
C sssif+sfi SALINITY OF 0 000

51,JC . .

NUU(1)=.01005
511
512NUJ (2)=.00981 513

NUU(3)=.00958 514
NUU(4)=.00936 515
NUU(5)=.00914 515
NU'J(6)=.00394 517
NUJ(7)=.00974 511'
14 U'J(8)=.00955 519
NU'J (9)=.03336 52.ENUJ (10)=.00818 521

C 522
C 523

PF=(1)=.999230
52(-PF= (2)=.999019 525PF= (3) =.997797 525PFF (4)=.997565 527

PFc(5)=.997323 523PF= (6)=.997071 52c
PF= (7)=.996310 530
PFc'(8)=.996539 531
PF=(9)=.995259 532
PFr(10)=.995971 533
00 3 J=1,10 534
IF (TEMP EQ. T(J)) GO TO 4 535

3 COVTINUE 536
4 NU=NUU(J) 537

PF=PFF(J) 533
C 539

PS=2.65 540
**** G IS GIVEN FOR OCEANOGRAPHY 9UILDING AT OSU 154,

G=930.57236 542
L=212.00 i}*i+f iffif ifii 543=*;tiiiififi}fiifi}}+iif}*+f}ii}}ii}i}++t}+fi}

C R OND NG 544ESP IC NEXT SECTION CALCULATES THE SETTLING VELOCITIES COR
545

C TO EACH DATA POINT
DO 1 I-1 N0TS 547

1 J(I)=L/I ME (I) 543
C A,3,C,E, AND U ARE CONSTANTS AND ARE CALCULATED
C NOW TO REDUCE THE SIZE OF THE EQUATION RELATING

549
550

C RADIUS AND SETTLING VELOCITY 551
A=.055304 * PF 552
8=.003114 * (PF**21 553
C=G*(PS-Pr) 55-
E=4.5 * NU 555
U=.JC3705 * PF 556

C 557
r 55°

00 2 I=1,NPTS **2)))))/CI**
5(V( )V(I)+UR(I)=((A*(V(I)**21+SOPT(9*(V(I)**4)+C*(E 56-

C D IS DIAMETER IN MILLIMETERS 561
7(I)=P(Il*20 562

C PuI=-LOG TO THE BASE 2 OF THE DIAMETER IN MILLIMETERS
OlamTER Owl

C ODHI 1
563
564

02 (I)= 565
2 CCVTINUE 566

RETURN

69

C



THE LAST FIVE DATA POINTSNANDFOR SMOOTHING, THE FIRST FIVEC

C ARE NOT SMOOTHED. THIS MAY NOT BE VERY IMPORTANT IN A CASE 753

C WHERE THERE ARE MANY DATA POINTS, BUT COULD LEAD TO SOME 754

C FUNNY LCOKING DATA IN A SITUATION WHERE THERE ARE VERY FEW 755

C DATA POINTS. THIS COULD EASILY BE ALTERED SO THAT THESE 756

C FIRST FIVE AND LAST FIVE DATA POINTS ARE SMOOTHED, ALTHOUGH 757

C WITH A SMOOTHING FUNCTION OF SMALLER SIZE THAN THE REST OF
759

C THE DATA POINTS. USE SUBROUTINE FVSM00TH TO AVOID THIS PROBLEM.
760

COMMON CUMPCT(1110),NEWV(1110) 760
REAL NEWV 762
INTEGER W1,W2,W3,W4,W5,W6 762
DIMENSION V(1110) 763
N=^t PTS-5 765
00 10 I=60 N 766
A=W1*(V(I-5) + V(I+5)) 766
B=W2*(V(I-4) + V(1+4)) 7611
C=W3*(V(I-3) + V(I+3)) 761
D=W4*(V(I-2) + V(I+2)) 775
E=W5*(V(I-1) + V(I+i)) 771
F=W6*V (I) 771

10 NEWV(I)= (A+8+C+D+E+F)/ (2*(W1+W2+W3+W4+W5) + WE)
773

DO it I=6N
it V(I)=NEWV(I)

774

RETURN
END

775
777

C 779
C 771
C
C

79u

Ctittttitttttttiltittttttltttttttlit2tEtitfttttttttti;tittttit
781

Ciitu tYSiii1111t22SS1tiSitSitttti111211??1?1ZittiSitttSfit2tEi 732

C 794
SUBROUTINE FVSMOOTH(V,L,M,NN,WWI,WW2,WW3) 73;

D ttltt 7RF;Cltitttttttttttt2tEtttttttS4flfitttltlt;ttttttt2tttttEttttC Ztii?tttt??ltttYittiiit2tiltittiittEititittittti2ttSttiitt 71A
C 790
C 799

C SEE SUBROUTINE PTSMOOTH FOR COMMENTS. THIS SUBROUTINE IS 791

792C VERY SIMILAR EXCEPT THAT THE MAXIMUM SIZE OF THE SMCOTHING
797

C FUNCTION IS FIVE DATA POINTS, RATHER THAN ELEVEN AS IN
794

C SUBROUTINE PTSMOOTH. THE RESULT IS THAT IN SUBROUTINE 79"
C FVSMOOTH, ONLY THE FIRST TWO AND LAST TWO DATA POINTS

79C ARE NOT SMOOTHED. 7gi
C 7011

REAL N^WV 79B
COMMON CUMPCT(1110),NEWV(1110)
INTEGER WW1,WWZ,WW3 f1,

I.

