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* In preparation for publication at a future date.

Reports
om—
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gynopsis

SYNOPSIS

The operating characteristics and the sampling accuracy of the
Us P-46, US P-48S, and US D-43 suspended sediment samplers Qere the
major subjects of investigation in tests perforﬁed in the Colorado River
near Grand Canyon, Arizona, during May and June of 1947. The primary
purpose of the tests was to determine the suitability of the P-486 and
p-46S samplers for operation under relatively difficult field con-
ditions. The conduct of the investigation, the performance of the
instruments, and the data obtained from the tests are presented and dis—
cussed in this feport.

This investigation afforded the first opportunity to make a compre-
hensive and precise study of sampling operations, with special emphasis

on an evaluation of the factors which influence the accuracy of the sam-

ples collected. 1Imcidental to the requirements of the basic study, data

were obtained which should be of general interest in the field of sedi-
ment transportation. The distribution of sediment throughout the depth
inla stream of this size has rarely been investigated. Such data, with
reépect to total concentration as well as the various sizes of sediment,

are presented in this report.
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PROGRESS REPORT
FIELD TESTS ON SUSPENDED SEDIMENT SAMPLERS
COLORADO RIVER AT BRIGHT ANGEL CREEK

NEAR GRAND CANYON, ARIZONA
I. INTRODUCTION

1. Previous tests--A few investigations of the field operation of

suspended sediment samblers of the US series have been made under the
sponsorship of the cooperative project titled "A STUDY OF METHODS USED
IN MEASUREMENT AND ANALYSIS OF SEDIMENT LOADS IN STREAMS". In general
these were preliminary tests conducted to aid in the further development
of the sampler. Some of these investigations have been reported in
npreliminary Field Tests of the US Sediment-Sampling Equipment in the
Co}orédo River Basin" and in two Progress Reports "Comparative Field
Tests on Suspended Sediment Sampleré". The data in this group of re-
ports pertain tp several types of sediment samplers, including the
US D-43 and the.US P-43, both 50-1b. samplers. The US P-43 was the
forerunner of the IOQ—lb. US P-468, and the two instruments have many
points in common.

Extensive laboratory tests of the samplers and of sampler intake
nozzles were made in conjunction with the development and calibration of
these instrumenté. Sbme of these data have been included in Report No.
5 "Laboratory Investiéation of Suspended Sediment Sample;s" and in the
forthcoming Report No. 8 "The Design of Improved Tyfes of Suspended

Sediment Samplers" published by the cooperative project. In addition

there are many unpublished ‘tests which relate mainly to the intake
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ratio, or filling charaéteristics, of various samplers and nozzles.
However, the laboratory investigations undertaken thus far have been of
insufficient scope to define the field operational behavior and accuracy
of the samplers.

The information available on the smaller US suspended sediment
samplers with attendant sampling techﬁiques was considered inapplicable
to the 100-1b. samplers. More comprehensive and detailed tests were re-
quired to properly evaluate these samplers, and to more clearly define
their limitations. A study of the electrically operated mechanism for
the P-46 sampler was particularly needed to facilitate further develop-
ment. The sediment sampling tests covered by this report were made for
the purpose of providiné specific and authentic information on the
operation of these instruments under relatively rigorous field con-
ditions. The tests were conducted at the Colorado R;ver gaging station
near Grand Canyon, Arizona, in May and June of 1947.

It is an@icipated that data of Report No. 5 "Laboratory Investiga-
tion of Suspended Sediment Samplers" may be compared with the results
of these field investigations. From Fig. 15 of that report, a 30° angle
bgtween the velocity approaching the sampler and the axis of the intake
nozzle woulq seem to have a serious effect on the accuracy of the sample
collected.  When a sampler is lowered or‘raised throudh a stream, the
velocity approaching the nozzle is the resultant of the vectors composed
of the stream velocity and the vertical rate of movement of the sampler.
Howevef, the depth-intedgrating sampler is designed to operate with a
ratio of unity between the horizontal stre?m velbcity and thé velocity

in the intake nozzle of the sampler. Within proper operational limits,

F

9
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this ratio remains very close to unity. The data in Fig. 15 relate the
resultant velocity, as @istinguished from the horizontal stream veloci-
ty, to the velocity in the intake nozzle. In order to make the data of
Fig. 15 comparable to field integration with a sampler having thg nozzle
horizontal, the relative sampling rate figures for the curves should be
divided by the cosine of the angle of deviation. Where the 30° curve
shows a sampling rate of 1.00, the corrected rate would be 1.15 cor-
responding to the same error in concentration. Correcting the 20° curve
by similar methods, and plotting the results for both curves leads to
the conclusion that the effect of angle of approach is largely, if not
entirely, the result of thé interpretation of the relative sampling rate
or intake ratio.

2. Grand Canyon gaging station--The gaging station on the Cdlorado

River at Bright Angel Creek, near Grand Canyon, Arizona, was chosen for
the site of these tests for many reasons. The velocity, depth, and
sediment content of the stream were considered suitable. Several previ-
ous tests of sediment Samplers had been made there. Sediment records at
that point dated back to 1925 and the length of sédiment record combined
with the general importance of the station made it especially desirable
from the standpoint of its prominence in the sedimentation field.

The discharde of the Colorado River during the time of these
investigations was about 50,000 sec. ft. Fid. 1 shows the stream flow
data for the period,cpvéred by these investigatiohs. The river was ap-
proximately 300 fﬁ: wide, 'and the depth varied from 22 to 26 ft. at the
point where the samples were taken. Cgble Sta. 200 near the middle of

the stream was used for all sampling. The effective point of suspension
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of the sampler was about 35 ft. above the water surface. The mean

velocity in the sampling vertical varied from 7.2 to 8.1 ft. per sec. L

Rocky walls confine the flow of the river at this site. A sharp bend in

the channel 1,000 ft. upstream from the sampling point may have in-

fluenced the flow somewhat. The stream bed was covered with sand and
fravel at all times during the tests, but there is a rocky constriction
in the channel a few hundred feet downstream. The flow in‘the river was
turbulent, consisting of a continual series of boils and eddlies. Veloc-
?‘ | ity readings obtained with the current meter showed variations during
the time of observation, and the differences between consecutive obser-
vations were frequently large. There were indications of.rapid chandes
in the bottom cohfigurations of the stream, and perhaps because of these

-fluctuations the shape of the vertical velocity curve changed rather

I rapidly. .
Tﬁis station was equipped with the usual items of stream gaging
eqQquipment including:
Colorado typé of stream gaging car on standard cableway with:
.Sounding reel of 24 in. circumference
Brake for reel
Two depth indicators operating from the reel
Angle indicator
Suspension cable
Current meters and ga}phone§
Sounding weights, hanggr bar and connector
Stop watch, thermometer, note book, measurement blanks, etec.

Records. of gage height, discharge, and water temperature, were
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obtained from the Surface Water Branch of the Water Resources Division,
U. S. Geological Survey, through the courtesy of Mr. John H. Gardiner,
pistrict Endineer, Tucson, Arizona.

3. Sediment sampling equipment--The main items of equipment which

were used for the sediment sampling procedures were as follows:
US D-43 suspended sediment sampler No. 3
US P-48 suspended sediment sampler No. 2
US P-46S suspended sediment sampler No. 1
Eight 6-volt dry batteries.of the "hot shot" type
Supply of pint milk bottles (sample containers) with caps

" Supply. of 4-ounce sample bottles (for shipping size analysis
samples) '

Assortment of hand tools
Insulated wire, battery clips, and switches

Laboratory equipment for the determination of sediment
concentration

‘Laboratory equipment for the size analysis of sediment samples.

The US D-43 sampler used in these tests was one of the earliest
models. However, the saméling characteristics of the instrﬁment should.
be the same as those of later ones. Samplers of this series weigh 50
1bs. and have no valve to control sampling. The collection of the sam-
ple continues during the time the instrument is immersed in the stream.
The US P-46 samplef, welghing 100 lbs., is designed to cdllect
samples of the suspenged sediment at any point beneath the surface of a
stream. The point samples are integrated over the duration of the tihe
of samplihé. The rate at which the sample is collected depends aiszt

entirely on the velocity in the stream at the sampling point. The
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instrument may also be used to obtain depth-integrated samples, that is,
samples collected co#tinuously over a range in depth.

The P-46 contains a valve that is powered with a clock-type épfing
which must be wound for every four or five samples. Rotation of the
valve is controlled by an electrically operated escapement. The diving
bell principle is used to equalize the air pressure in the sample bottle
with the external hydrostatic pressure prior to the start of sampling.

The US P-46S sampler used in these tests was the first of three of
a special series to be fabricated, ha&ing been completed only a few days
before being shipped to Grand Canyon for these investigations. This
sampler is identical to the P-46 in appearance and general dimensions,
differing only in the mechanism for operating the valve. The P-48S,
which was formerly desiénaied the Ué D-47 sediment sampler in Report No.
8 and elsewhere,.alloys rotation from one valve position to a second
position only. The sampler may be aséembled té integrate eithér down-
ward from the water surface or upward to the surface, fof one-way
ipteération beginning or ending at the water surface. It may be used
also for round-trip integration under the same limitations of depth anq
transit rate as the D-43, but it is not adaptable to partial integration
of a vertical. This sampler isvmuch less versatile than the US P-48,
but is simpler and requires somewhat less electric current to operate.
Both the P-48 and P-48S may be operated on the same type of electrical
circuit. The sampling charaéteristics of the two instfuments.should be
identical when used in a similar manner.

The eight 8-volt dry batteries were connected in series and used to

supply opefating current for the P-48 and P-48S samplers. Connection
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from one terminal of‘this group of batteries was made to the commutator
on the sounding'reel and from the commutator ring to the insulated core
wire in the suspension cable. The other end of the insulated core wire
was connected to the binding post éf the sampler. The return circuit
was through the sampler body, main portion of the éuspensioﬁ cable,
sounding reel, and by way of a knife switch, back to the other terminal
of the series of batteries.

The bottles, tools, and miscellaneous supplies were of the type
generally used in sediment sampling and stream gaging.

Laboratory equipment for determination of the sediment concentra-
tion in the samples was available at the Grand Canyon gaging station.
Concentration determinations were made by a method of decantation com-
bined with evaporation over a steam bath. Corrections were made for
dissolved solids. The concentrations were expressed in parts per
million of solid matter based on the dry weight of thé solid matter, and
the total weight of the sediment mixture.

The size gradations of sixty of the sediment samples obtained in
these tests were determined in the Lincoln, Nebraska laboratory of
the U. S. Geological Survey. Four samples were broken in transit to
Lincoln. The samples were analyzed by the bottom-withdrawal tube
method, distilled water being used for the settling medium.

4. Personnel--The field work on which this report was based was
performed by Russell P. Christensen, Byrnon C. Colby, Roy E. Cabell, and
Joseph W. Ravdin. LThe report was prepared by éyrnon C. Colby, Walton H.
Durum, and Robert A. Krieger, and was reviewed and edited by Paul C.

Benedict aﬁd Martin E. Nelson.
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II. OPERATION AND TEST PROCEDURE

5. Operation of the samplers—-The US pP-48 was used for 217 samples
and found to be entirely adequaﬂe for sampling under the conditions of
these tests. While there are undoubtedly possibilities for improving
the speed and ease with which the samplef could be made to operate,
still the sampier was found to be dependable, and its operatibn always
appeared consistent and reliable. Out of every ten samples, one or two
were generally spoiled by failure to wind the spring when necessary, by
using the wrong length of sampling time, or by neglecting to set the
valve properly prior to sampling. However, these difficulties tend to
di;appear with experienée.‘ The sampler spring which was of ordinary
spring steel broke once and the sampler had to be disassembled and the
spring repaired. The springs now in use are corrosion resistant and
spring trouble seems to have been eliminated. The P-48 w&s used for
obtaining about 150 samples over a period of several days without being
disassembled, cleaned, or oiled. when it was finally taken apart it was
for the purpose of demonstration and not on account of instrument
failure.

The US P-48S sampler was used to collect 82 samples but gave con-
siderable trouble. The spring with which the sampler was equipped
gradually lost its shape ;r temper or bofh. A subétitute spring nbt
made for that instrument did not fit satisfactorily. Spring trouble
with the P-48S seems to have been eliminated with the more recenf

springs installed in those samplers. The P-48S was delivered from the
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manufacturer with a winding device which was obviously unsuitable. It
was hastily repiaced with a makeshift mechanism which also proved un-
satisfactory. The windingvdevice was rebuilt again at the Grand Canyon
station, but the workmanship was not sufficiently good to give thprough—
1y reliable operation. However, it was found possible to keep the P-48S
operatiné'sufficiently to complete the tests which had been planned for
that instrument. With the exception of the spring and winding device
the sampler proved satisfactory. Samples could be taken with the P-46S
almost as rapidly as with the D-43.

No mechanical difficulty was experienced in the operation of the
US D-43 sampler. However, due to its inadequate weight the sampler
drifted downstreag excessively. Under the conditions of high velocity
and coarse sediment found a£ Grand Canyon, it was difficult to maintain
suitable transit rates while integrating depths greater than about 12
ft. The sampler is not designed to operate in stfe#ms as deep and swift

as the Colorado at Grand Canyon.

6. General test procedure--Although the ability of the samplers to

operate under the conditions at Grand Canyon was of primary importance,
a study of the accuracy of the results obtained with these samplers was
also urgently desired. To that end samples were collected under various
conditions and using a variety of depth-integration processes.

Samples were obtained May.ao, 31, June 1-4 and 8-8, 1947. In
general, the velocity'of the stream was first determined. About ten
observations of velocity were made with the current meter to define 5
vertical velocity éurve for those days on which depth-integration data

were to be obtained. Then about 10 point-integrated samples were taken
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to determine a vertical curve of sediment concentratién. The computed
velocities from tﬁese point samples were also available on which to base
a vertical curve of nozzle velocities. Depth-integratian samples were
taken in one or both directions over the whole depth or over partial
depths.

Samples with the P-48 were collected according to procedures in the
preliminary report "QOperation and Maintenance of US P-48 Suspended
Sediment Sampler". Samples with the P-48S were taken with the same type
of suspension. The P-48S was operated from the water surface downward,
or upward to the water surface. The D-43 collects a sample from the
time it enters the water until it is withdrawn. This sampler was
lowered to the desired depth, rapidly reversed, and raised back to the
water surface.

When the samplers were used to obtain depth-integrated samples, the
rate at which the samplers were raised or lowered was kert uniform
throughout the duration of any given sampling time. Since the samplers
were lowered and raised by hand, "uniform" used in this sense is only a
relative term. Because of the downstream drift of the samplers the rate
of operation of the drum was not a precise measure of the rate at which
the sampler was lowered or raised.

The sediment samples obtained were processed at the sediment labor-
atory at the Grand Canyon gaging station, with the exception of about 80
samples which were sent_go Lincoln, Nebraska for détermination of par-
ticle size.

Most of the test datg compiled in these investigations may be found

in the form of computation sheets in the appendix of this report.
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The angle or angies which the suspension cable made with the verti-
cal have been reéorded for most of the samples. For others the angles
have been computed from other observations and the basis of comparison

In many cases the

indicated on the computation sheets in the appendix.
average angles for a group of samples were recorded. The type of angle

indicator on the gaging car is probably accurate to within one degree
when observations are made over a few seconds time. However, for depth-

integrated samples, the angles at the water surface or at the stream bed

must be observed instantaneously, and that usually at a time when the
gaging car is swinging because of the rapid operation of the suspension
Such observations are open to considerable error. For that rea-

reel.
son only one average angle for a group of similar integrations was some-

times recorded, on the assumption that the over-all average was more
nearly representative of each sample than a single reading would be.
Stream velocities were obtained with a small Price current meter
which had been rated at the Bureau of Standards at Washingtpn, D. C.
Corrections to depth involved in soundings and in the placement of the
meter for velocity observations were made accordgné to "Method for Cor-
recting Soundings of Deep Swift Rivers" prepared by G. C. Stevens of the

Water Resources Division of the Geological Survey, Washington, D. C.
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III. INTAKE RATIOS

7. General comments--The intake ratio, or the relation of the

velocity in the nozzle of the sampler to that in the stream at the
sampling point, is an important index of the accuracy of a sediment
sample. Any condition which causes the intake ratio to depart from
unity may cause an inaccuracy in the concentration of sediment collected
in the sample. However, the intake ratio may usually vary several per—
cent from unity before phe sediment concentration shows any serious in-
accuracy, especially if the particles of sediment involved are of rela-
tively small size. Minor departures from ideal sampling conditions
generally show up more duickly in the intake ratio than in the sediment
concentration. The intake ratio is a convenient and sensitive indica-
tion of sampling conditions, and, therefore, can be used as a con-
venient basig for one type of study of the effect of various factors on
the accuracy of sampling.

In relating the intake ratio and thg sediment concentration of
field sampies, there may be instances in which the intake ratio for an
individual sample was apparentiy much too low, and yet the sediment con-
centration seemed unaffected. This type of sample may result if the
intake nozzle was obstructed or partly obstructed for all or a portion
of the sampling time. gohplete obstruction for part of the sampling
time mighﬁ result in a sample which was correct in concentration over
that part of the sampling period when the intake was operating satisfac-

torily. A partial obstruction of.the nozzle tip might not have any
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appreciable effect on the sediment concentration if the intake velocity
pased on the net'area of the intake remained close to unity. While any
sample which has an intake ratio differipg from unity should be con-
sidered doubtful, the concentration in such a sample is not necessarily
erroneous. In any study of samples taken in-a stream of turbulent
flow, the possible variation in velocity during the time of sampling
should be considered. The fact that a nozzle velocity was 20 percent
greater or less than that expected, would indicate that the intake ratio
varied, that the stream velocity fluctuated while the intake ratio re-
mained constant, or that the difference was made up of a combination of
the two. Ordinarily, the intake ratio will remain relatively constant
regardless of fluctuations in velocity.

8. Stream velocities from current meter observations--Velocity

observations taken with a-small Price current meter were used as the
Easis for determining the intake ratios for the various samples taken in
these tests. There were five days (May 30, 31, June 3,'4 and 6) on
which a complete vertical velocity curve was determined from current
meter observations. On June 2 a vertical velocity curve was defined for
the upper portion of the depth only. Velocity data for these days have
been plotted and tabulated on Figs. 3-8. All velocities obtained
with the current meter have been plotted with the exception of those for
June 1. The apparent change in velocity during the tests on that day
was so great that any coﬁparison of the velocities in the nozzle of the
sampler with those from the current metér would require corrections for
time, and there were not sufficient datg oh,which to base such a cor-

rection.
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The current meter observations for the Grand Canyon investigations
were made by standard methods of procedure. The observed soundings and
depths for placement of the meter were corrected for the angle in the‘
sounding line. The current meter velocities plotted on the figures will
be considered basic data. These velocities are not listed nor the com-
putations included within the tabulated data presented with this report.
The double velocity readings shown on Fig. 5 should be noted. The
velocity readings on this plate were taken in duplicate, and the read-
ings were consecutive at each depth. An observation extended over
approximately 50 sec. The variation in velocity over consecutive 50-
sec. intervals was as great as 7 percent. Obviously this would indicate
a much éreater probable variation between the 8- or 10-sec. intervals
which make up the usual sampling time.

When the sampler was being~used for depth-integration, the observed
stream velocities required a correction for the downstream drift of the
sampler in order to make the observed figures egual to the vélocity past
the sampler nozzle. The angle in the suspension line to the samplef was
changing almost constantly during the process of depth-integration. The
aﬁgle was 0° at the moment the samp}er touched the water géing downward;
the angle was perhaps 18° byrthe time the sampler reached the strean
bed. Several forces whiéh infiﬁence this angle are indicated to some
extent in "Method for Correcting Soundings of Deep Swift Rivers". The
corrections made here are derived from data in that.booklet, which data
were Eased on severai'simplifications of actual conditions, but are
probably accurat; enough fér the ?resent_purpoge. Actually, in depth-

integration, the effective weight of the sampler is altered by the
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resistance of the w;ter to the vertical movement of the sampler; the
yelocity agains£ the sampler and suspension line varies as the sampler
drifts downstream, or is towed upstream during integration; and the
effective weight of the suspension line changes'with differences in
angles and rate of movement of the line which alter the drag ana uplift
on the line. A complete analysis of the changing forces with respect to
various positions of the sampler suspension is beyond the scope of this
rebort.

The magnitude and seriousness of this correction might be more
readily grasped from the consideration of a concrete instance. Assume
the sampler enters the water diréctly bene;th the suspension point but
drifts downstream until the suspension line makes an angie of 15° (a
very conservative fiéure) with the vertical when the sampler reaches a
point 20 ft. below the water surface. With the point of suspension 35
ft. abo?e the water surface, when the angle.becomes'lso the line enters
the water 9.4 ft. downétream from the point directly underneath the sus-
ﬁension. See Fig. 2. 1In addi£ion the sampler is 2.7 ft. downstream
from the point at which the line enters the water. The sampler is then
12.1 ft. downstream from the point of suspension. If a sampling time of
8 sec. elapsed during the downward integration, and the average stream
velocity for the 20 ft. of depth was 7.0 ft. per sec. then a total flow
of 58 linear ft. would have passsd the sampler nozzle if the sampler had
not drifted 12.1 ftﬂ downstream. However, the actua} flow past the
sampler nozzle was only 58 minus 12.1 or 43.9 linear.ft. The average
velocity past the sampler nozzle was then 43.9 divided by 8 or about 5.5

ft. per sec. If the sampler were used to integrate upward from the



28 : Section 8

20-ft. depth, the sampier would be drawn upstream. - It might be expected
to emerge from tﬁe water about 4 ft. downstream from the suspersion
point. It would therefore be drawn 8.1 ft. upstream. For an 8-sec.
duration of the upward sampling trip; the lihéar flow past the intake
nozzle would be 84.1 ft. 1In this case the velocity past the nozzl;
would be about 8.0 ft. per sec. The correction for a round-trip sample
composed of the downward and upward integration would have been made
6nly on the basis of the net downstream'drift of 4 ft. If the sample
had been taken over the 16-sec. period, the linear flow past the nozzle
would have been 112 minus 4 or 108 ft. The velocity past the nozzle
would have been 108 divided by 18 or 8.75 ft. per sec. Even this devia-
tion from the assumed mean velocity of 7.0 ft. per sec. is large enough
to be significant.

The stream velocities for June 3 and 8 were.corrected for a change
in velocity with time during the sampling day. The change in velocity
was computed on the basis of the change in the me;n velocity determined
from the morning and afternoon nozzle velocity curves. The current
meter velocities were considered to have the same rate of change with
"time as shown by the nozzle velocities.

The corrected velocityfwas based on the observed current meter
velocity corrected for the downstream drift of the sampler, and on June
3 and 8 éorrected also for the change in velocity with time.

The vertical velogi£y cﬁrves are quite irregﬁlar in shape. The
bottom of the stream was probably chénging during the time of some of
these tests. On June 4, the depth was 22.3 ft. in the morning, and 28.0

ft. in the afternoon. There was a major change in the vertical velocity
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curve attendant upon this change in depth. However, this change appears

to have oecurréd subsequent to the completion of most of the tests for
that day. The velocity curves seem to have been changing during the
¢ ime over which the tests were made on June 3 and 6. On these days the
velocities have been considered as changing uniformly with time from the
start of operations until the end. The change has been assumed of equal
pumerical value from the surface to the bottom of the stream. Actually
the change was perhaps more nearly a percentage correction to the morn-
ing curve. The corrections made for the change in velocity with time
are obviously only approximations, but the available data do not justify
greater refinement.

The shape of individual vertical velocity curves may have been
influenced by fluctuations in velocity which extended over relatively
long periods of time. Each observation made with the current meter
covered an interval of about 50 sec. Observations were taken as rapidly
as possible beginning at the stream bed and working upward. Some of the
fluctuations in.velocity probably extended over periods longer than one
velocity observation, and for that reason may have given a deformed
shape to the resulting vertical velocity curve. |

The study of intake ratios for this investigation has been based
mainly on bthe data for the six days on which vertical velocity curves
were defined by current meter velocities. The vertical velocity curves
were based on current’méter observations at the mid—poin@ of each tenth
pf the stream depth. The current meter observations Were’generaliy

followed by a set of point-integrated samples taken at the same depths

&8s the current meter velocities. These point samples were followed by
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d;pth—integratedlsamples collected in various ways. At the end of the
sampling day, about five more point-integrated samples were taken at
points distributed throughout the depth of the stream. Oon June 4, addi-
tional current meter observations were. made at the end of the day to
substantiate the velocities shown by the point sampleé.

