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1. The Committee in session in Washington, D. C., 3 July 1942, took
action to inaugurate field tests on the experimental models of the depth- and
point-integrating sediment samplers, US D-43 and P-43, developed under the
cooperative project, to determine their practicability and accuracy in rela-
tion to other samplers in current use., The results of the tests reported by
field offices of the cooperating agencies prior to 28 March 1944 were pre-
sented to the Committee assembled on that date in Yashington, D. C., in re-
ports entitled, "Progress Report on the Development of the Point-Integrating
Sediment Sampler and Field Tests by Coopecrating Agencics," by Martin E. Nel-
son, and "Preliminary Field Tests of the US Scdiment-Sampling Equipment in
the Colorado River Basin," by P. C. Bencdict. ‘

2 In accordance with the instructions given by the Committee 28 March
1944, the undersigned have reviewed the reports on comparative tests on sus-
pended sediment samplers that have been submitted subsequently by field offices
of the cooperating agencies., The data obtained in the comparative tests, the
sampling methods used, and the prevailing stream conditions have been analyzed
and, in the light of this information, tentative sampling coefficients of
various extant sediment samplers in respect to the US D-43 and P-43 samplers
have been determined, The analyscs and discussions of the field reports are
presented in the accompanying joint report entitled, "Progress Report, Com-
parative Field Tests on Suspended Sediment Samplers, December 1944." The
comments, criticisms, and suggestions for improvements in design submitted
respecting the D-43 and P-43 samplers are also discussed, Conclusions drawn
from this study and recommendations as to further developments that might be
undertaken by the Committee are summarized in the joint progress report,

3. As directed in the minutes of the March 1944 meeting, reports of
the field agencies are attached to the join®t report in thirteen appendices
essentially in the form in which they were submitted., Should the Committee
decide to distribute the joint report to field offices and personnel of the
cooperating agencies, it is suggested that the appendices be omitted, because
it is believed that adequate data have been included and that the discussions
are sufficiently clear to support the joint report without the excessive bulk
entailed by the field reports. Furthermore, copies of the field reports can
be made available to anyone who is interested in making an independent study
of the data and comments included in them,
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SYNOPSIS

The study of "Methods Used in Measurement and Analysis of Sediment Loads
in Streams,! inaugurated in 1939 under the sponsorship of the Tennessee Val-
ley Authority, Corps of Engineers, Department of Agriculture, Geological Sur-
vey, Bureau of Reclamation, and 0ffice of Indian Affairs, in cooperation with
the Iowa Institute of Hydraulic Research, has led to the development of im-
proved equipment for sampling suspended fluvial sediment. Experimental models
of depth~integrating and point-integrating sediment samplers, designated
US D-43 and P-43 sediment samplers, respectively, were completed in 1943,
Both of the experimental models and several duplicates of the D~43 sampler
have subsequently been subjected to tests under practical field conditions
alongside of and in comparison with other sediment samplers in current use
to determine the practicability of the new samplers and to determine their
sampling accuracy with respect to others. The comparative test data sub-
mitted in reports by thirteen field offices have been analyzed in this re-
port. The results of the tests, conclusions, and recommendations respecting
further development of sampling equipment as indicated by the field reports
are discussed. '

In general, present models of the US D43 and P-43 gamplers proved to
be satisfactory for average stream conditions., Some modifications are indi-
cated to satisfy extremes of depth and velocity. The sefficiency of many of
the present samplers compares favorably with the improved instruments when
stream velocities and sediment concentrations are low and uniformly distri-
buted with respect to depth and where the sediment particles are finely
divided, However, under contrasting sampling conditions, results obtained
with other types of samplers show considerable disparity with respect to
those obtained with the D~43 and P+43 samplers. In some instences, this
disparity results in part from the fact that the methods of sampling used
wvere not conducive to accurate determination of the sediment concentration
in a stream vertical. The study reveals the necessity for standardization
of sampling equipment and for improvement of sampling methods now in current
use, and indicates that with some modifications in design the US samplers
together with the methods adopted for their use will be found acceptable and
practicable for all conditions encountered in fluvial sediment sampling,
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COMPARATIVE FIELD TESTS ON SUSPENDED SEDIMENT SAMPLERS

I. INTRODUCTION

1. Authority and purpose--The Federal cooperative project for investi-
gating sediment sampling equipment and technique, initiated in 1939 under
the gponsorship of the Corps of Engineers, Geological Survey, Bureau of
Reclamation, Office of Indian Affairs, Tennessee Valley Authority, and De-
partment of Agriculture, in collaboration with the Iowa Institute of Hydrau~
lic Research, hag resulted in the development of two new types of suspended
sediment samplers, one a point~integrating and the other a depth-integrating
sampler. The point-integrating sampler, designated US P-43 sediment sampler,
is designed to collect a representative sample of the suspended sediment
load in transit past a chosen point in a stream during a short interval of
time. The depth-integrating sampler, designated US D-43 sediment sampler,
is designed to collect a representative sample of the suspended sediment
load passing a vertical section in a stream during a short interval of time.
The US P-43 and D~43 samplers are illustrated in the frontispiece of this
report and in Figs. 6 and 7, respectively. ‘

At the meeting held in Washington, D. C., on 3 July 1942, the Inter-
departmental Committee responsible for this project considered that the
laboratory development of the improved sediment samplers had reached such
a stage that the experimental models should be tried under field conditions.
It was thought that the basic requirements for accuracy were adequately
provided in the experimental models but that practical improvements might
be indicated when operated under conditions met in routine sediment sampling
and by the personnel who are regularly engaged in that work. The final de~
sign of the samplers would thus have the benefit of suggestions by field
personnel for such improvements as would facilitate their operation, and
any features that might prove to be unsatisfactory in the experimental
models could be corrected in the design of future mcdels. It was desired
also to obtain data from parallel field tests on the improved samplers and
on other types of samplers in regular use under as nearly identical condi-
tions and procedures as possible in order to compare the sampling qualities
of the respective instruments.

Therefore, the Committee authorized the construction of duplicates of
the experimental depth-integrating sampler for any of the agencies who
wished to purchase and allocate them to their respective field offices.

The depth-integrating samplers were made in two sizes, weighing 38 and 50
pounds, respectively, in order that field tests could be made over a wider
range of flow conditions. It was anticipated that if the field tests proved
the sampler to be a practical instrument for the collection of samples,
heavier samplers could then be designed for streams with maximum depths and
velocities within the range of the depth-integration method of sampling,
and, likewlse, the sampler could be redesigned for hand use in shallow or
small streams, if a necd for such equipment was indicated.

T



Ten samplers were requisitioned by the agencies, and when completed in
May 1943, they were distributed to the field offices listed in the following
tabulation. The auxiliary heed for the D-43 sampler shown in Fig. 7 wvas
provided only on the samplers constructed for the U, S. Geological Survey.

o

j Weight of

Agency { Address Sampler,
i 1bs.
U, 8. Geological Survey E Iowa City, Iowa 38
U, S. Geological Survey i Albuquerque, New Mexico 50
Office of Indian Affairs § Coolidge, Arizona 50
U. 8. Burcaw of Reclamation | Yuma, Arizona 38
U. S. Engineer Office | Rock Island, Illinois 38
U, 8. Ingineer Office . Omaha, Nebraska 50
U. S. Engineer Office | Cincinnati, Ohio 50
U. S. Enginecer Office Tulsa, Oklahoma 38
U. 8. Zngineer Office | Albuquerque, New Mexico 50
U. S. Engincer Office i Sacramento, California 38

Two of the experimental depth-integrating samplers werc given field
tests by the U. S. Geological Survey in 1943. The results of these tests
were submitted to the Committee at the meeting held in March 1944. Prior
and subsequent to that meeting, similar tests were conducted by the Bureau
of Reclamation and the U. S, Engineer Offices at Rock Island, Omaha, Cincin-
nati, Tulsa, Albuquerque, Sacramento, and Buffalo. The U. S. Geological
Survey also made further field tests of the sampler in 1944,

The experimental model of the point-integrating sampler has been made
available for loan to any of the cooperating agcncies or their ficld offices
upon request for examination and tests. Prior to the Committec meeting held
in Harch 1944, this sampler had been tested by the U. S, Geological Survey,
the Bureau of Reclamation, and the U. S. Engineer Office in Huntington, West
Virginia., The results of these tests were discussed in reports submitted at
the meeting. Subsequently, it has been tested by the Tonnessee Valley Au~
thority and the U. S. Engineer District Offices in Huntington, West Vir-
ginia; Tulsa, Oklahoma; and Omaha, Nebraska,

At the meeting of the Committee in March 1944, it was agreed that each
agency should report the results of tests performed on the samplers in the
field. The writers were delegated to compile the field reports and to dis-
tribute copies to the members of the Committee, Pursuantly, the reports by
the respective field offices are appended hereto in substantially their
original form, whilc the significant results and data are abstracted and
discussecd briefly in the following paragraphs.



II. DISCUSSIONS

2. Field tests of the US D43 sediment sampler, U. S. Geological Sur—
vey--Comparative field tests on the US sediment sampling equipment and the
Colorado River sampler made by the Geological Survey in -the Colorado River
Basin in May 1943 are described in a report* released in April 1944, In
May 1944, additional tests were made in the Colorado River Basin to observe
the operation of the D-43 sampler under high water conditions and to deter-
nine the effect of the taper of the intake nozzles on the intake velocities.
Some comparative samples werc also collected with the Colorado River sampler.
As in 1943, the tests were nmade from cable cars vhich arc pormanent cquip—
nent for making routine neasurements of flow and collecting daily sediment
samples, The results of the 1944 tests are discussed in detall in Appen-
dix A.

The results of the field tosts made in 1944 on the US D-43 sampler
verify those made in 1943 for similar flow conditions., The operation of
the sampler was satisfactory at the Bluff station on the San Juan River and
reagsonably satisfactory at the Lees Ferry station on the Colorado River vhere
the maximem depth and average velocity in the vertical section were 15.6 feet
and 9,7 feet per second, respectively., At the Grand Canyon station on the
Colorado River, the auxiliary head and bottom closing device were used.
Since the stream depths were about 30 feet and the velocity in the vertical
section averaged nearly 10 feet per second, a 75-1b, sounding weight was
placed on the hanger bor one foot above the sampler. ZEven with the addi-
tional weight, vertical angles of 20 degrees were observed at depths in ex—
cess of 20 feet, The downstream drag, of course, varics with the distance
the sounding reel is above the water surface for identical stream depths and
velocities, Without additional weight, the sampler could not be safely low-
ered to depths in coxcess of about 17 feet, Except for the cxcessive down-
stream drift of the sampler, its performance under these difficult sampling
conditions appeared rcasonably satisfactory.

The intake characteristics of thc D-43 sampler with the 3/16-in, di-
ameter tapered nozzle verify those shown for the tests made in 1943, Some
clogging was experienced with the 1/8~in° dismetor nozzle at the Biluff
station., Comparative tcsts made with tapercd and untapercd nozzles indi-
cate the veloclty in the nozzle at point of intakc ecan be varied to a
degree by increasing or decreoasing the length of the tapered section.

Since the field operation of the 50-1b. D-43 sampler was found to be
generally satisfactory for sampling conditions for which it was designed,
the development of a 100-lb. sampler for swift and deep streams was recom-
mended. In addition, it was further recommended that positive action catches
be designed for all seriplers of the D-43 type.

Size analyses by the bottom withdrawal tube were made of some 50 samples
collected during the field studies. The results of analyses of comparative
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* Wpreliminary Field Tests of the US Sediment Sampling Equipment in the
Colorado River Basin," by P. C. Benedict,
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samples collected with the D-43 and Colorado Riversﬂmp1evn'ver1fy the conclu-
sions reached in the 1943 tests; i.e,, the D43 sampler because of its sam-
pling action collects a more representative sample than the Colorado River
sampler, particularly wherc coarser material is in suspension., Results of
analyses of samples collected at the Grand Canyon station, threc days after
those obtained at the Lees Ferry station, show that the sediment in suspen-
sion was considerably coarser, over 50 per cent of the pariticles being larger
than 0.1 mm., in diameter, and about 5 per cent larger than 0.5 mm. in diamcter.

3, Field usc of the US D-43 gediment sampler in Iowa strcams, U. S,
Geological Survey-—The results of the proliminary field tests of the US sedi-
ment sampling equipnent by the Geoological Survey in 1943 indicated that the
D-43 sampler was a practical instrument for the collection of sediment samples.
Therefore, and as o part of the program to standardize sampling cquipnent among
the agencies partlclpntlng in the joint investigation at the laboratory, the
D-43 sampler was sclected for usc in conncction with the determination of
dally sediment loads at threcc cooperative stations on the Iowo and Cedar Rivers
in Jowa. These investigations also afforded an opportunity to obtain further
information on the field operation of the sqmpler. A 3hotogrﬁph of the in- )
stallation on the Iowa River above Coralville is shown on page 3 of Appendix 3B, |
a report on the use of the D-43 sampler in Iowa streams, and on the frontlsplece}

The routine field use of the D-43 sampler has demonstrated that it is,
in general, satisfactory for collecting daily samples in Iowa Rivers. It was
necessary, however, to repair the catches several times during the year. In
an attempt to further improve the field operation of this feature and to re-
duce the cost of repairs, an alternate catch was designed and installed on
two of the samplers (See Appendix B.,). Although the new catch simplifies
the field operation somevhat, its use has been too limited to indicatec its
practicabllity.

The use of the 50-1b, [~43 sampler during the 1944 May and Junc floods
in Towa indicated that it was satisfactory for Iowa streams with depths of
about 20 feet with o maximum mean veolocity in the vertical section of 6 foet
por second. For strecams having groater depths or vclocitics or both, the
weight of the sampler should be increased to prevent undesirable downstream
drift during the sampling operation.