DIMENSION V(111O)
J=L+2
K=M-2 904
00 10 I=J,K R05
A=WW1*(V(I-2) + V(I+2)) 90
8=WW2*(V(I-1) + V(I+1)) 1107
C=W'43* V(I)

)W'*
307WI*WW2) W 3(WSO NEWV(I)= (A+B+C) I (2 ga.,

D^ 11 I=J,K q,Q
11 V(I)=NE'WV(I) 1,

RETURN
END

311L

3

C ?.,
C 31b
CC tl2tttiSS!lt2S222SSttSitiStSttiYtt2titSttitttttttttttitttttftiittltt 317llit
C Etf2tttEiiiittlSSS222LttiSiil222tiittttittt2ttttfit

73'5
77;

THIS S'JBROUTI`lE IS A GENERAL PURPOSE SUBROUTINE WHICH 737

CAN BE USED FOR SMOOTHING ANY DISTRIBUTION. EITHER 73''

OF A CUMULATIVE CR FREQUENCY NATURE. V IS THE VARIABLE 73?

WHOSE VALUE WE WISH TO SMOOTH, W1 THROUGH WE APE WEIGHTING 74
FACTORS WHICH THE DATA POINTS BEFORE AND AFTER THE DATA 74'
POINT IN QUESTION ARE MULTIPLIED BY AND THEN SUMMED TO 703
ARRIVE AT A NEW SMOOTHED VALUE FOR THE VARIABLE AT DATA
POINT I. IF ALL OF THE WEIGHTING VALUES APE
NON-ZERO, THE RESULT IS AN ELEVEN POINT SMOOTHING FUNCTION.

745HOWEVER, BY LETTING WI EQUAL ZERO, WE REDUCE THE SMOOTHING 747
FUNCTION TO A NINE POINT SMOOTH. IF BOTH Wi AND W2 ARE ZERO,
THE RESULTING SMOOTHING FUNCTION IS A SEVEN POINT SMOOTH. 743

LIKEWISE, IF W1,W2,AN0 W3 ARE ALL ZERO, WE HAVE A FIVE POINT
749

SMOOTHING FUNCTION.
IMPORTANT NOTEt BECAUSE OF THE PARTICULAR ALGORITHM USED 751

752

72

C
C
C
C

C

C
C
C
C
C
C
C

C
C
C



SUBROUTINE HILO'tI(DOPHI,LOWPHI,HIPHI,L,M,NN)

siii,iill ttittIitittiiilittittiititittiltiiiitttttilt
tttiitiitiitittitititttiiiitttttittiittiltiiiittiiItititit

FOLLOWING SECTION INSURES THAT ONLY THOSE VALUES
OF O004I AND OOCUMPCT PRIOR TO END OF ACCUMULATION
APE OUTPUT.
IT SIMPLY ELIMINATES THE OUTPUT OF DATA FOQ ALL VALUES

OFL0OP41 WHICHIAREIGREATERLTHANTHANHI,

INIADDITION ELIMINATING

U )F OPE LOW

REAL LOWPHI
DIMENSION OOPHI(150)
DO 1 I=1,143

IF (ODPHI(I) EQ.

HIIPHI))M=_II

CONTINUE
NN=M-Lrl
RETURN
ENO

C
C
C
C

C
C

SUBROUTINE FREQCALC(DCUMPCT,DOPHI,L,M,NN,FREQPCT,ISMOOTH,
I WW1,WW29WW3)

C
C

C ttttttsis:ttttiiiiststsiisiis:tssttttsstsitiiii:s:ttt:iiiiiii
C
C

C
C

C THIS SUBROUTINE TAKES THE CUMULATIVE PERCENTAGES

C IN DATA ARRAY OCUMPCT AND DIFFERENTIATES THIS DATA
C TO DETERMINE THE FREQUENCY PERCENTAGES IN EACH .05 PHI
C INTERVAL.

C I
IT ESTIMATES

DATAEPOINT IIII IAS
THE

POINT

PT

C

C**** HAVE THE EFFECT OF SHIFTINGC*++* NOTEsWHEN PLOTTED, THIS WILL
C**** THE FREQUENCY CURVE ONE-HALF

DIGITIZING UNIT TO THE

C**** RIGHT OF THE CUMULATIVE CURVE. IF DESIRED,
C**** Tu_ SUBROUTINE GSPLOT CAN BE MODIFIED SOOTHAT

POSITION

C****
WTHt

ITH
FREQUENCY
RESPECT TO

CURVE
THE CUMULATIVE CURVE.

C
C THIS SUBROUTINE ALSO SMOOTHS THE FREQUENCY CURVE, IF DESIRED

C
DIMENSION FREQPCT (150), DCUMPCT(150)
DIMENSION DOPHI(tSO)
INTEGER WWI,WW2,WW3

C
C FOLLOWING SECTION INITIALLY SETS ALL FREQPCTS EQUAL TO 0.0

C THIS IS TO INSURE THAT NO VALUES OF FREQPCT ARE CARRIED

C OVER FROM THE PREVIOUS SAMPLE.
C

00 1 I=1,M
1 FREQPCT(I)=0.0
C

C
C NEXT SECTION ESTIMATES DERIVITIVES BY METHOD DESCRIBED IN FIRST FEW

C COMMENT CARDS. NOTE THAT FREDPCT(L) REMAINS ZERO,

C AS THISBISITHENFREQUENCYMPERCINT

AT THE DATA POINT CEFINED

K=L # 1
00 2 I=K,M

2 FP QPCT(I)=(OCIJMPCT(I)-OCUMPCT(I-1)1
WPITE(30,6866)

6666 FORMAT(1H ,10x,$ FPEQPCTS BEFORE SMOOTHING=)

6669
WRITE(30,6S69)
FORMAT(IH )

6667
WRITE (30,6687) (FREQOCT
FORMAT(IX,10(F6.3,IX))

(I),I=L,M)