9. Nozzle velocities based on point samples—-The velocity of flow

in the intake nozzle was computed for each of the sediment samples. The
computation was based oﬁ the volume of the sample, the time during which
it was collected, and the cross-sectional area of the nozzle. The vol-
ume of the sample in cubic centimeters was considered numerically equal
to the weight of the sample in grams. This relation would be true of
pure'water at maximum density. However, at the water temperature of
these tests, pure water would be at less than maximﬁm density; but the
presence of sediment in the sample would tend to méke_the mixture
heavier than pure water. The error in the conversion of weight to vol-
ume appears to be about 0.1 percent and will be neglected.‘

The nozzle veloéities of the point-integrated samples were usgd to
define vertical curves of nozzle velocity in relation to depth. If the

velocities in the nozzle for the morning and afternoon samples did not

show any definite difference, all were used to determine one daily

curve. If the afternoon samﬁles indicated a significant differernce,
separate vertical velocity curves were based on morning and afternoon
samples. On June 3 and 8, the two days on whiéh such a difference
appeared, the rate of change in velocity with time was determined from
the spread between the morning and afterncon curves. This rate of

change was applied to current meter and to point sample velocities
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pefore using them as a basis for comparison with other samples.

No detailed.discussion of the d;ily velocityvdata presented in
pigs. 3-8 will be attempted. A stud& of these plates will indicate
how the daily velocity curves have been determined, and will also show
that an occasional observation hés been disregarded. A careful inves-
tigation'of these figures will reveal the variations in individual
observations, and will indicate the probable range in errors which enter
into the computations based on individual samples or on group averages.'

The types of information presented on the daily velocity curves
will be discussed briefly. The daily plates show all the current meter
and point sample velocities on which the curves were based. The veloci-
ty from the morning curves is tabulated for each tenth of the depth of
the stream for both thé current meter and the point sample curves. The
legend includes the approximate mean time for the observations on which
each éurve was based. The computations along the lower portion.of the
plates are largely self-evident. The current meter mean corrected for
time consists of the current meter ﬁean velocity takeh from the curve,
and corrected on the basis of the time shown along the bottom of the
tabulation. This correction on the basis of time, applies only to those
days on which the morning and afternoon point samples indicated a change
in velocity during the sampling day. When groups of depth-integrated
samples were taken in a similar m;hner, the current meter velocity for
the group was corrected for the downstream drift of the sampler on the
basis of the average angles of the sounding line, and the average time
Qver which the samples were taken. The point sample mean corrected, is

the point sample mean velocity from the vertical velocity curve, with
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corrections for changes in velocity with time and for changes caused by
the downstream drift of the sampler. The ratio of the average nozzle
velocity for the group of samples to the current meter mean velocity
corrected, and to the point sample mean corrected, has also been shown.
The transit rate for a group of samples is the average rate of vertical
movement of the sampler. The figure was obtained by taking the depth
over which the samples were integrated and dividing by the average
sampling t;me for the group; This transit rate was divided by the cur-
rent meter mean velocity corrected. The result was the ratio of the
vertical transit rate of the sampler to the stream velocity past the in-
take nozzle. The time recorded along the bottom of the table is the
mean time for the observations in the group. The times for two groups
may be almost identical because the samples in the two groups were
intermixéd. The aBreviations nsb" for stream bed and "ws" for water

surface have been used.

No attempt will be made to analyze the differences or correlate the.

discrepancies shown on the daily data, other than to point out the pres-
ence of rather extreme variations in the individual velocity_observa—
tioné.

Fig. 9 is presented as é summary of the data which relate most di-
rectly to the comparison of cufrent meter énd point sample velocities.
The shapes of the average curves appear quite regular and normal. The
daily curves show marked(variationé. The average intake ratio for the
point samples was vefy close to unity near the water surface. However,
the ratio gradually decreased with an increase in depth until it was

only about 0.92 near the stream bed. The mean velocity from the averacge

o

'
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curve for the current meter was 7.74 ft. per sec., while that for the
point samples waé 7.57 ft. per sec. These figures indicate an averéée
intake ratio of 0.98 for the point-integrated samples. This is a very
satisfactory average ratio. Ho#ever, the ratio of 0.92 near the stream
bed is low enough to indicate an appreciable error in sediment concen-
tration in the point samples taken near the bed of the stream.

10. Effect of depth-integration on intake ratios--The vertical

movement of the sampler during depth-integration might be expected to
influence the s;mpling characteristics of the instrument. One of the
most important problems involved in depth-integration is the determina-
tion of the effect of the vertical movement on tge relation between the
velocity iﬁ the nozzle and that in the stream at the sampling point.
The Grand Canyon data Qill next be analyzed in an attempt to evaluate
this effect.
| A breakdown of the intake ratios for various divisions of the
depth-integrated samples might be made on the basis of direction of
integration, instrument, size of nozzle, relative transit rate, etec.
However, the smaller divisions would consist of so few samples as to be
inconclusive, and perhaps misleading. The average intake ratio.for some
‘of the kinds and variations in integration procedure used at Grand
Canyon are presented in Table I. A few of the more inconsistent depth-
1nte§rated samples were not used in determining these average intake
ratlos, The discarded‘sémples have been indicated on the computation
sheets in the appendix.
Perhaps the most significant differepce shown by the intake ratios

is that between the ratios obtained when sampling downward and those
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! TABLE I
: SUMMARY OF DATA FOR DEPTH-INTEGRATED SAMPLES -
B
OPERATION No. AVERAGE RATIOS )
i SAMPLES INTAKE* CONCENTRATION]
1
Samples depth-integrated with P-46 and P-L6S 128 0.98 1.00
Integrated downward 52 1.04 0.99
. Integrated upward 66 0.94 1.01
, Integrated round trip 10 1.00 1.06
; Integrated over full depth 63 0.99 1.00
Integrated downward 24 1.07 1.00
Integrated upward 39 0.94% 1.00
Integrated over partial depth 65 0.97 1.01
Integrated downward 28 1.01 0.98
Integrated upward 27 0.92 1.02
Integrated round trip 10 1.00 1.06
Samples depth-integrated with P-L6 T2 0.99 1.03 |
i Integrated downward 31 1.0k 0.99 :
Integrated upward ) 31 0.93 1.05 !
Integrated round trip 10 1.00 1.06 |
Integrated over full depth 26 1.02 1.03
Integrated downward 13 1.10 0.98 :
Integrated upward 13 0.94 1.07 .
Integrated over partial depth 46 0.97 1.03 ;
Integrated downward 18 1.01 1.00 i
Integrated upward 18 0.93 1.0k4 La
Integrated round trip 10 1.00 1.06 i
samples depth-integrated with P-46S, 3/16-in. noz. 28 0.95 0.97 ;
Integrated downward 10 0.97 0.97 ]
Integrated upward 18 0.94 0.97 !
Integrated over full depth 19 0.95 0.99 :
Integrated downward 5 0.95 1.02 ;
Integrated upward . 1L 0.94 0.98
Integrated over partial depth 9 0.96 0.94
Integrated downward 5 0.99 0.93
Integrated upward ) L 0.92 0.95
Samples depth-integrated with P-46s, 1/8-in. noz. 28 0.99 0.98
Integrated downward 1 1.08 1.00
Integrated upward 17 0.93 0.97
Integrated over full depth - 18 1.01 0.98
Integrated downward ‘ 6 1.12 1.04 -
Integrated upward 12 0.95 0.96
Integrated over partial depth 10 0.96 0.97
Integrated downward 5 1.0k4 0.95
Integrated upward 5 0.88 0.99 :
T
Samples depth-integrated with D-43, 1/8-in. noz. 12 1.hh 0.86 <
Integrated over full depth 9 1.50 0.84
Integrated over partial depth 3 1.25 0.91 ‘

* Computed on basis of horizontal stream velocity.
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obtained when sampliné upward. This difference appears to be about 10
percent.

The intake ratios for upward integration generally check each other
very closely. The possible exception is the low ratio on June 2 for the
five P-4BS samples integrated upward dver a partial depth using a 1/8-
in. nozzle. The same relation does not show up on tﬁe samples inte-
grated over the full depth, so the probability is that the difference
shown on June 2 is not significant. Table I seems to indicate that an
intake ratio 6f 0.94 was about normal for upward integration under the
conditions at Grand Canyon.

The intake ratios for downward integration show greater varia-
tions than those for upward integration. fhe ;elatively high intake
fatios shown by the sahples taken with the P-46 on May 30 and 31, and
with the P-48S with 1/8-in. nozzle on June 6, are among the more obvious
discrepancies. The relative transit rates for these series of samples
were near the theoretical maximum permissible as determined'by equation
(5) of Report No. 8. (The relative transit rates for several groups of
depth-integrated samples, including those referred to above, are shown
on Figs. 3-8.) The rates for the downward integration of the P—46 on
May 30 and 31 were 0.43 and 0.42 respectively, against a theoretical
maximum of 0.40; and the value for the P-46S with 1/8-in. nozzle on June
8 was 0.17, compared to a theoretical ma;imum of 0.18. Because these
transit rates are the averages for a group of samples,_the theoret-
ical maximum values were probably seriously exceeded on some samples.
Furthermore, these theoretical values are for non~turbulent flow:.

The rather turbulent flow at the Grand Canyon no doubt resulted in
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instantaneous transit rates much higher than the average. The results
listed above seem to check the fact that these limiting downward transit
rates are effective, and that the result of high transit rates begins to
appear at these limits. An intake ratio of 1.09 would be fairly repre-
sentative of the intake ratios for downward integration on the three
days mentioned. The downward integration of all partial depths and the
downward integration over the full depth on June 8 with the 3/16-in.
nozzle were within the accepted limits of transit rates, and the intake
ratios from those samples should be comparable. The average intake
ratio for downward integration for these samples was 1.00.’ The most
obgious criticism of this value is that it may be slightly low because
based on figures for Jung 2 and 6 when the'relatién between the current
meter and the point samples indicated that ﬂhe intake ratios obtained
might be slightly low.

In studying the effect of the integration process on the intake
ratio, primary consideration might be given to those samples'taken with
the p-46 sampler, because that instrument was used for both point-
integrated and depth-integrated samples. The depth-integrated samples
taken with the P-46 have been given somewhat more weight than samples
taken with the P-48S, but theﬁdifference between the two samplers seems
very small.

The average intake ratio for the point-integrated samples has been
previously given as 0.98. The avqraéé for the depth-integraied samples
taken with the P-48 and p-48S is also 0.98. After attempt'ing to ap-
praise these figures and those for.the,upward and downward integra-

tion, the foilowing deductions have been made. The vertical transit of
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the samplers during downward integration probably increased the intake
ratio about 4 pércent, while upward integration decreased the intake
ratio about 4 percent. These figures are based on integration within
accepted limits of relative transit rates. The ratios were computed
from the corrected horizontal velocity of the stream. For downward
integration the sampler probably rides nearly level and these figures
are in no way questionable. If on upward integration the sampler is
assumed to tilt upward along the resultant of the horizontal velocity
and of the vertical movement of the sampler, the actual intake ratio for
upward integration under the conditions at Grand Canyon would have been
from 5 to 8 percent less than that for the point-intedrated samples. It
seems probable on the basis of experience at the David Taylor Model
Basin that the samplef does £ilt upward in this way.

The differences between the P-46 ahd the P-46S with the 3/16-in.
pozzles were very small. The result with the 1/8-in. nozzle operating
upward over partial depths was obtained from only five samples. ‘There
is no apparent reason why these should have a low intake ratio. Prob-
ably the intake ratio for the 1/8-in. nozzle operating upward should be
taken as the average of all samples taken upward, which would give an
average ratio of 0.92 for the 1/8-in. nozzle operating upward and cor-
rected as indicated.

There remains the matter of depth-integration on a round-trip
b§sis. Ten such samplqs Qere taken with the P-48 on June 3, each sample
consisting of both a downward and an upward integration taken contian
Ously over the same range of depth. For the round-trip integration

covering the lower half of the depth, the first sample was collected
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from the mid-point'of the depth down to the bottom and back up to the
mid-point again; the second sample was taken from the'bottqm up to the
mid-point ana back to the bottom again. The average intake ratio for
all of the ten round-trip samples with the P-46 sampler was 1.60. There
is no reason to believe that these samples were not satisfactory. An
analysis of the transit rates at which the sampler was raised and low-
ered would show that most of the transit rates were well within accept-.
able limits. It was impossible to integrate over the entire depth on a
round-trip basis with the P-46 or P-46€S. Such integration was attempted
with the P-46S with the 1/8-in. nozzle, but the limitations of the oper-
ator and equipment were such that the 100-1b. sampler could not be low-
ered and raised at ahy uniform rate which was fast enough to traverse
the total depth before the sample bottle was completely filled. Round-
trip integration with the P-46 or P-48S should give results equivalent
to a ‘combination of an upward and a downward sample. The intake ratio
f§und for the 10 samples integrated on a round-trip basisvis'about 1 or
2 percent higher than an average of upward and downward integration
would indicate. One of the 10 sémples was responsible for p;actically
all of.this excess.

Twelve usable samples wé;e taken with the D-43 sampler with a 1/8-
in. nozzle. This sampler was light enough to be moved faster than the
other samplers, but had the aisadvantage that all samples taken with it
had to be integrated on a round-trip basisbfrom ihe surface of the
stream downward and back to the surface again. Nine saﬁplgs were coOl-
lected with the D-43 integrating over the complete depth of the stream.

The average intake ratio for these Q‘was 1.50. The relative transit
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rates for these samples were excessive. It should be noted that al-
though the samplér was lowered and raised at a uniform rate of speed,
the relative transit rate for downward integration was much greater than
that for upward integration. The downstream drift of the sampler was
responsible for this difference. These samples emphasize the effect of
high relative transit rates, and show that average transit rates, uncor-
rected for the downstream drift of the sampler may be very misleédiqg
when applied to round-trip integration. The lower average intake ratio
(1.25) for the three samples integrated over the partial depth probably
reflects the influence of the lower, but still excessive, relative
transit rates applying to these samples. Those samples taken over the
partial depths could have beep integrated at fairly satisfactory transit
rates if longer samplihg times had been used. The integration of the
entire depth of the stream on a rouné—trip basis would be impossible
without the use of excessive transit rates;

The results obttained with the D—43‘sampler‘show that the limita-
tiors on allowable relative transit rates must be respected regardless
of the physical possibility of exceeding those limits. Of course the
D-43 is inadequate for integration of the complete depth of the stream
at Grand Canyon when the flow is 50, 000 sec. ft. with a depth of over 20

ft. and a mean velocity in the vertical of about 8 ft. per sec. as it

¥as not designed for such conditions.

Nozzle velocities obtained on June 8 cannot be'reduced to the same

'ype of intake ratio discussed above, because no current meter veloci-

ties were taken on that day. The data of.June 8 are discussed briefly

In Section 17,
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IV. SEDIMENT CONCENTRATIONS OBTAINED IN SAMPLES

11. Accuracy of point-integrated samples—--The most important con-

sideration in connéction with these instruments is tye degree in which
samples taken with them represent the sedimernt content of the stream.
Before this feature may be investigated, the sediment content of the
stream must be known. The only available means for determining the
sediment load in the Colorado River at Grand Canyon involved the use of
the instruments under investigation. The first problem in this study of
sediment concentrations was the evaluation of the accuracy of some of
these samples as a basis of comparison with other samples of more deubt-
ful nature.

Theoretical considerations and laboratory tests support the-hypoth—
esis that the presént types of US samplers sample accurately as long as
the intake ratio is unity and the nozzle is pointing directly.into the
approaching flow. (See Report No. 5 "Laboratory Investigation of Sus-
pended Sediment Samplers” publisked by the cooperative project.) These
conditions were fulfilled at Grand Canyon during the collection of
point-integrated samples takeﬁ”near the stream surface with the P-48
sampler. However, the intake ratio was as low as 0.92 ﬁear the bottom
of the stream. From Fig. 13 of Report No. 5, the error in concehtration
near the bottom for a velocity of 6.5 ft. per sec.-woﬁld be about plus
2.0‘percent. The 0.15 mm. sediment size given in Fig. 13 is roughly
equivalent to the effective size of sediment obtained at Grand Can-

yon. On the basis of the average curves of current meter velocity and
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velocity in the intake nozzle, the error in concentration in the point
samples taken neaf mid-depth would be very small, perhaps in the nature
of plus 0.5 percent. A study of these two curveé and the concentration
corrections corresponding to various intake ratios, indicates that the
concentrations in the point samples probably averaged about 0.8 percent
high as a result of the low intake ratios.

One other possible source of error in the sediment concentrations
obtained from the point samples is the possibility of an accumulation of
sediment in the sampler nozzle prior to the opening of the intake below
the water surface. 1In an attempt to evaluate this error, the sampler
was allowed to remain at the sampling point for 15 sec. after sampling
ceased on each of the point samples which were taken on the morning of .
May 30. At the end of tﬁe 15 sec., the sampler was raised as rapidl& as
possible. The contents of the sampler nozzle were drained into a com-
posite sample for the 11 point samples taken on the morning of May 30.
The same procedure, except with a 30-sec. delay, was used.for the 10
point samples on the morning of May 31. The average concentratibﬁ for
the 11 samples of May 30 was 4850 p.p.m. based on the results of 10 sam—
ples (oné bottle was broken), while the average concentration for the 10
samples of May 31 was 4200 p.p.m. The concentration in the composite
sample for May 30 was 5570 p.p.m. while that in the composite sample for
May 31 was 7750 p.p.m. The excess concentration in the nozzlekdrainings
was 920 p.p.m. for the 15-sec. delay, and 3550 p.p{m. for the 30-sec.
delay. These figurgs-may be combined to indicate an excessive concen-
tration in the composite samples of 1490 p.p.m. for a 15-sec. deiay.

The nozzle drainings averaged about 2 cc. per sample. On the basis of a
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350-cc. sample, the‘inclusion of one nozzle draining would increase the
concentration in the sample by 8 p.p.m. This would amount to an excess
.of about 0.2 percent for the 15-sec. delay, or about 0.4 percent for a
30-sec. delay.

The accumulation of sedimen£ in the noizle prior to sampling was
also studied from another angle. On June 1 and 7, samples were taken at
each of two depths in the stream. At each depth, a set of five point
samples was obtained by the usual method of lowering the P-46 to the
predetermined depth and taking a normal point sample as soon as possi-
ble. Intermixed among the five standard point-integrated samples were
others taken as follows: The sampler was lowered to the given depth and
left in place for 30 secs. then a sample was taken for about 2 secs. and
the sampler closed; the sampler was left in place for 30 secs. opened
for o secs. and closed; this procedure was repeated until fouf or five
samples had been accumulated in one bottle, each of these samples being
preceded by the stated delay. The same process was followéd'for delays
of 80 and 120 secs. The average concentration based on the five normal

point-integrated samples was used as a standard of comparison. Presum-

>ably the errors in any one of the cumulative samples taken on June 1

would be five times that of a single sample taken following the same de-

lay, while on June 7 it would be four times that of a single sample tak-

en following the designated delay. In analyzing the results a process

of graphically averaging the sample data was used, and it was assumed

that the error in concentration accumulated in proportion to the length
of the delay preceding the sample. See Fig. 10 for a plotting of these

data. Indicated errors in percent for the four different depths and

&
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30-sec. delays are:

June 1 VO.15 depth plus 4% for five accumulations
June 1 0.85 dépth plus 8% for five accumulations
June 7 0.80 depth plus 5% for four accumulations
June 7 0.92 depth plus 0% for four accumulations

This shows an average error of about plus 0.8 percent for one sam-
ple taken following a 30-sec. delay. A 15-sec. delay would be about the
average time required to place the sampler before taking the point sam-
ples reported herein. It seems reasonable to assume that the errors in
the concentrations of the point samples averaded about plus 0.4 percent
because of the accumulation of sediment in the sampler nozzle prior to
sampling.

The above treatment of the errors resulting from accumulation of
sediment in the nozzle is obviously not conclusive. There is consider-
able evidence to show that the fluctuations in sediment concentration
near the bottom of the stream were large enough to give debeptive re—
sults in this comparison of errors. The data for the 0.92 depth on June
7 probably showed no correction because on that day three of the normal
samples were taken consecutively, and all three were high in concentra-
tion. At other times consecutive cumulative samples appeared to have
too high concentrations. The indicated correction to the point samples
for accumulation of sediment in the nozzle prior to sampling has been
determined as 0.2 perc;ﬁt by one method and 0.4 percent by another
method. The agreement is not éntirely satisfactory, but inasmuch as the‘
acpual quantities involved are small, the value of 0.4 percent has been

chosen as the more logical value for use in this report.
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A combination of the corrections indicated by the intake ratios and
by the accumulation 6f sediment prior to sampling, leads to the follow-
ing conclusion. The sediment concentrations obtained in the point sam-
ples taken at Grand-Canyan are probably very slightly high near the
water surface; about 1.0 percent high at mid-depth; and about 2.5 per-
cent high near the stream bed.  The average corfection applicable to.
these samples would then be about minus 1.2 percent. A correction of
1.0 percent will be considered during discussion of the concentrations
in the samples, but it has not been appligd to the actual figures listed
in fhe repbrt.

12. Distribution of sediment with depth--Figs. 11-17 show the

individual concentrations obtained from the point samples of May 30, 31,
June 2, 3, 4, 8, and 8. Also shown are curves of the vertical distribu-~

tion of sediment concentration with depth. Curves giving the value of

the product of the current meter velocity and the concentration are

shown for the data from the morning samples of each day for which such
information is available. These latter curves indicate the relative
quantities of sediment ﬁransported at the various depths in the stream.

Some tabular data have also been included on tﬁese figures. Thé
concentrations at the mid-point of each tenth of the depth have been
listed from the concentration curve based on the morning samples. The
same information has been shown for the concentrations in the afternoon
with the exception of June’4'and 8. On June 4 the chahée to the after-
noon curve appears to have occurred subsequent to the completion.of
most, if not all, of the depth-integrated sampling. On June 8’the

afternoon samples were averaged with those taken in the morning.
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Fig. 18 shows ail the morning curves of sediment concentration.
This plate is pfesented to facilitate the study of the daily variations
in the concentration curves. A concentration curve which is an average
of the daily curves is also given. A curve which represents the product
of the average concentrations multiplied by the average velocities from
Fig. 9 is also shown. This curve gives the relative quantities of sedi-
ment transported at the various depths, based on average conditions dur-
ing the time of these tests.

13. General relation between depth- and point-integrated samples—--

The concerntration for each depth-integrated sample has been shown at the
bottom of Figs. 11-17. These have beern divided.into the groupings which
seemed most logical on the basis of‘the purpose for which the samples
were taken. The average conce;tration of the group has been computed.
The concentrations for a very few samples have been omitted from the
averages because the intake ratios indicated that something was defi-
nitely wrong with the samples.

Whenever the samples within a group were similar enough to be di-
rectly comparable, the corresponding concentration was computed from the
point sample data as follows: The concentration was first taken from
that portion of the morning concentration curve over which the samples
were later depth-integrated; this concentration was then corrected to
the time of the group of depth—integrated‘samples. The mean time for
the group is shown at the bottom of the plate. The concentration cor-
rection based on time was computed, assuming that the change in concen-

tration between the mean for the morning curve and that for the after-

noon curve occurred at a uniform rate between the times at which the



R SO

44 ' Section 13

samples defining the curv;s were taken. The actual change probably was
anything but a uniform one,_but there seems to be no other logical
assumption to make.

The ratio between the average concentration for a group of depth-
integrated samples and that based on the point samples is shown for each
group for which such a comparison seemed justified. The relative trans-
it rates applying to each group of depth-integréted samples have been
included for comparison.