4., TField tests by the U. S. Bureau of Reclamation-—Comparsotive field
tests were made with the US sediment sampling equipment and the Tait-Binckley
sampler at the Yuma cable on the Colorado River near Yuma, Arizona, from a
boat. The stream velocities varicd from 2.5 to 4.0 feet per second; the
stream depths from 3,8 to 15,0 feect. The ratios of intake velocity to strecam
velocity for the D-43 and P-43 somplors averaged 1,04 and 0.98, respectively.
The current metor velocity observations were made at the Tait~Binckley sam=
pling point, which was about 6 foet upstream from the sampling point for the
US samplers. The basc data prescnted for rceview arc summarized in Tables 1
and 2,
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TABLE 1

INTAKE CHARACTERISTICS OF THE D-43 SAMPLER

Dt }Number Nozzle| Ry Stream|  Average Velocity

aue . Dia., | Depth 3
famples in. £t./sec. ft,’ Intake | Stream* | Ratio = é%%%%i
8-17-43] 20 | 1/8 |  w* 111.5 3.76 3.82 0.98
;16 | 1/8 ¥k 11,5 3.72 3,79 0.98
I 18 3/16 *¥ 11,5 3,85 3,44 1.12
18 3/16 K 11.5 3.87 3,50 1.11
Average = 1.05
8-19-43| 36 1/8 0.67 | 11.6 3.14 3,17 1.00
9- 1-43| 54 | 1/8 0.50] 9.1 3.11 3.08 1.01
.53 | 1/8 0.50| 9.9 3,17 3.21 0.99
54 | 3/16 0.67| 6.8 2.96 2.61 1.13
54 | 3/16 0.33| 3.8 2.63 2.41 1.09
. Average = 1.04
z | l

*Telocity determinations made about 6 feet upstream from sampling point.

**Point-integrated samples taken by lowering the sampler suddenly to a
point one foot below the water surface, No correction made for initial
inrush, Ry iandicates the transit rate of the sampler in feet per sec-
ond.

The samples obtained with the Tait-Binckley sampler, hereafter desig-
nated as the T-B sampler, were taken at a point about 6 feet upstream from
where the D-43 and P-43 samples were taken. KEach T-B sample was collected
at the instant the D-43 sampler made contact with the stream bed. In order
to compare the results obtained with D-43 and T-B samplers, it was nec-
essary to compute the weighted concentration in the vertical section from
concentrations shown by the latter sampler for the several points and corres—
ponding velocities in each section sampled. Comparisons of mean concentra-
tions obtained in this manner give an average of 0,77 for the sampling ratio,
T~B/D—43. The average results of the tests are given in Table 3., The varia-
tion of sediment concentration with time in samples taken one foot below the
water surface with both samplers is shown in Fig. 1. The results of a part
of the size analyses nerformed by the bottom withdrowsl tube nethod are
shown in Figs, 2 and 3.

In naking comparative field tests vith the T-B and P-43 samplers, the
T-B samples were taken at the middle of the sampling period for the P-43

sampler at a point about 6 feet upstream. The ratio of the concentrations,

11~



TABLE 2

INTAXE CHARACTERISTICS OF TEE P-43 SAMPLIR

T | | .
No. |Nozzle| g, .. | Strean| Sam- Average Veloclty
Date Sam~ | Dias, |.:..:Depth, |pling ' e .. Intake
ples | in. ;tlonjg‘ ft. |PointjIntake | Stream¥ ; Ratio = r==
12-20-43 | 6 | #/16 | Z | 11.4 | § | 3.82 | 4.28 0,89
6 | | M | 8.63 | 3,86 | 0,94
6 ; B | 2.78 | 2,95 0.94
6 | 316 | Y | 125, s | 3.88 | 4.15 0.94
6 ; | M| 3,54 | 3.89 0.91
6 B 2,92 | 2.30 1.27
6 | 316 | X | 150 S | 3,90 | 4.27 0,91
6 | Mo 372 | 4.44 0.84
6 B |3.06 | 324 ©  0.94
5 | 8/16 | W 138 | S | 5.64 | 378 | 0,98
6 | Mo 3,32 | 8.62 | 0.92
6 B | 2.44 | 2,60 | 0.94
l-3-44 | 6 | 3/16 | Z | 10.8 | S | 3.66 3,95 | 0.93
6 | | oM | 3.45 | 353 0,98
6 | : B | 2.98 | 27 |  1.08
i ; i
' : i |
6 | 316! Y 1071 s | 3.68 3.95 0.93
5 | M| 3,42 | 3,52 0,97
6 | B | 2.8 | 2,58 1.12
6 | 316 x  11.8, s | 3.87 | 3.87 1,00
6 Mo 374 | 3.m 1.01
6 | B | 3,62 | 3,14 1.15
6 | 316 | W i 11.3| § | 3,15 | B.34 0.94
6 | M| 3.1 | 3,16 0,98
6 | . B | 2.49 | 2.60 0,96
! :
' ; Average = 0,98

*Velocity deterninations made about 6 feot upstream from sampling point.




TABLE 3

COMPARISCON OF CONCENTRATIONS IN

T-B AND D-43 SAMPLES

T-B Sampler

i

D-43 Sampler

i
i

12 | 0,024

W wm

129

0.046 0.041

% ] . Concentration ! |
' | - ; ' Ratio
{Sec_vSam~ No, ! per cent | No, Average Transit | ;_B
Date tion pling Sam-: at ,hkightedésam“ Concentration | Rate | pim
5 Pointiples; & lean in |Ples per cent ft./secd
o E POlnt%Section i | |
% ‘ PPttt . g..._v_. gy ‘; ' gl g ! 3 ST ST
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T-B/P~43, for the samples so taken averaged 1.26. A summary of the data is »
glven in Tablec 4. The variation in sediment concentration with time for o
typical set of samples collccted with each sampler is shown in Pig, 4.

TABLE 4

COMPARISON OF CONCENTRATIONS IN T-B AND P-43 SAMPLES

I-B Sampler .' P43 Sampler-D
56 0m Sam~ { T : t  Ratio
Date Sc pling | No. Conce.an- | No. Conce.an— ! T-B
tion Point | Sam-- tration | Sam- tration i Tz

. ples | per cent | ples per cent |
12-20-43| 2z | s | 6 0.03¢ | 6 0.022 | 1.54
M . 6 0.042 6 0.052 | 0.81
3 6 0.081 6 0.096 1§ 0.84

! i
Y S 6 | 0,024 6 0.024 | 1,00
Lo 6 | 0.047 6 0.038 , 1.24
LB 6 . 0154 | 6 0.072 | 2.14
X S 6 0.030 6 0.029 1.03
Y 6 0.064 6 0.054 1.18
3 6 0.059 6 0.088 i  0.67
W s | 6 0,019 5 0.014 |  1.36
M | 6 0,029 6 0.02¢ © 1l.21
B 6 0.095 6 0.072 § 1.32
1- 3-44| 2 S 6 0,035 6 0.024 | 1.46
M 6 0.060 6 0,049 1.22
B 6 0.109 6 0.086 |  1.27
Y s 6 0.022 6 0.020 1.10
M 6 0.041 6 0.038 i 1,08
B 6 0.134 6 0,083 i 1.62
X s 6 | 0.032 6 0.020 || 1.60
M 6 | 0.043 6 0.041 1.05
B || 6 0.117 I 6 0.108 1.08

’ H

W S 6 0.012 ¢ & 0.006 2.00
M 6 0.026 6 0.023 1.13
B 6 0.088 6 0.066 |  1.33
A,vera'-’é = 1,26

1

b ~ 3/16~in. diameter nozzle
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The results of the comparative tests made with the D-43, P-43, and T-B
samplers are not consistent with the normal expectation for concentrations
and sampling conditions encountered., The weighted concentration in the ver—
tical section computed from T-B samples is consistently lower than the average
obtoined with the D-43 sampler. In general, the average concentrations of in-
stantoneous samples taken with the T-B sampler are consistently higher than
the average concentrations in corresponding somples token with the P-43 soam-—
pler. The reason for the weighted concentrations in the ID-43 somples being -
lower and the concentrationg in P~43 soamples being higher than concentrations
in samples obtained with the T-B sampler is not evident at this time.

Inasmuch as size anolyses of the comparative samples token with the P-43
and T-B somplers hove not becn completed, no attempt is made to explain the
lack of agreement between concentrations in these groups, . However, size
analyscs have been made of the comparative somples taken with D-43 and T-B
samplors, ond the following comments arc offered by the Burcau of Reeclamation
on lack of agreement bsbtween concentrations:

#,, Because of instantaneous fluctuations in concentration,
considerable difference might be expected in each pair of compara-
tive samples. However, in averages of 6 pair, 12 pair, etec., the
differences should be conpensated,

2, It is probable that three Tait-Binckley samples in a ver-
tical are insufficient for determining the true weighted mean con-—
centration in the vertical, but this facior could account for only
a small perceatage of the inconsistency showne.

%3, Size analyses of the depth-integrated samples indicate
that the D-43 sampler received excess fine material as compared with
the Tait-Binckley. This might indicate that the Talt-Binckley had
sarpled too close to the boitom and picked up excess coarse naterial,
in which case the ratio of T-B to D-43 ghould bhe greater than 1.0.
Actually, however, in all but one of the groups, the ratio is less
than 1.0, Therefore, none of the error can be attributed to this
causc,

4, In a sampler without removable containers, such as the
Tait-Binckley, there is always the possibility that some material
may adhere to the sampler each time a sample is transferred to its
container., . With the small concentrations ecxisting in the Colorado
River at Yana, loss of a small anount of material would causc an
apprceiable percentage crror,

"The most likely causc of the discrepancy in the depth-integrated samples,
and in the group comprising the first 36 pair of point samples of August 17,
1943, appcars to be that mentioned in (4) above. In the sccond group of point
samples of August 17, the ratio of T-B to D-43 is 0,91, and the ratio of in-
take to strean velocity is 1,11, Fron this information, it would be reasoncd
$hat the D-43 samples would be deficient in coarse material (that is, they
would contain too high percentages of fine material). However, the size analy-
ses indlcate that they countain a smaller percentage of fine material than the
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Tait-Binckley samples. Thercfore, no explanation for the lack of agreement
in this group can be offered.™

Al though no direct comparisons werc made between concentrations obtained
with the D43 and P-43 samplers, the indirect comparison with concentrations
in T-B samples indicate an appreciable difference betwecn the two types of
sampling cquipment. However, inasmuch as the dats submitted arc inconclusive
regarding the truc sampling ratios of the T-B to the P-43 and D-43 samplers,
the indircet comparison of the P-43 and D-43 samplers on the basis of these
data is not justified., A few comparative field tests made by the Geological
Survey* at the station on the Green River at Green River, Wyoming, indicate
little or no difference between the two samplers, but appreciable difference
was noted in the results obtained at the station on the San Juan River near
Bluff, Utah, However, the results for the latter station were not consistent,
and the number of tests made at both stations was too small to be considered
indicative of the relative efficiency of the two types of sampling equipment.

. The Burean makes the following comments and recommendations relative to
the US sampling equipment?

", The D-43 sampler spparently can be operated and handled
satisfactorily. Samplcs were taken in strcam velocities of 2 to 4
foet per seccond., UWeight and construction of the sampler appeared to
be suitable for this range. In using the P-43 sampler, somne diffi-
culty was cncountered with operation of tripping mechanism duc to
short distance of drop, and with the winding key due to badly worn
slot and danger of losing koy. The jar container of the P-43 sam-~
pler is machined to such a close fit that somc jars could not be

used; an increase of 1/16 of an inch in diameter of the opening
would be desirable,

e, Either the milk bottle or fruit jar container is satis-
factory, but it is recommendcd that onc or the other be chosen as
stendard so that all samplers will utilizc the same typc, As to
size of contalncr, it is suggested that consideration be given to
design of samplers using quart containers, in order to reduce ro-
quircd transit rates for the D-43 sampler and to permit use of
larger nozzles whon nccessary.

"d, Bocause of trouble encountered with the tripping and wind-—
ing mcchanisms, it would bc desirable to provide for clectrical
operation of the valve, if possible.¥

The basc data covoering the ficld tcsts and some sizc analysis determina-
tions are included in Appendix C.

5. 0Office of Indian Affairs——The Office of Indian Affairs indicated by
letter datod 12 April 1944 that, owing to the limited persenncl available, no
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* "Preliminary Ficld Tests of the US Scdiment Sampling Equipment in the
Colorado River Basin," by P. €. Benedict, U. S, Geological Survey.
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field tests were made with the D+43 sampler. However, it was anticipated that
at some time in the future, tests would be made in the socuthwestern section of
the United States.,

6. TPield tests by the Tennessee Valley Authority-—-Field tests were con—
ducted by the Authority only on the P-43 sampler. However, samples were col—
lected at the same time with samplers now used by the Authority for comparison
as to the practicability of the P-43 sampler.. It is assumed the other samplers
used are similar or identical to those described on pages 135 and 136, Report
No, 1 of the series issucd in connection with the joint sediment investigation.
The results of the field tests made by the Authority are discussed in reports
submitted to the U. 8., Engincer Office, St, Paul, Minnesota, 11 May and 26 Junc
1944, which accompany this report as Appendix E,

The ficld operation of the experimental P-43 samplor in its present form
was considered unsatisfactory by the Authority. The rcport states that sedi-
ment deposited in the nozzle while the sampler was being lowercd to the sam-
pling point and prior to opening the valve., This sediment was flushed into
the container when the valve was opened and seriously affected the accuracy
of thc samples collected. However, no quantitative tests werc made to deter—
nmine the extent of the error introduced. The open scction of the nozzle where
deposition takes place has a volume of about one cubic centimeter. The adverse
effect of the concentration of a 400 cubic centimeter sample, the average vol-
ume of sample collccted in a one~pint container, may be appreciable for certain
sampling conditions, but, gencrally, it would probably not excced the limits
of accuracy in the prescnt mothods uscd in measuring stream flow. It would
bc possible to provent deposition of scdiment in the nozzlce by allowing wator
to flow through the intake and a by-pass at the valve back to the strcam whon-
ever the valve is in the closed position. This expedient would further com-
plicate the design of the valve, and, therefore, it is not recommended unless
quantitative tests indicate that an appreciable improvement in sampling accu-
racy would be obtained.