WRITE(30,6660)
C

73

819
920
82,
822
823
82+
825
825
827
323
829
830
831
832
833

835
836
837
839
83
840
841
842
843
8 44
845
846
847
848
849
850
851
852
853
954
955
856
857
859
859
869
861
862
863
964
865
866
867
968
869
87G
87 1
872
873
874
875
876
877
879
879
880
891
89
883
884
885
886
987
888
889

8911
992
893
894
895
895
897
898
899
900
901
902



C NEXT SECTION "ILLS SMOOTHING SU9901JTINE FVSMOCTH, 903

C IF SMOOTHING OF THE FREQUENCY CURVE IS DESIRED. 904
905

C 906
IF (ISMOOTH EQ. 2) G0 TO 4 907
IF (ISMOOT4 .60. 31 GO TO 4 908
GO TO 5 909

C 910
4 CALL FVSMODTH(FREQPC7,L,M,NN,WNI,WN2,WW3) 911
5 CONTINUE

C
912

WRITE(30,66581
913
914

6668 FORMAT(IH ,1CX,*FREQPCTS AFTER SMOOTHING) 915
WRITE(30,6669) 915
WRITE(30,6667) (FPEQPCT(I),I=L,M)
WRITE(30,6669)

917

WPITE(30,6669)
91918

RETURN
ENO

920
921

C 922
C 923
C
C

924

C ttttttittitttttttstettssttcsitttttstttttttsteitatttcttttstcssttts 925

C tittttsttstat:tstttttsssstesseescessstttscsa11 tctttstssstcstt 926
C 1392FREQPCTMPCT ,,SUBROUTINE SETOUT(ACCNO,TITLL,ODPHI,DCU 9299

1 HIPHI,LOWPHI,L,M,DELPHI,IFFUNCH) 930

ttttitttittttttttt1111:1ssststtttttt1111Ilsttsststt:tttttttt2t::11 931

tttttlflititltttSttttitttttltilStitttttttttIII*812211111*1111tit12 q33
934
935
936

THIS SU3RCUTIHE PPINTS OUT THE FINAL CUMULATIVE AND FREQUENCY 937
PERCENTAGE DATA. IT ALSO PUNCHES THIS DATA ONTO CARDS, IF 937

939
DESIRES. 940

941

DIMENSION TITLL(5),ODPHI(150),DCUMPCT(150),FREOPCT(150)
942
943

LCWPHIREAL HIPHI,
C

944ffff}}}ff}ff 945
C DELPHI IS THE INTERPOLATION INTERVAL 9456

DELPHI=.05
C.

946}.}}}ff}}}fff 947
WRITE(30,9) 949

9 FOR4AT(10X,tPHIt,7X,tCUM. PERCENTt,3X,tFREQ. PEPCENTt)
959

WRITE(30,7777) 951
7777 FORMAT(1H ) 952

WPITE(30,7777) 952
WRITE (30,10) (DDPHI(I),DCUMPCT(I),FREQPCT(I),I=L,M) 954

10 FORMAT (2X,F12.2,2X,F12.4,2X,F12.4) 955
WRITE(30,7778) 956

7778 FORMAT(1HO)
WRITE(30,7778) 957
WRITE(30,7778)

C
959

C NEXT SECTION IS FCR PUNCHED OUTPUT
960

IF(IFPUNCH EQ. 2) GO TO 11 961
IF(IFPUHCH EQ. 3) GO TO 11 962
GO TO 12 963

11 WRITE(40,91 965
WRITE (43,10) (DOPHI(I),OCU4PCT(I),FREOPCT(I),I=L,M) 966

12 CONTINUE 967

C

C

C
C
C
C

C

RETURN 968
END 969

970
971
972

ttiiitttltt:Stilt:1 112 tii:::1111tttitt:ttitittttttt121 973

Sitittt:l2ttttit,1:ttt1tttttt:tti:ttititittitt11:1212tit 974
975

SU30OUTINE GSPLOT(TITLL,CUMWTP,FREQ2,X,LOPHI,HIFHI,
976
977

ACCNO)1 DELPHI,NDGINTS, 978
C 979C ttttittssttiss:tt:sit:istttttttttiittttsitttitittt:tttit 9802282!ttttttttttttttttttttttttittittttttetetettitttittett 981
C 982
C 983
C 984

C THIS S!J3PGUTINE PLOTS THE CUMULATIVE ANO FREQUENCY CURVES
995

C ON THE CALOOMP PLCTTER. IT HAS W°ITTEN BY KEN KEELING AND 986

74



C NICK PISIAS AT OSU. IT USES PLOTTING COMMANDS
C AND SU3ROUTINES IN THE OS-3 FORTRAN LIBRARY
C AT OREGON STATE UNIVERSITY. REFER TOt GEMPERLE AND KEELING,

C 197J, GEOPHYSICAL DATA REDUCTION AND PLOTTING COMPUTER
C PROGRAMS, TECHNICAL RE°OPT NO. 180, REFERENCE 70-10,
C SCHCOL OF OCEANOGRAPHY, OREGON STATE UNIVERSITY

C
C
C

REAL LOPHI
INTEGER PENUP, DENOOWN, END
DIMENSION TITLL(5),CUMWTP(150),FREOP(150),X(150)
INTEGER COUNT
DATA (COUNT=O)

987
988
989
990
991

993
994
995
996
997
999
999

1000
1001

X IS ARRAY OF X AXIS VALUES TO PLOT CUMWTP AND FREOF AGAINST.
1002

IN THIS CASE, IT IS THE ARRAY OF PHI VALUES. 1003
CUMWTP IS AN ARRAY OF Y AXIS VALUES 1005
'FREOP IS ANOTHER ARRAY OF Y AXIS VALUES 1006
N AND M0OINTS ARE THE DIMENSIONS OF X,CUMWTP, AND FREOP 1006

NEXT STATEMENT DEFINES LOPHI TO BE -2.00 SO THAT
ALL PLOTS WILL HAVE THE SAME LEFT AXIS.
THIS FACILITATES SAMPLE TO SAMPLE COMPARISONS.

