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SYNOPSIS 

This r e p o r t  i s  a review of f i e l d  procedure and equipment used i n  

t h e  p a s t  i n  sampling suspended sediment loads of s t reams.  The methods 

fol lowing i n  l oca t ing  sampling po in t s  ac ros s  a stream and i n  s e l e c t i n g  

t h e  depths of observat ions i n  a v e r t i c a l ,  a r e  d iscussed  i n  d e t a i l ,  and 

t h e  advantages and disadvantages of t he  var ious  methods a r e  presented .  

Considerat ion is  given a l s o  t o  t he  frequency wi th  which samples should 

be taken. 

The devices used i n  the  p a s t  f o r  sampling suspended sediment a r e  

descr ibed and 65 forms a r e  i l l u s t r a t e d .  The samplers have been c l a s s i -  

f i e d  according t o  t h e i r  mode of a c t i o n ,  and the  advantages and objec-  

t i o n a b l e  f e a t u r e s  of each c l a s s  a r e  given. The requirements of a sam- 

p l e r  which would meet a l l  f i e l d  condi t ions  s a t i s f a c t o r i l y  a r e  s e t  f o r t h .  
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FIELD PRACTICE AND EQUIPlrWT USED I N  

-LING SUSPWDED SEDIHENT 

I. INTRODUCTION 

1- Present s t a tus  of euswnded sedimelit investi~ations--Sand, si l t ,  

gravel, and other insoluble mstarials tranrported by streams, e i the r  a s  

suspended mstter or as bed load, present problems of v i t a l  importance in  

inany projects f o r  flood oantrol, s o i l  conservation, i r r iga t ion ,  navigation, 

and water power development. Costly msintanance, l o s s  of efficiency, 

and, i n  many cases, oomplete destruotion of important engineering works 

have been experienced due t o  f i l l i n g  of reservolrs by sediment, f i l l i n g  

or scouring i n  navigation and i r r iga t ion  channels, and orooion and gully- 

ing on arable lands. Study has been given t o  these problems both i n  the 

f i e l d  and i n  tho laboratory, trut a p e a t  deal more work is necessary 

before a l l  of the many and complex phases can be se t i s f ac to r i ly  handled 

In view of the axtensivo industr ia l ,  c o m r c i a l ,  and public service 

development of s t r e m s  acconpliehed i n  recent p a r a ,  it may be expected 

that the accumulation and deposition of tho sedimentary materialo carried 

by r ive r s  w i l l  become a problem even more serious i n  the future.  There- 

fore ,  i n  order t o  e f f ec t  the best solution it  is desirable t o  have a 

ba t te r  knowledge of the physical l a w s  controll ing sediment movement and 

t o  have more Information regarding the nature and amount of sediment 

oarried by the individual streams. 

To determine tho quantity, the crosa-sectional dis t r ibut ion,  and the 

character is t ics  of sediment i n  any r iver ,  samples of the water-oediment 

mixture a r e  obtained, and analyzed i n  the laboratory. Many in te res t s ,  
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public and private, and individuals, have been engaged in this type of 

study during the past century, but with little or no collaboration or co- 

ordination. Each investigator has developed equipmentand sampling methods 

according to his own interpretation of the manner of sediment transporta- 

tion and according to the denlands ofthe particular problem at hand. Con- 

sequently, the various samplers that have been developed make up a 

heterogeneous collection of instruments, many radically different in 

principle and construction, and yet designed to perform the same work. 

The samplers, generally, have been improvised to meet the situation at 

hand and, in many cases, the construction or principle of operation 

prevents their obtaining samples truly representative of the quantity of 

sediment carried by the water in which they are inserted. Similarly, 

there are today many different methods used in taking suspended sediment 

samples for determining the sediment discharges of streams. The number 

and location of sampling points in a river cross section, and the 

frequency of sampling, have often been arbitrarily chosen without regard 

to periods of time, or to seasonal changes in the volume of water and 

sediment carried by the streams. Laboratory practices in analyzing the 

samples and methods of presenting the results, likewise vary. The lab- 

oratory methods employed usually have been relatively accurate, but some- 

times more expeneive than necessary. Uncertainty as to the best methods, 

and lack of standardization of apparatus and field practice, have resulted 

in data which are Pifficultto correlate and which, in many cases, are not 

sufficiently complete for practical use. 

2. Purposeofthe present investigation--In viewofthe miscellaneity 

of apparatus used in sampling the sediment content of streams, the 



Section 3 16  - 

d i s s i m i l a r i t y  i n  p rnc t i ces  employed, both i n  f i e l d  snmpling and i n  labor-  

n to ry  ana lys i s ,  and i n  view of the  importance of da ta  regarding the  quan- 

t i t y ,  charncter ,  and behavior of sediment ca r r i ed  b./ streams, seve ra l  

government agencies, mutually in te res ted  i n  t h i s  problem, have h e n  

prompted t o  cooperate i n  a j o i n t  p ro joc t  t o  review e x i s t i n g  equipment 

and p rac t i ces ,  t o  develop by observations nnd 1aboro.tory t e s t s  the  re ln-  

t l v e  value of r e s u l t s  obteined i n  using such equipment and p r a c t i c e s ,  nnd 

t o  develop approved methods f o r  s p e c i f i c  problems i n  sediment inves t iga-  

t ions .  The f i r s t  phaso of t h i s  comprehensive study,  which i o  described 

i n  t h i s  r epor t ,  i s  an exhaustive review of equipment an? f l e l d  p r a c t i c e  

i n  securing sediment samples i n  t h i s  country and abroad. A s i m i l ~ r  otudy 

of bed-load snmplers i s  a pnr t  of the  projoct .  

A study of labora tory  methodo f o r  determining the  concentrat ion of 

sediment3i the  samples end the  va r i a t ion  i n  s i z e  of pnr t i c l en ,  i s  nnother 

phase of the  genera l  p r o j e c t  t o  be covered i n  a l a t e r  r e p o r t .  k labora- 

t o r y  study of oamplers, and sampler in takes ,  p r i n c i p a l l y  with consideka- 

t i o n  of the  e f f e c t  of t h e i r  mode of a c t i o n  upon t h e i r  accuracy, i s  a l s o  

an important p a r t  o f t h e  inves t iga t ion .  Those phaseo of the  invoot iga t ion  

w i l l  be covered insubsequent r epor t s  with t i t l e a  o.s i nd ica ted  t e n t a t i v e l y  

on page 2. 

Upon completion of the  e n t i r e  p ro jec t ,  it i s  believed t h a t  improve- 

ments i n  f i e l d  p rac t i ce ,  i n  sampler design, and i n  1nborat)ory a n c l y s i s  

cen be recommended. Thic p ro jec t  should sorve a l s o  no n guide i n  estab- 

l i s h i n g  some degree of otandardizct ion.  

A u t h o r i b  and personnel--Tho comprehonoivo program of which t h i s  3.  - 

r epor t  i s a  pa r t ,  i s  conducted byan informal cooperation of the  Geological 
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Survey, Indian Service, and Bureau of Reclamation of the U. S. Department 

of the In te r ior ;  the Flood Control Coordinating Committee of the U. S. 

Department of Agriculture; the U. S. h g i n e e r s  of the War Department; and 

the Tennessee Valley Authority. The investigation i s  being conducted a t  

the Hydraulic Laboratory of the Iowa Ins t i t u t e  of Hydraulic Research, 

S ta te  University of Iowa, Iowa City, Iowa, under the supervision of 

Professor E. W. Lane. Engaged on the project a s  representatives of t h e i r  

respective collaborating agencies have been, Cleveland R. IIorne, Jr., 

U .  S. Engineer Department; Victor A. Koelzer, U. S. Geological Survey; 

Phi l ip  M. Noble and Donald E. Rhinehart, U. S. Bureau of Reclamation; 

Vernon J. Palmer, U. S. Department of Agriculture; and Clarence A.  Boyll, 

Tennessee Valley Authority* 

The personnel of the U. S. Engineer Sub-office, Iowa City, and of 

the Hydraulic Laboratory of the University of Iowa, have assis ted i n  the 

administrative de t a i l s ,  the tes t ing program, and i n  the preparation of 

reports .  This report has been edited by M r .  Martin E. Nelson, Engineer, 

i n  charge of the U. S. Engineer Sub-office. 

4. Scope of the present report--The h i s to r i ca l  development of 

equipment and pertinent information concerning f i e l d  practice used i n  

sampling suspended sediment of flowing water are  presented i n  t h i s  report. 

This review, which is a rev i s ion  and enlargement of the preliminary report  

submitted in  November, 1939, w i l l  form the basis f o r  the i'uture study and 

development of these phases. It i s  5ntended t o  be a s  exhaustive a s  i s  

practicable,  of both foreign and American l i t e r a t u r e  on the subject,  but 

due t o  rapid devolopments and advancements which a re  current ly  mnde i n  

suspended sediment work, it w i l l  undoubtedly be incomplete. However, any 
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important information which becomes available during tho course of the 

investigation w i l l  be covered i n  supplemontary reports. 

In Chapters I1 t o  V I  arc  reviewed the experiences and practices of 

ear ly  and contemporary investigators i n  suspended sediment research. In- 

vestigations of the past aro l i s t e d  chronologically and a sunmiry and 

classif icat ion of the various f i e ld  methods a re  given. 

Two highly important phases of f i e l d  practice in  sediment sampling 

are  considered; viz., the locatlon of sampling points, and tho frequency 

of observation. The basic consideration in  the selection of sampling 

points i s  that  s~mplcs  obtained should bo representative of the quantity, 

or s ize  dis t r ibut ion of sediment, or both, prevailing a t  the stream cross 

section a t  the time of sampling. The common practice has been t o  select  

one or more ver t ica l  stations in  c cross section, e i ther  a r b i t r a r i l y  or 

with respect t o  water discharge dis t r ibut ion,  and t o  tako scmplos a t  one 

or more points i n  each ver t ical .  Arbitrary soloction of sampling points 

necessitates modifying 'the r e ~ u l t s  by empirical coefficients.  Recent 

practice has beon t o  se lec t  locetion of sampling points on a ra t ional  

basis. Various methods used in  locating ver t ica l  s ta t ions and sampling 

points i n  the ver t ica l s  a r e  discussed i n  d e t a i l  i n  Chapters I11 and I V ,  

respectively. 

Seasonal and climatic offocts produce wide variations i n  suspended 

load, especially i n  smaller streams, and therefore, tho frequency of ob- 

servation b a n  important phase of the f i e l d  procedure. In most instances 

it probnbly deserves more consideration and study than has been given t o  

it i n  the past. A discussion of t h i s  factor i n  presented i n  Chapter V.  

A study of suspended sediment sampling equipment, which has beon or 



19 Section 5 

i s  being used, i s  presented in  Chapters V I  t o  X.  The h is tor ica l  develop- 

ment of samplers i s  outlined and the various aamplers are  c lass i f ied  a s  

t o  type. Their advantages and objectionable features are discussed. 

Numerous samplers, varying widely i n  principle of action and design, 

have been devised. No individual sampler, or type, has been accepted 

commonly by the various agencies conducting sediment investigations,  and, 

i n  general, samplers have not been rated with respect to  the i r  r e l i c b i l i t y  

i n  securing representative samples. Regardless of the care exercised in  

locating sampling points and the frequency of sampling, the data can be 

no more accurate than the individual samples. One purpose i n  t h i s  study 

i s  to  determine and evaluate the a b i l i t y  of snmplers t o  obtain represen- 

t a t ive  water-sediment samples and, i f  possible, t o  grade samplers accord- 

ing t o  t h e i r  adaptabi l i ty  f o r  various types of work. Where improvements 

i n  design a re  indicated these w i l l  be pointed out. 

5. Definition of terms--In preparing t h i s  report  accepted usage of 

terms has been followed a s  closely as  possible. However, i n  cer ta in  cases 

more recent information, or the necessity f o r  more accurate def ini t ions,  

has lead t o  departure from the usual terminology or t o  the introduction 

of new terms. The following a re  the def ini t ions of cer ta in  terms a s  used 

i n  t h i s  report:  

Sediment--Fragmental mcterial transported by, suspended i n ,  
or deposited by, water or a i r ,  or accumulated in  beds by other 
natural  agents. (From New Standard Dictionary, 1937, geology .) 

(Note--It has been conmon practice t o  use the term "silt" 
in  t h i s  sense, but, since it also defines a cer ta in  s ize  range 
of pnrt ic les ,  it has been avoided 'n t h i s  report.) 1 

Suspended sediment--Sediment which remains in  suspension 
i n  water f o r  a cqnsiderable per iodof  time without contact with 
the bottom. I 
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Wcter-sediment--Water nnd sediment mixture exis t ing i n  or 
--A 

obtained from a stream or other body of water. 

Sediment concentration--Rntio of theweight of the sediment - -- - - -- - -- - 
i n  a water-sediment mixture t o  the  t o t a l  weight of the mixture. 
I t  i o  ordinar i ly  expressed i n  per cent fo r  high values of con- 
centration and i n  par ts  per k l l i o n  (ppm.) fo r  lovi values. 

Sediment dischargg--Weight of sediment transported per 
un i t  of t im. 

Sediment hydrograph--Diagram ohoviing the variat ion of sed- 
iment concentration or oodiment diocharge viith respect t o  time. 

Vertical--(Used a s  a noun). Imnginarj ve r t i ca l  l i ne  a t  -- 
any point i n  a stream or other body of wcter cxtenciing from the 
surface t o  tho bottom. 

Point oa_nl~l~--Sample of wnter-sodimont oecurod c t  a singlo 
point e i ther  viith an instantaneous or time-integrating sampler. 

Time-integration--Proceoo of sampllng over a conoiherable - 
period o f ,  time. 

~optd-inteerntion--Method of sampling t o  securo an in- 
croment of sample from overy portion of a ver t i ca l .  
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11. FIELD PRACTICE USED I N  SAMPLING SUSPENDED SEDIMENT 

6. Hiotory of f i e l d  practice--The f i e l d  p rac t i ce  used i n  sampling 

suspended sediment has been found t o  be l a r g e l y  independent of the  type 

of equipment used, and, the re fo re ,  t he  review of the  h i s t o r y  and develop- 

ment of f i e l d  p rac t i ce  and sampling equipment v i i l l  be t r e a t e d  sepa ra te ly  

a s  f a r  a s  possible.  This r e p o r t  i s  divided i n t o  two general  p a r t s ,  t he  

f i r s t  p a r t  deal ing with the  f i e l d  p rac t i ce  of suspended sediment sampling 

and the  second p a r t  with the  equipment used. 

I n  order t o  properly v i s u a l i z e  the  sub jec t  of f i e l d  p r a c t i c e  it i s  

d e s i r a b l e  f i r s t  t o  review i t s  h i s to ry ,  by presenting the  f i o l d  p r a c t i c e  

used i n  the  p r i n c i p a l  s e r i e s  of samplings i n  the  pas t ,  from the  e a r l i e s t  

t imes down t o  t h e  present .  By such c review it i s  a l s o  poss ib le  t o  show 

the  s c i e n t i f i c  p r i n c i p l e s  underlying the  preoent p rac t i ce ,  beginning with 

the  s imples t  a spec t s  and gradual ly  'expanding i n t o  the  more complex prob- 

lems, i n  the  n a t u r a l  way i n  vihich they unfolded themselveo i n  the  mind of 

the  engineer a s  the  science developed. 

From the  e a r l i e s t  times it was probably r e a l i z e d  t h a t  the  d i s t r i b u -  

t i o n  of sediment throughout a  stream i s  not  uniform and t h a t  it i s  not  

poss ib le  t o  determine from a 'sample taken a t  a  s i n g l e  poin t  exac t ly  the  

amount of sediment c a r r i e d  by the  stream. Because of the  d i f f i c u l t y  and 

expense of securing and analyzing oamples, however, i n  mnny of the  e a r l y  

inves t iga t ions ,  and, t o  a  c e r t a i n  ex ten t ,  i n  some of the  more r e c e n t  

s t u d i e s ,  s i n g l e  samples were taken and the  sediment concentrat ions de- 

termined from them were assumed t o  be r ep resen ta t ive  of average condi- 

t i o n s .  I n  o ther  cases the  concentrat ions were mul t ip l ied  by a f a c t o r ,  

gene ra l ly  based on more d e t a i l e d  s tudieo ,  which would give a  f a i r  est imnte 
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of tho t o t a l  quantity of sediment discharge over a long period of time, 

even though it might not give an accurate value f o r  each individunl 

measurement. As the need of greater accuracy was f e l t ,  and more funds 

f o r  observations bocame available, more refined mothods of determining 

the average sediment content of a stream were devoloped. Those rofine- 

ments consisted of tho selection of more than one ve r t i ca l  i n  a cross 

section of the stream and socuring of samples from more than one point i n  

each ver t ical .  Thue there arose the problemo of locating tho ve r t i ca l s  

where they would give the most accurate reoulta, and of findlng tho moat 

desirable sampling points in  those ver t icals .  Each of them probloma i a  

treated i n  a chapter appropriately t i t l e d  in  t h i s  report. 

Pract ical ly  a l l  of the ea r l i e s t  sodiment measurements were made in  

large,  i m p o r t ~ t  streams in  which the sediment content, with rospcct t o  

time, did not v a ~ j  as  rapidly, nor a s  widely, aa i n  amaller streams. 

Although the h d s  available were generally insurt ic icnt  t o  secure f i r s t -  

c lass  determinetions of sediment discharge, tho r e su l t s  obtained wore 

probably not great lylnerror .  However, i n  connection with recent studioa 

of s o i l  erosion, it has become necessary t o  measure the sediment discharge 

of smaller streams. There the variations i n  sediment concentration fre- 

quently a re  so rapid end extreme that the number and frequency of samplings 

are  important conaiderations i f  resu l t s  of even reaoonable accuracy a r e  

t o  bo secured. Therefore, the question of the frequency of oampling w i l l  

be discusaed i n  some de ta i l  i n  another chapter of t h i s  report. 

The his tory of the development of f i e l d  practice for  sampling sedi- 

ment of otreams, a s  presented in  the following paragrapha, has been 

compiled a f t e r  a thorough research of existing l i t o ra tu re  on the subject. 
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The work done i n  t h i s  country i s  described l a r g e l y  i n  published a r t i c l e s  

but p a r t l y  a l s o  i n  unpublished r e p o r t s  of var ious  Government organiza- 

t i ons .  A thorough search of the  fore ign  l i t e r a t u r e ,  together  with l e t t e r s  

and r e p o r t s  generously supplied by numerous ind iv idua l s  and organiza t ions  

throughout the  world, have a l s o  been reviewed. Although the  review of 

fo re ign  s t u d i e s  i s  undoubtedly l e s s  complete than t h a t  f o r  developments 

i n  t h i s  country, i t  i s  believed t h a t  most of the  important i tems from 

fo re ign  coun t r i e s  have been included. 

The l a r g e  q u a n t i t y  of d a t a  which i s  a v a i l a b l e  can be presented b c s t  

by g iv ing ,  f i r s t ,  a chronological  record of tho p r i n c i p a l  f e a t u r e s  of the  

var ious  inves t iga t ions ,  i n  t h e  f o r n  of a general  desc r ip t ion  and, then,  

i n  a more condensed t abu la r  fo rn ,  followed bj a b r i e f  summary poin t ing  

ou t  t h e  p r i n c i p a l  s t e p s  i n  the  development. 

7 .  Development of f i e l d  p r a c t i c e  during the  n ine teenth  century--The 

e a r l i e s t  record  found i n  t h i s  s tudy of suspended sediment sampling was 

the  work of Gorsse and Subuors (26)+ i n  1808 and 1809 i n  the  Rhono River 

a t  Arles ,  France. No desc r ip t ion  of the  method of sampling was given. 

Blohm (4,23) sampled the  Elbo River a t  Harburg, Germzny, from 1837 t o  

1854, but  has  l e f t  no desc r ip t ion  of the  method used. Although he found 

e s l i g h t  excess of sediment near  the  surface,  he concluded t h a t  t h e  con- 

c e n t r a t i o n  was nea r ly  uniform throughout the  depth. 

Captain Tn lco t t  of the  U. S. Army co l l ec ted  the  e a r l i e s t  samples 

from the  Miss i s s ipp i  River (26) i n  1898. No mention was made of the  

sampling method used. 

* Numbers r e f e r  t o  r e fe rences  i n  t h e  bibliography. 



Section 7 24 

From 1839 to 1846, Baumgarten (3,23) made measurements of the sedi- 

ment discharge of the River Garonne at Marmande, France. This was prob- 

ably the first investigation in which the sediment discharge was actually 

computed. Baumgarten collected single surface samples after concluding 

from more complete preliminary investigation that this method would give 

the sediment concentration representative of the mean of all depths. The 

same method was used by J. L. Riddell (26) in the Mississippi River near 

New Orleans from 1843 to 1848; by M. A. Sure11 (26) in the Rhone River at 

Lyons, France, in 1844; by Andrew Brown (26) in the Mississippi River at 

Natchez, Mississippi, from 1846 to 1848; by Lieutenant Marr (26) in the 

Missiasippiat Memphis, Tennessee,in1849; in the Mississippi at Columbus, 

Kentucky, (23,26,54) in 1858; and in the River Tigris, (33) Iraq 

(Mesopotamia) from 1918 to 1919. Jakuschoff (29) stated that in 1932 

sanples were taken in a similar manner in Finland and in Bavaria on the 

assumption that in llbriskll flow sufficient mixing will take place so that 

surface samples are representative of the average sediment concentration. 

Numerous other investigators have used a single surface sample and m*dti- 

plied the resultant sediment concentration by a coefficient. The work 

of these investigators will be reviewed later. 

In 1851 Professor Forshey (23,26,54) collected nine samples daily 

except Sunday from the Mississippi River at Carrollton, Louisiana, at the 

surface, mid-depth, and near the bottom, in verticals near each bank and 

at midstream. At the end of the week equal volumes of the six samples 

from each sampling point were combined to give nine composite samples for 

the week. Single surface samples were taken daily in 1852 and, on the 

basis of the previous measurements, the observed sediment concentration 
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was multiplied by a coefficient of 1.2to obtain the mean for the river. 

In 1867 the Board of Water Commissioners (54), St. Louis, Missouri, col- 

lected samples ofvvater which had been pumped through the intakes of its 

water-works. 

Adolphe Guerard (20) collected samples daily from 1869 to 1870 from 

the River Rhone, France, at a point 6.5 ft. below the water surface and 

50 ft. from one bank. 

In 1871 Patriot (23,39) collected samples from the Loire River, 

France, and found the relative sediment concentration at the surface, 

mid-depth, and bottom to be 0.9, 1.0, and 1.1, respectively. 

From 1874 to 1879 Major Allan Cunningham (11,23) collected samples 

in the Ganges Canal, India, from nine verticals equally spaced. A tube 

extended to the bottom collected a column of water representing the full 

depth of the canal. In computing sediment discharge, the mean con- 

centration found in each vertical was multiplied by the mean velocity in 

that vertical. 

The U. S. Engineer Department sampled the South Pass of the Missis- 

sippi (45,46,54) continuously from 1877 to 1838. At the middle of the 

pass samples were taken at 0, 6, 16, and 24 ft. below the surface, and 

near the bottom. About 150 ft. from each shore, samples were taken at 

surface, mid-depth, and near the bottom. 

Extensive sampling of the Mississippi and Missouri Rivers (25,54) 

took place from 1879 to 1881atstaticns located at Carrollton, Louisiana; 

Columbus, Kentucw; S t  Louis andSt Charles, Missouri; Grafton, Illinois; 

Ilannibal, Missouri; Clayton, Iowa; Winona, Minnesota; and Prescott, 

Wisconsin. Samples were collected at the surface, mid-depth, and 1 ft. 
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above tho bottom in  eight ver t ica l s  equally opaced across the otream. 

McMath (23,36,54) collected samples da i ly  a t  S t .  Louis i n  1879, i n  a 

similar manner except t ha t  additional samplcs viere collected a t  mid-dopth 

a t  a point near each bank whore the t o t a l  water depth was 2 f t .  During 

the same period samples wero taken (42,54) from the Mississippi River a t  

Helona, Arkansas, a t  the surfaco and 1 f t .  above thc bottom, from ver t i -  

ca l s  located a t  1/4 5/4 width across the stream. 

I n  1889 and 1890 tho U. S. Geological Survey (13) collected samples 

from tho Rio Crande a t  E l  Paso, Texas. The samplos aero takon noar the 

ourface and bottom i n  ver t ica l s  located a t  cpproximatoly 20, 50, and 80 

per cent of the stream width. Equal volumes of a l l  the samplos were com- 

bined t o  detormino tho sediment discharge. A t  i r regular  intervals  from 

1897 t o  1905 depth-integrated samplos were takon by the International 

Water Commission and the U. S. Geological Survey. Those samples wore 
W 

takon by loworing an open bot t le  to ,  but not touching, the bottom, and 

then rais ing it a t  a uniform ra t e  ouch tha t  tho bot t le  would have jus t  

f i l l o d  upon reaching the surface. It was considered t h a t  equnl amounts 

of the sample were collected from equal incremonto of dopth traversed. 

Samples were taken a t  3-day intervals  by W. W. F o l l e t t  of the U. S. 

Geolagical Survey from the Rio Crando a t  E l  Paso, Texas, from 1905 t o  

1910, and a t  Sen Marcial, New Mexico, from 1905 t o  1912. From t h a t  time 

u n t i l  1928 depth-integrated samplos were taken by tho International Water 
.? 

Commission a t  various points i n  tho Rio Crande. 

Samples were taken a t  intervals  of 1 t o  10 days, from 1893 t o  1897, 

i n  the River Sut le j ,  Punjab, India (6,30) a t  each 1.0 or 1.5-ft.  layor 

from the surface. Numerous investigations were conducted on other r ive r s  
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8. Progress from-2900 t o  1930--Scmples col lec ted  by the U. S. 

Department of Agriculture from the  Drazos and Wichita Rivers i n  Texas (38) 

from 1900 t o  1902 were taken a t  the surface ,  near the bottom, and a t  two 

intermediate points  of a  s ing le  v e r t i c a l .  Sedimont discharge was computed 

from the  mean of t h e  concentrat ions found a t  those points .  

Scmples were tckcn by E. M. Dov~son (7)  i n  1905 anci 1906 from the  

Nile River above Wadn Hclfa, Egypt. The observations v~ere made a t  2-day 

i n t e r v a l s  a t  c dcpth of one meter i n  e i g h t  v e r t i c a l s .  The e i e h t  samplos 

viere combined and the  composite was assuncd t o  LE r ep resen ta t ive  of the 

moan i n  the r i v o r .  