The Authority report states that the intake nozzle is too delicate and
would be rather easily demaged by striking bridge rails, piers, etec. If the
nozzle were damaged, it could be replaced easily, and when made in quantities,
they would be relatively inexpensive, On the other hand, it has been assumed
that a sampler would receive at least as careful treatment in the ccllection
of sediment samples as the current meter does in making discharge mecasurements
and, therefore, this objcction is not considered scrious. '

The need for a crane to operate the sampler was indicated in the TVA re-
port, and the statement was made that a sampler supported by a hand line is
more satisfactory for small streams and narrow bridges since the operation is
much simpler and faster. The collection of samples in streams of appreciable
depth and velocity obviously will require the use of a crane unless the sam-
ples are collected at or near the surface. The use of permanently installed
sounding reels with sediment sampling equipment has been found very practicable
by the U. S. Geological Survey in Iowa. This type of installation, which is
described in Appendix B, undoubtedly would be justified at any regular sampling
station on a small stream where local conditions are suitable.
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In collecting samples with the P~43 sampler, the Authority found that
it was necessary for the operator to collect several samples in order to
determine the proper time interval to fill the container. After some field
experience with the sampler, it is believed that this problem would not be
difficult. The velocity in the nozzle at point of intake approximates the
stream veloclty at the sampling point. Therefore, with curves showing the
filling time with respect to velocity, it is a relatively simple matter to
determine the proper sampling time when the approximate stream velocity is
knovm., It should also be pointed out that a sample nced not nccessarily be
discarded because the container is less than full., A sample of any size can
be used provided the container does not overflow before thc sampling opera-
tion cecases, It is possible that a leaf or other debris may temporarily stop
the flow in the nozzle during the sampling process. However, if the inflow
is entirely cut off, there will be no adversec offect on the sample except for
the smaller quantity collected. If the velocity in the nozzlc at point of
intake is appreciably reduced for an apprcciable part of the sampling inter-
val, some crror would be introduced, thc magnitude dopending on strcam ve-
locity, particle size, ote, However, this is not charactoristic of the P~43
sampler alone but all types of samplers present the same difficulty to vary-
ing degrecs when used in collecting samplcos in debris laden streanms,

The TVA report pointed out that the removability of the sample container
vas the best single feature of the sampler, However, it was recommended that
the sampler be adapted for pint milk bottles, since they are more rugged than
the mason jars and the cgps afford a convenicnt place to label the samples.
This recommendation is in accord with the other agencies who have tested the
sampler,

Other criticisms offered regarding the usc of messenger weights, winding
mechanism, valve mechanism, suitability of sampler for certain conditions of
flow, and the extra personncl requircd for ficld opcration, can be eliminated
if the sampler were designed to operate eleetrically.

Concentrations of samples collected by the Authority with the P-43 sam~
pler are given in Appendix E., Apparently, samples were collected also with
the samplers now used by the Authority, but the sediment analyses were not
submitted with the report. It is only stated that the sediment content of
samples collected with the P-43 sampler wag sometimes greater and sometimes
less than in corresponding samples collected with sampling equipment now i
current use, ‘

It was suggested by the TVA that the sampler finally evolved should be
nade satisfactory for the widest variety of field conditions as well as be
correct from a theoretical viewpoint.

7. Field tests by the U. S, Enginecr Office, Huntington, West Virginia——
Comparative field tests on the P~43 and Ohio River Division saplers conducted
by the Huntington Engineer District are described in Appendix F. The ORD sam—
pler is shown on pages 10 and 11 of Appendix J, The somple container, a glass
Jar of l-quart capacity, is clamped upright in a circuler metal band at the
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forward end of a flat steel bar, which, in turn, is fastened to the hanger
bar and tail vane of a regular sounding weight. The inteke tube, an as-
serbly of brass tubes and fittings, is attached vertically to a bronze

screw cover on the sample jar. The tube is bent 90° about 3 inches above
the cover and ends in a topered nozzle pointed in the upstream dircction.
The air exhaust, of almost identical construction, nlso ends in o brass noz-
zlc pointed upstream at an elevation about 1 inch above the fluid intake
nozzle. Bach tube is equipped with a brass cock, the handles of which are
linked together and normally held in the open position by a spring. A catch
arrangement when applied to the common link holds the velves in the closed
position, The catch is released by energizing an electromagnet and the
spring throws the valves into the open position, The current supply is fur-
nished by dry cell batteries.

In operation, the sampler is used as a point-integrator. It is lowered
to the sampling point with the valves closed, At the specified submergence,
the electromagnet is energized, releasing the catch and the valves open,
With this design, initial inrush occurs and a larger or smaller proportion
of the sample, depending upon the depth of the sampling point, is obtained
almost instantaneously after the valves are opened. Some sediment will be
lost, and the sample taken during this period will indicate a lower concen-
tration than that existing at the sampling point. Subsequently, the sampling
takes place at a slower rate, but at a ratec neither equal nor proportional
to the strecam velocity. Owing to the faect that both the inteke and alr ex-
haust nozzles arc pointed upstream, both orifices arc subject to equal im-
pact pressurcs. The air in the container escapes through the upper orifice
duc to the lower hydrostatic pressure at that point and its own bouyancy.
The differcntial pressure on the orificcs being constant, irrcspective of
velocity, at all practicable depths, the ratc of inflow is uniform and under
ordinary conditions considerably slower than would be indicated by the stream
velocity. Conscquently, the stream lines diverge at the intake nozzle, and
the sample taken during that period would be cxpccted to contain a dispro-
portionatcly large amount of sediment, The errors rosulting from both of
these faulty features, although opposed in sign and therefore +to some ex—
tent compensatory, increase with increasing particle sizes and become in-
significant for very fine sediment.

When the sample container is filled with fluid and all air has escaped,
the filling automaticsz.ly ceases. Since the valve operating mechanism does
not provide for automatic or mechanical closure of the valves, the alr ex-
haust tube has been turned upstream to avoid circulation through the sample
‘container after it is full. Vhether circulation stops completely is gues-—
tionable, but even if it does, there is the possibility that the sample will
be contaminated by deposition of sediment in both nozzlces after the filling
action ccases as long as the sampler remains in the streanm,

The sample jar is posed in a precarious position both in and out of the
water, and its lack of streamlining offers considerable resistance to the
current. However, the sampler is very simple to operate, can be constructed
cheaply, and- is casily interchanged with the regular strcam gaging equipment.
It can be mounted on larger or smaller sounding weights to satisfy various
stream conditions. In contrast to thesc desirable featurcs, it violates most
of the basic principles of accuratc sediment sampling,
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One serics of comparative field tests with the P-43 and ORD samplers
was made 2 May 1944 in Levisa Fork of Big Sandy River at Louisa, Kentucky.
Two strcam gaging dorricks wore set up side by side on the bridge over the
decpest point in the stream and ten pairs of samples werc taken with the
samplers operating simul tancously. The samplers were then interchanged and
ton additional pairs of samples were taken, Vertical velocity curves were
observed before sampling, during tho interval betwecen tho two scts of sam-
ples, and after completing the sampling. The river stage was stationaory
during tho test,

Another scries of teosts was made 7 June 1944 when a complete susponded
sediment measurement was made at three vertical stations in the Ohio River
at Huntington, West Virginia. The two samplers were operated simultaneously.

The Huntington report states that the conclusion reached on the basis
of these tests are substantially the same as those expressed in the report
by the Tennessee Valley Authority. The results of the field tests made by
the Huntington District are summarized in Table 5,

TAELE &

SUMMARY OF FIELD TESTS ON ORD AND P-43 SAMPLERS

§ Sediment Sampling
Station : Sampler Load Ratio
: 1bs./sec, ORD/P-43

Levisa Fork of Big Sandy River at Louisa, Kentucky

i

%+36 i ORD 0.157

3+33 | P-43 0.1776 .89
3433 | ORD 0.1515

3425

P-43 0.166 .91

Chio River at Huntington, West Virginia

9+00 | ORD i 0.12833
; P43 g 0.14253 .90
12+50 i ORD g 0.16158
| P43 | 0.16050 ; 1.01
15+60 : ORD ! 0.0800
i P43 ‘ 0.,0€192 .98
Mean Ratio .94

The comparisons indicate that the samples tsken with the ORD sampler con-
tain about 6.0 per cent less sediment than those taken with the P-43 sampler,
The information furnisied does not indicate the reasons for this discrepancy.
If size anslyses were available, it might be possible to estimate the effect
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of initial inrush on the sediment concentration of the ORD samples, which is
believed to be an important factor. On the other hand, as stated in the re-
port, circulation through the P-43 sampler may have occurred due to delay in
closing the valve after the container was full, thus resulting in a heavier
than normal concentration in the P-43 samples. If the time of sampling
throughout the vertical was based on the filling rate at the bottom of the
stream, 1t is very likely that circulation did take place at the higher
levels in the stream, because, the velocities being higher, the container
would be filled in a shorter time. The sampling time should have been gaged
according to the stream velocity so that the container would be not quite
full at the end of the sampling interval,

The Huntington District suggests that the alr exhaust tube as well as
the intake nozzle on the P~43 sampler be pointed upstream in order to avoid
cireculation through the container after it is filled. It would be desirable
to have the sampler equipped to automatically stop the sampling process an
instant before the container is completely filled, but the method suggested
by the Huntington District would defeat the attempts that have been made to
develop an integrating sampler. This expedient would result in a uniform
intake velocity rather than one equal to the stream velocity, a condition
which is attained in both the P~43 and D-43 samplers,

The electrically operated tripper devised by the Huntington District in
August 1943 was used on the P-43 sampler during these field tests. The re-—
port states that it functioned satisfactorily cxcept that excessive voltage
vas required., It is brought out that with thc electrical operation the
standard stream gaging reel, cable, and suspension bar could be used, vhich
the messonger operated tripper dees not permit since it requires a special
conncction on the sampler, The report also states that with electrical
operation, the scdimont sampling could be done by one man, whercas tuo arc
required with the present arrangement. The need for improvement in the de-
sign of the tall fins to minimize the tendency for the sampler to weave from
side to side is also pointed out. In this connection, it is believed that
the streamlining of the entire sampler body should be decidedly improved.

The method of computing the sediment discharge in a stream from data
obtained with point~integrating samplers and stream gaging observations in
the Ohio River Division is illustrated on page F~8 of Appendix ¥, Sediment
samples and velocity measurements are taken at uniform intervals of depth;
in these tests, 0.1 depth intervals were used, Curves are plotted to show
the sediment concentration and stream velocity with respect to depth. The
sediment discharge in uniform intervals of the vertical are then determined
by multiplying the depth by the product of the sediment concentration and
the velocity indicated by the respective curves at the mid-ordinates of the
intervals. The sum of the load increments gives the total sedimont discharge
at the vertical in question. This method is basically correct where point-
integrated samples are taken, and it is belicved that the resultant deter—
mination of sediment discharge is as accurate as the basc data.

8. Ficld tests by the U, S. Enginecr Office, Tulsa, Oklghoma~-~Reports
by the Tulsa District Engincer Office covering ficld tests on the D—43 and
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P-43 samplers and comparative tests with the USDA Texas sampler and the Vicks-—
burg USED horizontal toggle sampler submitted 2 May, 16 August, and 2 Septem—
ber 1944 arc compiled in Appendix G. The USDA Texas sampler is described on
page 149 and the Vicksburg sampler on page 138 in Report No, 1 of the sedi-
ment series. The relative sediment concentrations tsken with the various
samplers in comparable tests covered in the Tulsa District reports are sum—
marized in Table 5.

TABLE 6

FIELD TESTS ON SEDIMENT SAMPLERS
BY THE U. S. ENGINEER OFFICE,
TULSA, OKLAHOMA

. Mean
Samplers Compared Number of Sampling

Comparisons Ratio

Texas (at 0.6 depth)/D-43 (integrated) 78 1,04
Vicksburg (at 0.6 depth)/D-43 (integrated) 23 ! 1,09
Vicksburg (4v. 3-6 points)/D-43 (integrated) e 1.12
Texas (at point)/P~43 (at same point) 23 | .97
Vicksburg (at point)/P-43 (at same point) 45 1,03
Vicksburg (Av. 3-6 points)/P-43 (Av. 3-6 points) 7 1.04
P-43 (at 0,6 depth)/D-43 (integrated) 23 1.08
P~43 (Av, 3~6 points)/D-43 (integrated) 7 1.08

The disparity in tests with low concentrations was so great in many in-
stances as to preclude a fair comparison of the samplers. Therefore, the
sedinent concentration values expressed in less than two significant figures
were omitted in deriving the above sampling ratios,

The only tests in these series in vhich similar sampling methods were
used and which, therefore, afford direct comparisons of the characteristic
sampler actions are the tests on the Texas at a point and P-43 at the same
point and the Vicksburg at a point and the P-43 at the same point, The com-
parison of point samples at 0,6 depth, or the average of 3 to 6 points in
the vertical, with integrated samples from the D~43 sampler is not basically
Justified except as a qualitative indication, The sediment concentration at
0,6 depth is not necessarily representative of the aversge sedinent discharge
in the vertical. Such a correlation would be accurate only when the sediment
is uniformly very fine and uniforrly distributed in the vertical, and the
velocity at that point represents the mean in the vertical., Neither is the
comparison of the mean of 3 to 6 point samples in the vertical with depth-
integrated semples strictly accurate without weighting the point samples with
respect to the velocity distribution curve of the vertical. Inasmuch as the
streanm velocity existing at cach sampling point was not observed, this cor-
rection could not be applied to the Tulsa sediment data obtained with the
point samplers,



The Texas sampler is lowered to the sampling point with a stopper clos-
ing the intake which is withdrawn vhen the sample is to be taken. Conse-
guently, initial inrush occurs until the inside and ouiside pressures are
equalized. During this period, a sample of subnormal concentration is ob-
tained. The intake being normal to the stream flow, some sediment particles
will subsequently tend also to be diverted from their respective streamlines
as they enter the sampler. Also, since the container is not closed after
the sample is obtained, some additional sediment will enter the container as
it is raised to the surface., The error of sampling due to each of these
possible sources is a function of the particle size and becomes inappreciable
for very fine sediments, but on the other hand may result in considerable
error if the sediments are coarse. The comparison of the Texas and P-43 san-
plers indicates a sampling ratio of 0.97, In view of the inherent sampling
errors of the Texas sampler pointed out above, this correlation is considered
satisfactory. Very probably the discrepancy would have been greater had the
sediment particles been coarser. The only data submitted to indicate what
sediment sizes were cncountered in the Tulsa District tests are those given
in the report of 2 September 1944, page G—-22., In thesc samples, the materials
wore predominantly finer than 0,0625 mm, diameter, Figs. 12 and 28 in Report
No. 5 show that sampling errors due to deviations from normal intake velocity
and angular approach to the intake becone relatively insignificant when the
particles are finer than about 0.06 mm. It appears, therefore, that the san—
pling errors inherent in the Texas sampler under gencral conditions arc not
reflected in thesc comparisons duc to the fineness of the suspended scdinent
carricd by the streans at the time these tests were made.