LOPHI= -2.00
COJNT = COUNT 1

PENDOMN = 2
PENUP = 3
END = -3
AMAX

XNPOINTS
ADJUST = LOPHI
RLENGTH = (HIPHI-LOPHI)/0.5
SCALE= 2.0
DO 1G I = 1,N
IF (FRE<]P(I) GT. AMAX) AMAX = FREDP(I)

10 COVTINUE
RE'EBER = RLENGTH
IF(RR.GT.REME?ER)REME9ER = RR
LENGTH = IFIX(2LENGTH)
KCOUNT = MODF(COUNT,3)
IF(KCOUNT.EO.1)SHIFT = 0.0
IF(KCCUNT.EO.2)SHIFT = 9.0
IF(KCOUNT.EO.3)SHIFT = 18.0
FSCALE = 6. / AMAX
YFIRST = (AMAX - FLOAT (IFIX (AUAX))) * FSCALE

YN=XT = ( 6. - YFIRST ) / FLOAT ( IFIX (AMAX))
AMAX = FLOAT ( IFIX (AMAX))
ENOJOE (9,100,PTYSCALE) AMAX

100 FORMAT (F8.2)
CS-,ALE = 6. / CUMWTP(N)
ENCODE(5,1000,PLOPHI)LOPHI
ENCODE(5.1000,HHIPHI)HIPHI
ENCODE (5,2JO0,nDELPHI)DELPHI

1000 FORMAT(F5.2)
2000 FORMAT(20EL=2,F4.2)

CALL FLOTSYM9(-.4,-.5+SHIFT,.2I,PLOPHI90.98)

CALL PLOTSYMB(RLENGTH/.4,-.5+SHIFT,.2I,HHIPHI.0.,8))

CALL
PLOTSYM9(40

.,_t.0+S4IFT,.21,TITLL.00.,40)

CALL PLOT (0.,SHIFT,PENUP)
00 15 I = 1,5
YINCRE = I + SHIFT
CALL PLOT (G.,YINCRE,PENOOWN)
CALL PLOT (-.05,YINCRE,PENOOWN)
CALL PLOT (.05,YINCRE,°ENOOWN)

15 CALL PLOT (O.,YINCRE.PENDOWN)
CALL PLOT (0.,5.0+SHIFT,PEN0OWN)
CALL FLCT (RLENGTH,6.0+SHIFT,PENOOWN)
Y = 6. - YPIRST + SHIFT
CALL PLOT (RLENGTH,Y,°ENDOWN)
CALL PLOT (RLENGTH-.C5,Y,PENDOWN)
CALL PLOT (RLENGTH+.05,Y,PENDOWN)
CALL PLOTSYMB (0LENGTH,Y,.21,RTYSCALE,0.,8)
CALL PLOT (RLENGTH+.G5,Y,PP-N
CALL PLOT (RLENGTH,Y,PENDOWN)Pl
J = AMAX - I
00 16 T = 1,J
YNOW = Y - YNEXT
CALL PLOT (RLENGTH,YNOW,PENDOWN)
CALL PLOT (RLENGTH-.05,YNOW,PENDOWN)

1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
10 25
1026
1027
1028
1029
1030
1031
1032
10 33
1034
1035
10 36
10 37
1038
10 39
1040
1041
1042
1043
1044
1045
1046
1C 47
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
10b0
1061
1062
1063
1064
1065
1066
1067
1063
106q
1070

75



CALL FLOT (RLE`NGTH+. 05,YNOW,sP;=NDOWN) 1071

16 CA_L PLOT (PLENGTH,YNOW,PENCOWN) 1072

CALL PLOT (RLENGTH,0.+SHIFT,PENOOWN) 1073
CALL FLOT(FLCAT(LENGTH),.O+SHIFT,PENDOWN) 1074
CALL PLOT(FLOAT(LENGTH),0.05+SHIFT,PEN')OWN) 1075
CALL PLOT (FLCAT(LENGTH),-.05+SHIFT,PENOOWNI 1076

CALL PLOT( LOAT(LENGTH),O.O+SHIFT,PENDOWN) 1077
00 17 1 = 1,LENGTH 1079
XIVCRE = LENGT- - I 1079

CALL PLOT (XINCPE,0.+SHIFT,PEN0OWN) 1080
CALL PLOT (XINCRE,-.05+SHIFT,PENOOWN) 1081
CALL PLOT (XINCRE,.05+SHIFT,PENOOWN) 1082

17 CALL PLOT (XINCRE,O.+SHIFT,PENDDWN) 1083
CALL PLOT (0.,0.+SHIFT,PENOOWN) 1084
CALL PLOT (SCALER*(X(1)-ADJUST),CUMWTP(1)*CSCALE+SHIFT,PENUP) 10 85
DO 2C I=2,N 1086

