e

N [+ 2

A STUDY OF METHODS USED IN

MEASUREMENT AND ANALYSIS OF SEDIMENT LOADS IN STREAMS

REPORT NO.6

THE DESIGN OF

IMPROVED TYPES OF SUSPENDED SEDIMENT SAMPLERS

MAY 1952

REPRINTED APRIL:1968



A Study of Metheds Used in
MEASUREMENT AND ANALYSIS OF SEDIMENT LOADS IN STREAMS
Planned and conducted jointly by
an Interdepartmental Committee
representing the following agencies
Office of Indian Aff#irs, Bureau of Reclamation
Tennhessee Valley Authority, Corps of Engineers
Geological Survey, Department of Agriculture

and Iowa Institute of Hydraulic Research

The functions of this committee
were transferred to
the Subcommittee on Sedimentation
Federal Inter-Agency River Basin Committee
in June 19486

Report No. &

THE DESIGN OF IMPROVED TYFES OF SUSPENDED SEDIMENT SAMFPLERS

Published by
Project 0Offlces of Cooperating Agencies
. at
St. Anthony Falls Hydraulie Laboratcry
Minneapolis, Minnesota

May 1952



Reports

The cooperative study of methods used 1n
MEASUREMENT AND ANALYSIS OF SEDIMENT LOADS IN STREAMS

covers phases indicated by the following report titles.

Report No. 1

FIELD PRACTICE AND EQUIPMENT USED IN SAMPLING SUSPENDED SEDIMENT

Report No. 2

EQUIPMENT USED FOR SAMPLING BED-LOAD AND BED MATERIAL

Report No. 3

ANALYTICAL STUDY OF METHODS OF SAMFLING SUSPENDED SEDIMENT

Report No. 4

METHODS OF ANALYZING SEDIMENT SAMPLES

Regort No. §

LABORATORY INVESTIGATIONS OF SUSPENDED SEDIMENT SAMPLERS

Report No. 8

THE DESIGN OF IMPROVED TYPES OF SUSPENDED SEDIMENT SAMPLERS

Report No., 7

A STULY OF NEW METHCDS FOR SIZE ANALYSIS COF SUSPENDED
SEDIMENT SAMFLES

Regort No. B

MEASUREMENT OF THE SEDIMENT DISCHARGE OF STREAMS

HeEort No. 9

DENSITY OF SEDRIMENTS DEPOSITED IN RESERVOIRS
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SYNOPSIS

The investigation of fluvlial sedlmert sampling prboblems conducted
“';j"ointly by several 'Fedéral agenicies since 1939 has polinted ocut the need
fbr'standérdlzation;and‘lmprovement of sampling mefhods and eguipment
" and 'has led tb the development 6f improved types of suspended sediment
samplers. Thls forward step was cohsldered essentlial In ordef that data
“c¢ollected in the future by vaflous'agenchés and under dlverse stream
‘conditions mlght be correlated more readlly than is possible with the
hggregations of data ‘avallable at the present time. A thorough study of
existing samplers indlémted that many of those in curremt uge violate
" the bBaslec prlinclples of accurate seédlment sampling. - On the other hand,
practicidl experlence' hds dlctated the deslign of many;featureslin present
‘samplerS‘whlch-facilitate'theLr.use in the fleld. The deslrable fea-
tures were incorporated‘in the lmproved models insofar as ‘they were con-
sistent with accurate sampling. The development of experlimental models
of depth-integrating and point-integratling samplers ls presented ln this
report, together with some of the more 1mportant'1aboratory tests on the
completed instruments. Photographs of the experimental samplers and
phﬁtographs and drawlngs of flnal models are included.

Several duplicates of the samplers were constructed and dlstrib-
uted to fleld offices of the cooperating agencies for testlng and for
comparison of sampling charagcteristics wlth those of other typeg in
current use. The results of field tests conductec prior to December
1944 are presented in the ;eport, "Comparatlve Fleld Tests on Sus-

pended Sediment Samplers." Many samplers of the final types have been
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manufactured and extensively ﬁsed in routine field work with satiafac-~
tory results.

4t a meeting imn Washington, D. C., -on March 28, 1844, the Inter-
.departmental Committee adopted the mame "US Sediment Sampler D-43" for
the improved depth-integrating sampler and "US Sedimeny Samp;eper43"
for the improved point-integratlng sediment sgmpler. The number 43 re-~
fers to the year in which the samplers were completed. Common usage has
-ghortened these deslgnations to simply US D-43 and US P-43 sediment sam-
pler, regpectively. JLikewiée the third experimental polnt-integrating
sampler has been.desiénated as US P-48 and.the second experimental
depth-integrating hand sampler US DH-48. When subsequent models were
brought out with major improvements, they were.deslig¢nated simllarly,by
- numerals to lndicate the years in whigh they were gonstructed, as for
instance .the more recently developed,depth;integratlng sampler, US D-49,

and the point-integrating sampler, US P-50.
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THEVDESIGN OF.IMPROVED TYPES OF SUSPENDED SEDIMENT SAMPLERS

I. INTRODUCTION

1. The need for'standardizatlbn of sediment sampling equipment--

In the past, sahples of fluvial sedlments have beer collected from many
streams, but usually during dnly short perlods of time. 1In general,
each invéstigﬁtor, with the means at his disposal, developed methods and
equipment to meet his lmmedlate requirements. Very little informatlon
13 avallable coﬁcernlhg the accuracy of the many different types of
eqﬁipment that have been used in past years. This situation was recog-
nized by several égencies of the Federal Government concerned with sedi-
ment probleas and an 1nfofmai cooperative investigation wds initlated in
ofdér to determine the reliability of the previous records, snd to
develop equipment and methode of making mea;urements'whlch would provide
more reliablé data and perﬁit better correlatlon of data obtalned by

varlous agenciés under dlverse stream conditibns.

The first step was to investlgate the apparatﬁs which had already
béen used for thils purpose. The results of this study are given in
Report No, 1 of this serles, entitled "Fleld Practice and Equipment Used
in Sémpllng Suspended Sediment." This study dlisclosed that some 85
samplers, embodying s number of different designs, have been used since
thé first sediment samples were taken in the Rhome Rlver, France, in
1808. Thirty of these saﬁplers were of the instantaneous type, 20 of
the point—integrétlng type, and B8 of the depth-integrating type, with

several degigned to obtain beth point- and depth-ilntegrated samples. It
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was anticipated that a study of the various samplers used in past years
would indicate a pypersuitable for generai use in all streams.  However,
this comprehensive survey of sediment sampling equipment revealed cer-
taln fundamental objections in all the samplers investigated and empha-
3ized the nged for improvement and standardization of such instruments,
.In considering a new design, it ;ppeareﬁ that the point—lnteg:ating type
of sampler would cover a greater range of the field conditions en-
.countered in the routine determinatior of mean sediment conqentrat}ons
of streams than would the simpler depth-integrating type. However, the
initial cost of the former was estimated to be considerably greater.
Therefore,‘it was declded that e;perimental qugls_of both types of
samplers should be developed with a view to providing practical and
efficlent equipment for as wide a range of field conditions as possible.
This study did not provide for any furpher investigation or development
of the point-instantaneous type of sampler.

The design of the depth-integrating sampler was pred;cated on the
hypothesis that an integdgrated sample of the waper-sediment mixture
existing at the place and time of sampling would be obtained if the
filling ;ate were such that the velocity at the point of intake 1s equal
.to the local stream velocity while the sampler is moved ;tra uniform
vertical speed in the stream, The simple depth-integrating sampler ls
particularly suitable for use 1n fa1r1y shallqw streams. In operation,
the sampler should be lowered to the bed of the stream and raised to the
surface at a uniform rate such that thg container will Fe nearly but not
compietely filled at the end of the trip. Since sampling wquld continue

~during the entire period of submergence and with a filling rate egqual to
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ﬁhe stféam velocity, the sediment load would be inﬂegfated throughdut
the depth, " For streams deeper'than about 19 ft., it is necésééry to
modify the sampler so that filling will take place only on either the
‘descehding’br ascending trip. FPFor this purpoﬁe'the sampier can be pro-
vided with a valve which 1s gperated electrically or by a foot lever
mechanlsm for closing or openlng the intake nozzle and alr exhaust at
ifﬁhg stream bed, As before, the contalner should not be completely
filled at the enqiqf the sampling trlip. |

The pdiqt-integrating sampler was developed to téké:a sample
at any point in a stream over a period of tine. As in the depth-
_'iﬁfggfgtlhé sampler, the fillinglrate is ‘governed by the éi}eam_veloci-
ty; the polnt-integrating sampler differing from the qthef pplnclpally
In that 1t is designed to integyﬁte the ;ediment‘load‘ay gp&;selected
point during a short period of time instead of in a streéhfvértical.
The“prlncibal uée of the pbint-integratlnglsampler in pbﬁﬁinérsediment
measurements would be in gtreams too deep to be sampled satlsfactorily
_yi#h‘a simple deplhélntegrating sampler. .The sédiment Joad can be
determined frqm several polnt samples in each vértical; or‘the point
_saﬁpiar can be gsed for round-trip 1ntegfation or for integration on
eltper an ascendihg or descend;ng trip. The polnt-integrating sampler
would be particularly useful also in making investlgationé of sediment
Vd;stributlon and yarigtiqns in particle size with respect to other varl-
able.sﬁream'conditlons, and in studylng the movement of sediment through
deep reservolrs.

2. Reguirements of an ldeal sugpended sedlment sampler--A review

of the llterature as discussed in Report No. 1 of this serles, together



18 SBection 2

with 2 detailed analysis of existing methods of collecting suspended
sediment samples as discussed in Report No. 5, entitled "Laboratory
Investigatlons of Suspended Sediment Samplers," has resulted in estab-
lishing a‘numbgr of requirements for a suspended sediment sampler of the
integrating type. These are set forth and discussed 1n the following
subparagraphs:

2. The sampler must fill at a rate proportional to the stiream
velocity~-The laboratory investigation of suspended sediment sam-
plers described in Report No. 5 of this series indlcated that, 1n
order to collect a true suspended sediment sample under all con-
ditions, the sampler must fill at such a rate that the velocity in

the nozzle at point of intake is egqual to the lecal stream veloc-
ity.

Laboratory tests indicated that, if the velocity in the intake
is less than the stream velocity, the sediment concentration in
the sample will be greater than the true value, <Conversely, if
the velocity in the intake is greater than the stream vélocity,
the concentration will be too low. The degree of error iln each
case increases with the extent of departure from the standard
‘velocity ratio and with the size of sediment particles in suspen-
sion. The discrepancy in sediment concentratlon increases more
rapldly with subnormal intake rates than with correspondlngly
supernormal rates.

b. The intake nozzle should point into the stream and pro-
trude ahead of the sampler--Laboratory and fleld lnvestigatlions
have indicated that the intake nozzle of the sampler should point
into the stream parallel to the flow and projeect sufficiently far
in front of the body of the sampler so that the stream line
.pattern at the intake is not appreciably changed by the presence
of the sampler. Laboratory investigation of the Rock Island sam-
pler, Report No. 5, indicated that a 1-in. extenslion of the nozzle
in front of the sampler gave satisfactory results when in a rigid
horizontal: pesition. No tests were made wlth the nozzle assembly
at an angle with the flow.

c. Sampler should be smooth filling--Field tests of existing
samplers clearly showed that those which were not fitted with
separate intakes and air exhausts tended to fill at irregular
rates, as by gulps., For best results the sampler should have an
air exhaust separate from the intake nozzle.

"g; Initial infush—-When a-sediment sampler without a pressure
equalizing device is opened below the water surface, there is a
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sudden lnrush of the water-sediment mixture. The quantity enter-
ing is a function of the depth of submergencs and represents the
volume deoregse of the alr in the sampler requlred to equalize the
pressure Ilnside and outside of the container. Test data shown in
Report No. 5 for several different types of samplers indlicate that
the inrush o¢curs in less than one second. The volume of lnitlial
inrush at various depths in terms of the capacity of the contaln-
er, as determined from Boyle's law, is shown in Table 1. Occur-
ring at excesslvely high veloclty, the initial inrush will result
in a sample of too low concentration, and the total sampie is not
a true time-integrated one due to excess inflow during the flrst
second. The magnltude of error increases wlth the particle slze
In suspension and with the depth to the sampling point.

In the depth-lntegration method, initial inrush does not occur
when -collecting sediment samples from the wdter surface downward.
However, 1f the downward transit rate is excesslve in relation to
thé stream velocity, filling will occur too rapidly for the same
reason that initial inrush takes place. Water may even enter the
alr exhaust as well as the lntake nozzle. This condition is
further dlscusesed in Sectlons 7 and 4.