I n  1906 and 1937 the  U. 3. G e o l o g i c a ~  Survey (49) conducted sediment 

inves t iga t ions  on a nunbcr of r i v e r s  i n  western United S t a t e s .  A s ing le  

oamplc was t?ken d o i l y  a t  a  point  c n t i w t e d  v i s u a l l y  t o  r c p r c ~ o n t  the 

moan concentrat ion,  with occasional supplementary samples talcen from 

d i f f e r e n t  p a r t s  of the  cross  sec t ion  t o  detcrmiile l o c a l  va r i a t ions .  

Samples were co l l ec ted  from the  Kistno River i n  ?,h.larlras, India ,  by 

h .  Fk. E l l i s  (7)  a t  i n t e r v a l s  during 1900 t o  1909. The samples were taken 

by th rus t ing  an opon pipe v e r t i c o u y  i n t o  the  stream t o  c o l l e c t  a  sample 

extending the f u l l  dcpth. 

Gluschkoff (16, 29) col lec ted  samplos Qron the Murghab River., 

Afghnnistan, from 1907 t o 1 9 0 9  ct  the surface ,  nld-depth, and near  the 

bottom of threo  v o r t i c a l s  located  t ransverse ly  a t  the middle 2nd quartor-  

points .  The same method war. used i n  inves t iga t ions  condicted by the  U. S. 

Bureau of Reclanation (19) i n  the Colorado River a t  YUM, Arizona, from 

1909 t o  date.  Sampleo were taken twice  weekly during t h i s  period. No 
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mention was made of the method of combining the samples t o  determine the 

mean da i ly  sediment concentration. Fron 1900 t o  1917 thc sediment dis-  

charge vrao determined by multiplying the ari thmetic mean percentage of 

sediment during each month by the mean monthly water discharge. From 

1917 t o  dnte tho sedimont discharge has been computed by weighting the 

percentage of sediment found i n  cach observation according t o  the water 

discharge on t h a t  day. 

The Indus Rivor Commission, India (41), collected snmplcs from 1911 

t o  1920. The r ive r  cross section was divided in to  equal widths by four 

ver t ica l s .  A sample was taken a t  mid-depth a t  cach and ve r t i ca l ,  and a t  

surface, mid-depth, and bottom in the two middle ver t ica l s .  

Investigations on r ivers  i n  Turkostan (17,29) i n  1012 shov,ed t h a t  

the mean sedimcn~ concentration occurred a t  points 1/5 of thc width from 

the banks and a t  0.6 depth. 

The waters of tho Yangtze and Whangpoo Rivers i n  China (8) wcre 

enmpled da i ly  from 1912 t o  1922. Sample3 were usually taken i n  on0 vorti-  

ca l  a t  a depth of 20 ft. 

Sediment moasurements were conducted on the Irrawaddy River, Burma, 

i n  1914 by B. M. Saundereon (7). Daily samples were taken a t  the surface, 

mid-depth, and near the bottom i n  each of e ight  ver t ica l s .  Equal volumes 

of tho e igh t  surface samploo wcre combined. S in i la r ly ,  composites of the 

mid-depth and bottom samples were made up and analyzed. 

The Neuquen River, Argentina (2) ,  was sampled from 1915 t o  1918 a t  

one point,  0.5 meter below the eurface. 

The U. S. Department of Agriculture (14) collected samples twice 

monthly from the Colorado a v e r  i n  1917 and 1918. Samples werc taken a t  
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the surface, mid-depth, and bottom of ver t ical0  located transversely a t  

the quarter and mid-points. I f  the stroam depth was not more than 2 t o  

3 ft., only surface and bottom samples were taken and i f  thc depth was 

l e s s  than 2 f t .  only a mid-depth sample was collected. 

Samples were collected from the Nile River (5) i n  E p j p t  ffom 1918 t o  

1921, evidently f o r  research purposes, a t  in tervals  of onc meter i n  the 

ver t ica l ,  the t o t a l  depth of water h i n g  approximately 10 meters. The 

horizontal  d i s t r ibu t ion  of oampling points wao not  mentioned i n  thc 

reference reviewed. 

The U. S. Geological Survey hnn collected snmplcs from the Colorado 

River and i ts  t r i bu ta r i e s  from 1925 to  the prcoent timc. The work of the 

f i r s t  three yearn on the main Colorado River has been published (25). In 

the ear ly  work, samples were taken a t  points abcutl.5 f t .  above the bottom 

of tho r iver  and about 1 f t .  below the nuriace i n  addition t o  depth- 

integrated samples. The depth-integrated samples were used to  compute 

sediment discharge unless they appeared c r r a t i c .  In such cases, the 

average of the concentrations i n  the surfcce and bottom samples was used. 

Since 1928 most of the samples collected i n  the Colorado River and i ts  

t r i bu ta r i e s  have been of the depth-integrated typo. A sampler was used 

whicb permitted lowering the bo t t le  t o  the bottom wit11 the bottle'closed. 

The stopper was removed from thc bo t t le  and the bo t t le  thcn pulled to  the 

surface a t  a uniform r a t e  so tha t  it was not qui te  f u l l  when it reached 

the surface. A t  cer ta in  periods of tho year, a t  the Grand Canyon gaging 

s ta t ion  and, under cer ta in  conditions, a t  other s ta t ions ,  the depth was 

not  suf f ic ien t  t o  wdrrant the use of the stopper pulling device so tha t  

the bo t t le  was lowered and ~ a i s e d  with the stopper removed, the r a t e  of 



Section 8 30 

lowering and ra i s ing  being such a s  to  bring the bo t t le  to  the surface not 

quite f u l l .  

The U. S. Department of Agriculture (12) ,  i n  col lect ine samples from 

Texas streams from 1924 t o  1930, assumed the concentration a t  0.6 depth 

t o  represent the mean i n  a ver t ica l  and the average a t  1/6, 1/2, and 5/6 

width t o  represent the mean f o r  the  cross section. The selection of 

these points  was based on a se r ies  of more complete determinations of 

sediment concentration and discharge of t he  Brezos River, Texas. Values 

of sediment discharge determined by samples taken a t  these points,  when 

compared t o  the more accurately determined values,werafound t o  be within 

the l i m i t s  of error  considered permissible i n  measuring water discharge. 

From 1928 to  date,  samplos have been taken by the U. S. Geological 

Survey i n  cooperation with the Internat ional  Water Commission (27) from 

the Rio Grande a t  Eagle Pass, Texas. Surface samples were taken da i ly  a t  

1/6, 1/2, and 5/6 width, and equal vo1un;os were combined t o  obtain a com- 

posi te  sample assumed t o  represent the  meanofthe cross section. Ear l ier  

experiments by the U. S. Department of Agriculture showed that  surface 

samples represented 0.91 of the mean suspended sediment concentration i n  

the v e r t i c a l  within reasonable l imi t s  of accuracy. This fac tor  was used 

i n  this investigation.  Depth integrated samples were taken daily a t  San 

Marcial, New Mexico, by the same organizations. Recently, t o  eliminate 

dai ly  analysis  of samples i n  these i n v e s t i ~ a t i o n s ,  portions 9f each da i ly  

sample have been combined and the analysis  of composite samples a r e  

made a t  the end of a given period. The volume of each dai ly  sample 

t o  be combined i s  proportional to  the water discharge f o r  the day on 

which it was collected. Jakuschoff (29) s t a t e s  t h a t  t h i s  method of 
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combination of samples has been used i n  Europe. 

9. .Progreos during the l a s t  decade--The U.  S. Engineer Department 

(55) collected numerous samples from the lower M i s s i s s i ~ u i  and i t s  t r ibu-  

t a r i e s  i n  1930 and 1931. Samples wore generally taken about threo times 

each week a t  the surface, mid-depth, and near the bottom i n  each of eight 

ve r t i ca l s .  From the average of thousands of water discharge measurements 

taken previously i n  the Mississippi River, it was found t h a t  the upper 

1/4, the middle 1/2, and the lower 1/4 of a given cross section carr ied 

27.2, 51.2, and 21.6 per cent, respectively, o f t h e  t o t a l  water discharge. 

Hence, weights of 1, 2, and 1 were applied to  values of susponded sedimen~ 

concontration observed a t  the eurface, mid-depth, and bottom layers,  

respectively.  

TheMioeouri River Division of thc U. S- Engineer ~epar tment  co l l ec t ed  

samples from the Missouri River  and tributaries in  1929 and 1930, under' 

the direct ion of D r .  L. G.  Straub. A t  the  main s ta t ions ,  Samples were 

taken at .0.2 and 0,8 depths with weights of 5 and 3, respectively,  

applied t o  the  sediment concentration observed. a t  those depths t o  obtain 

the mean i n  the ver t ica l . ,  Vorticals were chooen at.,uniform in te rva ls  

transversely with a minimum distance between them Of 4' f t .  and a maximum 

o f 1 5 0  f t .  A t  minor s t a t i ons  single surface samples were taken a t  mid- 

stream and coeff ic ient  of 1.1 to  1 .2  wae applied t o  obtain -the mean. The 

choice of points i n  the ve r t i ca l  and the coefficionto t o  be applied were 

based on ra t iona l  derivation byDr.Straub,  ver i f ied by experimentation 

(50); a s  explained i n  Soction 19. 

Daily samples were taken by the S t .  Paul, U. .S.. Engineer., D i s t r i c t  

(53) from the upper Mississippi and ' i ts . . t r ibutar$es  during 1930-1933. A t  
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most of the stationo single surface samples were taken and the observed 

concentrations were multiplied by a coefficiont;  The coefficient of 1.15 

was used f o r  a l l  r ivers  except the Chippewa River, where 5.0 was found 

necessary, and the Black and Wisconsin Rivers, where 1.4 was applied. Tho 

coeff ic iants  were determined by occasional pracioe measurcments, i n  which 

aahples were taken a t  wdapth of 1 f t . ,  a t  0.2, 0.6,' and 0.8 depth, and 

1 f t .  above the bottom. A t  scho of the more. important otations the ' ~ t r a u b  

method was used. 

For several years pr ior  t o  1934, damples wero colloctod da i ly  from 

the Indue River i n  1hdia (30.). Samplan ware taken a t ; t h e  surface, mid- 

depth, and bottom of fodr ver t icals . .  

On the bnsis of. oxperiments on the Po Rivor, I t a ly ,  i n  1930 and 1932, 

Giandotti (15,57) found t n a t  sampleo takon .a t  mid-depth gavo orrors  rang- 

ing from 6 per cent a t  high gag0 hoights t o  14 poi cent a t  low gage 

heights. Daily samplos werecolloctod from the PO', a t . a  point ona meter 

bolow tho  aurfaca . in t,hrde ver t ica l s  locatad near eaoh bank and near mid- 

. stream. 

Iijulstrom (22) diracted investigations on the Fyris River i n  Swoden 

from 1929 t o  1954,. whore ninelo samples ware' taken da i ly  i n  midstream a t  

a depth of 1.5 meters. Tile rMge of depth of the r i v e r a t  the sampling 

. point was apparently from 4,'to 7.5 'meters. From p&ecediae investigations, 

wheroin samples were %&ken k t  oix points in.6dch of ninb ' v ~ r t i c a l s ,  it 

was found that a coefficiont of 1 . 1 5 ' ' c o ~ l d ' b e  applied t o  the sediment 

concentration or the  s ing le  'sample t o  obtain k h ~  meM conoentration for  

the r iver .  

From 1930 t o  1932, i n  the Jamao Canal System (21), Bombay, India, 
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a single sample a t  0.6 depth was taken a s  being representative of the 

sediment concentration of the en t i r e  canal. 

Samples were taken by engineers of the Soviet Union i n  1932 from 

the Boz-Su I r r iga t ion  Canal near Tashkent, Central Asia (28) i n  three 

main ve r t i ca l s  located a t  1/4, 1/2, and 3/4 width, and in  two s ide ver t i -  

ca l s .  In the main ver t ica l s  sampling points wore chosen a t  0.2, 0.6, and 

0.8 depth and near the bottom while a t  the s ide ver t ica l s  only the 0.6 

depth was sampled. 

The Philadelphia U. S. Engineer Dis t r ic t  conducted extensive invest i -  

gations during 1931-1934. On the lower Delaware and Christiana Rivers, 

samples were taken a t  5-ft. in te rva ls  ver t ica l ly  and a t  15-min. time in- 

te rva ls  during ebb and flood t ides .  Prom the upland portion of the 

Schuykill River snmples were teken a t  0.6 depth i n  a single ve r t i ca l  

located a t  the point of deepest water. Thess snmples were taken a t  

30-min. intervals  during a period of one week a t  each s ta t ion  on the 

r iver .  

In 1937 the St.  Paul U .  S. Engineer D i s t r i c t  (52) used a method of 

sampling developod by M r .  J. P. Luby of t ha t  office.  The samples were 

taken a t  points spaced ve r t i ca l ly  i n  such a manner that each sample 

represented a proportional pa r t  of the t o t a l  discharge i n  the ve r t i ca l .  

This method of spacing the points w i l l  be described i n  Section 20. Five 

points i n  each ve r t i ca l  were chosen by Mr. Luby f o r  investigations on 

the upper Mississippi River and i t s  t r ibutar ies .  The points a t  which the 

samples were t o  be taken were determined by t h i s  method t o  be 8.7, 26, 

44, 63, and 87 per cent of the t o t a l  depth. From three t o  nine ve r t i ca l s  

were usually chosen. 
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The Vicksburg U. S. h g i n e e r  D i s t r i c t  (56) collected samples from 

the  Mississippi River i n  1937 and 1938 a t  i r regular  in te rva ls  for reaearch 

purposes. Points were choson a t  0.2, 0.4, 0.6, and 0.8 depth, a t  the 

bottom and a t  a distance of 1, 2, and 4 ft:from the bottom. Verticals 

were located by the party chief with consideration of the variation in  

the channel cross section and veloci t ies .  

Samples f o r  research purposes were collected from the Mississippi 

River a t  Chester, I l l i n o i s ,  i n  1938 by the St.Louis Division of the U.  S. 

h g i n e e r  Department. Samples and velocity measurements were taken 

simultaneously a t  0.1, 0.3, 0.5, 0.7, and 0.8 depth i n  each of seven 

ver t ica l s .  This method of meaourement w i l l  be d e s c r i h d  fur ther  i n  

Section 18. Thc sanc method was used by the F i r s t  New Orleano D i s t r i c t  

of the U. S. h e i n e e r  Department i n  1938, i n  the passeo near the mouth of 

the r ive r  with s i x  to cight ver t ica l s  of oight t o  twelve pointo each. 

The Providcnce U .  S. Engineer D i s t r i c t  eollectod samples from the 

Connocticut River i n  1938. Depth-integrated samples were taken a t  the 

upper and lower ends of 31 h r ~ .  A t  r i ve  othor s ta t iono on the r ive r ,  

samplos wore talcen twice dai ly ,  a t  the surface, mid-dopth, and near the 

bottom of ve r t i ca l s  located a t  tho 1/4, 1/2, and 3/4 ,itidth. 

10. Present practice in  sampling suspended sediment--Since 1954 the 

Tennessee Valley Authority has conducted correlatecl investigations of 

sedimcnt dischnrge a t  numerous s ta t iono in  tho Tennessoe 3iver. Somplos 

were taken a t  the surface, mid-depth, and near the bottom of verticals 

estimnted t o  be a t  the middle of sections of equal discharge. The number 

of ve r t i ca l s  choson by the f i e l d  engineer depecded upon tho s ize ,  stage, 

and sediment dis t r ibut ion of the stroam. Samples won, analyzed indivichially 
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f o r  sediment concentrat ion,  and i n  computing thc  mocn, the mid-depth 

concentrat ion was given double weight. Undcr ordinary condit ions samplcs 

a r e  takon weekly but during f r e s h e t s  cnd f looas  they a r e  taken a t  4 LO 

12  hr .  i n t e r v a l s  on the r i s c  and a t  12 t o  48-hr. i n t e r v a l s  a f t e r  the  peak. 

The p r a c t i c e  of thc  U. S. Bureau of Reclamation i n  taking samples 

from the  Colorado River i n  Arizona i s  t o  sample a t  surface,  mid-depth, 

and bottom i n  oach of th ree  o r  four  v e r t i c a l s .  The v e r t i c a l s  a r e  chosen 

a t  po in t s  estimated t o  be the mid-points of sec t ions  of equal discharge.  

The In te rna t iona l  Water Commission takes surface  samples i n  thc  Rio 

Grande a t  Eagle Pass, Tcxcs, a t  1/6, 1/2, and 5/6 width, applying a 

c o e f f i c i e n t  of 1.1 t o  the sediment concentration indica ted  by the mean. 

A t  San Marcial,  Ncw Mexico, depth-integrated samples a r c  t?.ken by t h i s  

organizat ion.  

The prcscnt  p rac t i ce  of thc  U. 3 .  G c o l q i c a l  Survey (9)  i s  t o  take  

depth-ihtegrated samplcs f o r  rout inc  observations. Point  samples a r e  

sometimes taken f o r  speci-1 inves t iga t ions .  

The Fores t  Service of tho U .  S. Depcrtment of Agriculture conducts 

inves t iga t ions  on seven r i v e r s  i n  Ilorth Carolina and Teni~essee. Samples, 

including one a t  the  bottom, a r e  taken a t  severa l  po in t s  i n  each of 

severe1 v e r t i c a l s .  The number of points  and frequency of sampling depends 

upon the  s t age  . 
The present  p rac t i ce  on the Tarkio S o i l  Conservation Service P ro jec t  

i s  t o  toke depth-integrated samplcs i n  th ree  v e r t i c a l s  oxcopt f o r  high 

s tages ,  when more v e r t i c a l s  a r c  chosen. Daily samples a r e  taken f o r  

moderate flows of l e s s  than 10 c.f.s. unlegs the re  i s  considerable 

f l u c t u a t i o n  i n  the water discharge o r  sediment concentration. During 
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rapidly :hanging stages hourly samples are  recommended. 

Samples nre taken a t  present in tho Punjab, India (51), from a single 

point i n  midstream located a t  0.6 depth. Prcvious moasuromonts i n  which 

samplos wore takon a t  each 10 por cent of the dopth have indicatod tha t  

tho mabn concentration i n  the ve r t i ca l  occurs a t  0.6 dopth. 

Prcsent practice of the I r r iga t ion  Department, Union of South Africa, 

i s  t o  co l lec t  a single sample from a point 1.0 t o  1.5 f t .  b low thc wator 

surface which is assumed t o  bo roprosontative of the cross section. 

Samples are  usually taken once or  twice da i ly  by rosident obsorvors. 

Tho L i t t l e  Rock U. S. Engineer D i s t r i c t  i s  conducting invostigations 

on numerouo rivero i n  Oklahoma, Kansaa, Colorado, Arkansaa, Missouri, and 

northorn Toms. Daily surface samples a r e  collected by resident observers 

a t  some of the stationo. These a r e  collected a t  midstream, i f  thc stream 

i s  l e s s  than 100 f t .  wide, and a t  1/6, 1/2, and 5/6 width i f  i t  i s  wider 

than 100 f t .  A t  most of the s ta t ions ,  samples are  takon only a t  the time 

of a discharge measuremont, which is mado generally once a weok. Samples 

a ro  takon a t  0.6 dopth a t  1/6, 1/2, and 5/6 width. For intermediate and 

high etagos, aamples aro taken a t  three point8 i n  tho throe ver t ica l s .  

Samples a r e  collected i n  the Fort  Pock U. S. Engineer D i s t r i c t  using 

the Luby method with f i ve  points i n  verticals locatod a t  1/4, 1/2, and 

3/4 width. During low flows samplea are  taken a t  only the 0.2, 0.6, and 

0.8 depth i n  the three ver t ica l s .  In both methods two samplea a r e  taken 

a t  each point and all the samples are  combined f o r  analysio. Measurements 

a r c  made da i ly  during the spring high water and weekly throughout the 

remainder of tho year, except during tho vrintor months when the obsorva- 

t idna are  discontinued. 



I n  t h e  Omaha  U .  S. Engineer D i s t r i c t  r e s iden t  observers c o l l e c t  

surface  samples weekly from midstream. Samples a r e  taken more o f t en  dur- 

ing  r a p i d l y  changing s tages  and when a noticeable change i n  sediment con- 

cen t ra t ion  occurs. In addition, samples a r e  taken a t  th ree  t o  f i v e  points  

i n  the  v e r t i c a l  each week. The samples a r e  combined f o r  ana lys i s  and the  

r e s u l t s  a r e  compared with the  surface concentration t o  compute sediment 

discharge from the s ing le  surface sample. 

Depth-integrated samples a r e  co l l ec ted  by the  Rock Is land U .  S. 

Engineer D i s t r i c t ,  r e s iden t  observers being employed for  some of t h e  work. 

Several  v e r t i c a l s  a r e  genera l ly  selectecl and nro spaced so  a s  t o  be repre-  

s e n t a t i v e  of equal  volumes of flow. A l l  samples a r e  combined i n  equal  

volume t o  form a s i n g l e  composite samplc f o r  analys is .  In  the  fu tu re ,  i n  

some cases ,  a s i n g l e  v e r t i c a l  w i l l  be sanpled and i t s  r e l a t i o n  t o  the  

o p t i r e  stream determined by occasional composite samples. 

The South At lan t i c  Division o f t h c  U. S. Engineer Department c o l l e c t s  

samples i n  t h e  Savannah River and i n  Savannah Harbor. In  the  r i v e r ,  

samples a r e  tnken d a i l y  a t  the  surface, mid-depth, and bottom. In  the  

harbor, samples a r e  c o l l e c ~ a c l  a t  the same points  a t  high t i d e ,  1/4, 1/2, 

and 5/4 ebb, and a t  low t i d e .  

The Great Lakes Division of the  U. S. Engineer Department i s  con- 

templating sampling along tho  shore l ine  of Lake Erie. Samples w i l l  be 

taken a t  0.5-ft .  i n t e r v a l s  v e r t i c a l l y  and at lo-ft. i n t e r v a l s  hor i zon ta l ly  

with a small sampler, and a t  500-ft. i n t e r v a l s  with a l a r g e r  sampler. 

The VicksburgU.S. Engineer D i o t r l c t  c o l l e c t s  samples on nine t r im-  

t a r i e s  of the lower Miss iss ippi  River. Samples a r e  taken weekly and more 

o f t en  during rap id ly  changing s tages .  One to four  samples a r e  tnken i n  

each of four t o  seven v e r t i c a l s .  
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The South Pacific Division of the U. S. Engineer Department co l lec ts  

samples from the American and Yuma Rivers and from San Francisco Bay. 

Samples are  collected in  the r ivers  about three times each week. 

11. Brief oummary of the history of f i o l d  practice--A condensed 

summary of the proceding data, showing the h i s to r i ca l  devolopment of 

f i e l d  practice in  sampling suspended sediment i n  streams, i s  presented in  

Table 1, giving f o r  each investigation,the date, tho r iver  and location, 

the name of the investigator,  and thcroference t o  tho sourco of the in- 

formation. The frequoncy of sampling, the typc of sampler, the location 

of tho vcr t ica l s  sampled, the location of scmpling points i n  the ver t ica l ,  

tho coeff ic ient  used, i f  any, and the basis f o r  selecting tho coefficient 

are  a130 given. 

Although much pract ical  knowlodge of' sediment vias no doubt obtained 

by the Chinese and Egyptians a t  an ear ly  date, a s  fay a s  our knoviledge of 

oedimont sampling metnods i s  concerned, the history goes back not more 

than a century and a third,  and no information seems t o  have been handed 

down from the ea r l i e r  c ivi l izat ions.  The f i r s t  samplings of which records 

aro available were taken by Corsse and Subuors on the Rhone River i n  

Prance in  1808 and 1809, and the f i r s t  ~ X I O V M  computations of tho amount 

of sediment carried by a stream over a period of years was +e by 

Baumgarton on tho Caronne River i n  France, from 1939 t o  1846. Although 

the poss ib i l i ty  t ha t  surface oamples might have a lessor  concentration 

than the average in tho stream woo discussed a s  ear ly  a s  1839, no record 

of routine measurements other than ourfaco samples has been found pr ior  

t o  those taken by Forohey in  the Missisoippi a t  Carrollton, Louisiana, 

i n  1851. These measurements me  a l so  the f i r s t  recorded vihere observations 
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were taken i n  more than one v e r t i c a l .  In t h i s  case thc  v e r t i c a l s  were 

taken i n  midstream and near  each bank.. Tho o l d e s t  record found of a  

q u a n t i t a t i v e  method of loca t ing  v e r t i c a l s ,  o ther  than a t  the  cen tc r ,  i s  

t h a t  used by Gluschkoff on the  Murghab River i n  Afghan:~str.n i n  1907, 

where verticals wcro placed a t  t he  1/4, 1/2, and 3/4 vridth ac ross  the  

stream, o r  a t  q u a 1  d i s t ances  a p a r t .  Since t h a t  time the  p rac t i ce  of 

placing the  v e r t i c a l s  a t  equal rlistcnces a p a r t  has been followed i n  many 

cases where three  o r  more v e r t i c a l s  wore used. Tho use  of the  l / 6 ,  1/2, 

and 5/6 vridth, t h e  centers  of three  p a r t s  of equal width, seems t o  have 

been made iirst by t h e  U. S. Department of Agricul ture i n  1924 i n  Texas 

streams. In 1934 t h e  Tennessee Vclloy Authority, i n  attempting t o  place 

t h c i r  sampling on a more r a t i o n a l  bas is ,  s e l e c t e d v i s u a l l y  the  v e r t i c a l s  

t o  be sampled a t  t h c c e n t e r s  of widths representing equal discharge.  

A q u a n t i t a t i v e  mthod  of l o c a t i n g  the  ve r t i ca l s ,  t o  r e p r e s e n t  equal' d i s -  

charges is presented i n  Sect ion 14  of t h i s  repor t .  