While the Vicksburg sampler traps instantaneous point samples and the
P-43 takes time-integrated samples at a point, the comparison of these in-
struments is also satisfactory, the sampling ratio being 1.03.  The labora-
tory tests described in Chapter IV of Report No. 5 show that some of the sedi-
ment load carried by the flow filament which passes through the sampling tube
of an instantanecus sampler, such as the Vicksburg, prior to closing the
valves will be deposited in the tube and, consequently, the concentration
of sediment in the sample taken will be higher than that of the instantaneous
filament. However, if, as was the case in these tests, the sediment is very
fine and the nause before springing the valves is short the amount of excess
sediment taken will be minor.

The other comparisons in this series are of interest only to indicate
that in streams carrying very fine sediment, neither the type of sampler nor
the method of sampling are extremely important in obtaining satisfactory
samples of the sediment load. However, the convenience and ease with which
the sampler performs the operation, the selection of sampling points in the
stream cross section and the period of sampling are important considerations
in assuring reliablie samples for determination of complete and accurate sedi-
nent discharge hydrographs.

Cormenting on the physical features of the D43 sampler, the Tulsa Dis~
trict states that the sampler is easily handled in and out of the water, but
its operation would be facilitated in high ¥elocities if the weight were in-
creased 15 %o 20 pounds. The sample container is considered satisfactory,
the nilk bottle cap being found advantageous for temporary identification of
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the sample. The report states that the sampling accuracy of the D-43 sam—

pler relative to that of the Texas sampler does not justify discarding the

latter in favor of the D-43., However, it is proposed to equip each regular
sediment sampling party in the District with one D43 sampler as well as a

Texas sampler. The report suggests that a wading type sampler be developed
as considerable of the sediment sampling in the Tulsa District can be done

by that method.

The Tulsa District reiterates the suggestion of other reports on the
P-43 sampler that an electrical tripping device be substituted for the pre-
sent unsatisfactory mechanical tripper and adds that the cocking arrangement
would be improved by elimination of the loose winding key. It is suggested
also that the weight of thce sampler should be increased to about 75 pounds,
that the sampler should be adapted for pint milk bottle containers, and the
mechanical parts made removable for protecction while the sampler is used as
a depth~intcgrator. The Tulsa District considers the D-43 sampler more
practical than the P-43 as streams in that district arc not generslly decper
than 20 feet,

9, Tield tests by the U. §. Engineer Office, Albuguerque, New Mexico~-
The results of field tests on sediment samplers conducted by the Albuquerque
District Engineer Office, submitted in reports 5 May and 16 October 1944,
are given in Appendix H. Comparative tests were made on the D-43, USGS Colo-
rado, USDA Faris, and the Albuquerque wading sampler, The tests reported
5 May were made with the collaboration of Dr. C. S, Howard of the U, 5. Geo-
logical Survey.

The Faris sampler is identical with the Texas sampler used in the Tulsa
District and the USDA sampler described and illustrated on page 149 in Report
No. 1. The Colorado sampler is described on the same page. Both samplers
utilize bottles as sample containers held upright in metal frames. The Faris
sampler takes a small neck bottle of 8-+ounce capacity, vhile the Colorado
sampler takes a l-pint milk bottle. Additional mass is provided as needed
by attaching sounding weights below the samplers., Both are provided with
rubber stoppers. Samples are collected with the Paris sampler only at 0.6
depth. At the sampling point, the stopper in the Faris sampler is removed
by pulling an auxiliasry hand line. The reports do not specify how the Colo~
rado sampler was operated but it is assumed that it was used as a depth-
integrator. In moderately deep streams, the verticals are iategrated both
down and up, but in decper strcams, the Colorado sampler is lowercd to the
bottom, opencd by dropping a messenger welght, and raised slowly to the
surface vhile the integrated sample is being taken.

"Both the Faris and Colorado samplers are subject to initial inrush and
to loss of particles due to separation at the normal-to-flow intakes. Be-
cause the intalkes are large and do not restrict the passage of air, it is
believed that the contalners fill very quickly. Samples cannot be taken
closer than 12 to 16 inches from the stream bed, Furthermore, since the in—
take of the Faris sampler cannot be closed under waier, the sample will be
contaminated by sediment from higher strata of the stream due to circulation
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as the sampler is raised to the surface., The errors due to all these sources
are functions of particle size and tend to become insignificant as the par-
ticles become extremely small, but increase in importance with increasing
coarseness of sediments,

The Albuquerque wading sampler was designed to meet a unique problem in
connection with sediment sampling in streams of the Albuquerque DlSE 1ct
vhere the drainage areas in general are very steep, the runoff rapid, and
the amount of sediment carried by the ephemeral streams, or arroyos, is un-
usually high. Concentrations of 25 per cent are common, and in some in-
stances, sanples have becn taken with concentrations cxeceding 50 per cent.
The run in the cphemeral stroams, which normally are dry or ncarly so, ro-
sulting from hcavy rainfall in the hcadwaters, ususlly occurs as a wall of
water with a turbulent tuwbling front, The crost takes place immediately
after the front, and the wave recedes gradually in a period of a few minutes
to a fow hours. The front carrics great quantities of vegetal matter, such
as grass, weeds, pine ncecdles, twigs, and cven branches or small trces. The
strcams arc usually not morc than 2 or 3 feoct deep.

In situations such as this, it is imperative that discharge and sedi-
ment measyrements be made as quickly as possible., Obviously, the most
expedient way of getting sediment samples and making current meier measure-—
ments under these conditions is by wading into the stream. To facilitate
doing so, the equipment must be light and easily handled because frequently
the obscrver will be on ingecure footing and in precarious positions, The
weight and any apporatus in excess of that required to support the sgomple
container and to provide proper filling characteristics is an encumbrance
to the obscrver.

Al though the D-43 sompler was not intended for wading sampling, the
Albuquerque District attempted to usc it that way. It proved to be exces—
sively heavy and cumbersomec. The process of removing a bottle full of sam-
ple, copping without spilling, replacing a ncw container, and c¢losing the
head was extremcly difficult for one person without wading to shore after
cach specinen was token., In the stream, therce was no opportunity to knccl
or sit, snd thc sampler could not be rested on the strcam bed while chenging
bottles

In order to fill the nced for a light weight sampler suitable for thesc
conditions, the Albuguerque District has constructed an experimental hand
sampler, similar to the Anderson-Binstein sgmpler vhich is described in Re-
port Ho., 1, page 151, A rounded rubber plug vhich supports the intake and
air exhaust tubes is fitted into the neck of a l-pint milk bottle, The
bottle is clamped horizontally in a metal frame that can be mounted on a
current meter wading rod by interchanging with the current meter yoke, The
principal features of the D-43 sampler are incorporated in the Albugnerque
wading sampler insofar as the filling action i1s concerned, but it has not

yet been determined whether or not the
the stream velocity, This sampler has
experiments and with some improvemeonts
this typc has a doefinite and practical
sampling. The need for such a sampler
the Tulsa Enginecr District,

intake velocity obtalned is cqual to
been found very convenient in field
in the design, it'is belicved that
adaptation in the ficld of sediment
was expresscd also in the roport by
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In the larger streams of the Albuquerque District, such as the Rio
Grande, Rio Puerco, and others, riscs in stage occur very repidly with si-
mul tancous recession of the river bottom, the bed material being set in
notion both as bed-load and suspended load. Converscly, with a falling
stoge, the stream bed builds up rapidly. Insome reachesof theRic Grende the
aggregate effect is a gradual aggradation of the strcam bed vhich in time
threatens to intorfere scriously with the operation of cxzisting local irri-
gation projeccts,

Here again, it is important to makc the discharge measurcment end col-
lect the sediment samples very quickly, within a period of a fow tenths foot
change in stage if possible. VWhile the D-43 typc sampler is considored
ideal for this type of work, wherc the sampling is done from a cable car or
bridge, the necessity of romoving the stream gaging welght and attaching the
sampler at cach station cntails a considerable loss of time vhich in nany
instances precludcs making o satisfactory meter measurcment and simultancous
sampling., Furthormore, it is found very difficult for onc man, expecially
if a bottomless "sit dowmM cable car is used, to change bottles without
gpilling the sample, and to alternate the samplor and strcam gaging weight,
The work of scdiment sampling at cable car stations would be considerably
facilitated if cquipped with the "stand up" typc of car.

The Albuquerque District suggests that the D-43 sampler be constructed
sufficiontly hcavy and streamlincd so that it can be used in placc of the
regular stream gaging weight, thus climinoting the neceseity of changing
from onc to the other in altcrnate velocity and scdiment measurcments, It
is believed that it would be entirely practicable to design o sampler of the
D-43 typc so as to accomplish this dual purpose without sacrificing its
utility as a sompler., It is believed also that the proximity of the currcnt
noter wheel would not have any ricasurablce adverse cffcct on the sampling
action. However, this opiuion should be substantiated by tests prior to
adoption of this typec of sampler. The strcamlining could be accomplished
nost offectively if the bottle were rcclined in a horizontal position or
ncarly so, thus permitting symmectrical scctions throughout the length of
the sampler. However, in order to obtain neorly a full bottlc of liquid
ond to prevent liquid from running out whon the sampler is raiscd into air,
oither ond of the intake tube rmust be at o higher level than the highest
point on the inside of thc bottle, and the air cxhaust tube must be bent in-
to the topmost segnent of the bottle to pernit the frec cscape of air. Those
conditions are accomplished in the D-43 sampler by inclining the bottle so
that its nouth, located at the highest point in the bottle, cen be rcached
by short straight intoke and air cxhoust tubes. However, in doing so, it
wos neccessary to depross the body of the sempler and, consequently, the most
desirable streamlining was not obtained,

With a head hinged as in the D-43 sampler, it would be difficult, ex-
cept in very large samplers, to provide the most desirable shape of intake
and air exhzust tubes, vhich incidentally should meet the requirement that
the intake velocity be equal to the stream velocity, and at the same time
attain the optimum streamlining of the body, The limited location of the
hinge point probably will not permit tubes of the required length to swing
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in and out of the narrow-ncck bottle and out of the way sufficicntly not to
interfere with changing bottles. As a solution to this problem, 1t is sug-
gested that o bottle recess could be provided in a cast lead or babbit metal
body of the same shape as the Columbus type stream gaging weight. A molded
rubber head that would complete the stresmlining of the forward end of the
body could be fitted with intake and air exhaust tubes, Both tubes should
be of such shape as to pernit filling the bottle nearly full and should be
designed so as to insure an intake velocity equal to the stream velocity.
The bottle would be inserted into the head, the inaner plug of which would
fit snugly cnough in the mouth of the bottle to hold it while being placed
in and removed from the rccess in the body. The outer plug on the head
would fit the oponing in the sampler body rccess so that it can be squeczed
in casily by hand, and yet it should fit snugly cnough to be held securcly
whilc in operation. When not used as a sampler, the rubber head and bottle
could be replaced by a cast lead plug to provide additional weight if neces—
sary for stream gaging., The bottle could be removed in either horizontal or
inclined positions without denger of spilling because it would come out with
and be sealed on to the rubber head. Corrugations or finger holes molded in
the head may be necessary to facilitate its removel from the bottle recess.
The nolded rubber head design is limited to such conditions of depth and
strean velocity as permit the use of the simple depth-integrating sampler;
it is not suggested for use wherc strean conditions require bottonm closing,
or opening and closing valves.,

The results of the field tests on the Faris, Colorado, D-43, and Albu-
querque wading samplers conducted by the Albugquerque District in collaboraes
tion with Dr. C. S. Howard of the U, S. Geological Survey, reported 5 May
1944, are swwmarized in Table 7,

As stated in the Albuguerque roport, the tests are not sufficiently
cxtensive with respeet to variations in streanm conditions to warrant drawing
conclusions as to the accuracy of the D-43 or any other sanpler in the group.
However, the scdinent concentrations obtained with the various samplers in
thesc tests indicate satisfectory rutual agrconent except with the Faris
sarpler, which appears to teke samples of comsiderably lower concentrations
than the others, This characteristic is consistent with the facts deter-
mined in the laboratory tests on the effect of excessive intake velocity and
of angular approach to the intake, The instant after the Faris container is
uncorked, initial inrush takes place and during the entire sampling period,
the intake filament enters the contasiner normal to the flow lines of the
stream., DBoth of these factors contribute to a losg of sediment, the error
being a function of the sediment size and depth of sampling. Sediment size
analyses submitted with the report indicate that the sediment in the Animas
River was relatively finc with only about 5 per cent coarscr than 0.0625 mm.,
whereas in the San Juan River at Shiprock, 19 to 52 per cent of thc sediment
load was coarser than 0.0625 mm, Although the results are not conclusive,
it appcars thaot the discrcpancy between the Faris and D—-43 samplers 1s some—
what greater with the coarscr scdiments., Obviously, as the scdiment par—
ticles inecreasc in size, the distribution in the vertical departs more and
morce from uniformity and the Faris sampler operating at 0.6 depth would ob-
tain a samplc indicating too low a concentration, as well as too low a per—
centage of coarsc particles.
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U. S. ENGIREER OFFICE,

TABLE 7

FIELD TESTS ON SAMPLERS BY

ALBUQUERQUE, NEW MEXICO

B D

Colorado/D-43. ...