TABLE 1

RELATION OF INITIAL INRUSH TO DEPTH

Depth at which 'InfifEI inrush,

sampler is openead : per cent of total capaclity

fi. - of contalner -
1 3
5 ' 13

10 ‘ 23

15 o <81

20 a7

30 ' : T4n

34 50

40 ' 54

50 60

100 : 75

e. Desirabllity of a rempvable contalner--Tests mad~ on
exisflng types of samplers show that sediment particles tend to
adhere to the sldes of the ¢ontalner. To avoid thls socurce of
error, the sampler should be fitted with a removable sample can-
talner, preferably a fruit jar or milk bottle, which can be
readlly sealed for shipment to the laboratory, thus eliminating
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Sectlon 3

the necessity of transferring the sample to other containers in
the field.

f. BSampler should permit sampling close to the stiream bed--
The concentration of sédiment in a normal stream, especially for
partlecle sizes greater than 1/18 mm,, increases from the surface
to the bed of the stream. Therefore, unless a depth-integrating
sampler will function at points relatively close to the stream
bed, the sample collected may not be representative of the mean
concentration in the vertlcal. The results of analyses set up in
Report No. 38, "Analytical Study of Methods of Sampling Suspended
Gediment,” indicate that an apparatus which will properly sample
85 to 98 per cent of a stream depth, or within 4 in. of the bed
for any depth greater than 10 ft., is quite satisfactory.

g+ General features iln design--In addition to the require-
ments outlined ln the precedlng paragraphs, a suspended sediment
sampler should be as streamlined as the space requlred for in-
stalllng a removable container will permit, and heavy enough to
eliminate excessive downstream drag 1f used in streams with high
velocitles. The sampler should be fitted with a rudder and
lateral vanes which wlll hold the intake nozzle parallel to the
flow. The rudder should be so shaped that the sampler behaves
properly in high veloclty flow and does not tilt appreciably when
in tramnsit. However, for a sampler suspended on a rod, sufflclent
stability may be obtalned without the use of special weight and
rudder. The sampler should be slmply apd sturdily constructed,
especlally its moving parts, to minimize the need for repaira in
the fleld., Furthermore, the cost of constructing the samplers
should be as low as poaslble consistent with good design and per-
formance. It was not proposed to develop an entirely orlglnal form
of sampler, but rather to utlllze the tried and proven features
of exlsting samplers which have been originated by the scores of
persons who have given thought to this subject in the past.

3. BScope of the general study-~The various phases covered in the

general project, "A Study of Methods Used in Measurement and Analysls of

Sediment Loads ln Streams,” of which the present study ls a part, are

indicated by the followling titles and resumes of preéeding reports in

the serles.

Report No. 1--"Fleld Practice and Equipment Used in Samplipg
Buspended Sedlment" is a detalled review of the equipment and
methods used in suspended sediment sampling from the earliest
investigatlon to the present, wlth discusslans of the advantagdes
and disadvantages of the various methads . and instruments. The re-
quirements of a sampler whlch would meet .all field conditlons
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satisfactorily are set forth.

Repért No. 2--"Equipmeht Used for Sampling Bed-Load and Bed
Material™ deals with bed-load and bed material in a manner similar
to that in which Repért No, 1 covers suspended load.

" Report No. 3--*Analytical Study of Methods of Sampling Sus-
pended Sediment" covers an investigation of the accuracy of vari-
ous methods of sampling susperided sediment in a vertical sec¢tlion
of a stream based on the latest developments ln the application
of turbulence theories to sediment transportation.

Report No. 4--"Methods of Analyzing Sediment Samples" de-

~ scribes many methods developed for determining the size of small

"particles in sediment analyses. Detailed instructlons are given

for many of the common methods in use for determining the parti-

cle size and the total concentration of sediment in samples ‘as
developed by agencies doing extensive work in these flelds-

Report No. 5--"Laboratory Investigations of Suspended Sediment
Samplers" describes investigations of the effects of ‘various in-
take conditions on the accuracy of sediment samples and the
fllllng characteristics of slow filling ssmplers under various
conditlens,

Report No. 7--"A Study of New Methods for Size Analysis of
Suspended Sediment Samples” gives an account of a study to develoap
.methods of size analysis more sultable for the conditions usually
met in suspended sediment studies. It describes a simple form of
apparatus developed and gives detailed procedures for its use.

Repart No. 8--"Measurement of the Sediment Discharge of
Streams" describes the most efficient methods and equipment to be
used in making sediment measurements under the varlous conditions
encountered in natural streams.

Report No. 9--"Density of Seédiments Deposited in Reservolrs

presents data on the apparent density of sediment deposited In

"‘varlous existing reservoirs. The results are suymmarlzed and
certain conclusions of value in engineering studies are given.

4. Authority and personnel--The cooperative project for investi-

gation of sediment eampllng problems, of which this report is a part,
was planned and condueted Jointly by an Interdepartmental Comimittee
composed of representatives of the following agenclies of the United

Staiesjdovernment:' Corps of Engineers, Geologlical Survey, Bureau of



20 Sectlon 4

Reclamation, Office of Indlan Affalrs, Flood Control Coordinat;ng Com-
mittee of the Department Qf_Agricgltgre, and the Tennessee Valley
Authority. Prior to 1948, the investigation was ccﬁducted at the Hy-
.draulie Laboratory of the Iowa Ingtitute of Hydraulic Regearph, State
Upiﬁeré;ty Bf Iow$, Iéwa City, Iowg; undef the directioﬂ of Professor
E. W. Lane. The following representaﬁiveé of the qbopérating agen-—
_cles gaﬂthipated in wvarious phases of the general project: Paul C.
Benedict; Clarence'A. Boyllﬁ Byrnon C.-Colby; RusselluP.'éhristensen;
Morgan ﬁ,hDubrow; Cleveland R. ﬁorne. Jr.; Victor A. Koelzer; Philip M.
Noble{ V;rhon J; Palmer; Frank W. Parker; Donald E. Rhinehari: and .John
W. stanley. -

The pr1giha1:reseafch work connécted'with the develgpment. of gedi-
ment samplers was conducted by Morgan D. Dubrow, Corps of Enginéers, and
thn W. Stanley, U.VS; Bureau of‘Reclamation._ Later, Paul C. Benedlict,
U. s. Geﬁlqg;éal Survey, completed the design,rsupefviagd the construe-
tion of ihe initlél‘experimental sampler models, and conducted labora-
tory and fleld tests. Since August 1946, furiher improvement in the
eiperimental‘sanlers, developmept of new_ﬁodels, and laporatory and
field research to determine the characteristics and 1;m1tations of

_the samplers, héve been Earried on by'BanSn C;;Célby and Rﬁssell P.
Christensen ﬁnder the general supervision of Paul C. Benedict and Martin
E. Nelson.

At a meeting of the Interdepartmental Committeé in April 1946, 1t
~was agreed to dissolve the Committee and to trapsfer its activities and
functions to the recently established Federal Inter-Agency River Basin

Subcommittee on Sedimentatlion. The Inter-Agency Committiee 1s composed
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of representatives of the Department of the Army, Department of the
Interior, Department of Agriculture, Department of Commerce, Tennessee
Valley Authority, and Federal Power Commission, and has as one of its
”'dbdectffes the coordination of the hydrologic activities of these
Fedéral departments through the assistance of its several subcommittees.
The Subcommittee on Sedimentation formally took over the activities and
‘the unfinished program of the Interdepartmental Committee ln June 1948.

In June'1948 the project was transferred from the Iowa Institute
of Hydraullc Research to the St. Anthony Falls Hydraulle Laboratory of
the ﬁnlversity of Minnesotauin Minneapolls. Under the direction of
ZHhriln E. Nelson, Engineer, personnel of the Corps of Englneers Hydrau-
lic Laboratory Sub-Office, stationeé at the Iowa Institute of Hydraulic
Réséérch'éhd at the St. Anthony Falls Hydraulic Laboratory, assisted in
the admlnistration of the project and in editing and publishing this
report;l

B, Aéknowlédgments-hln the development of the equipment described

fﬁrthfs'repdrt, suggestlions and constructive critlcisms were recelved
from many individuals interested in the project, Martin E. Nelson made
a number of valuable suggestions in the design and development of the
'samﬁléra, and helpful suggestions were also made by Arthur H. Framlier,

" Chief, Division of Fleld Equipment, U. S. Geologlcal Survey.
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II. DEVELOPMENT OF DEFTH-INTEGRATING SAMELERS

9. Deflinltion of a depth-integrating sampler--A depth-integrating

sampler 1s designed to accumulate a water-sediment sample from a stream
vertical at such a rate that the velocity in the nozzle at point of in-
take is always as nearly as possible identiqal w;th the immediate stream
velocity while running the vertical at a uniform speed, The inflowing
water-sedlment mixture collected w111:£e wgightgd‘accordiqg to the
instaneous stream velocity at the locus of the lntake nozz;e anq, there-
fore, will be‘representat;ve‘of thelsediment lgad 1p the vert;cal, A
-simple depth-integrating sampler fills while it is being lowergdgfrom
the water surface to the stream bed and while belng raisgd t¢ the sur-
face again. A few of the earlier instruments of this type permitted
closing the Intake nozzle and air exhaust upon reaching thq st;eamubed
so that a sample could be collected on the descending trip only; if de-
sired. 1Ipn elther case the sampling period should be long enough to
nearly fill the contalner, but not so long as to completely flll it lest
some of the accumulated sample should .escape through the alr exhaust.

The .polnt-integrating sampler described;in Chapter\III may alsa be
used as a simple depth-integrating sampler. In addipion,,;t may be used
to collect samples on either descending or ascending trips, as tpe in-
take nozzle and air exhaust can be closed or opened at any depth. The
use of the point-integrating sampler 1o collect depth-integrated samples
in deep streams is disgussed in Section 28.

7. Intake nozzle and filling characteristlcs--At any instant

during the operation of a depth-integrating sampler, the air mass in the
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container is a function of the hydrostatic head and the prior rate of
filling. For the purpose of deriving simplified relationships between
the filllng and lowering rates, it will be assumed (1) that the veloclty
in the nozzle at polnt of intake is always equal to the immediate stream
veloclty, (2) that a typlcal velocity distrlbution in the vertical pre-
vails, and {(3) that the sampler moves ln a vertical line while in
transit. However, in thls theoretlcsl analysis the requirement of a
unlform lowering rate wlll be suspended. As the sampler ls lowered intc
a stream, sufficlent liquld must enter the container to compress Instan-
taneously the inalde air so that lts pressure balances the external
hydrostatle ﬁead. In ordep io sa£isfy the first'of fhe‘abpve assump-
tions, the rate of.alr véluﬁe contraction due to increasing hydrostatic
pressure must never exceéd the normal volume rate of liguld inflow.
Hence the maximum allowable speed of lowering the sampler obtains when
these two factors are exactly equallzed without alr escapling from the
contalner.

If the normal lnflow at any lnstant ls less than the alr volume
reductlion necesgary to balance a glven change in hydrostatic head, the
actual inflow will occur at a rate higher than the local stream velocity
and, in addlition, some iInflow may occur through the alr e;haust; Sam~-
pfeﬂ collected under thése conditionsg will no longer be welghted ac-
cording to the vertical velccity curve. On the o£her hand, if the
normal inflow exceeda the alr volume reductlon ﬁecessary to balance a
glven change in hy&rostatlc head, alr wlll escape from the sample con-
tainer, permltting the actual inflow to occur at a rateIEqual to the

stream veloclty, and the sample ¢ollegted wlll be weighted according to
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the vertlcal velocity curve. The relatlon of the lowering and filling
rates and their effects upon the volume of alr in the cdontalner may be
analyzed-if it is assumed that no alr éscapes from thé container and
that the air in the contalner will be compressed by the changing hydro-
static head so that the reduction in alr volume is just balanced by the

Inflowlng water. From Boyle's law it follows that,

hv = h1V1 D I

the temperature remaining constant.

The symbols used in this report have the following definltions:

An area of lntake nozzle at entrance, sq. ft.

D - vertlcal depth to any point in the stream, ft., = D, at
polnt "a," ~ Db at point "b." ;

-Dg ~ depth of stream or sampling depth, ft.
- d - ratlo of depth at any polnt to the total depth, = D/Dy.
h - absolute pressure head at any depth, = hy, + D, ft..

h, - absolute pressure head at water surface, = 34 ft. of
water at sea level.

r - ratio of the velocity at any polnt in the vertical to
the mean stream velocity, = v/v . i

r, - ratlo of the average velocity. from the water surface
down to point "a" to the mean stream velocity, © volvm.

Rp, - 1owér1ng rate, ft./sec.

't - time from start of sampling, sec.

Vv - volume of alr in container at any depth, cu. fti., =V
at water surface, = vV, at polnt "a," = V, at point "b."

- V;.- volume of container, cu. ft. (1 pt. = 0.01871 cu. ft.)

V, - volume: of water in the container at any depth, .cu. ft.
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v - stream velocity at any point in the vertlical, ft./sec.
Vpm - Mean stream veloclty in sampling vertical, ft./sec.