20 CALL PLOT(SCALER*(X(I)-ADJUST),CUMWTP(I)*CSCALE+SHIFT,PENDOWN) 1087

CALL PLOT(SCALER*(X(N-1)-ADJUST),FREOP(N-1)*FSCALE+SHIFT,PENUF) 1088
00 30 I=3,N 1089
J = N - I + 1 1090

30 CALL PLOT (SCALER*(X(J)-ADJUST),FREQP(J)*FSCALE+SHIFT,PENDCWN)
1092IF(KCOUNT.NE.0)GO TO 40

CALL PLOT(0.0,0.0,END) 1093
CALL PLOTINT(PEMEBER+5.'3,0.0,10) 1094
RR = 0.0 -

1095

RETURN 1096
40 RR = REMEBER 1097

RETURN 1099
ENJ 1099

C 1100

C 1101

C
1102

C 1103

C isit:itStitati:tt::t22ftltiittit2itittitftttitttttittti2 1104

C tttItItstort:IsistttttttttIIII:Ittti2111tIIIItI:tIIIItI 1105
1106C

SUBROUTINE STATS(TITLL,CUMWTP,FREQP,X,LOPHI,HIP(-I, 1107

I DELPHI,N°OIPTS,ACCNO) 1108
1109C

C tstartssttettttttasttt:ttettssststtetstttst:tttatttststts:st 1110

C tIIIitsitittttttt:ISIS:ttI:t:ttII:II:I:tI:II:Ittt32t1iiittt 1111

C 1112

C
1113

C 1114

C 1115

C THIS SUBROUTINE CALCULATES GRAIN SIZE STATISTICS 1116

C BY THE INMAN AND THE FOLK AND WARD TECHNIQUES. 1117

C IT 'BIAS WRITTEN BY NICK PISIAS AT OSU. 1118

C
1119

C THESE TECHNIQUES ARE DESCRIBED IN THE FOLLOWING PUBLICATIONS: 1120

C 1121

C INMAN, 1952, JOUR. SEDIMENTARY PETROLOGY, V. 22,NO. 3 1122

C FOLK AND WARD, 1957, JOUR. SEDIMENTARY PETROLOGY, V. 27,N0. 1 1123

C 1124

C
1125

C
1126

DIMENSION TITLL(5),CUMWTP(150),FREQP(150),X(15Q) 1127
PEAL LOPHI 1128

REAL MEANI,MEOI,KURTI,KURTF,MEANF 1129

C 1130

C
1131

LOPHI=-2.00 1132

C 1133

C
1134

PHIISTART = LOPHI 1135
P = DELPHI 1136

N = NPOINTS 1137

FF = 0.0 1139

00 2033 JJ = 1, N 1139
2039 FF = FF + FREOP(JJ) 1140

DO 2043 I=1,N 1141

R=5.-CUMWT0(I) 1142
IF(R.LT.O.) GO TO 2042 1143

H=4 1144

2040 M=I 1145

C
1146

C NOTES P5, 016, P25, ETC. ARE THE PHI VALUES AT THE ETH, 16TH, 1147

C 25T1, ETC. PERCENTILES. 1148

C 1149

2042 P5=P*H/(H-7)iX(M) 1150

DO 2045 I=M,N 1151

P=16.-C'J14NTP(I) 1152

IF(R.LT.O) GO TO 2047 1153

H=R 1154

76



1155
2345 MM=I 1156
2747 PtS=P*H/(H-R)+X(MM) 1157

00 2050 I=MM,N 1158
R=25.-CUMWTP(I) 1159
IF(R.LT.O.) GO TO 2052 1160
H=R 1161

2050 M=

=
1162

2052 P*H/(H-R)+X(M)P25 1163
or) 2C55 I=M,N 1164
R=50.-CUMWTP(I) 1165
IF(R.LT.0.) GO TO 2057 1166
H=R 1167

2755 MM=I 1169
2057 P50=F*4/(H-01+X(MM) 1169

00 2060 I=MM,N 1170
R=75.-CUMWTP(I) 1171
IF(R.LT.0.) GO TO 2062 1172
H=R 1173

2760 M=I 1174
2062 P75=P*H/(H-R)+X(M) 1175

00 2G65 I=M,N 1176

1.OPT
1177TO 2067.0IF(R.L GO 1178

H=R 1179
2065 M4= I 1180
2067 P84=P*H/(N-R)+X(MM) 1181

00 2073 I=MM,N
MWTP(I)

1182
9=35.-CU 1183
IF(R.LT.0.) GO TO 2072 1184
H=R 1185

2070 M=I i186
2072 P95=F*H/(H-R)+X(M)
C 1188
C 1189
C NEXT SECTION CALCULATES INMAN STATISTICS 1190
C

MEA4I=0.5*(P16+P84)
1191
1192

ME)I=P50 1193
DEVI=0.5*(P84-P16) 1194
SK=WI=(MEAN I-MEDI)/OEVI 1195
SK2I=(0.5*(P5+PP5)-MEDI)/OEVI 1196
KURTI=(0.5*(P95-P5)-DEVI)/DEVI 1197

C NEXT SECTION CALCULATES FOLK AND WARD STATISTICS 1199
1199

C
MEANF=(016+P50+P841/3.