Forshey, i n  making observat ions a t  Carro l l ton  i n  1851, proviously 

mentioned a s  the  f i r s t  t o  take  more than one poin t  i n  the  v e r t i c a l ,  

sampled a t  the  surface,  mid-depth, and bottom, using the  average of the  

t h r e e  ooncentrat ions a s  thc, mean. The more accura te  method of g iv ing  

twice the  weight t o  tho mid-depth reading appears t o  be c recent  develop- 

mont, the  f i r s t  record found being t h a t  of the  U .  S. Enginoer Department 

sampling i n  the  Miss iss ippi  i n  1930. Thc fo l lov~ing year Forshey used 

surface  measurements a t  Carro l l ton  and appl ied  c coef f i c i en t  of 1.2 t o  

obta in  the  average sediment concentrat ion.  This i s  the  e a r l i e s t  case 

found where such a ooc f f io i en t  was used. Taking samples a t  0.6 depth 

without applying a c o e f f i c i e n t  has been a common p r a c t i c e  s ince  1912 when 
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it was apparently f i r s t  used i n  r i v e r s  i n  Turkestan. A r a t i o n a l  ana lys i s  

f o r  determining the  pos i t ion  of sampling points  i n  the  v e r t i c a l  seens t o  

have been made f i r s t  bj Straub, i n  1929 and 1930, when he derived methods 

appl icable  t o  both s t r a igh t - l ine  and curv i l inea r  sediment d i s t r i b u t i o n s .  

I n  the  former case observations were made a t  0.2 and 0.8 depth with 

weights of 5 and 3 appliod, renpoctively.  Another r a t i o n a l  method was 

developed by Luby i n  1937 which i s  applicable t o  any v e r t i c a l  d i s t r i b u -  

t i o n  of sediment, but requi res  sampleo a t  a nunbor of po in t s  i n  the  

ve i - t i cn l  . 
A depth-integrated sample seems t o  have been used f i r s t  i n  1874, 

when Cunningham mnde observations i n  the Ganges Canal i n  India ,  using a 

pipe which ~ 0 l l e ~ t e d  a column of water extending from the  bottom of the  

stpeam t o  tho surface. Depth-integration, accomplished by means of o 

sampler moving between tho surface and tho bottom and taking i n  a p a r t  of 

the  oample from each depth, seems t o  have boen used f i r s t  i n  1897 by the 

U. S. Geological Survey i n  the  Rio Grande River. 

From the  foregoing discussion it w i l l b e  seen t h a t  a gradual  develop- 

ment of the f i e l d  p rac t i ce  of taking suspended sediment samples has taken 

place,  from t h e  simplost methods i n  tho e a r l y  years  t o  the  more complex 

but more accura te  techniques i n  recent  times. However, i n  t h i s  f i e l d  

t h e  pr imi t ive  methods have pe r s i s t ed  along with the  new t o  a l a r g e r  

ex ten t  than i n  moot o c i e n t i f i c  f i e l d s ,  and cases  o f  the  e a r l i e s t  p rac t i ces  

a r e  s t i l l  found i n  use a t  t h e  present  time. The newly developad theory 

of turbulence, a s  r e l a t e d  t o  the  sediment d i s t r i b u t i o n  i n  a stream, has  

apparent ly  neve?!,besn appl ied  t o  the  s e l e c t i o n  of sampling points .  The 

turbulence -theory appears to be the fundamental h s i s  of t h e  transportation .* 
,I- 
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of sedimnt, and, undoubtedly, marked progress in  the knowledge of the 

eubjeot w i l l  be made as  the fundamental principle8 are applied t o  the 

eolution of the problem of sediment tranoportation by streamo. 
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111. LOCATlON OF VERTlCkL SAPIFLING STATIONS 

12. Transverse d i s t r i b u t j o n f  oedim&--The number and l o c a t i o n s  

of v e r t i c a l  sampling s t a t i o n s  i n  a stream c ross  sec t ion  a r e  genera l ly  of 

l e s s  importance i n  a sampling program than e i t h e r  the  loca t ion  ofsampling 

po in t s  i n  the  ind iv idua l  v e r t i c a l s  or the  frequency of sampling. That 

the  se l ec t ion  of v e r t i c a l s  i s  n o t a s  important a s  t h e  se l ec t ion  of sampling 

p o i n t s i n e a c h  v e r t i c a l  i s  r e a d i l y  evident  upon study o f t h e  d a t a  presented 

i n  Tables 2 and 3. Table 3, and the  discussion i n  Sect ion 15, i n d i c a t e  

t h a t  the  sediment d i s t r i b u t i o n  i n  any stream can vary over a viide range 

from the  sur face  t o  the  bottom. On the  o ther  hand, the  d a t a  i n  Table 2 

TABLE 2 

TMNSVERSE DISTRldUTlON OF SUSPENDED SEDI14EN11 
I N  VARlOUS RlVERS 

-- 
River and loca t ion  

G a n ,  S.E. Russia 

(29) 
Syr-Darya, Turkestan Jnkuschoff ) 
Fyr i s ,  Sweden Hjulstrom ---- 

(22) 
Black, Black Rock, M.R.C. (55) 

Arkansas 
Arkansas, Tulsa, 11 11 

Oklahoma 
I1 Arkansao, Ozark II 

Arktrnsas 
Cibut~arron, Guthri?, II 11 --I104 -- 

Oklahoma 
Verdigris ,  Okay, 11 

Oklahoma 
Grand, ;Waggoner, II II 

Oklahoma 
r u t h  Canadian,, 

Calvin, 
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show only a s l igh t  variation in sediment conoentration across any given 

stream. Only one river,  the 3yra-Darya in  Turkestan, showed a variation 

tha t  probably would have affected the resu l t s  appreoiably i f  a auffioient 

number of ve r t i ca l s  had not been used. However, due t o  the meager data 

presented, and the lack of oorrelation with velocity o r  discharge, the 

quantitative e f feo ts  of the variations given ass s t i l l  unknown. 

B. Methods used in  locatirks ve r t i ca l  eamplina 8tation~--Determi- 

nation of the number and locations of ver t ioa ls  t o  be sampled should be 

governed by the degree of acouracp required in  the investigation, by the  

size,  shape, and charaoterist icb of the stream, and by the sediment load 

being oarried a t  t he  t ime  of sampling re la t ive  t o  the t o t a l  yearly or 

other' peiiodio load. Of these faotors, the s ize  of the a t r k  and the 

acouraoy desired are  probablyofgreateat importance. The f i e ld  technique 

used in  any sediment investigation w i l l  naturally be dependent upon the 

r e l a t ive  importance of these factors. However, the basic c r i te r ion  for  a 

ra t ional  sampling teohnique is tha t  the ver t ica l s  .should be located, o r  

t h a i r  man oonoentrations weighted,with reepeot t o  the transverse dis- 

t r ibu t ion  of stream discharge. That i s ,  the ver t ioals  should e i the r  

represent equal par t s  of the t o t a l  water discharge o r  the value of mean 

oonoentration obsened in  each ver t ioal  should be weighted in  proportion 

t o  the peroentage of water disoharge which it does represent. 

The following methods bf aeleoting the ver t ioals ,  o r  looating the 

sampling points across a stream, have been used in  several typical  and 

important sediment investigations: 

Single ver t ioal  a t  midstream. 

b. Single ver t ioal  a t  thalweg o r  point of greatest  depth. - 
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c. Verticals ~t 1/4, 1/2 and 3/4 width. - 

d. Verticals o t  1/6, 1/2, and 6/6 width. - 

e .  Four ormore ve r t i ca l s  equally cpaced across the  stream. - 
f .  Verticals a t  middles of sections of equal discharge; - 

Obviously, the simplest of the above practices is the select ion of a 

single ve r t i ca l  a t  midstream or a t  the point of greatest  depth. Of these 

two methods, the l a t t e r  i s  preferable because, generally, the greatest. 

percentage of disc'harge occurs a t  the point of maxinun depth. Bowever, 

the use of only one ve r t i ca l  should be l imited t o  v e r j  smill  streams o r  

t o  cer ta in  types of routine sampling. 

Three ver t ica l s  located a t  l/4, 1/2, and 3 /4a id th  i n  a stream cross 

section a r e  widely used; a method which gives nore infornationconcerning 

t i e  d i s t r ibu t ion  of secliment and, natural ly ,  a nore accurate represontm- 

t i on  of sediment dischcrge than does a single ver t ica l .  This proctice i s  

popular, no doubt, because it i s  convenient and practicable t o  use in  the 

f i e l d ,  par t icular ly  by unskilled resident observers. 

Sampling ver t ica l s  located a t  1/6, 1/2, and 5/6 of the stream width 

have been used by a few investigators.  This method of locating the 

ve r t i ca l s  has, i n  theory, a ra t iona l  jus t i f ica t ion  when used i n  a wide 

stream, of uniform depth and uniformly d ~ s t r i b u t e d  velocity,  i n  which 

case the ve r t i ca l s  a r e  a t  the middles of three sections of equal dis-  

charge. However, the occurrence of such conditions of stream flow would 

be unusual; i n  most streams the choice of ver t ica l s  a t  the quarter-points 

would be more. reasonable. I n  general, the  s e l e c t i o n o f  ve r t i ca l s  a t  1/6, 

112, and 5/6 width should be made only a f t e r  t he i r  appl icabi l i ty  t o  the 

stream t o  be sampled. has been ver i f ied by determination of the velocity 



49 Section 1 3  

d i s t r i b u t i o n  and the  shape of t h e  cross sec t ion .  

I n  important inves t iga t ions  it has been common prac t i ce  t o  s e l e c t  a  

r e l a t i v e l y  l a r g e  numberofve r t i ca l s  a t  equal i n t e r v a l s  across  the stream. 

This  method w i l l  g ive a  good ind ica t ion  of the d i s t r i b u t i o n  of sediment 

ac ross  the  stream, bu t  it i s r a t i o n a l  only when t h e  mean concentrat ion f o r  

each v e r t i c a l  i s  weighted with r e spec t  t o  the  stream discharge i n  t h e  

sec t ion  represented by t he  v e r t i c a l .  Unless t h e  r e s u l t s  a r e  weighted i n  

t h i s  manner t'ney w i l l  be unre l i ab le  a s a n i n d i c a t i o n  of the  t o t a l  quant i ty  

of sediment ca r r i ed  by the  stream. 

The se lec t ion  of v e r t i c a l s  so t h a t  each represents  an equal port ion 

of stream discharge i s  another r a t i o n a l  p r a c t i c e .  I n  the f i e l d ,  however, 

t h i s  m e t h o d i s u s u ~ l l y  only approximated. The sec t ions  of equal  discharge 

a r e  determined by v isual  inspection,  subs tant ia ted ,  i n  some cases,  by 

previous discharge measuremerlts, and the  v e r t i c a l s  a r e  loca ted  a t  t h e i r  

middles. This  general  method has a  r a t i o n a l  b a s i s  b u t  the  accuracy of 

i t s  app l i ca t ion  depends l a r g e l y  upon t h e  judgment of the observer i n  

d iv id ing t h e  stream cross  sect ion.  

I n  small streams, and i n  l a r g e r  streams where long-period rou t ine  

inves t iga t ions  a r e  being made, a  d i r e c t  app l i ca t ion  of t h e  method of 

s e l e c t i n g  v e r t i c a l s  so t h a t  a l l  of them represent  equal q u a n t i t i e s  of 

discharge, can be s impl i f ied  somewhat. I f  only one v e r t i c a l  i s  t o  be 

sampled it should he se lec ted  so a s  t o  represent  t h e  g r e a t e s t  port ion of 

t h e  stream discharge.  I f  two v e r t i c a l s  We used the  cross  sec t ion  should 

be divided i n t o  two a reas  of equal  discharge with the  v e r t i c a l  t o  be 

sampled loca ted ,  no t  a t  the  cen te r  of the  a rea ,  bu t  r a t h e r  a t  the inagi -  

n a r y l i z e d i v i d i n g i t a g a i n  i n t o  two smaller a r e a s  of equal discharge.  The 



l o c a t i o n  of t h r e e  o r  more v e r t i c a l s  would be done i n  a s i m i l a r  manner. 

When the  number of v e r t i c a l s  becomes l a r g e  r e l a t i v e  t o  t h e  width of t h e  

stream, t h e  approximations in t roduce  n e g l i g i b l e  e r r o r  and each a r e a  can 

be  sampled a t  i t s  exac t  middle. 

The app l i ca t ion  of e i t h e r  of t hese  r a t i o n a l  methods; namely, equs l ly  

spaced v e r t i c a l s  with concent ra t ions  weighted according t o  discharge,  o r  

v e r t i c a l s  spaced so that they r ep resen t  equal  p a r t s  of t h e  d ischarge ,  re -  

q u i r e s  a knowledge of t h e  d i s t r i b u t i o n  of d ischarge  i n  t h e  stream c ross  

s e c t i o n  a t  t h e  sampling s t a t i o n .  The r e s u l t s  obtained with v e r t i c a l 8  

loca ted  a t  t h e  middles of s e c t i o n s  of equal d ischarge  a r e ,  probably, more 

r e l i a b l e  and accura t e  than those  obtained from t h e  weighted concentcutions 

observed a t  equal ly  spaced v e r t i c a l s .  However, t h e  value of t h e  r e s u l t s ,  

i n  any case, depends upon t h e  thoroughness and accuracy of p r e v i ~ u s  in- 

v a s t i g a t i o n s .  The s e l e c t i o n s  of one o r  the  o t h e r  of t hese  two r a t i o n a l  

p r a c t i c e s  f o r  any pa r t i c i l l a r  l o c a t i o n  shouldbebased  upon t h e  i n d i c a t i o n s  

of previous da ta ,  t h e  c h a r a c t e r i s t i c s o f t h e  stream, t h e  type  of observer ,  

and t h e  type  of i nves t iga t ion  under cons idera t ion .  

14. Lane method of r jsJ,&~m$a.c_alsam~'l ine s ta t ions- -Aprac t ica l  

a p p l i c a t i o n  of t h e  r a t i o n a l  method of s e l e c t i n g  v e r t i c a l s  t h e t  w i l l  rep- 

r e s e n t  equal po r t ions  of stream discharge has been developed by Professor  

E. W. Lane of t h e  Iowa I n s t i t u t e  of Hydraulic Research. Based on t h e  

p r i n c i p l e  o f t h e  Luby method for s e l e c t i n g  sampling po in t s  i n  t h e  v e r t i c a l ,  

t h i s  method allows an accura te  determinat ion of t h e  l o c a t i o n  of t h e  ver- 

t i c a l s  so t h a t  each w i l l  r ep resen t  an equal  po r t ion  of di8charge when 

r e l i a b l e  d a t a  concerning t h e  d i s t r i b u t i o n o f t h e  d ischarge  a t  t h e  sampling 

sec t ion ,  f o r  a l l  s t ages  of t h e  stream, a r e  a v a i l a b l e .  
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The Lane method of se lec t ing  v e r t i c a l s  has been developed f o r  t h e  

cableway measuring sec t ion  i n  the  Iowa River a t  Iowa City,  a stream gaging 

s t a t i o n  operated regular ly  by the U. S. Geological Survey. Fig. 1 shows 

the  discharge d i s t r i b u t i o n  across  the  sec t ion  f o r  varying stages and the  

o w l a t i v e  discharge up t o  any point  i n  per  cent  of the t o t a l  discharge. 

The curves were constructed by p l o t t i n g  da ta  from individual  discharge 

measurements a s  shown i n  Fig. 2. S t a r t i n g  a t  the  water 's  edge, the cumu- 

l a t i v e  discharge t o  any point ,  i n  per  cent  of the t o t a l  discharge f o r  the 

measurement, was p lo t ted  with respect  t o  gage height and d is tance  t o  the  

point .  The p lo t ted  points  were connectedbya smooth curve. The d is tances  

t o  points  of equal increments of discharge,  that is, 5,  10,  15 per  cent ,  

e t c . ,  were determined by graphica l  in te rpo la t ion  and p lo t t ed  with respect  

t o  per  cent  of discharge a s  shown i n  Fig. 1. This process was repeated 

f o r  a s u f f i c i e n t  number of discharge measurements t o  cover the des i red  

range i n  s tage.  Smooth curves o r  contours representing percentages of 

discharge f o r  a l l  s tages  were then constructed. 

I n  Fig. 3 the  percentages of discharge a r e  p lo t ted  a s  ordinates  and 

t h e  d is tances  t o  points  of observation a s  absc issas  f o r  various s tages  of 

the  r i v e r .  These curves may a l s o  be p lo t ted  by in te rpo la t ion  of the  da ta  

given i n  Fig. 2. 

The v e r t i c a l a t o b e  sampled can be located  by using t h e  da ta  shownin 

Table 5 and e i t h e r  Fig. 1 o r  Fig. 3. Assuming the s t age  t o  be 4.0 f t .  

and that samples a r e  des i red  from s i x  v e r t i c a l s ,  Table 5 ind ica tes  t h a t  

the  mean discharges f o r  s i x  sampling points  a r e  8, 25, 42, 58, 75, and 92 

per1  cent .  Referr ing t o  the  curves f o r  these  percentages .and a gage height  

of 4.0 f t . i n F i g .  l o r F i g .  3, the d is tances  from the reference s t a t i o n  a t  



Fig. 1 52 

- 

+ 

12 

10 

8 

G 
L 

1 
8 4 
z 
I 
w 
0 

5 2 

0 

-2 

-4  
0 40 80 120 160 200 240 28 0 300 

DISTANCE - F T  

NOTE#- 

PERUNlAOC* W l C A l C  CWULAlIVC 
DI8CWIQC TO ANY POINT IN  CEI  CCN7 
Of T M  TOTAL OISCWIQL 

- - 

IOWA RIVER, IOWA CITY, IOWA 

DISCHARGE DISTRIBUTION 
VARIATION wrrn PER CENT OF FLOW 

U S. GtOLOClCAL SURVEY IOWA CITY,IA 

DRAWN BY V. A K 
TRACED BY. A.D A. JULY, 1840 



DISTANCE - FT. 

IOWA RIVER,IOWA CITY, IOWA 

DISCHARGE DlSTRl BUTION 
INDIVIDUAL MEASUREMENTS 

US. GEOLOGICAL SU W E Y  IOWA CITY,IA. 

DRAWN BY: \( A.K. 
TRACED BY: A. D. A. JULY, 1040 



Fig. 3 54 

100 

80 

J 

80  

B 
C 70 z 
W 
U 

E m  
L 
# ; 50 
4 
x 
y 4 0  
0 
W 5 30 

3 
f 20 
u 

10 

'0 20 40 60  8 0  100 120 140 160 180, 200 220 240 260 280 300 

DISTANCE - FT. 

- 

IOWA RIVER, IOWA CITY. IOWA 

DISCHARGE DISTRIBUTION 
VARIATION WITH GAG€ HEIGHT 

UIS. GEOLOGICAL SURVEY lawA CITY,IA. 

DRAWN BY: V. A.K. 
TRACED BY: A.D. A. JULY, 1840 



55. Section. 14 

which samples should be taken a re  found t o  be 92, 114, 134, 157, 180, and 

215 f t . ,  respectively. 

This method i s  readily applicable to  gaging s ta t ions  a t  which sedi- 

ment samples and discharge measurements are taken regularly. The curyes, 

which may be constructed from previous discharge measurements, can be 

used i n  the f i e l d  t o  locate the sampling points. Determination of the 

r i v e r  s t a e  i s  the only other observation tha t  i s  necessary. The curves 

may need adjustment i f  major changes In  the r i ve r  cross section take 

place. However, with only minor changes they w i l l  remain accurate within 

reasonable l imits .  

I f  samples which are  representative of the sediment d i s t r ibu t ion  i n  

the ve r t i ca l  are  taken a t  points spaced transversely by the method de- 

scribed, they w i l l  be representative of equal discharges. h r the lmcr~e , , i f  

the samples i n  the ver t ioals  a r e  of equal volume, they may be combined t o  

form a composite sample which w i l l  give the mean sediment conoentration 

f o r  the t o t a l  water discharge. I f  e i ther  the Luby or the depth-integration 

method i s  used f o r  selecting sampling points i n  the ve r t i ca l s  and the same 

number of equal volume samples are  taken i n  each ver t ica l ,  a l l  the samples 

i n  the cross section may be combined t o  form a composite sample bvhuhdah 

w i l l  be representative, not only of the average sediment concentration, 

but a l so  of the average s i z e  dis t r ibut ion of the sediment load. 
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I V .  SEUCTION OF SMPLING POINTS I N  A VFRTICAL 

15. Sediment d i s t r ibu t ion  i n  a vertical--The variation of sediment 

concentration from the surface t o  the bottom of a stream i s ,  i n  general, 

considerably greater than tha t  across the stream, a s  was pointed out i n  

Section 12 and shown by Tables 2 and 3. The l a t t e r  table  gives the r a t i o s  

of sediment concentrations a t  mid-depth and a t  the bottom, t o  t h a t  a t  the 

surface, a s  determined i n  a la rge  number of investigations.  Each r a t i o  

represents the mean va lueofa  nufiber of observations. The extreme r a t i o s  

f o r  each se r i e s  of &$$are given to  show the variation a t  a s ingle  loca- 

t ion.  In  most cases'lihe concentration was foundtobe higher a t  mid-depi,h 

than a t  the surface, and a l so  higher a t  tine bottom tnan a t  mid-depth, in- 

dicating an increase i n  concentration with depth. This was indicated 

a l so  by the r e s u l t s  obtained from samples taken a t  0.2, 0.4, 0.6, and 0.8 

depths and a t  1 f t .  above the bed, a s  shorm near the bottom of the table.  

Most of the r a t i o s  of mid-depth t o  surface concentration f a l l  between 1.0 

and 1.4, and of bottom t o  surface concentration, between 1.1 and 1.5. 

The l imiting r a t i o s  given i n  the table represent the highest and lowest 

r a t i o s  observed i n  any ve r t i ca l  a t  t ha t  location f o r  any s ingle  se t  of 

surface, mid-depth, and bottom readinas. The spread of these r a t i o s  a t  

a l l  s ta t ions  indicates  a wide variation of the sediment content a t  any 

point from t h a t  of the mean for  the stream. Some of the extreme varia- 

t ions i n  sediment dis t r ibut ion indicated i n  the tab le  a r e  probably due t o  

e r rors  i n  sampling, analysis, or computation, and no means i s  available 

f o r  determining t o  wnat extent the variations a r e  due to  e r ro r s  and t o  

what extent t o  momentary f luctuat ion i n  concentration. It i s  believed, 

however, t h a t  the l a t t e r i s a  very important factor .  In order, t o  indicate  
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t h e  v a r i a b i l i t y  of values b e t t e r  t b n  i s  poElsible by a comparison of the 

extremes, where enough da ta  was avai lable ,  t h e  standard devia t ion  was 

computed. From t h e  da ta  shown i n  Table 3 it i s  evident  t h a t ,  i f  accuracy 

is t o  b e  a t t a i n e d  i n  determining t h e  sediment discharge of a stream, con- 

s i d e r a t i o n  must be given t o  the  v e r t i c a l  d i s t r i b u t i o n  of the  sediment and 

t h e  sampling po in t s  i n  t h e  v e r t i c a l s  must be se lec ted  on a s c i e n t i f i c  

b a s i s .  

16. Methods of selectine: sampling ~ 0 i n t S  i n  a vertical--The'purpose 

of sampling a t  more than one point  i n  a v e r t i c a l  i s  usual ly  t o  secure 

samples from whichto determine t h e  magnitude of the  sediment load c a r r i e d  

i n  a u n i t  width of t h e  stream i n  a u n i t  of time, and, i n  some cases,  t o  

determine t h e  p a r t i c l e  s i z e  composition. A s  previously shown, t h e  sedi- 

ment concentrat ion usually increases  from the  surface t o  t h e  b 0 t t ~ m  of a 

stream. It i s  well  known a l s o  t h a t  the  ve loc i ty  i n  a v e r t i c a l  decreases 

from t h e  s u r f a c e t o t h e  bottomaqd, consequently, more water passes througn 

a u n i t  a r e a  of cross  sec t ion  near  t h e  surface  than a t  t'ne bottom. Any 

s c i e n t i f i c  method of shmpling must take i n t o  account both t h e  va r i a t ion  

of sediment concentrat ion and t h e  va r i a t ion  i n  ve loc i ty  ~t a v e r t i c a l  

which i s  t o  be sampled. 
1' 

Recent s t u a i e s  of turbulence i n  flowing water have thrown a g rea t  

d e a l  of l i g h t  on t h e  v e r t i c a l  d i s t r i b u t i o n  of sediment i n  streams. The 

turbulence theory ind ica tes  that the re  i s  a tendency f o r  sediment of a l l  

s i z e s  t o  be more concentrated near ' the  bottom of a stream than a t  t h e  

surface.  I n  t h e  case of t h e  very f i n e  p a r t i c l e  s i zes ,  t h i s  v:rr.iatinn i s  

sl ight , ,  l ~ u ~ ,  Cor tile l a r g e r  s i z e s  tile v a r i a t i o n  is  considerabla. A l i n e a r  

d i n t r i i ) ~ l t i o n  r%y be assumed f o r  t h e  small s i z e s  with s u f f i c i e n t  accuracy, 
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b u t  the  d i s t r i b u t i o n  of coarser  ma te r i a l  i s  a  v a r i a b l e  func t ion  of t h e  

depth, t h e  concentrat ion increas ing rap id ly  a s  the  bottom i s  approached. 

Var ia t ions  i n  t h e  v e r t i c a l  d i s t r i b u t i o n  of sediment have been tsken 

i n t o  account i n  c e r t a i n  inves t iga t ions  i n  e i t h e r  of t h e  follovring nays: 

a. by taking sam?les a t  enough po in t s  t o  e o t a b l i s h ' t h e  
v e r t i c a l  v a r i a t i o n  with the  requi red  degree of accuracy, 

b .  by applying correc t ion  f a c t o r s ,  based on previous ob- - 
servat ions ,  t o  samples taken a t  d e f i n i t e  loca t ions ,  and 

c. by taking samples which i n t e g r a t e  t h e  c o n c e n t r ~ t i o n  
throuehout the  depth. 

Veloci ty v a r i a t i o n s  i n  t h e  v e r t i c a l  have bcen given proper ne ight  eitiner 

Ly taking samples represent ing  equal  volumes of discharge o r  by taking 

samples represent ing  known volumes of discharge. 

Tne accuracy of t h e  methods used i n  inves t iga t ions  i n  the  post  has 

va r i ed  g rea t ly .  I n  some cases the  procedure was based on c t h o r o u ~ h  con- 

s i d e r a t i o n  of t h e  p r i n c i p l e s  involved, \*/.,bile i n  o ther  caccs t:he methotis 

were oelected i n  a  manner q u i t e  a r b i t r a r y ,  genera l ly  with a  view t o  con- 

venience i n  sampling o r  t o  simplifjjing tine r u l e s  necessary t o  secure 

uniformity of p rac t i ce .  