Vo — average stream velocity between the water surface
and point "a" ft./sec., = r_. v

o'm*
The rate of change in the air volume in the container at any depth
is obtained by rewriting equation (1} ﬁﬁd differentjating with respect

to time.

hyVy "hyVy
h (h1 + D)
AR _:ESE;_a 22 (2)
dt thy + D)2 dt

The rate of change in air volume at any depth may also be expressed in

terms of the area of the intake mnozzle and rate of 1h£lqw.

' dv
_ T - Anv L T R R T T T Y (3)
dt . : :

The lowering rate, Ry , at any instant is bbtained bé eqﬁatlng {2) and

{3) and ' sclving for dD/d4t .

h,v:  ap
-n—-n-——-v—-———ﬂ—A

v
(b, + D)2 8 "

‘ap  Agvthy + D)2 o o)
‘.--—-_'8 —TE——————————— T 14 - . - . Ll . L . 4
dt hlvl

It will be noted that the lowering rate indicated by equation (4} varies
with the depth and vélocity. Réarranging and substituting for v and D,

e

R, Aprih; + Dyd)2
— a .8 » . L] . . » . (5]

mn h1v1=
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As indlicated by ‘equation (5) the maximum permissible lowering
rates vary lnversely with the volume of the sample c¢ontainer.
‘Values=of:'Bﬂ7vh from equation (5) for a sampler having 3/16-~in.

dlameter intake nozzle and a one-pint sample contalner for representa-
tive depths and velocities are shown in Flg. 1.

N

8. Maxlimum lowering

o T T T T
. [ |
' \\<§<A g rate—-The derivatlon of equa-
[\ l _—
g AN N 2 Ligd : .
il ﬁ\\ N "‘L? . tion (%) ln Sectlon 7 and the
. \ ) \ \\\ T
“ B\ B data shown in Fig, 1 are
- F .
% :‘ \ \ \\\\ A _
® L f\\ﬁh baged on certaln assumptlions

s
R

b

| Fi R .
: > // \\ that simplified the analysis
A 9] @ ,

~°:u:“*-3 //» f 7/ of the sampling procéss but
Fa o
]
o

"

8 s 17 V4 nd
oL A 2]

) 0.2 0.4

/]
[~
”/,d’f(/ | which "introduced some devia-
o8 5 10 1z

Ry /¥ AND

. . tions from condltlons that
‘Fig. 1--Values of ‘Rp/v, for depth- °

integrating sampler based on equa- . actually occur in a fileld
tion {5) for a typlcal vertical
'veloéity c¢urvé for ‘any depth - operatioh. In depth integra-

tlon, it 1s necessary that a unlform tramsit rate be used and that the
veloclty in the nozzle at polint of intake_ls always equal to the ilmme-
diate stream veloclity. ‘Under thése cquit}ohs, alr must negessarlily
esgape from the sample container. As soon as some alr is expelled from
thé contalner, the factor "Vv," thgffoiume of-alr in the contalner, in

equatlion (5), becomes smaller, and it is apparent that somewhat faster
‘ . L CE . i - - ' s T

S

lowering rates would be peruissible for the bottom portions of the deep-
er depths than those indicated under the restrictive assumptlons used in
this analysis. A& more accurate expression for the lowerlng rates appll-

cable to field sampling operations ‘may be derived as follows:
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Assume a uniform lowering rate and conslider two points "a" - and *b"
in the vertical path of the-samaler;nozzle sufficiently near to each
other so that air loss throhgh'théﬂexhaﬁsttls negllgible while the
sampler moves frdm-polht’ "a" fto poiht "b."

The air volume at point "a" is

. Da
Va ‘ Vl '—:VW-';=, Vl - Aan -R—L"

In moving downward from "a" to "b," the hydrostatle pressure
difféféntial causes a reduction in'air volume in obedience to Boyle's
law.

LA

h1 + Da

- Vy, = .V -
S LA i ‘ a0k T el W
P

' The change 1ln air volume ls

I i i
- = a ~ b T a ———
. | h1‘+ Dy,

and the rate of change of air volume becomes

oo av o oo e [ Ry T - varg

av o ® hy + Py [Pp - Da ) hy + Dy

Introducing the expression fgr V, derived above and allowing

At  to approach zero and "a" to approach "b," so that, in the limit,

. av,: ; 4V VlRL -— AnV°D X
At & T n + D

But the maximum allowable speed of lowering the sampler ob-
tains when the rate of air volume contraction due to ilncreasing hydro-

static pressure exactly equals the normal volume rate of liquid 1n£10w
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glven by ‘equation (3).

ViR - A v.D. ‘e
1 LHax n'o ’

- A v = - - ~—
n
S hy + D

Converting to relative depth and veloeity, .and solving for: the

maximum relative transit rate

0 | .

- = “{rth zd

= ;: r{hy + Dgd) + r Dgd | (8)
Max

Equagién (8) may bé solved.for any s£ream-depth anq Qelociny d;s-
iribution. lAs the lowering-r;te mustlSe ﬁnifOrm foflgny one intégra-
tion, the maximum allowable lowering rate for any stream depth ia‘the
smallest value of Ry/v, ;;btalnablg from equation (8) fer that depth.
For deptha over 15.4 ft. the maximum permissible uniform lowerlng rate
is that shown for the surfaqe of the Qtream wﬂere ﬁot; équations (5) and

{8} reduce to

RL Anrhl

v.'| v
Max

1

For depths less than ;5.4 ft. the méxlmum rate varies with the depth and
stream velocity.ﬂlvalués éfl'RL/v; R the ﬁaximum pefmissible uniform
léwériné rate with fespéét 1o the mean séreﬁm:velbcity, to be uééd with
intake héizies o}”i}e;; 3/{6— and i/4—in: dlémeter inwstreamé‘gf varioﬁs
depths as determined from equatlion (8), are shown in Pig., 2. If thé
uniform lowering rate selected for given sampling conditions does not
exceed the maximum indicated by Fig. 2, air will escape from the con-
tainer while the sﬁmpléf is in transit. As theisamﬁler descends, the
pressure in the containér will vary difectly with the hydréstatic pbés—

.suré'surroundihg the shmplér. The velocity in the nozzle at point of
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40 .
[ BN
in, dlameter nozzles at the water - S 5 S S— | -
) 0.2 0.4 0.8 0.8 1.0 2

. . ‘ WAL
surfdce would give values of
Pig. 2——-Maximum and minimum values

0.17, 0.489, and 0.89 respectlive- =~  of Ry /v, °for one-way depth
‘ integration with sample contalner
ly.: PFor a satpler used for: 2 of one-pint capaclty -~

depth Yntegration from the ‘water surface downward, these would be the
theoretical lfmliting lowerlhg rates regardless of the depth of stream.

9. Minimum transit rate—-The minimim lowering rate which will

allow the ‘sample dontalner to become full just at the instant the sam-

pler reaches the bottiom ts'glven by the equatlicn

2 - R

fhe minimum values of the relative lowerlng rate, Rp/v, ; #iven by this

equatlion for samplers of one-pint capaclty wlth intake .nozzles of 1/8-,
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3/16~, and.1/4~in. diameter are shown in .Fig. 2. 1In computing these
Qélues }t wasg agsumed £hé£‘the'streqm would be sampled downward through~
out thé entire depth, and‘thgilalﬁ would escape from the contalner in
proportion to tﬂé_liﬁuid inflow and the change in hydrostatic head.
However, equationgtv) ;pplies ﬁo minimum transit rates for upward. as

well as for downward integration.

10...0Other 1imitat1Qha on trangit rates~-There are certain other
factors involved in.sedlmentlsaﬁpling which may-tend to place a limit on
thé lowérlng rate)sémewhat less than the ccmputed maximum values shown
in Pig. 2, such as, (1),thé equlﬁmemt avallable for loweprind and ralsing
the samplef; and (2)-tﬁe velocity of the stream relative to the veloclty
of the sampler when in translt,r The firat factor is a very practlical
éne, as ordinary stresm gaging reels of 1- and 2-ft. clrcumferences will
pot ggr@it‘trans;t,rgtgs greater than about 2 and 5.5 ft. per sec., re-
gpectively. fhé‘second factor varies with the transit rate of the gam-
pieriand-th; sﬁréa; ;éiocity.  Assum1ng that the axls of the lintake
nozzle“reﬁai;s faréliel.to ﬁhe‘water surface and the sampler m¢ves along
a . vertical line while in transit, the wvector which.represents the water
veloclity relative to the sampler crosses the nozzle at an angle.. The
resulting flow, therefore, approaches the.lntake,pgzzleﬁat an angle and
the conditions, insofar as the intake nozzle is concerned, are the same
as though the nozzle were held in a fixed positlion but at a gorre-
sponding angle to the lines of flow. The magnitude of error due to the
motion of the sémpler ig a functloﬂ of (1) the wveloclity of the water,
(2) the translt:rate of the sampler, and (3) the partlicle slze of the

sediment in suspension.
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The effe¢t of orienting the standard test nozzle with respect to
the airectlon of flow, when in a fixed ﬁorlzontal poeltien, is descflbed
in;Report No. 5. The teaﬁ.date are preéen}edlin Fig. %5 of that rebort
in terms of - the errers in eedlment concentra?ion‘and\;hewgelatlve sam-
pling rate which is. the retlo'of‘the intake nozzle;veioelty.to the local
stream veloclty. | o | ’

The resulta, while-iﬁ?dfma%ive, do not permlt'an evaluation of the

effecta of orlenting the nozzle with respect to the direction of flow
under field sampling conditlions. Such 1nformation could only have been
dbtalpeq by settling up the deslired :e}ative sampling rates with the
nozzle parallel to the f10w lines and‘tﬁen rotating the nozzle to vari-
cus angular positions with no. further adJuatment in the flow condltlons.
For comparatlve purposes the data in Flg. 15, Report No.ms heve.been
replotted basing the intake ratio on the veloclty vector parallel to the
nozile, ‘which under field sampling conditlions is equivalent to!the
atreemrvelocitw.‘ The data as replotted are shown 1n7Flg. 3.

A study of the curves of F;g. '3 indlcates thet tﬂe angle (a) at
which the flow approaches the 1ntake nozzLe has 11tt1e effect on the
accuracy of sediment samples collected as 1ong as the veloclity in the
intake is equal to the streanm velocity vector (v ¢os a) which is paral-
lel to the axis of the intake nozzle, and as long as -the angle far does
not exceed 30°. The data for an angle of 10° are not plotted but would
determine a curve very close to that for 0°.

" The laboratory tests described lm Report Ne{ 5 -to determihe the
effect of orlentation of the nozzle with regpect to the direction of the

flow were limited to a "gtandard" intake nozzle and, therefore, the
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Flg. 3--Bffect of small devliatlions from normali nozzle orlentatlon on
errors iln sediment concentration

results are not. entirely appllicable to the condltlions pbtaining when the
intake nozzle 1s a part of the sampler. The dlstortlon of the flow
pattern around the sampler -with a 1-in. nozzle extenslon ls belleved to
be negligible when the angle of the relative veloclty 1s zero. However,
as the angle of relative veloclty lnocreases, the zone of distortion will
eventually introduce some. error., .This error will also vary with the

direction of the movement of the sampler owing to the location of the
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_alr exhaust and the nonsymmetrical shape of the sampler.

Stud{es of the several factors 1imit;ng the maximum transit rates
‘ for average sampling conditions indicate that a 1/e—in,, and-ge;erally a
3/16—1n.,\1ntake nozzlg could be used for traégli rates as shown in Fig.
2 withoutrintroducing apprec;ablg errorq';n the sediment éontent of the
samplq collecﬁed.‘ Eor 1/4-1in. 1ntake n;zzies i1t will be necegsarx to
Jrequce the maximum lowering rate for best results, fhe maximum satis-
factory ralsing rates for the 3/18~ and 1/4-in. nozzles are somewhat
”{ess than the lqwerlng rates for simllar conditlions. It should be
_femewhered, however{ that the maximum transit rates wlll)be used pnly
yhen_sampllng in stpga@s with great depphs and high velogltleg._ When
gamplingﬂln average streams the factors ygndlng to limit the transit
rates yill be of qiqpr impqrtancg.
When ;pmples a;srgollected by 1owe;ing-the sampler £§ ?he st;eam
Fbeq and raisipg iprto the surface, much the same limitatlions in transit
. fate app;y_as previouqu'digcussed. The minimum transit rates'for a
_givep depth must be twice those shown in Fig. 2, iln order to complete
Athe_roupd—yrip‘1nteg§ation beforf ?he ﬁample contalner:is completgly
fll;e@. The paximum depth of sampling on thls basis is half of that for

downward integration in one direction only.