A summary of the ratios of the concentrations from the depth-
integrated samples to those from the point samples is included in Table
I on page 32 under the heading "averade ratios - concentration”. The
ratio for individualvdepth-integrated samples may be found on the compu-
tation sheets in the appendix. This rétio of the concentration in a
saﬁple to that shown by the point samples, which is the best indication
of how accurately the sample reflects the concentration in the‘stream,
has been called the "concentration ratio”. The data in Table I show the
average concentration ratio based on all samples which fall into the
operational division indicated; A few samples have been omitted because
these did not have both a satisfactory intéke ratio and a satisfactory
concentration ratio. A detailed study of the omitted samples may be
made from the computation sheets.

The average concentration ratio for all samples depth-~integrated
with the P-48 and P-48S s?mblers shows that the concentrations deter-
mined from the point samples and from the depth-integrated samples were
very nearly the same. .This'does not mean, however, that the movement

of the samplers duringydepth—integration had no effect on the sampling
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efficiency.

14. Accuracy of samples integrated downward--The concentrations

for the point samples have previously been determined to be about 1.0
percent high. Therefore, the depth-integrated samples should show rela-
tive concentrations of about 0.99 in order to duplicate the concentra-
tions in the stream. This value obtained for the downward integration
samples at Grand Canyon. The intake ratio for downward integration was
a very few percent over unity. The evidence suggests that the P-48 or
P-46S suspgnded sediment samplers integrating downward undér the condi-
tions at Grand Canyon and operating with an intake ratio from 1.00 to
1.05 gave very satisfactory results.

Perhaps the best comparison of depth-~ and point-integrated samples
would be obtained by using only the figures for tﬁe P-48 because that
was the instrumenﬁ used for the point samples. As far as downward inte-
gration is concerned, the P-46 alone gives practically the same answer
as both instruﬁents studied together. The ratios for the p-éss sampler
appear to be more erratic than those for the p-46, but this is mainly,
if not entirely, due to the smaller number of otservations taken with
the P-48S. When the variation in concentration of the individual sam-
Ples, and the magnitude and uﬁcertainty of the corrections to the point
sample data are considered; the presence of some discrepancies in the
average ratios would be expected, especially in those based on a very
few samples.

15. Accuracy of samples integrated upward--The samples taken with

the P-46 may be the best indication of what actually happens on upward

integration, not only because the P-48 was the instrument used for the
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point samples, but mainly because there was a better balance between
samples integrated upward and those integrated downward with this in-
strument. The P¥4GS sampler requires a major change in the mechanism to
alter it for operation in the opposite direction. For that reason, all
the upward integration was usually finished before any of the downward
was taken. The comparison of the upward and downward integration was
therefore dependent upon the correction of the concentration based on
time. Moreover, the P-468S sampler was operated upward on two days on
which there are no comparable figures for downward integration.

The concentration ratios for the P-46 indicate a greater difference
~in the upward and downward integration than that shown by the entire
group of upward and downward samples. The concentrations in samples
integrated upward appear t§ be excessively high. Even discounting the
effect of the high ratios on June 3, the upward integration shows con-
centration ratios of about 1.04, which is considerably higher than the
average for all samples integrated upwargd.

Because of this disturbing indication, a study was made of upward
integrated samples for which comparable downward samples were available
for comparison. The results indicated a concentration difference of 5.0
percent between the upward and d;wnward integration, using only those
samples collected at acceptable tranéit rates. A representative concen-
tration ratio for upward integration'of all samples should probably have
been a little higher than the'l.Ol shown in Table I. Howevér, the value
1.05, given for upward integration with the P-46 is possibly high. A
concentfation ratio of 1.03 based on comparison with the concentrations

from the point samples would perhaps be most typical of the samplers
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operating upward under the conditions at Grand Canyon. Remembering the
correction applicagle to the concentrations from the point samples, ihe
samples integrated upward under the conditions at Grand Canyon might be
expected to show sediment concentrations about 4.0 percent greater than
those in the stream.

Two sources of such an error have already been-discussed in this
report. The accumulation of sediment in the nozzle prior to sampling
was credited with increasing the sediment concentration in a point sam-
ple by 0.4 percent. The intake ratio for upward integration averaged
about 0.94. From fig. 13 of Report No. 5, the error caused by this in-
take ratio at a stream velocity of 7.5 or 8.0 ft. per sec. would be
around 2.0 percent. During upward inﬂegration the samplers . may have
tilted upward somewhat, fhen the average intake ratio for upward inte-
gration would be perhaps 0.91 and the error caused by the low intake
ratio would be about 3.0 percent. The sum of these two corrections is
3.4 percent, which approximates the 4.0 percent excess of COﬁcentration-
believed to Be preseni in the upward samples.

There remains one other possible source of discrepancy between the
concentration of samples integrated upward and that for point-integrated
samples. Although the accumulation of sediment in the intake nozzle
prior to sampling has alreaéy been considered, it was discussed only for
an instrument suspended above the stream bed. There is the possibility
that a sampler resting on the stfeam bed might accﬁmulate additional
sediment by picking up bed load or saltation load which may be present
either due to the normal high concentratiops of coarser material, or due

to abnormal concentrations of moving material created by the disturbance
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of the sampler. The data obtained at Grand Canyon are not sufficiently
precise to establish the presence or absence of such an error.
The errors involved in upward integration with the P-48 and P-46S

are not very large; Much, if not most, of the total error is the result

of the low intake ratios found on upward integration. The use of a sam-
pler, or sampler nozzle, constructed to give higher intake ratios might
be an improvement. However, when allowed a choice of direction of inte-

gration the use of downward integration is preferable.

3 186. Accuracy of round-trip integration--On June 3, 10 P-48 sampleé
o were integrated over a portion of the depth on a round-trip basis.
These show an average concentration ratio of 1.08, which indicates an

excess concentration of about 7.0 percent over that in the stream. How-

-

ever, as has been pointed out, the ratios on June 3 were all high. The
a#erage concentration ratio for downward integration of 10 samples on

that day was 1.05; for 10 samples integrated uanrd the average concen-

tration ratiovwas 1.07; and the average for the 10 integrated on a
roﬁnd—trip basis was 1.06. These round-trip samples were not only inte-
grated in both directions to cémprise one sample, but the round-trip
integration was begun at the bottom of the depth to be integrated for
the first sample, and at the top for the next sample. The indications

are that the round-trip 1n£egration gives concentrations equal to that

which would be given by a combination of an upward and a downward -

sample.

-
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A few samples were collected with the D-43 sampler operating over

the full depth of the stream. The sediment concentrations in all these
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samples were low. This would be expected because of the very high
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intake ratios for these samples. Most of the error in concentration
probably resulted directly from these intake ratios. Such data as that
of Figs. 13 and 168 of Report No. 5, indicate that the error in concen-
tration due to an intake ratio of 1.50 (for a 1/8-in. nozzle and mean
velocities over 7 ft. per sec.) would be about 12.0 percent negative.
The error actually observed was 15.0 percent negative. Whether the
extrapolation of corrections is inexact at thesé extreme departures from
normal sampling, or whether there is some effect of the angle at which
the flow approaches the nozzle, is impossible to tell from the meager
data available.

Four samples were collected with the D-43 operating over part of
the depth\of the stream. Of these oné was obviously erroneous. The
average concentration obtained from the other 3 is almost precisely that
which would be expected from the intake ' ratio for those samples.

The important result of these tests of the D-43 suspended sediment
sampler is to emphasize the control exerted by the intake rétio on the
accuracy of sediment samples collected. While the presence of an intake
ratio of approximately unity might not guarantee exact sampling with the
D-43, still thece tests suggest that the sampling would be quite accu-
rate if the intake ratio were near unity. The difference in relative
transit rates for the D-43 on upward and downward integration shows the
effect of the doﬁnstream drift of the sampler, and indicates the lack of
uniformity of operation which results under such conditions.

17. Miscellaneous samples~-On June 4, 5 P-46S samples were inte-

§rated over the complete depth. These samples were so taken because

the P-48S failed to close at the bottom of the stream after a normal
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downward integration from the water surface to the stream bed. The sam-
Ples were kept as an indication of the errors to be éxpected when the
sampler continues sampling after the sample bottle has become practical-
ly full. The average concentratibﬁ ratio for the 5 samples was 1.22, on
"a day when most of the concentration ratios were slightly low.

Data collected on June 8 (see Fig. 19) have not been discussed pre-
viously. The P-46 sampler was used to obtain 8 point-integrated samples
in the morning and 5 in the afternoon. These determined a concentration
curve for the day. PFour samples were depth-integrated downward from the
water surface at various transit rates using the P-46S with 3/18-in.
nozzle.. These samples show an average intake ratio of 1.04 based on the
velocities from the point samples. The average concentration ratio fof
the 4 was 1.02. Neither of these figures appears very significant.
Twelve samples were depth-integrated downwardvfrom the water surface at
‘various transit rates using the P-46S with a 1/8-in. nozzle. The nozzle
velocities and concentrations for these samples have been plotted in |
Fig. 19. The effect of the relative transit rate on the sampling action
is clearly evident. On previous days a 1/8-in. nozzle with 1-1/2-in.
faper (at .25 in. on the diameter per ft. of length) had been used. On

June 8 a nozzle with 2-in. taper in the discharge end was used.
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V. SIZE ANALYSIS OF SAMPLES

18. Procedure and treatment of the data--Of the 313 suspended

sediment samples collected in these tests, 60 were analyzed for size
gradation by the U. S. Geological Survey at Lincoln, Nebraska. Size
analyses were made by the bottom withdrawal tube method. Distilled
water was used as the settling medium, and no deflocculating agent was
used to disperse the sediment.

Results of the analyses were submitted in the form of percentage
finer thanm each of approximately ten different sizeé. These data have
been converted into percentage of the total sampie contained within the
size ranges bounded by tﬁe designated sizes. The percentage has then
been translated into p.p.m. of sediment of each size range cdnt;ined in
the sample. This information for each sample may be found on the compﬁ-
tation sheets in the appendix.

The discussion of the results of the size analyses will be limited
to three sizes of sediment: Smaller than 0.0825 mm.; between 0.0625 mm.
and 0.125 mm.; and greater than 0.125 mm. The divisions were chosen on
a rather arbitrary basis, but the following considerations entered into
the selection. The finest.sediment size was based on the natural divi-
sion at 0.0625 mm. which is approximately the upper limit of the silt
and clay sizes, and also the upper limit for the operation of Stokes'
Law; sediment below this size appeared to be quite uniformly distributed
throughout the stream depth. - A rather limited range of size was taken

between 0.0825 mm. and 0.125 mm. This was intended mainly to emphasize
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the changes occurring in sediment behavior around this critical size.
The remainder of the'sediment, above 0.125 mm., is indicative of the
action of the mass of coarser sediments.

These size data have been presented on the basis of the concentraf
tion of sediment of the various sizes expressed in p.p.m. This has been
done to show a more obvious comparison between the analyses at various
depths and betweeh samples of different concentration.

19. Distribution of sediment sizes with depth—--The distribution of

sediment with respect to depth has been shown for the total sediment
indicated by the point samples taken in the morning of each day, and for
each of the three size groups as defined by the four or five of those
samples which were analyzed for size (see Figs. 20-25). These figures
cover daily data for May 80,-31, June 2, 3, 4, and 8. A summary of this
information, in the form of curves representing the average distribution
of sediment of each size, has been shown in Fig., 27. No detailed dis-
cussion of these plates will be made. However, a few §f the more obvi-
ous or significant feaiures of these data should be mentioned.

The points on which the curves for the three sizes of sediment were
baéed, have been‘plotted in two different ways. The concentrations in
p-p.m. of the various sizes.have been plotted as actually taken from the
individual samples. The concentrations have also been plotted on the
basis of the concentrations of each size of sediment determined by ap-
plying the percentage of that éiven siie to:the concentration taken from
the daily'curve of total.sediment concentration. If the sample under
consideration plots on the total concentration’curve, thén the two sets

of figures are the same. However, some of the samples analyzed for size
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had concentrations whic£ deviated from the curve considerably. For
these, the two typeé of plotting are significantly different. There is
a definite indication that the figures for the coarser sediments are
more nearly comparable when corrected to the concentration from the
curve, while those for the finer sediments compare better when taken
directly from the sample.

The analyses indicate that in some cases sediment which should have
been in one size group was found in the next group. The analyses of
those samples were probably inaccurate. There may have been some ex-
perimental error involved, the limitations of the method of analysis may
have been responsible, or some type of flocculation of the sediment may
have occurred. The difference between the samples in these cases is of
such a nature that there seems little possibility that it actually re-
flects variations in the samples themselves.

The curQe for the sediment larger than 0.125 mm. is very similar to
the curve for the distribution of the total sediment load. About 55
percent of the sediment was contained in this size range; The concen-
tration of sediment of this éize was more than twice as great near the
stream bed as at the water surface.

Sediment in the size group from 0.125 mm. down to 0.0825 mm. com-
prised about 18 percent of the total sediment. The increase in sediment
of this size was about 55 percent from the water surface to the stream
bed. There seems to be,a very slight break in this curve around mid-
depth.

The sediment in the finest size range makes up the remainder of the

total. The curve for this size seems to show a very slight increase
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from the water surface do;n to mid-depth or just below, and then shows
a very small decrease between mid-depth and the bottom. While a moder-
ately uniform distribution of sediment'of this size would be expected
throughout the depth of the stream, it is difficult to account for a de-
crease in concentration of these finer particles neér the stream bed.
An examination of the concentration curves for the finer sizes of sedi-
ments suggests the possibility that the bottom withdrawal tube method of
size analysis is slightly affected by the presence of the greater con-
centration of coarser particles found in samples taken near the bed of
the stream. Some of the sediment of about 0.0825 mm., which in a sample
taken near the water surface would appear in the smaller size range,
probably appears in the coarser range in samples taken near‘the stream
bed.

The concentration at the time of the sample at 0.95 depth on June
4, should be about the same as that for a similar depth on June 3 and 8.
It should be noted that tﬁe excessive concentration in this sample is
composed entirely of an excess of the coarser sizes of sediment. The
excess probably consists of saltation load rather than of true suspended
sediment. This sample was taken about 1.2 ft. above the stream bed,
based on a depth determined some time previously. Because of changes in
the stream bed, and possible inaccuracies in the placing and correction
of the elevation of the sampler, the actual distance above the stream
bed may have been considerably less. Sand waves were no doubt_present
on the bottom some of the.timé, and these may have had an influence on
the samples. 1In a determination‘of‘the suspended sediment load of the

stream such a sample should be disregarded entirely or used with extreme
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precautions. The determiQation of bed ioad or saltation load was not
attempted in this iﬁvestiéation. That such a load was present seems
jndicated by these samples, but even without the samples, the presence
of some bed-load movement would be axiomatic under the conditions of
sand bed and high bottom veloeity found at Grand Canyon.

A summary of the size data from the curves of Figs. 20-27 may be
found in Table II. The concentrations for each of the three size groups
and for the total sample have been shown for the average curves of Fig.
27. On June 2, the integration covered only the upper portion of the
total depth, and for that reason the data of June 2 were not included in
the average curves. The table shows first the size distribution based
on the averade curves. Then the data for the daily curves are shown;
first the actual fiéures'from the daily curve are listed, then the
figures based on the ave;age size distribution applied to the daily

concentration. There are no clear-cut indications of changes in the

TABIE II

COMPARISON OF DAILY SIZE DATA

Size mm.
<0.0625 .0625-.125 | >0.125 | Totall

Source of Data

g

Concentration in p.p.m from average curves of Fig. 27 1115 Th5 2300 L4160
Percentage of each size of sediment ] 26.8 17.9 55.3 |.100.0
Concentration in p.p.m. from curves of Mey 30 1281 851 2376 4508
Average size distribution applied to concentration of May 30 1208 807 2493 4508
Concentratior in p.p.m. from curves of May 31 1186 T40 2246 L2
Average size distribution applied to concentration of May 31 1118 4T 2307 k72
Concentration in p.p.m. from curves of June 2 1140 Q17 2050 ko7
Integration to 0.604 only, not compareble to average curves -
Concentration in p.p.m. from curves of June 3 970 ' 798 2047 3815
Average size distribution applied to concentration of June 3 1023 683 2109 3615
Concentration in p.p.m. from curves of June k 990 729 2358 Lot7
Average size distribution applied to concentration of June k4 1093 730 2254 Lo77
Concentration in p.p.m. from curves of June 6 ’ 1150 610 2473 4233
Average size distribution applied to concentration of June 6 1135 758 2340 4233
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proportions of the variousisizes of sediment, either with time or with
changes in total concentration.

Tpere are many cornsiderations involved in attempting to choose from
the size data on the point-integrated samples, some standard for use as
a basis for comparison with the size data for the depth-integrated sam-
ples. There would be some justification for using the average curves as
the standard for all samples taken during the éeries of tests at Grand
Canyon. On the other hand there may Be slight variations in the distri-
bution of sizes between the days involved, and these variations may be
defined in part by the differences in the size curves from day to day.
After considering the alternatives and studying the various samples in
the light of the two, the decision was made to Base compafisons directly
on the daily curves. After'determining the base to be used, there re-
main the differences in concentration.between the individual depth-
integrated samples and the daily curve. " It has been assumed that the
percentage distribution of sediment between the various size groups re-
mains the same throuéhout the sampling day. The sediment concentration
has previously been corrected f§r time as a basi; for the ratio of the
concentration inrthe deptﬁ-integrated samples to that of the point sam-
ples. Using the corrected concentration and the daily distribution of
sizes, figures were'computed whi;h‘were considered representative of
the concentration of sediment of each size which was present'at'the time
of each depth-~integrated gaﬁple. In the same manner in which the
sediment concentration of each depth-integratéd sample was compared
w;th the concentration from the point samples, the concentrationbof

each of the three sizes of sediment was compared with this standard
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based on the point samples.

20. Size distribution in depthfintegrgggg samples--Comparisons of
the disgribution of sediment into size groups have been computed and are
presented in tabular form on the daily size data, Figs. 20-25. The com-
parisons have not been made On a percentage basis because the probable
inaccuracies in the size determinations would make tremendous Percentage
errors. These data are largely self-explanatory, but a few notes might
be helpful. Each depth-integrated sample for which size data are avail-
able has been listed by sample number. The instrument, the size of
nozzle, the‘direction and range of depth over which the sample was inte-—
grated, have all been shown. The concentrations of sedimenrnt in the
three size ranges have been shown ag actually found in the sample. For
comparison, concentrations based on the daily size curves have been cor-
rected to the time of the individual sample and listed also. The ratio
of the total concentration in the sample to that from the curves has
been given in the right-hand column. In cases where the sample was
integrated over a partial depth, the data from the curves were taken for
that partial depth. The vélues from the daily curves have been derived
10 represent as nearly as possible the sediment conditions in the stream
-atthe time of the corresponding saﬁple.

The tabular data on Figs. 20-25 might be used as the basis fo; any
type of detailed spudy. An analysis of the material led to the conclu-
sion that the type of sampler, size of nozzle, and direction of integra-
tion have no appreciable effect on the distribution of sigze within the
Sample except as thes; factors are reflected in the ratio of the concen-

Yration in the sample to that in the stream. The relation between this




58 Section 20

_concentration ratio and the distribution of sediment into the various
size groups will be discussed further.

Table III has beep prepared in an attempt to better evaluate the
relation between the concentration ratio and the size distribution of a
sample. The samples have been listed according to concentration ratio
in descending ordér. The figures shown for each size group represent
the difference in p.p.m. between the sample and the comparative values
based on the daily curves. Averages have been shown for the following
groups of concentration ratios: above 1.05; 1.05 to 1.00; 1.00 to 0.95;
and less than 0.95.

In spite of the discrepancies found invindividual samples, there is
a very distinct relation between the concentration ratio of the sample
and the distribution of seaiment within the size groups of the sample.
The concentration ratios apparently'have no effect on the quantity of
the finer sediments (settlingvdiameters less than 0.0€25 mm.) cdllected
in the sample. The samples with the maximum and minimum concéntration
ratios as well as the averages for groups of samples show this clearly.

The fact that the concentration ratios do not affect the ccrncentra-
fions of the finer sediments means that the excess sediment contained in
samples of high concentration f;tios was made up of thé coarser sedi-

ments. Conversely the deficiency in sediment samples with low concen-

tration ratios resulted‘from a reduction in the qgantity of the coarser -
sediments. -

Comparing the averaées on.an over-all basis there seems a deficien-
cy in the sediment in the 0.0625 mm. to 0.125 raﬁge'when the depth-

intégrated samples are compared to the point-integrated samples. If .
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TABLE IIX

RELATION BETWEEN CONCENTRATION RATIO
: AND
SIZE DISTRIBUTION IN DEPTH-INTEGRATED SEDIMENT SAMPLES

DEPARTURE FROM DATLY CURVES - P.P.M.

Instrument
Sample and Size mm, Conc. | Sample
No. Nozzle Integration [<0.0625 |.0625-.125]>0.125 | Total |Ratio p.p.m.
242 P-465,3/16 | 1.00-0.00d4 [ + 40 + 82 +752 | + 874 | 1.23 | 4751
8 P-46, 3/16 | 1.00-0.004 - 29 -1 +524 | 4+ 4ok | 1,11 4985
i P-b6, 3/16 | 1.00-0.004 | + 22 +15k4 + 124 | + 300 | 1.07 Ly72
257 P-I6s,3/16 |- 0.00-1.00d + 90 + 92 + 29 | +211 | 1.06 3942
Totals +123 +327 +1k29 | +1879
Averages + 31 + 82 + 357 | + 470 | 1.117
174 P-46, 3/16 | %0.33-0.67a -116 - 96 +393 | +181 | 1.05-| 3825
155 P-46, 3/16 | %0.50-1.004 + 53 + 51 + 50 | +45% | 1.0k4 4376
176 P-46, 3/16 | %0.00-0.33d -252 -112 + 473 [ +109 | 1.04 3119
101 P-46, 3/16 | 0.60-0.00d | + 5 + 57 + 68 | +130 | 1.03 | Lo8s
252 P-U6s, 1/8 | 0.00-1.00a | + 8k - 47 + 12 |+ k| 1.01 3819
Totals -226 -1k47 + 996 | + 623
Averages ‘ - k5 - 29 + 199 | + 125 | 1.024
20 P-46, 3/16 | 0.00-1.00d | -1k9 -8 +229 [ - 1| 1.00-| k4347
29 P-U6S, 1/8 | 1.00-0.004 | -148 + 4 + 78 (- 29| .99 | ko5 |
172 P-46, 3/16 | *0.67-1.00d | - 7T + 13 - 8 |- 8 .98 | 8t
156 P-46, 3/16 | %0.00-0.50d | - 12 -164 +105 | - T1 .98 | 3224
212 P-468,3/16 | 1.00-0.00d4 | + 65 - 64 - 169 | - 168 .96 | 3909
247 P-46s, 1/8 | 1.00-0.004 | +168 +107 - 45 | - 170 .96 3666
129 D-43, 1/8 | %0.00-0.604 | +170 -7l - 24k7 | - 148 | .95+ 2908

Totals + 87 -219 - 535 | - 667

Averages + 12 -3 - T7 |- 95 .97k
57 P-46, 3/16 0.00-1.008 | + 2 - 28 - 195 | - 221 | 0.95-| L4148
25 P-465,3/16 | 1.00-0.00d | + 22 -166 - 138 | - 282 .93 | 3912
205 p-46s, 1/8 | 1.00-0.004 | + 3 - 67 - 33 [ - koo | .90 | 3677
124 p-46s, 1/8 | 0.60-0.00a | -215 -270 +119 | - 366 .89 | 2984
185 D-43, 1/8 | %0.00-1.00d - 93 -1 . - 383 | - 487 .88 3590
109 P-46s, 1/8 0.00-0.60d4 [ + 49 -110 - 386 | - bh7 .88 3303
102 P-46, 3/16 | 0.00-0.60a | + 8k - 83 -7 [ - 476 | .88 | 3459
114 P-1465,3/16 | 0.00-0.604 | + 68 - Th - 797 | - 803 .78 2845
Totals - 80 -809 -2593 | -3482 :
Averages - 10 -101 - 324 | - 435 .886
Grand Totals - 96 -848 - 703 | -1647
Averages - 4 - 35 - 29 - 68 0.979

* Round trip. Samples taken in direction shown and return.
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this difference had appeared in either the largest or smallest size
groups it would have Been more significant. At present the deviation in
this size group is considered to reflect efrors in samples and analyses,
rather than any basic difference between the types of samples.

