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Synopsis _ 5

SYNOPSTS

The intake characteristics of the US D-43 and US P-46 suspended-
sediment samplers were investigated at the David Taylor Model Basin in
1948. The investigation was confined to the effect of vertical motion
of a sampler on the guantity of sample collected. Various flow veloci-
ties were simulated by towing the samplers through still water at speeds
from one to twelve feet per second.

The Model Basin tests in which the samplers were towed through still
water showed the same intake characteristics for the samplers as those
indicated by laboratory tests for which the samplers were suspended at a
fixed position in flowing vater. The data that were collected established
certain limitations on the maximum rate of vertical movement to which the
samplers may be subjected without adversely affecting sampling accuracy.
Because the factors that influence limitations on the vertical rates of
sampler movement are different for upward and for downward motion, the
allowable limits on upward and downward rates are different.

Limitations in the relationshilp between the vertical rate of move-
ment of the sampler and the velocity of flow (stream velocity) are ex-
pressed as a function of the intake diameter of the sampler nozzle and

the depth of the stream.
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Section 1 . . 8

INVESTIGATICON OF INTAKE CHARACTERISTICS OF
DEPTH -INTEGRATING SUSPENDED~SEDIMENT SAMPLERS
AT THE

DAVID TAYLOR MODEL BASIN

I. INTRODUCTION

1. Previous tests--Preliminary to the development of the US series

of suspended-sediment samplers, the sampling characteristics of intake
‘nozzles were investigated in the laboratory under various simulated
stream conditions. These studies are described in Report No. 5, "Labo-
ratory Investigations of Suspended-Sediment Samplers.” In the subse-
‘quent development of the samplers, which is discussed in Report No. 6,
"The Design of Improved Types of Suspended-Sediment Samplers," nozzle
intake designs were based on these studies. The intake characteristics
of these sampler nozzles have been the subject of other fairly comprelien~-
‘give laborvatory investigations., Some laboratory tests of the sampling
action of the entire sampler have also been made, including the routine
callbration of samplers. The leboratory investigations have been con=-

fined, almost exclusively, to a determination of the effect of various

" factors, such as velocity of flow and angle of approach, on the sampling

characteristics of the instrument or nozzle, as indicated by the quantity
of sample collected with the sampler or nozzle suspended at a fixed posi-
tion in flowing water. The data obtained have a definite value in re-
vealing various sampling features of the instruments but are not equiv-

alent to data on sampling action under conditions of actual depth
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integration in a stream.

During the spring of 1947, an investigation of the operation of the
US P-46 suspended-sediment samplers under relatively rough field condi-
tions was conducted in the Colorado River near the town of Grand Canyon,
Arizona. Although some data of the most desirable type were obtained,
the scope of the tests was not sufficient to define completely the basic
factors that affect the accuracy of sampling. These data are presented
in the progress report entitled "Field Tests on Suspended-Sediment Sam-
plers, Colorado River at Bright Angel Creek near Grand Canyon, Arizona."

2. Scope of investigation--The test data available on the US D-43

and US P~46 samplers provided very little information to indicate the
effect of the vertical movement of a depth-integrating sampler on its
sampling characteristics. The information most urgently needed is pre-
cise data bearing on the accuracy of sediment samples collected from a
stream under various conditions of vertical movement of the sampler.
Because suitable conditions were not available to investigate this fac-
tor directly, a decision was made to approach the problem by a study of
the intake action of the samplers as shown by the ratio of the velocity

in the intake nozzle to that in the stream. The study of the problem was

further simplified by substituting the towing of the sampler through still

water for the operation of the sampler in flowing water. This was equiv-
alent to sampling in a stream without turbulence and with a uniform ve-
locity throughout the depth. Tests on this basis were run during April
and May of 1948 in an attempt to determine the effect of the vertical

movement of the samplers on their intake characteristics.

The original plans for the tests at the David Taylor Model Basin
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contemplated a rigid suspeﬁsion for the samplers. The horizontal speed
of the samplers was to have been identical with that of the carriage from
which they were suspended, and the ﬁdzzles were to have been horizontal
and pointing 'in the direction of travel of the carriage at all times.
Achievement of this ideal condition was found to be impossible within the
beriod of time available for the investigation.

The sampling accuracy of an instrument with respect to the suspenéed
sediment collected in a sample is believed to depend mainly on the rela-
tion of the velocity of flow in the nozzle to that in the stream. This
relation may be called the inteke ratio, which is defined as fhe mean
velocity in the nozzle divided by that‘3£ream velocity vector that is
coincident ﬁouthé extended‘axis of the intake ﬁozzle. If the éampler is
oriented directly infoithe approaching stréam flow, the intake ratio is
the result obtained by dividing the velocity in the nozzle by the.streém
velocity at the sampling point. The theory of sampling and data present-
ed in Report No. 5, indicate that the Intake ratio for satisfactory sam-
pling should approximate unity. The ratio of unity is based on the theory
that the filament of flow entering the sampler nozzle should neither
accelerate nor decelerate at the point of entrance. Therefore, the veloc-
ity of approach along the extended axis of the nozzle would be the im-
portant stream'velocity to consider in determining the intake ratio.
Departures from a ratio of unity are increasingly serious as the size of
the sediment in suspension increases. Departures from a ratio of 1.00
are probably less serious at very low velocities because sediment parti-
cleg in suspension at thege velocities are very small.

In an attempt to evaluate the results of these tests, specifically
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in the discussion of the data and in the conclusions, which follow, the
agsumption is made that if the intake ratio is near 1.00, the sampling
will be satisfactory. If the deviation from a ratio of 1.00 exceeds 10
percent results may not be satisfactory. Tor reasons not relevant to i
this study, the smaller diameter nozzles (1/8-in.) are made to operate
with intake ratios slightly above 1.00 in clear water such as that in the
Model Basin.
Temperature also affects the intake ratio of a sampler nozzle. How-
ever, the range of temperatures during these tests was not sufficient to
define any significant temperature effects.

3. Test facilities and personnel--The facilities of the David Taylor

Model Basin of the Department of the Navy were used for these tests. The
main testing channel and towing carriage were utilized. The tests were
conducted by personnel of the Department of the Navy (R. A. Fbner and
T. Gibbons) assisted by personnel of the U. S. Geological Survey (W. W.
Hastings, B. C. Colby, and others) and of the Department of the Army
(R. P. Christensen).