11. Maximum sempling depth--Since the maximum permissible uniform

lowering rate for depths over 18 ft. is that shown for thg sprface of
FPC stream, the méxlmum sampling depth ls obtained by substlituting the
maximum value for RL/vmm from Fig. 1 in equatliom (7) or Dy = 39 ft.
That .ls, by closing the ilntake and air exhaust upon maklng contact

with the stream bed, a stream 38 ft. in depth could be samp;ed 1f_the
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veloclty distridution s comparsble to that shown in Fig. 1 for a typi-
cal vertical velocity curve. When the veloclty dlsﬁribuiién%ié uniform
in the'ﬁeriicai se?tioh,. r 1s equal to unity aﬁ any polhi, ﬁnd'the
ma:imﬁh sampling d;;th; D; , will be 34 ft. The maiimum depth that:dan
be sampled‘by léwering aﬁd.faialﬁé the éamplef at a uniform trﬁnéit rate
would%be 6ne-h;1f of the above values for the respective conditlons.
TheSelliﬁltiné depths will 6btain'¥eéardless of nozzle size and sample
bottle capacfty: | | A

12. Shape hnd'weight“of samplér--ln the coufse of'the 1nveatiga-

tion it was'reéoghized that the collection of sediment samples and the
' measureﬁent of-the flow of streaﬁs are very closéiy interrelated. .On
océaslbn it might be!deﬁlrable tb use the sampler as ﬁ soundiné welght
or to collect samples by removing the meter from the hanger bar. ‘Thefe-
:fbré, full a&%aﬁiége was taken of the field work ind eiperiénée galned
b};the U.lS.'GeoioglcaITSurvey in the design of alsatiéféciofy'ééuhding
weight for use with the small Price current meter. The present C-type
soﬁnding wéiﬁht, (1)* vafyinghin size from 15 to 500 pouhd;,'is the re—
sult of a progfeséive change.in design overua period of ﬁaﬂy'years.
Soﬁn&lng welghts of thECC—type have been used'forgthe'ﬁast 15 yeafs and
are considered a major 1mpr0vemen£ over earlier mo&els.

Severai importanﬁ'requireh&ﬁts‘for-a satisfactory sounding welight
approximate those for a sediment sampler, but in aéditioh ths saﬁpler
must be shaped 1o accommodate a container. Also, the streamlining must

be such that there will be a minimum disturbance to the flow pattern,

I

'*  Numbers refer to references in the bibliography.
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particularly in the viclnity of the intake nozzle, if the best intake
characterlatics_are to be obtalned.

In

‘

the design_of the experimental samplers ltrbec;me evident that
ltlyou;d be impractica} to deglgn a slnéle sampler_?h?t‘céuldﬁbe gatis—
factqulx used for very larg; r}vers as well as;for very_small g?reams.
As with sounding welghts, it was anticipated that poas;bly several
qeight sizes would be neeged in order teo simpl}fy field operatloné-and
megﬁﬁpractlca; requirements. Llkewlise, it was gvldent tﬁat for certaln
types,of st?eags, where sediment measurements can be maée by yading, a
hand sampler could be used‘tq advantage. However, since.tpe‘propo;ed
gqu;pment was to_be pf an expgriment;l nature it appeared desirabie to
limit the design to samplers ;f moderate si#e and ﬁé;ghﬁ in qrder that
they might be tested over the widest %anée of fleld ;onditions as the
first ptgp‘in phe o;gerly development and standardization. 1In the event
the sampler proved practical, heavigr eamplé;a could thgn be made with
Ph? improvements resulting from the fleld tests ;nd.the base design

modified to suit the requirements of a hand-operated sampler.

o 13f Type of suspgnslon-—Inrgn effort to standardize phe type of
connection necgssary tc attach the sampler cohveniently po a sounding
line, it was declded to adopt the hanger.bar which has beén developed
and quely used by the Geologlical Survey with the C-type sounding
welght. With this type of connection, concurrent stream ggging apd
sedimept:qampllng will be facilitated in thg field. It is also belleved
that a current metér can be conveniently rated with the sampler as a

sounding weight if such an arrangement is considered necessary. Thus,

the equipment and suspension could be standardized for flexibility and

"
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general utiliiy for a varlety of flei&'cdhdlfibﬁ;. HHbuefbf; in this
connection it should be emphasized tﬁat th;'satiéfacéory aoil?ction'of
damples with ihe éurr;nirkete} aﬂhp;aded aﬁbfe‘thg aampiér Qill depend
upon ihé:deérée 6f‘er;or lhﬁrédﬁéed, Af any, by the ;ffé§£ of the cur-
rent ﬁeier ufontthe flow pitiern around the lnfaké ndzzi§ and the alr
exgaust. ,

Expérléﬁc;‘in mnﬁingréﬁfreﬁt;M?ter meaéurém;nts has iedrtb tﬁe'use
;nd déﬁelo;méﬁt of feeis aﬁd o}nneé‘}o aimplify opiritlons nn&:fﬁprOQe
the aééufuby'bf‘th; fiéldfbsfk. bimiia; ;qﬁlﬁmént can be used to a
AEéldedthQQntﬁge in a §ed1ment\snmpi1n§ program.

14.' Type of tall vanéﬁ--in the'mbst recent desigﬁu of ééhpiér

vail vanes, & modified form of the type in use on the standard C-type
és;rgnt:ﬁéigr ;ounéingiﬁeibﬁirﬁas adoited. -Eitensivé labora£;ry teétg
inln.dihs§ £1ﬁﬁé 1;51cﬁf§d:thn£-tﬁesé vanes are{ﬁulté]efféctiveﬁdﬁd;
;hen pféée;iy‘dggiéﬁéﬁr eilmi;QtQ praotlcalij all ;;n&éﬁéy'fof'fhé'aaﬁ-
pler’fo‘;;w. J;hgrafe; ;} tﬁe Norizontal vane st r?duéed ibuaﬁglhihﬁm
in order £dtké;p'£hé intake nozzle qsséhtldii}'hdfizbntai-wﬁifé'iﬁ
transit. If théz;fén”of the vane wcrerlarée enough to cause the Qampler

+ -

to til{ up o} down abpfaélably, tﬁe incilndtlaﬁ vhryihé”with fﬁe”k#wﬁdft
rﬁte, variablé lﬁtnke vélocltfes in fhe noiife would)rééult; ?urtﬂ;r-
more, if the sampler tips apprecisbly when descending, the intake nozzle
may ﬁo;e 1nto tﬁe stfﬁam Béﬁi and an ef}oneous sumple-ﬁéﬁld BarobfiinQAQ
This cohdifioﬁ'could féaally Bccuf;if.thé‘sfrénm‘bed'were cénpdﬁnd'of
dunes §f sand or olhér fi;é material. Due'ta its 1rré§uinr'dhap;.'ihe
éamﬁler as congtructed wifi iilt uﬁ.hﬁa doﬁn, ﬁut oﬁly a:féw'dééfeeh

when oﬁernted-nt ordihirv transit rates.
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15. Type of containers--In selecting a container for the sampler,

a number of factors had to be considered. The container should be of a
standard type which can be procured readily. It should be made of
transparent material and be easily sealed for transfer to the labora-
tory. It is also desirable that the shape of the container be such that
it will have a maximum inside volume and still be compact so as to re-
duce the over-all size of the sampler. Furthermore, it should be con-
structed so as to reduce the laboratory work to a minimum.

A standard fruit Jjar of one-pint capacity was first selected, as
the shape is similar to that of a speclal type of container then under
consideration. However, due to lack of materials and facilities, the
development of a special container was not feagible and a pint milk
bottle was finally adopted. Because of a .number of desirable features

this container had already been 10

adopted by several organizations ‘
aol— .. HE
engaged in measuring the guantity |
w
and character of sediment trans- 2T
s R
ported by streams. ;40_ ST
* T R e I
The time necessary to fill ; P TAKE NOTELE
330 . ] Loy
a one-pint container at various “ ~J
! | :
i
intake velocities with nozzles of or | ' T ! ]
\i\@ng-m.oiﬁ_mmng NOZ2LE'
1/8-, 3/18-, and 1/4-in. diameter Wbl Lo~
T S ) L
is shown in Fig. 4. 178 IN.DIA.INTAKE h{ozzur\ ‘\-‘-?"—"fh'—v——-‘}__
i I | é ! . R
i . i : |
0t)' 1 2 % 4 8 6 + & J9 w2
18. Construction and test- INTAKE VELOGITY - FT./SEC
ing of samplers—-The first stade Fig. 4--Relation of filling tine

to intake velocity fcr a one-
in the development of a depth- pint container
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integrating sampler consisted of making drawlngs and plaster models
untll a size and shape which appeared satisfactory was obtained. The
drawings were then revised and a finished metal sampler was constructed
and subjected to a number of laboratory and fleld tests. The tests dis-
closed certaln weaknesses In the design and construction uf the sampler,
which led to further revisions. In the following paragraphs, the ex-
perimental samplers are discussed in the order in which they were
designed, constructed, and tested.

17. First experimental depth-integrating sampler--After com-

pleting a working drawing, a plaster model was built to enable the
designer to see the sampler in its three dimensions without incurring
the cost of construecting the finished apparatus. Inspection of the
plaster model led to revisions in the shape of the sampler. The orlgli-
nal drawings were revised accordingly. Fig. B is a photograph of the

plaster model of the sampler.

Flg. 5--Flastar model of depth-integratling sampler

After revising the drawings, construction of the flirat experi-

mental sampler was begun. Thls sampler was made up of a brass cylinder
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with vanes attached, around which was cast a lead jacket. A photograph

of thls sampler appears in Fig. 8.

Fig. 8--First experimental depth-integrating sampler

The nozzles for this sampler could be removed by unscrewing from
the inside of the head when the sampler was open. These nozzles were
deslgned with a stralght 3/168-in. bore extendling 1 in. from the intake
followed by a tapered sectlion 2-1/4 Iin. long.

The sampler was first tested for leakage by pluggling the air
exhaust and intake nozzle of the sampler and submerging it in water. A
sllght leakage was remedied by using a gasket material of live rubber
and by lncreasing the slze of the spring which holds the contalner in
firm contact with the inside of the sampler head.

The sampler was suspended from a standard-type USGE stream gaging
reel which was placed on supports across a 10-ft. channel through which

river water was allowed to flow at velocltles varying between 1 and
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8 ft. per sec. The type of suspension used 1s 1llustrated in Fig. 7.

LHEADGATE

TOP OF CHANNEL -}

——

T T CHANNEL -y

Fig. 7--Apparatus for testing samplers In laboratory channel

This procedure served a double purpose in that it afforded an excel-
lent opportunity to study the behavior of the sampler at different
velocities and it also made it a simple matter to calibrate the sam-
pler and thereby ascertain the relation between the filling rate and
the stream velocity. In order to accomplish this, the nozzle and
air exhausts were plugged with small corks whlch could be removed
Quickly. The general procedure was to lower the sampler to a point
1.0 ft. below the water surface, then remove the corks and start a
stop watch at the same instant. The initial inrush at this depth and
the error introduced thereby were ccnsidered negliglible. At varying
time intervals, the sampler was ralsed from the water, the watch was
stopped, and the time of sampling and volume of water in the container
were recorded. From these data the intake veloclties were computed.
The stream velocities at the same polnt were measured with a Price
current meter.

The results of these calibratlon tests using both the stralilght

and tapered nozzles are presented in Fig. 8 and show that the intake
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velocities for the first 6 ] —
i 1 1 | | B | —
experimental sampler were, [ !
SF— ! f/ ! L B T
in general, too high.
g ' g | b2 | A .
18, Seccnd experi- i | 1 il
" /f/f [
mental depth—integrating = | | ; i
£, | ] /// _
sampler--The tests on the 9 [ ,/ﬁ
2 | ]
w 1 1 ]
first sampler indicated z o~ _ﬂy_a”"“ﬁuMnE]
: Z2 T - — 8 STRAMGHT ROZZLE |
| — DAL RELATIDHMSHIR I
that some changes in the . | &3
design were desirable. The I
second sampler was con-
a
a ] z ¥ Y 3 S
structed smaller and VELOCITY AT SAMPLING POINT - 7/ SEC
lighter than the first one, Fig. B-—Intake characteristics of
first experimental depth-integrating
welghing only 45 lbs. &All. sampler

moving parts, as the latches and hinge, were more sturdily constructed
and operated much better than d4id those of the first model. In other
respects, the comstruction was practically the same. A photograph of

thizs sampler is shown in Fig. 9. A brass cylinder provided a recess in

Fig. 9--Second experimental depth-integrating sampler

[
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the body for a pint fruit jar sample contalner., The tail vanes were
welded to the cylinder and to a circular plate which formed the bottom
of the sampie contalner recess. A well was attached to the hottom
plate into which a spring was inserted to force the container firmly up
agaiﬁst a gasket fitied into the sampler head. As before, the sampler
was placed in a mold and a lead Jacket cast around it to form the bedy.

The second experimental ﬁodel was tested in the laboratory in the
same manner as the first model. The sampler was lowered into flowing
water to study its performance at a fixed depth at high and low veloci-
ties, and calibration tests were also made. Flg. 10 shows the test data
for a 3/16-in. diameter intake nozzle with a stralght bore.