; | | E Mean |
; ! ! ! ‘ i
River f | NO‘% Depth | . Sediment | Sampling
and | Sampler | of ‘ of Velocity Concen— | Ratlp
Station ;  Sem- | Vater | Tte/sece | gpation | Other
; i 3ples i ft. z per cent i D-43
San Juan Albu.* | 16 | 1.3-1.5] 3,14 (4v.) | 0.15 | 1.00
near Bluff, Utah D-43 | 10 | 1.3-1.5! 3.14 (4v.) | 0.15
. |
i San Juan | Albu.* | 2 | Surface. 3,14 (av.) | 0,11 . 1.00
! near Bluff, Utah D-43 | 3 | Surface | 3.14 (4v.) . 0,11 i
’
San Juan . Albu.* | 2 | Bottom | 3,14 (Av.)  0.15 .77
near Bluff, Utah D-43 | 2 @ Bottom | 3.14 (4v.) , 0,195
San Juan Albu,* 12 | 2,0-2,5] 3.8 0.21 | 1.05
near Bluff, Utah D43 8 | 2.0-2,5] 3.8 0.20
: L i
| Animas | Faris 1 4.0 2,86 0.2917 .89
at Farmington, N.M., D-43 | 4 | 4.0 2,86 | 0,3289
! | % !
Animas | Faris | 4 2.9 3,61 | 0,2740 .95
at Farmington, W,M.! D-43 4 12,9 3.61 i 0.2877
Aninas . Faris | 4 | 1.8 - | 0.0453 | .93
at Farmington, N.M,: Albu.* | 8 ' 1.8 - 10,05 1 1,03
L D43 4 1.8 —— - 0,0487 |
% ? ! i
Sen Juan . Faris | 2 | 3,2 4.02 0.2921 | .97
at Shiprock, W.M, = D-43 | 3 | 3.2 4,02 0.3009
; | '
San Juan | Faris | 2 | 4.2 4,69 0. 3704 1,02
at Shiprock, W.M. @ D43 | 3 | 4.2 4,69 | 0.3642
Sen Juan Faris | 2 | 4.0 15,25 0.3222 .76
at Shiprock, .M, D-43 | 3 | 4.0 | 5,25 0.4281
: {
San Juan Faris | 1 | 1.5 2.71 | 0.,2559 .82
at Shiprock, N.M, Mou.* | 7 | 1.5 2.71 . 0.32 | 1,08
Colo. | 4 | 1.5 2.71 | 0.32 1.03
D-43 | 2 | 1l.5 2,71 0.3113
*Albuquerque experimental wading sampler
Mean Sempling Ratio ~ Albu,*/D-43...... 0.98
Faris/D-43....... 0.91
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While the sampling errors characteristic of the Faris sampler are also
inherent in the Colorado River sampler, the tests made by the Albuquerque
District on the Colorado sampler are not indicative. However, in tests con-—
ducted by ¥r. Paul C. Benedict of the U. S, Geological Survey in 1943, de-
scribed in a report entitled WPreliminary Field Tests of the US Sediment
Sampling Equipment in the Colorado River Basin,® dated April 1944, samples
taken with the Colorado River sampler were consistently leaner than compara-
ble semples taken with the D-43 sampler. In those tests, 50 to 80 per cent
of the sediment was coarser than 0.0625 mm. diameter.

The results of field tests on the Faris and D-43 samplers in the Rio
Grande, reported by the Albuquerque District 16 October 1944, are summarized
in Table 8, In these tests, the mean sampling ratio for the Faris and D-43
samplers is 0.48, vhereas the series roported 5 May 1944 indicated a ratio
of 0.91, The size analyscs show that the sediments collected in the later
scries of samples werc considerably coarscr than those taken in the ecarlicr

TABLE 8

FIELD TESTS ON FARIS AND D-43 SAMPLERS 1IN RIO GRAINDE

| | Mean Sediment | Sampling
i
GﬁfuP Sampler Ngmbei of | Concentration Ratio
0. amples per cent | Faris/D-43
! ! T
I Faris | 3 i 0.2344 0.55
D43 3 ; 0.4234
II Faris 6 % 0.17C0 .32
] D-43 6 ! 0.5319 | ,
f j
111 Faris 3 5 0.1920 § .82
D43 3 ! 0.2354 i
! i ;
Iv Faris 17 § 0.1497 | .38
D-43 18 | 0.3947 i
v Paris 12 0.2507 § +60
o D-43 12 0.4171 |
VI Faris 9 | 0.1274 ] .31
; D-43 ; 8 i 0.4126
VII Faris 7 0.1299 .37
D43 8 0.3471
Mean Faris 0.1791 0.48
D43 0.3946 i




tests., Consequently, 1t would be expected that the Faris sampler should
show smaller concentrations, particularly in the ranges of larger sediment
particles, Turthermore, it is stated in the report that the later series of
samples were taken in the Rio Grande during the lower portion of the reces~
sion of the spring snow-melt period and that the suspended load originated
primarily from lateral or bed erosion since there was little contribution
from overland flow. In the light of these facts, it is assumed that the
suspended load contained a large proportion of coarse material and that the
distribution of sediment in a vertical probably varied considerably from the
surface to the bottom., TUndoubtedly, the suspension near the bottom was much
heavier and coarser than at the 0.6 depth, Thercfore, the Faris samploes
taken at 0.6 depth would not be representative of the sediment concentration
throughout the vertical, Instead, they would show & smaller total concen-
tration and a smaller percentage of large sediments than would the D-43
integrated samples., The discrepancies in these comparisons therefore are
due largely to the difference in sampling methods but include also the ef-
fect of the difference in sampler characteristics.,

Complete size analyses on almost all of the samples taken in these
series of tests were submitted with the report., The percentage of total
sample lying betweon thc standard divisions were tabulated for all the sam-
ples taken with both instruments in each of the seven series of tests. Vhon
these percentages were plotted on semi-log graphs, the curves showed a defi-
ciency in all size ranges in samples collected with the Faris sampler when
comparced with those obtaincd with the D-43, The largest percentage of total
sample taken with the Farig sampler was found in the size range 0.0312 to
0.0625 mm,., whorcas with the D-43 sampler the largest percentage was in the
size range 0,125 to 0,250 mm. These trends were consistent throughout the
seven series of tests and are shown graphically in Fig. 5.

These comparisons, however, did not show that the actual concentration
of sediment in the D-43 gamples was about 100 per cent greater than in the
Faris samples when particle size range is considered. The Albuquerque re-
port states that the concentrations of sediment in the lower size ranges
were not materially different but that the D-43 sampler took considerably
more sediment in the size ranges above 0.0312 mm, than did the Faris, In
order to study the data presented, the differences in amount of sediment
found in the respective size ranges of samples taken with the two samplers
were determined for cach series of tests., The averages of these differences
for the scven series of tests, vhich are shown graphically in Fig, 5, indi-
catc that the Faris samples were deficient in sediment particles in all size
ranges which would normally be expected in a sampler of the Faris typc oper-
ated as it vas in these tests, In the smaller size ranges, the concentrations
shown in the Faris samples more nearly equal those found in the D-43 samples,
the ratio being about 0.75, However, for particle sizes above 0.0625 mm,,

he ratio decreases to about 0.12 for all material larger than 0.5 mm. It
appears.evident that a considerable part of the coarse material present in
the D-43 samples was obtained in the section of the vertical below the 0.6
depth vhich obviously would not be included in the Faris samples. Although
the sampling errors inherent in the Faris sampler would be represented in
these results also, they would have a lesser effect, no doubt, than the
failure of the sampler to obtain a representative sample in the vertical.,
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Fig. 5 = Results of comparative tests with the Faris and D=43 samplevrs.
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The value of the data from these tests would have been greatly enhanced
and more specific conclusions could have been reached if each series had
been accompanied by a corresponding set of tests with a point-integrating
sampler such ag the P-43. However, the tests clearly demonstrate that accu-
rate results cannot be obtained by sampling at a single point in the sampling
vertical vhen the sediment distribution is not uniform,

The difficulties experienced in using the D-43 sampler under flood con-
ditions are reiterated in the 16 October report. The problem of obtaining
representative samples when stream velocities are high, and a hcavy scdiment
load is carricd, together with grass, roots, branches, and other decbris, is
not satisfactorily solved by any type of sampler now in cxistence. It would
be equally as difficult to lower any other sampler on a suspension cable as
it would be to lower the D-43 under these conditions, and clogging of the in-
take or fouling of the sampler operation is just as apt to occur with any
other type of sampler. Despite these difficulties, it would seem extremely
important to obtain samples by whatever means is possible, If nothing but
dip samples can be taken, these should by all means be collected. Correla-
tion factors determined for any part of the sampling section or during any
period of the flood hydrogreph would be valuable in relating the concentra-
tions obtained from dip samples to the average concentration in the vertical
section. Under the conditions described, it might be less difficult to take
semples with the point-integrating sampler, P-43, then with the D-43, The
P-43 could be lowered quickly to the sampling point and the samplc obtained
before the sampler drifts too far dowmstream, With the P-43 sampler, clog-
ging of the intake could possibly be alleviated by providing one of larger
size and shortening the sampling time proportionately.

.In determining the sediment discharge of a stream, it is necessary to
measure the stream discharge as well as the sediment concentration. Condi-
tions which make the sampling operation difficult will in general tend also
to interfere with the operation of a current meter. Therefore, an attempt
to obtain greater accuracy in sediment sampling than is possible in dis-
charge measurements under corresponding conditions does not seem to be
Justified.

The statement is made in the Albuquerque report of 16 October that
"Accuracy can be obtained only by obtaining the average of numerous samples
rather than by accuracy of individual samples." That would be true if the
sampler and.sampling procedure used were absolutely accurate, but it is not
true if errors are introduced consistently by the particular sampler or the
sampling method used,

The Albuquerque report expresses the need for an integrating sampler
which will sample the heavier -load of bed material near the bottom separate
from the material which moves as part of the bed. In performing a sampling
operation with the D~43 sampler, proper weight is given, theoretically at
least, to the sediment load at each point in the vertical in proportion to
the stream velocity and presumably this is truc also in the region near the
bottom cxcept within the space below the nozzle when the sampler touches
the stream bed., The trend of sediment variation with depth near the bottom
could be determined with a sampler of the P-43 typc if a study of this rela-
tion is desired.
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The Albuquerque report states that "No sampler, other than a simple
container to be dipped by hand, will be satisfactory for random observers."
The U. S. Geological Survey in Iowa and the Rock Island U. S. Engineer Dis-
trict have found a satisfactory solution to a similar situation in their co-
operative sediment sampling program. Each regular sampling station located
at a bridge has been equipped with a D-43 sampler and a hand-operated reel
housed in a box with open bottom., The equipment is mounted on the upstream
bridge rail over the sampling point, usually at the thalweg or the center
of discharge of the strecam. Local personnel have been engaged to take the
samples regularly one to three times daily or oftcner on rapidly changing
stages and during floods., No difficulty has been cxpericnced in obtaining
personncl capeaole of learning the simple tochnique of operating o depth-
integrating sampler and sufficlently rcsponsible to do the routine sampling
according to o designated schedule of procodurc. Additional samplcs arc
collected from scveral verticals in the cross scction on doys whon discharge
measurcments arc made and vhen samples anc picked up for tronsfer to the
laboratory, usunlly twice monthly. The sampling procedurc and cquipment
uscd ore described in detail in Appendix B and sampler installations arc
illustrated by scveral photographs. The same type of installation may not
be entirely practicable for very remote sampling stations such as perhaps
are necessary in the Albuquerque District, but where the facilities can be
provided, the personnel who can be depended upon to take dip samples un—
doubtedly would be able and responsible enough to take samples also with a
depth—-integrating sampler, In this connection, it is believed that a sub-
standard depth—integratcd sample would be more valuable than a so-called
good samplc tgken by an infeorior mothod.

10. TField tests by the U, S. Ingineer O0ffice, Sacramento, California—-—
The results of field tests conducted by the Sacramento District FEngineer Of-
fice on the D~43 sampler and on a depth~integrating sampler constructed by
the District are described in a report, "Comparative Sediment Sampling with
U. S, Sediment Szmpler D-43," dated April 1944. The report appears in Appen~
dix I.

The Sacramento sediment sampler is similar to the so-called Rock Island
improved time-integrating sampler. The body of the sampler is made of a
piece of 2-inch copper tubing, encased in a lead jacket 3/16 inch thick,
which serves as the sanple container. The head, made of bronze, is attached
by screw threads and the sampler has only a vertical tail vane. The intake
nozzle, made of 1/8-inch inside diameter copper tubing, projects 2-1/4 inches
forward of the head. The alr exhaust, also a copper tube, forms an inverted
U atop the sampler. VWhen a sample has been teken, the head is removed and
the sample poured into another container, in which process some sediment may
be lost by adhering to the inside walls of the sample chamber. The sampler
is casily end cheaply constructed and has a weight of about 21 pounds. I%
is operated as a depth-integrator, but due to the shape and position of the
intake and air exhaust tubes, it is doubtful that intake velocity equal to
stream velocity is obtained,
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The results of the comparative tests made by the Sacramento District
with the D-43 and Sacramento ssmplers are given in Table 9.