The report was prepared by Byrnon C. Colby, and was reviewed and |

edited by Russell P. Christensen, Martin E. Nelson, and Paul C. Benedict.
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II. EQUIPMENT AND OPERATING PRCCEDURE

L, Equipment--The suspended sediment samplers used in this investi-
gation were of the D-43 and P-46 types which are described in Report No.
6. The P-46S used in these tests is identical to the regular P-46 sam-
pler except that the simplified valve operating mechanism is adapted to
a single operation which may be either opening or closing the sampler
valve at any submerged depth. However, the sampling characteristics
would be the same as for any P-46 sampler.

The sediment sampler to be tested was suspended from a carriage
which towed the sampler through a long pool of still water at a prede-
termined rate of speed. Water temperatures ranged from 60.8° to 65.L4°F.
during the tests.

The mechanical arrangements for suspending the samplers from the
carriage are shown diagramatically in Fig. 1. The 0.10-in. diameter
suspension cable was wound on a drum the axis of which was horizontal
and also perpendicular to the direction of movement of the carriage.

Two drum sizes were used. An 8-in. diameter drum was used for vertical
movenent of the sampler up to rates of slightly over 1 ft. per sec. A
2C-in. diameter drum was used for the higher rates of vertical movement.
The center of the drum was 4.5 ft. above the water surface. The drum
was driven by a reversible electric motor, whose speed could be varied.

Stop watches and 500 cc. graduates were available to determine re-
spectively, the length of sampling time and the quantity of sample.
Measuring tapes were available for the determination of depths and dis-~

tances. Storage batteries, wire, and other electrical supplies were
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provided for construction of an electrical circuit for the operation of

the P-L6S sampler.

5. Operating procedures--The D-43 sampler accumulates a sample con-

tinuously while in transit from the water surface down to the desired
depth and back to the surface again, thus requiring a reversal of direc-
tion of vertical travel during the time of sampling. This reversal was
accomplished by allowing the entire amount of cable on the drum to un-
wind, then, as the point of attachment of the cable on the drum contin-
ued to rotate, the cable was rewound on the drum. The direction of ro-
tation of the drum continued unchanged, and the speed of the drum varied
only slightly during the sampling operation. At times there seemed to be
a very small difference in the rate at which the sampler descended and
ascended. This difference was much too small to be measured definitely,
and certainly too minute to affect the results of the tests. The rever-
sal of direction of transit was very smooth and the reversal occurred in
a relatively short period of time. When the sampler was suspended di-
rectly from the drum, the sampling depth depended on the length of cable
attached to the drum. The idler pulleys P and Py were used in order to
adjust more readily for many of the shallower sampling depths. The sam-
pling depth could be changed easily by moving the idle; pulley P backward
or forward. However, the principle of the reversal remained the same.
One feature of the direct suspension should be noted. Whenever the
transit direction reversed during sampling, the point of suspension of
the sampler was displaced laterally by an amount equal to the diameter
of the drum. Also, the transit rate, or rate of lovering and raising the

sampler, was governed directly by the speed of the drum except for about
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one guarter turn of the drum prior to, and one quarter turn subsequent
to a reversal of the transit direction.

Tn the mechanical arrangement for handling the P-46S sampler, enough
cable was used on the drum to allow the sampler to be lowered to depths
greater than any sampling depth included in the tests. A reference mark
was set on the carriage 4.0 ft. above the water surface and adjacent to
the suspension cable. The desired depths were indicated by setting a tag
on the suspension cable at a distance, measured from the centerline of
the sampler nozzle, which was equal to the desired depth plus L.0 ft.
During downward integration, samples were collected from the time the
nozzle entered the water until the tag on the cable descended to the
elevation of the reference mark. TFor upward integration, the sampler
wag first lowered to a point belovw the desired depth. Then, the direc-
tion of vertical movement was reversed. Sampling was begun when the tag
on the cable passed the reference mark and continued until the nozzle
emerged from the water.

The electrical circuit used to operate the valve of the P-L63 sam-~
pler was the same as that for normal sampler operation. The suspensiog
cable had an insulated center-core conductor wire. The electrical
circuit was made from one battery terminal, through a switch, to a
commutator on the suspension drum. This commutator was connected to T
the insulated center core of the suspension cable, which, in turn, was
connected to the binding post on the head of the sampler. The return
cirecuit was completed from the sampler body through the hanger bar and
ouber part of the suspension cable to the drum and drum frame, and then

back to the other terminal of the battery.
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6. Operating characteristics of sampling equipment--Both the D-i3
and the P-L6S samplers towed steadily and without wea&ing duriné the
tests. |

The D-U43 sahpler geemed to havé & slight tendency to tilt upwara
when being raised and to nose downward when being lowered through the wa;
ter. Under the conditions of these tects, the tilt of the D~h3 gampler
probably never exceedéd 5 degs., and seldom approached that fiéure. The
same amount of tilt applied to the P-U6S when descending. However, wﬁen
the théS sampler was raised it tended to tilt upward at angles as greaf
as 20 degs. Probably the upward angle of tilt ne;er exceeded the anéie.
of the resultant velocity formed by the horizontal and vertical mo&ement
of the éampler, Wheﬁ the sampler is submerged water enters the cbm-
pression chamber making the sampler tail-heavy, and as the sampler tail |
tiits downward the enclosed water shifts toward the rear of the com-
pression chamber further increasing the tilt. Presumably, the til£ wouid
be greater when the sampler is being raised from considerable depths than
from shallow depths. However, the shape of the compression chamber in-
dicates that after the chamber is about half full any additional water
will cause a rapidly diminishing tendency toward tail-heavy tilting.