I n  the  following discuosion the  d i f f e r e n t  methods used have bcen 

c l a s s i f i e d  a s  a r b i t r a r y ,  empirical ,  o r  r a t i o n a l .  The a r b i t r a r y  methods 

a r e  those  i n  which f ixed  points  i n  t h e  v e r t i c a l s  a r e  chosen f o r  sanpling,  

genera l ly  on account of g rea te r  convenience. Empiriccl methods a r c  thoce 

where t h e  po in t s  chosen, o r  t h e  c o e f f i c i e n t s  appl ied ,  a r e  based on pre- 

vious,  more exact  measurements. Rat ional  methods a r e  those which a r e  

based upon an  a n a l y s i s o f t h e  p r i n c i p l e s  involved, usua l ly  using simplify- 

i n g  acoumptions. I t  i s  not  poss ib le  t o  dray{ up a  rigid c l a c s i f i c a t i o n  a s  

t h e r e  a r e  mony border l i n e  cases.  
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17. Arbi t rarv  and e m ~ i r i c a l  methods--In p a s t  inves t iga t ions  ' the 

sampling po in t s  i n  a v e r t i c a l  have been se lec ted  a r b i t r a r i l y ,  i n  general ,  

f o r  convenience, and because l e s s  t r a i n i n g  on the p a r t  of the observer 

was required.  The a r b i t r a r y  o r  empirical  sampling methods which have 

been i n  most common use  a r e  described b r i e f l y  a s  follows: 

a.  a s ing le  sample taken a t  t h e  surface with o r  without 
c o e f f i c i e n t  appl ied ,  

b. a s i n g l e  sample taken a t  0.6 depth, - 
c .  samples taken a t  the surface and bottom with equal 

weighTs appl ied  t o  the  concentration observed, 

d. samples taken a t  the  surface,  mid-depth, and bottom, 
wi th  s q u a l  weights applied,  and 

e .  samples taken a t  surface,  mid-depth, and bottom wi th  
weights of 1, 2, and 1, respect ive ly ,  applied.  

The advantages of the s ing le  surface sample method a r e ,  obviously, 

i ts  s impl ic i ty  and i t s  s u i t a b i l i t y  f o r  use by unski l led  observers. How- 

ever,  i n o r d e r  t o  make t h i s  an  empirical  m e t h o d , i t w i l l  f i r s t  be necessary 

t o  obta in  considerable da ta  on the  sediment load ca r r i ed  by the  stream 

from which t o  de r ive  the  t o e f f i c i e n t s .  Even then,  total concentrat ions . 
based upon these  c o e f f i c i e n t s  would be quest ionable.  For s i z e  a n a l y s i s  

t h i s  i s  the  l e a s t  dependable of a l l  methods, s ince  the  l a r g e r  p a r t i c l e s  

a r e  genera l ly  no t  present  near  the  surface  of a stream. 

The method which involves taking only one sample i n  the  v e r t i c a l  a t  

0.6 depth  has been found s a t i s f a c t o r y  i n  r i v e r s  of Texas, India ,  and 

Turkestan. I t  cannot necessa r i ly  be considered r e l i a b l e  o r  accura te  f o r  

determining e i t h e r  t o t a l  concentrat ion o r  p a r t i c l e  s i z e ,  bu t  it i s  un- 

doubtedly b e t t e r  than i f  only surface samples a r e  taken. A p r a c t i c a l  

disadvantage is t h a t  sampling a t  a f r a c t i o n a l  depth may present  d i f f i c u l -  

t i e s  t o  an  unski l led  observer. 
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Recent s tud ies  of turbulence and sediment d i s t r i b u t i o n  have demon- 

s t r a t e d  t h a t  t h e  d is tance  from the  bottom of a stream t o  t h e  point  of 

average sediment concentration i n  a v e r t i c a l  v a r i e s  inve r se ly  with t h e  

s i z e  of t h e  suspended mater ia l .  Therefore, it cannot be assumed t h a t  a 

given proport ion of the  depth w i l l  g ive t h e  average concentrat ion i n  a l l  

streams, and, inmany cases,  not even a t  a s ing le  s t a t i o n  i n  an  ind iv idua l  

stream, s ince  the  s i z e  of sediment ca r r i ed  may d i f f e r  a t  t h a t  s t a t i o n  

from time t o  time. 

The method which involves taking two samples i n  each v e r t i c a l ,  a t  

t h e  surfcce and bottom, has a p r a c t i c a l  advantage i n  being s u i t a b l e  t o  

unsk i l l ed  obnervers. When t h e  two samples a r e  given equal  weight i n  t h e  

average sediment determination, this method i s  considered inaccurc te  f o r  

evaluat ing  e i t h e r  t o t a l  concentration of sediment o r  p a r t i c l e  s l z e .  It 

i s  s t r i c t l y  an a r b i t r a r y  method, without empirical  o r  r a t i o n a l  j u s t i f i -  

ca t ion .  

Sampling a t  t h e  surface,  mid-depth and bottom, using equal weights 

a t  t h e  th ree  points ,  i s  an  a r b i t r a r y  method but  one t h a t  has been used 

extenoively.  The accuracy of t h i o  method has been s tudied  by D r .  L. G. 

Straub and hio  f indings  a r e  discussed i n  Section 19. This "three-pointn 

method is undoubtedly more accura te  than surface o r  surface  and bottom 

sampling. I n  r ecen t  years  it has become common p r a c t i c e  t o  give double 

weight t o  t h e  concentrat ion indica ted  by the  mid-depth sample. This  

p r a c t i c e  1s based on t h e  assumption that t h e  average of t h e  surface  and 

mid-depth samples represents  the  upper ha l f  of the  discharge i n  t h e  ver- 

t i c a l  and t h e  average of the  mid-depth and bottom samples rsprezents  t h e  

lovrer h a l f .  A number of observers have found t h a t  weights of 1, 2, and 1 
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a r e  approximately proportional t o  the  r a t e  of water discharge i n  the  

respective ssctions of the ver t i ca l .  For example, i t  was found from many 

measurements i n  the Mississippi River (55) t ha t  the  upper 1/4, middle 1/2, 

and bottom 1/4 of a ve r t i ca l  carried 27.2, 51.2, and 21.6 per cent of the 

water discharge, respectively. Samplingat surface, mid-depth, and bottom 

i s  a r e l a t i ve ly  simple method t o  use, and can be performed f a i r l y  eas i ly  

by dependable, although inexperienced, observers. 

18. The precise method--The precise methodof sampling i n  a v e r t i c a l  

involves c o l l e c t i o n o f a  re la t ive ly  la rge  number of point sediment samples 

simultaneously with velocity measurements. Suff ic ient  data a re  collected 

t o  construct accurate ve r t i ca l  velocity and sediment d i s t r ibu t ion  curves, 

the  corresponding abscissas of which a r e  multiplied t o  obtain a sediment- 

veloci ty  curve. The area under t h i s  curve represents the sediment dis-  

Charge in the ver t i ca l .  This method has been used cons iderab lyh  sampling 

fo r  research purposes, but  i t  i s  too laborious f o r  routine sampling. 

19. The Straub method--Probably the most complete ana ly t ica l  and 

experimental work pertaining to  the select ion of sampling poitlts'was t h a t  

performed by D r .  L. G. Straub (50) of the U. S. Engineer Department, 

Missouri River Division, during 1929 and 1930, r e l a t i ve  t o  obtaining 

samples from the Missouri River a n d i t s t r i b u t a r i e s .  The method developed 

from these s tudies  was the only one found i n  which the coeff ic ients  

applied were based on mathematical derivation, and, therefore,  a b r ie f  

summary of the  t h e o r y o f t h i s  method w i l l  be given. More complete d e t a i l s  

of t h i s  method w i l l  be found i n  reference No. 50 of the bibliography. 

By means of a logarithmic p lo t  of a typical  velocity curve, an 
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empirical exponential equation was derived tha t  would define the general 

shape of such a curve. T h i s  equation was of the form 

v = vshm 

where v = velocity a t  any point 

v, = velocity a t  the surface 

h = distance above zero of coordinates r e l a t ive  t o  the 
t o t a l  dspth (zero was s l igh t ly  below the stream bed). 

m = exponent dependent upon the shape of the velocity curve, 
(found t o  be 0.284 i n  the Missouri River). 

Based upon the typical  velocity curve, the discharge, q, per u n i t  width 

of stream could be expressed by 

q = 0.793 vs 

For most of the Missouri River s ta t ions a t  which samples were taken, 

an approximate straight-l ine variation of sediment concentration from the 

water surface t o  the stream bed was found t o  ex is t .  For such cases, the 

following equation f o r  sediment dis t r ibut ion applies: 

s = so - (so - s,)h 

where s = sediment concentration a t  any point; h = distance above zero 

so = sediment concentration a t  h = o 

ss = sediment concentration a t  surface 

Since the sediment dischargeat any point i s  the product of the water 

velocity and sediment concentrationat the point, these two equations were 

multiplied ana the r e su l t  integrated throughout the stream depth t o  give 

an expression denoting sediment discharge, S, per u n i t  width of stream: 

S = ~ ~ ( 0 . 3 3 5  so+ 0.458 s,) 

Then, t o  determine the fac tor  by which the water discharge must be m u l t i -  

plied t o  obtainthe sediment discharge,the equation f o r  sediment discharge 



65 Section 19 

per unit width of stream was divided by the equation for water dis- 

charge per unit width of stream. This provided a general expression with 

the coefficient to be applied to the sediment concentrations obtained at 

the zero point for vertical coordinates and at the surface: 

s/~ = 0.422 so + 0.578 ss, 

Since the sediment concentration had a straight-line variation, 

the concentration at the surface or at the bottom could be expressed in 

terms of concentration at any other two points in the vertical. The 

points of 0.2 and 0.8 depth were chosen and values for concentrations 

at these points in relation to bottom and surface concentrationwere 

substituted in the general expression. It was found thnt coefficients 

of 0.385 and 0.b15 should be applied to the 0.8 and 0.2 depth points, 

respectively. The final expression for the approximate silt discharge 

per unit width of stream is 

S = (3/8 s.8d + 5/8 s.2d) q 

where 3 = thb totb.1 sediment discharge @ex unit width, 

s.8d = sediment concentration at 0.8 depth, 

s.2d = sediment concentration at 0.2 depth, 

and q = the water discharge per unit width. 

This expression will be referred to as the Straub lltwo-pointll method. 

Dr. Straub recognized that in certain instances the sediment conce P- 
tration increases rapidly toward the bottom and that erroneous values 

would be secured if the coefficients developed for a straight-line vari- 

ation were used. For the Missouri River he found the general equation 

for curvilinear sediment distribution to be 

s = knssh-", 

the value of k depending upon the center of coordinates. 
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With a derivation similartothat used forthe straight-line variation 

he arrived at the equntion. 

S = K  ssq 

The value. &, which was termed the "silt distribution factor", although 

found to vary within rather narrow limits, is a complicated expression. 

The exponents and 11 in the velocity and sediment distribution curves 

respectively, are unknowns in the expression and, consequently, if they 

were determined it would only be necessary to obtain a surface sample to 

determine sediment discharge. 

A "three-point1' method, with an arithmetic average of concentrations 

in samples secured at surface, mid-depth, and bottom, has been used in 

other investigations than in the Missouri River. A comparison was made 

of this method and the !!two-point" method with the theoretically correct 

value of sediment discharge for both straight-line and curvilinear sedi- 

ment distribution which is presented in Table 4. The per cent deviation 

from the theoretically correct value for various ratios of sediment con- - 
centration at surface to that at bottom, and for various exponents of the 

silt distribution curve are shown. The analysis shows clearly the in- 

accuracy of the "three-point" method when compared with the theoretical 

and "two-point" methods for both straight-line and curvilinear variation 

of sediment distribution. Also, as the concentration at the surface de- 

creases in relation to that at the bottom the per cent deviation from the 

theoretical increases rapidly for both methods. It is obvious that the 

llthree-pointll method is more limited in use than the lrtwo-pointu method. 

The values in the table also show that if the assumed values of 5 and g 

are reasonably correct, the lltwo-pointll method will be quite accurate 
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when a curvilinear var ia t ion exis ts .  The llthree-pointll method gives 

values tha t  a r e  always greater than the theoretical ,  while the values 

given by the "two-point" method are  s l igh t ly  lower. 

TABLE 4 

THEORETICAL COMPARlSON OF METHODS OF OBTAlNlNG SEDllilENT DISCHARGE 

(a )  Straight-l ine Variation of Sediment Distribution 

r ~ a t i o  of concentratioq, I Per cent deviation from t h e o r e t i c a E 1  1 surfaceo;; bottom 
ss/sb 

I n  the ear ly  stages of the Missouri River investigation of 1929-30, 

accurate sediment discharge6 were obtainedbysecuring samples &veloc i ty  

measurements a t  1 f t .  below the surface, a t  0.2, 0.5, and 0.8 depth, nnd 

1 f t .  above the bottom. The sediment discharge was computed using the 

precise method. This study included 27 days between May 8 and August 20, 

0.3 
0.4 
0.5 
0.6 I" i!!: + 3.58 1 
0.7 + 2.35 
0.8 .14 + 1.56 
0.9 - -06 + 0.74 
1 .o 

L 

(b) Curvilinear Variation of Sediment Distribution 

-- 
Iftwo-point" method I 

Exponent _n i n  
sediment d i s t r i -  
bution equation 

0.40 
.30 
.20 
.15 
.0875 
.050 
0 

- 0.88 + 10.11 

sS/sb 

0.209 
.3095 
.456 
.553 
.711 
.823 

1 .ooo 

Per cent deviation from theoretical  value 

lltwo-pointfl method 

- 3.40 
- 1.88 
- 0.85 
- .71 
- .47 
- .19 

0 

"three-point!' method 

+ 69.0 
+ 41.9 
+ 22.95 
+ 16.04 
+ 8.15 
+ 4.43 

0 
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1929. Sediment discharges were a l so  computed by the ~ltwo-pointl~ and 

"three-point" methods described previously and the r e s u l t s  compared with 

those obtained by the precise method. For the "two-point" method the 

deviation from the precise varied from t6.54 t o  -11.8 per cent, the  alge- 

b ra i c  average being only -0.37 per cent. I n  the  l l three-point~~ method the 

a lgebraic  average was not appreciably greater ,  being t0.56 per cent, but 

the  var ia t ions  were considerably greater,  ranging from t11.3 t o  -13.6 

per cent. D r .  Straub pointed out thot  t h i s  c lose  agreemeqt wa6 probably 

due t o  two factors ;  first, samples not being taken very close t o  the  

stream b e d o r d i r e c t l y  a t  the  surface,  and second, t ha t  there ~ i a s  general- 

l y  only 10 to 20 per cent more sediment per un i t  volume i n  bottom samples 

than i n  those a t  the surface. I n  t h i s  and other investigations,  the 

"three-pointll method tendedtogive resu l t6  higher than the precise,  while 

the  "two-pointt1 method gave results s l i gh t ly  lower. This observation i s  

a l s o  borne out i n  the theore t ica l  comparisons i n  Table 4. 

Since pmcise ,  preliminary invest igat ions  establishedthereliability 

and accuracy of the  lltwo-pointll method f o r  use i n  the  Missouri Fiver, it 

was used extensively f o r  invest igat ions  i n  t h a t  r iver .  This method i s  

applicable for  obtaining sediment concentration regardless of the  d i s t r i -  

bution a s  long a s  i t  i s  approximately a s t r a igh t  l i n e  and the veloci ty  

d i s t r i bu t ion  is consis tent ly  about the  same. This method i s  not  i n  a l l  

cases sa t i s fac tory  fo r  obtaining a representation of the  p a r t i c l e  s i z e  

s ince  the v e r t i c a l  d i s t r ibu t ion  curves f o r  l a rge  s izes  generally have 

considerable curvature near the  stream bed. 

20. The Lubr metM--Mr. J. P. Luby of the  S t ,  Paul U. S. Engineer 

D i s t r i c t  developed a r a t i ona l  method f o r  se lec t ing  points i n  t h e  v e r t i c a l  



69 Sec t ion  20 

which has been used r e c e n t l y b y ~ o m e  o f t h e  o the r  U .  S. Engineer D i s t r i c t s .  

I n  t h i s  method t h e  a r e a  under t h e  v e r t i c a l  ve loc i ty  curve i s  divided i n t o  

equal  a r e a s  a s  shown i n  F ig .  4 ( a ) .  If samples a r e  taken a t  t h e  cen t ro ids  

of  these  a r e a s  they w i l l  be r ep resen ta t ive  of equal  po r t ions  of t h e  d i s -  

charge. The onmples, i f  of equal volume, can then  be combined and t h e  

composite w i l l  be r ep resen ta t ive  of t h e  mean sediment concent ra t ion  i n  

t h e  v e r t i c a l .  The mean p a r t i c l e  s i z e  composition w i l l  a l s o  be rep resen ted  

i n  t h e  composite sample, providing enough po in t s  a r e  chosen. The number 

of  po in t s  t o  sample w i l l  l a r g e l y  be determined by t h e  curvature of t h e  

sediment d i s t r i b u t i o n  graph, t h e  shape of t h e  v e r t i c a l  v e l o c i t y  curve, 

and t h e  depth of t h e  stream. 

Fig. 4(b) shows a t y p i c a l  sediment d i s t r i b u t i o n  curve with d i v i s i o n s  

and l o c a t i o n s  of sampling po in t s  as indica ted  by t h e  d iv i s ion  of t h e  ver- 

t i c a l  v e l o c i t y  curve. This  i l l u s t r a t e s  t h e  approximations i n  t h e  Luby 

method; namely, i n  assuming t h e  sediment concent ra t ion  a t  t h e  cen t ro id  t o  

be t h e  mean of t h e  a rea .  As seen by t h i s  curve t h e  a c t u a l  mean i n  each 

a r e a  w i l l  be a t  a po in t  below t h e  cent ro id  except  near  t h e  sur face ,  and 

i n  a l l  cases  t h e  Luby method w i l l  tend t o  show concent ra t ions  which a r e  

smal le r  than a c t u a l l y  e x i s t .  A s  t h e  curvature of t h e  sediment d i s t r i b u -  

t i o n  graph inc reases , the t endency  f o r  e r r o r  increases ,  r equ i r ing  d i v i s i o n  

i n t o  a  g r e a t e r  number of equal a r e a s  of discharge t o  secure  t h e  same 

degree of accuracy. 

Curve A of F ig .  5 is a t y p i c a l  v e r t i c a l  v e l o c i t y  curve obtained by 

t h e  U .  S. Geological Survey (40) from 78 measurements i n  seven r i v e r s  of 

southern New York during 1901. Curve B, p l o t t e d  f r o m t h e d a t a  of Curve A ,  

shows t h e  per  c e n t o f d i s c h a r g e  below any given per  cent  of depth. Having 
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(a) Vertical velocity 
curve and epc ing  of 
samplingpointetorep- 
reeent equal portion8 
of diecharge. 

(b) Sedlment dietribution curve. 

Fig. 4-Illuetration of the Luby method. 

theee curvee for  any atream, the location of eampling points by the Luby 

method i e  eaeily made. After eetabliehing the number of point8 deeired, 

thei r  percentages are found from Table 5 and by entaring Curve B a t  the 

middle of each equal fraction of the discharge, the per cent of depth for  

each pointiadetermlned. Thue, i f  four points were desired, from Table 5 

the mlddlee of the equal fractions of diecharge would be 12, 58, 62, and 

88 per cent. From Curve 0,thecorreeponding empling points would be 18, 

45, 68, and 90 per cent of the depth above the bottom of the etream. 

Table 5 fac i l i t a tee  determination of the location of the centroid6 

of the eectiona of equal discharge. The table i e  entered a t  the number 

of sampling points deeired, giving the cumulative percentage of water 

diecharge to .cne centroid of each aection. 
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Percent of dlschsrgs B o l a  1ndloat.d depth (Gun. 8) 

Percent of mean velocltp (Curve A) 
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The Luby method is applicable to a wide range of field conditions 

and, if properly conducted, can beexpected to give good results for both 

total sediment concentration and particle size distribution. 

CUMULATlVE PERCENTAGES OF TOTAL DISCHARGE AT CENTROlD OF SECTIONS 
OF EQUAL DlSCMGE FOR k GIVEN NUMBER OF SIiMPLlNG POlNTS 

21. The depth-intear~tion nethod--The depth-integration method of 

sampling suspended sediment in streams presupposes that the sampler 

fills at a rate proportional to the velocity of the approaching flow and 

that, in traversing the depth of a stream at a uniform speed, the sampler 

will receive at every point inthe vertical a smll instantaneous specimen 

of the water-sediment mixture, the volume of which is proportional to the 

instantaneous velocity. The avail~ble records indicate tkt tnis method 

No. of 
campline 
points 

of sampling was first used by Major Allan Cunningham in the Ganges Canal, 

India, in 1874. Be lowered a tube from tne surface to the bottom and 

Mid-percentage for each section 
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co l l ec ted  a column of water t h e  f u l l  depth of t h e  canal.  

The main f a c t o r s  which influence t h e  r a t e  of f i l l i n g  of a  sampler 

a r e  t h e  stream ve loc i ty  and the  hydrostht ic  pressure a t  the  point  of 

sampling. The hydros ta t i c  pressure may cause the  r a t e  of f i l l i n g  t o  vary 

with depth, so t h a t  it i s  no t  proport ional  t o  t h e  stream veloci ty .  This  

e f f e c t  can be el iminated by using a sampler unaffected by hydros ta t i c  

pressure,  a condit ion which i s  approximated by t h e  co l l aps ib le  container  

type with in take  fac ing i n t o  the  stream. The r a t e  of f i l l i n g  can a l s o  be 

con t ro l l ed  mechanically by regu la t ing  the  a i r  r e l e a s e  o r  by ad jus t ing  t h e  

s i z e  of intake.  S t i l l  another means of correc t ing  f o r  t h i s  e f f e c t  of 

hydros ta t i c  pressure on the  rate of f i l l i n g  i s  t o  vary the  r a t e  a t  which 

t h e  sampler is moved v e r t i c a l l y ,  but  t h i s  method presents  operat ing d i f -  

f i c u l t i e s  t h a t  make it impract ical .  When the  depth-integration method i s  

properly used it w i l l  give accura te  f e s u l t s  f o r  both mean concentrat ion 

and p a r t i c l e  s i ze ,  providing t h e  time of f i l l i n g  i s  s u f f i c i e n t  t o  compen- 

s a t e  f o r  instantaneous f luc tua t ions  a t  each point .  Since t h i s  method 

r e q u i r e s  only one sample i n  each v e r t i c a l ,  the  labora tory  ana lys i s  i s  

reduced t o  a minimum. 

A t  present  t h e r e  i s  no equipment ava i l ab le  i n  t h i s  country which is 

designed t o  give the  proper r a t e  of f i l l i n g  under a l l  condit ions of oper- 

a t i o n .  A co l l aps ib le  bag type of sampler, which i n  claimed t o  s a t i s f y  

t h e  requirements, i s  being used i n  Russia. 

I n  depth-integrat ion sampling, a slow f l l l i n g  type of sampler must 

be used. I n  using t h i s  method it has f requent ly  been t h e  p rac t i ce  t o  

lower a closed sampler t o  t h e  bottom, then open it, and r a i s e  i t  a t  such 

a r a t e  t h a t  t h e  sampler would reach the  surface before the  container  was 
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en t i r e ly  f i l l e d ,  thus assuring t h a t  water from every point i n t h e  ve r t i ca l  

was taken in. When a sampler with a fixed-volume container i s  operated 

i n  t h i s  manner a portion of i t s  capacity i s  f i l l e d  i n  a moment a f t e r  the 

valve i s  opened. This i n i t i a l  f i l l i n g ,  whichisinduced by the difference 

i n  pressure outside and inside the container and, therefore, proportional 

t o  the depth of submergence, i s  described f u l l y  i n  Section 42. It i s  

evident t ha t  during t h i s  period the f i l l i n g  r a t e  i s  not a function of the  

velocity and, hence, the sample as  a whole i s  not representative of the 

average water-sediment mixturesinthe ver t ica l .  To avoid t h i s  d i f f i cu l ty  

the sampler should be open during the descent a s  well a s  the ascent and 

should be lowered and raised a t  a uniform r a t e  such tkt the round t r i p  

i s  made before the container i s  en t i re ly  f i l l e d .  This procedure does not 

assure a perfectly integrated sample, but, fo r  p rac t ica l  purposes, it i s  

probably sat isfactory,  i f  the stream i s  not too deep t o  permit the round 

t r i p  t o  be made before the container is f i l l e d .  

The accuracy of t h i s  method w i l l  be diminished i f  the sampler used 

does not permit sampling close enough t o  the stream bottom. fiowever, 

par t icular  care must be exercised t o  prevent disturbing the bed material 

i n  such a way that it i s  washed up in to  the sampler.. 

22. Comparative summary of methods--Table G presents a comparative 

s u m r y  of the various methodsinuse f o r  observing sediment ina ve r t i ca l .  

The attempt has been made t o  make t h i s  table  complete so tha t  a ready 

comparison between exis t ing methods i s  p o ~ s i b l e .  The number of samples, 

the  duration of a sampling in te rva l  a t  a single point, and the manner of 

conducting the depth-integration method so a s  t o  compensate f o r  instan- 

taneous fluctuationsinsediment concentration are  not shovm i n  the table .  
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These f a c t o r s  w i l l  necessa r i ly  have varying importance with d i f f e r e n t  

types of inves t iga t ions  and t h e  s i z e  and c h a r a c t e r i s t i c s  of t h e  stream. 

As a p r a c t i c a l  matter,  i n  c e r t a i n  inves t iga t ions  where econow i s  

e s s e n t i a l ,  it may be necessary t o  have rout ine  samples taken by unoki l led  

r e s i d e n t  observers, which w i l l  necess i t a t e  the  use  of the  more simple 

methods. The t a b l e  shows the a d a p t a b i l i t y  of t h e  methods under these  

condit ions.  

In  considering Table 6 it ohould be noted t h a t ,  although the  depth- 

i n t e g r a t i o n  method requi res  only one sample f o r  concentrat ion determina- 

t i o n s ,  t h i s  advantage may be p a r t i a l l y  o f f s e t  by the  probable increased 

accuracy of t h e  Straub o r  Luby methods, wherein more samples tend t o  off-  

s e t  e r r o r  due t o  very rapid  f luc tua t ions  i n  t h e  sediment concentration. 