1200
1201

SORTF=(P84-P16)/(+.+(P95-P5)/6.6 *P50)/(2 *0 1202.95-2.SKEWF=(P16+084-2.*P50)/(2.*(P84-P16))+(P5+ 1203
2 (P95-05)) 1204
KURTF=(P95-P5)/(2.44*(P75-P25)) 1205

C 1206
C NEXT SECTION WRITES OUT THE CALCULATED GRAIN SIZE

1207
C STATISTICS. 1208
C

W71TE(33,2002)ACCNO
1209
1210

2002 FnRMAT(31X,1 ACCESSION NUMBER t,A7//)

2004)MEDI.MEANI,DEVI,SKEWI.SK2I,KURTIW'ITE(30
1211

2004
,

F0RMAT(t0 INMAN STATISTICS MEDIAN t,F6.3,11X,tMEAN 1, 1212
3F6.3,/,24X,tSKEWNESS t,FE.3,10X,t DEVIATION t3X32 5

121
,,. ,

3 tS=CON0 SKEWNESS t,F6.3,8X,t KURTOSISt,FE.3)
1214

SORTF,SKE'WF,KUPTF2006)MEANFWRITE(30
1215

2006

,,

FCRMAT(t0 FOLK AND WARD STATISTICS MFAN t,F6.3,12X, 1216
7

2 t SORTING t,F6.3,/,26X,1 SKEWNESS t,F6.3,1iX,t KURTOSIS t,F6.3) 121
1213

WOITE(30,2007) 1219
2007 F3 '1AT(1H1) 1220

PET URN 1221
END
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=S JRUN

The program SJRUN takes the raw, unformatted punched paper

tape data and converts it to a BCD format so it can be accessed by the

data reduction programs. This program is in CDC-3300 COMPASS

language and is compiled as an overlay for ease of operation. During

the conversion two output files are generated, one for the formatted

data and the second for abnormalities present in the raw data. Equip

LUN 11 to file containing raw data. The output files are equipped to

LUNS 20 and 21 (formatted data and errors data respectively). To run

the program, type *SJUN on teletype while in control mode. A listing

of the first line of data points and the number of lines of data points

of each sample is output to help monitor the program.
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00001
IOENT
ENTRY

FIXTAPE
FIXTAPE

00002
00003

ENTRY ZFROFIX 00004
00005

IMCLUOE *SYSMAC 00006
00007

STATBOEF 00009
00009

FIXTAPE UJP IMPURE
00010
00011
00012

FIX.20 ECU 00013
ENA 0 00014
STA CNT 00015

00016
FIX.01

TTJJ CHAR
00017
00018

IJJP AA.00 00019

J X
00020

PU AA.S 00021
IIJP AA.CX 00022

j J

c
00023

( P OXGA A . 00024
AA. 00 00025

RTJ TIME 00026
77 00027

AA. 1 1
ECU

sIX.01 00025
00029

RTJ TIME 00030
77 AA.11.C 00031
JJP FIX.03 00032

AA. 1Y =0U 00033

77J A
00034

.1X.C
A

00035
JJP FIX.06 00036

AA. OX
RTJ TIME

00037
00039

77 AA.OX.C 00039
JJP FTX.01 00040

AA.ixE
ECU TIME

00041
00042

77 AA.IXE.C 00043
JJP FIY.01 00044

AA.OXF ECU 00045
RTJ TIME 00046
77 AA.OXE.C 00047
UJP FIX.01 00048

00049
00050

FIY.06 ECU *
00051

STA ri 00052
00053

FTX.05 =0U 00054
RTJ CHAR 00055
UJP 93.00 00056
JJP 89.11 00057
!)JP B3.1X 00058
UJP B9.OX 00059
UJP 89.SX 00060
UJP 99.0XG 00061

89.00 =0U 00062
RTJ TT'"F 00063
77 89.00.c 00064
UJP FIX.09 00065

89.11 ECU * 00066
RTJ TIME 00067
77 813. 00069
UJP FTX.05 000F9

91.SX ECU 00070
RTJ TIMF 00071
77 B9.1X.C 00072
UJP FIX.02 00073

83.^X ECU 00074RTJ TIME 00075
77 91. 00076
UJP FIX.05 00077

Bit. 1XE FCU 00075
RTJ TIME 00079
77 89.1XF.C 00080
JJP FIX.05
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0XE33 ECU 00081
.

RTJ TIME 00082
77 B3.0XE.C 00083
UJP FIX.07 00084

00085
00085

04FIX EOU 00087
. 00088

RTJ STORE 00089
00090

FIX 12 EQU 00091
.

LDA CNT 00092
INA i

00093
STA CNT 00094
ASG 1999 00095
UJP FIX.07 00096
1JP FIX. 23 00097

00098
00099FIX.07

40TJ CHAR 00100
UJP CC.00 00101
9 cr. 11 00102
UJP Mix 00103
dip CC.OX 00104
ijip CC.tXE 00105
JJP CC.0xF 00106

00107
CC. Do ECU

TI F 00108
77 CC.00.C 00109
UJP FIX.21 00110

C^.11 ECU
AF

0 0111
00112

77J i1.Ccc. 00113

l1JP FIX 04 00114
. 00115

CC.iX
2TJ TIME 00116

77 CC.1X.C 00117
UJP FIX.06 00118

00119
C^.OX Eat

TIME 00120
77 CC.OX.C 00121
UJP FIX.07 00122

CO.IYE FOU
00123
00124

RTJ TIME 00125
77
dip

CC.IXE.C
FIX.07 00126

CC.OXE ECU
TIME

00127
00128

77 CC.0XE.C 00129

UJP FIX.O7 00130
00131
00132
00133

FIX. 2t ECU 00134
RTJ CHAR 00135JJP DD.00 00136UJP
UJP

00.11
DD.IX 00137

UJP OD.OX 00138
UJP On.IXE 00139

UP D0.OXF 00140

01.00 ECU
00141
00t42

RTJ TIME
00143

77
UJP

D0.00.C
FIX.22 00144

0014501.11
2TJ TIME 00146
77 00.11.0 00147
UJP FIY.07 00148

on. IX =0U
00149
00150

RTJ TIME
00151

77
i1 JP

DO.IX.0
FIX.06 00152

00153
DO.OX C0U 00154RTJ TIME 00155

77
UJP

Df.OY.C
FIY.07 00156

n1.1XE ECU
00157
00158

2TJ TIME 00159
77 97.1XF.C 00160

'
UJP FIX.07 00161

0 ?. eXE E 0 U
RTJ TIME 00162

77 CXF.CDO
00163

l1JP
.