Previously, the concentration in a sample was found to be accurate
when the iﬁtegration proceeded with the same velocity in the intake
nozzle as that in the strgam at the sampling point. Now, the concentra-
tion ratio has been shown to be an index of the dependability of the
size distribution in the sample. If the concentration of a given sample
is the same as that in the stream, or the same as the average of a group
of samples taken at the same time, place, and over the same range of
depth, then the size distribution yithin that sample may be assumed
fepresentative of the size'distribution in the stream or group of sam-
ples. If the concentration ratio is high there will be an excess of the
coarser sediments. If the ratio is low there will be a deficiency in
the coarsgr sediments. This seems to he true whether the high fatio is
the result of inaccurate sampling, caused by a low intake ratio,‘or
"whether it is the result of fluctuations in the sediment content of the
stream.

This discussion of the size analyses of the depth-integrated sam-
ples‘at Grand Canyon has been based on comparisons with the sige grada-
tion ffom the point samples. The éoncentrations in the point samples
were considered to be about,llo percent high., It now éppears_that the
concentrations of the various sizes of sediment contained in those sam-
ples must have been slightlyiin error. The'goncentration of sediment

of settling diameters less than 0.0825 mm. was probably correct. The
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excess would have to be distributed over the other sizes. The concen-
tration of sedimenﬁs larger than 0.125 mm. was probably 2.0 percent
high, while that in the infermediate range between 0.125 and 0.0825 mm.
is estimated to be from 0.5 to 1.0 percent high., This does not in any
way invalidate the conclusions reached from the comparisons of the
depth-integrated samples with the point-integrated samples.

Several conclusions have been established concerning the effect of
erroneous intake ratios on the sediment concentrations in the samples,
and of the relation of abnormal sediment concentration ratios to the
distribution of sediment sizes within the sample. It appears probable
that the intake ratio would have no effect on the concertration of
sediment in the sample provided all the sediment to be sampled was
smaller than 0.08625 mm. That would seem to indicate that all samples
taken in such a stream would have the propef concentration regardless of
how taken. Within limits of normal variaiions in intake ratios this may
be true.» |

21. Size distributiorn in cumulative samples--Data on the size gra-

dation in the cumulative samples taken on June 1 and 7 are presented ih
Table IV. The sample number, the type of integration and the derth at
vhich the sample was taken have been entered. The average concentration
is the average of the five point-integrated samples taken at that depth.
"he copcentration in P.p.m. of total sediment and of sediment in the
three size groups has been.given, also thé ratio of the total sample
toncentration to the average. These data emphasize the relation of con-
Centration ratio and size distribution, but otherwise do not seem

Y

pnﬁicularly valuable.




62 Table IV
TABLE IV
SIZE DISTRIBUTION IN CUMULATIVE SAMPLES
CONCENTRATION - P.P.M.
Semple Concentration - p.p.m. Conc. } Size mm.
No. Operation Average l Sample Ratio <0.0625 |.0625--.125 ] >0.125
JUNE 1
e Point-integrated 0.854 4869 5652 1.16 1130 678 3844
T6 Cumulative (5) 0.85d 4869 5151 1.06 1288 927 2936
82 Cumulative (5) 0.154 3835 3982 1.04 123k 557 2191
83 Point-integrated 0.15d 3835 4170 1.09 1209 667 2294
JUIE 7
267 Point-integrated 0.924 6851 7874 1.15 1811 1181 4,882
272 Cumulative (4) 0.92d 6851 7211 1.05 1875 1226 4110
274 Point-integrated 0.92d 6851 552k 0.81 1823 884 2817
282 Cumilative (4) 0.804 5748 5791 1.01 1737 1042 3012
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VI. CONCLUSIONS

22. Operation of samplers--The US P-48 suspended sediment sampler

was very satisfactory from the standpoint of mechanical operation.
While there are undoubtedly many improvements possible, still the
sampler proved very dependable. Some skill and experience with the
instrument are required for consistent operation of this sampler.

The sampler size and design proved adequate for the velocities en-
countered in these tests. Satisfactory operation at velocities up to 10
ft. per sec., with depths of 25 ft., seems assured. While these tests
indicated no depth limitations, the theoretical limit for equilization
of pressure in the bottie is about 140 ft. or 75 ft. with head pres-
surized to prevent leakage. The operational limitation on the sampler
seems to.bevthe downstream drift of the instrument which is a function
of velocity and dépth. Presumably the P-48 will operate satisfactorily
until such combinations of velocity and depth are reached as would give
deflections in the suspension line in excess of 30 deg. The sampler
éould probably be operated normally ﬁp to a discharge of about 75,000
sec. ft. at the Grand Canyon station.

The accuracy of the P-46 sampler was quite satisfactory for use in
obtaining point-integrated samples. The concentrations in point saﬁples
taken with this instrﬁment'were probably very slightly high. Accumula-
tion of sediment in theé nozzle priof to sampling was 5 very minor factor
in sampling accuracy. Sampies taken near the water surface appeared to

be very accurate.  The intake ratio near the water surface was close to
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unity, but as the depth to the sampling point increased, the -intake
ratio decreased. At avdepth of 23 ft. the intake ratié.was about 0.92.
This would indicate an excess in sediment concentration of about 2.0
percent at the stream velocities found at'that depth. The mean excess
of sediment in the point samples taken throughout a samplihg vertical
was judged to be about 1.0 percent. In precise work a corrgction might
be applied to point samples collected at depths greater than 12 or 15
ft.

The P-46 sampler was found to be very satisfactory for depth inte-
gration downward from the water surface. Samples taken in this manner
appeared to be very accurate as long as the downward transit rates were
not excéssive. Under some conditions, a smaller nozzle for the P-46
might be very desirable, e%en though a smaller nozzle would be more
subject to plugging with debris.

The P-46 sampler was found to be somewhat less satisfaétofy for
deﬁth integration upward from the stream bed towa:d ﬁhe water sﬁrface.
Concenfrations obtained from samples integrated upward seemed to average
about 4.0 percent high in sediment concentration. The loy intake ratios
for upward sampling would account for 2.0 or 3.0 percent of this amount.
The accumulation of sediment in fhe nozzle prior to sampling would not
make up the remainder unless thaf accumulation is considerably greater
when the sampler is at the stream bed than it is when the sampler is
suspended a short distance ab;ve the bed.

The US P-46S suspended sediment sampler was subject to mechanical
difficulties, which’seem to have been remedied siﬁce that time. 'This

instrument is simpler, and slightly faster to operate than the P-48.
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The limitations on the instrument as far as adaptability to depth and
velocity conditians are concerned would be the same as for the Pf46,
with the added restriction that the sampler could not operate to greater
depths than those allowable for a single one-way integration.

The US P-48S was found to be adequate for accurate depth integra-
tion downward. For upward integration it had the same drawbacks as the
P-48. The two instruments should have the same characteristics as far
as accuracy is concerned. The P-46S was equipped with a 1/8-in. nozzle
in addition to the 3/16-in. size common to both the P-46 and P-46S. No
significant differences were established in the operation of the two
sizes of nozzle. The 1/8-in. nozzle allowed slower transit rates and
had some advantages from that standpoint. The smaller nozzle Qas more
subject to Plugging with Aebris. Because this sampler is less versatile
than the.P-46'it is not currently manufactured for general field use.

The US D-43 suspehded sedigent sampler was simple apd easy to
operate. The sampler was inadequate to sample accurately under the con-
ditions prevailing during these tests. The sampler was not designed for
the depths and velocities encountered at Grand Canyon at the time of
- this investigation. The primary difficulty derived from the limitations
which make accurate round-trip sampling impossible to depths greater
than about 18 ft. Under the conditions of high velocity and coarse
sediment found at Grand Canyon, accufate round-trip‘sampling becomes
difficult in depths greater than about 12 ft. The light weight of the
sampler was partiy resp6n§ible for thig difficulty bec#use it allows the
downstream drift to become such a serious factor, that extra ﬁrecautions.

are required to integrate at suitable relative transit rates. The point
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of suspension of the sampler was high above the water, which made the

problem of downstream drift more serious than it would have been other-

wise. These tests indicate that to utilize the full 18 or 18 ft. of

possible range of accurate sampling depth, the rates of lowering and

ralsing the sampler would have to be different when the downstream drift

of the sampler was relatively great.

23. Intake ratios--These tests emphasize the importance of the in-

take ratio as a factor in samgling accuracy. In fact, theoretical con-
slderations seem to be amply supported by the results obtained. Most of
the difference in sediment concentrations found on upward and on down-
ward integration appear to be the result of the difference in intake
ratios. The extreme intake ratios obtained with the D-43 sampler show
something of the errors in concentration which result from excessive in-
take ratios. If the intake ratio departs appreciably from unity, the
resulting sample will be erroneous in concentration and in distribution
of sediment sizés whenever sediment sizes greater than 0.0625 mm. are
involved. Apparently, within reasonable limits, the variation in intake
ratio would have no effect on éamples taken where all‘sediment was
sma}ler than the above size. The coarser the sediments encountered the
greater will be the error resulting from an intake ratio which deviates
from fhe standard. However, the fact that the compqted intake ratio for
an individual sample seems out of line by 10, or perhaps even éO percent
is not important. Departures of this magnitude may be the regult of
momentary variations in stream vq}ocity, and the actual intake ratio may
. have been unity during collection of the sample. It is important that

the instrument and method of operation are such that the average of a
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group of samples taken Ander a given set of conditions will be close to
unity. Both watef temperature and stream velocity affect the iniake
ratio, but neither of these entered into this investigation to any sig-
nificant degree. '

In a discussion of intake ratios, the effect of the downstream
drift of the sampler should be considered. Both downstream drift of the
sampler as it is lowered thrgugh the water and the towing of the sampler
upstream as it is raised, result in velocities past the intake nozzle
which are quite different from those of the stream. Determination of
the actual transit rate is less important for integration in one direq—
tion than it is for round-trip integration. If the sampling time for
one-way integration is so chosen that a proper size of sample is ob-
tained, the transit rate‘will‘tend to properly adjust itself provided
integration is not attempted over too gre;t a fange of depth. 1In round-
trip integration, the actual values of the relative transit rates for
upward and downward integration are not readily apparent, énd the per-
missible relative transit rates may be seriously exceeded without any
realization of what is happening. Excessive transit rates will result
-in erroneous intake ratios.

24. Size data--Under usual investigaﬁional procedures, only a
small fraction of the total number of suspénded sediment‘samples is
analyzed for‘size. It is therefore imperative that those samples which
are analyzed for size shquid be representative of thé group or of the
stream on which they are intended to provide information. From these
tests it appears that a sediment sample yhich contains a concentra-

tion greater than the normal will be composed of an abnormally high



68 Section 24

proportion of the coarser‘gediments, and that one which has a low total
concentration will be deficient in the coarser sizes of sediment.
Therefore, if one of ten samples were to be analyzed for size, that one
should have an average concentration of sediment. A satisfactory selec-
tion of thé sample to be analyzed being generally impossible, there re-
mains the necessity for making the best possible interpretation of those
samples which have been analyzed for size. After a sample has been
analyzed, the total concentration should be examined to see 1f the sam-
ple is truly represéntative of the condition desired. If the total con-
centration in the size sample were normal, then the distribution of
sizes within the sample should be dependable. If the concentration were
not normal, the results of the size distribution within the sample
should be used only with the greatest care. Even in an abnormal sample,
the concentration of sediments smaller than 0.0625 mm. would probably be
satisfactory on the basis of p.p.m.

This concept seems important enough to justify further amplifica-
tion. For the period of these tests the following seemed to be true.
If the total concentration in a sample taken on May 31 were normal for
that déy, the size distribution of sediment in the sample was repre-
sentative of the size gradation in the stream that day. 1In fact, it was
not far from being representative of the size gradation in the stream on
any day dufing the tests. When applying such a size analysis of a sam-
ple to another time when the concentration in the stream was different,
the percentage distribution of size could be applied to the new concen-
tration; However, if the size anélysis were run on a May 31 sample

which had a total concentration 20 percent higher than that in the
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stream at the time of sampling; then the size distribution shown would
be erroneous. It.could not be corrected by applying the percentages of
the different sizes to the proper concentration at the time of sampling.
The concentration of sediment of sizes less than 0.0825 mm., expressed
in p.p.m., would probably be correct for the sﬁream at the time at which
the sample was taken. To determine the concentration of the smaller
sizes of sediment in the stream at another time when the total concen-
tration had changed, the concentration in the sample in p.p.m. should be
multiplied by the ratio of the new total concentration to the total con-
centration in the stream at the time of sampling. The coarser sizes of
sediment in the sample would contain an excess in pP.p.m. equal to the
total excess concentration in the sample. The proportions of this ex-
cess would probably be ihe greatest in the coarser sizes of sediment.
The quantities of the coarser sediments in the sample would require cor-
rection before being repfesentative of the conéentration in the stream
at the time of sampling. Within the limits of this investigﬁtion, the
percentage distribution of sizes did not seem to change appreciably with
changes in concentration, but this may not be a typical condition.

25. Miscellaneous observations--In the interests of flexibility

and ease of handling of the P-46S and P-48 suspended sediment samplers,
consideration should be given to the use of 5/32-in. nozzles. For some
conditions of great depth and high velocities, the use of é 1/8-in. noz-
zle with the P-48 sa@pler,would probably be justified.

Some of the samples indicated the presence of saltation load in the
Colorado River at Grand Canyon. Even without these samples, some

transportation of sediment as bed and saltation load would be almost
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axiomatic under the conditions of sand bed and high velocities en-
countered.

The sediment concentrations at the Grand Canyon station seemed to
change rapidly within the period of a very few hours. There was prob-
ably a diurnal fluctuation, although such a condition may be confined to
the period of spring snow run-off. It does suggest that the practice of
taking daily samples at a definite time each day may lead to erroneous
averages over a given time intervalﬂ

28. Suggestions for future investigations--These tests, and the

results obtained, leave several qQuestions unanswered o? insufficiently
determined. There are certain field tests and other more or less
academic studies which seem to reguire further attention.

The decreased intake fatio in point samples taken at the deeper
depths was not anticipated prior to these tests. A study of the cause
-of this decrease, and of its effect in deep streams is urgently needed.
The relation of this decrease to the size and taper of intake'nozzles
shoqld be considered.

The accumulation of $ediment in the sampler nozzle pri&r to sam-
pling should be made the spbject of a more extensive and precise inves-
tigation. An important part of this study would be the accumulation of
sediment in the nozzle when the sampler rests on the bottom of the
stream. If possible the effect on the size distribution as well as on
the total concentration should be determined. Probably better methods
than those used in'these’investigations could be devised.

A .more thorough comp;rlson of the results obtained from upward and

downward integration could be made. Alternate sampling of a heavily
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sediment laden stream might be undertaken with the P-48. One sample
should be taken downward, then one upward, then one downward, etec.
throughout a day at a time. The presence of sediment in sizes up to 1
mm. would be desirable. Transit rates for the first series of samples
should be well within allowable limits. Progressively higher transit
rates should be used on later series, until the effect of the transit
rates becomes clearly obvious on the results of both downward and upward
integration. Series should be run with both 3/16-in. 2nd 1/8-in. noz-
zles. Complete data as to downstream drift, time of sampling, etc.
should be recorded. Analyses of the samples for size gradation would be
very desirable.

A study of the corrections to be made to sizé analyses of sediment
samples of abnormal concéntration would be valuable. The cost of a
single size analysis is great enough that care should be exercised in
selecting the samples to be anaiyzed for size.

The patterns found in the distribution of total and‘of various
slzes of sediment, suggest the Possibility of determining the distribu-
tion of sediment throughout the vertical without daily sampling of the
entire vertical. Any relations developed might apply only to one stream
and perhaps accurately to 6n1y éne stage of the stream, but it may be
possible to make reasonably accurate computations from samples which,
because of inadequacy of'equipment or for other reasons, do not comprise

a complete integration of the stream vertical.
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' Time 11:45 am 11:40 am 11:30 am 1:10 pm 12:55 pm- 12:40 pm

FIG. 6--VELOCITY AND INTAKE RATIO DATA - - SEDIMENT SAMPLER TESTS

Grand Canyom, Ariz.--June 3, 1947
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Water surface

e N '
i V l LEGEND
2 /i ] * Velocity
R ; 2 A ! "' Current Meter 10:25 am
s o TS /1 ] — —O Velocity in Nozzle
: @ H ‘Depthy [/ ]] ! Point Semples 10:55 am
13 8 A ) —-—A Velocity in Nozzle
- J1s ; I Point Samples 3:45 pm
G{Medn 7194 | 4| Mpon =1 ===t Velocit
o y
;5 ® € ) l’ | Current Meter 4:05 pm
] B 0| . v [4 »
- 223 Depth
£.6 A h
a £ = I 4 /] i/
e 7 S o) / ; , D4
: © ’ ‘ (=8
o - 13914 £ D—
. HILZT 1A /
R 4D {
5 T3 7 Tad NOTE:
pd 1 Vi /] Change in velocity
-9 L 17 > d V apparently occurred
33— 60/ = ,-‘/ after completion of
Stream” bed” L~ e depth integration
5 6 7 8 9 tests shown below.
Velocity - ft_fsec.
DEPTE-INTEGRATION DATA
%
Instrument : P-46-3/16" Nozzle P-L46s D-43 |
. |
Integration vs to .5a sb to .54 3/16" Nozzle 1/8" 1/8" Nozzle |
Do. .5d to sb .5d to ws .
Do. ws to sb sb to ws sb to ws sb to ws round trip
Nozzle Velocity 7.84 8.69 9.21 8.9 1 11.35
Do. 7.25 8.06 8.84 8.12 10.48
Do. 6.35 9.32 9.28 7.04 11.31
Do. 9.10 7.25 1.11
Do. 8.25 9.24 10.94
Average Nozzle Velocity 7.15 8.69 8.94 8.1 11.04
CM Mean Corrected faor Time 7.9 7.9 7.94 7.4 T.94
CM Mean Corrected for Drift 6.86 8.93 9.25 8.59 7.47
Point Sample Mean Cerrected 6.77 8.84 9.16 -8.50 7.38
Noz. Vel./CM Mean Corrected 1.04 0.97 0.97 0.9% 1.48
Noz. Vel./PS Mean Corrected 1.06 0.98 0.98 0.95 1.50
Tran. Rate/CM Mean Corrected 0.28 0.14 ‘62 f .36
Time 11:40 am 11:40 anm 12:45 pm 12:15 pm - 10:00 am

FIG. T--VELOCITY AND INTAKE RATIO DATA - - SEDIMENT SAMPLER TESTS
Grand Canyan, Arizona--June 4, 1947
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Water surfoce

# H3: c 2o LEGEND
.
b i z93
id * Hse \ Velocity
2 Py J ‘ Current Meter 10:10 em
Fa— #34 J £1594
5 Qi —( Velocity in Nozzle
37T 1 3 Point Samples 10:55 am
-t 763 & A A .
8 & 8 . Velocity in Nozzle
A Te - Point Samples 4:00 pm
213 217
s v Megn 7/75 Point Not Used
os g— 1 + = X
} E 26 \ ’l A ’l s 3
]
£ 65 f ' -
s L v Sz
o, 3| / | { M
) . / []
e ¥ 4o 1 ' r7.%1 A e &Y ~3
783t 94— 7 H AT—1765
e ¥
: /
737 o7 /[ o 746
. AN
' - 6136 ,/ / -
Stream Z g e]'
5 7 8 9
Velocity- ft./sec.
' DEPTH-INTEGRATION DATA
Instrument P-L46 P-L46S
Nozzle 3/16" 3/16" 1/8"
Integration ws to sb | ws to.5d [.54 to sb
Integration sb tows [.5d tows | sb to .5d|ws to sb |sb tows |ws to sb | sb tows
Nozzle Velocity 6.83 -- 7.95 6.35 8.18 T7.42 8.70
Do. 8.25 -- 6.39 7.16 8.65 9.07 --
" Do. 6.67 8.01 - 8.37 9.12
Do. 5.86 8.71 8.70 6.38
Do. 6.15 8.14 8.00 7.79
- Average Nozzle Velocity 7.54 7.17 6.4k 8.34 8.31 8.00
CM Mean Carrected for Time 7.68 7.7 8.22 8.03 8.16 8.09
CM Mean Carrected for Drift 7.50 7.4 6.76 9.26 7.38 8.78
Point Sam. Mean Carrected 6.98 6.94 6.24 8.74 6.86 8.26
Noz. Vel/CM Mean Carrected 1.0l 0.9 0.95 0.90 1.13 0.92
Noz. Vel/PS Mean Carrected 1.08 - 1.03 1.03 0.97 1.21 0.97
Tran Rate/CM Mean Carrected 0.35 0.28 0.17 0.15
Time 11:30 am| 11:50 am| 11:40 am| 3:35 pm| 2:10 pm| 3:10pm| 2:35 pm

FIG. 8--VELOCITY AND INTAKE RATIO DATA - - SEDIMENT SAMFLER TESTS

Grand Canyon, Ariz.--June 6, 1947
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Concentrations- PP M.