I f  s i z e  a n a l y s i s  of t h e  sediment i s  des i red  it may b e  necessary, f o r  

ordinary concentrat ions,  to obtain as many samples by t h e  depth-integrat ion 

method a s  by t h e  Luby method i n  order  t o  have s u f f i c i e n t  sediment f o r  t h e  

ana lys i s .  
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V. FREQUENCY OF SAMPLING 

23. Factors  which a f f e c t  t h e  sampling f r e q u e n ~ - - I n v e s t i g a t i o n s  of 

suspended sediment i n  streams a r e  usual ly  concerned primari ly with the  

development of long-term continuous records of sediment discharge and, t o  

a  l e s s e r  extent ,  with shor ter ,  more in tens ive ,  research  inves t iga t ions .  

The main purpose of the former, and i n  some cases  i n  the  l a t t e r ,  i s  t o  

ob ta in  a hydrograph of sediment discharge s u f f i c i e n t l y  accurate f o r  the  

p a r t i c u l a r  problem in hand. In  many present  day inves t iga t ions ,  lcnowledge 

of t h e  t o t a l  sediment concentrat ion i s  requi red ,  and the re  i s  a l s o  a 

growing demand f o r  p a r t i c l e  s i z e  d a t a  as well .  This i s  an add i t iona l  

f a c t o r t o b e  consideredindeciding how often t o  take samplc;. In  addi t ion  

t o  being one of the  c r i t i c a l  considerat ions i n  sampling procedure, t h e  

frequency of sampling i s  probably the  most d i f f i c u l t  t o  determine on a 

r a t i o n a l  o r  a n a l y t i c a l  b a s i s  because of the  g r e a t  number of f a c t o r s  

tending t o  produce considerable va r i a t ion  i n  sediment concentrat ion.  

In  determining t h e  frequencyofsampling,  t h e  purpose of t h e  inves t i -  

gat ion,  t h e  c o s t  of various procedures, and the  f l u c t u a t i o n  of sediment 

concentrat ion must a l l  be considered. Generally, the  l a t t e r  i s  the  most 

important b u t  t h e  problem i s  complicated by i t s  wide range of va r i a t ion .  

Numerous at tempts have been made t o  c o r r e l a t e  suspended sediment discharge 

with water discharge but  they have not  been successful  except i n  c e r t a i n  

i so la ted  cases on la rge  r i v e r s .  Thefollowing sec t ions  present  b r i e f l y  the  

va r i a t ions  t h a t  can occur i n  sediment concentrat ion,  t h e  f a c t o r s  causing 

them, and t h e  manner of minimizing t h e i r  e f f e c t s  i n  present  observations. 

I n  t h e  following discuss ion some of t h e  d i f f i c u l t i e s  of securing 

accurate d a t a  on sediment discharge w i l l  be pointed out ,  and t h e  
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comparatively l a r g e  e r r o r s  which o f t en  a r e  found i n  es t imates  of sediment 

d ischarge  w i l l  be indica ted .  Those who work i n  f i e l d  involving f a c t o r s  

havingacomparat ively small rangemeqconsider these  e r r o r s  discouragingly 

l a r g e ,  and t h e  b a s i c  data of doubtful  value. Tn the  f i e l d  of sediment 

t r anspor t a t ion ,  however, the  range of values of sediment discharge i s  

very g rea t .  For example, t he  Rio Crande R i v e r a t  San Erlarcial, New Mexico, 

c a r r i e s  an  average sediment load  of 1.42 per cent ,  while the  North Fork 

of t h e  Couer dlAlene a t  E r r a v i l l e ,  Idaho, c a r r i e s  only about 0.0074 per 

cent  and the  Gasconade a t  Rich Fountain, Missouri,  about 0.0076 per  cent .  

The r a t i o  of the  average content of the  Rio Crande t o  t h a t  of the  o ther  

two r i v e r s  i s a b o u t  200 t o  1, and t h s e  examples probably do not r ep resen t  

t h e  extremes i n  e i t h e r  d i r ec t ion .  

Engineers a r e  f requent ly  faced with the  necess i ty  of es t imat ing  the  

r a t e  a t  which n r e s e r v o i r  w i l l  f i l l  up, or  some o the r  problem which in-  

volves the  average magnitude of the  sediment load  of a stream. The 

expenditures a f f e c t e d  by t h i s  determinat ion a r e  o f t en  very l a rge ,  some- 

times b e i n g i n  the  order  of a mi l l ion  d o l l a r s .  Accurate da ta  i s  the re fo re  

very e s s e n t i a l ,  b u t ,  usual ly,  t he  a v a i l a b l e  information is very meager. 

Because the  range of average concentrat ions which might reasonably be 

used i s  so  wide, t h e  engineer,  i f  he has no da ta  a t  a l l ,  may e a s i l y  make 

an  e r r o r  of seve ra l  hundred per cen t  i n  entimating sediment loads.  Even 

wi th  r e l a t i v e l y  unsa t i s f ac to ry  records  the  engineer ' s  e ~ t i m a t e  f o r  a 

given case  w i l l  very probably be ma te r i a l ly  l e s s  i n  e r r o r  than i f  he has 

no records  a t  a l l  f o r  t h a t  stream. While every e f f o r t  should b e  made t o  

g e t  records  of a high degree of accuracy, the  opportunity of increas ing  

the  accuracy of t h e  engineer ' s  es t imates  of sediment load should no t  be 
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neglected simply because it i s  not  p rac t i cab le  t o  secure r e s u l t s  which 

have the  degree of accuracy which i s  customary i n . o t h e r  f i e l d s .  

24. Var ia t ions  i n  sediment concentration and f a c t o r s  uro!lur% 

them--Variations i n  suspended sediment concentrat ion a r e  of two d i s t i n c t  

types; namely, r a p i d ,  necrly instantaneous f l u c t u a t i o n s  r e l a t e d  t o  stream 

turbulence, and v a r i a t i o n s  occurring over a longer p e r i o d o f t i m e ,  ranging 

from a few minutes t o  severa l  weeks o r  more. Tie l a t t e r  type i s  no t  a 

function of turbulence b u t  can be a t t r i b u t e d  r a t h e r  t o  watershed, ra in-  

f a l l ,  and stream c h a r a c t e r i s t i c s .  

F luctuat ions  due t o  turbulence can be compensated f o r  e i t h e r  by 

securing a s e r i e s  of samples a t  one point  o r  by increas ing t h e  time of 

co l l ec t ing  a s ing le  sample s u f f i c i e n t l y t o  secure a so t i c fac to ry  average. 

The importance of momentary f luc tua t ions  has been genera l ly  recognized 

and at tempts have becn made t o  minimize t h e i r  e f f e c t ,  ag i s  evidenced by 

t h e  r ecen t  development of a l a r g e  number of s lov~  f i l l i n g  samplers. 

A sampling program must b e  governed by v a r i a t i o n s  that occur over 

longer periods of time than those t h a t  can be a t t r i b u t e d  t o  turbulence. 

Variat ions of long dura t ion  a r e  more d i f f i c u l t  t o  t ake  i n t o  account and 

do not  al low a f i x e d  sampling frequency, except probably i n  very s p e c i a l  

inves t iga t ions ,  because of t h e  complex r e l a t i o n s h i p  of a g r e a t  number of 

va r i ab le  f a c t o r s .  

Br ie f ly ,  t h e  most important f a c t o r s  inf luencing sediment concentra- 

t i o n  f luc tua t ions  of the  l a t t e r  type are: 

a. storm c h a r a c t e r i s t i c s ,  such as frequency, i n t e n ~ i t y  
d i s t r i b u t i o n ,  amount and kind of p rec ip i t a t ion ;  

b. f e a t u r e s  of the  drainage a rea ,  such a s  s i z e ,  shape, - 
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topography, cul ture ,  geographical loca t ion ,  and type and condi- 
t i o n  of s o i l  and vegetat ion;  and 

c .  stream c h a r a c t e r i s t i c s .  - 

The magnitude of run-off and i t s  suspended load a r e  determined by an in- 

t e r r e l a t i o n  of these  f a c t o r s ,  and changes a r e  usual ly  manifested by 

changes i n  t h e  s t age  of t h e  stream. 

The s i z e  of t h e  drainage a r e a  of a  stream has considerable e f f e c t  

on i t s  sediment concentrat ion.  For small r i v e r s  t h e  sediment and water 

discharge may be dependent on only one in tense  l o c a l  storm and on l o c a l  

watershed c h a r a c t e r i s t i c s .  For l a r g e r  r i v e r s ,  where the  run-off may 

r e s u l t  from severa l  storms occurring i n  severa l  d i f f e r e n t  types of water- 

sheds, t h e  p robab i l i ty  of extreme condit ions of run-off i s  g r e a t l y  

lessened.  One would expect, t he re fo re ,  the r e l a t i v e  importance of some 

individual  f a c t o r s  t o  be, i n  general ,  inverse ly  propor t ional  t o  t h e  s i z e  

of t h e  d r a i n a ~ e  a r e a  above t h e  sampling s t a t i o n .  

Obviously, a  change i n  s t age  i s  t h e  most convenient c r i t e r i o n  f o r  

t h e  frequency of sampling because it i s  usually t h e  f i r s t  d i r e c t  indica- 

t i o n o f  surface  run-off from t h e  watershed. A change i n s t a g e  i s  genera l ly  

accompanied by a change i n  sediment concentrat ion.  It i s  important t o  

note,  however, t h a t  the  v a r i a t i o n s  i n  concentrat ion before a peak s t age  

due t o  storm run-off a r e  genera l ly  d i f f e r e n t  from those occurring a f t e r  

t h e  peak. Concentrations of ten  change very r a p i d l y  and e r r a t i c a l l y  pre- 

ceding a peak. Af te r  t h e  peak the  concentrat ion usual ly  changes more 

gradually and a t  a f a i r l y  cons i s t en t ,  though no t  necessar i ly  a  uniform, 

r a t e .  The sampling f requenc ies , to  be used p a r t i c u l a r l y o n  smaller  streams, 

should be determined with these  considerat ions i n  view. However, it i s  

poss ib le  t h a t  storms, r e l a t i v e l y  small i n  scope i n  comparison t o  t h e  s i z e  
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of the drainage area,  occurr ingalareas  where severe erosion could occur, 

would change the sediment concentration and ye t  produce no appreciable 

change in  stage. These variations,  and some others, should be studied i n  

routine investigations by sampling a t  s ta ted periodic intervals  even when 

no changes i n  stage occur. 

25. Errors i n  sediment dischnree determinations due t o  infreauent 

sam~ling--The changes in sediment concentration accompanying rapid changes 

i n  stage, especially in  small streams, m y  be of such mngnitude tha t  un- 

l e s s  frcquent samples a re  taken, large e r rors  may be introduced in  the 

determination of t o t a l  yearly sediment discharge. For exzmple, it was 

found in  Coon Creek a t  Coon Valley, Wisconsin (34) with a drainage area 

of 77 sq.mi., t h a t  90 per cent of the t o t a l  sediment discharge in  15 

months occurred within a period of 10 days, o r  2.2 per cent o f t h e  time. 

In  West Tarkio Creek, near Westboro, Missouri, with a d m i n ~ g e  area of 

127 cq.mi., 90 per cent of the t o t a l  sediment discharge i n  a 15-month 

period occurred i n  2.2 per cent of tho time. Table 7 i l l u s t r a t e s  t ha t  

these examples a r e  not unusual for  cmnll streams. Data from a number of 

gaging s ta t ions  (34) a re  tabulated, giving t o t a l  suspended load f o r  a 

period of 15 months and tho maximum dai ly  load during tha t  period. The 

maximum load i n  1 day (0.2 per cent of the t o t a l  time) i s  ohown t o  be, i n  

most casec, more than 10 per cent o f t h e  t o t a l  load f o r  the period. Hence, 

the necessity of obtaining accurate samples from the smaller streams fre-  

quently during such times i s  apparent. 

Detailed data from a najor r i s e  on Coon Creek (10) was analyzed t o  

i l l u s t r a t e  how errors  a re  introduced in to  da i ly  and yearly sediment dis- 

charge determination in  using various in te rva ls  of sampling and by 
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SUSPENDED SEDIMENT DISCHARGE CHAFUCTERISTICS OF SMALL STREAMS (34) 

E. Limestone C r .  near  Ion ia ,  Kan. 
Elm C r .  near  Ion ia ,  Kan. 
E. Limestone C r .  a t  Ionia ,  Kan. 
W .  Buffalo C r .  near  Jewel l ,  Kan. 
W.  Buffalo Cr. a t  Jewel l ,  Kan. 
E. Tarkio C r .  a t  Blanchard, I a .  
W. Tarkio C r .  near  Westboro, Mo. 
East Fork of Big C r .  near  

Bethany, Mo. 
West For t  of Deep R. near  

High Point ,  N .  C .  
East  Fork of Deep R. near  

High Point ,  N .  C. 
Deep R. near  Randlernsn, N .  C .  
Muddy C r .  near  Archdale, N .  C. 
Uharie R. near  T r i n i t y ,  N .  C. 
Horsepen C r .  a t  Battleground, N . C  
S t i l l w a t e r  Cr .a t  S t i l l w a t e r ,  Okla. 
West Fork of Brush C r .  near  

S t i l l w a t e r ,  Okla. 
Council C r .  near  S t i l l w a t e r ,  Okla. 
N .  Tiger  R. near  Moore, S. C .  
S. Tiger  R. near  Reidvi l le ,  S. C .  
S. Tiger  R. near  Woodruff, S: C .  
Tiger  R. near  Woodruff, S. C .  
Deer C r .  a t  Chilton, Texas 
Big Elm C r .  near  Temple, Texas 
Big Elm C r .  near  Bnckhotts, Texes 
N .  E l m  C r .  near Ben Arnold, Texas 
South Fork of Palouse R. above 

Paradise  C r .  near Pullman, Wash. 
S o u t h  Fork of Palouso R. a t  

Pullman, Wash. 
i ~ a r a d i s e  C r .  near  Pullman, Wash. 
/ . ~ r y  Fork of South Fork of 
, Palouse R. a t  Pul man, Wash. 
.Missouri F l a t  C r .  adPullman, Wash. 
Four Mile C r .  a t  Shawnee, Wash. 
J L i t t l e  Lacrosse R. near  Leon,  is. 

I Coon C r .  a t  Coon Valley, Wis. 
,Coon C r .  near Stoddard, Wis. 

Stream and Location 
per  cent  
of tatal 

Drainage 
Area 

Suspended Sediment Discharge 
Maximum 

Daily 
Tota l  f o r  
15  months 

Maximum 
Daily 
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beginning a t  d i f f e r e n t  t imes dur ing t h e  r i s e .  Fig. 6 i l l u s t r a t e s  how 

e r r o r s  a r e  introduced i n  d a i l y  and y e a r l y  sediment d iochsrge  deternina-  

t i o n s  when t h e  sediment d ischarge  f o r  the  day was based on onljj one 

observation.  The d a i l y  sediment discharge was computed i n  two wayo: 

a. by us ing  t h e  ins tantaneous  sedinent  concentra t ion  and 
mean water  d ischzrge  f o r  t h e  day, and 

b .  by us ing t h e  ins tantaneous  sediment concentra t ion  and 
t h e  water discharge ;t t h e  time of sampling. 

The maximum e r r o r  introduced i n  the  computed y e a r l y  sediment d i s -  

char$e by computation p would have been 60 per  cent ,  which would have 

occurred i r  t h e  measurement had been made a t  1:00 A.M. By computation 

b a measurement a t  3:00 A.M. would have produced a maximum e r r o r  of 116 - 
per c e n t .  These c r e  t h e  extreme e r r o r s  :'or t h e  d c t a  analyzed b u t  ap- 

p rec iab le  e r r o r s  i n  y e a r l y  sed inen t  d ischarge  determinat ions  vrould a l s o  

have occurred  i f  s i n g l e  d a i l y  samples taken a t  o t h e r  t imes dur ing t h e  

r i s e  had been used. It i s  probable t h a t  i n  most cases  computation b 

~ o u l d  be avoided by using e i t h e r  a value of nean d a i l y  d i s c h a r ~ e  obtained 

from a water  s t a & e  recorde r ,  o r  from a Qdrograph  cons t ruc ted  from gage 

readings ,  o r  by us ing  t h e  unit-hydrograph method. Hovrever, it , m y b e  d i f -  

f i c u l t  t o  c o n s t r u c t  a hydrograph i f  only a s i n g l e  d a i l y  gage reading 

is  taken,  as i s  t h e  case  i n  ob ta in ing  a number o f  p resen t  water  d ischarge  

records .  Tius,  F ig .  6 shows t h e  need of ob ta in ing  accura te  r e c o r d s  no t  

o n l j  o f  t h e  sediment concentra t ion ,  b u t  o f  t h e  water d i rchc rge  as wel l .  

The importance o f  s t a r t i n g  t o  s m p l e . d u r i n g  t h e  e a r l y  p a r t  o f  t h e  

high run-off pe r iod  i n  smell streams and t h e  e f f e c t s  of us ing  d i f f e r e n t  

sampling i n t e r v a l s  a r e  shown i n  F ig .  7.6 This  f i y r e  shows t h e  e r r o r  

introduced i n  t i e  sediment d ischarge  d e t e r m i x t i o n  f o r  a given day, wi th  
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varying e lapse  of time from the  beginning of the  r i s e  t o  the  s t a r t  of  

sampling and with varying sampling i n t e r v a l s .  For example, i f  t h e  

observer  had begun a t  6:00 A.M. and sampled a t  2-hr. i n t e r v a l s  throughout 

the  remainder of t h e  day, the  e r r o r  j.n t h e  sediment discharge determina- 

t i o n  f o r  t h e  day, due pr imar i ly  t o  missing the  e a r l y  p a r t  of t h e  high 

flow, would have been 51 per  cent .  The sediment discharge ind ica ted  by 

t h e  graphs i n  Figs.  6 and 7 ,  was computed by mult iplying the  mean water 

discharge f o r  the  day by t h e  mean sediment concentrat ion,  weighted by t h e  

r a t i o  of sediment t o  water discharge a t  the  time of scrmpling. Er ro r s  i n  

determinat ion of t h e  t o t a l  annual sediment discharge r e s u l t i n g  from t h e  

e r r o r s  of  one day would be approximately one-fourth of those ohown i n  

F i g ,  7 ,  A s  i l l u s t r ~ t e d  i n  t h i s  f igu re ,  t he  accuracy i s  g rea t ly  increased 

by f r equen t  sampling, providing sampling i s  s t a r t e d  soon a f t e r  t h e  stream 

begins t o  r i s e .  Hoitievcr, t h e  curves a l s o  show t h a t  f requent  sampling i s  

comparatively unimportant i f  t he  e a r l y  p a r t  of t h e  r i s e  has been missed; 

t h a t  is, the  e r r o r  introduced by missing t h e  e a r l y  p a r t  of t h e  hydrograph 

cannot be compensated f o r  by more frequent  sampling on the  f a l l i n g  ptage. 

I n  Table 8 a r e  shown the  e r r o r s  introduced i n  using various sampling 

i n t e r v a l s  dur lug  r i s i n g  and f a l l i n g  s t a g e s  i n  the  hydrograph of Fig. 6. 

The t a b l e  i l l u s t r a t e s  t h a t  sampling during t h e  f a l l i n g  stcrga need n o t  be 

as f requen t  a s  on t h e  r i s i n g  stage.  For example, more accura te  r e s u l t s  

could have been obtained i n  t h i s  ins tance  i f  l/2-hr. i n t e r v a l s  hed been 

used on the  r i s e  and 4-hr. i n t e r v a l s  on the  f a l l  than i f  1-hr. i n t e r v a l s  

had been used throughout. Furthermore, only 1 3  observat ions would have 

been requ i red  i n  t h e  former method a s  compared with 24 observat ions i n  

t h e  l a t t e r .  
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TABLE 8 

ERRORS IN DETERblINATION OF DAILY SEDIMENT DISCHARGE 
WITH VARlOUS SAMPLING 1NTERVALS 

The d a t a  analyzed a r e  taken from only one small stream and a r e  no t  

r ep resen ta t ive  of a l l  streams. However, s ince  Table 7 showed Coon Creek 

Coon Creek a t  Coon Vallev. Wisconsin -- September 10. 1938 

t o  be no t  unusual f o r  t h e  maximum percentage of annual sediment discharge 

(hours) 
I Per cent  Error  

Rt&n s t a  e I F a l l i n g  s tage  

occurring i n  one day, it seems l i k e l y  t h a t  t h e  order  of magnitude of t h e  

Tota l  Number.. of 
Observations 
During Day 

e r r o r s  discussed a r e  no t  uncommon f o r  s imi lar  sinall streams. The e r r o r s  

i l l u s t r a t e d  would probably decrease as t h e  s i ze  o f ' t h e  stream inc reases ,  

26. Other f a c t o r s  a f f e c t i n g  t h e  f r e q u e n c ~ ~ o f  sam~ling--If  a s u f f i -  

c i e n t  number of wel l  spaced samples a r e  taken, a reasonably accura te  

sediment concentrat ion hydrograph can be prepared. When the  sediment 

discharge i s  computed on the  b a s i s  of such a graph t h e  e r r o r s  due t o  in- 

f requent  sampling w i l l  depend l a r g e l y  upon personal judgment i n  supplying 

d a t a  between observed values. It i s  probable t h a t  t h e  missing d a t a  can 

be supplied from a sediment concentrat ion hydrograph with b e t t e r  r e s u l t s  

than by using t h e  mean concentration indica tedby severa l  samples weighted 

according t o  water discharges a t  t h e  times they were taken. 
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Some a t tempts  have been made t o  c o r r e l a t e  water and sediment d is -  

charge i n  o r d e r t o  compute sediment discharge dur ing  the  i n t e r v a l s  between 

sediment observabions. T h e ~ e  at tempts ,  which have gene ra l ly  met with 

l i t t l e  success,  a r e  j u s t i f i a b l e  only when an es t imate  must be  made and no 

b e t t e r  means a r e  a v a i l a b l e .  For l a r g e  r i v e r s  t h e  method has been found 

t o b e  f a i r l y  s u c c e s s f u l f o r  determining t o t a l  q u a n t i t i e s  over long periods.  

I n  sediment i n v e s t i g a t i o n s  on t h e  Missouri River,  D r .  L. G. S t raub  (50)  

obtained a r e l a t i o n s h i p  which held q u i t e  well ,  up t o  a c e r t a i n  discharge 

above which it was n o t  r e l i a b l e .  D r .  S t raub  considered t h i s  method 

s a t i s f a c t o r y  a t  s t a t i o n s  where it was economically imprac t ica l  t o  ob ta in  

f requent  r o u t i n e  samples. The U .  S. Waterways Experiment S t a t i o n ,  Vicks- 

burg, Miss i s s ipp i ,  concluded (54) t h a t  Inthe quan t i ty  of coarse  m a t e r i a l s  ' 

(0.0375 mm. o r  l a r g e r )  t ranspor ted ,  probably bea r s  a d e f i n i t e  r e l a t i o n  t o  

r i v e r  s tage ,  b u t  t h e  quan t i ty  of f i n e  ma te r i a l  t ranspor ted  i s  a func t ion  

of  t h e  s i l t  content  of i n f l u e n t  waters." I n  the  Colorado River  it was 

found t h a t ,  a l though t h e r e  was no apparent  r e l a t i o n  between t h e  quan t i ty  

of f i n e  s i l t  and the  discharge,  t h e r e  was a d e f i n i t e  r e l a t i o n  between t h e  

load  of coarser  p a r t i c l e s  and t h e  discharge.  

Cer ta in  ind iv idua l  f a c t o r s ,  c h a r a c t e r i s t i c o f t h e  watershed, i nc rease  

i n  importance a s  t h e  s i z e  of  t he  drainage a r e a  decreases,  and, t he re fo re ,  

it i s  reasonable t o  expect  t h a t  f o r  small watersheds a water-sediment 

d ischarge  r e l a t i o n s h i p  would probably be l e s s  r e l i a b l e  than f o r  l a r g e  

watersheds. Numerous d a t a  s u b s t a n t i a t e  t h i s  poin t .  Two i l l u s t r a t i o n s  

from small streams a r e  presented i n  Fig. 8, showing the  l a r g e  d i f f e r e n c e  

between t h e  sediment discharge on a r i s i n g  and on a f a l l i n g  s t age ,  and 

dur ing  two run-off periods.  The suspended sediment concentrat ion i s  s e e s  
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t o  vary seve ra l  hundred per  cent  a t  t he  same water discharge. These, and 

o ther  a v a i l a b l e  da ta ,  i n d i c a t e  t h a t  t h e  suspended sediment hydrograph may 

be somewhat s imi l a r  t o  the shape of t h e  water discharge hydrograph, b u t  

they a r e  genera l ly  not  synchronized with r e spec t  t o  time. The peal: sedi-  

ment dicrcknrge can occur e i t h e r  before o r  a f t e r  t h e  peak water discharge.  

One explanat ion advanced (33)  i s  t h a t  sediment w i l l  t r n v e l  downstream 

with t h e  a c t u a l  stream veloci t j r  while t h e  peal: water discharge w i l l  pro- 

ceed wi th  t h e  f lood wave ve loc i ty .  Flood wave s tud ie s  have shown t h a t  

stream ve loc i ty  and f lood wave ve loc i ty  a r e  usua l ly  no t  of t he  same 

mcgnitude; a l s o  that one i s  not  i n  a l l  cases l n ~ g e r  than the  o,ther. Be- 

cause these  f a c t o r s  complicate the  co r re lu t ion  of sediment and water d i s -  

charges, i t  seems impossible t o  make a s a t i s f a c t o r y  determination of 

sediment discharge a t  any given time from the  known water discharge. 

From t h e  forcgoing d iscuss ion  it appears t h a t  the b e s t  method t o  

obta in  r e l i a b l e  records of sediment d i s c h u g e  i s  t o  sample f requent ly  

enough t o  determine the  sedifient concentrat ion hydrograph during the  

period i n  qucst ion.  I n  general ,  this v r i l l  probably necess i t a t e  more f re -  

quent snmpling on r i s i n g  than on f a l l i n g  s t ages .  Since reasonably s a t i s -  

f ac to ry  r u l e s  specifying t h e  frequency of sampling a r e  d i f f i c u l t  t o  draw 

up, t he  f5na l  dec is ion  i n  most cases i n  t h e  p a s t  has been made by the  

f i e l d  engineer o r  observer.  