FIX.O7 90164
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00165
00166
00167

FIX.22 EOU 00168
RTJ CHAR 00169
UJP EE: CC 00170
JJP EE.iI 00171
JJP FE.1X 00172
UJP EE.OX 00173
UJP EC.IXE 00174
UJ0 EF.OXF 00175

FE. CO EDU 00176
RTJ TIME 00177
77 EE.00.C 00178
UJP FIX. 23 00179

E.11 FOU f
OO180

77J ET. 1E11.C 00181
00182

UJP FIX.07 00183
EE.1X POU '

00184

77J

TIME
EE.IX.C

00185
00186

UJP FIX.06 00187
EE.CX FOU 00188

77J
TIME 00189
EE.CX.C 00190

JJP FIX.07 00191
Er.1XE

R
TJ

TIMP
00192
00193

77 EE.IXE.C 00194
UJP FIX.07 00195

OXFEc: 00196.

?TJ TIMF 00197
77 EE.OXE.C 00198
UJP FIX.07 00199

0020C
s 00201

FIX.23 FOU 00202
LOI CNT,X1 00203
=NA 9999 00204
Sill ARRAY,Xi 00205
UJP,I FIXTAPE 00206

00207
00208

FIX.02 FOU ` 00209
LDO C1 00210
AOJ,ED FF.SAM 00211

FF,fTF EOU 00212
47 1 TIMP 00213
77 FF.nIF.C 00214
JJP FIX.76 00215

FF.SAM EQU 00216
RTJ TIME 00217
77 FF.SAM.r 00219
,J JP FIX.05 00219

00220
00221

FIX.03 =DU C0222
STA ri 00223

00224
FTX.09 EDU 4 00225

3T J CHAR 00226
t1JP GG.00 00227
UJP CG.11 00229
UJP GG.ix 00229
tUJP GG.CX 00230
UJP GG.1XP 00231
UJP GG.OXE 00232

GG.00 EQU 00233
RTJ TIME 00234
77 66.0(.r 00235
IiJP FIX.24

a 00236
GG.11 CDU 00237

2TJ TIME 00239
77 GG.11.C 00239
UJc FIX.99 00240

G,.1X -ou 00241
RTJ TIME 00242
77 r,G.lx.C 00243
UJP FIX.06 00244

GG. r'X EDU
RTJ TIME 00245

00246
77 GG.0X.C 00247

Gr,. 1 XC
UJP
EnU

FIX.0A 00248
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2TJ TIME 00249

77 rG.1XE.C 00250

UJP F I X . 2 1
00251

Gr CXE EQU
00252

.

2TJ TIME 00253

77 GG.OXE.C 00254

'JJp FIX.20 00255
00256
00257
00258FIX 24 = 0U 00259

TA C2 00260
00261

FIX 11 =QU
2TJ CHAR 00262

UJP HH.00 00263

JJp HH.11 00264

UJP HH.1X 00265

Up HH.OX 00266
UJP HH.1XF 00267

JJP HH.OXF 00269
HH.QO EOU

00269
00270

7-J HH 00 C
00271

UJP
. .

FIX. 20
00272
00273

HH.11
OTJ2 TIMc 00274

77 HH.11.C 00275
UJP FIX. 09 00276

HH.IX EOU
00277
00279

RTJ
17

TIME
HH.1X.C 00279

UJP FT X.75 00280
H4 0X EQU

00281
.

TIME 00282

77 HH.OX.C 00283
UJP FIX.10 00284

HH SXE =0U
00285

.

RTJ TTMr 00286
77 HH.SYE.C 00287
UJP FIX.20 00285

HH.OXE EOU
00289
00290RTJ TIME 0029177 HH.OXE.C
00292

JJp FIX.2n
00293
00294

FLY.?5 EQU * 00295

?TJ STnRF 00295

LDA 3
r

00297

STA 3
00298
00299J)p FIX. 12
00300
00301
00302

F I X . 0 4 ECU O0703
STA Cl 00304

00305
FIY.11 ECU 00?062TJ CHAR

T 00
00307

)Jp II.
00308

JJP IT.iX
00309

UJp II.0x 00310

UJp Il.ixr
00311

JJp IT.0XF 00312

II.00 EQU
00313
003142TJ TI'"E 00315

77 II.OC.C 00316
UJp FIX.09 00317

IT. It EQU 003192TJ
77

TIME
11.^IT

00319

lip
..

FIY.11 00320
00321II.1X =0U 00322

77J
TIME

00323

UJP
I1.1X.r
FIY.06 00324

IT. CX EQU
00325
003262TJ TIME
00.32777 II.OX.C 00329

UJP FIY.OA
00329

II.1XE _CU 00330
2TJ
77

TIM
II.IXr.F 00331

UJP FTX.07 00337

82

111



00333
II.OXF =0U 00334

7J M
00335

i VYF.CII 00335
UJP FIX.07 C0337

00339
00339

STORC i)JP IHPUPF 00340
LDA C2 00341
ANA 40R 00342
STA SIGN 00343
LnAO CI 00344
ANC 17R 00345
SHA 24-6 00346
SHAM 6 00347

O AL I

4 N
00348

S E
O R

00349
x0O,S -0 00350
LOI rNT,Xl 00351
SIC APRAY,X1 00352
UJp,I TnRF 00353

00354
00355

P
00356

CHAP UJ IMPURE 00357
RTJ NEXT 00355
UJP FIX.23 00359
AEU 00360
ASE 0 00361
UJP CH.0 00362
UJP CHAR 00363

CH O 00364.