7. Observed data--The carriage velocity was observed in knots and

is probably accurate to about 0.02 £t. per sec. This velocity corre-
sponds to the stream velocity in ordinary sampling procedure. The test
rung are directly comparable to measurements in a stream in which there
is no turbulence and in which the velocity 1s the same at all depths.
Observed sampling depthe were baged on lengths of suspension cable

and are believed to be accurate to 0.1 ft.
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The time during which sampling continued was measured with a stop-
watch by an observer who started the watch when the nozzle of the sampler
entered the water and stopped the watch when the nozzle emerged; or when
sampling was started or stopped by the valve on the P-46S, the instant
at which the actuating switch was depressed was used for simultaneously
starting or stopplng the watch. The error in the observed time is prob-
ably about 0.1 sec. at each end of the sampling period. An error of
0.2 sec., in the observed time is possible, but the error is believed to
be generally less than that amount.

The volume of sample collected was obtained by measuring the water
sample in a 500 cc. graduate. These observations probably are accurate
to within 3 cc.

The observed data for each sample, together with computations, are

presented in Tebles 1 to 4 in the Appendix.
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IIT. TRFATMENT OF DATA

8. Computation procedures--The following discussion of computation

methods is based on the order of presentation of data in the Tables.

Observed horizontal velocilty of the carriage in knots was converted
to ft. per sec. by multiplying by 1.689 on the basis of 6080.2 ft. per
nautical mile.

The drift of the sampler is the net longitudinal change of position
of the sampler with respect to the posgition of the carriage during the
sampling time, therefore it is the correction to apply to the travel of
the towing carriage to obtain the longitudinal movement of the sampler
during the sampling time. The drift was computed in feet and the rate
of drift was obtained by dividing the drift in feet by the sampling
time in seconds.

For the D-43 sampler the drift was determined from observations in
inches as Tollowsg: When the sampler first entered the water, it was
hanging almost directly under the point ¢f suspension on the drum. When
the sampler was removed from the water at the end of a sample run, it
emerged at a point slightly "downstream" or back of a vertical projected
downward from the suspension point. For this reason, the D-43 sampler
did not travel quite as far during the sampling time as d1d the point
from which 1t was suspended. Arbltrary travel corrections of 8 in. for
a carriage velocity of 9 ft. per sec., 4 in. for 6 ft. per sec., and 1
in. for 3 ft. per sec. were made. Except for low transit rates (rates of
movement of the sampler in an approximately vertical direction) for which

a gulde pulley Py (Fig. 1) was used, additional travel corrections were
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required. At transit rates greater than about 1.0 ft. per sec., the
sugpengion cable for the D-43 sampler had no guide pulley and the cable
unwound from one sgide of a 20-in. drum and rewound on the other side.
Consequently, during the sampling time the point of suspension of the
sampler moved either forward or backward 20 in. with respect to the move~
ment of the carriage. An advance of 20 in. is indicated by a (+) sign
and a lag of 20 in. is indicated by a (-) sign before the sampling depth.
Thus, the drift, or correction to carriage travel for the D-43 sampler,
adjusts for the combined effect of a mechanical change in the position
of the suspension point and the backward drag that results from the re-
sistance of the water to the movement of the sampling equipment.

The above corrections do not take into account the fact that the
actual velocity past the sampler nozzle, especially at higher horizontal
velocities, was less than the average during integration downward and
greater than the average during integration upward. Thig difference re-
sults from the backward drag of the sampler as it was lowered and the

forvard movement of the sampler as it was ralsed through the water. Al-
A@Oy a8t the time of reversal of the vertical movement of the sampler, ve-
locities past the nozzle were abnormally fast or slow depending upon
whether the point of suspension moved forward 20 in. or backward 20 in,
with regpect to the movement of the carriage.

The drift computations for the P-46S sampler did not involve any
change in suspension point and were made on the basis-df the observed
backward drift of the sampler as it was lowered from the water surface
to a depth of 15 ft. while the carriage was moving at a rate of 12 ft.

per sec. and on the forward movement of the sampler while it was being
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raised back to the surface at the same carriage speed. The backward
drift, while lowering, was obsgerved as 9 fL.; and the forward movement,
while raising, wag observed as 7 ft. Corrections for other conditions
were computed or interpolated on the basls of very meager data. In com-
parison with data from other sources and according to the plotting of the
figures in this report, these corrections appear slightly too large, but
the magnitude of the corrections is such that any Fevisions that might be
made would not alter the conclusions based on these data.

The adjusted horizontal velocity of the sampler was obtained by
applying the drift correction in ft. per sec. to the observed carriage
velocity in ft. per sec.

Becauge observed depths were based on lengths of suspension line,
and the resistance of the water to the passage of the sampling equipment
ciused a deflection of the line from the vertical, the observed depths
required. correction. Corrections were computed in feet on the bBasis of
date in the Geological Survey booklet entitled "Method for Correcting
Soundings of Deep. Swift Rivers." The total wet and dry line corrections
were entered 1n the tables as a single depth correction. Dry line cor-
rections and total corrections to depth, also corrections to horizontal -
velocity, would have been much greater for the same velocities if the
samplers had been sugpended from a point higher above the water surface.
The adjusted sampling depth in feet was computed by epplying the depth
correction in feet to the observed depth, and represents the vertical
distance the sampler nozzle wasg submerged.

The obgerved linear transit rate of the sampler was obtained by di-

viding the observed sampling depth by the sampling time for each sample .
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The designation "linear" is used to contrast the dimensional distance
divided by time relation with dimensionless 'relative" rates which are
ratlos between veloclities of sampler movement.

The adjusted linear transit rate of the sampler was computed as an
average filgure by dividing the adjusted depth by the average sampling
time for a group of samples. (In this report transit rate refers to the
vertical, or approximately vertical, velocity of the sampler. Adjusted
transit rates are based on the adjusted, or vertical depth, and so rep-
resent the velocity of the sampler in a vertical direction only.)

The apparent relative transit rate was determined by dividing the
average observed linear transit rate for a group of samples by the ob-
served carriage velocity in ft. per sec.

The adjusted relative transit rate was obtained by dividing the ad-
Justed linear transit rate by the average adjusted horizontal velocity of
the sampler. The adjusted relative transit rate is the ratio of the ver-
tical to the horizontal velocity of the sampler.

Rate of sample collection was determined by dividing the total
/measured sample volume in cubic centimeters by the corresponding sam-
pling time in seconds.