84 Figures
Junel, 1947
5 Accumulations
D= Depth= 23.0ft. :
Deloy- Seconds (o] 30 60 90 120
5000 .
L
= [~ TO—
[ + ~
:_ T —_‘152________.—-—-“/ og_
4000k—2) ] -
g EJ»@ 3835 @— 1 T
’30005
eooof + . i —
- W y __,lsfo"'/‘ + 0
o L—] °
|- / =
5000 : // +
F =[O| 4869 € t
4ooc:
b=
-3}
o
June7, 1947 &
4 Accurnulations c
D=Depth= 24.8ft. =
8000 C
[«]
* L
-l w
7000 /'0? - o
- 800 _L— ~
C // o—
E _] / 4+ @
6000 F—— i
: J’@ 5748 @ | T 1
5000 :
. BOOOE —
700 : : 1 o]
F TS| eess & =+ 92D —
: i Hans
- +
6000C x
- LEGEND F1G.I0-ERRORS FROM ACCUMULATIONS

— Regular Point Sample
© Average of Point Samples
+ Accumulative Delay Sample -

OF SEDIMENT IN NOZZLE
WITH DELAYS OF 30,60,120 SEC'S PRIOR TO SAMPLING
SEDIMENT SAMPLER TESTS
GRAND CANYON, ARIZ.
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Figures 85

Water surface

.
3 480 \ JX
L )18.04: 31,375 \ “ LE
G |40P0 3580 1
) 2 < 8.1f= 32,123 1 \
) 9 laiso A \ | o Concentration 10:50 am
o | X8.2p=34 113 \ \ \ = From Point Samples
32
. B |4260 al 3di0 h ‘ 8 — —A Concentretion 3:45 pm
(& | X8.30=5324 | Y\ From Point Samples
4 1
€ laapo c| 3930 ‘N \ -— - Relative Load (product b
= | X8.3p3=36 819 = U\ \ of concentration and B
{-5 p= o 3 velocity, morning data) :
° G |4550 €].4de0 A N
' ~ | XB33=37,9¢62 ] \ X Point Not Used 3
£.6(15 g r ’ : 5
a o |47pbo Ol 42lp0 A \ Mean Concentration in >
o S| X8-2r=38,869 Th \ Vertical from Curves
7
. \
4860 4400 \\ 4508 ppm. - a.m.
Xl8.1§=3p 688 \ \ Losk ppm. - p.m.
.8
5040 4 \
X[7.9p=3s di6
9 A \, o
: 52 80 4850 / \
{ xr25=37,990] | , .
Concentration-ppm 3000 4000 5000 6000
Relative Load 30000 40000 50000 60000
’
DEPTH-INTEGRATION DATA
* Instrument P46 P-L46s
Nozzle 3/16" 3/16" 1/8"
Integration ws to sb sb to ws sb to ws ws to sb sb to ws
Sample Concentration 4196 4600 3516 4368 3595
Do. L6L6 4985 Lo13 4125
Do. 4347 5019 3912 Loo2
Do. a2 4501 3946 4122
- Do. 4083 4336 4657 o
Average Concentration 4337 4688 4009 4368 LosT
Mean Concentration - a.m. Curve 4508 4508 4508 4508 4508
Mean Concentration Corrected 4350 4450 L4190 4090 Kso
Avg. Conc./Mean Conc. Carrected 1.00 1.05 0.96 . 1.07 0.98
Relative Transit Rate 0.43 0.29 0.29 0.19 0.16
Time 12:35 pm 11:25 am 2:15 pm 3:20 pm 2:45 pm

FIG. 11--SUSPENDED SEDIMENT CONCENTRATION DATA - - SEDIMENT SAMFLER TESTS
Grand Cenyon, Ariz.--May 30, 1947




86 ' Fidures

Water surface .
339 aro0 |\ |\ L\
X[8.05=27 2p0 e
A -
5 ol | \ AN LEGEND
Y
[T ot TN
° l3740 4080 ) X
i) XF.O. =3p,i07 \ \ \ —— (O Concentretion 11:40 em
3 S A ’\ \ From Point Samples
-1 {3920 4210 \ J \
o| XBO3=315 £ \ = —/\ Concentration 4:20 pm
4 & = \ From Point Samples
© 14100 4460 N o
& Xp03=33,005 | L “ \ \ U D I Relative Loed (product
{'5 2 (4 = 4650 \ \ \\ of concentration and
© 4 B it dat
) ‘:: xt%‘nu,asl .E & N velocity, morning deta)
£.6 X Point Not Used
a | £ 44 24830 “ 9\ \, 1y
o _'E XB.03=35,734 S 1 \ \ Mean Concentration in
THT6 1 \) Vertical from Curves
2la620 50R0 \ \
. S XB.0D=36,9p0 \ . t17§ ppm. - &.m.
. 210 g\ \ 538 ppm. P.m.
X[7.8E=37,536 \ \
y.
9 7 \
49 54D0 2 o “
XT15= 35,607 | [stfearh bed | |1 \
Concenfration-ppm 3000 4000 5000 6000
Relative Load 30000 40000 50000 60000
DEPTE-INTEGRATION DATA
Instrument P46 D43
Nozzle 3/16" 1/8"
Integration ws to sb sb to ws round trip
Sample Concentration 4248 _ k706 3821
Do. 3976 Ly72 3689
Do. IR 4568 -
Do. L276 3948 3665
Do. o k266 LL498 3679
Average Concentration ey 4438 317%
Mean Concentration - a.m. Curve K72 172 k172 -
Mean Concentration Corrected 4330 © 4180 ko
Average Conc./Mesn Conc. Corrected 0.97 1.06 0.84
Relative Transit Rate 0.42 0.29 *.66 1.ko
Time . : 1:45 pm 11:50 am 2:45 pm

FIG., 12--SUSPENDED SEDIMENT CONCENTRATION DATA - ~ SEDIMENT SAMPLER TESTS
Grand Cenyoun, Ariz.--Msy 31, 1947 .-




Figures ) . 87

Water surface

33 2480\ |
Xp.3#=28273 VY \
J}E A \ LEGEND
?391%04 = 045_ zspol [\ 0 \\ ®
. Y s s e \ \ \
1 -39 dl28B0 Ry \ _ ———( Concentration 10:15 am
>| XB.4b=33 462 < \" \\ \ - From Point Samples
36 e :
.512*0 S| 1130 \ n l— —/\ Concentration 2:40 pm
- T X|8.5p=36,125 | = \ \ From Point Samples
42 =
Sla530 213380 LN N\ ~~—— — Relative Load (product
S| XiB53=38,841 S A\ \ \ of concentration and
%5 “‘_ Y Y velocity, morning data)
.o +4820 35[70 \ \ AN _la
' gl XB5=41163 \ X \ - Mean Concentration in
£.6I'S - Vertical from Curves
a |S A 3 \ N,
o ) ~x
o Lower Limif] of| Integrati b+ ﬂ'\ \ \ 4107 ppm. - e.m.
7 3003 ppm. - p.m.
.8
.9
Stream Ibe
1 Concentration-ppm. 3000 4000 ) 5000 6000
: Relative Load 30000 40000 50000 60000
¢ 3 DEPTH~INTEGRATION DATA
Instrument P-L6 P-L46S D-43
-
Nozzle 3/16" 3/16" 1/8" 1/8"
E | Integration vws to.6d |.6d to ws | ws to.6d |.6d to ws |ws to.6d |.6d to ws | ws-.6d-ws
Sample Concentration 3960 3587 3491 3355 3530 3863 | 2751
Do. . 3533 Loly 3520 3337 374 3743 --
Do. 3459 4085 2845 -- 3303 2984 2908
Do. 3685 3701 3750 3052 3611 3297 2727
Do. 3848 4387 3400 3356 3673 3142
- Average Concentration 3697 3955 3401 3275 3572 3326 2795
Mean Concentration-a.m. Curve Lot 4107 - L107 L4107 Y107 4107 y1o7
Mean Concentration Corrected 39k0 3940 3630 3460 3740 13360 3070
Avg. Conc/Mean Conc.Corrected|  0.94% 1.00 © 0.9 0.95 0.96 0.99 0.91
Relative Transit Rate 0.24 0.18 0.22 0.20 0.11 0.10 {.38 1‘.26
) Time 10:55am | 10:55em | 12:10pm| 12:50pm | 11:45am 1:15pm 2:25pm

FIG. 13--SUSPENDED SEDIMENT CONCENTRATION DATA - - SEDIMENT SAMPLER TESTS

Grand Canyon, Ariz.--June 2, 1947




88 Figures
Water surface
3005 2795
X|7.62=2;2,8p8 \ \
. "‘ X \
E 3!# 2980
\ ol X|759=33,212 ﬂ' \ 4‘;‘ \ LEGEND
Bzt 3ko| b \
4| X753=25,4(4 \. O Concentretion 10:35 am
A8 cl3daol |\ VAL, From Folnt Semplos
= XT%“ 538 [ o 1 AN — — A Concentrstion 2:15 pm
of 1* 1
_%1149 5__}520 A From Point Semples
5| X[73y=an7)1 = \ \ Relati: t
os5le =4 v \ —— - ative Load (produc
} Slaoko = 2700 \ of concentration and
' _2: X|7.27=26,684 | & \ \\°\ velocity, morning dats)
Y =4
fe's Sleze Sl 3880 1 \ X Point Not Used
o,7 S| X714=2pa|7 + v \\
B ,s!’.ss%is ST \ © \\ Meen Concentration in
8 Verticel from Curves
4450 _L, 4250 A
Xl6.74=3pD,2E3 = \ Full Depth 3815 ppm. - a.m,
o t \\ Full Depth 3585 ppm. - p.m.
4680 4430 ‘\\ Top Half 3376 ppm. - e.m
. ' | . = odlle
X6.41=23,9p9 Stream |be h 0.210p5m Bot., Helf 4298 ppm, - &.m.
Concentration—ppm 3000 4000 5000 Top Third 3220 prm. - a.m.
Relative Lood 30000 40000 50000 Mid. Third 3644 ppm. - a.m,
Bot. Third L4457 ppm. - a.m,
DEPTH-INTEGRATION DATA - - P-46 - 3/16" NOZZLE
Fractional Depth Full Depth Half Depth Third Depth
Integration ws to sb ws to .54 | .5d to sb |ws to .33d |.33d--.67d | .674 to sb
Do. sb to ws .58 tows | sb to .54 |.33d to ws | .67d--.334 | sdb to .67d
Do. round trip |round trip |round trip | round trip | round trip
Ssmple Cancentration L099 3436 k790 3k20 3T 5509
Do. 5045 3318 4650 2907 3664 4280
Do. 3826 5499 2872 4340 ho7
Do. 3371 4879 3283 3591 Los7
Do. 3224 ) 4376 3275 3739 4532
Do. k100 4736 319 3825 1187
Average Concentration 4572 3546 4822 3146 3822 4510
Mean Conc, - a.m. Curve 3815 3376 4298 3220 3844 w57
Mean Conc, Corrected 3740 3310 L240 - 3060 3700 4330
Avg. Conc./Mean Conc. Carrected |  1.22 1.07 1.1 1.03 1.03 1.04
Time 11:45 am 11:40 am 11:30 am 1:10 pm 12:55 pm 12:40 pm

FIG. 14--SUSPENDED SEDIMENT CONCENTRATION DATA - SEDIMENT SAMPLER TESTS
Grend Canyon, Ariz. - June 3, 1947




Figures geo

Water surface
. A}
31 \ \ LEGEND
X[To7=2R,787 3 \’
.l E \ X
O] x?o::zs 4B0 p O Concentration 10:55 am
, X \ :
.2 % From Point Samples
8351 _ A
- XE_EPEE»'“’ “ \\ ——A Concentration 3:45 pm
3 B4 " \ * From Point Samples
213745 ' AN ’
2] X|e-97=T0.0p! A N\ ~=—--- Relative Loed (product
4z T‘ A of concentration and
. -g%%qf’” S \ \ velocity, marning data)
.5
> lelar \ | J X Point Not Used
1 [=] XB0op=33,493 M \“
£ e A
. = \ N Mean Concentration in
3 -g-l’?%o-%‘lqs T Vertical from Curves
T x )
8 46}_0 £ \‘ R \ \ Full Depth 4077 ppm. - a.m.
. X[8.0p=36,960 1 \' Top Half 3517 ppm. - a.m.
. 4slo \ A\ Bot. Half L4644 ppm. - a.m.
e F N\ 3\
5240 % L A § X _
XT35%38,556 | ot oobn Ibed \\ 9957 ppm
Concentration-ppm. 3000 4000 5000 6000 Ohazee in concentraticn
Relative Lood 30000 40000 50000 60 000 apparently occurred after
' completion of depth in-
tegration tests shown be-
low,
DEPTH-INTEGRATION DATA
Instrument P-46 - 3/16" Nozzle ) P-L46s D-43
Integration vws to .54 sb to .5d 3/16" Nozzle 1/8" 1/8" Nozzle
Do. .54 to sb .54 to ws
Do, ws to s8b sb to ws sb to ws sb to ws ‘ round trip
Sample Concentration 3075 " 4880 3649 3601 36Tk
Do, 4213 3422 3599 3677 3325
Do. 3609 3959 3736 3772 3590
Do. ) 3909 3834 31k
Do. 3819 3927 3266
Average Concentration 3632 Lo87 3742 3762 3k00
Mean Concentration-a,m. Curve Lor7 LoT7 LoT7 LoT7 LorT
Meen Concentrstion Corrected Lo77 Lot17 Lo77 LotT Lot
Avg. Conc,/Mean Conc, Corrected| 0.89 T 1.00 0.92 0.92 0.83
Relative Transit Rate 0.28 0.14 ‘.62 1.36
Time 11:40 am 11:40 em 12:45 po 12:15 pm 10:00 am

FIG, 15--SUSPENDED SEDIMENT CONCENTRATION DATA ~ SEDIMENT SAMPLER TESTS

Grand Canyom, Ariz. - June 4, 1947




90 Figures
Water surface
3 2850 |V e °
X75{=2}5d BN A\
.l A
3315 3040 A A\ LEGEND
| X|7.57=25549 YTy
L2 ) x
| o] 3220 \ N
s 'é 7.60= 27,472 \ } \ P c;?cen;r:;i.on 101:.55 am
. | N om Po Semples
ki X[16p=25,376 S ST \\
® .6p=29, 1 —_——A Concentration L4:00 pm
4 & -+
B 14090 cls X A \ From Point ngples
o <& X|7.6p=31,288 * QTQ \ \ \ —— — —  BRelative Load (product
;5 - 43“04_ < - \ \ of concentration and
[~ [
' O X7.65=33164 | 9] ‘\ \ ‘\ velocity, morning data)
£.615 3 MEER \
S |S1eate ] ©[3960 \ \
o 7 £| X[r6¢=34,976 \ ) Mean Concentration in
TS -
Slagko | aish \" \ \ Vertical from Curves
. ‘C) 7.55=35,520 \ Full Depth 1;2623 ppm. - a.m,
5140 4340 \ \ Full Depth 3680 ppm. -~ p.m.
° X|7.37=37,8p2 \ \‘ \ Top Half 3617 ppm. - a.m.
. ¥ . - «IMe
sqbo ] 4530 ] ﬂL \ \ Bot. Helf 4862 ppm a.m
(6.98:=38,1f1 Stteotn b 4 N
Concentration- ppm. 3000 4000 5000 6000
Relative Load 30000 40000 50000 60000
DEPTH-INTEGRATION DATA
Instrument P-45 P-L463
Nozzle 3/16" 3/16" 1/8"
Integration ws to sb | ws to.54 |54 to sb
Integration sb to ws [ 5d tows | sb to.54 |ws to sb sb tows |ws to sb sb to ws
Sample Cancentration 4221 -- 4253 3306 3576 3918 3792
Do. 4121 3387 5000 37684 5136 r217 4276
Do, 3gk2 4751 3819 3666
Do. 4113 4166 3646 3624
Do. 3830 3891 3781 3910
Average Concentration 471 3387 4626 3795 Liok 3876 3854
Mean Conc, = a.m. Curve 4233 367 4862 4233 4233 L4233 4233
Meen Concentration Corrected 4170 3520 4780 3730 3880 37170 - 38k0
Avg. Conc/Mean Conc, Corrected 1.00 0.96 0.97 1.02 . 1.06 1.03 1.00
Relative Transit Rate 0.35 0.28 0.17 0.15
Time 11:30 am| 11:50 am| 11:40 am 3:35 pm 2:10 pm | 3:10 Pm 2:35 pm

FIG, 16~~SUSPENDED SEDIMENT CONCENTRATION DATA -- SEDIMENT SAMFLER TESTS

Grand Canyon, Ariz. - June 6, 1947 .-
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Water surface

07 32 \ }
.
06 340 }Y“_* LEGEND
2 8lo3 370 |——— ——o Velocity in Nozzle
g \ Point Samples 9:45 am
3 v 5 :
=y 1498 2[3980 bl =0 vVelocity in Nozzle
o b3 A Point Samples 1:50 pm
4 : & T
3| 7is0 5la170 HAN A Concentration 9:45 em
© 5| —|aiMesn 7,66 o-{Megn 428 I\ From Point Samples
;\ g 7.80 ? 44pD0 ol 1 X + Concentration 1:50 pm
' » 8 s N From Point Samples
£.6 =
e 51 764 £ /e840 X' Potnt Not Used
o ; a i4 .
738 4850 o ,/ Y
.8
7/06 s0po| | 7
9 va
Aﬁ: 5320 | /] . A\
Stream bed A f \[
Velocity- ft./sec. 6 7 8 9
Concentration- ppm 2000 3000 4000 5000 6000
DEPTH-INTEGRATION DATA - P-L46S
Integration Tran. | Nozzle Vel. Sample Conc. Tran. Nozzle Vel. Sample Conc.
Rate Vel. Retio Canc. Ratilo Rate Vel. Ratio Conc. Ratio
3/16" Nozzle Integrated from Water Surface to
Stream Bed with 1/8" Nozzle
ws to .23d 0.09 | 6.54 0.86 3206 0.94
ws to .4hd 0.17 7.94 1.11 3827 1.05 0.22 8.87 1.31 4419 1.03
ws to .754 030 | 723 | 1.06 | seu6 | 1.06 || o.20 | 7.38 | 1.08 | 3m5 | o.82
ws to sb 0.51 6.63 1.1k 4392 1.02 0.26 9.07 1.37 3616 0.84
0.26 8.41- 1.27 3896 0.91
1/8" Nozzle .
ws to .39d4 0.07 8.62 1.12 3284 0.92 0.34 7.83 1.23 3875 0.90
vs to .U4éd 0.08 8.91 1.16 351&5' 0.97 0.40 8.20 1.33 3229 0.75
ws to .7Thd 0.15 8.78 1.21 3933 0.99 0.49 9.20 1.55 3507 0.82
ws to .72d 0.13 8.66 1.18 3733 0.54 0.62 10.24 1.84 3595 0.84

FIG, 17--VELOCITY AND SEDIMENT CONCENTRATION DATA - SEDIMENT SAMFLER TESTS

Grand Canyom, Ariz. - Jue 8, 1947
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92 , Figures

. Daily Curves
May 30 May 31 June 3 -June 4 June 6 Water surfac Average Curves
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A N Streom bet / \
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- Concentration RPM. Relative Load - 30000 40000
LEGEND FI1G.!8-RELATION OF SEDIMENT CONCENTRATION TO DEPTH
Daily concentration curves SEDIMENT SAMPLER TESTS
(morning curves) GRAND CANYON, ARIZ.
o= == Average of daily curves
—=—=— Relative lood (product of average
concentration by average velocity- °
from Fig.9)
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Relative Transit Rates~ Downward Integrotion

. / / D \
.20 II O :
i +
/ b |
— — + 3/16" Nozzle-P46S 1 4 I
0 + O 1/8" Nozzle ~Pa6s 4 !
ozzle - 3
| o . o|° |l
H 1
| |
0.80 .90 1,00 (.10 120 130 (.40 . Le0 1.80 0.70 .80 980 1.00 Li0 I.20
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FIG.I9~ EFFECT OF EXCESSIVE DOWNWARD TRANSIT RATES

SEDIMENT SAMPLER TESTS
GRAND CANYON, ARIZ.
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Fidures . 9

Water surface

; \ LEGEND
| ! \
° : \ -———A Size Less Than 0.0625 mm.
2 : \ — —Q From 0.0625 to 0.125 mm.
; \\ + O Greater Than 0.125 mm.
= H LA 4 Total Concentration
N AY K"
4 : \ X Direct from Sample, ppm.
i } \ + e From Total Conc. Curve
es ! and Size Distribution
Y ! \ Shown by Sample (not
° 4 1A 2 -
f 0 &3 X - plotted if about the
£6 : same as sample data).
e 1 f \ \
e v \ \
i: AR p< +
" | Ef \ \
Al d \ " \
1’ \ '
: | .9 —+
j AR | \
- Stredm |be X \
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FIG. 20--SIZE DISTRIBUTION OF SUSPENDED SEDIMENT - SEDIMENT SAMPLER TESTS

Grand Canyon, Ariz. - May 30, 1947
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57 P-46, 3/16 0.00-1.00d Semple 1 12h 47 2157 4148 0.95
Daily Curves 1242 775 2352 4369
FIG. 21.--SIZE DISTRIBUTION OF SUSPENDED SEDIMENT - SEDINE’NT SAMFLER TESTS >

Grend Canyon, Ariz. - Masy 31, 1947
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109 |P-46s; 1/8 0.00-.60d Semple 1090 727 1486 3303 0.88
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1% P-1468;3/16 0.00-.604 Semple 1081 40 1024 2845 0.78
Deily curves 1013 8Lh 1821 3648
124 P-465; 1/8 0.60-.00d Semple 715 478 1791 2984 0.89
. Daily curves 930 T48 1672 3350
129 D-43; 1/8 0.00-.60& Semple 1018 611 1279 2908 0.95
& return .
- Daily curves 8u8 682 1526 3056

‘-

Grend Canyom, Ariz. - June 2,.1947

FIG. 22--SIZE DISTRIBUTION OF SUSFENDED SEDIMENT - SEDIMENT SAMPLER TESTS
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& return .
Daily curves 920 46 1978 3644
176 do, 0,00-.334 Sample 655 593 1871 3119 1.04
& return ‘
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FIG. 23--SIZE DISTRIBUTION OF SUSPENDED SEDIMENT - SEDIMENT SAMPLER TESTS

Grand Canyon, Ariz. - June 3, 1947
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FIG. 24--SIZE DISTRIBUTION OF SUSPENDED SEDIMENT - - SEDIMENT SAMPLER TESTS

Grand Canyon, Ariz.--June 4, 1947 ..
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242 | P-46s; 3/16 1.00-.00d Semple 1093 641 3017 4751 1.23
Daily curves 1053 559 2265 3877
247 | p-u6s; 1/8 1.00-.004 Semple 1210 660 1796 3666 0.96
- Daily curves 1042 553 2241 3836
252 | P-46S; 1/8 0.00-1.00d Semple ~ | 1108 496 2215 3819 1.01
Daily curves 102k 543 2203 3770
257 | P-46s; 3/16 0.00-1.004 Sample 1103 630 2209 3942 1.06
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FIG. 25--SIZE DISTRIBUTION OF SUSFENDED SEDIMENT - - SEDIMENT SAMPLER TESTS

Grand Canyon, Ariz.-- June 6, 1947
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APBENDIX
DATA AND COMPUTATIONS

27. Explanation of computations on data sheets—-Many of the more

important computations essential to the report have been combined witﬁ
base data to comprise Table V which will be discussed and explained
briefly according to column headings.

HOUR: Watch time has been entered whenever it was recorded during
the sampling day. Time for intermediate samples has been interpolated,
except that a slight allowance has been made for changes in procedure
which would have necessitated additional delays between certain samples.

SAMPLE NO.: Samples have been numbered in chronological ofder.

SAMPLER TYPE: The typé of instrument used fof the sample has been
indicated.

NOZZLE SIZE: The D-43 sampler was equipped with a ;/S—in. nozzle
having about 3 in. of taper. The P-46 had a 3/18-in. nozzle only. The
taper in this instrument was incorporated in the valve block and nozzles
were not tapered separately. fhe P-48S was equipped with a 3/16-in.
nozzle with the taper in the valve block, also with 1/8-in. nozzles
which had taper within the nozzles in addition to the taper in the valve
block. The 1/8-in. nozzle used in the P-46S on June 8 had a mnozzle
taper of 2 in. while on other days a 1/8-in. nozzle with 1.5 in. of
taper was used. ;

OPERATION: The type of integration —- PI for point integration, DI
for depth integration, and Cum. for cumulative samples —-- is indicated.

The point-integrated samples were taken at one definite depth in the
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vertical, and the decimal féaction of the total depth has been shown for
each point. The depth-integrated samples were taken over a definite
range in depth, and the limits of integration have been given, i.e. —-
from the surface to the stream bed would be 0.00-1.00d. The direction
of integration was from the first listed depth to the second; and if for
a round-trip integration, the direction Qas from the first to the second
and then from the second to the third, the first and third points being
the same. Cumulative samples consisted of five consecutive samples
taken in one bottle on June 1, and of four in one bottle on June 7. The
cumulative samples were taken at one definite depth and the depth has
been indicated.

SAMPLING TIME: This is the observed time in seconds from start to
end of the sampling period. For cumulative samples it is the sum of the
sampling times for the four or five individual portions composing the
total sample. Time was observed to tenths of seconds with a stop watch,
the accuracy of the readings being about 0.2 sec.

SUSPENSION ANGLES: These are the angles in degrees that the sus-
pension line made with the vertiéal at the cable car. Angles recorded
are_believéd to be generally within two degrees of true values. The
accuracy is probably within one dégree when average figures are shown
for a group of similar samples. Angles are.listed for each of the
depths and in the same order given under "OPERATION".

DRIFT: HThe upstream or goﬁnstre;m movement of the sampler in rela-
tion to the point of suspension has been given in feet. Plus signs in-
dicate that the sampler was pulled ﬁpstream, while minus signs show that

it drifted downstream. The drift has been computed on the basis of data
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on page iG of the Geological Survey booklet "Method for Correcting
Soundings of.Deep Swift Rivers". Drift figures have been shown for
depth-integrated samples only, and represent the upstream or downstream
displacement of the sampler during the actual time of sampling.

VELOCITY CORRECTIONS -~ DRIFT: These values represent the rate of
upstream or downstream displacement of the sampler, and were obtained by
dividing the drift in feet by the sampling time in seconds.

VELOCITY CORRECTIONS -- TIME: On two days, June 3 and 8, the
velocity at thé sampling section appeared to be changing during the
sampling day. On June 4, there was a change in velocity, but that
apparently did not occur until after the depth-integrated samples had
been ccmpleted. On June 3 and 8, the correction was made by determining
the mean velocity from thelnoézle velocity curves for morning and after-
noon. The difference was assumed to have occurred uniformly between the
times of the two curves. Thé same rate of change in velocity with re-
spect to time was then appliéd to the entire range of the velo;ity curve
determined by the current meter observations.