TABLE 9

FIELD TESTS ON SACRAMENTO ANWD D-43 SAMPLERS

T Hean | | lifean Sediment! Sampling
Date ;VelocityEDePth , Sempler ‘Mo. of \noncentration| Ratio -
ft./sec, Fbe | ‘Tests | 4 pom, Sac. /D43
2/22/44; 2,77 1 5.5 !Sacramento L6 31
f g D-43, 1/8-in. noz, 6 29 1.07
? | : i !
' 2/24/44] 2.8  13.4 !Sacramento L 10 10
' ; : D-43, 1/8-in, noz.! 10 | 12 .83
'3/14/44° 1.7 . 8.2  Sacramento 5 7
| : D-43, 3/16-in. noz.| 5 14 ; .50
3/15/441 3.3 | 13.8 | Sacremento | 2 54
? | D-43, 3/16-in, noz.| 5 | 59 .91
- |
3/23/44| 3.2 | 13.4 | Sacramento .5 16
! | D-43, 3/16~in. noz,| 5 | 19 .83
; ! i
; : | |
3/23/44! 2.4 | 6.4 |Sacramento 5 10
: : D-43, 1/8-in. noz.; 5 | 4 . 2,50

The wide discrepancies in sampling ratios indicated by these compari-
sons may be due to one or more of several factors. The sediment concentra-
tions were extremely low, and smzll variations in the suspended load occurring
between the sampling periocds for the respective samplers would produce rela~
tively large variations in the sampling ratios. Vhen the sediment concentra~-
tion in the stream is low, the loss of any particles which adhere to the
inside walls of the Sacramento sampler would have an appreciable effect on
the concentration indicated by the analysis. It is noted in the report that
in Test No, IV, 3 samples were discarded because the sampler had not been
properly cleaned prior to teking the samples. A particular sample might be
surcharged with sediment left in the sampler from a previous operation, or
it might loose scdiment because particles remain in the chamber when the sam-
ple is poured out.

The method used in analyzing the samples in these tests is also subject
to errors and may in this casc be the principal cause of the wide variation
in sampling ratios. It is noted in the report that only a fraction of cach
sample was analyzed for sediment content. The samdle was stirred thoroughly
by mcans of an clcetric mixer and then the speeilmen for the analysis was
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drawm off with a pipette. It is believed to be virtually impossible to ac-
curately divide a sample of water—sediment mixture by this method, particu-
larly if the sediments are coarser than fine silt. The entire sample should
. be used in the analysis. The drying process could be shortened by decanting
as much of the clear liquid as possible after allowing a considerable neriod
for the sediment to settle. The balance of the liguid should then be evapo-
rated, correcting the weight of residue for dissolved solids, or all the
liquid could be filtered through a Gooch crucible,

The Sacramento District report indicates that the 38-1b, D~43 sampler
is well suited for geoneral usc and that the l-pint milk bottle is satisfac-—
tory as a sample contailner. :

11. Ficld tests by thc U. S, Enginecr Office, Cincinnati, Ohio--Com-
parative field tests with the D-43 and Ohio River Division samplers conducted
by the Cincinnati District Engincor Office are deseribed in a report, "Field
Tests of U. S. Sediment Samplor D-43," 12 Junc 1944, vwhich sppecars as Appen-
dix J. The ORD sampler, which is used in all routine scdiment sampling in
the Ohio River Division, was described in the discussion of field tests by
the Huntington Engincer District. However, thc ORD sampler uscd in the Cin-
cinnati District tests was operated by messenger weights and not by an
electromagnet as in the Huntington District tests., The Cincinnati District
made only one series of tests for comparing the sediment concentration in
samples taken under similar conditions with the D-43 and ORD samplers,
Twenty-two depth-integrated samples were taken in a single vertical with the
D~43 sampler. Thirteen point samples were taken with the ORD sampler at a
vertical 8 feet distant, two sets at 0.2 and 0.8 depth, and one set at each
tenth—-foot interval in the vertical to 0.88 depth. The data derived from
these tests indicate practically identical sediment concentrations caught
by tne'ﬁﬁo\samplers, the mean sampling ratio, ORD/I%43, for the entire series
beingi0.98.; For the series of point samples tsken at tenth-foot intervals
and the*borrespondzng D-43 integrated samples the ratio is 1.00., The mean
‘size analyses obtained with both samplers are also in closc agreement.

The virtual agreement in the performance of the two samplers indicated
by these data does not necessarily prove that one is equally as accurate as
the other. During the initial inrush period, the OBRD sampler would tend to
draw less than the existing sediment concentration, whereas during the bal-
ance of the sampling period, it would draw a proportionately heavier concen~
tration than exists at the sampling point. These errors are compensatory to
a degree; the former decreases in relation to increasing stream velocity,
whereas the latter increases., Both errors decrease with decreasing sediment
size. The size analyses of selected samples from these tests show that the
sediment was extremely fine; in all cases less than 1 per cent was coarser
than 0.053 mm. Furthermore, the velocity and sediment distributions in the
vertical were Doth very uniform. Under these conditions, the faulty fcatures
of the ORD sampler would not be refleccted in the results.

The Cincinnati District suggests that the D-43 swoplor be adepted for a
pint or quart sample container of the wide mouth fruit jar type and that
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the weight of the sampler be increased to 100 pounds, A modification of the
hanger attachment is also sugzested to permit tipping the sampler upright so
as to facilitate changing the container. An expedient method by which an
observer can easily change the sample container alone is discussed in Appen-
dix B, Inasmuch as npower-driven hoisting equipment is used, the heavier sam~
pler could be handled without difficulty. The river depths at most of the
sampling stations are greater than 19 feet and, thercfore, the depth-integrat-
ing sampler should be equipped with a bottom closing or bottom opcning device
wvhich would permit sampling to depths of about 38 feet. Vhere the depths are
greater than 38 feet, which is frequently the casc in this arca, a point-
integrating sampler with pressurc equalizing chamber should be used. In vicw
of the prepondcrance of dopths greoater than 19 foet in the Cincinnati District,
it appcars that a point-integrating sampler of the P-43 type with indicated

. improvements would preve more feasible than a depth-integrating sampler be-
cause 1t could be uscd to takc both point- and depth-integratced samples.

13. Ficld tests by the U, 5. Engincer Office, Rock Island, I[llinols——
The results of ficld tests conducted by the Rock Island Engincor District
for comparison of thc sampling characteristics of the D-43 and the Rock
Island sinplified timc-integratingsamplers were reported in a letter dated
25 August 1944 vhich appcars in Appendix K. The Rock Island sampler is
described and illustrated on page 156 in Report Wo. 1 of the sediment study
serics, e sample container is a cylindrical recess formed by a brass pipe
encased in a streamlined lead shell. The forward end is closed except for
a 1/4-inch brass intake tube, while a removable brass cap with vertical tail
vane attached seals the downstream end. Vertical vanes are atiached also
above and below the body of the sampler. In Report No, 1, the sampler is
shown with horizontal vanes also, but tests have been made recently vhich
indicate improved opcration when these are removed. Presumably, this change
has been made on all the samplers now in use, With these fins removed, the
sampler exhibits less tendency to point in the direction of transit and thus
reduces the possibility of the intoke nosing into the stream bed vhen rcach-
ing thce bottom, The intake on the Rock Island sampler, illustrated in Re-
port No. 1, was a 1/4-inch brass tube faced off flush with tho upstrcam end
of the body, but, subsequently, cach sampler has been cquipped with a
1/4~inch brass intake nozzle cxtending 1 inch forward of the body. The air
exhaust is a brass vent cock which points dowmstream to provide suction for
evacuation of air from the sampler. By adjustment of the cock, the rate of
air flow, and consequently the rate of filling, is controlled. The weight
of this sampler is about 28 pounds.

The Rock Island sampler is operated as a depth-integrator. It is
lowered at a uniform rate to the stream bed and raisced again at a uniform
rate to the surface. The rear cap is removed and the sample poured into a
glass frult jar for shipment to the leboratory. During the transfer, the
operator holds a finger over the intake nozzle to prevent the samplc running
out, shaking the sampler periodically to agitate the liquid so as to avoid
loss of scdiment by adhercnce to the inside walls of the container. ZEven
though thesc precautions are teken, it is practically impossible to flush
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all the sediment out of the intseke tube and forward end of the sample recess.
Aside from the loss of sediment during the transfer of the sample, the re-
sults obtained with the Rock Island sampler should be fairly comparable with
those of the D~43, provided the filling rate can be adjusted to equal the
stream velocity.

The results of the comparative tests made with the Rock Island and D-43
samplers are summarized in Table 10,
TABLE 10

SUMMARY OF FIELD TESTS ON SEDIMENT SAMPLERS
BY THE U. S, ENGINEER OFFICE, ROCK ISLAND, ILLINOIS

Sediment } . ;
. Concentration Sampling
Date Location p.p.m. Ratio
: RI/D-43
RI b D43
5/12/43 | Mississippi River at Dubuque 32.0 | 47.2 @ .68
5/18/43 | iississippi River at Dubuque 75,6 | 88.5 .85
| 5/12/43 | vepsipinicon Rivor at De Witt | 106.8 | 62,1 | TVoid
{ 5/18/43 Wapsipinicon River at De Witt 964.3 | 665,6 1.45
! 5/25/43 Wapsipinicon River at De Witt 256.3 220.4 1.14
5/25/43 | Wapsipinicon River at De Witt 269,3 207.7 1.29
5/25/43 Wapsipinicon River at De Witt 268.9 194.8 1.38
7/31/43 Towa River at North Liberty 607.1% | 574.3% 1QO§
7/31/43 | lowa River at Iowa City BL3.6% | 268.4% | 1.17
lean = 1,13
! e
I} !

*Mean of 5 samples

In all of thesc comparisons wherc size gnalyses are given, save the
fississippi River tost 12 May 1943, the Rock Island sampler consistently
showed & grecater proportion of sediment larger than 0.074 mm, than did the
D-43 sampler, If the sediment fractions larger than 0.074 mm, arc oxcluded,
the mean sampling ratio becomes 1,04 instead of 1.13. The report states
that both samplers touched thc bottom of the strcam on cvery test. Those
facts suggost the possibility that the Rock Island sampler may have taken
in an excessive proportion of the material in susponsion immediately above
the strecam bed, The sampler may have stirred up the bed~load, or the intake
nozzle may have noscd into the bed material., If the air cxhaust was restrict-
ed so as to retard the filling rate eppreociably, this would tend also to ine
creasc the proportion of coarsc sodiment in the samples. Further investi=-
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gation df these possible sources of error should be made and a correlation
factor determined for sediment data already obtained with the Rock Island
sampler,

13. Field tests by the U, S, Engineer Office, Omaha, Nebraska—Field
tests conducted by the Omsha Engineer District for comparison of sampling
characteristics of the D-43 sampler with those of various Omshas samplers
are described in reports dated 13 March, 27 April, and 29 Soptember 1944,
which appear in Appendix L. The results of a few tcsts with the P-43 sam-
pler arc also given in the report of 29 September.

The regular Omaha sampler is a hollow, streamlined cast stecl shell
with attached vertical and horizontal fins and a hoisting bracket. 4 re-
cess open fo the top is provided for a one-pint glass sample jar., The rest
of the shell is filled with lecad to give a total weight of 38 to 50 pounds.
The sample jar has a cast brass, screw cover with a vertical intake, flush
with the top surface, and an alr exhaust tube which projects VOTthJllJ
about 1~l/2 inches, The cnd of the air exhaust tube has a 60° bovel on the
dowvnstream side. A cork, guided by a central stud mountcd on the under side
of the cover, floats on the surface of the water samplc and closcs both the
intake end alr cxhaust vhen the jar is full, Since no other valve is pro-
vided on cither passage, some wator is token in as the sampler is lowercd
to its ampllng position.

The Omaha sampler is operated as a point-integrator, although the sam~
ples obviously are contaminated by inflow from higher strata during the
descent to the sampling point. Three samples are taken in verticals less
than 10 feet deep, and five are taken in verticals more than 10 feet deep,
at depths selected to obtain average values of sediment concentration in
the verticals, The verticals are located at mid-ordinates of segments
carrying equal discharge in the cross section, thc number of segments de~
pending upon the width of the strecam,

One of the Omaha samplers has been fitted with an extension of the in-
take tube which is pointed forward at about 3 inches above the body of the
sampler. The air exhaust tube is similarly pointed downstream at about the
same level, Bach tube is provided with a shut-off cock which can be closed
against an opposing spring and locked with a catch. Uhen the catch is re-
leased by energizing a small solenoid, both cocks are thrown open by the
spring. The valves can be closed only manually. This instrument has been
designated the "instantancous" Omaha sampler to distinguish it from the
regular.

The instantancous Omaha sampler is opcrated in thc same manncr as the
regular cxcept that the valves arc kopt closed while it is lowercd to the
sampling position, then opcned by the clectrical tripper. With tho opening
of the valves the usual initial inrush takcs place after which the sampling
continucs at a slowecr rate until the intake tube is closed by the cork float.
The intake nozzle and the air cxhaust of the instentoncous Omaha sampler arc
exposed to the flow lines in o strocam approximatcly the samc as thosc of the
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D43 sampler, except for thelr position relative to the body of the sampler.
If the former were operated as a depth-integrating sampler and its intake
velocity were equal to the stream velocity, which is uncertain, samples
taken with it should be comparable with those taken with the D~43 under
similar conditions,

Adnother Omaha sampler has been fitted with a 3/16-inch intake tube
which faces into the current. The sampling point is located about 2-1/2
inches above and 4 inches forward of the intake orifice in the regular Cmaha
sampler, The air exhaust tube is about 4 inches high and beveled dowastream
at the top. WNeither the intake nor the air exhaust tube is equipped with a
closing device other than the regular cork float. This ianstrument which is
designated the "modified" Omaha sampler, is operated in the same manner as
the regular,

During the summer of 1943, the Omaha District used the D-43 sampler and
the regular Omaha sampler concurreatly in field operations at several sam-~
pling stations to compare their performance., Consecutive samples were taken
with the two instruments, one following the other as quickly as possible.

In addition to these general comparisons, seven special series of six to ten
samples were taken with each sampler in the liissouri River at Omaha. Both
the 1/8-inch and 3/16~inch nozzles were used in the D-43 sampler and the re-
sults were compared separately with the regular Omaha sampler. The results
of these tests were submitted in a letter to the Office, Chief of Zngineers,
dated 13 March 1944, subject: "Report of Comparison of Silt Samples," MRDH,
and subsequent indorsements which sppear in Appendix L, pages 1-2 to L-13,
inclusive, The data are summarized in Table 1ll.