In order to study the action of the sampler under practical con-
ditions, a number of samples were collected from the Iowa River at the

6~ gaging station located im-

mediately south of the Hy-

draulliec Laboratory of the

State University of Iowa.

»

b
o/ o
yd These tests afforded the

- 3 — first opportunity to study

INYAKE VELOGCITY -FT/3EC
(")
4
>

£((//- Y the saﬁpler under field

[ 4 ———— STRAMHT NOZILE

N

——————— IDEAL RELATIONAHIP

/// conditions in which the

I sampler was suspended from

a standard reel mounted on

2 3 4 5
VELOGITY AT SAMPLING POINT - PT./3EC a cable car. The samples

Pig. 10~-Intake characteristics of were analyzed in the iabor—
second experimental depth-integrating
sampler atory to determine the



Section 18 43

sediment concentration and dissolved solids content. Slince the Iowa
River usually carries fine sediment, all the samples had about the same
concentration. However, these tests indicated that further improvements
in the sampler should be made.

19. Third experimental depth-integrating sampler--The third ex-

perimental sediment sampler embodied the best features of the two pre-
viously constructed samplers and some added improvements which were
urnique to this model. The tail vanes were changed to conform with those
used on the USG5 50-1b. C-type sounding weight and the sampler was bullt
so that 1t could be suspended from a standard hanger bar. Thls sampler
was fitted with two studs on the bottem so that it could be set upright
when not in use and would not overturn with the sampler and a current
meter attached to the same hanger bar. The sampler body was made en-
tirely of cast brass and its weight was reduced to about 32 lbs.

This sampler was fitted with an auxiiiary head with a valve which,
when rotated, closed the intake nozzle and alr exhaust. When a foot
lever attached to the bottom of the Body made contact wlth the stream
bed, this valve was actuated, thereby making it poasiblé to integrate a
stream vertical on the descending trip alone, if desired. With this
feature it would be possible to take depth-integrated samples in streams
which are too deep to sample with the previous model. Photographs of
this sampler together with the auxiliary head are shown In Fig. 1l1.

This sampler was calibrated in one of the laboratory flumes, using
a procedure somewhat different fpom that used in the 10-ft. channel.
The veloclty at the sampling point, usually about 0.5 ft. below the

water surface, was determined with a pitot tube. No corks were used to
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Fig. 11a--Third experimental depth-integrating sampler

Fig. 11b--Third experimental depth-integrating sampler with
auxiliary head
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close the intake or air exhaust. Since the veloclty in the flume was
nearly uniform 1ln the upper 0.5 ft. of depth, the error introduced by
lowerling the sampler intec the water and ralsling it at the end of the
sampling perliod bty means of a reel was believed to belqulte small. 1In
the. intake calibration tests the fllling time was measured from the
instant the nozzle'was submerged until it was brought up out of the
water agaln.

The pltot.tube coefficient was determined‘ﬁith 8 pygmy meter which
had begn calibrated by the U. S, Bureau of Standards. The velocity
measurements obtglned with the p}tot tube were congsidered more accurate
than those obtained with the curfent meter becauée the pltot tube could
be held rigidly at a point at the same level and directly ahead of
the sampler nozzle, whereas the current meter dld not always remain in
a fixed locatiop, beling swung back and forth transversely by'the turbu-
lent flow. J

The improved talil vanes and the hanger bar type of suspension
greatly improved the action of the sampler throughout the velocity range
of 1 to 5 ft. per sec. 4As a further test, the sampler was introduced
into the flow at varylng angles with the current and. each tlime it
righted liself very quickly. It was noted also that the sampler had
no tendency to whip about as did earlier models.

The standard head was equipped with a 3/16-in. diameter intake
nozzle with a stralght bore 1-5/8 in. long followed by a sectlon 1-3/4
in. long, tapered 1/4 in. per ft. The auxliliary head was equipped wlth
the equivalent of a 3/16-in. diameter nozzle 3-7/8 in. long, the tapered

sectlon belng 3/4 in. in length. Results of the calibration tests for
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both the standard and auxiliary heads are shown in Fig. 12.

Sediment samples were taken with this sampler also in the Iowa

River at the gaging station

‘|
/}/ A near the Unlverslity Hydrau-
5 _
lie Laboratory, and a de-
q L J /‘ '
S 4 ¢lded improvement in behav-
»
? . ior, in respect to the
N
£
§3 7 earlier models, was hoted.
¥
¥ | ' 20. Fourth experi-
z2 ety s
¥ 1A e e, mental depth-integrating

—dr—— TAPERABD NOZZLE AUXILIARY HEAD T
—— |PEAL RELATIONSHIP

e - sampler-~Although the third

L

sampler was falrly satls-

© VELocl‘ra\r AT s.\uPulNc POINT - FT/3EC. ° f B factory, 1t was decided to
Fig. 12--Intake characteristics of construci another model

third experimental depth-integrating
sampler utilizing a pint milk

bottle as a conhtainer, This change was made because pint milk bottles
were believed to be more readily available on the market, aturdler, and
eagsler to handle. Also, the use of waxed paper sealing caps would slm-
plify the field and laboratory work.

In each of the previous samplers, the alr was exhausted from the
fruit jar contalner by means of a 3/168-in. diameter tube through the top
of the head. The elevatlon of the end of the exhaust tube above the
center line of the intake nozzle varied from i-3/4 in. to 2-3/4 in.
Filling rates in these samplers were somewhat irregular and too high at
low velocltles. Further study of the factors affecting the intake

action indlcated that the helght of the air exhaust above the intale
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nozzle provided a greater head than was neceasary to overcome the losses
for low wvelocltles and that the shape and posltlon of the alr exhaust
materially affected the intake action due to its location in a low pres-
sure area. In the fourth sampler, the alr exhaust was placed on the
side of the head and i/2 in. azkove the center line of the intake nozzle.
The tube was bent in the downstream direction as shown in Fig. 13.
Laboratory tests with the alr exbhaust tube exposed lndicated ldeal in-
take action., For protection, the tube was later covered with lead and

finished by hand as shown in Fig. 14.

Fig. 13--Fourth experimental depth-lntegrating sampler with
alr exhauvat exposed

1Sh N
Vet
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i f
i“'.u'_;'

‘:-'_-..'L-‘-._

Fig. 1l4--Fourth experimental depth-integrating sampler with
alr exhaust esngased
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This sampler alsc was provided with two auxiliary heads and a
foot lever device which could be attached beneath the body. The first
auxiliary head described in Section 19 was refinished to fit this
sampler. The alr exhaust tube was brought out at the side of the head
and shielded to prevent damage. The shape of the head cover was modi-
filed and the tapered secticn of the nozzle was lengthened to 1/4 in.
In the second auxiliary head, the intake nozzle was composed of a
straight tube, 3/18-in. bore, 2-1/2 in., long, and a tapered tube,
1-1/8 in. long, tapered 1/4 in. per ft., Jolned by a sectlion of gum
rubber tubing. The alr exhaust was also fitted with a piece of 3/18-in.
diameter gum rubber tubing parallel to that in the intake nozzle. The
intake and alr exhaust were closed by a spring operated clamping devlice
which would be released when the foot lever, attached to the bottom
of the sampler, made contact with the siream bed. A photograph of

the sampler with the first auxiliary head in place is shown in Fig. 15.

Fig. 15--Fourth experimental depth-integrating sampler with
auxiliary head and trip mechanlam in place
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Fhotographs of the two auxziliary heads with the covers removed are

shown in Fig. 18¢

Fig. 18——Auxiliary heads for fourth sampler with covers removed

The test work on this sampler was more exhaustive than on the
earlier models, as it was found necessary to determine experimentally
the type of streamlining required for the most efficilent operation of
the air exhaust. HResults of laboratory tests made with the air exhaust
shown in Fig. 13 indicated that the filling rates approached the ideal.
As it was desirable to shield the exhaust tube to prevent damage,
several tests were run with a wax cover in order to determine the
shape that would produce the minimum turbulence. Thi=s general shape
was then reproduced in lead on the sampler head and finished by hand
until the desired degree of streamlining was obtained. HResults with

three nozzles of 3/18-, 5/32-, and 1/8-in. diameter used in the standard
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head are shown in Fig. 17.
These nozzles were 3-1/2 in.
long and had the lnner end ta-
pered 1/4 in., per ft. for
lengtha of 3/4, 1-3/4, and 1-1/2
in., respectively, The taper in
the 5/32~in. nozzle did not in-
crease the veloclty as might be
expected. An examinatlon of
this nozzle after the tests were
made indiceted some irregulari-

ties in the bore which apparent-

ly reduced the effectiveness of the taper.

Resultg of similar tests on

descrlbed are shown in Fig,., 18.

This sampler was glven a
greater number of field tests
than the earlier models. Sedi-
ment samples were tsken in the
Cedar River near Conesville and
in the Iowa River at Iowa Clty
and near Coralville. Results of
these tests indicated the neces-
slty of having the vertical tail

vane extended below the bottom

of the sampler in order that the
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sampler might orient ltself more readily before being lowered into the
stream. It was found also that the tall vanes, as originally designed,
tipped the sampler excessively at medium and high transit rates, thereby
increasing the intake velocity beyond that of the stream.

The following lmprovements, not incorporated in the earller
models, were effected in the design and construction of the fourth ex-
perimental depth-integrating sampler. (1) The air exhaust port was
lowered to reduce the static differential between it and the intake
nozzle. The nodular enclosure was streamlined to minimize turbulence at
the outlet end of the air exhaust tube. (2) The tail wanes were altered
somewhat from those shown in Fig. 13 in order to keep the intake nozzle
essentially horizontal while in transit. (3) A coil spring was placed
in the bottom of the contalner recess to press the mouth of the bottle
firmly against the sponge rubber sealing gasket -in the head of the sam-
pler. (4) The studs provided on the bott&m of the third sampler were
eliminated and instead the bottom of the sampler was flattened so that
it would remailn upright when resting on this flét'and on the hottom edge
of the vertical talil vane. (%) The air exhausts on the auxiliary heads
were likewise relocated and shielded for protection, the shie;ds being
streamlined 1n order to reduce the turbulence at the outlet end.

21. Fifth experimental depth-integrating sampler--The fifth ex-

perlimental sampler was very similar to the fourth model and identical
with the 3B8-lb. samplers constructed for the cooperatling agencies for
fleld testing. Photographs of the sampler are shown in Fig. 19 and a
working drawing in Pig. 20. The exterior shape of the air exhaust was

reproduced on the wood pattern used in making the sand molds for the
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Flg. 18a--Pifth experimental depth-integrating sampler (38 1lb.]

Flg. 19b--Pifth experimental depth-integratling sampler (38 1b.)
with auxiliary head
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Flg. 20--FLfth experimental depth-integrating sampler (38 lb.)
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sampler heads and the air passage was drilled in the finished casting.
The body was cast in two halves which were suksequently fltted and
Jolined together by screws. The tail vanes, adopted from the develop-
ments made in the fourth sampler, were ﬁade of gsteel and were nickel-
plated to reduce corrosion. The sampler wag balanced under water as the
center of buoyancy,did not coincide with the center of‘gravity. The
38-1b., sampler has not been generally used, and is no longer manufac-—
tured. The bottor tripping devices used with the auxiliafy heads did
not prove very practical for routine fieiﬁ ﬁork and the development of
these modifications has been suspended. o
A 50—15. model of the fifth depth-integrating sampler}'deSLEnated
bS.D-QS,.wgS cdnst?ucted for field testing by the coopera}ipg;;genéﬁes.
This éampiér'#as.eséentially gimilar to the 38-1lb. model exééﬁi‘that it
was larger and heavlier, and the body was cast in one piece. - The 50-1b.
sampler was later pfovided with a more rugged ecatch faor holding the head
in the closed position. This model has proved very practical and has
had extremely wide use in %qutlne sediment work. Photographs are shown
in Fig. 21, and-a working drawling in Fig. 22. ; |
The laboratorY‘tgsfs on the £1fth sampfer were similar to those
made on the earlier models but the vélocity rahge wag lncreased to 7 ft.
per sec. Results of tests with the 3/18-in. and 1/8-1in, diameter
nozzles are shown in Pig. 23. The 3/18-in., nozzle had a straight bore
2-3/8 in. long followed by a 1-in. séctlon taéered 1/4 in. per ft. The
1/8-in. nozzle had the same over-all length, but the tapered section was
increased to a length of 1-1/2 in.

A few field tests relativé to the inflow characteristics of this
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Fig. 21a--Fifth experimental depth-integrating sampler, U5 D-43 (50 1b.)