27. Present  practice--A d e f i n i t e  schedule of sampling has been s e t  

up by the  Tennessee Valley Authority f o r  each of i ts  s t a t i o n s .  The 

schedules a r e  b a w d  upon cons idera t ions  of post  records of sediment and 

vrater discharge a t  the  s t a t i o n s ,  t h e  drainage a rea  c h a r a c t e r i s t i c s ,  and 
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t h e  number and loca t ion  of the  o ther  s t a t i o n s  t o  be handled by a s ing le  

f i e l d  party.  For exnmple, a t  one s t a t i o n  with a drainage a rea  of about 

500 sq.mi., r o u t i n e  samples a r e  taken each week. During f lood flovrs and 

on each r i s e  of t h e  r i v e r ,  samples a r e  col lec ted  a t  4-hr. i n t e r v a l s  while 

t h e  s tage  i s  increas ing and a t  12-hr. i n t e r v a l s  a f t e r  the  c r e s t .  For 

main r i v e r  s t a t i o n s  with l a r g e  drainage a reas  t h e  corresponding i n t e r v a l s  

a r e  12  and 24 hrs. The f i e l d  man attempts t o  arrange h i s  v i s i t s  t o  each 

s t a t i o n  so t h a t  one s e t  of samples i s  obtained a t  o r  j u s t  before t h e  

c r e s t  s tage.  Ile a l s o  c o l l e c t s  add i t iona l  samples whenever the  sediment 

concentrat ion changes noticeably,  even though t h e  s tage  m y  remain un- 

changed. 

I n  t h e  F t .  Peci: U. S. Engineer D i s t r i c t ,  a measurement i s  made each 

day during t h e  opring high water and each week throughout t h e  remainder 

of t h e  year exccpt during t h e  winter months when observations a r e  d is -  

continued. The Vicksburg U. S. Engineer D i s t r i c t  c o l l e c t s  sanples once 

each week from t h e  lower Miss iss ippi  and i t s  l a r g e r  t r i b u t a r i e s ,  except 

during p e r i o d s o f r o p i d l y  changing s tages ,  when more frequent  observctions 

a r e  made. 

I n  t h e  extensive inves t iga t ions  conducted by t h e  S o i l  C o n s e r v ~ t i o n  

Service rou t ine  samples a r e  general ly talcen each day. When s t ages  a r e  

changing samples a r e  taken more frequently,  sometimes as o f t en  as every 

30 min. In  some cases e l e c t r i c  alarm systems a r e  being used t o  n o t i f y  

t h e  observer when l a r g e  r i s e s  i n  s tage  occur during the  n igh t ,  which 

vrould othervrise be missed. 

Various sampling frequencies a r e  used by t h e  U. S. Geological Survey 

i n  a cooperative p ro jec t  with t h e  Centrnl S t a t e s  Fores t  Experiment 
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Station,  conducted i n  the St.  Francis River watershed i n  southeastern 

Missouri. A t  one otation, with approximately 1300 sq.mi. of drainage 

area,  samples a r e  taken twice each day during medium and high stages and 

once each day during low stages. A t  another s ta t ion,  with a drainage 

area of 956 sq.mi., 1-hr. in te rva ls  a r e  used during r i s ing  stages and 

2-hr. in te rva ls  during f a l l i n g  stages. Samples a r e  collected BBch day 

during low stages. A t  a l l  other s ta t ions  i n  the watershed 1-hr. in ter-  

va l s  a r e  used on the r i s e  and 2-hr. in te rva ls  on the f a l l .  Routine 

samples a r e  collected twice each week during low stages, 

A method sui table  f o r  large streams has been developed by the Iowa 

I n s t i t u t e  of Hydraulic Research wherein each sediment observation is in- 

tended t o  represent an equal portion of the yearly discharge. I n  t h i s  

method, the mean annual cumulative water discharge, a s  determined from 

previous records, i s  divided by the number of observations t ha t  a r e  con- 

sidered economically feasible ,  giving a value of water dischnrge which 

each sediment observation i s  intended t o  represent, Sampling intervals  

may then be determined by transferring dai ly  gage readings in to  water 

discharge and adding the water discharges f o r  conseputive days u n t i l  a 

t o t a l  i s  reached which corresponds t o  the  value t o  be represented by each 

sample. A t  t h i s  time a sediment observation i s  made. 

In  a number of current sediment investigations samples a r e  taken a t  

regular in te rva ls  throughout the year, varying from twice each day t o  

once each week. Some of these investigations a r e  on la rge  streame where 

the sediment concentration does not vary a great  deal in  short  in tervals  

of time and, hence, the problem of determining sediment discharge i s  not 

a s  d i f f i c u l t  ae on smaller streams, 
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VI. DEVELOPMENT OF SUSPENDED SEDIMENT SAMPLERS 

28. General history of sampler development--The suspended sediment 

sampler, used in the first silt investigation in European rivers, in the 

beginning of the 19th Century, consisted of a can or container with which 

to dip samples from the water surface. An ordinary water pail was used 

by the earliest investigators in the Mississippi River about 1840; appar- 

ently no attempt was made at that time to obtain samples from below the 

water surface. 

The first sampler to be developed beyond the stage of a simple pail 

or can was probably the keg sampler used by Professor Forshey in the 

Mississippi River at Carrollton, Louisiana, in 1851. This sampler, as 

described by Hwnphreys and Abbott (201, was a small, weighted keg, equipped 

with a flap valve in each end. As it was lowered, the keg was maintained 

in a vertical position and the flap valves opened upward due to the re- 

action of the waterlard closed when the sampler was halted at the desired 

sampling depth. 

Investigating silt condition6 in the Mississippi River at Helena, 

Arkansas, in 1879, Mr. J. B. Johnson found that the openings in the top 

and bottom of the keg sampler did not permit free passage of water sedi- 

ment as the sampler was lowered, with the result that at the time of 

sampling, the keg contained a mixture from all depths. Mr. Johnsbn 

developed the sampler shown in Fig. 9,which was designed to overcome this 

objection. This sampler consisted of a vertical, cylindrical container 

with a flap valve at each end which would close when the sampler touched 

the river bed (42). In principle it was similar to the keg sampler, but 

the container heda uniform cross sectionand both end areaswere completely 
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uncovered while the sampler was being lowered to the sampling point. 

The "slip bottle" used in the Missouri and Mississippi Rivers in 

1880-81 was the first of the instantaneous trap samplers. This sampler, 

and its improved design, the "double slip bottlel1, shown in Fig. 15, 

functioning as described in Section 54, obtains an instantaneous sample 

from a relatively undisturbed stream flow. The effect of the sampler on 

stream flow and the accuracy of the instantaneous action were probably 

not considered in designing the sampler. 

The horizontal trap, shown in Fig. 21, an instantaneous type sampler 

used extensively in recent years, dates back to the Leitz horizontal 

sampler described by Mr. C. T. Johnston in Engineering News of 1902. It 

was used by Dr. Elwood Mead of the U. S. Department of Agriculture for 

investigations in rivers of western United States and is probably the 

first sampler designed with the view to trapping a sample with a minimum 

disturbance to the flow. 

As previously stated, the ordinary open container, such as a pail, 

can, or bottle, predates the other means of water-sediment sampling. The 

first improvement in this simplest type of sampler was the use of an or- 

dinary stopper in a small-mouth bottle with provision for its removal ac 

the desired depth of sampling. Fig. 41 shows the simple bottle type 

sampler as described in Engineering News of 1893. 

It is 'not knawn definitely when acommon water pump was first used to 

obtain sub-surface samples from a stream, but it was probably used in 1843 

in investigations by Professor Riddell. Water samples were pumped up from 

the different depths with a common water lift pump also in investigations 

conducted byR.G. Kennedy (30) in the Sirhind Canal, India, in 1893 and 1894. 
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From the foregoing discussion it is apparent that the development of 

water-sediment samplers has not progressed along any definite trend and 

the basic types that are used today are much the same as those used in 

the first investigations. 

29. Recent developments of samplers--Developments of samplers for 

recent investigations have consisted primarily of improvements upon the 

original basic types. Weight has been added either as an integral or a 

separate part of the sampler. Emphasis has been placed upon streamlining 

to reduce the current drag and to increase the accuracy of determining 

the depth of sampling, thus adapting samplers for use in deeper, swifter 

streams. 

The time-integrating sampler, a distinctly new class, has evolved 

from the realization that the suspended sediment concentration is subject 

to rapid fluctuations and that the average concentration at a point will 

not be accurately represented by a single instantaneous sample. In sam- 

plers of this class, the basic principle is to secure over a considerable 

period of time a sample representative of the average sediment condition. 

Many of the so-called time-integrating samplers are only modifications of 

the ordinary slow filling, bottle type sampler with various devices pro- 

vided for opening and closing the sampler at the desired sampling point. 

Recently, however, a number of samplers have been developed with smooth, 

slow filling, which are being used extensively and with considerable 

success. 

The photo-electric cell, asa means of securing a measure of sediment 

concentration by its relation to turbidity, has been subject to con- 

siderable experimentation. The conclusion of previous investigation was 
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t ha t  t h i s  method i s  not pract ical  f o r  general f i e l d  use because of the 

unre l iab i l i ty  of correlations between turbidi ty  and sediment concentra- 

t ions  due t o  such e f fec t s  a s  s ize ,  color, and l i g h t  ref lect ing properties 

of sediment par t ic les .  



VII. REQUIREMENTS OF SAMPLERS 

30. Previous concepts of sampler requirements--About 1875 it was 

realized t h a t  ordinary p a i l s  or  other crude equipment were not adequate 

a s  suspended sediment samplers and cer ta in  basic  requirements were 

developed. One of the e a r l i e s t  invest igators ,  Mr. J .  R. Johnson (42),  

who designed the  t r a p  sampler shown i n  Fig. 9, considered the  following 

requirements a s  fundamental i n  a sa t i s fac tory  sampler: 

a .  it should have capacity f o r  a f a i r  specimen of the  
waterwhich immediately surrounds it, 

b. while it remains a t  a point the  water-sediment mixture 
received from the stream should be unchanged, and 

c.  it should br ing i t s  contents to  the surface in t ac t .  - 
I t  was not u n t i l  about 1928 tha t  addi t ional  statements of samplerre- 

quirements appeared, prompted probably by an increased i n t e r e s t  and 

a c t i v i t y  i n  suspended sediment studies.  C r i t e r i a  f o r  design of samplers 

have been prepared by the Rock Island U. S. Engineer Office, by Mr. H. W.  

Mundt (37),  of the Missouri S t a t e  Geological Survey, and by D r .  L. G. 

Straub (50), formerly of the Missouri. Division Office of the  U. S. Engi- 

neer Department. These c r i t e r i a  show a d e f i n i t e  development i n  the 

knowledge and appreciation of the  fac tors  involved i n  securing repre- 

sentat ive sediment sampler. The outstanding points from these l i s t s  of 

requirements are: 

a .  the sampler should be simple i n  design, durable, and 
a l l  parts should be standard to  permit replacement and in te r -  
change, 

b. the samples should show the same sediment concentration 
a s  existed a t  the point and time of sampling, 

c. provision should be made f o r  opening and closing a t  
the desired sampling point, 
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d .  a number of seconds should be required f o r  f i l l i n g ,  - 
e .  t h e  equipment should be por table  and s u i t a b l e  f o r  

operat ion by one, o r  no t  more than two, observers, and 

f .. t he  sampler should have a volume control .  - 

31. Requirements of an "ideal"  sampler--The advantages of having 

only one sampler so  designed t h a t  it w i l l  meet the requirements of a l l  

possible stream and sediment condit ions a r e  r e a d i l y  appreciated.  The 

at tainment of an " idealH sampler seems impossible, but  t h e  following re- 

quirements of s u c h  a sampler a r e  l i s t e d  with a view t o  a id ing  i n  Future  

design a s  wel l  a s  ine l imina t ing  some of t h e  present  unsa t i s fac to ry  types: 

a .  The sample col lec ted  must be representa t ive  of tnB 
waterzsediment i n  the  immediate v i c i n i t y  of the  Uampling 
o r  sampling-zone a t  the  time of scmpling. 

b. The suspended sediment must no t  be separated from t@ 
w a t e r a t  the  point  of e n t r y  i n t o  tne  sampler due t o  any s& 
change of flow c h a r a c t e r i s t i c s  of t h e  we%%-; i.e., t u r b u l e n h ,  
v e l o c i t y  o r  d i rec t ion  of flow. Thus, the re  must be no a p p d c i -  
able  disturbance by the  sampler upon the flow which woulitl+- 
crease  o r  decrease the  concentrat ion of sediment i n  the  &e 
co l l ec ted .  

c. The sample col lec ted  at  a point  must n o t  be contami- 
nated-by water o r  sediment a t  o ther  depths i n  t i 6  stream sect ion.  
That i s ,  the  sampler would be arranged t o  open a t  t h e  d e s i m i  
point  and t o  close when f i l l e d ,  preferably  by manual cont ro l .  

Q. The volume of the sample must be su f f i c i e r l t  t o  s a t i s f y  
the  labora tory  requirements f o r t h e  s i z e  a n a l y s i s  o f t h e  sediment 
a s  well  as t h e  regular  'parts  per million" determination. 

e .  The sampler must be adaptable f o r  use i n  streams of 
any depth and f o r  sampling a t  any des i red  depth of the  water 
from the su r face  t o  the  bottom. 

f .  The sampler should be portable and adaptable f o r  use  
by an-operator wading i n  a shallow stream o r  worlting from a 
boat o r  bridge i n  a deep r ive r .  

g. The sanpler  should allow the  e n t i r e  sampling operation 
a t  a cross  sec t ion  t o  be made i n  a minimum of time. 
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h. The sampler should be streamlined and of s u f f i c i e n t  
weight t o  reduce t o  a minimum i ts  def lec t ion  from t h e  v e r t i c a l  
due t o  drag when used i n  deep, s w i f t  strea-s. 

i. Simplici ty of  design and construction are important 
from t h e  standpoint  of  cos t  of the  sampler and ease  of  mainte- 
nance and f i e l d  repa i r .  

1. It would be des i rab le  - to c o l l e c t  the  sample i n  a c m -  
t a i n e r  t h a t  can be shipped t o  the  laboratory without t rans-  
f e r r i n g  the  sample t o  another container i n  the  f i e l d .  This 
would overcome t h e  p o s s i b i l i t y  of  los ing  some of t h e  sediment 
which might adhere to*  the  sample container.  

k. The sample should be co l l ec ted  in a t ransparent  con- 
t a i n e r  so  t h a t  the  degree of se t t lement  nay be observed i n  the  
l ~ b o r a t o r y .  However, i n  some streams it would be necessary t o  
p ro tec t  g lass  conta iners  from being s t ruck  by heavy, suspended 
matter.  

1. The sampler should be designed t o  take  a sample in- 
s tant& o r  over a longer period of time. 
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VIII. CLASSIFICATION OF SAMPLERS 

32. General classification--For the immediate purpose of this study 

the suspended sediment samplers will be classified according to their 

mode of action. However, no rigid classification can be made because the 

characteristics of one type blend into those of another. There are ob- 

jectionable and questionable features common to samplers of different 

classes and, to a varying degree, common to individual samplers of the 

se.me class. In the following sections the individual eamplers are grouped 

so as to allow a class discussion of the various advantageous, as well as 

the questionable features. The outstanding characteristics ofthe general 

types of samplers are summarized in Table 9. 

39. Vertical pipe samplers--A sampler with a vertical cylinder or 

pipe for the water sample container, not especially designed to obtain an 

instantaneous undisturbed sample, is classified for this study as a 

vertical pipe sampler. Illustrations of samplers of this class are shown 

by Figs. 9 to 12, and individual descriptions are given in Sections 47 to 

51, respectively. 

The chief advantage of the vertical pipe class of sampler is the 

simplicity of design. Although this class of sampler has been one of the 

principal types used in the past, they are not in common use in current 

investigations. 

The mode of action for the various individual sflmplers of this class 

is essentially the same, regardless of such variations as length and 

diameter of sample cylinder and the operation of valves for trapping 

the sample. As the ordinary sampler of this class is loyered, or thrust 
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through the  water t o  the  depth des i red,  the  water flows up through the  

sampler from i t s  lower end. When the downward motion i s  arres ted a t  the  

desired depth, the valves automatically c lose  of t h e i r  own weight and the  

sample i s  trapped. 

A somewhat d i f f e r en t  sampler of t h i s  c lass ,  shown i n  Fig. 12, i s  

sometimes used i n  shallow streams. It consis ts  of a pipe of su f f i c i en t  

length  to reach from the  surface t o  the  bottom, and f i l l s  a s  it is  lowered 

v e r t i c a l l y  i n t o  the stream. The pipe cu t s  a column of the  water through- 

out the  depth and encloses a sample of the  e n t i r e  v e r t i c a l  a t  the  time of 

sampling. The sample thus obtained is  ac tua l ly  a summation of instantan- 

eous samples from each depth traversed by the mouth of the  sample tube. 

An average sample throughout the depth of the stream, obtained i n  t h i s  

manner, i s  not  weighted according t o t h e  veloci ty  d i s t r i bu t i on  and, there- 

fore ,  i s  not  a t m e  depth-integrated sample. 

A l l  except one of the  objections discussed i n  Chapter I X  a re  appli-  

cable t o  the  v e r t i c a l  pipe c l a s s  of sampler. The flow cha rac t e r i s t i c s  of 

the  water enter ing the  sampler a r e  disturbed, especia l ly  when the  indi-  

vidual  sampler has valves a t  the  ends of the  sample cylinder i n  such a 

posi t ion a s  toprevent  f r e e  flow through the  cylinder.  There i s  a de f i n i t e  

pos s ib i l i t y  of intermixing of water from other than the  desired sampling 

depth and par t i cu la r ly  so  i n a f e w  individual  samplers equippedwith valves 

i n s ide  of the  sampling cylinders. The samples obtained, although not  ac- 

t u a l l y  instantaneous, a r e  not  su f f i c i en t l y  in tegrated with r e s p e c t t o  time 

t o  secure a mean value of t h e  f luc tua t ing  sediment concentration. The 

samples col lec ted by a l l  v e r t i c a l  pipe samplers described i n  t h i s  repor t  

mus tbe t rans fe r red  t o  other containers f o r  t r an spo r t i ng to the  laboratory. 
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34. Instantaneous vertical samplers--An instantaneous vertical sam- 

pler consistsafa vertical cylinder which drops instantaneously and seats 

uponaflat plate, trappingasample from the supposedly undisturbed stream 

flow. The sample cylinder, released by a messenger weight dropped down 

the suspension line, falls of its own weight or is forced downward by a 

coil spring. Illustrations of several typical samplers of this class are 

shown in Figs. 13 to 20. Other samplers using almost the same principle 

of operation as several.shown in these illustrations, but more in the 

classification of the simple vertical container sampler, are shown in 

Figs. 14 and 17. Descriptions of the individual samplers of this class 

are giveninsections 52to57. An objective, and the principal advantage, 

of this type of sampler is to minimize disturbance of the stream flow 

before the sample is trapped. 

Only two of the adverse features discussed in Chapter IX are char- 

acteristic of the vertical instantaneous samplers. These are: 

a. The instantaneous action necessitates taking a series 
of samples to secure the mean of fluctuating sediment concen- 
trations. 

b. The non-removable sample container necessitates trans- 
ferring the samples to other containers for shipment to the 
laboratory. 

There is also the possibility that the direction of flow through the 

sampling zone will be altered or additional turbulence created by the 

sampler, and the sediment concentration affected thereby. 

35. Instantaneous horizontal trap--The horizontal trap sampler is 

simple and widely used in present investigations. A sampler of this type 

consists of an open horizontal cylinder equipped with valves at the ends 

which can be closed instantaneously to trap a sample at any desired time 
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o r  depth. Water i s  allowed t o  pass througn t h e  hor izonta l  pipe a s  the  

sampler i s  lowered t o  the  sampling point .  Samplers of t h i s  c l a s s ,  i n  t h e  

simple form, a r e  i l l u s t r a t e d  by Figs.  2 1 t o  30, nnd sa~nplers  of more elab- 

o r a t e  design,  streamlined and weighted, a r e  shown i n  Figs. 51 t o  40. The 

ind iv idua l  desc r ip t ions  a r e  given i n  Sect ions 58 t o  68. 

Advantageous f ea tu res  of t h e  hor izonta l  t r a p  sampler a re :  

a .  Rela t ive  s impl i c i ty  of design and operat ion.  - 

b. Wide range of a d a p t a b i l i t y  t o  shallow and deep streams 
of il?: v e l o c i t i e s .  

c. Ab i l i ty  t o  sample c lose  t o  the stream bed. - 
d.  P o s i t i v e  closure of t h e  sampler a t  the  sampling point  

t o  prevent intermixxng d u r i n ~  t h e  ascent .  

Of t h e  fundamentnl objec t ions  o r  adverse f ea tu res  discussed i n  

Chapter I X ,  the  following appear t o  be importnnt i n  the  instantaneous 

hor izonta l  t r a p  samplers: 

a .  The instantaneous a c t i o n  necess i t a t e s  ta::ing a s e r i e s  
of samples from each sampling depth i f  average concentrat ion i s  
des i r ed .  . 

b. The non-removable sample conta iner  necess i t a t e s  t rans-  
f e r r i i g  t h e  samples t o  o t h e r  conta iners  f o r  shipment t o  t h e  
labora tory .  

I n  add i t ion ,  the re  i s  probably some disturbance t o  t h e  flow of water 

caused by t h e  ex te rna l  f l a p  valve a t  t h e  entrance.  There i s  a l s o  the  pos- 

s l b i l i t g  t h a t  a decrease i n  turbulence caused by t h e  cons t r i c t ed  flow 

through t h e  sampler would cause a depos i t  of some of the  coarser  sediment 

within t h e  chamber and r e s u l t  i n  a sample of exaggerated sediment concen- 

t r a t i o n .  

Because of t h e i r  a b i l i t y  t o  sample c lose  t o  t h e  stream bed, horizon- 

t a l  t r a p  samplers a r e  used extensively under condit ions encountered i n  
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swift mountain streams where practically all the sediment is carried near 

the bottom. 

36. Bottle t y ~ e  samplers--The most readily improvised sampling 

device for sediment investigations consists of an ordinary milk bottle, 

fruit jar, or other standard container with the necessary provisions for 

lowering to the sampling point. Individual samplers of this class are 

equipped with various appliances for opening and closing the container. 

Common samplers of this class are illustrated by Figs. 41 to 58 and are 

discussed individually and more completely in Sections 69 to 81. 

The bottle type samplers are provided withanentrance for the sample 

varying in size from about 1/4 in. in diameter up to the regular milk 

bottle mouth. The air within the bottle, displaced by the inflowing 

sample, escapes through the mouthofthe bottle producingabubbling action 

or disturbance at the entrance. Because some time is required to fill 

the sampler after it is opened and because air bubbles escape through the 

water entrance, the bottle samplers are often referred to as "slow 

f illing8I or llbubblingn samplers. 

It is probably an accidental property rather than a feature csntem- 

plated in the design that the slow filling action of the bottle type 

samplers results, to some extent, in a time-integrated sample. In most 

cases, however, it is doubtful if the time of filling is sufficiently 

long to secure a sample that averages with sufficient accuracy the fluc- 

tuating concentration. The time required for filling varies with the 

individual samplers and with the depth of sampling. 

The principal advantageous features of the bottle type sampler are: 

a. It is simple in design. - 



b. The sample containers a r e  removable f o r  shipment t o  
t h e  laboratory.  

Bo t t l e  samplers with small openings a r e  used i n  some cases t o  sample 

bjr the depth-integrat ion method. They a r e  operated t o  c o l l e c t  continuous 

samples throughout the  stream depth and may be lowered t o  the bottom and 

opened, t o  f i l l  while being ra ised  t o  the  surface ,  o r  l e f t  open t o  f i l l  

while being lowered and ra ised .  

The objec t ional  f ea tu res  l i s t e d  and discussed i n  Chapter I X  which 

a r e  p a r t i c u l a r l y  applicable t o  the b o t t l e  type samplers are:  

a .  I t  causes excessive disturbance t o  the flow. - 

b. The f i l l i n g  r a t e  va r i e s ,  due t o  a d i f ference  i n  pres- 
sure  i n s i d e  and outs ide ,  especia l ly  if the sampler i s  opened 
n f t s r  i t  i s  submerged. 

c .  Water from depths o ther  than a t  the sampling point  
intermixes if the sampler i s  not  provided with pos i t ive  opening 
and c los ing devices. 

d.  I t  is unsuitable f o r  sampling close t o  the bottom o r  
i n  very shallow streams. 

The disturbance a t  the mouth of the b o t t l e ,  caused by the change i n  

d i r s c t i o n  of flow and by the bubbling ac t ion  of the escaping a i r ,  in t ro-  

duces e r r o r s  of unknown magnitude. 

Bot t le  samplers with containers  of f ixed volume which a r e  opened 

a f t e r  being submerged, a r e  subjec t  t o  a rapid i n i t i a l  f i l l i n g  r a t e  u n t i l  

t he  i n t e r n a l  and external  pressures a re  equalized. Therefore, the r a t e  

of f i l l i n g  i s  not uniform during the sampling period,  and the sample se- 

cured may be of incor rec t  composition, a s  described i n  Section 42. 

Although some samplers of the b o t t l e  type a r e  opened and closed a t  the 

sampling point ,  there  a r e  severa l  samplers i n  use which a r e  opened a t  the  

des i red  depth and l e f t  open a f t e r  f i l l i n g .  Others a r e  always open. The 
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result is that considerable mixing of the sample with water from above 

tho sampling point may take place as described in Section 43. 

Thc total height of a bottle sampler is generally greater than that 

of other types due to the upright position of the bottle and the weights 

which usually are attached below. This limits their use inshallow streams 

01- other situations where it is necessary to sample close to the bottom. 

To allow the use of bottle samplers in deep streams, opening and closing 

devices are practically essential, but in general, these devices increase 

their resistance to stream flow. 

57. Time-integrating samplers--The desirability of obtaining from a 

slngle sample of water-sediment a mean value of the fluctuating silt con- 

c:?ntmtione occurring at a single point has resulted in the development 

of several time-integrating samplefs. In general, the sample containers 

are filled ~iowly and continuously over a psriod or" tims ranging from 10 

t:? SO sec. ioi- the various sflrnplers. Individual samplere of this type are 

described in Sections 82 to 90. The Rock Island time-integrating samplsr, 

described in Section 91, collects a series of small inetantaneous samples 

from a sampling paint to comprise the average sample. 

An important feature of most of the time-integratingsamplers, dis- 

tinguishing then from the.ordinary bottle samplers which, in some respects, 

m y  also be considsrea slow filling and time-integrafing, is that the 

eah~ple intake nrrd air exh2ust tubes have been se~arated. The escaping 

alr causec no disturbance to the inflow as the sampler is filled. The 

iritcike tub? or orifice is pointed directly ints the current, so as to 

k?j:r,inr '.e I change of direztion of the flow at the intake. 