Several comparative tests were made with the instantaneous Omgha sam-
pler also during the regular sampling program, the results of which had not
been analyzed for submission with the report of 13 March 1944. A subsequent
analysis of the data indicates the comparisons shown in Table 12,

These data indicate that samples taken with the Omaha regular and in-
stantancous Omaha samplers contain more sediment than those taken with the
D-43 sampler despite the fact that initial inrush would tend to malke the
Omaha samplers lose some sediment. The degree of error due to this source
would decrease with decreasing particle sizes and it is possible that sedi-
ments in these samples were so fine as to reduce the error to insignificant
proportions. In all three series of comparisons, the regular Omaha sampler
caught greater sediment concentrations than did the D-43 sampler, notwith-
standing the fact that initial inrush, the contamination of the sample by
inflow vhile being lowered to the sampling point, and the normal-to-stream
intake would tend to produce the opposite effcct.

The comparative tests on the Omaha and D-43 samplers were continued
during the summer of 1944 under a wide variety of strecam conditions. The
so-called Omaha modificd sampler was used also in these tests. The results
werce submitted in a roport to the District Engincer, St. Paul, Mianncsota,
dated 29 September 1944, vhich appears in Appendix L, pages L-14 to L-48,
inclusive, togethor with a partial roport on comparative tests with the
point-integrating P-43, and the regular Omsha samplers,
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TABLE 11

SUMMARY OF FIELD TESTS ON SEDIMENT SAMPLERS DURING 1943
BY THE U. S. ENGINEER OFFICE, OMAHA, NEBRASKA

é | . Mean )
: .| Sediment Sampling
Date Sampler famber © goncen~ Ratio
of Tests| {ration | Omaha/D-43
\grams/liter
; St
L Omaha f 8,11
D-43, 1/8-in. nozzle 7,56 1.07
[ e Omaha 6.85
l D-43, 3/16-~in, nozzle 6.73 1.02
3
g 9/10/43 Onaha 10 2.647
i D~43, 1/8~in, nozzle 10 2.272 1.165*
[ 9/11/43 Omeha 10 | 2.245
; D~43, 1/8-in, nozzle 10 | 2,088 1.,090*
L 9/20/43 Omaha. 10 2.653
; D43, 3/16-in, nozzle 10 2.743 0.968%
9/21/43 Omaha 10 ! 2.699
D43, 3/16-in. nozzle | 8 2.428 1.112%
10/4/43 Omaha 10 2.285
D-43, 3/16-in. nozzle 10 1,798 1.270%
10/6/ 43 Omaha 10 1.404
D-43, 3/16-in, nozzle 8 1.022
Mean = {J

i

*¥*Samples taken concurrently with regular sampling program.

TABLE 12

ROSULTS OF FIELD TESTS ON OMAHA INSTANTANEOUS SAMPLER

{
t

Sampler | of Tosts TRt
f Omaha/Omaha (Inst.) E 43 105
% Omaha/D-43 | 53 | 1.06
é Onsha (Inst.)/D-43 76 1.10
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A few tests were made with the D-43 and the Omaha regular and modified
samplers in identical operation procedures. In some parallel tests the
Omaha samplers were used as depth~integrators in the manner prescribed for
the D~43, while in other tests the D-43 sampler was used as a point sampler
in the manner adopted for operating the Omaha samplers. However, in the
majority of tests the samplers were operated by the respective methods
adopted for their use and therefore the results are not strictly indicative
of the relative sampling characteristics of the samplers, Concealed in
these results is also the intangible effect of the difference in the method
of sampling wvhich cannot be scgregated from that of the differences in sam-
pling action inherent in the samplers thomselves,

The sampling ratios indicated by comparable tests in the 1944 series
are given in Table 13,

TABLE 13

SUMMARY OF FIELD TESTS CH SZIDILENT SAMPLERS DURING 1944
BY THE U, S, ENGIWEER OFFICE, OMAHA, ITEBRASKA

No, of .
. | Sampling
Samplers Comparl—: Ratio g ' Remarks
sons | s e
Omaha/Omaha Mod. 14 0.93 Methods comparable but not
sampling action
Omaha*/Omaha Mod, 10 1,08 do.,
Omeha Mod., /D-43 24 | 1,22 Neither method nor sampling
. action comparable
Omaha/ D-43 14 1.14 | do.
| Omaha*/D-43 10 | 1.32 do.
; i : —-

*TMoat inverted in Omaha sampiéra

These tests confirm the results of the 1943 series in indicating that
samples taken with the regular Omaha sampler contain greater concentrations
of sediment than do comparable samples taken with the D-43 sampler, The
data are not sufficiently complete to determine what proportions of the dis—
crepancies might be due to the differences in sampling methods and how much
is due to the differences in the action of the samplers themsclves,

The Omaha report of 13 March 1944 states that samples are taken with
the Omaha sampler at points in the vertical located so that the composite
sample will indicate the average sediment concentration., Inasmuch as equal
volumes of sample arc teken at all the sampling points, the respective sam-
ples should be taken at centroids of equal discharge, Preosumably this is
the method used in the Omaha District., If it is not, a considerable error
may be introduccd in combining the point samples and assuming that the com-
positc represeonts the mcan scdiment concentration in the vertical. The

-
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error would increase as the sediment concentration and velocity in the ver-
tical deviate from uniform distributions and as the sampling points depart
from the centroids of equal water discharge,

The resul ts obtained in the comparison of the point— and depth-integrat-
ing methods of sampling with the Omaha and D-43 samplers are shown in
Table 14.
TABLE 14

COMPARISON OF SAIPLING METHODS WITH OMAHA AND D43 SAMPLERS

Samplers Sanpling § Mumber of Sampling
Tested Method . Comparisons Ratio
i

Omaha Reg. | Point/Integrating 3 0.95

Omaha HMod. Point/Integrating 1 1.17

D43 Point/Integrating 4 0.98

! Mean 0.99

Omaha Reg, /D43 Point 6 1.18

Omaha Reg. /D43 Integrating 4 1.11
| Mean 1.15 |

These tests indicate that a greater discrepancy in sediment concentra-
tions obtains in the comparison of samplers than in the comparison of methods,
Approximately the same excess of sediment is indicated in the Omaha samples
over the D-43 samples vhen both instruments are operated by the same methods
as vhen the Omaha was used as a point-integrator and the D-43 as a depnth-
integrator. Both the Omaha and D~43 samplers caught slightly less scdiment
vhen used as point-integrators than vhen used as depth-integrators, which is
to be anticipated becausc of the initial inrush which would occur in the
nethod used for point-integration in these tests and because in the point
method it is probable that an insufficient proportion of thc heavier load
neor the strcam bed was obtained., However, thesc results should not be con-
gsidered conclusive on account of the small number of tests performed and be-
causc the comparisons showed considerable disparity among themsclves,

The partial report on comparative tests with the point-integrating sam-
pler, P-43, and the Omaha regular sampler indicates the results shown in
Table 15, The mean sampling ratio obtained in these tests is substantially
in agreement with that of the regular Omaha with respect to the D-43 sampler
shown in a previous tabulation, It is significant, however, that the sam-
pling ratio in the P-43 tests approaches unity as the sempling depth in-
creases. It appears that the apparent characteristics of the Omaha sampler
to catch a greater concentration than the integrating samplers is partially
offset by its tendency to lose sediment due to initial inrush, which tendency
increases as the sampling depth becomes greater,
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As stated in the Omaha report, the sampling ratio, Omaha/Dnéz, tends to
increase as the sediment concentration in the sampler decreases. The data
have been examined and analyzed to find some plausible explanation for this
fact, The actual sediment concentrations found in corresponding samples
token with any two samplers were plotted with respect to each other on rec-

TABLE 15

COMPARISON OF OMAHA ANWD US P-43 SAMPLERS

) Number Sampling |
River D%g?h of ; Ratio : Mean
o Semples | Omaha/P—=43 |
Little Sioux f 1.6 ; 7 1.18
i 4477 7 1.15
6,2 7 1.08
i 1.14
! Missouri : 1.3 § 8 1.145
| 3.8 8 1.14
| 6.4 8 1,12
; L 12.7 | 8 1,07
; ‘ 1.12

tangular coordinate graphs. These plots showed linear relationships between
sediment concentrations with coefficients varying from 0.93 to 1.17. How-
ever, in the majority of comparisons, a residual discrepancy varying from
0.15 to 0.90 grams per liter was indicated. The correlation equations deter-
mined in the various comparisons that were investigated are shown in Table 16.

Disregarding the tests in wvhich the float in the Omaha sampler was in-
verted, the coefficient in the correlation equations for the regular Omasha
and D43 samplers in the 1943 tests was 1.04 and in the 1944 tests, 1.00, as
shovnt on lines 1 and 4, respectively, in Table 16, vhereag the mean samnling
ratios for these serieg of tests were 1.11 and 1.14, respectively.

The data fail to yield any conclusive explanation for the constant dis-
crepancy which is indicated in several of these comparisons, The laboratory
procedure used in analyzing parallel samples presumably was consistent, dut
the posgsibility theot it was not should not be overlooked., The effect of the
3~fold and 5~fold volumes of sample taken with the Omaha sampler relative to
those taken with the D-43 sampler should also be investigated,

An examination of the sediment analysis graphs for the 1944 tests which
accompanied the report of 29 September indicate that the Omaha sampler in
general takes a larger proportion of coarse sediment then does the D-43 sam-
pler. This characteristic was glven considerable study in an attempt to
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TABLE 16

CORRELATION EQUATIONS FOR SAMPLING DATA
OBTAIVED VWITH OMAHA, D-43, AND P-43 SAMPLERS

; ; Mean Equation of
% Samplers ; Test Series !Sampling Correlation
f . Ratio units grams per lit%iwx?

; Onmaha/ D473 ”-fvﬁé;;éeﬁgj 1945 §V“1.16) Om. = 1.04 D-43 + 0.20
f Omaha(Inst.)/D-43 g May-Sept. 1943 % i:gg) Om. (Inst.)=1,10 D-43+0.00

maha/Omaha(Ingt.) § lay-Sept, 1943 . 1.06 iom. = 1,06 Om.(Inst.)+0.00i
; Onaha/D~43 % July-August 1944§ 1.14 éOm, = 1,00-D-43 + 0,90 j
§ Omaha* /D43 i July-August 1944% 1.32 §0m. = 1,17 D~43 + 0,70 §
i Omaha(iiod.)/D~43 z July-August 1944f 1.22 %Om.(Mod.):l.O9 D-43 + o.7of
| Omaha/Onaha(llod., ) g July-August 1944% 0.93 §Om. = 0,93 Om, (Mod. )+0.00 i
, : : i !
g Omaha*/Omaha(iod.) % July-iugust 1944§ 1.09 §Om. = 1,09 Om. (ifod.)+0,00
§ Omaha/P-43 ; September 1944 § 1,13 EOm. = 1,02 P~43 + 0.15 %
: ’ ;

*Tloat in Omaha sampler inverted,

find an explanation for the higher concentration obtained in the Omaha sam—
ples than in the D-43 samples. From the size analysis graphs was read the
percentage of sediment in each sampler finer than 0,02 mm., a size arbi-
trarily chosen. By means of this factor the concentration of sediment in
the semple finer than 0.02 mm. was determined., The ratios of these con-
centrations for the Omaha samples in respect to the corresponding D-43 sam-—
ples were then determined for each test. The results are swmmarized in
Table 17, :

These comparisons indicate a considerably better agreement in sediment
concentrations taken by the various samplers in the fractions with particles
finer than 0.02 mm, than in the entire samples. Apparently the Omsha regular
and modified samplers both catch an excess amount of large particles, vwhereas
the nature of the sampling action would indicate the opposite effect., Ian a
series of tests made with the Omaha regular and modified samplers with the
float normal, inverted, and removed, it was found that considerable error in
sampling results if the float is not in the normal position, IZven with the
float in the normal position some error resulted if the sampler was loft sub-
merged, or was holsted up and down a number of times, after the container
had been fillcd. From thesc tests, it might be suspected that the floats
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uged in the Omeha samplers may have failed to seal the intake and air ex-
haust tubes and consequently allowed some circulation through the full con-
tainers to take place. Should this have been the case, it is obvious that
the Omaha samplers should show greater percentages of sediment as well as
a larger proportion of coarse particles.

TABLZ 17

COMPARISON OF OMAHA AWD D-43 SANPLES
WITH PARTICLES LARGER THAW 0.02 MM. EXCLUDED

o | Sediments | Total
Samplers Yamber of ! Finer Than Lota

Comparisons | 0.02 mm, i Sample

Omaha/D-43 | 14 . 1.06 | 1.14
Omaha* | D-43 11 | 1.13 . 1.32
Omaha(liod. ) /D43 | 23 % 1,06 1.22
Omaha/Omaha(tiod. ) 13 § 0,97 . 0.93
Omaha*/ Omaha(iiod.) : 10 ; 1,04 1.08

¥Float inverted in Omaha sampler,

The comments of the Omaha District regarding the operation of the D-43
sampler are generally favorablc oxcept that the head catches became worn and
too loose to clamp tho hcoad tightly. In certain instances it was found that
a samplor lighter than 50 pounds would have been morc convenicant to opecrate
and ontircly suitable for mild strcam conditions while in other instances a
hecavier samplor would have been morc satisfactory.

The Omaha report states that a larger sample container would be desirable
vhen size gradations are to be determined and the sediment concentration is
low. However, in general, a one-pint sample was found to be sufficient both
for determination of concentrations and size gradation of particles, To fa~
cilitate handling and mounting the sampler on the hoisting cable, the stand-
ard current meter hanger bar for vhich the sampler was adapted has been re-
placed by a specially constructed strap hanger bar with a split figure-8 link
for attaching the suspension cable and a 1/2-inch round steel gripe

14, TField tests by the U, S. Engineer Office, Buffalo, Hew York-—-During
the period April to September 1944, the Cleveland Suboffice of the Buffalo
Digtrict investigated sedimentation problems in the lake harbor at the mouth
of the Cuyahoga River to destermine the feasibility of providing de-silting
basins to eliminate the nocessity of annual dredging to maintain navigable
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depths, A US D-43 sampler was used in taking suspended sediment samples at
two stations in the Cuyahoga River, Short reports on the experiences of
the Buffalo District in the use of the sampler were submitted 12 May and
14 September 1944 vhich appear in Appendix M.