The intake velocity is the mean velocity of flow through the nozzle
of the sampler during the period of sampling. It was computed by multi-
plying the rate of sampling by the factor 0.18417 for the 3/16-in. nozzle
and by 0.41438 for the 1/8-in. nozzle. These factors were derived by
converting one cc. per sec. into cu. ft. per sec., then dividing by the
internal cross-sectional area of the nozzles in sq. ft.

The apparent intake ratio was found by dividing the intake velocity
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by the observed velocity of the carriage in ft. per sec.; and similarly,
the adjusted intake ratio was computed by dividing the intake velocity
by the adjusted horizontal velocity of the sampler.

9. Interpretation of data--A few pertinent items should be consid-

ered before the data from the investigation are studied in detaill.

The intake ratio for upward integration has been computed on the
bagis of the horizontal velocity of the sampler as it was towed through
the water. This treatment would be unquestionably correct if the sampler
remained horizontal during upward transit. However, the sampler was found
to tilt upward when being raised, as previously discussed in Section 6.
If the sampler acfually oriented directly on the resultant velocity, com-
posed of both horizontal and vertical components of the sampler movement,
then the resultant velocity approaching the sampler along the axis of the
intake nozzle would determine the correct divisor for the true intake -
ratio. The intaké ratios tabulated for upward integration with the P-46S

would then be subject to the following corrections:

Relative transit rates Reduction in tabulated intake ratios
Percent ’
0.00 0.0
0.10 0.5
0.20 2.0
0.30 : 4.2
0.36 : 6.0
0.40 : 7.1
0.50 10.6

The tabulated corrections would be determined by the relative transit
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rates as long as the sampler pointed directly along the resultant of the

horizontal and vertical components of the sampler movement. However, the

moximum angle of the sampler probably never exceeded 20 degs. The rel-

ative transit rate corresponding to 20 degs. is 0.36 and the indicated 5
reduction in the tabulated intake ratios is about 6 percent.

The angle at which the P-46S sampler tilted while being operated
upwvard was not adequately determined to establish precise corrections,
and, consequently, the ratios based on the horizontal movement of the
samplers have been shown throughout this report. In any case the cor-
rection for the upward angle of the sampler would not be great for the
l/8~ina nozzle except where the intake ratio wag already unsatisfactory
becauge of excesslve transit rates. However, data such as those shown
for the 3/16-in. nozzle on Fig. 2 B, would be seriously affected by cor-
rections for tilt during upward movement. The apparent allowable maximum
translt rate for upward integration with the 3/16~in. nozzle has been re-
duced somewhatlt becausge of the probable need for these corrections.

There is a definite theoretical limitation on the rate at which a
sampler may be lowered through a gtream without adversely affecting the
intake characteristics of the instrument. The theoretical limits on rel-
ative trangit rateg for a gampler being operated downward are 0.39 for
the 3/16-in. nozzle and 0.17 for the 1/8-in. nozzle. These limits are =
based on the rate of compression of the air in the one-pint sample bottle
ag the sampler is operated downward just beneath the surface of the water.
The theoretical limits on downward transit rates vary with depth. As
depth-integration is carried from the surface to greater depths, the rel-

ative translt rate based on the horizontal velocity at the point of
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sampling may be rapldly increased without increasing the intake ratio.
¥or example, when a sampler with a 3/16-in. nozzle has integrated down to
a depth of 10 £t., a relative transit rate of 0.65 would not cause an ex-
cesplve intake ratio. By the time the sampler reached a depth of 20 ft.,
the relative transit rate would have to exceed 0.97 before the intake
ratio would be adversely affected. For proper sampling, the rate of low-
ering should remain constant. Hence, the relative downward transit rate
is generally limited by the allowable relative transit rate at the vater
surface. These theoretical limiting lowering rates may be readily deriv-
ed from the simple application of Boyle's law. A more formal treatment
of these 1limits may be found in Report No. 6.

Except for very shallow streams the theoretical limit for integra-
tion near the water surface may be exceeded slightly without involving
apprecliable discrepancies in the size of the sample. This is true be-
ceuse the intake ratio is too high for only a very small fraction of the
total integrated depth.

The effect of the angle at which the flow approaches an intake noz-
zle might be expected to impose certain limits on the allowable relative
transit rates for sampler operation. Tests included in Report No. 5 and
presented again in Report No. 6 (Fig. 3) indicate that the angle at which
the flow approaches an isolated standard intake nozzle has little effect
on the accuracy of sampling for angles less than 30 degs., but the tests
imply that the effect of the angle of approach may start to appear at 30
degs. However, the effect of the angle at which the flow approaches the
nozzle way be diffsreut when the nozzle is mounted in a sampler which is

not entirely symmetrical.
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be of a few of the tesgsts made on nozzles mounted in sedi-

and held at definite vertical angles in flowing water are

vt No. 6 (Fig. 42). A sampler held in place with the nozzle

ard in flowing water is essentlally analogous to a sampler

vegrating downward, and the data seem to show that there will be
no very serious effect of the angle created by the downward transit rate

unless an angle of 30 degs., corresponding to a relative transit rate of

ig exceeded. ILarger angles would tend to decrease the intake ratio
of the sampler, whereas excegsive downward transit rates tend to increase
the intake ratio owing to the rapid compression of air within the sampler
hottle., For dovnward integration at certain combinations of nozzle sizes

and trapsit rates, these two effects might partly compensate. For the

16-in. and l/@win, diameter nozzles used in this invegtigation, the

s

ical limitation on downward transit rates imposed by the compres-

»f aile In the sample bottle gseems to be more restrictive than the

&£

«

approach of the flow.
When the saspler nozzle is tilted downward, which is analogous to

- upward, the data of Report No. 6 show that the effect

20 degs. For angles in excesgg of 20 degs., corresponding to a relative

rate of 0.36, the effect of the approach angle becomes increas-
ingly evident. Since there is no proof that the depth at which the sam-
pler 1s operated has any effect on the limits imposed by the angle of
approach, 1t seews reasonable to agsume that this limitation would be

equally operative at all depths. Because of the shape of the normal

O

%



Section 10~-A : 26

vertical veloclty curve in a stream, this limitation would be most re-
strictive in the zone of least velocity, that 1s at the bottom of the
stream. Moreover, for a normal velocity distributlon this limitation

on the upward transit rate would define a much lower allowable relative
transit rate than that determined on the basis of the allowable downward
transit rate.