A time-integrating sampler fitted with an opening mechanism is 
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lowered to the sampling position with the filling device closed, and if 

fitted with a closing mechanism it is closed before raising the sampler. 

In this manner, mixing the sample with water from other levels can be 

avoided. If the sampler does not have either an opening or a closing 

mechanism, the sampleris lowered to the sampling position and after being 

filled it is raised again as rapidly as possible, in order to reduce to a 

minimum intermixing of the sample with water from other layers. If the 

sample container is of the fixed volume type it is not practicable to 

lower the sampler fast enough to avoid considerable mixing of the sample 

with water from layers above the sampling point, particularly if this 

point is at considerable depth. 

In the depth-integratjon method of sampling, which is extensively 

used at present, the time-integrating sampler is lowered to the bottom 

and raised again at a uniform rate, collecting the sample continuously 

throughout the stream depth. If the rate of transit is not too rapid, the 

pressure inside and outside the container will be balanced and the filling 

rnte will be substantially a function of the stream velocity. A time- 

integrating sampler of the collapsible container type, withintake facing 

directly into the current,, will have a rate of filling which is approxi- 

mately proportional to the stream velocity and practically independent of 

the depth. This characteristic is highly desirable in a sampler operated 

by the depth-integration method. Furthermore, when used to take time- 

integrated samples, this type of sampler eliminatestheuneven filling rate 

and attendant error in silt concentration of the sample which occurs in 

using a fixed-volume container, due to the presence of sub-hydrostatic 

pressures within the container when it is opened after being submerged. 
, 
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59. Pumping samplers--The method of sampllng in which the water is 

pumped from the desired sampling point has several advantageous features: 

a. By directing the intake of the suction hose into the 
current and regulating the intake velocity it shouldbe possible 
to obtain an undisturbed sample representative of the sediment 
concentration in the stream. 

b. A specimen of any desired volume can be obtained. - 

c. By sampling over an extended time, the sample obtained 
will give an average value of sediment concentration. 

The disadvantages of this system with equipmentused heretofore, are: 

a. The equipment is too bulky for portability and not 
adaptable to sampling from small boats or cableways. 

b. The larger particles of suspended sediment tend to seg- 
regate and settle as the water is raised through the suction 
pipe or hose, which necessitates maintnining a velocity in the 
hose higher than the fastest settling rate of the sediment. 

c. The velocity in the intake of the sampler must be reg- 
ulated so as not to produce divergence, convergence, or change 
of direction of flow lines. 

d. The resistance of the sampling hose to the current 
limits the velocities and depths in which the pumping samplers 
may be used. 

e. The vertical distance from the water surface at which 
this type of sampler can be operated is limited by the height 
to which a sample can be raised by vacuum. 

A common water lift pump has been used in some investigations, but 

in the more recent system, as illustrated by Figs. 70 to 73, a hand pump 

was used to produce a vacuum to lift the water into the sample container. 

A siphon was used to some extent in Sind, India, in which the desired 

si7hon head was produced by lowering the discharge pipe to various depths 

into a deep sample container partially submerged in the stream. A note- 

worthy boat installation, consisting of a hand pump, sampling hose, 

and centrifuge for analyzing the samples, is described in Section 94. 
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39. Photo-electric analysis--A photo-electric method of investi- 

gating the suspended sediment concentration of streams as described by 

Jakuschoff (29) has been used by a few observers, but invariably it has 

bhen abandoned as impractical. In the application of the photo-electric 

cell to study the turbidity of water, alight source of constant intensity 

provides the beam which is passed through the suspension to the photo- 

electric cell. The intensity of an electric current through the cell, ns 

indicated by a galvanometer, varies as the intensity of the light beam at 

the cell and is thus a measure of the turbidity or light transmitting 

properties of the suspension. 

In the previous application of this method to the study of sediment 

concentration in streams, calibrations were made upon known samples to 

estoblish the turbidity-concentration relationship. The factors, other 

than sediment concentration, affecting the turbidity; namely, the proper- 

ties of the suspended medlum end the light beam, and the size, sl.ape, 

color, and surface characteristics of the sediment particles, were 

assumed to remain constant during observations or between calibrations. 

The reliability of this assumption depends upon the nature of the stream 

and its sediment. Theoretically, both the concentration and size distri- 

bution of the sediment vary throughout a stream section so that a change 

in turbidity could not be attributed directly to a variation in one of 

these factors alone. Where the sediment is known to be composed entirely 

of fine particles and that it is more or less uniformly distributed 

tl!~oughout a stream, tlie method may be sufficiently reliable. 

Because of the frequent calibration necessary and the questionable 

reliability, it is doubtful if the photo-electric method is sufficiently 
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practical at present to replace a sampling program. It is possible, how- 

ever, that it can be developed to indicate how often samples should be 

token in a regular sediment investigation program. 
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I X .  ADVERSE FEATURES OF SAMPLERS 

40. Instantaneous sampling action--Samples which a re  collected by 

instantaneous horizontal or ver t ica l  samplers represent the concentration 

a t  the sampling point only f o r  the instant  of sampling. I f  the sediment 

concentration a t  the is subject t o  rapid fluctuations, a s  is usually 

the case, a mean value based on only one instantaneous sample i s  of 

doubtful val idi ty .  

That these rapid fluctuations may be of appreciable importance i s  

i l l u s t r a t ed  by the r e su l t s  of several f i e l d  t e s t s .  These f i e l d  t e s t s ,  

however, a r e  representative o f a  range of sampling conditions suff ic ient ly  

wide only t o  point out t h a t  the possible existence of the fluctuations 

should be considered. In a t e s t  conducted in  the Mississippi River by 

the U. S. Engineer Dis t r ic t  Office, Rock Island, I l l i no i s ,  several near- 

l y  instantaneous samples were collected simultaneously from the r iver  

surface a t  points spaced on a l i ne  para l le l  t o  the stream flow. The 

sediment concentrations were f ~ u n d t o v a r y  a s  much a s  100 per cent between 

samples. The condi t ionsof th is  t e s t  were qulte normal and representative 

of numerous medium eized r ivers .  

Contcharoff (29) conducted t e s t s  in the Kuban River, Russia, in  which 

he collected a seriesofinstantaneous surface samples a t  5-min. intervals  

and a se r i e s  of bottom samples a t  10-min. intervals .  The r e su l t s  showed 

variationa of 16 per cent from the mean concentration of the surface 

samples, and variations of a s  much as  60 per cent from the nlsan concen- 

t ra t ion  of the samples obtained near the bottom. 

41. Disturbance of flow character is t ics--I t  i s  readily apparent 
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from a study of the various samplers in use that, in varying degrees, 

they change the flow characteristics in the immediate vicinity of the 

sampling point. These disturbances or changes in direction of flow or 

velocity may cause segregation of suspended sediment from the water and 

the samples collected will not represent the sediment content of the 

stream. Because the sediment particles possess greater density and 

momentum, they will tend not to follow the water in its changes of direc- 

tion orvelocity. Sufficient data or analytical methods are not available 

at the present time to permit n satisfactory evaluation of this possible 

source of error. Nevertheless, it is obvious that certain types of 

samplers, or their modes of action, do affect the flow characteristics. 

The vertical pipe, bottle, and certain of the time-integrating 

samplers, cause the water to undergo an acute change of direction in 

passing through or into the sampler. The flow through the sampling tube 

of the instantaneous horizontal trap sampler is usually considered to be 

practically undisturbed, but it may be affected to a considerable extent 

by the flap valves, or any other portion of the sampler protruding ahead 

of the sampling tube. Sume instantaneous vertical trap samplers are de- 

signed to minimize the disturbance of flow in the sampling zone with 

varying degrees of success. The most obvious disturbance, considering 

all types of samplers, occurs at the mouth of the ordinary bottle sampler 

where air bubbles must escape through the inflowing sample. 

Even the samplers in which the intake conditions have more nearly 

approached the ideal, with intakes facing directly into the current, may 

cause changes of flow characteristics sufficient to introduce error in 

the sample. If the velocity into the intake is greater or less than the 
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v e l o c i t y  of  approach, tine f low w i l l  converge o r  diverge and consequently 

t h e  sediment p a r t i c l e s  w i l l  tend t o  s epa ra t e  from t h e i r  r e s p e c t i v e  flow 

l i n e s .  This  e f f e c t  probably inc reases  w i t h i n c r e a s i n g  p a r t i c l e  s i z e .  The 

e f r e c t  of a sampler upon t h e  surrounding stream flow w i l l  be  l e s s  s e r i o u s  

i f  t h e  in t ake  i s  placed ahead of  t h e  sampler proper.  

When sampling near  the  s t ream bed, c u r r e n t s  nay be s e t  up  due t o  t h e  

presence o f t h e  sampler,  which w i l l  cause mixing o r  r a i s i n g  o f b e d  n a t e r i a l  

i n t o  suspension s o  t h a t i t  may e n t e r  t he  sampler and in t roduce  apprec i ab le  

e r r o r  i n  t he  sample. This i s  a f a c t o r  t o  cons ider  i n  t he  f i e l d  ope ra t ion  

a s  we l l  a s  i n  t h e  design of a sampler.  

42.  F i l l i n g  due t o  i n i t i a l  p ressure  different ial--Any sampler with 

a sample con ta ine r  or' f i xed  volume, which is  c losed  while be ing  lowered 

t o  t h e  sampling po in t  has  an a i r  p ressure  i n s i d e  which i s  l e s s  than the  

hydros t a t i c  p re s su re  on t h e  ou t s ide  surr'ace. Thus, when the  sampler i s  

opened water rushes  i n t o  t h e  con ta ine r  a t  a very r ap id  r a t e  compressing 

t h e  a i r  u n t i l  t h e  s t a t i c  p re s su re s  a r e  equalized..  The pressure  d i f f e r -  

e n t i a l  and, conseque~l t ly ,  t h e  r a t e  of inf low and volume of sample c o l l e c t e d  

du r ing  t h i s  i n i t i a l  period a r e  dependent upon t h e  depth of submergence. 

The time requi red  f o r  pressure  equi l ibr ium t o  take  p lace  depends upon 

many f a c t o r s  and, no.doubt,  v a r i e s  wi th  t h e  d i f f e r e n t  samplers,  bu t  t h e r e  

i s  reason t o  b e l i e v e  t h n t  it u s u a l l y  t akes  l e s s  than  one second. Af te r  

tine pressures  a r e e q u a l i z e d ,  tine remaining capec i ty  of t h e  sampler f i l l s  

slovily a s  tine a i r  escapes and i s  replaced by t h e  water. 

The proport ion of  t h e  sampler capac i ty  which w i l l  be  f i l l e d  dur ing  

t h i s  i n i t i - 1  period can be computed on t h e  b a s i c  of Boylets  law, a s  i t  

depends upon t h e  chance i n  volume of t he  inc losed  a i r  whencompressed~b j  
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t h e  water pressure at  the  sampling point .  For example, a t  a depth of 33 

ft., where t h e  absolute  water pressure i s  two atmospheres, the  a i r  w i l l  

be compressed t o  one-half i ts  o r i g i n a l  volume and t h e  sampler w i l l  be 

f i l l e d  t o  one-half of i ts  o r i g i n a l  capacity when t h e  pressures a r e  equal- 

ized.  A t  a depth of 66 f t .  the  absolute water pressure i s  th ree  atmos- 

pheres and the  a i r  i n  the  sampler when opened w i l l  be compressed t o  one- 

t h i r d  the  o r i g i n a l  volume; two-thirds o f t h e  sampler volume w i l l  be f i l l e d  

by t h e  sudden inrush,  leaving only one-third t o  receive a sample a t  a 

uniform r a t e .  

This i n i t i a l  inrush occurs i n  a l l  of the  b o t t l e  type, and i n  a l l  of 

t h e  time-integrating type samplers except those which c o l l e c t  t h e  sample 

i n  a col laps ib le  container .  It occurs not  only when such samplers a r e  

closed while being lowered t o  the  sampling point  and then opened, but  

a l s o  i n  f ixed container  samplers with small por t  openings, which a r e  

lowered rapidly  t o  the  sampling point  with the f i l l i n g  port  open. This 

p rac t i ce  is o f t en  used on t h e  assumption t h a t  t h e  inflow during t h e  

descent  i s  neg l ig ib le .  It i s  bel ieved t h a t  i n  most samplers, t h i s  f i l l -  

i n g  takes  place so  rapid ly  t h a t  by the  time a sampler has been lowered t o  

a measuring point  33 f t .  below t h e  surface  the  container  w i l l  be ha l f  

f i l l e d ,  even i f  it were lowered q u i t e  rapidly.  

The following e f f e c t s  of t h i s  i n i t i a l  inrush,  o r p r e s s u r e d i f f e r e n t i a l  

f i l l i n g ,  a r e  obvious: 

a .  A l a r g e  pa r t  of t h e  sample is taken i n  a very s h o r t  
time and t h e  remainder over a longer i n t e r v a l ,  r e s u l t i n g  i n  a 
sample which does no t  represent  the  average concentration ex- 
i s t i n g  during the  sampling period. 

b. The i n i t i a l  f i l l i n g  may be so rapid  t h a t  the stream 
l i n e s  of the  flow enter ing  the  sampler a r e  abrupt ly  def lec ted ,  
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which may cause a separat ion of tile water and sediment, and 
thus  give a sample which ind ica tes  l e s s  than the correc t  quan- 
t i t y  of sediment. 

c .  When an open sampler i s  lowered i n t o  the  stream an 
appreciable mixing of the  sample with water from above the  
sampling point  w i l l  take place. 

43. Mixing of sample with water from above the  sampling point-- 

Samplers of the v e r t i c a l  t r a p  type c o l l e c t  samples which contain, t o  a 

grea ter  o r  l e s s e r  extent ,  sediment from above the  l e v e l  of the  sampling 

point ,  s ince  when the sampler is lowered, the  water meets with some re-  

s i s t ance  from i ts  valves and in flowing through the  v e r t i c a l  tube. There- 

fo re ,  some water from higher l aye r s  is ca r r i ed  along with t h e  sampler a s  

it i s  lowered, and is  entrapped when the sampler i s  closed. The extent  

t o  which t h i s  intermixing takes  place is proport ional  t o  the  res is tance  

t o  the  flow through the tube, bu t  no data  a r e  avai lable  from which the  

magnitude of t h i s  mixing can be determined. Various samplers of the  

b o t t l e  and t ime-integrat ing types, used t o  c o l l e c t  point samples, a r e  

no t  provided with opening and c los ing devices. Others a r e  provided w i t h  

devices f o r  opening only. In  e i t h e r  case,  the  assumption i s  made t h a t  

e r r o r s  introduced due t o  the inflow i n t o  the  sampler from points  other 

than the  des i red  sampling point  a r e  negl ig ib le .  In  using these  samplers 

they a r e  lowered and ra i sed  a s  rapid ly  a s  prac t icable  t o  minimize t h i s  

e f f e c t .  As i n d i c a t e d i n t h e  discussion of i n i t i a l  f i l l i n g  due t o  pressure 

d i f f e r e n t i a l  i n  Section 42, i f  such samplers e r e  of the  f ixed volume 

container type, the  water from higher l e v e l s  w i l l  flow i n  r ap id ly  a s  

the  sampler is lowered, so t h a t ,  il' t h e  depth of the sampling point 

is considerable, an appreciable p a r t  of the sample is col lec ted  'ram 

higher layers .  
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Considerable mixing may take place by flow i n t o  c e r t a i n  types of 

samplers, even a f t e r  they a r e  f i l l e d ,  i f  they a r e  no t  provided with ' 

closing devices.  This i s  i l l u s t r a t e d  by a simple t e s t  conducted by Mr. 

C. S. Howard of the U. S. Geological Survey (24) .  An ordinary b o t t l e  

sampler was f i l l e d  with c l e a r  water, closed,  and lowered t o  the  sampling 

point.  There it was opened, and ra i sed  quickly t o  t h e  surface .  Some of 

t h e  sample8 were found t o  have sediment concentrat ion a s  high a s  25 per  

cent of the  stream concentrat ion.  

The p o s s i b i l i t y  of intermixing i n  hor izon ta l  t r a p  type samplers i s  

probably el iminated i f  t h e  valves a r e  t i g h t  f i t t i n g  and t h e r e  i s  r e l a -  

t i v e l y  unobstructed flow through them f o r  some time p r i o r  t o  sampling. 

44. I n a b i l i t y  t o  sample close t o  t h e  bottom--It i s  evident  t h a t  

samples must be taken c lose  t o  the bottom of a stream i f  an accura te  

determination of the  s i z e s  of the  mater ia l  ca r r i ed  i s  t o  be obtained. In  

most streams t h e  g r e a t e r  p a r t  of the  coarse material i s  ca r r i ed  a long 

very c lose  t o  the bottom. Unless a sample i s  taken i n  t h i s  zone, these  

coarse s i z e s  may be almost e n t i r e l y  absent  from the  sample. In  many 

problems, t h i s  c l a s s  of ma te r i a l  is of primary importance and f a i l u r e  t o  

secure accura te  samples of it may lead t o  very unsound conclusions. 

45. Non-removable sample containers--In a number of t h e  bott le- type 

samplers, and i n  p r a c t i c a l l y  a l l  of the  instantaneous t r a p  samplers, the  

sample conta iner  i s a n  i n t e g r a l  p a r t  and no t  removable. This n e c e s s i t a t e s  

t r a n s f e r r i n g  the  samples t o  o ther  conta iners  f o r  t r anspor t ing  t o  the  

laboratory.  In  t h i s  t r a n s f e r  t h e r e  i s  a p o s s i b i l i t y  of l o s i n g  some of 

the  sediment a s  it may s e t t l e  out  and adhere t o  the  o r i g i n a l  container .  
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Although the  amount of sediment l o s t  i n  t h i s  manner may be very small and 

almost unnoticeable, it may i n  some cases be a considerable percentage of 

the t o t a l  sediment i n  the  sample. 

46. Limited adaptabilite--An adverse f e a t u r e  of e x i s t i n g  samplers 

i s  t h a t  they have, i n  varying degrees, l imi ted  a d a p t a b i l i t y  t o  f i e l d  

conditions. The degree depends t o  a l a r g e  ex ten t  on the  bas ic  pr inc ip le  

of ac t ion ,  the  ex te r io r  design, andtnenecessary  appurtenances, including 

the suspension and contro l  cables. Many samplers a r e  s u i t a b l e  only f o r  

use i n  very l a rge  streams and others  t o  very small streams, with few, i f  

any, s u i t a b l e  f o r  both. 

Bulky, unstreamlined saml?lers, exposed and complicated operat ing 
- 

mec.mnisms, o r  ex t ra  suspension o r  operating cables,  may ? u s e  excessive 

re s i s t ance  i n  swif t  currents .  This res is tance ,  o r  drag, causes a sampler 

t o  d r i f t  downstream and malces locat ion  a t  the desired sampling point  more 

d i f f i c u l t .  Weights, adied t o  decrease the  d r i f t  of a sampler, ihcrease  

the d i f f i c u l t y  of handling, and when suspended beneath the sampler they 

i n t e r f e r e  .with sampling close t o  the  stream bed. 
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X. DESCRIPTION OF I N D I V I D U A L  SAMPLERS 

47. I ium~hre~a and Abbott ken sampler--The Hunphreya and Abbott keg 

sampler was used f o r  euapended sediment investigations conducted by 

Professor Forshey kr1851 i n t h e  Mississippi River a tCarml l ton ,  Louieiana. 

The gampler consisted of a small, weighted keg, equipped with a large 

f l ap  valve i n  each end. The f l a p  valvee were actuated by the water re- 

action, opening uprard a s  the sampler was lowered and cloeing a s  the eam- 

p le r  wae stopped a t  the desired sampling point. Thua, the water-eedhnt  

paesed through the keg u n t i l  the wlvee  cloeed a t  the sampling point. 

Other samplers, d i f fe r ing  from this or iginal  keg sampler i u  de t a i l s  

of the eample container A& type of valves, but operating on the anas 

principle,  have b ~ e n  uaed extonaively i n  past  investigations. 

48. Johnson vel-tical traD sawler--The sampler, i l l u s t r a t e d  i n  Fig. 

B, was designed Mr. J. B. Johnson f o r  the suspended sediment investi-  

gations i n  the Mississippi River a t  Helena, 

Arkansas, i n  1879. It consistnd of a ver t ica l ,  

galvaqired i ron cylinder t o  which were hinged two 

l i d s  opening outward from the ende of the  b l i n d e r .  IRON urn 

Prior  t o  sumpling, the l i d s  were held i n  the open 

position by a catch mechanism. When a t r igger  

arrangement below the sampler touched the stream 1 1 
bed, the l i d s  were released and they closed upon 

CUP FOR 

the  ende of the sample cylinder under the act ion 

of heavy rubber bands connecting than. 
Fig. 9-Johnson ver- 

The Johneoh sampler, featuring a completely t i c a l  t r ap  sampler. 
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open sample cylinder,  allowed f ree  passage o f t h e  water during the  descent 

t o  the  stream bottom. The Humphreys and Abbott keg sampler, the  e a r l i e s t  

design of the  same type, was not sa t i s fac tory  because the valves i n  the 

ends of the  sampler container res t r ic ted  the flow of water through the 

sampler. 

. 

49. New Orleans Dis t r ic t .  U.S.E.D.. v e r t i c a l  t r ap  sampler--The 

F i r s t  New Orleans D i s t r i c t  of the U. S. Engineer 

Department developed the  v e r t i c a l  t r a p  sampler, 
--, ,. -. 

shown i n  Fig. 10, f o r  use in recent sediment in- ",-.. 

vest igat ions  in t h a t  d i s t r i c t .  The sampler con- 

s i s t s  essen t ia l ly  of a 2-in. pipe, 14 in .  long, 1 ..k- 
suspended ver t ica l ly  with a rubber b a l l  valve a t  I ;TI- 
each end. The b a l l s  a r e  held in the  open position 

-- 
against  the  tension of springs within the  pipe. by 

a t r i gge r  catch mechanism and a r e  released t o  

close the  pipe a t  the  desired sampling depth when Fig. 10-New Orleans 
D i s t r i c t ,  U.S.E.D., 

a weight, dropped down the suspension cable, f a l l s  v e r t i c a l  t r ap  sampler. 

upon the  t r igger .  

50. Vicksburg Dis t r ic t .  U.S.E.D.. ve r t i ca l  t r a p  sam~lers--The 

Vicksburg U. S. Engineer D i s t r i c t  i n  recent investigations has used and 

experimented with samplers of the type shown in Fig. 11. The samplers 

consist  of sections of pipe, suspended i n  a ve r t i ca l  posit ion,  provided 

with f l a p  valves which a r e  operated by the  water reaction. The valves, 

a s  i n  the  or ig ina l  Hunphreys and Abbott keg sampler, a r e  held open by the  

water react ion a s  the  sampler i s  lowered and a re  closed instantaneously 
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Major Allen Cunningham made use of t h i s  method of sampling i n  t h e  

Ganges Canal i n  the  yea r s  1874 t o  1879, th rus t ing  a 12-f t .  s ec t ion  of 

pipe downward through t h e  stream sect ion .  The pipe was closed a t  i ts  

lower end by a movable l i d  actuated by a s t rong spring.  Complete d e t a i l s  

regarding the  ac t ion  of t h e  valve a r e  not avai lable .  

52. Eckman sampler--In the E c h n  sampler, i l l u s t r a t e d  i n  Fig. 13,  

the  sample i s  trapped i n  a v e r t i c a l  cyl inder  between a top  and a bottom 

cover p l a t e .  While being lowered t o  the  LP~LE 

sampling depth the  cyl inder  i s  suspended I 
above the  lower p l a t e  and the  upper 4 
p l a t e  is  suspended severa l  inches above 

t h e  top  of t h e  cyl inder .  When the  ca tch  

mechanism i s  re leased,  by dropping a 

messenger weight down t h e  suspension 

cable,  t h e  upper l i d  drops down upon the  

top  of t h e  cylinder ana, simultaneously, 

EIGHT 
t he  upper l i d  and cy l inae r  together  drop 

down upon t h e  lower l i a ,  thus t rapping Pig. 13--Eckmah sampler. 

the  sample i n  t h e  c y l i r ~ d e r .  A weight below t h e  sampler i(, suspended from 

t h e  upper l i a  t o  a c t u a t e  the  downward movement of the  top  l i d  and t h e  

cyl inder .  

53. Modified Foerst  sampler--The modified Foerst  sampler, shown i n  

Fig. 14,  i s  being used by the  U. S .  Bureau of Reclamation i n  present  s i l t  

dens i ty  i n v e s t i j a t i o n s  i n  Lake Mead, t h e  r e se rvo i r  of Boulder Dam. I t  

was made by the  Foers t  Mechanical S p e c i a l t i e s  Company of Chicago, 
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54. S l i p  b o t t l e  samplers-.-The s l i p  b o t t l e  instantaneous v e r t i c a l  

t r a p  samplers, shown i n  Fig .  15,  were used by the  Miss iss ippi  River 

Commission f o r  observations i n  the  Mississippi  and Missouri Rivers from 

1879 t o  1881. The s l i p  b o t t l e  cons i s t s  of an i r o n  cyl inder  8 i n .  i n  

diameter 6 i n .  long, which moves along a v e r t i c a l  concentr ic  rod. Two 

i r o n  d i s k s  a r e  f a s t e n e d t o t h e  rod s e p a r a t e d a d i s t a n c e  equal  t o  the he ight  

of t he  cy l inder ,  the upper d i s k  a c t i n g  a s  a p i s t o n  i n s i d e  the  cyl inder ,  and 

the lower d i sk  ac t ing  a s  a  s e a t  f o r  the cyl inder  i n  the  closed pos i t ion .  

P r i o r  to sampling, the . . 

cy l inder  i s  supported i n  

the  open pos i t ion  by a ca tch  

mechanism. When t h e  sam- 

p l e r  has been lowered t o  

t h e d e s i r e d  sampling point ,  

t h e  cy l inder  is re leased by 

a p u l l o n  an a u x i l i a r y  l i n e  

and f a l l s  upon the lower 
Single  Double 

d i s k  t o  t r a p  the  sample. Fig. 15--Slip b o t t l e s ,  instantaneous 
v e r t i c a l  samplers. 