Inasmuch as no other suspended sediment sampler was used in these tests,
the sediment data obtained would have no value in determining the relative
sampling characteristics of the D43 sampler, and consequently no test data
werc submitted with the roports, However, the reports stote that the D-43
sampler was found very satigfactory under all conditions cncountered, o
difficulties were expericnced in its operation cven in velocitics as high as
5,6 ft. per sce. Inagmuch as the scdiment load was very light, soveral som-
ples had to be taken and combincd in order to provide sufficicat scdiment
for a roasonably accurate annlysis. Compositc samples of about 1 gallon
were taken at each obscrvation., Altogethor, 30 samplcs were taken during the
SCAS0N.
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III. SUMMARY

15, Summary of test resgults—~Pursuant to the wishes and instructions
of the Interdepartmental Committee on sediment sampling methods and equip-
ment, ten depth-integrating samplers, designated US D-43 sediment sampler,
were distributed in May 1943 to field offices of the cooperating agencles %to
be tested under practical field conditions to determine their utility and to
obtain sufficient test data to correlate their sampling characteristics and
accuracy with those of other types of samplers in current use, The point-
integrating sampler, US P-43 sediment sampler, was made avallable for 60-day
periods to ficld officcs of the agencies desiring to make similar tests with
it., The US P-43 and D-43 samplers are illustrated in the frontispicce and
details of the samplers arc shown in Figs. 6 and 7. Reports have been sub-
mitted by thirteen ficld officos discussing tests performed oa cither or
both of these samplers and comparable tests on other extant samplers, The
field reports, and test data included, have been analyzed in this report,
The relative sampling characteristics of samplers compared, as indicated by
the test date, and the principal criticisms of the US samplers brought out
in the field reports are summarized in the following paragraphs.

The field test data obtained with the various scdiment samplers reveal
considerable disparity in the sediment concentrations fouand in samples col-
lected with different samplers at the same sampling section or point. This
disparity can be attridbuted in part to the fact that the samplers being com-
pared were operated by different sampling methods, and, consequently, the
results do not reflect the effect of the sampling action inherent in the
individual somplers. The relative sampling characteristics of any pair of
samplers can be determined from comparative tests only if the samples are
collected by identical sampling methods. In many instances, supplcmentary
information and data on the stream depths, velocities, and sampling intcr-
vals which would have aided materially in comparing the samplers were not
available., However, on the basis of the data and information submitted with
the reports, sampling ratios have been determined for the various samplers
tested with respect to the D-43 and P-43 samplers. In some instances, these
sampling ratlos indicate the composite effect of different sampling actions
and different sampling methods as has been pointed out in the discussions of
the respective field reports. The various sampling ratios obtained in the
comparative tests are summarized in Table 18,

In many of these comparisons, the discrepancies are not serious. How-
ever, the majority of tests were made under stream conditions conducive to
minimizing the effects of faulty sammler action and improper sampling method,
guch as relatively shallow depths, moderate velocities, finely divided sedi~-
ments, and uniform vertical distribution of both velocity and sediment con—
centration, Under these conditions, intake velocity, streamlining of sampler,
and sampling procedure, based on theoretical principles as obtalned in the
design and methods prescribed for the D-43 and P~43 samplers, Decome rela-—
tively insignificant factors. Bubt they assume more and morec importance as
the physical characteristics of the strecam depart from these favorable sam-
pling conditions, TFor instance, in the comparisons of the Texas sampler and
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TABLE 18

SUMMARY OF SAMPLING RATIOS INDICATED
BY FIZLD TESTS ON SEDIMENT SAMPLERS

| Yo. of Sampling Ratio
Agency Samplers Compared | Compari~ n T Vax iva
U.S.B.R. | *HQ1t~lecaley/“~43 e 0,81 | 0.92 | 0.87
*Tai t-Biackley/D-43 | 5 [ 0.66 ! 1.00 0,77
U.S.E.0. e :
Tulsa *Texas/D-43 78 = 1.04 =
#Vicksburg/D~43 23 — e 1.09
! | *Vicksburg/D-43 7 - — 1.12
! | ¥P-43/1-43 23 - — 1.08
5 *D~45/D~é3 7 —— -- 1 1,08
Albuguerque ' Wading sampler/D-43 | 6 0.77 1.05 0.98
| *Paris/D-43 7 0.76 | 1.02 | 0.91 —+
| Colorado/D-43 1 I e 1.03
*Faris/D-43 7 L 0.31 ] 0,82 | 0.48 4
i
-Sacramento Secramento/D-43 6 0.50 | 2.50 | 1.10
Rock Island | RI/D-43 8 0.68 | 1.45 | 1.13-
Omeha, | Omaha/D-43 6 0.97 = 1.37 | 1.16
. *Ongha/D-43 53 e —— 1.06
*Omaha(Inst.)/D-43 76 — - 1.10
| ¥Omaha Mod./D-43 24 1.06 | 1.55 | 1,22
g ¥Omaha/D-43 14 1.03 | 1.3l 1.14
| *Omaha* /D43 10 1.17 .56 1.32
r - —
. U.S.B.R. | Tait-Binckley/P~43 | 24 ' 0.67 | R2.14 | 1.26
U.S.5.0. | ‘
Huntington ORD/P-43 : 5 0.89 | 1.01 | 0.94 |
Tulsa Texas/P-43 23 - - 0.97 ~—
Ticksburg/P-43 5 45 - - 1.03
Vicksburg/P-43 7 - - 1.04
Onaha, | Omaha/P-43 ; 8 - - 1.13
I
*Saz%lzilhg}ggiélé affected by both samnllng method and sampling acﬁione

**Floab inverted in Omaha sampler,



US D43 in the Tulsa Engineer Digstrict where gtream velocities and sediment
concentrations were relatively low, the mean sampling ratio was 1,04, vhereas
in one of series of tests made in the Albuquerque Engineer District with the
same samplers and identical sampling methods, but with higher stream veloci-
ties; coarser sediment, and greater concentrations, thce sampling ratio was
0,48, In view of the fact that, in gencral, the greater proportion of the
suspended sediment load in any stream is transported during periods when
stream conditions arc adverse to accurate sampling, it would seom advisable
to discard 2ll methods and equipment of doubtful accuracy in favor of those
which under all conditions would facilitate the measurcment of suspended
sodiment loads and cnhance the accuracy of the data obtained.

The field tests indicate that the US D-43 sampler is a practical in-
strument for the collection of depth-integrated samples in streams of average
depth and velocities. As evidence that this sampler is being accepted fav-
orably by the agencies and field offices 1t is known that sixteen duplicates
of the present model have been constructed and that one other field office
proposes to construct seversl in the ncar future. Furthermore, several
field offices have modificd existing samplers so as to approximatc the sam-—
pling characteristics of the D-43, In some instances, the dopths and ve-
locitics encountercd were beyond the sampling range of the US D-43 samplor
wvith the standard head. Under thesc conditions, the sampler should be
cquipped with the auxiliary head and bottom closing devieo which permits
sampling to twice the depth by sampling on the downward trip only.

The need for a sampler weighing about 100 1lbs. equipped with the aux-
iliaxry head and bottom closing device was indicated by several of the field
offices. The Albuquerque Engineer District suggested that the sampler be
redesigned so that it can be used also as a streem gaging weight, thus per—
mitting samples to be collected without removing the current meter, Such a
sampler would facilitate the determination of strcam velocities and collec~
tion of samples in streams subject to rapidly changing stages. The need
for a hand sampler for use in small or shallow streams was emphasized by
the Tulsa and Albuquerque Engineer Districts,

Tests were made on the point—-integrating sampler US P-43 by five field
agencies. The design of this instrument was more intricate than that of the
L~43 and its development was prematurely suspended. Consequently, numerous
improvements in design were suggested, and obviously many of them are necded.
The more important improvements which were suggested include conversion of
the valve mechanism from drop-weight operation to electrical operation,
adoption of a one-pint milk bottle container, increased weight with improved
body streemlining, and modification of the intake nozzle to prevent deposi~
tion of sediment therein while the valve is closed.

The field tests indicated that, within the scope of the present model,
the mechanical performance of the US P-43 sampler is satisfactory and the
inteke velocity very closely approximates the stream velocity, signifying
correct sampling action. Several field agencies observed a definite need
for this type of sampler, and suggested its development with the proposed
improvements. The P-43 sampler can be used clther as a point-integrator or
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as a depth-integrator, However, in view of the wide variety of conditions
encountered in practical sediment sampling, it is apparent that the D-43 and
P-43 samplers have their respective fields of application and the end can be
achieved most satisfactorily if the more suitable of the two is available
vhen and where it is needed. One Engineer District Office considers the
P-43 sampler more sultable than the D-43 for the sampling conditions in that
arca and proposes to construct a duplicate of the present model,

In some instances, it was indicated that the station equipment used in
making stream discharge measurements 1s not entirely satisfactory for use
in collecting daily sediment samples. It is believed, however, that the
equipment available at most of the present stream gaging stations can be
readily adapted to suit both needs.

The collection of sediment samples in some streams during flood periods
was found to be difficult and at times it was impossible to obtain satisfac-
tory samples. In this connection, it should be remembered that problems
relating to the collection of samples during periods of fleood flow are, in
general, closely related to those cncountered in the measurcment of discharge.
Usually, when it is difficult to make accurate discharge measurcments, it '
will be found difficult also to collecct accurate sediment samples, The ac-
curacy obtained in the determination of sediment loads is, of course, de-
poendent upon the accuracy of the scdiment samples collccted and the measurc—
ment of the related water discharge. Thercfore, any attempt to obtain
greater accuracy in sediment sampling than is possible in discharge measure—
ments under corresponding counditions is not justified.

16. Recommendations--The reports submitted by field offices of the co-
operating agencies on tests made with the US D-43 and P-43 samplers suggested
a number of improvements in the design of the present samplers and reconm-
nended developnent of additional sampling equipment. These suggestions and
reconmendations are recapitulated for consideration by the Cornittee as fol-~
lows: g

&, The D-43 sampler constructed for field test purposes, while
adequate for streams of average depths and velocities, i1s not suitable
for use in small, shallow streams or in large, deep rivers. Alternate
sarplers recommended for the more extreme sampling conditions are de~
scribed briefly as follows:

(1) A wading sampler for hand operation in small, shallow
streans,

(2) A heavier nodel of thc D~43 sampler weighing between 75
and 125 pounds with an auxiliary head and more positive catches
for use in streams with depths and velocities beyond the range of
the present test models,

(3) & duel purpose sampler for use in streams subject to
rapidly rising or felling stages vhere consecutive collection of
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samples and determination of stream velocities are required, The
rating for the current meter would be obtained in the usual manner,

b. The P-43 sampler used in the field tests was the second ex-
perimental model. As anticipated, a number of improvements in design
were recommended, the more important of which are the following:

(1) Blectrical operation of the valve tripping mechanism.

(2) Weight of sampler increased to at least 75 pounds with
improved streamlining,

(3) Adaptation of the sampler to the use of one-pint milk
bottle sample containers,

(4) One field report suggested that the P-43 intake be modi-
fied to prevent deposition of sediment in the nozzlec while the
sampler is submerged and the valve is closed. However, since the
valve mechanism on this sampler is quite intricate, its general
redesign to eliminate this objection should be contingent upon a
quantitative determination of the degree of error due to this
source.

A satisfactory sempler of the P-43 type, which can be used to colw
lect either depth- or point-integrated samples in large or small streams,
is needed especlally for determining sediment loads in streams having
depths and velocities which are beyond the range of the I-43 sampler,
for studying the movement of sediment through rescrvoirs and lakes, and
for determining the distribution of fluvial sediment concentration and
grain size with respect to depth.

In addition to the specific recommendations cnumerated above, the field

reports indicate by inference, if not by direct statement, also the following
propositions:

2. 1In view of the limited scope of the comparative field tests
made to date on the D~43, P-~43, and other samplers in current use, it
appears desirable that the field tests be continued so as to cover the
widest possible range of sampling conditions. Preferably, the tests
should be conducted with close collaboration of the'field and design
personnel. Field offices using samplers and sampling methods which
now appear of dubious accuracy should prosecute comparative tests until
the points in question have been settled to their complete satisfaction
and correlation coefficients have been determined if possible. Reports
covering thesc tests and the analyscs of the results should be compiled
and distributed periodically to those interested in facilitating methods
and improving the accuracy of sampling.

Db. The understanding of sediment problems would be enhanced
nmaterially if the field personnel of the various agencies were provided
opportunities to discuss mutually the various methods of determining
sediment loads and the laboratory procedures used in analyzing samples.
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Such conferences would be profitable expecially to laboratory personnel,
in view of the fact that the bottom withdrawal tube method of size
analysis recently developed under the cooperative project has been
given laboratory tests in several field offices and found to be a de-
cided improvement over other methods, This method was used by at least
two field offices in the analysis of sediment samples, the results of
which were submitted with reports found in the accompanying appendices.
In this connection, it appears desirable that a joint report on experi-
ences of the various laboratory personnel in the use of the bottom with-
drawal tube would be a valuable contribvution to personnel engaged in any
phase of fluvial sediment sampling. '

c. If the present interest in adopting the US D-43 and P-43 sam-
plers as standard sampling equipment continues, and the construction of
the new sampling equipment is assigned to various firms throughout the
country, it would be desirable to have each new model tested in a hy-
draulic laboratory flume in order to maintain some degree of standardi-
zation and control over the more important design featurcs., The poise
of each sampler when submerged and the intake characteristics under
laboratory conditions particularly should be checked.
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