In this connection it should be remembered that 'relative transit
rate"” as used in this investigation denotes the ratio of the vertical
movement of the sampler to the horizontal movement of the sampler, which
in stream sampling procedure corresponds to the ratio of the vertical
movement of the sampler to the stream velocity. This is the basic rela-
tion using the velocity at the sampling point as the reference and should
not be confused with similar concepts in other publications which relate
a‘transit rate to the mean velocity in an agsumed stream vertical.

10. Digcussion of plotted data~--This discussion will be based upon

the plotted data as shown in Pigs. 2 to 6. All data plotted are the
average adjusted values from Tables 1 to k.

A. Relative transit rate--Fig. 2 A shows the relation between

the intake ratio and the relative downward transit rate of the P-U46S
sampler. The curves break to the right at the higher relative transit
rates, because the rate of compression of the air in the sample bottle
reduces the volume of the air more rapidly than the normal filling rate
would fill the bottle. This results in an accelerated filling rate. It
is possible to compute the rate at which the volume of air in the sample .

bottle will be reduc:d by the increase in pregsure as the sampler is low-

ered. A curve showing the relation of intake ratio to relative transit
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1 entirvely on the theoretical compression of the alr in the sam-~

This rate corresponds

2l Tilling rate at velative transit rates above the

curve. At the higher nozzle velocities the filling rate

s1lightly below the computed value. This lag is more pronounced for

> 1/8-in. than for the 3/16-in. nozzle. According to equations 5 and

4 of Report No. 6, the break in the curve begins at a relative transit
rate of 0.39 for a B/léwin, and 0.17 for a l/8~in. nozzle, provided the
intake ratio is essentially unlty at the lower transit rates. For inte-
cration of shallow depths, this break is very asbrupt. For greater depths,
the break is more rounded. In a stream, the characteristics of the break
in the curve would depend somewhat on the ghape of the vertical velocity
cuTrve

¥ig. 2 A showg that relative downward transit rates greater than

should not be used with the 3/16-in. and the 1/8-in. noz-

. The allowable transit rate might be slightly less

vbilon of very shallow depths. In the portion of the curve

the break occurs, the plotted intake ratios are average values ob-

ed from samples for which the Intake ratios probably varied. During

o

sampling time the intake ratio near the surface of the stream may
have been higher than the mean for the entire depth of integration.

Eigw Z B shows the relation between the intake ratio and the rel-
ative upvard transit rate of the P-46S. A comparison of the allowable
translt rates for upward Integration with those for downward integration
shows that for the 3/16-in. nozzle the allowable rate for upward inte-

gratlon is leseg than for downward integration, and that for the l/8~in°
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nozzle the reverse is true. On the basis of Fig. 2 B and the upward tilt
of the P-U6S it was decided that relative upward transit rates should be
limited to 0.35 for the 3/16-in. nozzle and 0.30 for the 1/8-in. nozzle.
The break in the curve for upward integration 1s in the opposite direc-
tion from that for downward integration.

The break in the curves of Fig. 2 B is not as well defined, and the
cause of the break is not as obvious as in the case of the downward trans-
it of Fig. 2 A. At least three factors may tend to reduce the sampling
rate. Tirst, the rate at which the sampler is raised will govern the
rate at which the volume of air in the sample bottle expands. The ex-
panding air must escape through the alr exhaust. The greater resistance
to the discharge of this air at the higher relative transit rates may
possibly cause a decrease from the normal sampling rate. However, this
is not thought to be a major factor. Second, under the conditions of
Fig. 2 B, the P-485 tilts upward. At low horizontal velocities there is
some tendency for the water to enter the air exhaust and for the air to
discharge from the point of the intake nozzle which is at a higher ele-
vation. This is probably not an important factor in the reduction of
the intake ratio. Third, there is also the effect of the angle at which
the sampler points into the approaching water velocity. TFor small devia-
tions from normal the effect i1s small; however, data determined in tests
of a sampler held at an angle in flowing water indicated that for upward
integration the maximum allowable relative transit rate should not exceed
0.35, equivalent to 20° in Fig. 42 of Report No. 6.

The curves of Fig. 2 B are not well defined above the point of the

break., The peints which plotted to the right of the curves above the
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the results of obgervations of one crew at one time, those

ich plotted to the left were observationsg of another crew at

The scattering of the high points may indicate that oper-

conditiong for these high relative transit rates were rather un- &

2 shows the relation between the intake ratlo and the rel-

rate for the D-U3 sampler. FEach sample was accumulated

th directions of vertical travel. That is, each sample was
a composlte of both a downward sample and an upward sample. & compari-

P-L6S ghows that the curve for the D-43 is very much like

nation of the upward and downward curves for the P-L6S. Because

upward-integration curves of the P-46S inclined to the left and the

e

to the right at about the game relative transit rates, a

the two tends to balance. The result is that the D-43

sampling ratic up to relative transit rates of about

and up to about 0.3 for the 1/8-in. nozzle.

the D-U3 sampler the sampling ratio remains normal up

rateg, 1t is undoubtedly true that for some of
rates the over-all intake ratio is made up of a high

and a low upward intake ratio. Under similar con-

in routine sampling the portion of sample taken on the downward ¥
1d be e ggive in volume and deficient in sediment concentration.

Ly, the portion taken on the upward trip would be deficient in

and excesslve in sediment concentration. The composite made up

downward and upward fractlons would provide a mean sample in which

tend to compensate. Because the degree to which the

discrepancies
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upward and downward portions of the sample compensate is not known, the
meximum allowable relative transit rates recommended are 0.50 and 0.25
for the 3/16-in. and 1/8-in. nozzles, respectively. Fig. 2 C seems to
indicate that the D-43 sampler may be operated at higher relative transit
rates for the same size nozzle than may the P-46S if the latter is oper-
ated in one direction only. The difference is more pronounced for the
3/16-in. nozzle.

B. Transit rate--Fig. 3 A shows the relation of the intake

ratio o the vertical (adjusted linear) transit rate at horizontal veloc-
ities of about 12 ft. per sec. The corrected velocities range up to
about 13 ft. per sec. operating upward and down to about 10.5 ft. per
sec. operating downward. There seems to be a tendency for the intake
ratios to increase slightly with the transit rate. This is especially
noticeable when the sampler operates downward.