STREAM VELOCITY: The stream velocity in feet per second was taken
directly from the vertical §elocity curve which was based on.thé current
meter observations at the beginning of the sampling day. The velocity
listed is that which corresponds to the depth or ;ange of depth over
which the individual sample under consideration was taken. On June 8,
no current meter observations were made, and the stream velocity was
taken from the vertical velocity curve based on the nozzle velocities
froﬁ the point ;amples.

VELOCITY CORRECTED: This corrected velocity was obtained by
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applying the velocity corr;ctions for drift and for time to the stream
velocity originally 6bserved. The result is présented as the best
figure available for the actual velocity of flow past the intake nozzle
during the time of sampling.

SAMPLE WEIGHT: This weight in grams was originally determined by
subtract;ng the weight of the sampie container from the total weight of
the container and sampie. The weight is considered basic data as far as
this table is concerned. |

NOZZLE VELOCITY: The velocity in the intake nozzle was computed by
considering the weight of the sample in grams as numerically equivalent
to the volume of the sample in cubic centimeters.

The sample volume was converted into cubic feet, and divided by the
samplihg time in seconds to obtain sample volume in cﬁbic feet per sec-~
ond. This value was divided by the area of the inside of the intake
nozzle tip in square feet. The resﬁlt was then the average velocity of
flow in the intake nozzle in feet per second.

INTAKE RATIO: The intake ratio, or relative sampling rate, is
often defined as the ratio of thé velocity in the intake nozzle to that
in the stream at ‘the sampling point. If the sampler operates in a hori-
zontal position, that definition is probably sufficient. If the sampler
tilts, the effectiv; intake ratio would be the ratio of the velocity in
the nozzle to that approaching the sampler along thg axls of the intake
nozzle. The figures in this columr are all on the/simpie basis of the
raiio of the velocity in the iﬁtake nozzle to the horizontal velocity of

the water past the nozzle tip. That means merely that "NOZZLE VELOCITY"

was divided by "VELOCITY CORRECTED".
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SEDIMENT WEIGHT: For samples run for sediment concentration only,
the sediment weight in grams was obtained by weighing the dry sediment

remaining in an evaporating dish after the supernatant liquid had been

removed by decantation and by evaporation. The sediment and the dish

were weighed on an analytical balance, and the weight of the dish sub-
tracted. Aﬁ average correction for dissolved solids contained in the
evaporated water was also subtracted from the weight of sediment. The
correction for dissolved solids was taken as 0.005 or 0.008 grams de-
pending upon the date of the sample. This amounted to about 0.3 percent
of the sediment in an average sample.

SEDIMENT CONCENTRATION: The sediment concentration in parts per
million of sediment by weight was determined by dividing the weight of
sediment by the sample weight and multiplying the result by one million.

CONCENTRATION-POINT SAMPLES, from CURVE: The figures.entered in
this coluﬁn represent the concentration in parts per million takén from
the vertical concentration curve based on the point-integratéd.samples
collected in the morning of the sampling day. The values were taken
from the curve at the point or over the range for which the given sample
was integrated.

On June 1 and 7, there were no vertical curves of sediment concen-
tration, but the samples on these days were taken at definite depths for
which the averagevconcentration of five point-integrated samples was
taken as a basis for concentration ratios. |

CONCENTBATION—POINT SAMPLES, CORRECTION: This correction‘to the
concentration from the morning curve was required b;cause the'conqentrae

tion at the sampling vertical changed during the sampling day. The
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difference between the.meaﬂ concentration from the morning curve and
that from the afternoon curve was determined. This difference Qas
assumed to have occurred uniformly with time between morning and after-
~ noon. This time fate of change of concentration in parts per mil-
lion was then applied throughout the sampling day.

CONCENTRATION-POINT SAMPLES, CORRECTED: The corrected value was
derived by applying the correction to the figures from the curve.
Granting that the correction may not be very precise, still these values
for the concentration in the stream are the best that are available for
comparison with the concentrations actually collected in the depth—

integrated samples. It should be remembered that the concentration in

these point samples was determined as being perhaps 1.0 percent high on

the avéraée, and about 2.5 percenf high near the stream bed.
CONCENTRATION RATIO: This is the ratio of the concentration in the
sample to that given'in the column discussed immediately above.
SIZE'DISTRIBUTION: The concentration in parts per million of sedi-
ment in each of the listed size ranges has beep given. The left hand
column shows sizes above 1.00 mm. Other columns show the bounding sizes
in millimeters. The figure shown the farthest to the right for each
vsample 1ncludes all sediment finer than the upper limit of the size

range for the column in which the figure appears.

"

-y




109

Table V

TABLE V

R

g R AT




110 : Table V

TABLE V
DATA SEEETS
VELOCITY CORRECTIONS
SAMPLING | SUSPERSION STREAM VELCCITY | SAMFIE
HOUR SAMPLE | SAMPLER | ROZZIX OPRRATION TDE ANGLES DRIFT | DRIFT TIME VELOCITY | CORRECTED| WEIGHT
NO. TYPR SIZE : sece . dogs . foet | ft./eec. |ft./sec. | ft./sec. ft./sec . en.
MAY 30, 1947
Stream Depth 23.1 ft. Discharge 48,000 sec. ft. Vater Temp.66°F
10:00 am 1 P46 316" PI 8 0.95D 8.0 18° 7.28 7.28 |. 277.2
2 P46 316" PI @ 0.50D 8.2 18° 769 7.69 304 .2
3 PA6 316" PI 8 0.85D 8.2 15° 7.9 7.90 336.5
4 P46 36" PI 6 0.TD 8.1 15° 8.16 8.16 307 &
5 P46 326" PI @ 0.65D 8.k 1o 8.28 8.28 370.7
6 P46 3/16" PI @ 0.55D 8.1 10° 8.3 8.3 3791
7 P46 36" DI, 1.00-0.00D 8.k 200-7%* | w2 2 +1.50 8.09 9.59 401.7
8 P46 346" DI, 1.00-0.00D 8.0 200.79% [ +12. +1 ES 8.09 9-52 l%g-s
9 PAb 3A6" DI, 1.00-0.00D 8.6 200-%% 6| .47 8.09 3. 4385
10 pbé 36" fr e 045D 8.0 10 8.33 8.33 355.7
1 P46 3/16" PI € 0.35D 8.0 ® 8.30 8.30 338.3
12 PA6 316" PI 8 0.2 8.0 8o 8.2 8.22 275.4
13 PAU6 3/16" PI @ 0.15D 7.9 €° 8.1k 8.1k 323.5
11:50 am 1% P46 3/16" PI 8 0.05D 7.9 60 8.04 8.04 #2.0
15 P46 3/16" | Nozzle dreinings - - - : 2.0
16 P46 3/16" DI, 1.00-0.00D 7.8 20°.7%* | «w2.6 41.62 8.09 9.7 390.8
17 P46 3/16" DI, 1.00-0.00D 8.0 200.79* *| #2.6| +1.58 8.09 9.67 L21.6
18 P46 3/16" DI, 0.00-1.00D 9.2 0°-19° -16.0 -1.74 8.09 6.35 329.8
19 P46 3/16" DI, 0.00-1.00D 7.8 0°-19%* -16.0 -2.05 8.09 6.04 280.7
20 PA6 316" DI, 0.00-1.00D 8.k 0°-19%* [ a6.0| 1.9 8.09 6.19 304.7
21 P46 316" , 0.00-1.00D 8.6 0°19%* | -16.0| -1.86 8.09 6.23 333.6
1:00m | 22 P46 | 376" DI, 0.00-1.00D 9.0 0°15% | .16.0| -1.78 8.09 6.31 315.2
2:00 m 23 PAhés | 316" DI, 1.00-0.00D 8.0 203-7‘;, H2.6| #.58 8.09 9.67 eV
24 PAés 3/16" DI, 1.00-0.00D 8. 20 -'{o' #12.6 41.50 8.09 9.59 318.5
25 PL6s | 3/16" DI, 1.00-0.00D 8.3 20°-7 +12.6] #. 8.09 9.61 375.8
26 Ph6S /16" I, 1.00-0.00D 8.8 20079* | 112,61 #1143 8.09 9.52 452.6
2:30 m 27 PLES | 316" DI, 1.00-0.00D 8.5 209-7°" | #12.6| +1.48 8.09 9.57 L35.7
28 PAés 1/8" I, 1.00-0.00D 12.9 200-50**% | +413.8 +41.07 8.09 9.16 237.0
29 P-46S 1/8" IT, 1.00-0.00D 15.5 200.59** | 113.8| +0.89 8.09 8.98 316.3
30 PUss 1/8" If, 1.00-0.00D 18.0 20°-59** | #13.8| +0.77 8.09 8.86 406.8
1 PA6S 1/8" DI, 1.00-0.00D 16.9 20°0.59"* | 413.8] +0.82 8.09 8.91 258.1
3R Pj:g: 14&: o, 1.00-0.00D | 12.9 22°-5::*’ 4»12.8 40.93 g‘o9 9.05 gggg
3 P IT, 0.00-1.00D 16.9 0019 -16.0| -0.95 .09 7.1 i
P46 3}12" $1°6 0.05D 8.0 8.0 8.0k 253.1
35 P46 36" PI @ 0.35D 8.0 8.30 8.30 353.3
36 P46 316" FI @ 0.65D 8.0 8.28 8.28 409.9
37 P46 3/16" PI @ 0.85D 8.0 17° 7.9 7.91 352.6
4:00 38 P46 316" PI @ 0.95D 8.0 20° 7.28 7.28 229.3
MAY 31, 1947
Stream Depth 24.0 ft. Discharge 49,200 sec. ft. _ Water Temp. 66°F
39 P46 | 346" PI @ 0.95D o8 17° 7.8 7.8 272.8
P46 3/16" PI @ 0.85D 8.1 15° 7.82 7.82 k1.7
11:20 em k1 P46 3/16" PI @ 0.75D 8.0 , 10 8.00 8.00 3h3.3
L2 P46 3/16" PI @ 0.65D 7.8 1L© 8.03 8.03 W1.8
43 P46 316" I, 1.00-0.00D 9.0 209-7° +12.81 4142 7-93 9.35 b33
Ly P-LE 3/16" X, 1.00-0.00D 8.4 20°.7° 42.8] +1.52 7.93 9.5 379.0
5 P46 3/16" FI @ 0.55D 8.0 13° 8.04 8.0k Loi.a
- 46 P46 3/16" PI 8 045D 8.0 1° 8.05 8.05 372.7
k7 PUS 3/16" 1I, 1.00-0.00D 9.2 200.8° 2.1 | «.3 7.93 9.25 iks.5
48 P46 3/6" IT, 1.00-0.00D 9.3 19°.5° 31| #b 7.93 9.34 k531
1Y) PU6 316" PI € 0.3 8.1 g° 8.05 8.05 360.8
50 PL6 316" PI 6 0.25D 8.2 6° 8.05 8.05 376.7
51 P-L6 316" DI, 1.00-0.00D 8.6 20°-7° 412.8| +1.49 7.93 9.2 3.4
52 P46 3/16" DI, 0.00-1.00D 8.8 0°-18° <15.3| -1.7h 7.93 6.19 306.5
53 P46 3/16" PI @ 0.15D 8.0 o 8.05 8.05 8.9
12:30 m PA6 3/16" PI @ 0.05D 8.0 io 8.05 8.05 %5.7
2:00 m 55 P6 3/16" | Noezle dreinings - - - - 19.1
PU6 6" DI, 0.00-1.00D 9.0 0°-20° -171 ) -1.9%0 7.93 6.03 33%.8
55? P46 gﬁﬁ" Ir, 0.00-1.00D 5.7 0%15° | -16.2] -1.67 7.93 6.26 703
58 P46 3ﬁ6" II, 0.00-1.00D 9.4 0°-13° -16.2 -1.72 7.93 6.21 3%0.
59 P46 36" oI, 0.00-1.00D 9.2 0°-38° <15.3| -1.66 7.93 6.27 3.1
60 D-k3 1/8" | o1, 0.00-1.00-0.00D] 12.1 0°-16%30° | 6.2] -0.: 7.93 7.42 327.4
61 D43 +/8" | DI, 0.00-1.00-0.00D] 13.5 0°-16°-10° £.2 -0.46 7.93 7.7 380.0
62 Dk3 1/8" | o, 0.00-1.00-0.00D| 13.0 09.18°-10° 5.2 048 . 1.93 745 b1
63 D43 1/8" | m, 0.00-1.00-0.00D| 13.1 00.179-10° | 6.2 0.7 7.93 T.46 348.7
3:00 m 6k D43 1/8" | DI, 0.00-1.00-0.00D] 13.0 00.17°-10° | " 6.2| -0.48 7-93 745 367.2
4:10 m 65 P46 3/16" PI @ 0.95D 8.1 17° 7.8 7.18 306.1
66 P46 3/16" PI @ 0.85D 8.6 15° 7.82 7.82 3%0.2
67 P46 3/16" PI @ 0.65D 8.0 12° 8.03 8.03 1771
68 P46 3/16" PI € 0.3 8.0 ° 8.05 8.05 363.4
4:30 m 69 P46 3/16" FI @ 0.05D 8.1 €° 8.05 8.0% 359.5

*Angles not measured--these figures are the averages for similer integration on Msy 31.
#*Angles not measured--these figures are based on comparisan with May 30, 31, June .
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TABLE V
DATA SEEETS
SEDIMENT CONCERTRATION-POINT SAMPLES SIZE DISTRIBUTIOR
NOZZLE CONRCEN-
VELOCITY | INTAKE | WEIGHT | CONC.| CURVE | CORRECT'N |CORRECTED | TRATION .0 05 .25 .125 .0625 . .0312 .0221 .0156 .01%0 mm.
£t./sec. RATIO . rEm heys PR P RATIO mlmlmlmlmlmlmlm mlm pod
MAY 30, 10MT
6.37 0.88 1.4517 | 5237 2 4 6 |10k L | 210 | 262 | 1
685 o8s | Lrer | 2o 52 | 31k {277 T | N 05 | 157
3| (i |
. . 1. 1 88 1 6
8.12 0.98 | 1.744 | W05 39h 380 | 876 | 351 | 219 | 219 | 131 | 8 |15
8.62 1.03 | 1.6649 | k392 88 | 263 |18 s 1 220 |1 48
8.80 0.92 1.848 L600 4508 -05 4503 1.02 3 2 » % % 3
9.65 1.00 | 2.0914 | 4985 4508 -17 Lho1 1.1 100 | 548 [22u3 | 847 | 349 | 150 | 199 | 100 | M9
9.38 0.98 | 2.200 | 5019 4508 -29 449 1.12
8.20 0.98 1.652 Lol
T1.79 0.94 | 1.445L | L273 L3 |2 8 128 | 214 8
6.34 0.77 | 1.207 | 4383 3 [eooh | 855 | 3B 126 | v
7.53 0.93 - - Bottle | broken NOTE: Figure for the amount of sediment of smallest size
T.97 0.99 1.332 3895 . ipcludes ell sediment within and less than that size.
- - 0.117 | 55T1 4508 | -102 1406 1.26
9.23 0.95 |1.759 | usoL 4508 | -1k L39% 1.02
9.71 1.00 | 1.828 | L336 4508 | -126 14382 0.99
6.59 1.0k | 1.384 | k196 4508 | -137 L3711 0.96
6.63 1.10 | 1.304 | L6k6 4508 -1k9 L359 1.07
6.69 1.08 | 1.324h4 | L3u7 4508 ~160 4348 1.00 87 [ 652 {1782 | 739 | 261 | 130 | 130 | 87 | 479
7.15 1.15 | 1.b72 | M2 4508 | -172 4336 1.02 }
6.45 1.02 |1.287 | ko83 4508, | -184 4324 0.94
9.93 1.03 |1.517 | 3516 4508 | -196 212 0.83
(6.98) (0.73) | 1.278 4013 4508 =305 4203 0.95
8.34 0.87 1.4703 | 3912 4508 -31% Ligh 0.93 39 39 | 313 |1682 | 626 | 352 | 176 98 | 196 {391
9.47 0.99 1.786 3946 4508 -32k L184 0.9%
9.ls 0.99 |2.029 | k657 4508 | -333 L1175 1.12
1.62 0.83 ] o.852 | 3595 4508 | -3L3 4165 0.86 '
- 8.5 0.9k }1.3046 | k125 4508 | -35h4 L5k 0.99 4 | 81 | 619 [1527 [ 825 | 248 | 2u8 [ 165 | 82 |289
9.36 1.06 |[1.628 | Lkoo2 4508 -365 4143 0.97
(6.34) (0.71) |1.08k | k122 4508 -376 4132 1.00
8.54 0.95 . | 1.360 | 4ubo 4508 -388 4120 1.08
7.58 1.06 |1.348 4368 1508 =413 Log95 1.07
5.82 0.72 |0.932 | 3682
8.14 0.98 1.3 | 3815
9.43 1.1% |[1.580 | 3757
8.12 1.03 1,664 4719
5.29 0.73 {1.363 | 59k
MAY 31, 1947
6.21 0.86 |[1.259 | k615
1.77 0.99 | 1.6078 | 4705 ok | 329 [2259 | Bu7 | 377 | 188 | 235 jik1 | 235
T7.90 0.99 | 1.584 | L1k
8.07 1.00 | 1.4577 | L26s 85 |2133 | 811 | 3k1 | 213 | 149 | 128 | ko5
8.90 0.95 2.0k | 4706 k172 -6 4166 1.13
8.31 0.88 | 1.65u8 | LkT2 12 0 4172 .1.07 89 |2281 | B9k | 313 | 224 | 13k {179 | 358
9.23 1.15 | 1.870 | k662 ‘
-1 8.58 1.07 | 1.630% | 43715 306 |224% | 744 { 304 | 219 | 131 | 175 | 262
8.71 0.96 2.035 4568 172 +18 4190 1.09
2.97 0.96 1.7g79 ggﬁ Li72 +24 4196 0.94
.20 1.02 | 1.3 :
8.45 1.05 | 1.3932 | 3698 1 [ 333 | 592 | 813 | 665 | 296 | 148 | 185 | 148 | ko7
8.40 0.89 | 1.765 | bug8 K172 +uk 1216 1.07
6.1 1.0k | 1.302 | keks 4172 +50 222 1.01 )
8.03 1.00 1.306 3743 . :
8.42 1.05 | 1.160k | 3173 63 1523 | 539 | 286 | 254 | 127 | 127 | 25M
- - 0.148 | TTh9
6.85 1.1k | 1.331 [ 3916 | 272 | 4288 4360 0.91 :
7.0h 1.12 1.5361 | 4148 4172 +197 4369 0.95 166 | 290 |1701 | 78T | 332 | 249 | 166 | 124 | 373
7.66 1.23 | 1.671 | 276 4172 | +206 4378 0.98
7.05 1.12 1.502 | k266 T2 | 21k 4386 0.97
11.23 1.51 | 1.251 - 3821 Wtz | 4223 4395 0.87
11.64 1.56 1.%02 3689 172 232 Lhoh 0.84
10.98 1.47 - - Bottle | broken - -
11.02 1.48 1.278 3665 4172 | 4248 2o 0.83
11.69 1.57 | 1.351 | 3679 K72 | +256 4428 0.83
6.96 0.97 | 1.951 | 637k
T7.29 0.93 | 1.600 | 4706
(%.07) (0.51) | 0.939 | 5302
8.36 1.04 | 1.613 | bh39
8.18 1.02 | 1.273 | 3581

Figures in parentheses considered to indicate erroneocus samples - samples not used in Table I.
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TABLE V (CORTINUED)

DATA SEEETS
VELOCITY CORRECTIONS
. SAMPLING| SUSPERSION STREAM VELXCITY | SAMPLE
moof SAMPLE | SAMPIER | ROEZIE OPERATIQN TIME ANGLES DRIFT | DRIFT TIME VELCCITY | CORRECTED | WEIGET
NO. TYPR SIZE sece . degs . feot | ft./sec.| ft./sec. | ft./sec. £t . /oec . en.
JUNE 1, 1947
Stream Depth 23.0 ft. Discharge 49,900 eec. ft. Water Temp. 66CF
9:50 &m 70 Pbb 3/16" FI @ 0.85D 7.9 19° i 368.0 -
T PLU6 3/16" | Cum 0.85D-30" delay | 7.8 19° 361.5
72 P46 3/16™ | Cum 0.85D-60" dslay 7.6 19° 354 .6
73 P46 36" PI @ 0.85D 7.7 19° 3#3.6
Th P46 3/16" PI @ 0.85D . 8.0 19° 329.5
75 P46 3/16" | Cum 0.85D-120" delay| 7.7 19° 351.8
76 P46 3/16" | Cum 0.85D-60" dslay | 8.0 19° 318.6
7 P46 3/16" | Cum 0.85D-30" delay 8.0 19° 327.0
78 P46 3/16" PI 8 0.85D 8.0 19° 333.4
79 P6 3/16" PI @ 0.8%D 8.1 19° 366.6
80 P46 316" PI 8 015D 8.0 €° 339.2
81 P46 3/16" | Cum 0.15D-30" del 8.2 6° 353.2
& P46 3%6" CE 0.1;,)?-20" del:; 7.9 6° 323.7
83 P46 3/16" PI € 0.15D 8.2 6° 327.0
8 P46 3/16" PI € 0.15D 8.0 6° 297.2
85 PLs 3/16" | Cum 0.15D-120" delay| 8.0 6° 319.6
86 P46 3/16™ | cum 0.15D-60" dsley 8.0 6° 327.0
871 P46 3/16™ | cum 0.15D-30" delay | 7.9 6° 6.0
88 Ph6 3/16" PI @ 0.15D 8.0 60 320.7
12:30 m 89 P-U6 3/16" PI @ 0.15D 8.0 60 3.
JURE 2, 1947
Stream Depth 23.2 ft Discharge 47,300 sec. ft. water Temp. 66°F
) Pk6 316" PI @ 0.65D 8.0 140 8.54 8.5 351.3
[ P-L6 3/16" PI @ 0.55D 8.1 120 8.5 8.5 367.2
R® P46 36" PI @ 0.5 7.9 100 8.53 8.53 325.2
93 P46 3/16" PI @ 0.3 8.0 9° 8.50 8.50 35h.1
s PA6 316" PI @ 0.25D 9.1 60 8.4s 8.ks 393.5
. 95 PAb 326" PI € 0.15D 8.0 y0 8.40 8.ko 357.9
20:30 am | 96 P46 3h6" PI @ 0.05D 8.0 Lo 8.3 8.3k 352.8
97 P46 3/16" DI, 0.60-0.00D 7.5 11°.7° +3.9 | +0.52 8.i6 8.98 328.7
%8 P46 3/16" | DI, 0.00-0.60D 7.5 0°_go 5.9 -0.79 8.46 7.67 328.0
9 P46 316" I, 0.60-0.00D 9.8 11°.7° +3.9 | +0.40 8.6 8.86 327
100 P46 | 3/16" DI, 0.00-0.60D 7.8 0°-80 -5.9 -0.76 8.46 7.70 1.6
100 Pd6 3/16" I, 0.60-0.00D 8.6 119.70 +3.9 | +0.45 8.46 8.91 377.7
102 P46 3/16" | 1@, 0.00-0.60D 7.6 0°-80 -5.9| -0.78 8.46 7.68 2%.7
103 PU6 3/16" DI, 0.60-0.00D 8.2 119.7° +3.9| +0.48 8.46 8.9 365.3
104 P46 3/16" DI, 0.00-0.60D 7.4 0°-80 -5.9 -0.80 B.46 7.66 265.1
105 P46 3/16" X, 0.60-0.00D 8.2 110.70 +3.9 +0.48 8.46 8.9% P21
11:20 am | 106 P46 3A6" DI, 0.00-0.60D 7.8 0°.90 £.7] 0.8 8.L6 7.60 9.4
11:30 am | 107 P-hés 1/8" DI, 0.00-0.60D 12.2 00.70 521 0.3 8.46 8.03 2541
108 PL6s 1/8" DI, 0.00-0.60D 16.0 0°-70 -5.2 0.3 8.k6 8.1k 319.7
109 Pdés 1/8" o, 0.00-0.60D [17.9 0°-80 5.9 | -0.33 8.46 8.13 354.8
10 PAES 1/8" T, 0.00-0.60D 17.9 0°-8° 5.9 -0.33 8.46 8.13 3514
11 PLés 1/8" I, 0.00-0.60D 17.1 0°-10° Tk | 043 8.46 8.0 372.2
12 | p-lés 3/16" DI, 0.00-0.60D 8.4 09.90 -Z-Y -0.80 8.46 7-62 H3.2
- 13 P-l6s 3/:1l6" DI, 0.00-0.60D 8.5 0°.-90 £.7 0.79 8.6 7.67 371.0
11k PU6S 3/16" DI, 0.00-0.60D 8.0 0°-10° -7 -0.93 8.6 7.53 328.8
115 PU6S 316" X, 0.00-0.60D 9.2 0°-10° ERY -0.80 8.6 7.66 360.3
16 PA6S 3/16" M, 0.00-0.60D 8.3 0°-go -5.9 | <0.7L 8.46 7.75 #3.2
n7y P-hés 3/16" I, 0.60-0.00D 7.0 11°-7° +3.9| +0.5 8.46 9.02 322.2
. 118 P-héS 3/16" DI, 0.60-0.00D 8.9 11°.7° +3.9 ] 0. 8.6 8.%0 389.0
119 P46S 3/16" DI, 0.60-0.00D 7.5 9°_60 +3.0 | +0.bo 8.46 8.86 367.8
120 PU6S 316" I, 0.60-0.000 , | 8.4 100-6° +3.8| +0.45 8.6 8.91 387.9
121 P-U6s 3/16" I, 0.60-0.00D 8.0 10°-6° +3.8 | +0.48 8.46 8.9 %9.2
122 P-Lés 1/8" DI, 0.60-0.00D 13.9 10950 + b +0.32 8.46 8.78 283.0
123 PLés 1/8" II, 0.60-0.00D 1.5 100.50 #.4 | 40.30 8.46 8.76 2u3.4
124 P-UbS 1/8" T, 0.60-0.00D 15.3 10°-5¢ A 40.29 . 8.6 8.75 264 .3
125 P46S 1/8" II, 0.60-0.00D 17.6 10°.50 w4 4025 8.46 . 8.7 n5.4
1:30 m 126 PAés 1/8" II, 0.60-0.00D 164 10°-5° wd | 4027 8.6 8.73 6.6
2:15 pn 127 D43 1/8" | pI, 0.00-0.60-0.00D |10.5 00-160-10° | 6.2 | -0.59 8.46 7.87 272.3
128 D43 1/8" | or, 0.00-0.60-0.00D |13.0 00.16%-10° | 6.2 | .0.48 8.46 7.98 399.5
129 D43 1/8" | o, 0.00-0.60-0.005 |12.7 00-15°-10° | 6.2 | -0.A9 8.k6 - 7.97 278.k
2:35 m 130 D43 1/8" | DI, 0.00-0.60-0.00D |11.2° | 0°16%10° | 6.2 | -0.55 8.46 7.9 266.2
13 P46 3/16" PI 8 0.65D 8.2 120 8.5% 8.54 37.8
132 P46 6" P18 0.45D 8.0 8° 8.53 8.53 8.2
133 P46 36" PI @ 0.25D 8.0 40 8.k5 8.5 353.3
13% P46 376" PI @ 0.05D 7.9 40 8.3 8.34 352.8