Flg. 21b--Fifth experimental depth-integrating sampler, US D-43
{50 1b.), disassembled
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fampler were made in the Ceaar
and Iowa Rivers. The sampler
was lowered and raiged st a
transit rate as nearly umiform
as practicable, using a sounding.
reel and crane normally used 1in
making discharge measurements
from bridges, The sampling
interval was determined by means
of a stop watch.
from which the

observatlions,

average veloclty for the sam-

The velocity
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Pig. 23--Intake characteristics of
fifth experimental depth-integrating
sampler based on laboratory tests

Pling vertlical was obtalned, were made with a small Frice eurrent meter

in accordance with the usual siream gaging practice.
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Plg. 24-~Intake characterlstlics of

fifth experimental depth-integrating

.sampler based on fleld tests

The results of the fleld
tests are shown in Plg. 24. The
data, while not conclusive due
to the shaliow depths and low
velocities encountered, indicate
that the average veloclty ln the
intake nozzle was about 0.95 of
the averages stream veloclty for
the sanpling depth.

The varlation between

the labqratory and fleld test

data with teference to ilntake
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characteristics is believed to be due largely to the difference inrihe
test procedures. In the laboratory the sampler was suspended in: the
teating flume at a predetermined depth, whereas in the fleld the sampler
was lowered and ralsed at a virtually uniform translit rate.  The verti-
cal movement of the sampler produces turbulence around the intake nozzle
at the point of intake. Likewise, the determination of the average
velocity in the intake qozzle may be subject to some error, owing to
lack of absolute uniformity in the transit rate and to the pause made. in
reversing the directlon of the sampler upon contact with the stream bed.
The total time that the nozzie was submerged is the value that was used
in the computat;ons.

" The results of other field tests on the D-43 sampler are presented
in the report "Preliminafy Field Tests of the US Sediment-Sampling
Equipment in the Colorado River Basin, April 1844” and in the progress
répérﬂ "Comparative Pleld Tests on Suspended Sediment Samplers, December
"1644."" Additlional information ia ;lso presented ln the progress report,
"Pield Tests on Suspended Sediment Samplers, Colorado River:at‘Bright

Angel Creek near Grand Cahyon, Arizona, August 1951."

22. Development of hand sampler--The depth-integrating suspended
sediment sampler, US D-48, discussed in the preceding section of £his
report, which was adopted for field use, welghs about 50 lbs.'ﬁnd was
designed for use with cable and réel suspension. Cénsequently, the
sampling operation with ihat instrument is comparable to a stream flow
measurement from a cableway or bridge.r In some 1ocali£ies most of the
‘stream flow measurements are made yy wading, and there was urgent demand

for a 1ight weight, lnexpensive sampler to be used in the smaller
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streams and canals; that ls, for sediment sampling eguipment which
would be analogous to the stream gaging equipment used in wading meas
urements.

The operational eriteria for a light weight sampler are practical-
ly the same as for the heavier depth-integrating sampler. The sampling
action is the same, and the curves shown in Fig. 4 are applicable with
respect to the time for filling the container. The theoretical limita-
tions on translit rates and. on the sampling degpth apply to all deptih-
integrating samplers regardless of weight., However, because the lighter
sampler is ordiparily used only in shallow streams, these limitations on
transit ‘rates are seldor restrictive.

The first experlimental hand sampler, shown in Fig. 25, was devel-
oped- to fill the most immediate demands for a depth-integrating sampler
of thias type. Thls model conalsted of a bottle holder of 'strap brass

with provision for attaching to the foot plate of the standard 1/2-in.

Fig., 25--Flrat experimental depth-integrating hand sampler
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round wading rod which is widely used in stream gaging. The bottle
holder also supporﬂéd the rounded wooden head for the bottle, The head,
with a rubber base to fit the top of the bottle, was equipped with an
alr exhaust tube and intake nozzle. The intake characterlistlcs of the
sampler were satisfactory.

A second model, later designated US DH-48, was designed for quan-
tity production and fleld use. This sampler consists of a streamlined
aluminum casting which encloses a pint milk bottle sample contalner. A
- pre—shaped stalnless steel tube, invested ih the aluminum casting, pro-
-vides the alr exhaust. A brass intake nczzle extends horizontally up-
streaﬁ. The malh portlion of the instrument contains an extehded cireu-
lar skirt section and a support beam to partially enclose and orient the
sample container., The beam provides two recesses, one threaded to
receive a standard round wading rod and the other to form a cylindrical
housing for a spring tenslioned clamping red wﬂich holds the sample
bottle in position. The axis of the sample container 1is incliﬁed at an
angle of 17-1/2 degrees to the horizontal. The ilnstrument can sample to
within 3-1/2 in. of the stream bed in the normal sampling poslition.
It welghs 4-1/2 1lbs. including the pint bottle contalner. Photographs
and a drawing of the instrument are shown in Figs. 26 and 27, respec-
tively.

This sampler is believed to be adaptable to any conditlons for
which a rod suspension 6f,the sampler is practicable. The veloclity
of flow in the intake nozzle will be very close to that in the stream
for all stream veloclties over 2 ft. per sec, For lower stream veloci-

ties, the velocity in the intake pozzle will exceed that in the stream,
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Fig. 28b--Depth-integrating hand sampler, US DH-48,
disassembled



Section 22

8v-Hya sn ‘aerdues puey Juvreadsqur-y3zdsg--4i3 8td

SIHINI NI 37v0S
T | LR T 1
| O U 2Nwe |

N

82

‘aoy ,9NIQVM,,
—— — ONNOY 2/, YVONVLS 114 OL T11¥d

" m\m m



Section 22

a3

but the error introduced 1is
considered negligibie. The
gampler is‘calibrateq with
nozzles of 1/4-in. diameter,
. without taper; but smaller
diameter nozzles may be used
provided they are tapered as
required to glve proper ve-
locities within the nozzle.
Fig. 26 shows some calibra-
tian results obtalned with

the US DH-48 hand sampler.

INTAKE VELOCITY = £T, 7 3EC. |

———
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é
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Q  I/4-IN. DIA, 8TRAIGHT NOZZLE
2 4 3718 ~IN, DIA. TAPERED NOZLILE -
1/8~IN. DIA. TAPERED NOZZLE
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OCITY AT SAMPLING POINT - KT/SEC,

Fig. 28--Intake characteristlcs of

depth-integrating hand sampler,

US DH-48
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III. DEVELOPMENT QF POINT-INTEGRATING SAMPLERS

23. Definition of point—integrating sampler--A point-integrating

sampler is designed to accumulate a water-sediment sample which is
reﬁreSentgtiv; of the mean sediment concentration at any selected point
in a streém vertical during a shdrt interval of time., Nearly all point-
_integratlng samplers'Avaloped prior vo the inauguration of this inves-
1£iéaﬁion‘a;e7;uﬁject to initial inrush when the intake i3 opened below
‘fhg #atefvsﬁ;fécé'of the stream and, therefore, .do not ‘take samples
representétiyélof ﬂhéfméén sediment concentratlion at the sampling peint.
The so-called inLtigl'inrush'Ls due to the pressure differential between
the iﬁslde and outside-of the s;mpler, as pointed out in the discuasion
in Sectior 2 of this repert and in Section 30 of Report No. 5 of this
series.

A point-integrating type of suspended sedirient sampler embodies
all the features set forth in the discussion of the design of a depth-
integrating sampler. In addition, the point-integrating sampler should
be so0 designed that with the alr exhaust and water-sediment intakes
closed it can be submerged to any sampling point at which the operator
desires to take a sample. At the same time, the alilr pressure in the
sample container and the external hydrostatie hegd should be equalized
at all depths to eliminate initial inrush when the intake and alr ex-
haust are opéned. Furthermore, the sampler should be so constructed
that the water-sediment intake and air exhaust may be opened and closed
at any depth.

24. PFirst experimental point-integrating sampler<-In the first
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experimental point-integrating sampler thg presgures within and without
were equallized at all polnts by utilizing the diving-bell principle.
The sampler was constructed with an inner chamber to holdrthe sample
contalner and an outer alr chamber havinﬂ a volume about five times that
of the sample container, The air chamber and the sémple contalner were
interconnected by means of a brass tube with a passage through a spring
actuated valve. When the water-sediment intake and alr exhaust, which
were also controlled by this valve, were closed, prior to lowering the
sampler into a stream or river, the pressure-equalizing paasage-was
open. The outer air chamberrhad a permanent opening at the bottom of
the sampler through which water could enter, thereby compressing the air
in the sample container as the sampler was submerged. Consequently, the
preasures outside and lnside of the sample container were always esgssen-—
tlally equalized., When a messenger weight was dropped along the sus-
pension cable, opofating tﬁe tripping mechénlsm, the valve would turn
about 1/4 revolution. Thuas tﬁe connection between thelsample contalner
and the air chamber was automatically closed and at the same instant the
water-sediment intake and the air exhaust were opened. When another
weight was &ropped, the valve rotated another 1/4 revolution and the
intake and alr exhaust were again closed, the connectlon between the alr
chamber and sample container remaining clﬁsed. . The sampler, with the
trapped sample, could then be rajised to the 5u;face. The first experi-
mental sampler was fitted with a nozzle 3/18 in. in diameter, with a
stralight bore 1-7/8 in. long, followed by a section 1-3/4 1ln. long,
tapered 1/4 in. per ft.

The tripping mechanism used on the first polnt-integrating sampler
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was an adaptation of-that used on the Frazier sampler which is described
in Repeort No. 1. The falling messender weight striking the tripping
mechanism would permit the sampler to drop about 1. inm. This movement in
turn operated a lever system which released the walve. The first exper-
imental point-integrating sampler, shown in Fig. 2g, was made of brass

‘and welighed 33 lbs.

Fig. 29--First experimental point-integrating sampler

The point-integrating sampler was tested for. leakage and per-
formance at high velocities and was calibrated in the 30-1in. latoratory
flume. In the original design, the air escaped through a 3/168-in, un-
protected vent on the top of the head. The tests indicated that the
intake nozzle velocltles were too high. In an effort to improve the
filling characteristics, the alr exhaust was brought out on the side of
the head, i/2 in. above the intake nozzle and was shielded by means of

a streamlined brass. cover. Results of tests with the air exhaust in the
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two different positions .are ¢
shown in Fig. 30. Ca : ST

5 P

The sampler with the air : f(‘

Ve
axhaust in the new position was 3 /// .

£

§ >
tested and sediment samples were £ /| ,J/

P
golleéted in the Iowa River at u Y/ /ry

§a A 2
the gaging 'statlon just below ///V ——8— AIR CXHAUST AT TOP OF HEAD

——— AV EXHAUST OM 81DE OF HEAD
//( ey [DEAL RELATIOMSHIF
the Hydraulic Labaratory at Iowa 1|7
City: The eguipment included a !
0 ] F 3 4 ] [

Sta"nd al"d stream gaging reel YELDCITY AT snyﬂunq POINT —~ FT,/8EC.
mounted on a cable .car. Sedi- Fig. 30--Intake characteristics of

first experimental point-integrating
ment samples were collected alseo sampler

from the Cedar River near Conesville., At this statlon a portable stiream
gaging crane equipped with a reel was used from a highway bridge. Re-
sults of the .tests indicated satisfactory intake charagteristies for

the depths. and velocities encountered.

25. Second expgrimental point»inteératigg ;amplerA—The field
tests on the first sampler indicated that the valve mechanism was not
entirely satisfactory. The impact of the messenger weight did not
always release the tripping mechanism and in some instances the device
would permit the valve to turn to the second position with the first
messenger welght. Further study of the problem indicated that many of
the undesirable features of the mechanical closing device could be
eliminated by using an electrically operated valve mechaniam. However,
due to the lack of materials and mgchine shop facilities for the devel-

opment of such a mechanlism, the changes in the second model were at
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first limited to improvements in the mechaniosl closing device. The
body of the first sampler was used in making the second with such modi-
ficatiohs.a; were necessary to adapt it to the new valve-and tripping
mechanism. An liproved head cntcﬁ was also developed for the second
sampler. |

The valve tripping mechanism in the second sampler 1s actuated
diréct;y‘by yhg meact’ofjmessenger weights. The impact moves a pin-
connecﬂed léﬁer syﬁtom which'in turn operates a modified escapement that
mopentarily releases the flat bfonze driving spring. The valve rotates
through 120° each time the escapement is tripped. As the valve turns,
the released ratchet tooth slides against the curved face of the pawl,
squeézlng the pawllﬁack against the ratchet wheel in time to engage
the next tooth, thereby making the movement and arrest of the valve
positive.

As in the first model, the sampler ls fitted with a 3/16-in.
diameter nozzle. However, the length.of the tapered section was re-
duced to 3/4 in. as an inspection of the‘nbzzle in the first sampler
revealed that the valve was hot ig exact alignment, thereby reducling
the effect of the taper. A phectograph of the second point-integrating
sampler is shown in Fig. 31, and a view of the valve mechanism in
Fig. 32. A drawing of the sampler ls shown iln Fig. 33. Thls sampler
wae calibrated in the 30-in. laboratory flume, the proocedure being
the same as for the flrst model. Samples were taken in the Iowa River
at the Iowa City gaging station below the Hydraullc Laboratory. Re-
sults of ‘the fleld tests indicated that the performance of .the sampler

was gatisfactory for the depthé and veloclties encountered. Results

-~
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Pig. 31i—Second experimental point-integrating sampler

+

=

Fig. 3g--Valve mechanism for second experimental point-
integrating sampler
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of these tests are shown in
Fig. 34.