Fig. 3 B shows the relation of the intake ratio to the vertical
transit rate at horizontal velocities of about 9 ft. per sec. The cor-
rected velocities range up to about 9.6 ft. per sec. operating upward
and down to about 8.3 ft. per sec. operating downward. The ratios for
9 ft. per sec. are seen to be very similar to those for 12 ft. per sec.,
except that the curve for the 3/16«in. nozzle does not plot as far to
the right at the higher transit rates. Data for the D-43 sampler ap-
proximate the average obtained by combining the flgures for upward and
downward travel of the P-L6S sampler.

The points shown for the P-L6S at 0.0 transit rates were determined
in flowing water at about 70° F. These are not a part of the data from

the David Taylor Model Basin, but are from tests made at the St. Anthony
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Falls Hydraulic lLaboratory of the University of Minnesota, at Minneapolis,
Minnesota. Similar date appear on the two following figures. There 1is
close agreement between the data obtained in flowing water and that in
still water.

Fig. 3 C shows the relation of the intake ratio to the vertical
transit rate at horizontal velocities of about 6 ft. per sec. The cor-
rected velocities range up to about 6.2 ft. per sec. operating upward
and down to about 5.7 ft. per sec. operating downward. The ratios for
the 3/16-in. nozzle are much like those at 9 and 12 ft. per sec. How-
ever, for the 1/8-in. nozzle the intake ratios of the P-46S when oper-
ating downward show a sharp break to the right slightly above a transit
rate of 1.0 ft. per sec. The D-43 intake ratios are consistently about
2 percent higher than the average of the upward and downward travel of
the P-46S, yet the D-43 ratios show a striking similarity to the aver-
age of the upward and downward ratios of the P-463.

As in Fig. 3 B, the data collected in flowing water and in still
vater are in good agreement at the 0.0 transit rate.

Fig. 3 D shows the relation of the intake ratio to the vertical
transit rate at horizontal velocities of about 3 ft. per sec. The ve~-
locity corrections on this figure are guite small. Statements concerning
the 1/8~in. nozzle at horizontal velocities of 6 ft. per sec. apply about
as well to the 3/16-~in. nozzle at horizontal velocities of 3 ft. per sec.
At 3 ft. per sec. a transit rate as low as 1.0 ft. per sec. is too high
for the 1/8-in. nozzle.

The intake ratios obtained in water flowing at 3 ft. per sec. are

difficult to compare with those from the tests in still water at the
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The curves based on the Model Basin deata do not lend them-

Lo an accurate downvard extension to a transit rate of 0.0. BHow-
compparison between the two types of data appears reasonable.
tgures 1llustrating relative transglt rate effects for horizontal

velocitles of 1 £t. per sec. were not prepared as they would show only

transit rates which exceeded allowvable limits. A study of

L, %, and 6 will verlfy this apd egein support the conclusions con-

cwable

26 08 presented under A of this

i A ghows the relation of the intake ratio to the vertical

separate curve for gach group of horizontal veloclities

sampler with a 3/16«im. nozzle operating dovnward. The

n agreement wilth previous observstlons on relative transit

1imlts below vhich the intake ratlo remains essentially unity. The

1 wade to-veloelty and depth are shown on this flgure
) A. It appears that for horizontal velocities of 12 ft.
corpections were possibly toe great.

L B ghows the relation of the intake ratio to the vertical

rabe ag a peparate curve for each group of horizontal velocities

> P63 sampler with a 3/16-in. nozzle operating upward. The

v of the higher transit rates 1s agaln apparent. There 1s a tend-

ratios to ingrease when high horlzontal velocities

omhined with high transit rates. The most critical trend 1s toward

emely low intake ratios at certain combinations of transilt rates and

zontal velocities.  The information collected is neither sufficlent

in quantity nov conslstent enough to clearly define basic relationships.
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The relative transit rate may be the best index of the change in intake
ratios for integration upward, but there is certainly some doubt on this
point. The limits indicated under the discussion of Fig. 2 B are still
applicable. However, there is a definite possibility that higher limits
on the relative transit rate could be established for horizontal veloci-
ties of 6 ft. per sec. and over.

Fig. 5 A shows the relation of the intake ratio to the vertical
transit rate as a separate curve for each group of horizontal velocities
for the P-46S sampler with a 1/8-in. nozzle operating downward. This
figure indicates that relative transit rates greater than about 0.20
should not be used for normal downward sampling with the 1/8-in. nozzle,
which means maximum transit rates of 1.2, 1.8, and 2.4 ft. per sec. for
horizontal velocities of 6, 9, and 12 ft. per sec., respectively. The
intake ratios for horizontal velocities of 12 ft. per sec. are somewhat
high and tend to be higher for the faster transit rates. The correc-
tions to the observed data for 12 ft. per sec. may have been slightly too
large.

Fig. 5 B shows the relation of the intake ratio to the vertical
transit rate as a separate curve for each group of horizontal §elocities
for the P-46S sampler with a 1/8-in. nozzle operating upward. The data
show that a transit rate of 1.0 ft. per sec. is too great for normal sam-
pling at horizontal velocities of 1 and 3 ft. per sec. At horizontal ve-
locities of 6 and § ft. per sec. the intake ratios of the 1/8-in. nozzle
decrease with increasing transit rates.

Fig.‘6 A shows the relation of the intake ratio to the vertical

transit rate as a separate curve for each group of horizontal velocities
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for the D-43 sampler with a 3/16-in. nozzle. Since the D-43 sampler inte-
grates in both directions, each observation is a combination of the re-
sults of an upward and a downward integration at approximately uniform
speed. The data support previous observations concerning the effect of
transit rate on intake ratio.

Fig. 6 B shows the relation of the intake ratio to the vertical
transit rate as a separate curve for each group of horizontal velocities
for the D-43 sampler with a 1/8-in. nozzle. The relation between intake
ratio and transit rate is clearly a function of the horizontal velocity.

Fig. 7 shows a check calibration of the P-46S sampler conducted at
the St. Anthony Falls Hydraulic Laboratory of the University of Minnesota.
This calibration was made subsequent to the tests at the Model Basin.