ASF 3778 00365
UJP CH.1 00366
C'HA 1 00367
RAO CHAR 00368
UJp CHAR-1 00369

CH ]
C

00370.
i1 Jf CH.4 00371
_NT 7,X1 00372
ENI 0,X2 00373
SHA 23 00374
AZJ,GE '1-2 00375
1 N I 1,X? 00376
IJn -3,X1 00377
T I A X2 00378
SHA 23 00379
AZJ,GF CH. 4 00380
'NA 2 00381
5AD CHAP 00382

CH.4 _Cu 00383
ENA 2 00384RAO r4AP 00385
EUA 00386
5HA 24-8 00387
4ZJ,LT CHAP-1 00388
_tlA i 00389
RAC CHAR 00390
i)Jr rHA°-1 00391

00392
00393

TIME UJP IMPUPF 00394
,TA TIMF .A 00395
L0A,I TIME 00396
STA TIME.I 00397
E A I 00399
RAn,I TIME.T 00399
RAD TINT 00400
LOA TIME.A 00401
!)JP,I TTME 00402

00403
00404

Z'ROFIX JJn IMn11PE 00405
ENT ZFPOCNTI,X1 00406
7NA C. 00407
STA ZEPnIT1,X1 0040a
IJO '-l,xt 00409
II 7E°nCNT 2,XI 00410
NA C 00411

STA 7FROIT?_,X1 00412
*Jn '-1,Yt 00413
jJP 7EROFIX 00414

00415

Nr'XT JJn IMPURE
00416
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SSH NX.ONOFF 00417
'U J P NX.2Nr1 00419
LDI N'(.I,!9FX xi 00419

NX.CHECK ISC 62+IM'URJ?.X1 00420
UJP NX.FIRST 00421
cMA NX.ARRAY 00422
_NC 6? 00423
,READ 00424
SHA FP'IT-EOD9IT 00425
A 7J,LT NX.END 00426
SHA EOnRIT-EOFBIT 00427
AZJ,LT NX.END 00428
XrO,S -0 00429
INC Fit 00430
SHAD 24 00431

MX.CHECK 00432
ENI 0,x1 00433
STI NX.INDEX,Xi 00 434

00435
NX.FIRST LOU 00436

LDP NX.ARPAY,X1 00437
SHA -12 00439
UJP NX.GODD 00439

00440
NX. 2ND L OU 00441

LnI NX.INOEX,X1 00442
LDA NX.APPAY,X1 C0443
ANA 3778 00444
INI S,Xi 00445
STI NX.INDEX,X1 00446

NX.G000 EQU s 00447
AEU 00448
ENA 1 00449
RAO NEXT 00450
E U A

00451
UJP,I NEXT 00452

00453
NX.EN0 LOU 00454

n 00455
JJP,I NFXT 00456

00457
00458

TTYNEXT UJP I4PURF 00459
NA 1 00460
AD TTYNEXT 00461

CTI 00462
UJP,I TTYNEXT 00463

00464
00465

NX.ONOFF ICT 5252575? 00466
NX.INOEX DEC 62+IUPUPE 00467
NX.ARRAY 3SS 65 00469

00469
ZERDIT1 cQU 00470
TIMF.A 3S5 1 00471
TIMF.I 9SS 1 00472
C1 3SS 1 00473
C? 3SS 1 00474
Cl 9SS 1 00475
SIGN 9SS 1 00476

ZERCCNTI LOU '-ZEROITI-I 00477
00479
00479

COMMON 00480
7ERDIT? LOU 00481
CHT SS 1 00482
ARRAY 3ss ?non 00483
AA.00.C 3SS 1 00454
AA.11.r 9SS 1 00485
AA.IX.C 9SS 1

004g6
AA.rX.C "3SS 1 004P7
AA.1XE.C 35S 1 00489
AA.0XE.r 3S" 1

00489
91. 3SS 1

00490
9'n.11.r IFS 00481
91.1X.r 3SS 00492

89.0X.r gSS 00493
¶3.1XF .C 3SS 0 0 494

.

R3.0XE.r 3SS 00495
CC.00.r 3SS 00496

.

CC.11.C 3S5 004+17
Cr.IX.C 3S17 00499
rc.nx.r 3SS 00499
Cr.7XF.r iss 00500
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00501
CC.OXE.r 35: 1 00502
99.OO.C ass 1 00503
01. 3SS 1 00504
07.IX.r 3S5 1 00505
01.rx.C 355 1 00506
09.SXc.C 9SS 1 00507

rc 3
1 00508

E .00.C SS 1 00509
Fr.1i.r 355 1 00510
FE.IX.C 9SS 00511
ES.OX.C RSS 00512
U.1XG.r, 3Ss 00513
EF.OXE.C 3S5 00514
FF.DIF.r 355 00515
FF.SAM.r 355 00516

8SS 4 00517
GS.00.c 9S5 1 00519
GG.11.C 35S 1 00519
GG.1X.C 955 i 00520
Gr.PX.C 3S5 1 00521
GG.1XE.r 3SS i 00522
GG.OXE.C BSS i 00523
HH.C0.C 3SS 1 00524
HH.I1.C 3SS 1 00525
HH.IV.C 3SS 1 00526
HH.CX.C 3S5 1 00527
HH.1XE.r 3SS 00528
HH.QXE.C 9SS 00529
II. 00.C 3SS 00530
II.11.C BSS 00531
II.1X.C 3SS 00532
IT.OX.C 955 00533
II.1XF.r 35S 1 00534
II.OXE.C 3SS 00535
ZF40CNT2 EQU ZERDIT2-1 00536

END
00537
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