v,




Table V 113
TABLE V (CORTINUED)
DATA SHEETS
SEDIMENT CONCENTRATION-POINT SAMPLES SIZE DISTRIBUTION
WOZZLE CONCEN-
VELOCITY { INTAKE | WEIGET | CORC. | CURVE | CORRECT'N | CORRECTED | TRATION 1.0 0.5 .25 .125 ,0625 .OM42 .0312 .0221 ,0156 .0L10 mm.
ft./eec. | RATIO| em. | rm m m e RATTO mlm]m{mlmlm]m rm | rm | pm | pm
JURE 1, 1
8.58 1.757 | WTTM
8.53 2.010 | 5560 4869 1.1k
8.60 2,092 | 5900 4869 .21
8.21 1.667 4852 Average of 5
7.59 1.8624 | 5652 samples < 1869 1.16 113 | 452 |1131 {2148 | 678 | k52 | 1k1 | 198 | 113 | 226
8.42 1.997 5677 PI 6 0.85D 4869 1.17
7.33 1.6412 | 5151 1869 1.06 51 | 567 (2318 | 927 | 361 | 232 | 155 | 103 51 | 386
7.53 1.589 | L859 4869 1.00
7.68 1.538 L613
8.34 1.633 | ush
7.81 1.343 3959
7.9% 1.342 | 3800 3835 0.99
T7.55 1.2889 | 3982 3835 1.04 80 | 120 |2991 | 557 | 319 | 199 | 119 | 239 | 358
7.35 1.3635 | k170 3835 1.09 84 | 250 [1960 | 667 | 375 | 167 | 125 | 125 | M7
€.85 1.162 3910 Average of 5
7.36 1.M47 4528 Semples < 3835 1.18
PI €@ 0.15D
T7.53 1.290 3945 3835 1.03
8.06 1.519 | 4390 3835 1.14
7.38 1.091 | 3k02
7.22 1.170 3736
JUKE 2, 1947
8.08 0.95 | 1.8168 | 5172 103 | 569 |2276 |103% | 466 | 259 | 155 | 103 | 207
8.36 0.98 | 1.880 | 511k
7.59 0.89 | 1.3813 | ka2L8 212 (1997 | 935 | 297 | 212 | 128 | 170 | 297
8.16 0.96 | 1.297 | 3663
7.95 0.9% | 1.7152 | L359 L [ 87| 480 |1569 [ 959 | 392 | 1T | 1Tk | 218 | 262
8.23 0.98 | 1.ko7 | 393
8.12 0.97 | 1.1606 | 3290 33] 33| 362 954 | 822 230 | 296| 99| 99| 362
8.07 0.90 1.179 3587 Lio7 | -T2 4035 0.89
8.05 1.05 | 1.299 | 3960 ko7 -92 4015 0.99
8.1k 0.92 | 1.737 | Lok Loy | -112 3995 1.00
7.35 0.95 1.101 3533 Lot -132 3975 0.89 R
8.09 0.91 | 1.5k28 | LoB5 07 | -152 3955 1.03 41| 122 | 572 {1307 | 940 | 327 | 204 | 163 | 123 | 286
" 7.09 0.92 1.012k [ 3459 ot -172 3935 0.88 69 | 2u2 1176 | 796 | 311 | 207 | 10k | 1ok | 450
8.20 0.92 | 1.352 3701 kot | -192 3915 0.95
6.59 0.86 0.977 3685 kot -212 3895 0.95
T.24 0.81 1.a3 4387 Lo -235 3872 1.13
7.53 0.99 1.229 3848 o7 -257 3850 1.00
g.sz 1.07 0.892 3530 tmr -317 3:(38 g.gg
.29 1.02 | 1.19 37k 207 | -337 3 .
8.20 1.01 | 2.2729 | 3303 L1017 | -357 3750 0.88 99| 264 I1123 ) 727 | 330| 198 132| 95| 331
8.12 1.00 | 1.269 | 3611 o1 | -3T1 3730 0.97
9.03 1.12 | 1.367 | 3673 Lo | -397 3no 0.99 -
7.53 0.98 1.132 3491 Jl:mr -g?z 3232 g-gg
.8.03 1.0 1.3 3520 107 | - 3 .
1.57 1,035, 0.9353 | 2845 Ko7 -L459 3648 0.78 114 | s10f Tho | 284 | 228 k2| Lk | 33
7.2 0.94 1.351 3750 Lot -483 3624 1.03
7.61 0.98 | 1.167 | 3400 o7 | -502 3605 0.9%
8.47 0.9% | 1.081 | 3355 L1017 | -607 3500 0.96
B.05 0.90 1.298 3337 Loy -627 3480 0.96
9.02 1.02 - - Bottle| broken - -
8.51 0.96 | 1.184 | 3052 107 | -672 3435 0.89
8.03 0.90 | 1.172 | 3356 ko7 | -692 3415 0.98
2.;2 0.96 0.980 31;33 tlg -;132 gg% 1%2.
- 0.79 | o.o11 | 3743 2 - .
7.17 0.82 | 0.7886| 298k 4107 | -75T 3350 0.89 60| 18] 1313 k781 269| 19| 19| 89| B9
T.42 0.85 1.040 3297 Ko7 =TT 3330 0.99
8.7k 1.00 1.089 31k2 Lot =197 3310 0.95
10.73 1.36 | o.749 | 2751 ::lg; -13219 :;%?g 2-2 .
12.72 1. 1.309 | 3277 1 -1 .
(9.‘5‘7) (1.:53) 0.3096 2908 4107 | -1051 3056 0.95 29] s8] 378| 8ik] 611 20| 247| 73| 203 291
9.86 1.25 0.726 121 Yo7 | -1073 3034 0.90
8.3h4 0.98 | 1.405 | 37719
8.01 0.94 | 1.177 [ 3380
8.1k 0.96 1.088 3080
8.23 0.99 | 0.732 | 2075

Figures in parentheses considered to indicate erroneous samples - samples not used in Table I.
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TABLE V (CQFTINUED)
DATA
VELCCITY CORRECTI(RS
) SAMPLING | SUSPERSION STREAM VELCCITY | SAMPLE
BOUR SAMPIE | SAMPLER | NCRZIE OPERATICN TIME ANGLES DROFT | DRIFT TIME VELCCITY | CORERCTED | WEIGET
no. TYPE SIZR secs . dags . foot | ft./mec.| ft./sec. | ft./s0c. £t ./sec. em.
JURE 3, 1947
Stream Depth 23.7 ft. Discharge 45,700 sec. ft Water Temp. 67°F
10:10 am | 135 BV 36" I @ 0.9 8.2 15° +0.03 6.2 “6as | 282.5
136 P46 316" PI @ 0.85D 8.0 13° +0.04 6.75 6.79 279.9
137 PL6 3/16" PI 8 0.75D 8.1 13° +0.06 6.97 7.03 302.7
138 P46 3/16" PI 8 0.65D 10.0 11° +0.07 7.1k 7.21 380.4
139 PU6 3/16" P1 @ 0.55D 9.9 10° 40.09 T.21 7.36 383.8
140 P46 3h6" PI @ 0.k5D 10.1 T7° 40.10 7.3 7.7 5
1k Phé 3/16" PI @ 0.3 9.8 (34 +0.12 7.6 7.58 361.9
1k2 P46 3/16" PI 8 0.25D 9.9 59 +0.13 7.53 7.66 h35.3
143 P46 3/16" FI @ 0.15D 9.8 50 +0.15 7.59 T.74 405.6
1Lk P46 3/16" PI 8 0.05D 9.6 50 4+0.17 7.62 7.79 415.6
11:00 am | 145 P46 316" DI, 0.50-1.00D 8.8 10°-14° 4 b -0.50 +0.18 6.5 6.58 3171
146 P46 3/16" | DI, 0.50-1.00D 9.3 100.34° 44| 0n7 40.20 6.90 6.63 355.5
17 P46 3/26" I, 1.00-0.50D 10.5 159.11° .7 4045 | +0.21 6.9 7.% k2.6
148 P46 3/16" II, 1.00-C.50D 9.6 159-110 A7 | w049 +0.23 6.9 7.62 408.5
19 P46 3/16" X, 0.50-0.00D 9.0 109-6° +3.6 | +0.0 +0.24 7.9 8.15 298.5
150 PU6 3/16" X, 0.00-0.50D 9.0 0°-80 -5.9| -0.66 40.25 7.2 7.10 3#3.1
151 P46 3/16"7] DI, 0.00-0.50D 7.5 0°.80 5.9 <0.79 .27 7.9 6.99 287.5
15 P46 3/16" DI, 0.50-0.00D 9.4 10°.4° 3.6 | +40.38 +0.28 7.9 8.7 421.5
153 PU6 36" DI, 1.00-0.00D 9.7 150.7° L | +0.87 +0.30 7.1 8.38 376.2
1 P46 316" DI, 0.00-1.00D 9.9 00-13° 1.0 aa +0.31 7.2 6.41 364 .5
155 P-L6 316" | b1, 0.50-1.00-0.50D] 9.7 10°-13°-11° | 0.8 -0.08 40.32 6.9 7.4 324,
156 PLU6 3%6" X, 0.00-0.50-0.00D| 10.6 09-80-6° -3.81 -0.36 +0.34 T.50 7.49 42,1
157 |. P46 3A6" | DI, 1.00-0.50-1.00D] 10.8 150-11°04° | 40.9| +0.08 +0.35 6.9 7.33 420.2
12:05 m | 158 P46 36" |, 0.50-0.00-0.50D| 10.k 10°-30-8° | ®4.5| +0.16 0.3 7.2 8.03 h21.9
159 P46 3/16" DI, 0.67-1.00D 6.8 139-13° 0.9 -0a3 40.38 6.7 6.99 218.2
160 PUE 3/16" 11, 0.67-1.00D 10.1 139.13° 0.9 -0.09 40.39 6.7 7.06 | 390.7
161 PA6 36" DI, 1.00-0.67D 8.4 142313° 1.8 02 40.40 6.74 7.35 24 .2
162 P46 3/16" II, 1.00-0.67D 9.0 140-13° 1.8 | +0.20 +0.42 6.74 7.3% Lo6.5
163 P46 3/16" X, 0.33-0.67D 8.4 90-12° -3.0] -0.3% 4043 7.3 7.38 3641
164 P46 36" DI, 0.33-0.67D 7.9 90120 -3.0| -0.38 +0 Lk 7.3 7.37 333.5
165 P46 3A6" DI, 0.67-0.33D 8.1 13°-10° +3.1 | +0.38 +0.46 7.3 845 350.2
166 P46 36" I, 0.67-0.33D 9.0 13°-10° +3.1 | +0.3 404 7.3 8.12 399.3
16 P-h6 _3416" M, 0.33-0. 8.8 8060 33| ¥ | 0l 7.57 825 | 380.6
16 P 316" DI, 0.00-0.33D 8.2 0970 4.9 -0.60 40.50 7.57 747 333.0
169 P46 316" DI, 0.00-0.33D 9.k 0°.7° 4.9 0.52 +0.51 7.57 7.5 372.6
1:00 pu [ 170 P46 316" o, 0.33-0.00D 8.4 80.5° 2.5 40.30 +0.52 T.57 8.39 346.3
1:30m | 1M P46 3/16" | D, 1.00-0.67-1.00D( 9.2 14013°13% | 40.9 | 40.20 +0.62 6.7 7.46 426.5
172 P46 3/16" | p1, 0.67-1.00-0.67D| 7.6 13°-13°-132 0.0 0.00 +0.63 6.74 7.37 320.6
173 PL6 316" | o1, 0.67-0.33-0.6TD| 9.6 13°-1o°-:;g 0.0 0.00 40.64 7.3 7.95 hoe.2
17k P46 3/16" | 1, 0.33-0.67-0.33D 8.3 80-12°- 0.7 | -0.08 +0.66 7.3 7.89 3k .3
175 P46 316" | o1, 0.33-0.00-0.33D 8.1 80.50.8° 0.0 0.00 40.67 7.57 8.2k 3576
176 P46 3/16" | o1, 0.00-0.33-0.00D 8.2 00-70-5° -3.1 -0.38. .69 7.57 7.88 352.9
177 Ph6 36" PI € 0.95D 9.0 179 40.70 6.42 7.12 299.3
178 P46 3/16" PI @ 0.85D 9.0 15° +0.72 6.75 .47 3R.5
179 P46 3/16" PI @ 0.65D 9.0 15° +0.73 7.k 7.87 360.8
180 P46 316" PI @ 0.45D 9.0 100 +0.75 7.37 8.12 L1 6
18 P46 3/26" PI @ 0.25D 9.0 6° 40.76 7.53 8.29 382.1
225 m| 18 P46 3/16" PI @ 0.0 9.1 5° .77 7.62 8.39 403.3
JURE b, 1947
Stream Depth 22.3 £t (26.0 @ 3:30 m) Diecharge 44,600 sec. ft. Vater Temp. 65°F
9:50 am | 183 phi3 1/8" | DI, 0.00-1.00-0.00D| 12.5 0°-19%-10°| 6.3 -0.% T 744 2.k
184 D43 1/8" | DI, 0.00-1.00-0.00D| 1k.3 09.19%-10° | 6.3 | -o.uk T.9% 7.5 361.8
185 D43 1/8" { @, 0.00-1.00-0.00D| 13.0 0°19°-10°| 6.3| -o.u8 7.9% 746 355.1
186 D43 1/8" | DI, 0.00-1.00-0.00D| 13.0 0°-15°-10°| 6.3| -0.48 T.9% 7.46 #8.9
187 D43 1/8" |1I, 0.00-1.00-0.00D| 13.0 0°26°%30° | 6.3| -0u48 7.9 746 #3.2
10:10 em | 188 | P46 316" PI @ 0.95D 9.0 16° 7.3% 7.3 272.8
189 P46 36" PI @ 0.85D © 9.0 16° 7.8 7.8 385.4
190 P46 376" PI @ 0.75D 9.0 14° 8.00 8.00 3%.2
| pds | 36" P10 065D 9.1 140 8.07 8.07 | 438.7
1% PA6 316" PI @ 0.55D 9.0 120 8.09 8.09 Lo2.9
193 PL6 3/16" PI @ 045D 9.0 100 8.08 8.08 | 3%
19% P46 36" PI 8 0.3 9.0 8° 8.07 8.07 379.0
195 PLG" 3f16" PI 8 0.25D 9.0 7° 8.03 8.03 k18.6
196 P46 3/16" PI @ 0.15D 8.6 L0 8.00 8.00 396 .4
197 P46 306" PI 8 0.05D 8.5 3° 1.9 T1.91 378.0
198 P46 3/6" DI, 1.00-0.00D 7.k 18°.6° a1.5 | 41.55 7.9 9.9 .3
199 P46 316" I, 0.00-1.00D 10.0 0°-17° -1k.3 | <143 7.9 6.51 3%5.0
200 PL6 36" I, 0.50-1.00D 76 10°.38° 7.9 -1.0% 7.86 6.82 299.1
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Table V 115
TABLE V (CORTIRUED)
DATA SEEET
EEDIMENT CONCENTRATTON- FOINT SAMPLES SIZE DISTRIBUTION

NOZZLE CONCEN- -
VELOCITY | INTAKE | WEIGET | CONC, | CURVE | CORRECT'N | CORRECTED | TRATION 1.0 05 .25 .125 . -O4h2 .0312 .0221 .0156 .OL10 mm.
ft./sec. | RATIO | en. | pm p2= Tm ™ RATIO pmlpmlpmlpmlmlmnl ‘mlmlmlm

JUKE 3, 1947

6.35 0.98 | 1.2976 | 4593 92 | 827 |1699 |1010 | 253 | 115 | 184 | 138 | 275

6.4k 0.95 |1.255 | L84

6.89 0.98 1.1724 | 3873 78 |2230 | 697 | 27n | T7 | 19% | 116 | 310

7.00 0.97 | 1.624 | L269

7T.1% 0.97 | 1.k758 | 3815 19f 58| 365 |1596 | 808 | 269 | T7 | 211 | 154 | 288

7.77 1.04 1.603 3758

6.79 0.90 | 1.3962 | 3858 9 71 ‘sor |50k | 791 | 251 | 126 | 193 | 135 | 251

8.10 1.06 | 2.054 | 4719

7.62 0.98 |1.1845 | 2620 29 {1197 | 730 | 350 | T3 |10 | 88} 8 [175
7.97 1.02 |1.359 | 3270

6.63 1.01 | 1.519 | 4790 L298 -30 L268 1.12

7.03 1.06 1.653 | k650 4298 -35 4263 1.09

6.00 0.79 | 1.88% | 5499 4298 -39 L259 1.29

7.84 1.03 | 1.993 | 4879 4298 -Ly Lask 1.15

6.11 0.75 1.1%2 | 3826 3376 -48 3328 1.15

7.02 0.99 |1.179 | 3u36 3376 -53 3323 1.03

7.05 1.01 0.954 3318 3376 -58 3318 1.00

8.25 1.01 1.k21 3371 3376 -62 331k 1.02

7.2k 0.85 ]1.898 | 5045 3815 -67 3748 1.35

6.18 1.06 §1.kok ! Log9 3815 =71 374k 1.09

6.15 0.86 1.5178 | 4376 4298 -6 L222 1.04 416 {2079 | 875 | 350 | 131 | 153 | 153 | 219
7.68 1.03 1.k252 | 3224 3376 -81 3295 0.98 32 97 | k19 [1161 | 580 | 194 | 226 97 64 | 354
7.16 0.98 1.990 | 4736 4298 -85 L4213 1.12

7.48 0.93 1.730 | %100 3376 -90 3236 1.25

5.91 0.85 1.202 | 5509 k5T -95 L362 1.26

7.13 1.01 | 1.672 | k280 57 | 100 4357 0.98

7.1 0.97 | 1.458 | o7 W57 [ -205 k352 1.03

8.32 1.13 1.6k9 | LOST LiysT -110 L3k 0.93

T1.97 1.08 |1.313 | 371 38k | -115 3729 1.01

7.71 1.05 |1.222 | 3664 3844 | -120 372k 0.98

7.95 0.98 |[1.520 | L340 38L4 | -125 3719 1.17

8.18 1.01 | 1.43% | 3591 38Lh | -130 3714 0.97

7.95 0.96 |1.093 | 28712 3220 | -135 3085 0.93

7.48 1.00 1.139 3k20 3220 -1k0 3080 1.11

7.29 0.96 | 1.083 | 2907 3220 | -1k5 3075 0.95

7.59 0.90 | 1.137 | 3263 3220 | -150 3070 1.07

8.54 1.6 [ 1.933 | 4532 W57 | -186 Len 1.06 1o

7.7 1.05 | 1.3425 | 4187 57 | -190 L267 0.98 L2 | 126 |2260 | 837 | 293 | 126 | 126 | 126 | 251
7.70 0.97 |1.50k | 3739 384 | -195 3649 1.02

7.6% 0.97 1.3168 | 3825 38L4 -200 364 1.05 38 57 | 708 |1568 { 650 | 306 | T7 | 153 T7 | 191

8.12 0.99 |1.1T1 | 3275 3220 | -205 3015 1.08

7.92 1.01 1.1008 | 3119 3220 -210 3010 1.0k 62 |1809 | 593 | 218 187 | 156

6.13 0.86 | 3.056 |10210

8.03 1.07 | 1.655 | ka7

7.38 0.94 1.433 3972

9.0k 1.1 | 1.499 | 339%

7.83 0.9 [1.301 | 3405

8.16 0.97 1.031 2556

JUNE b, 1

1.35 1.53 | 1.258 | 367% Lot [¢] Lot 0.90

10.48 1.0 | 1.20 325 Lot 0 Yo7 0.82

11.31 1.52 1.2758 3590 Lor7 0 yoT7 0.88 72| 754 {11b9 | TAB | 179 [ 126 [ 197 | 72 | 323
n.1 1.k9 | 1.097 i?é ténn'z o hugnn g.g

10.9% 1.4 1.121 0 .

5.2& O.Tg 2.7162 | 9957 100 | 398 {7368 11095 | 249 | 249 | 100 | 398

. .01 | 2.046 !