The data were obtained in flowing water at a temperature of 70 to T71° F.
If the temperature of the water had been the same as that at the Model
Basin, both curves would have plotted very slightly to the left of their

present positions.
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Iv. CONCLUSIONS

11. Comparison of results in still and flowing water--The samplers

used in these tests were calibrated in flowing water. The instruments
were adjusted to give intake ratios of about 1.00 for the 3/16-in. noz-
zles and 1.05 for the l/8-in. nozzles at the temperatures of these tests
and in the velocity range between 3 and 6 ft. per sec. The intake ratios
obtained by towing the samplers in still water agree closely with those
expected from the calibration of the samplers. Also, the results in
still and in flowing water, as shown in Fig. 3 B, C, and D, are in close
agreement. Within the scope of these tests no apparent difference is
indicated between the intake action of the samplers when towed through
still water or suspended in flowing water.

12. Maximum allowable transit rates--If an intake ratio of unity

indicates proper sampling action, the following relative transit rates

are allowable for the conditions of the tests at the Model Basin.

Type of : Nozzle : Direction of : Maximum Relative

s Instrument : Size : Integration : Transit Rate  :
: P-b6S : 3/16" : dowvnward 0.45
s P-bés : 3/16" upward : 0.35
i P-46s : 1/8" :  dovnward 0.20 :

P-L63 : 1/8" : upward : 0.30
¢ D-43 : 3/16" : round-trip : 0.50 :
;- D=3 : 1/8" : round-trip : 0.25

The maximum relative transit rates allowable for downward integra-

tion as shown by the table are high enough to involve slight, but not



i3 Lo
srrovs under general sampling conditions. For very shallow

theoretical figures of 0.39 and 0.17 for the 3/16-in. and

sectively, should he observed, and these theoretical
: N 5

iated by the test data. TFor very turbulent streams

e transit rates for non-turbulent flow may be a few percent

if based divectly upon the average velocity of the turbulent

e dovnward transit rates are determined by conditlons

Greater relative transit rates are allow-

»lative Lransit rates allowable for upward integration

igely detined as those for downward integration. The

entirely different factors. There is no iudi-

on upward integration vary with

D-U3 to

dency of the two-way integration of 1

from one-way integration in either direction,

for the 3/16~in. nozzle and 0.3 for the

oo o " A g
rae testy.,

ahle under the conditions of 1

of the D-h3 at these higher relative transit

composed of a low ratio for upward integration

io for downwsrd integration, so the recommended maximum

for routine sampling are 0.5 and 0.25, respectively. The

after an investigation of actual con-

umabances .

13, Applivation of results--These tests indicate that round-trip

2

with the P-L6S would give the same results as with the D-43.

limits will introduce no serious errors

B
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The P-L6S would be better adapted for use in high velocities because its
greater weight tends to reduce the amount of downstream drift of the sam-
pler. There is no evidence that data obtained with the P-463 are not
representative of the action of the D-43 sampler under similar conditions
of one-way integratiom.

All conclusions stated herein are based on the corrected relative
transit rates, and should not be applied without regard to corrections
necessitated by downstream drift of the sampler. In this investigation
the relative transit rate represents the ratio between the vertical and
horizontal movements of the sampling instrument in a vertical plane con-
taining the point of suspension and the sampler. When correlated to
stream sampling operations, the relative transit rate represents the
ratio of the vertical movement of the sampler to the velocity of the
stream at the sampling point.

Figs. 8, 9, and 10 are presented in an attempt to make this infor-
mation on limiting transit rates more readily applicable. The shape of
the vertical velocity curve in a stream has a msjor influence on the
transit rates which may be used. In Fig. 8 two types of velocity dis-
tribution with depth are shown. One is a "normal” velocity distribu-
tion, the other is a uniform distribution in which the velocity is the
same from the surface to the stream bed, corresponding to the test con-
ditions at the Model Basin. Most streams will have a distribution ap-
proximating the normal distribution or somewhere between the two.

Limiting transit rates in terms of the relation to the mean velocity
of the stream are presented in Figs. 9 and 10. Thgse are shown as func-

tions of the depth of the gtream for two types of velocity distribution,
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and for both 3/16-in. and 1/8-in. nozzles. The minimum vertical transit
rates were determined by basic sampling criteria and are the same as pre-
sented and explained in Report No. 6. The maximum transit rates listed
in Section 12 were applied to obtain allowable downward transit rates for
various stream depths. These maximum transit rates are not the theoreti-
cal limits beyond which errors may begin to appear, but are rather the
rates beyond which the errors might become serious in routine sampling.

Fig. 9 presents the limiting transit rates for round-trip integra-
tion on the basis of the tests at the David Taylor Model Basin. Rates
for round-trip integration are more liberal than for one-way integration
due to compensation of errors. The limiting rate of half the mean stream
velocity is for routine sampling with the 3/16-in. nozzle. In very pre-
cise work with a 3/16—in. nozzle, maximum round-trip transit rates great-
er than 0.35 of the mean stream velocity should not be used without prior
investigation of the errors involved in any specific case.

Fig. 10 shows the limiting transit rates for upward and downward
integration in one direction. Tor upward integration in a stream with
normal vertical velocity distribution, the transit rates shown will be
excessive for the lowest one-tenth of the depth, but in general this

should not involve serious errors in routine sampling.
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APPENDIX

14. Test data--The data collected and computed from the David
Taylor Model Basin tests are shown in Tables 1 to 4. These data were
discussed in Scctions 7 and 8,

Explanation of tables--A bar over the top of letters designating

a specific colum indicates that only average figures were computed.

Superscript 1. Drift figures are the difference in feet between
the horizontal distances traveled by the carriage and sampler during
the sampling time,

Superscript 2. If the resistance of the water to the passage of
the equipment deflects the suspension line from the vertical, the
sampler will be submerged a lesser distamce than indicated by the
observed sampling depth. This reduction in depth of submergence for
an observed sampling depth constitutes the sampling depth correction
in feet,

Superscript 3. Colum P wes obtained by multiplying figures in
colum O by 0.18417 for the 3/16-in. nozzle and by 0.41438 for the

1/8-in. nozzle,
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TABLE 4

o

HORIZONTAL VELOCYIT SAMPLING TRANSIT RATE OF SAMPLER SHUPLE l INTAKE INTAKE RATIO
I
CARRIAGE SAMPLER TIHE LINEAR RELATIVE COLLECTION | VELOCITY
Otserved Drifg Ooserved | Adjusted Size Rate
- Apparent | Adjusted ) i i Apparent | Adjueted
knots |{t./sec. £, £t./sec. sec, fi./sac. | ft./s8c. ce. |ec./sec.| ft./sec.