The second experimental
point-integrating sampler was
later modified by adapting a
splenoid to the sampler in
such a manner that the mecha-
nism could be tripped electri-
cally instead of by the impact
of a2 messenger weight. The
sampler ls shown with the
solenoid in place in Fig. 35.
However, this feature proved

inadequate for field operation.

Btanl VELOZITT = Fi /B0

[

L. — i
e B A1 = 1N, [k, TAPEALS h:\:l’.qL
IDEAL BEL ATIE N

!

VELGEITY AT BamrLing FOINT = FT.780C

Fig. A34--Intake characteristics of
second experimental point-Iintegrating
sampler

Flg. 35--Second experimental point-integrating sampler with solenoid
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286. Third experimental point-intedrating sampler--The results of

the field tests on the second experimental sampler indicamted that a
Point-integrating sampler was required for investigations of fluvlal
sediments and that a satisfactory sampler could be developed. An elec-
trically operated tripping device for the valve mechanlism appeared to be
desirable, as well as improved streamlining and greater weight. Conse-
quently, a complete new design was made for the sampler body and the
valve tripping mechanisgm,

The diving-bell prineciple of eqgqualizing pressures proved very
practlical and was carried over into the design of the third experimental
point-integrating sampler. fhe sampler was made larger and the weight
was increased to nearly 100 1bs. This sampler, completed in 18486 and
designated US P-46, is illustrated in Figs. 36 and 37. Drawings of the
sampler are shown In Figs. 38a and b. The results of calibratlion tests
made in the laboratory channel by procedures simiiar to those used for
the first experimental sampler are presented in Fig. 39.

The US P-48 sampler is discussed in detall in the report, "“Opera-
tion and Haintehance of US P-46 Suspended Sediment Sampler." Fleld
tests of the sampier have been published in the progress report, "Fleld
Tests‘on Suspended Sediment Samplers, Colorado River at Bright Angel
Creek near Grand Canyon, Arizona." The results of the fleld tests indi-
cated that the US P-48 sampler 13 entirely satlisfactory for field use,
but that additional development work on the valve tripping mechanism
would be deslirable.

This sampler is designed primarily for obtaining accurate point-

integrated samples and has been widely used in the field for that
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Fig. 88a--Third experimental polint-integrating sampler, US P-48

F

Fig. 38b--Third experimental peint-integrating sampler,
F as

-48, disassembled
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Flg. 237a--Valve mechanlam for third experimental polnt-integrating
sampler, US P-48

Fig. 37b--Valve mechanism for third experimental point-integrating
sampler, US P-48, partlally disassembled
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purpose. In addition 1t has
been used extensively as a o
8- - =
depth-integrating sampler for
. ; i o |
sampling throughout a stream §? ‘
s
'Y
vertical elther on a round- ée
2
Q
trip basis or in one. direction g8
.only. When used as a depth- z
3
s i
integrating instrument, the o 3/18+IN. OIA. TAPBRED NGZILE | |
2 ——— IPEAL RELATIONSHIP
‘sampler is subjeet to the | )
deptlh l’.mltatlons dlscussed in 00 l & i) g - y 8- 7] [Te]

VELOCITY AT AAMPLING POINT = FT./3EC.

Section '11. Depth-integrated o
Flg. 39--Intake characteristics of
samples have been obtalined third exparimental point-integrating
sampler, US P-48

satlsfactorily in deeper

Streams by integrating portions of the depth successively. The results
of such samples must be welghted properly in accordance with the stream
discharge which each represents. However, if uniform rates of lowering
or ralaing the sampler are maintailned during collection of all samples
in a given vertical, these samples may he composited intoc one sample
which will be repressntative of the entire vertical. 1In sampling por-

tions of. the vertical, no part of the depth should be omitted and none

should be sampled twice without ¢iving those facts proper welght.
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IV. STUDIES OF INTAKE CHARACTERISTICS OF SEDIMENT SAMPLERS

27. Effeet of water temperature on intake characteristics—-The

laboratory investigations discussed in Report No. 5 db not lnelide any
studlies relatife‘to the effects of water temperature on the intake char-
acteristics of the standard nozzle. It was generally felt at.the time
of those teata that the intake velocities were outside the range of
laminar flow and the effects of temperatﬁre changes were insigniflcant.
However, asfﬁhe'development.;? the samplers continued, the effect of
temperature became inereasingly evident, and allowance was made in the
sampler calibrations for the effect of temperature on the relative "sam-
Pling rate, or‘intake ratlo. In addition some data were available in
engineering.literature to support the fact that temperature does defi-
nitely. affect the flow of water in amall tubes. PFor small smooth plpes
the loss of head has been found to ‘increase about 4 pPer cent for each
10° fall in temperature from 70° to 40° F. (2)*. Recent laboratory
lnvestlgations indicate that the velocity of water in small glass tubes
may be lncreased as much as 20 per cent when the temperature is in-
creased -from 32° to 77° F. (3)*,

‘Results of intake veloclty tests on D-49 sampler No. Bl with wateér
temperatures at approximately 920 and 67° F. are shown in Fig. 40. The
effect of temperature shows up markedly at the lower velocities, but
seems to decrease rapidly as the veloclties increase. There is some

inconsistency in the results at 1.0 and at 2.0 ft. per sec. for the

* Numbers in parentheses refer to references ln the bibliography.
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used throughout the tests.

28. Effect of translt rate on intake characterlstics--In the

development of the depthfintegrating samplers, it was recognized that
the laboratory tests made with the sampler in a fixed position and the
nozzle horlzontal would not provide complete information on the intake
characteristics that prevail when the sampler s in-?ransit. Laboratory

facilities did not permit studies fo be made of normal depth-lintegration
sampling. However, some limited laboratory tests were made with the
nozzle and sampler tllted 10, 20, and 30 degrees in the vertical. These
tests are cbmparable to collecting samples when the transit rate 1ls such
that the relative velocity vectors are likewise 10, 20, and 30 degrees.
Results”for a D-43-sam§1er with 3/18-in. diameter nozzle and af a water
temperature of 32° F. are shown for two different velocltles in 'Fig. 42.
The data in terms of the relatlve samplling rate (intake veloclity divided
by the stream velocity, v) plotted against the anglé of inclination (&)
are shown in Fig. 42a. The same data expressed as intake ratio {intake
velocity divided by v cos &) plotted agalinst the angle of inclination
(¢) are shown in Flg. 42b.

The expression "relative sampling rate" as used in Report No. 5
wasg defined merely as the ratlo qf the velocity in the lntake nozzle to
that in the stream at the sampling polnt. Thls slmply relates'two
velocities, but the relation has a somewhat different significance when
satream velgcity refers to a veloclity approaching a sampler nozzle which
is held in a fixed position at an angle to the flow, or when stream
velocity denotes a horlzontal veloclty approaching a samplgr nozzle

which 1s being moved across the lines of flow.
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The data presented in Fig. 3 are a replot of data from Report No.
3 showing the intake velocity relation, the factor which determines the
accuracy of the sampling process, as the ratio of thg velocity in the
intake nozzle to that vector of the stream veloclity which approaches thé
intake nozzle along its axis. This vector is v cos g when a is the
angle between the approaching velocity and the intake nozzle as shown in
the small sketches in Fig. 42b. This concept of intake veloclilty rela-
tlons has been termed ﬁhe "intake ratioc."™ Obviously, whenever the in-
take nozzle is parallel to the flow, the two expressions "intake ratio"
and "relative sampling rate" are equivalent, because cos a4 is then
unity.

The data showﬁlin Fig. 42b are analogous to the results to be ex-
pected from actual depth integratlion with the sampler moving vertically,
in which cese the vector veloclity would be equivalent to the stream ve-
loci£;. . The upward tilt of the nozzle and sampler as given hereris com-
parable to downward transit in normal depth-integratiop sampling. These
data seem to indicate that the maximum rate of vertical movement of the
sampier for dependable operatlion would be about 0,38 of the stream
Qelocity, corresponding t¢ a vertical angle of 20 degrees. Possiblywé
somewhat higher rate would be allowable for downward than for upward
integration.

A study of the available data indicated the desirability of deter-
mining the intake characperistics for depth-integrating samplers under
controlled conditions. Laboratory tests were conducted on this basis at
the David Tayler Model Basin in still water with the sampler supported

on a movable carrlage. This arrangement made it possible to determine
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the intake velocitles in the sampler nozzle through a range of vertical
and horizontal transit rates. .

In the orlginal plans for the tests, the sampler was to have been
supported on a rigid frame assembly. However, as such equlpment was not
immediately avallable, the tests wer; conducted by suspending the sam-
Pler on a cable ;ttached to a Qévolving drum. Thils procedure made it
negégéapy.to“correct fdr downstream-dr;ft of thé sampler at most hori-
zontal transit rates.

The investigafion=at the Davld"Taylor Model Basin was conducted
uﬁder cﬁnditldns correspondlﬁg to those in a stream in which the-veloci—
ty ls tﬁé same from the wéter surface to the bottom and in which there
is no turbulence.. The results, which are summarized in Table 2, verify
the limiting downward translit rates obtalned from equatlions (5) and (@)
for conditions at the water surface; where the permlasible lowering
rates are 'always dgtermined for cond{tions'bf uniform velocity;.dnd ;s
far .as appllcable these results alsc substantliate the limiting lowering
rﬁtéé of Fig. 2. The allowablé relatife transit rate for upward inte-
gratlon probably does not vary with depth, so that the limiting ratio of
raising rate to stream velocity should nct be exceeded at any point.
Because of the shape of the normal vertical velocity curve ln a stream,
the veloclty at. the bottom will establlish the limiting translt rate for
upward integration. The allowable transit rate for upward integration
may be found to be much smaller than the allowable transit rate for
downward lntegration in the same stream, depending upon the depth,
veloclty distributien, and slze of nozzle used. In order to deter-

mine the translt rate which 1s applicable in any specific case the
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limitations for both upward and downward integration should be inves-
tigated. For round-trip integration, the minimum indicated for elther

trip should be used.

TABLE 2

DETERMINATION OF MAXIMUM RELATIVE TRANSIT RATES

Maximum relative transit rate - Rp/vy
*Laboratory tests,
Nozzle | Direction David Taylor Fleld tests,
diame- of Model Basin v = v Colorado Rliver
ter integra— ; From nr Grand Ceanyoen
Sampler in. tion Test datalequation (5)] from equation (5)
P48 3/18 downward 0.45 0.39 0.40
upward 0.35 - -
(100 lbs.) 1/8 . downward 0.20 0.17 0.18
upward 0.30 - -
D-43 3/18 | round-trip| 0.50 - -
{50 lbs.) 1/8 round-trip 0.25 - ) -

* Report entitled "Investigation of Intake Characteristics of Depth-
Integrating Suspended Sediment Samplers at the David Taylor Model
Basin." .

'.The maximum relative transit rates based on the David Taylor test
data are not those at which the transit rate begins to affect the intake
ratio, but are the rates at which.the effect on the intake ratloc is the
max imum which may be allowed without introducing the possibility of
noticeable error in the sediment content of the sample. Consequently,
‘the maximum relative transit rates computed by use of egquatlon (5) are
somewhat more restrictive than those determined from the teat data.

The maximum transit rates shown for the conditions of the fleld

tests in the Colorado River near Grand Canyon, Arlizona, were computed
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by use of equation (8. At these rates, the first effect of the transit

rate should appear for the conditlons of velocity distribution found at

the- Grand Canyon station, .. ST T
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V. DEVELOPMENT QOF NEW MODELS

29. Introductory statement--Subsequent to the developmental work

on the sediment samplers previously described in thls report, the
cooperative project offices were moved from Iowa Clty, Iowa, to the St.
Anthony Falls Hydraulle Laboratory of the Unlverslty of Mlinnesota at
Minneapolis, Minnesota, In the spring of 1548. The design of new models
of suspended sediment samplers and the improvement of previcus models
were continued at the new locatlion. Two new models recently developed
are described in this chapter.

A modification of the valve and operating mechanism of the US P-48
sampler as designed and developed by the COmaha Office of the Corps of
Engineers ls also presented. Thls modifled sampler has been termed
P-48 E.