;g 3.91 1.5599 233% ] 175 | 832 |1752| 657 | 219 | 88| 175 | 130 | 306
© 8. .10 728

5.2;’ i.éz i.g'm 13323 42| 208 |2118| 789 | 200 | 125 | 166 | B3| 332

.66 o. 1.46 11

'7(.75 0.32 1.1»938 gb-h 43k 11696 789 | 355 | 197 | 79| 3%

8.56 1.07 | 1.345 | 323

8.49 1.06 | 1.h053 | 3545 TL| 390 f1ksk| 638 | 319 | 106 106| k2| 39

8.19 .| 1.03 | 1277 | 3uk |

9.32 0.98 | 1.k82 | 3959 o7 0 Lo77 0.97

6.35 0.98 | 1.245 | 3609 Lot7 0 so77 0.89

1.25 1.06 | 1.260 | s3 prann 0 prany 0.91




118 Table V
TABLX V (CONTINUED)
DATA SEEETS
VELCCITY CORRECTIONS
SAMPLING | SUSPENSIQN STREAM | VELCCITY | SAMPIE
HOUR SAMPLE | SAMPIER | NZZIE OPERATICN TIME | ANGLES DRIFT | DROFT TIME  |VELCCITY |CORRECTED | WEIGET
NO. TYPE SIZE secs . dogs . feot | ft./sec. | ft./eec. |ft./sec.| ft./sec. gm.
JURR 4 (CORT.)

201 PLE 3/16" DI, 1.00-0.50D 7.6 18°-11° 7.1 +0.93 7.86 8.79 358.6

202 P46 326" DI, 0.50-0.00D 8.8 109-5° 4.2 +0.48 8.03 8.51 385.7

203 P46 3/16" DI, 0.00-0.50D 8.4 0°-9° £$.6 -0.79 8.03 7.24 358.0

12:00 m 204 PLES 1/8" DI, 1.00-0.00D 18.6 18°.4° #2.7| +0.68 7.94% 8.62 3%9.1
205 PUbS 1/8" DI, 1.00-0.00D 18.6 18040 +12.7] +0.68 7.9% 8.62 363.8

206 PL6S 1/8" DI, 1.00-0.00D 20.2 18040 #2.7] +0.63 7.9 e'.57 #3.3

207 P-U6S 1/8" DI, 1.00-0.00D 20.4 18040 a2.7 | +0.62 7. 8.5 35%.8

208 P-kés 1/8" II, 1.00-0.00D 18.0 18040 #H2.7| +0.71 7.9% 8.65 hoz2.1

209 pL6s | 3/16" II, 1.00-0.00D 9.0 180.6° #1.5] +1.28 7.9 9.22 L49.7

210 Plés 3/16" I, 1.00-0.00D 8.1 18°-6° #a11.5 .42 7.9 9.36 388.7

211 PLés 3/16" DI, 1.00-0.00D 9.0 18960 +11.5 +1.28 T.9 9.22 L53.2

212 P-A6S 3/16" DI, 1.00-0.00D 8.k 18°-6° +11.5 +1.37 T.94 9.31 k15.2

1:00 pu | 213 Ph6s | 3/26" oI, 1.00-0.00D 8.7 18°-6° .| +11.5| +1.32 7.9 9.26 389.6
214 P-L6S 3/16" | DI, 0.00-1.00-0.00D| overtime 7.9 ks5.5

215 P-hés 3/16" DI, 0.00+1.00-0.00D| overtime 7.9 k31,

216 P-liés 3/16" | DI, 0.00-1.00-0.00D| overtime 7.9 Ls2.2

217 P46S |3/16" | oI, 0.00-1.00-0.00D| overtime 7.9 b43.8

1:30 m | 218 P-46S 3/16" M, 0.00-1.00-0.00D] overtime 7.9 b6 .2
3:30 m 219 PL6 316" . P18 0.95D 9.0 5.55 5.55 .2u2.0
220 PL6 316" PI € 0.75D 9.0 6.62 6.62 264 .2

221 P-L6 3/16" PI @ 0.55D 9.0 7.09 7.09 296.9

222 PL6 316" PI € 0.35D 9.1 7.32 7.32 348.8

L:00 pm | 223 P L6 3/16" PI 6 0.15D 9.0 7.42 7.2 368.8

JURE 6, 197
Stream Depth 23.0 ft. Discharge 46,100 sec. ft. Water Temp. 67°F

10:30 am | 22k PLE 3/16" PI @ 0.95D 8.2 16° 40.05 7.00 7.05 256.7
225 P46 3/16" PI € 0.85D 9.0 13° +0.06 7.31 7.43 383.1

226 | P46 3/16" PI1 8 0.75D 8.5 1° 40.07 7.53 7.60 302.0

227 P-k6 3/16" PI 8 0.65D 9.1 12° +0.09 7.62 7.1 384.9

228 P46 3/16" PI @ 0.55D 9.0 8° +0.10 7.65 7.75 311.8

229 Ph6 3/16" PI 8 0.45D - 7° +0.11 7.65 7.76 260.8

230 P46 3/16" PI @ 0.35D 9.0 6° +0.12 7.64 7.76 339.3

231 P46 3/16" PI @ 0.25D 9.0 50 40.13 7.61 7.7 353.4

232 P46 3/16" PI 8 0.15D 9.0 Lo 4014 7.5 T7.72 357.0

233 P46 3/16" PI 8 0.05D 9.1 Lo . +0.15 7.5 7.66 376.5

234 P46 3/16" DI, 0.00-1.00D 9.0 0°16° | -13.5| -1.50 40.17 7.5 6.18 333.8

235 PL6 3/16" DI, 1.00-0.00D 7.9 16970 +9.1 | #.a1s5 +0.18 7.5 8.84 354.0

236 P46 3/16" DI, 0.50-1.00D 9.0 8°.16° 77| 0.8 40.19 743 6.76 388.4

237 PL6 3/16" X, 1.00-0.50D 9.3 16°.10° 6.2 +0.67 40.20 743 8.30 322.8

238 P-L6 3/16" DI, 0.50-0.00D 7.5 89.50 +2.7 40.36 +0.22 7.59 8.17 211
12:00 m 239 PL6 3/16" DI, 0.00-0.50D 8.0 0°-8° -5.8 -0.72 +0.23 7.59 7.10 (463.7)
2:00 m | 240 PA6S 3/16" DI, 1.00-0.00D 10.2 189-7° +10.8 41.06 +0.50 7.8 9.07 453.3
2Ly P-A6s 3/16" DI, 1.00-0.00D 7.7 18°.7° +10.8 41 .40 +0.51 7.5 9.2 362.2

242 PA6s | 3/16" I, 1.00-0.00D 8.5 180.79 +40.8| #.27 +0.52 7.5 9.30 Efg.e

2L pAés | 3/16" DI, 1.00-0.00D 9.5 189.7° +10.8 | 4.k +0.53 7.8 9.18 9.1

2L P46S | 3/16" DI, 1.00-0.00D 8.7 180.70 +10.8| +#.24 40.54 7.5 9.29 384.2

245 PAh6S 1/8" DI, 1.00-0.00D 16.4 18°-5° 42.1 | +0.7% 40.54 7.5 8.79 3k .7

246 P46S 1/8" DI, 1.00-0.00D 18.0 189-50 412.1 | +0.67 40.55 7.5 8.73 208.6

_ 2k7 P-liés 1/8" X, 1.00-0.00D 17.6 18°.5° +12.1 +0.69 +0.56 7.5 8.76 386.3
248 PhéS 1/8" DI, 1.00-0.00D 18.8 189.59 421 | +0.64 +0.57 7.5 8.72 290.3

2:45 pm | 249 PA6S 1/8" I, 1.00-0.00D 18.2 18°.5° 2.1 ~0.66 +0.58 7.2 8.75 341k
3:00 m | 25 p-kés 1/8" oI, 0.00-1.00D 17.5 0927° | -1k | -0.82 40.63 7.5 7.32 33.9
251 PL6S 1/8" TI, 0.00-1.00D 20.2 00-16° | -13.5| -0.67 +0.64 7.5 7.48 2.5

252 PUES 1/8" DI, 0.00-1.00D 18.0 0°-17° | bk | -0.80 +0.65 7.5 7.36 363.9

253 P46s 1/8" II, 0.00-1.00D 174 09417° | kb -0.83 +0.66 7.5 7.34 365.9

254 P46 1/8" DI, 0.00-1.00D 18 0°-17° | bk [ -0.80 40.67 7.9 7.38 350.2

255 P4és | 3/16" II, 0.00-1.00D 10.0 0°-17° | -1k.b <1k +0.68 7-2 6.75 3u5.4

256 PU6S | 3/16" DI, 0.00-1.00D 9.0 0°-17° | -k k| -1.60 +0.69 7.5 6.60 350.4

257 P-L6s | 3/16" oI, 0.00-1.00D 10.0 0°.17° | -1k -1.hk +0.70 7.5 6.77 362.3

258 PLés | 3/16" DI, 0.00-1.00D 10.0 0°-17° | -lbb | 1.k 40.72 7.5 6.79 317.8

3:5 m| 259 P-Lés 3/16" I, 0.00-1.00D 10.2 0°-17° -1b .4 -1k 40.73 7.5 6.83 3%0.5
260 P-ké 3/16" PI @ 0.95D 9.0 18° 40.7h 7-00 7-7% 352.7

261 PL6 3/16" PI 8 0.75D , 8.9 159 +0.75 7.53 8.28 Lig9.h

262 P46 3/16" PI 8 0.55D 8.6 ne +0.76 765 8.4 2.5

263 P6 3/16" P1 @ 0.35D 8.5 7° 40.77 7.64 8.1 385.3

L:0 | 264 P46 3/16" PI @ 0.15D 9.0 Lo +0.78 7.51 8.35 257.9

Figures in parentheses considered to indicate errcmeous samples - samples not used in Tabdle Iv
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Table V 117
TABLE V (CONTINUED)
DATA SHEETS
SEDIMENT CONCENTRATION-POINT SAMPLES SIZE DISTRIBUTION
NOZZLE CONRCEN-~

.0625 .0bk2 ,0312 .0221 .0156 0110 mm,

VELOCITY | INTAKE | WEIGET | CONC. | CURVE | CORRECT'N | CORRECTED | TRATION 1.0 0.5 .25 .125
£t./sec. RATIO e PR R Pro oo RATIO pm|m|pm‘pm|mlm}m!m1pm!pm‘pm
JURE b (CONTINUED

8.65 0.99 | 1.750 | 4880 Lekh 1} U6l 1.05
8.06 0.95 1.320 3h22 3517 0 3517 0.97
7.8 1.08 }21.101 | 3075 3517 s} 3517 0.87
8.91 1.03 1.437 3601 [¢] LoT7 0.88 :
8.12 o.94 | 1.3376 | 3677 0 koTT 0.90 37 | 120 | 331 [15uh4 | 662 | 220 | 221 | 147 55 | 349
7.04 0.82 1,295 3772 ogud 0 LoT7 0.93
7.25 0.85 | 1.368 | 3834 Lot [¢} o171 0.9k
9.2k 1.07 | 1.579 3927 o771 [} Lot7 0.96
9.21 1.00 1.64 3649 LoT7 [¢] Lot 0.90
8.8L 0.9% | 1.399 3599 L077 0 LoT7 0.88
9.28 1.01 1.693 3736 Lot 0 Torard 0.92
9.10 0.98 1.6232 | 3909 Lot 0 Lot 0.96 39 78 | 899 |1173 | 665 | 274 | 117 | 117 39 { 508
8.25 0.89 1.488 3819 Lot ¢l Lot 0.94

1.855 | Lot2 Lot ¢} Lo77 1.00

2.003 | u6L1 ko7 [} Lot 1.4

2.475 5473 Lo [} ko7 1.3

2.430 | 5475 LoTT 0 LoT7 1.3

2.380 | 5334 LoTT © LoT7 1.3
k.95 0.89 1.482 6124
6.02 0.91 | 1.555 5286
6.08 0.86 | 1.383 | 658
7.05 0.96 | 1.245 3569
7.55 1.02 | 1.245 3376

JUNE 6, 1947

5.76 0.82 | 1.5557 | 6060 606 |3576 | 727 | 242 | 182 | 2u2 | 121 | 364
7.8 1.06 | 1.845 | 4816
6.54 0.86 1.4577 | 4827 96 | 531 |2076 | 869 | 386 | 145 | 241 | 1k5 | 338
7.79 1.01 | 1.738 | 4515
6.37 0.82 1.k130 | 4532 L5 o1 | 499 (1812 | 816 | 362 | 227 Ls | 182 | us3
- - 1.1a7 | 4283
6.94 0.89 1.1529 | 3398 3k 68 11699 | 475 | 374 68 | 170 51 | Lsg
T.24 0.94 | 1.283 | 3630
7.1 0.95 | 1.1997 | 3361 67| 605 |13k | 370 | 286 | 151 | 168 | 67 | 303
T7.62 0.99 | .27k | 3384
6.83 1.15 1.409 L22a 4233 -63 k170 1.01
8.25 0.93 | 1.k59 | 22 4233 -1 k62 0.99
7.95 1.28 | 1.652 | L4253 1862 -80 4782 0.89
6.39 0.77 1.61% 5000 L862 -89 LT3 1.05
(5.17) (0.63) | 0.725 3387 3617 -98 3519 0.96
(10.53) (1.48) | 2.092 | (h512) 3617 -107 3510 (1.29)
8.18 0.90 | 1.621 | 3576 4233.1 -340 3893 0.92
8.65 0.92 1.498 4136 4233 -3k 3885 1.06
8.01 0.86 1.7570 | 4751 L233 -356 3877 1.23 95 | 523 2399 641 | 237 95 | 143 95 | 523
8.71 0.95 1.871 4166 4233 -364 3869 1.08
8.14 0.88 1.495 3891 4233 -372 3861 1.01
8.70 0.99 1.307 3792 4233 -380 3853 0.98
(4.81) (0.55) | 0.892 | (4276) k233 | -388 3845 (1.11)
9.12 1.04 | 1.4163} 3666 4233 | -397 3836 0.96 37! 623|1136| 660 183 | 257 | 110 | 110 | 550
(6.38) (0.73) | 1.052 | 3624 4233 | -Lkos 3828 0.95
T7.79 0.89 1.335 3910 4233 =413 3820 1.02
7.2 1.01 1.230 3918 4233 =448 3785 1.04
9.07 1.22 | 1.866 | k217 4233 { -455 3778 1.12
8.37 1.14 | 1.3898| 3819 4233 | -LE3 3770 1.01 76 | 153 917 1069| 496 | 229 | 153} 153 | 115 us58
8.70 1.19 1.33% 3646 L4233 -L71 3762 0.97
8.00 1.08 1.32% 3781 L4233 =479 3754 1.01
6.35 0.9% 1.1k2 3306 4233 -186 3747 0.88
7.16 1.08 | 1.326 | 3784 4233 | -Lok 3739 1.01
6.67 0.98 1.4283] 39k2 L23 -502 373 1.06 18 79 |1184 | 828] 630 158 1g97{ 118 | 18| 512
5.86 0.86 | 1.307 | ka3 4233 -510 3723 1.10
6.15 0.90 1.304 3830 4233 -517 3716 1.03
T.22 0.93 | 1.h92 | k230
8.61 1.05 | 1.735 k137 .
7.33 0.87 | 1.377 | k020
8.34 0.99 | 1.353 | 3512
5.28 0.63 0.T47 2896

Figures in perentheses considered to indicate erroneous samples - samples

not used in Table I.
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TABLX V (CONTINUXD)
DATA SHEETS
VELCCITY CORRECTIONS
SAMPLING| SUSPENSION STREAM | VELOCITY | SAMPLE
HOUR SAMPLE SAMPLER | NQZZIR OPERATION TIME ARGLES DRIFT | DRIFT TDR VELCCITY | CORRECTED | WEIGHT
RO, TYFE SIZE sech . degs . feot | ft./sec.| rt./sec. ft./eec.| f£t./vec. en.
JURE 7, 1947
Stream Depth 24.8 ft. Discharge 49,800 sec. ft. Water Temp. 68°F
10:00 am | 265 P46 3/16" PI € 0.92D 9.9 17° 2.7
266 P46 3/6" PI @ 0.52D 10.0 189 319.5
267 P46 316" PI @ 0.92D 9.8 17° 338.4
268 PL6 3/16" | Cum 0.2D-30" delay | 7.8 18° 237.6
269 Pk 3/16" | cum 0.92D-60" delay | 5.k 18° 1%.7
270 P46 3/26" | cum 0.%D-120" delay| 9.8 19° 416.9
27n P46 3/16" | Cum 0.92D-120" delay| 6.2 18° 310.4
272 pké 3/16" | Cum 0.8D-60" dslay | 9.2 18° 31k.5
273 P46 3/16" | Cum 0.%D-30" delay | 8.2 17° 368.7
274 PL6 376" PI 8 0.3%D 9.2 17° 355.0
275 PL6 3/16" PI @ 0.92D 9.0 17° 341.9
276 p-b6 3/16" PI 8 0.80D 8.8 15° 355.5
2717 P46 3/16" PI @ 0.80D 9.0 15° 302.5
278 P46 3/16" | Cum 0.80D-30" delay | 9.0 16° ko2.3
279 P-b6 3/16" | Cum 0.80D-60" delay | 8.0 16° 330.1
280 P46 3/16" | Cum 0.80D-120" dslay| 8.0 16° 170.1
281 PL6 3/26" | Cum 0.80D-120" delay| 9.2 160 L29.3
282 PU6 3/16" | Cum 0.80D-60" dslay | 7.8 16° 332.6
283 PA6 3/16™ | Cum 0.80D-30" delay | 8.1 16° 334.8
284 P46 3/16" PI @ 0.80D 9.2 16° 398.5
285 P46 3/16" PI @ 0.80D 9.0 16° 328.4
2:40 m | 286 PU6 3/16" PI 8 0.80D EXY 15° 366.8
JURE 8, 147
Stream Depth 25.9 ft. Discharge 50,900 sec. ft. ‘ Water Temp. 69°F
9:30 2 P46 36" FI € 0. 9.0 200 323.8
30 &n zg P46 316" PI @ o.g% 5.0 13° 3264
289 PAh6 3/16" PI 8 0.75D 9.1 16° 39%.0
290 P46 3/16" PI @ 0.55D 9.2 10 3n.0
291 P46 36" PI 8 0.35D 9.0 10° 410.6
2% P-k6 3/16" PI @ 0.15D 9.0 7° - 372.9
293 Pu6s | 3/16" DI, 0.00-0.23D 9.2 0%£60 4.0 | -0.43 o |8.06% 7.63 326.9
294 PLés 316" DI, 0.00-0.4kD 9.k 0°-11° 7.9 | -0.84 o |8.01+ 717 Lo5.0
295 PUéS | 3/16" DI, 0.00-0.75D 9.k 0%-14° 1.2 | 219 o |7.89 6.70 363.6
2% PL&s | 3h6" DI, 0.00-1.00D 8.6 0°.18° -15.6 | 1.8 o |[7.66% 5.85 309.6
297 PU6S 1/8" DI, 0.00-0.3%D 18.b4 0%-g° 4.4 | 0.35 0 |8.03 7.68 3831
298 P-U6S 1/8" DI, 0.00-0.46D 19.2 0°-9° £.5 | -0.34 o |{8.01+ 7.67 2.4
2% P-Lés 1/8" DI, 0.00-0.74D 18.0 0°-14° -11.1 | -0.62 0 [7.89¢ 7.27 380.9
300 PLES 1/8" oI, 0.00-0.72D 19.2 0°-14° -1 | -0.58 0 |7.90% 7.32 400.5
301 P-UéS 1/8" DI, 0.00-1.00D 17.5 092-18° -15.6 | -0.89 0 |7.66* 6. 375.0
302 P 1/8" oI, 0.00-1.00D 19.2 0°-18° -15.6 | -0.81 o | 7.66% s.@ 2.0
303 Pu6s 1/8" o, 0.00-1.00D 1k.8 09.180 -15.6 | -1.04 o |7.66% 5.62 328.3
12:00 m 304 PL6s 1/8" DI, 0.00-1.00D 1.8 0°-18° -15.6 | -1.05 o |7.66% 6.61 301.1
1:15 m 305 PA6S 1/8" DI, 0.00-1.00D 12.0 0°-18° -15.6 | -1.30 (] 7 66% 6.36 326.6
306 PA6S 1/8" I, 0.00-1.00D 10.5 0°.18° <15.6 | -1.49 o |7.66% 6.17 208 .4
307 PUéS 1/8" X, 0.00-1.00D 9.0 0°.18° -15.6 | -1.73 o |7.66% 5.93 199.9
308 PA6S 1/8" I, 0.00-1.00D 7.5 0°-18° -15.6 | 2.08 0o |7.66% 5.58 185.0
- 309 Ph6 3/16" PI @ 0.9 9.0 13° 355.2
310 P46 316" PI 8 0.75D 2.0 15° 346.3
31 P46 3/16" PI € 0.55D 9.1 ne #3.a
N2 P-k6 3/16" PI € 0.35D 9.0 8° 218.1
2:00 m | 33 P46 3/16" PI € 0.15D 9.0 50 3954

*Based an velocity in nozzle for point eamples.




<\

-y

va

Weaaiide "uuldﬁd I

Table V 119
TABLE V (CORTINUED)
DATA SHEETS
SEDIMENT CONCENTRATION-FOINT SAMPLES SIZE DISTRIBUTION
NOZZLE CONCEN-
VELOCITY | INTAKE | WEIGHT | CONC. | CURVE | CORRECT'N |CORRECTED | TRATION 1,0 0.5 .25 .125 .0625 .0kk2 .0312 .0221 .0156 .0110 mm.
Tt./sec. RATIO er. | PR FRo P b RATIO mlmlmlmimlmlm'm]mlmlm
JUKE T, 1947
5.82 2,362 | 7554
5.89 2.231 | 6983
6.35 2.6647 | T87h 6851 1.15 | 39% | 630 |2k jikiT.|1181 | 236 | 315 | 236 | 158
5.62 1.640 | 6923 6851 1,01 .
6.57 1.3716 | Tkl 6851 1.0k
7.83 2.918 | 6999 Average of 5 6851 1.02
Samples <
9.22 1.982 6385 FI @ 0.92D 6851 0.93
6.30 2.2679 | 7211 6851 1.05 72 | 144 |1875 2019 |1226 | 433 | 289 | 144 | 1k
8.29 2,278 | 6178 6851 0.90
7.1 1.9610 | 552k 6851 0.81 |166 | 221 | 718 |12 | 88k | 552 | 166 | 166 | 939
7.00 2,165 6332
7.44 2.102 | 5913
6.19 1911 | 637
8.23 2.336 5807 5748 1.01
7.60 2,52k T646 5748 1.33
3.92 1.216 T149 Aversage of 5 5748 1.2k
Samples <
8.60 2.680 | 6243 I € 0.80D 5748 1.09
7.84 1.9261 | 5791 5748 1.01 58 | 58 {1390 |1506 [1ok2 | 521 | 116 | 174 | 58
7.60 2.033 | 6072 5748 1.06
1.97 - -
6.72 1.756 5347
7.18 1.986 | suik
JUNE 8, 1947
6.63 1.808 5584
6.68 1.653 | 5064
7.97 1.780 | k518
T.42 1.400 | 3601
8.40 1.871 | b55T
T.62 1.298 | 3u81 :
6.54 0.86 | 1.048 | 3206 3405 <] 3405 0.94
T.94 1.3 1.550 3827 3645 0 3645 1.05
7.13 1.06 | 1.5k | kaus Looo o Looo 1.06
6.63 1.1% | 1,360 4392 L289 [ k289 1.02
8.62 1.12 | 1.258 3284 3588 [} 3588 0.92
2.91 1.16 1.;:228 3545 36gg g 3%2 g.g
.78 1.20 | 1. 3933 39 3 )
8.66 1.8 | 1.495 | 3733 2960 o 3960 0.94
8.87 1.31 1.657 L9 4289 [+] 4289 1.03
7.38 1.08 | 1.202 | 3515 4289 [ L289 0.82
9.07 1.37 1.187 3616 L28g o] L4289 0.84
8.1 1.27 1.173 3896 LoBg 0 4289 0.91
7.83 1.23 0.87 3875 4289 (] 4289 0.99
8.20 1.33 0.673 3229 1289 0 4289 0.75
9.20 1.55 | o.701 | 3507 4289 0 4289 0.82
10.2% 1.84 0.665 3595 428 ] 4289 0.84%
7.21 1.396 | 3930
7.09 1.563 | 4513
6.94 1.506 | 4389
L.Lu6 1.061 | 4865
8.08 1.k28 | 3622