4 B o D £ ¥ G H I J X L M k] 0 ‘ P Q R
Observed| 4x1.639 driftl c/1 8+ observed com;*u'cedz F -G observed | ¥/ 1 /1 I/8 K/ Z |obeerved| N/ I computedB P/B P/ E
5.60 1.0 o] 0 1.0t 1405 G 4.5 25.¢0 o 165 5.7 2.37 2.35 2.3%
0.60 1.01 o 0 1.01 1.5 o 1.5 29.6 2 169 5.7 2.37 2.35 2.35
0.60 1.01 0 0 1.01 1L.5 0 1h.8 5.2 2. 163 5.79 2.%0 2.38 2.38
1.01 23.5 o. 0.98 c.g7 0.57 5. 7% 2.33 2.36 2.36
0.60 1.01 -1.7 -0.11 0.%0 -15.6 0 15.0 15.5% 1.3 155 5.97 413 4.09 4. 60
0.60 1.01 +1.7 +0.11 1.12 +15.0 0 15.0 15.35 1.39 155 5.78 ¥.05 4.01 3.62
0.60 1.01 -1.7 -0 12 0.9¢ -15.0 o 15.0 15.40 1.35 155 10.06 417 %.13 L.63
057 15.60 1.32 1.92 1.3 1.98 -9k bz .08 k.28
.60 1.01 1.7 -c.156 G. -15.0 s} 15.2 1CLRC 2.35 145 13.81 5.72 5.66 6.73
0.80 1.01 3.7 +0.17 1. +15.0 o} 15.¢ 10.0% 2.33 150 14.93 6.13 5.13 5.25
0.50 1.01 -1.7 -0.16 0 -13.0 o 15.0 1C. 3% 2.3¢ 145 1k.01 5.81 5.75 6.82
o) 10.% 2.52 2.32 2.83 3.0k 14.25 5.91 5.85 6.27
1.%0 3.0% o] 0 3.ch 14.5 0 1%.5 2.0 0.98 2ub 8.31 3.5k 1.13 1.13
1.8 3.0b o o .04 b5 0 k.5 23.5 D.98 2u2 8.20 3.0 1.12 1.13
1.8 2.0 0 ol 3.0l 1L.s 0 1L.5 25.7 0.98 2k 8.22 3.41 1.12 1.12
3.0b 29.6 2.93 .38 0.32 0.32 8.2% 3.42 1.12 1.13
1.8 3.04 +1.6 +0.10 3.14 +15.C 0 15.0 15.2% 1.37 195 12.79 5.30 1.7% 1.69
1.80 3.0k -1.7 -0.11 2.93 -15.0 o] 15.0 15.50 1.54 190 12.26 5.08 1.67 1.73
. 5G 3.04 +1.6 +0.10 3.1k +15.0 o} 15.0 15.40 1.95 195 12.66 5.25 1.73 1.67
3.07 15.38 1.95 1.95 .64 Q.64 12.57 5.21 1.71 1.70
1.8 3.0L +1.6 +0.15% 310 +1E.C o] 15.0 10.0 2.8% 165 15.71 6.51 2.1% 2.04
1.80 3.04 -1.7 -0.16 2.88 _1F.C o] 15.0 10.45 2.87 160 15.31 6.3% 2.09 2.20
1.8 3.0% +1.6 +0.16 3.20 +15.0 o 15.0 10.15 2.30 165 16.26 5.78 2.22 2.11
3.09 10.36 2.90 2.30 2.95 0.5% 15.76 6.53 2.15 2.12
3.55 6.00 -0.33 -0.0% 5.93 6.6 0 6.5 27.8 0.4%7 u30 15.47° 6.4 1.07 1.07
3.5% £.00 -0.33 -0.01 5.93 6.6 s 6.6 27.3 5.kg L3g 15.75 6.5% 1.08 1.09
3.55 6.00 -0.33 -0.01 5.3 6.6 ¢} 6.6 27.6 0.48 430 15.58 6.46 1.08 1.08
5.39 27.6 2.48 2.4 c.08 0.08 15.60 6.7 1.08 1.08
3.56 6.02 ~0.33 -0.01 6.01 12.0 c1 11.9 2u.7 0.97 380 15.53 6.2; 1.06 1.06
3.56 6.0 -0.33 .01 6.C1 12.¢ 0.1 11.9 2%.6 $.98 381 15.4g 6. 1.07 1.07
3.56 6.02 -0.33 -0.01 £.01 12.0 bl 11.3 24,6 0.38 381 15.4g 6.42 1.07 1.07
5.01 24.6 0.38 ©.57 C.16 0.16 15.45 6.40 1.07 1.07
3.55 £.00 -2.0 -0.11 5. 89 -15.0 c.2 14.8 18.00 1.87 285 15.83 6.56 1.09 1.11
2.85 6.00 +1.3 +0.07 6.07 +15.0 c.2 14.8 13.00 1.67 230 16.11 5.68 1.11 1.10
3.55 £.00 -2.0 -0.11 5,89 -15.9 0.2 143 17.50 1.08 235 15.92 ©.60 1.10 1.12
2.35 17.87 1,87 1,68 0.28 0.28 15.95 5.61 1.10 1.11
388 5.0C -2.¢ -0.13 5.87 -15.0 0.2 14, 15.50 1.5k 260 16.77 £.95 1.16 1.18
3.5% £.50 +1.3 +C 08 6.C8 +15.0 c.2 148 15.25 1.53 27 17.70 7.33 1.22 1.21
1.85 £.00 -2.0 -0.13 5.87 ~15.0 a.2 4.3 1R.U5 1.9k 265 17.1% 7.11 1.13 1.21
5.9% 1540 1.5k 1.32 0.32 c.32 17.21 7.13 1.19 1.20
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