The double s l i p  bot- 

t l e ,  a  l a t e r  design,  has two separa te  and i d e n t i c a l  b o t t l e s  of smaller  

capaci ty .  The sample i s  trapped i n  small rec tangular  s l o t s  of a  modified 

p i s ton .  Ins tead  of having two d i sks  on a common a x i s ,  the  modified p is ton  

i s  a s i n g l e  u n i t  o f h e i g h t  equal  t o  t h a t  of the cyl inder  wi th  two v e r t i c a l  

rec tangular  s l o t s  through the p is ton  a t  r i g h t  angles t o  each o the r  which 

allows the  passage of water when the  cy l inder  i s  ra i sed  and contain the  

trapped sample when the  cyl inder  drops down over the piston.  The capacity 
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a streamlined weight. The pipe i s  provided with a plunger type valve a t  

each end which a r e  cloeed by the weight of the eampler ae  i t 8  baee p la te  

contact8 the etream bed. 

The dietance from the I baee p l a t e  t o  the  ample  

tube and, coneequently, t he  

height of ampl ing  point 

above the  atream bed, i e  L'- 

variable  up t o  about 5 f t .  Fig. 38--Vickeburg Di s t r i c t ,  U.S.E.D., 

by the  use of extenelon horizontal ampler .  

pipee of varioue lengthe. A gooee-neck extenelon f o r  the ample  pipe i e  

provided which permite taking eamplee adjacent t o  the r i v e r  bottom. 

A l a t e r  deeign of t h i s  aampler makee it applicable f o r  eamplingat 

any depth i n  a etream. For eampling near the bottom the  eampler i e  ueed 

ae deecribed above, but f o r  point8 more than 5 f t .  above the r i v e r  bottom 

it l a  inverted and a amall weight i s  dropped down the  euepeneion l i n e  t o  

cloee the valvee and t r a p  the ample.  

66. V i c k e b u .  Die t r ic t .  U.S.E.D.. horizontal  toftale eanpler--An 

inetantaneoue eampler, shown i n  Fig. 59, was developed by the Vickeburg 

U .  9. Engineer D ie t r i c t  f o r  uaeindeep,  ewift  eectiona of t he  Nieeieeippi 

River ae well  ae i n  t r i b u t a q  r ivere  i n  t h a t  d i e t r i c t .  I t  coneiete pr i -  

marily of a horizontal cylinder attached underneath a etreamlined weight. 

Flap valvee a t  t he  ends of the cylinder a r e  held i n  the open poeition by 
I 

catcher and are releaeed by a toggle arrangement e i t h e r  when the baee o 

the eampler ree ta  upon the  r i v e r  bed or by the impact of a emall meeeengeA 
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desired depth, water i e  passing freely through the sample t h e .  To close 

the sanpler a t  the deeired sampling point, the e lect r ic  current is 

eupplied by cloeing a ewitch a t  the surface thereby releasing the plunger 

valve8 t o  trap the sample. 

By the addition of eeveral duplicate eample cylinders, each t o  be 

operated eeparataly, the sampler is nade adaptable for  taking a aeries of 

samples over a period of t h e  a t  the same depth t o  eecure an average 

sample or  t o  allow etudy of fluctuations in eediment concentratione. 

69. Miecellaneoue bot t le  type samplere--The sampler, ehown in Fig. 

41, which wae described i n  Engineering Newe, May 18, 1893, is of hietori- 

oal interest  being one ofthe ear l ies t  samplere of the eimple bott le  type. 

It coneiete ofan ordinary emall-neck bott le  enclosed in a metal container 

and provided with a stopper which is removed 

a t  the deeired depth by a pull on an a&- - l ine. 

Numeroue other eamplere of the wrne 

general type, eufficing fo r  many of the leqe 

elaborate inveetigations, have been ueed  ex^ 

teneively by w i a u a  agenciee. 

A copper bottle,  ehom i n  Fig. 42, con- Fig. 41- Fig. 42-4hineee 
Early copper bottle 

et i tutee the sampler heed in the Yellow bott le  ampler. 
sampler . 

River in China. The etopper i e  removed from 

the bot t le  by pulling an auxiliary l ine  and i e  forced back t o  cloee the 

bot t le  by a coiled epring when teneion on the a&iarg l ine  i e  releaeed. 

The metal bott le  i e  ueed t o  avoid breakage by heavy suepended material. 
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t he  1-in. opening and, when f u l l ,  the sampler i s  closed by a cork f l o a t  

within the bo t t le .  

When sampling i n  high ve loc i t ies ,  'streamlined weights a r e  added be- 

low the sampler t o  decrease the inclination from the ve r t i ca l  o r  the 

downstream d r i f t .  

In  an e a r l i e r  design of t h i s  sampler, the bo t t l e  was covered with a 

heavy paper cap. A t  the desired sampling point, a h i f e  blade, actuated 

by the messenger weight, punctured the bo t t le  cap and allowed the sampler 

t o  f i l l .  

82. Anderson-Einsteintime-intearatha samvler--TheAnderson-Einstein 

sampler, shown i n  Fig. 59, i s  a time-integrating type developed a t  the 

Enoree River Experiment Station,  Creenville, South Carolina, by the So i l  

Conservation Service. It consists of a pint  milk bo t t l e  equipped with a 

two-hole rubber stopper through which two 

1/4-in. tubes extend, one f o r  water intake and 

the other f o r  a i r  exhaust. The water intake 

tube faces d i r ec t ly  in to  the current t o  m i n i -  

mize any d i rec t iona l  change of the water- 

sediment in flowing in to  the container. The 

a i r  exhaust tube i s  bent downstream t o  e f fec t  
Fig. 59--Anderson- 

smooth evacuation of the a i r .  Einstein sampler. 

One ormore samplers may be clampedtoa r ig id  upright tha t  may e i the r  

extend from the surface t o t h e  stream bed or  be suspended by a cable. The 

sampler isadapted primarily tosampling shallow streams and , i f  calibrated,  

may be used t o  measure the streain velocity a t  the sampling point. A 

similar sampler was developed by Mr. S. K .  Love of the Geological Survey. 
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velocity. The flow is directed by baffles toward the rear  of the chamber, 

back t o  the f ront  and then t o  the e x i t  a t  the rear.  The re la t ive ly  long 

detention period and decreased velocity allows the heavier suspended sed- 

iment t o  s e t t l e  i n  the chamber. To determine the sediment concentration 

it is neceaaary t o  know the  duration of sampling and the  stream velocity 

a t  the sampling point a s  well a s  the quantity of material collected. It 

is a l so  necessary t h a t  the sampler be calibrated t o  determine the degree 

of e r ro r  due t o  f i n e  pa r t i c l e s  not depositing i n  the sampler. 

85. Canter Cremer  aamler--The sampler, s h m i n F i g .  62, was devel- 

oped by Mr. Canter Crmer and has been used i n  Holland since about 1918. 

-I 

Fig. 62--Canter Cremer sampler. 

It is  esaentisllyasedimentation chamber through which the water f lo ra .  

The cross-sectional area of the intake is  small i n  comparison t o  tha t  of 

the chamber and discharge vents, causing a re la t ively l o w  velocity i n  the  

chamber which allows the heavier sediment t o  s e t t l e  out. The water- 

sediment is directed from the entrance t o  the rear  of the  chamber, re- 

verses, and flows through the chamber a t  a reduced velocity toward 

discharge ports  near the front .  These ports a r e  located i n  such a manner 

t h a t  the  stream flow past  the sampler creates auction t o  draw t h e m t e r  

through the chamber. 

The percentage of suspended material t h a t  w i l l  be depoeited i n  the 

chamber deperds upon the s ine of par t ic les  and the  period of detention 
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w i t h i n  t h e  chamber. The sampler has been cal ibrated t o  correct  the 

meaeured eediment f o r  various pa r t i c l e  eizee and etream ve loc i t iee .  The 

ca l ib ra t ion  ehowed t h a t  with material  of .5 t o  1.0 m. e i ze  and etream 

veloci t iea  of 4 t o  5 ft./eec., up toabout 18 per cent of the  t o t a l  quanti- 

t y  of mater ia l  passed through the  chamber. With f i n e r  m t e r i a l e  the  

1088 increaeed rapidly and f o r  f i ne  eande of lee8 than .S nun. pa r t i c l e  

diameter, a8 much ae  70 per cent of the  euepended load, by volume, paeeed 

through t h e  ampler .  The eampler is  adapted primarily t o  sampling where 

coarse mater ia ls  predominate. 

86. Collapsible container eamplere--A aamplerwitha container which 

i e  collapsed pr ior  t o  f i l l i n g  hae a deeirable  charac ta r ia t ic  in t h a t  it 
L o 7  .I" .us ,," 

tenda t o  f i l l  in proportion t o  the 
.I.", _.. --7- - -11 

atreani velocity.  Being devoid of 

a i r ,  the  sampler is unaffected in 

i t8  f i l l i n g  by the hydroetatic pree- 

euree of depth of eampling. - 
The Cluechkoff ea1npler~PIg.65, 

has been used i n  Russia. t t  feature8 Fig. 65-Cluechkoff time- 
integrat ing col lapeible  

aeveral col lapeible  rubber bage, un- bag a m p l e r .  

protected, attached t o  a handle, enabling the co l lec t icn  of  a eerie8 of  

sinultaneoue sample8 from eeve'ral depths. P r io r  t o  and a f t e r  f i l l i n g  the 

handle is turned 80 aa  t o  face the  intake dometream thereby pinching the 

rubber neck t o  c lose  the baga. 

The col lapeible  bag type eanpler ueed i n  Germany, Fig. 84, consieta 

o r  an India rubber balloon encloeed i n  a tin box. A braas intake tube 

extends o u t i n  f ron t  of t h e  bax facing i n t o  the stream. The mouth of the 
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water  i n t ake  and a  siphon of 3/16-in. copper tubing f o r  t h e  a i r  exhaust .  

A l a r g e  cork f l o a t ,  a t tached  t o  t h e  cap, c loses  both t h e  in t ake  o r i f i c e  

and t h e  a i r  exhaust tube when t h e  b o t t l e  i s  f u l l ,  bu t  no provision i s  

made f o r  keeping t h e  sampler closed u n t i l  t h e  des i r ed  sampling depth i s  

reached. Af ter  t h e  sample i s  c o l l e c t e d ,  t h e  conta iner  i s  removed, t h e  

cap i s  replaced wi th  a  regular  j a r  l i d ,  and t h e  sample i s  ready t o  be 

shipped t o  t h e  labora tory .  Streamlined weights of various s i z e s  a r e  

a v a i l a b l e  f o r  -Jse i n  d i f f e r e n t  stream condit ions.  

91. W I s l a n d  D i s t r i c t .  U.S.E.D.. t ime- in tegra t ing  sampler--The 

t ime- in tegra t ing  sampler, shown i n  Fig. 69, was developed by t h e  Rock 

I s l and  D i s t r i c t  of t h e  U.S. Engineer Department. The operat ing mechanism 

of the sampler i s  housed i n  a  s t reamlined body with a  s t reamlined sample 

conta iner  suspended immediately below. A s e r i e s  of small  instantaneous 

samples a r e  co l l ec t ed  from t h e  r e l a t i v e l y  undisturbed flow within a  

conduit  which extends l o n g i t u d i n a l l y  through t h e  streamlined body. 

The condui t ,  about 18  i n .  long, has a  t r apezo ida l  c r o s s  sec t ion  with 

an a r e a  of about  3  sq. i n .  The water  of the  stream e n t e r s  a t  t h e  nose of 

t h e  sampler and passes d i r e c t l y  through it. A sec t ion  of t h e  conduit  i s  

formed by a valve plug of t h e  s t o p  cock type and has an opening of  t h e  

same c r o s s  sec t ion  as t h e  r e s t  of t h e  conduit .  When t h e  valve i s  turned 

a t  90 degrees  t o  t h e  open pos i t ion ,  a  sample trapped within i t s  s c c t i o n  

i s  s p i l l e d  i n t o  t h e  con ta ine r  below. The conduit i s  c losed  t o  flow u n t i l  

the  valve i s  re turned  again t o  t h e  open pos i t ion .  A s e r i e s  of t hese  

samples c o n s t i t u t e s  a  composite t ime-integrated sample. 

The v a l v e i s o c t u a t e d  almost ins tan taneous ly  by a  heavy clock sp r ing ,  

and c o n t r o l l e d  by a  r a t c h e t  and t r i g g e r  mec:~anism which s tops  t h e  va lve  
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eucked i n  through a pipe o r  hose whose IW.. I., V.IW, ,vr .  

entrance, placed a t  the desired eampling 

point, facee i n t o  the current. The suction 
L 

i e  produced withapump which evacuate6 the 

water a r  a i r  from a 50-gal. tank connected 

d i r e c t l y  t o  the eampling hoee. The water 

from the eampling point flowe continuouely 
'8.m8, I- 

through the hoes i n t o  the tank until the 1- - 

flow i e  diverted i n t o  a sample bo t t l e  by 

turning valves which connect both the eam- Fig. 70--U. S. Bureau of 
Reclamation pumping 

pling hoee and the vacuum t o  the bot t le .  ampler.  

93. Baltimore Bureau of Water SUDP~Y vacuum eam~ler--The vacuum 

eampler, ehown i n  Fig. 71, described by Mr. Edward S. Hopkine i n  Engi- 

neering Newe-Record, May 31, 1928, has 

been ueed i n  the Bureau of Water Supply, 

Baltimore, Maryland. The eampler coneiete 

of the "depth eamplerVhichiean  inverted 

funnel, 7 i n ,  i n  diameter a t  the mouth, 

i jU / \ and 6 in .  high; a glaee jar %ollecting 

bottle" and a pump with the neceeeary 

Fig. 71--Baltimore Bureau connections f o r  evacuating the col lect ing 
of Water Supply vacuum 

eampler. bot t le .  Vacuum, produced by a hand pump 

and laboratory vacuum f laek  a t  the eurface, i a  applied t o  the col lect ing 

bo t t l e  through a rubber hoee and the water is sucked through the depth 

sampler up i n t o  the col lect ing bot t le .  

The water i s  punped through the collecting bo t t l e  u n t i l  the flow i e  
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Fig. 74--Photo-electric turbidity meter. 

c e l l  which are enclosed in water-tight chambers on opposite sides of the 

cylinder. The intensity of the l i gh t  reaching the c e l l ,  a function of 

the turbidity of the suspension, i s  indicated by the intensi"y of the 

e l ec t r i c  current through the c e l l .  
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X I .  SUMMARY AND CONCLUSIONS 

98. Scope of report--This r epor t  i s  one phase of a j o i n t  p r o j e c t  

conducted by enumber of government agencieo t o  study the  equipment, f i e l d  

technique, and l abora to ry  procedurco involved i n  sodimcnt inves t iga t ions .  

Spec i f i ca l ly ,  t h i s  r e p o r t  i n c l ~ d e 3  tho fo l lov~ing sub jec t s  concerned vrith 

the  sampling o? suspendod load: 

a .  A h i s t o r y  and discuc;ion of f i e l d  p r z c t i c c s  i n  se1.e~- 
t i o n  Gf sampling poin ts  ac ross  the stream. 

b. A h i s t o r y  and discuscion of f i e l d  p r a c t i c e s  i n  doter-  
mining the  depths a t  vrhich sgmples a r c  taken, 

c. Frequency of sampling. - 
d. A h i s t o r y  and d iscuss ion  of sampling equipmoat includ- 

ing  <cl t lss if ixt t . ion by n~-.,le of nctir.ln cnd a l l o t i n g  of t h e  
p r i n c i p a l  c h a r r c t e r i o t i c a  c ;  grcupa. 

99. Study of f i e l d  techniq:le--The h ln tory  o r  the development cf 

f i e l d  p r a c t i c e  sumnarizes f i f t y - a i x  invoscig~rt iono extending from 1800 t o  

the  present  time, including o tudics  i n t h e  Unlted S t a t e s ,  Franca, Gerrr.cny, 

Finland,  Sweden, I t l y ,  Centrnl P.s i n ,  lurkc:;tan, I r a q ,  Afghanistan, 

Ind ia ,  China, Egypt, South Africa,  and. Argentina. 

Tho methods o r  s e l e c t i n g  v e r ~ ' c u 1 s  t o  be sumplcd a r e  con:;idered i n  

Chapter 111. Most of the  meLhods a r e  a r b i t r a r y ,  including s i n g l c  v e r t i -  

c a l ,  1/4, 1/2, and 5/4 width, and nny o ther  number of v e r t i c a l s  se lec tod  

with only minor cons idera t ion  of velocit:] di;tr.lbution. The I/G, 1/2, 

and 5/6 width method hcs been vor i f iod  exP~r imcnca l ly  f o r  a fe:~ atrooms 

but  i s  n o t  necessa r i ly  appl icable  t o  o ther  otreamo. 'The mothoda having 

r a t i o n a l  j u s t i f i c a t i o n  a re  those i n  uhi-h the  r c r t i c ~ l s  a r e  se lec ted  so  

a s  t o  represont  equcl discharg\?; 02 nhere vreigtlts proport.Lono1 t o  the  
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discharge a r e  applied t o  ve r t i ca l s  more or l e s s  a r b i t r a r i l y  chosen. An 

approximation of the former method has been t o  se l ec t  ve r t i ca l s  estimated 

v isua l ly  t o  be a t  midpoints of sections of equal discharge. A method of 

locat ing d i r e c t l y  the ve r t i ca l s  representing equal discharges, based on 

previous records of stage and velocity dis t r ibut ion,  i s  presented. 

Data concerning ve r t i ca l  d i s t r ibu t ion  of suspended sediment f o r  

d i f fe ren t  investigntions a re  presented in Table 3, Chapter I V Y  and the 

re la t ion  of ve r t i ca l  sediment d i s t r ibu t ion  t o  methods of sampling i n  the 

ve r t i ca l  i s  discussed. For purposes of discussion, the methods of sampling 

a ve r t i ca l  a r e  divided i n t o  three classes:  a rb i t ra ry ,  empirical, and 

ra t iona l .  The methods of sampling a t  surface, mid-depth or any other 

point or combination of points are a rb i t r a ry  unless they consider veloci ty  

and sediment d i s t r ibu t ions  or unless coeff ic ient@ a re  obtained from more 

complete studies. Most common of the empirical methods a re  the 0.6 depth 

me'hod and the surface method using coeff ic ients  based on previous ex- 

perimentation. The surface, mid-depth and bottom method, with mid-depth 

concentration given double weight, i s  discussed with the empirical methods. 

The depth-integration method a s  performed a t  present, without regard t o  

volocity d is t r ibu t ion  or hydrostatic pressure, is  not a f u l l y  r a t iona l  

method. The precise,  Straub, Luby, and depth-integration methods a r e  

considered r a t iona l  i f  veloci ty  d is t r ibu t ion  and hydrostatic pressure 

a re  properly accounted for .  A l l  these methoda are discussd i n  Chapter I V .  

The use of ra t iona l  methods of selecting ve r t i ca l s  and the locat ion 

of points i n  these ve r t i ca l s  w i l l ,  i n  general, give the most accurate 

resu l ta .  

The amount of e r ror  resul t ing from the various methods of select ing 
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sampling points  i s  as y e t  uncertain,  but a study i s  being made of t h e  

accuracy of various methods of se lec t ing  polnts  i n  the  v e r t i c a l .  

Frequency of snmpling i s  emphasized a s  one of the  more important 

cons idera t ions  i n  a sampling program, and unfortunately,  it does not  lend 

i t s e l f  r e a d i l y  t o  so lu t ion  by r a t i o n a l  o r  a n a l y t i c a l  methods. Whether 

solved by r a t i o n a l  methods o r  determined by somewhat a r b i t r a r y  methods it 

i s  dependent upon t h e  r a t e  and magnitude of change i n  sediment concentra- 

t i o n ,  which in tu rn ,  depends t o  a considerable extent  upon c h a r a c t e r i s t i c s  

of each stream and storm. A t  p resent  thc  moot p r a c t i c a l  c r i t e r i o n  of 

where and how frequent ly  t o  sample the  suspended load,  other  than per iodic  

rou t ine  measurements, i s  change i n  s tage.  In  genera l ,  more f requent  

sampling i s  necessary preceding a peak than following a peak. The amount 

of increase  i n  frequency i n d i r e c t l y  depends t o  a considerable ex ten t  upon 

s i z e  of drainage area,  with small f l a shy  streams genera l ly  requi r ing  very 

f requent  sampling during r i s i n g  stages.  

A d i r e c t  r e l a t i o n s h i p  between water and sediment discharge cannot be 

r e l i e d  upon t o  provide even a f a i r  est imate of t o t a l  suspended load a t  

any s h o r t  period, but  t h i s  r e l a t i o n  i s  often used f o r  t o t a l  loads  over a 

considerable period when no other method is available.  I f  the  r e l a t i o n  i s  

based upon a l a r g e  number and range of observations, it may give f a i r  re-  

s u l t s  f o r  t o t a l s  over long periods. A t  present the only s a t i s f n c t o r y  methcd 

of determining the  bes t  frequency of sampling i s  t o  study the  watershed, 

stream, and r a i n f a l l  c h a r a c t e r i s t i c s  with considerat ion of the type of in -  

v e s t i g a t i o n ,  and from t h a t  more or l e s s  a r b i t r a r i l y  speci fy  the per iodic  

frequency of rout ine  measurements and the amount of in tens ive  sampling 

necessary with various changes of s tage ,  p a r t i c u l a r l y  of r i s i n g  s tages .  
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In addition to the importance of proper selection of verticals, the 

choice of points in each vertical, and the frequency of sampling, the re- 

liabilityafthe observer and the accuracy of the sampler itself are major 

considerations. 

100. Study of sampling equipment--The study ofthe sampling equipment 

which has been used in the past included the collection of data on more 

than sixty-five samplers, covering a wide range of methods of entrapping 

the sample. Prom a study of these it was apparent that a grouping of the 

samplers was possible, since certain of them embodied the same principle 

or mode of action. Consequently the following grouping evolved, which 

proved advantageous in both discussion and presentation: 

a. Vertical pipe samplers. - 
b. Instantaneous vertical trap samplers. 
7 

c. Instantaneous horizontal trap samplers. - 
d. Bottle samplers. - 
e. Time-integrating samplers. - 
f. Pumping samplers. - 

g. Photo-electric equipment. 

During this study, certain features of the samplers were recognized 

to be advantageous and others to be objectionable. The most important 

have been presented in this report. 

In most cases existing samplers were designed to satisfy specific 

requirements ofa particular investigation, with the result that no sinele 

sampler or type of sampler has yet evolved which can satisfy the require- 

ments of all sampling conditions. To serve as a wide to some extent in 
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f u t u r e  sampler development, the requirements of the  "ideal"  sampler s u i t -  

able  f o r  a l l  condit ions were s e t  f o r t h .  

Two paramount f c c t o r s  i n  the oeloct ion of sampling equipment are :  

a .  The instantaneous f luc tua t ions  of sediment concentra- 
t i o n  which may be of s u f f i c i e n t  magnitude t o  r e s u l t  i n  se r ious  
e r r o r s  i n  a determination of sediment discharge h s e d  on a 
s ing le  instantaneous sample. This f a c t o r  should be given due 
considerat ion and compensated f o r  e i t h e r  by number of samples 
co l l ec ted  from the  same point ,  or by allowing a s u f f i c i o n t  length  
of time t o  c o l l e c t  a s ingle  sample. 

b. Disturbance of flow l i n e s  i n  the sampling zone may re-  
s u l t  Tn a tendency t o  segregate the suspended sediment from the  
water and cause the  sample t o  have a higher o r  lov~or concentra- 
t i o n  than the  t r u e  value. Although an evaluat ion of tho e f f e c t s  
of the  disturbance of flow upon the  concentrat ion has not been 
accomplished, th in  f a c t o r  should be given considerat ion 2nd 
sampling equipmcnt should be se lcc ted  which tends t o  c o l l c c t  
t h c  samplcs with a minimum of disturbance t o  thc  sampled 

The instantaneous samplers, both tho hor izonta l  t r a p  typc, repre- 

sented by samplers i l l u o t r a t e d  i n  Figs.  20 and 51 t o  40, and thc  v e r t i c a l  

t r a p  type, represented a t  bcs t  by the Eakin sampler, Figs. 18 t o  20, have 

boen developed t o  an advanced s tage  with spec ia l  considerat ion given t o  

the  reduction of tho dinturbe,nce of thc  samplod water. They a r e  part icu-  

l a r l y  adapted t o  sampling i n  extreaely doep a n d  swif t v~nter .  The hor izonta l  

t r a p  samplers, because of t h e i r  s impl ic i ty ,  ruggedness, a b i l i t y  t o  sample 

adjacent  t o  the  strocm bed, and pos i t ive  ac t ion ,  have been nos t  v~idely  

used and stand out,  in general, a s  the most important of the  instantaneous 

samplers. 

The t ime-integrat ing samplers, representing the  l a t e s t  development, 

t h e o r e t i c a l l y  c o l l c c t  the  sample with amore or l e s s  smooth-fill ing ac t ion  

over a period of time, so a s  t o  obta in  a samplc representing n mean of 

t h e  f luc tua t ing  concentration. This t - n c  of sampler can bo r e l a t i v e l y  

simple i n  design, compc t  and vie11 adapted f o r  use i n  ordinary stream 
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conditions. Until  fur ther  studies of flow in to  the time-integrating 

samplers a re  completed, it can only be s ta ted tha t  tendencies toward 

segregation of water and sediment a re  probably l e s s  pronounced i f  the 

intake faces d i r ec t ly  i n t o  the stream. 

I n  the depth-integration method of sampling, i n  which a aarnple i s  

collected throughout the depth of the stream, none of the samplers used 

a t  present, r e s u l t  i n  a theoret ical ly  correct  depth-integrated sample, 

because the i r  r a t e  of f i l l i n g  is  not d i r ec t ly  proportional t o  the stream 

velocity.  The magnitude of e r rors  resul t ing from t h e i r  use i s  being given 

fur ther  study. The collapsible container type of the- in tegra t ing  sampler, 

used t o  some extent in Russia, is aaid t o  f i l l  a t  a r a t e  proportional t o  

the stream velocity, and thus obtain a theoret ical ly  t rue  representative 

sample throughout a ver t ica l .  However, some invest igators  have found 

tha t  i n  i ts  present s t a t e  of development it i s  not adapted t o  f i e l d  use. 

Pumping samplers, although used t o  some extent a t  more elaborate 

sampling in s t a l l a t ion  s i t e s ,  have not been developed t o  a pract ical  stage 

f o r  general f i e l d  adoption. 

The photo-electric method of determining sediment concentration has 

been t r i e d  by several  investigators,  but has been invariably abandoned 

as  unsatisfactory because of the impracticabili ty of evaluating the 

numerous variable factora.  
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