30. Depth-integrating sampler, US D-49--Exteénsive use of the 50-

lb. US D-43 sampler under a wide range of field condltlions indicated
that it was satisfactory for streams of moderate depth and where velocli-
ties do not exceed about 5 ft. per sec. However, the tests indicated
also an increasing lack of stabllity as the sampling depth, the veloci-
ty, or the degree of turbulence ilncreased. The tall vane of the D-43
sampler projects below the bottom contour of the body in order to facll-
itate orlenting the sampler into the stream flow prior to submergence.
It was found that, when the bottom tip of the tall vane struck the
stream bed and the tension in the suspension cable slackened, the-body
of the sampler would be turned sideways by the current before the sus-

pengion cable was tightened again for the ascending trip. 1In order to
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correct ﬁhese deficiencies and to incorporate other indicated improve-
ments in.the depth-integrating sampler, it was decided to develop an-
other model.’

- i7" In the new sampler, deslgnated the US D-49; improved stabillity was
obtained by more effective streamlining, 'increasing the lendth from 20.5
in. to 24.in., and by shifting the center of gravity forward to bring
thé point of suspension of the instrument relatively closer to the front
of the sampler. Under some field c¢onditions where the stream flow was
very tuwrbulent -and the veloclities around 5 to 8 ft, per sec., the D~43
ganpgler would wedve about in the flow and drift downstream considerably.
As-antlclpated during the development of the D-42 sampler, .increaslng
the weight to about 83 1lbs., together with improvements in the. body
design, largely remedied this conditlon.

- To bring the center of gravity forward in the US D-43 sampler, a
cavity was formed In the rear portion of the body casting, which was
later filled with plastiflex, a rubber-like substance wlth a specific
gravity slightly over unity. The presence of a light-weight sectlion
within the body of the sampler displaces the center of buocyancy backward
from the center of mass.. Consequently, the ilnstrument can be balanced
in water so that it will operate in a horizontal position. Yet when the
instrument 1s suspended in air the tail will sag slightly, thus helping
to allgn the sampl%r‘with the, stream flow even though the bottom of the
tall does not project below the body when the sampler is in a horizontal
position.

. As originally designed, the head of the D-43 sampler was mounted

on the body wlth the hlinge on the top and the catch on the bottom to
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permit use of a bottom tripping device. Reversing the position of the
catch and hinge, with the hinge on the bottom so that the sampler head
would swing downward to open, had been under consideration for some time
a3 a means of making the sampler safer and easler to operate. Thils
change'was made on the new model, and the hinge was also simplified,
giving better operating characteristics and reducing the cost of manu-
facture.

The development of the stainless steel air exhaust in the US DH-48
sampler and improvement in casting methods made it possible to invest a
similar pre-shaped tube in the head casting for the D-49 sampler. Thus
an expenalive machining operation to provide the air exhaust passage was
eliminated. Lugs were cast in the bottom of the container cavity tohold
the bottle spring, and the bottle gasket was also simplified somewhat.

Photographs of the U2 D-49 depth-integrating sampler are shown in
Fig. 43 and partial plans are shown in Flg. 44.

The intake characteristics of thls new mddel are the same as those
of the D-43, and the same accuracy, methods of operation, etec., are ap-
plicable. With the improved air exhaust, less taper is reguired in the
nozzles of this instrument to provide the desired intake ratio.

31. Alternate valve mechanism for P-46 sampler~--An alternate

valve mechanism for the P-48 sampler has been developed in the Omaha
District Office, Corps of Engineers. Samplers equipped with this mech-
anism are deslignated P-468 E. The valve includes a hypass to divert flow
out of the intake nozzle prior to sampling, the purpose being to avold

any possibility of developing an accumulation of sediment in the nozzle
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Flg. 43a--Depth-integrating suspended sediment sampler, US D-48

Fig. 43b--Depth-integrating suspended sedlment sampler, US D-48,
head open

Fig. 43¢c—-Depth-integrating suspended sediment sampler, US D-49,
disassembled
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which would-be washed inte the sample bottle when the valve is opened
for sampling. There seems to be some doubt as to the complete ef-
fectlveness of this bypass and no conclusive data are avallable on this
point. Tests presented in the progress report "Field Tests on Suspended
Sediﬁenm Samplers, Colorado River at Bright Angel Creek'near Grand
Canyon, Arlzona, August 1951" indicate that even without a bypass there
was very little accumulation of sediment in the sampler -nozzle prior to
sampling.

The head of the sampler ls pressurlzed, that is the compression
chamber and the head cavity are connected at.all times by an air pas-
sage, but the passage of air from the head cavity into the sample bottle
is ;controlled by the valve. This arrangement reduces the theoretical
depth to whlch the sampler can be operated from about 140 ft. "to about
75 ft. By making the pressure inside the head equal to that cutside,
the tendency for leakage into the head and through the valve .is reduced.
Some of* the regular US P-468 samplers have been similarly pressurized by
making a hole in the compression line inside the head cavity. Pres-
gurizing the head is optlonal on any of the US P-48 samplers.

The movable portion of the valve slides longitudinally rather than
rotating as in the standard US P-48 mechanlism. Apparently elther type
of motion is reascnably satisfactory. The P-48 E mechanism does not re-
quire winding, but there is no simple provision for lcosening the valve
to start operatlon if the valve should stlck or become hard to operate.

The modified mechanism returns the valve to the closed position at
all times when the-instrument‘is not electrically activated. Besides

the closed position, there are two other positions, (1) the equallzlng
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position which is used just prior to sampling to equalize the pressure
in the sample bottle at the same time the byﬁass is open to allow flow
to elrculate through the intake, and (2) the sampling position in which
the intake nozzle passage into the sample bottle and the air exhaust
passage from the sample bottle are both open. Two solenoids are pro-
vided‘for the operation of the valve. One operates to slide the valve
into the equalizing position, and the other does the same for the sam-
pling position. The direction of the aperating current, which must pass
through a rectifier in the sampler head, determines which of the sole-
noids will operate. The electrical clircuit is c¢losed through the sus-
pension line and sampler in one certain direction to place and hold the
valve in the e&ualizlng position, then the direction of the current flow
is reversed to move the valve into the sampling position. The current
supply is shut off at the end of the deslired sampling time and the valve
moves baok to the closed position. With the mechanism operating proper-
ly, the position of the switch automatically indicates the position of
the valve. OQperation pf this mechanism requires direct current of about
80 volts capable of supplying about 3 amperes for the duration of the
sampling time.

The cost of manufacture of the P-468 E type of mechenism has been
about the same as that for the standard US P-46 mechanism, although the
latter ls éenerally‘considered the simpler to make.

Photographs and partial plans of the P-48 E valve mechanism are
shown 1in Figs. 45 and 46, respectively.

32. Point-integrating sampler, US P-50--The demand for a point-

integrating sampler for use in extremely deep rivers of high velocity
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Fig. 45a--Valve mechanism for P-48 E sampler

Fig. 45b--Valve mechanlsm for F-48 E sampler, dlsassembled
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‘resulted in the ‘design of a 300-1b. pointiintegrating suspended sediment
sampler designated ‘US P-50.

" Thls sampler was designed primarily for use under conditions such
as éﬁcddnféfed:fh fhé Lower Mississippl River where the stream depths
éﬁé“%eﬁbcifles'preélude the use of the US P-48 sampler. The body is
suffiéiéntly large to accommodate a duart bottle as a sample contalner,
drid a compression chamber In the body to permit operation of the sampler
to depths of 200 ft. with the head dévity'preésuriied. The compreésion
chamber 1s located abﬁroximately on the center of gravity of the sampler
so that the instrument will not tilt appreciably as the compresslon
éhamﬁérﬁis fllled with water. fhe center of gravlity is located as far
forward as possible in order t¢ provide stability in turbulent flow,
The sampler head, being hinged at the bottom, opens downward for ease
and safety in handling.

The sliding type of valve opersted directly by solenoids was
adopted. However, for simplicity 6f operation, only two positions are
used. A spring holds the valve in the equalizing position, and the
solenoids when electrically energlzed hold it in the open position. 1In
the equallzing position, the intaké and airMexhaust passages are both
closed, but the air passage from the sample bottle into the pressurized
sampler head is open. The sample could thus be contaminated by the
almost complete filling of the sampler head wlth;wafer, and sample could
be lost 1f the sampler were to nose downward at an sngle of about 15
degrees. Both solenoids exert pressure in the same direction. The di-
rectlon of electrical current flow is immaterial, and no rectifler is

needed. The solenolds are arranged so that one acts as a starter and
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booster for the slide valve, and a limit switch cuts cut that solencld
when the slide valve has nearly reached the sampling position. The
limit switch is not an essential feature as the starting eolenocld may be
used throughout the sampling time, but by de-energizing this solenold
the current requirements are reduced and the‘act;on,of the holding sole-
noid lis slightly strengthened. The holding solencid is always‘in use
when the current supply is turned on, and this solenoid will operate the
slide valve alone under favorable conditions.

Sampling takea_plaqe:during'the_pime the solenolds are energized.
Operation on hench tests has been satisfactory at 14 volts. FPresunmadbly
20 to 50 volts of direct current capable of supplylng about 1 ampere
over the time of sampling would be needed for fleld operatlon, the
voltage requirements increasing withlthe length of suspension line.

The US P-50 sampler is designed for the same type of sampling and
Ls_expectgd to hgve;the same sampling characteristics and accuracy as
the US .P-48. Photographs and partlal plans of the US P-50 are shown in

Piga. 47 and 48, respectively.
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VI. DEFERRED INVESTIGATIONS

'33. General--During the coyrsge of developing the sediment sam-
plers, a number of pertinent features under consideration were neces-
sarily left in abeyance because the war emergency made 1t necessary to
curtail the initlal project. ©Some of these items have since been inves-
tigated in connectlon with continued sampler development, others are
mentioned here as possible projects for future investigation.

34. Collapsible bag sample container--Consideration was given to

using a collapsibie bag, posalbly of some transparent flexiblé rlastle,
instead of a rigld vessel for the reception of the sample. The bag
might be #ttached by means of a metal ring to the inside of the sampler
head. The head would be fitted with an intake nozzle only, no air ex-
haust being required because the bag would be collapsed when placed in
the sampler. Ports in the walls of the recess efhclosing the deflated
bag would permit water to surround the bag, thereby eliminating any ini-
tial inrush due to unequal pressures. The velocity of the stream would
force water into the ccllapsed bag while the water within the bag recess
would escape through the ports in the sides and bottom., This type of
contalner could be used in both point- and depth-integrating aamplérs.
While the collapsible bag centainer would have aevefal desirable
features, it probably.would not be as satisfactory as the g¢lass baottle
adopted for the US samplers. The removal of the collapsible bag from
the sampler t0 a rigid container irn the fleld would present some practi-
cal difficulties. The valve in the intake nozzle would have to be

positively‘tfght in order to keep the bag collapsed and the fittings
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required to attach. the bag to the head would complicate its removal in
the fileld.: In addition,.the procedure 1ln pouring and flushing the sedl-
-ment sample from yhe_bag-to.a laboratory container such as an evapo-
ratlng dlish ar:Gopch -crucible would be more difflcult than from a rlgld
contalner,

35. Rigid plastic container--In the use of the present sample

contalner, frequently the sample is allowed to settle for a glven perlod
and the clear water drawn off by means of a,siphon. Then the remainder
. of the water-gediment mixture is washed into a Gooch crucible or evapo-
;rating dish. 4As thls procedure ls rather laborlous, some thought was
glven to the design of .a speclial cohtalner which could be used in con-
.nection with a modified form of the present evaporating dish. The con-
tainer would be made of a colorless plastle having stralght sides
graduated between 350 and 450 ml., with a. mllk-bottle type of lid, and
a hole in the bottom threaded for a removable plug. A special evapo-
rating dish would be made to fit the top of the container. Thug with
the contalner inverted the sediment would settle directly into the
evaporating dish. The clear water would then be drawn off through the
hole in the bottom. The study glven to this type of container was not
carrlied beyond a limjted design because 1t was thought that the develop-
ment costs would be excessive.

36. Pressure equallzed by means of gas or compressed alr--It 135

believed that for most sampling purposes the pressure equallzing method
used lIn the design of the present point-lntegratling samplers will be
satisfactory. It is automatie, utilizing materials at hand, namely, alr

and water, without any attenticn from the operator except an occasional
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inspection to insure that water ahd air passages remain open. However,
if the reguirements of a particular sampling program shpould preclude "use
of the diving-bell principle, initlal Anrush could probably be overcome
by introducing into the alr chamber a small amoupnt of frozen carbon
dioxide or carbide, and plugging the hole in the bottom of the sampler.
The gas generated would create pressure in thée chamber and sample con-
tainer. Then if the water intake and alr exhaust were opened and the
connection to the gas. chamber closed, any excess preasure within the
sampler container would be lnstantly relieved and the sampler.would
Immediately begin filling at a rate equal to thé stream velocity at the
point. Pressure in the chamber and contalner might he suppllied by
threading a valve into the hole at the bottom of the sampler and pumpling
alr Into the chamber.  Thls would necessitate designing the connections,

container, etc., to carry a pressure of about 20 1lbs. per sqg. in.
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