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The cooperat ive s tudy o f  methods used in 

MEASUflEME;NT AND ANALYSIS OF SEDIMENT LOADS I N  STREAMS 

will cover phases i n d i c a t ~ d  by t h e  fo l lowing  titles 
of reports completed o r  in preparation. 

Report No. 1 

FIELD PRACTICE AND EQUIPMENT USED I N  SAMPLING SUSPENDED SEDIMENT 

Report  No. 2 

EQUIPMENT USED FO2 SAMPLING BED-LOAD AND BED MATERIAL 

Report  No. 3 

ANALYTICAL STUDY OF THE ACCURACY OF METHODS OF SAMPLING 
SUSPENDED SEDIMENT IN A VE3TICAL SECTION;; 

Report No. 4 

ANALYSIS OF SEDIMENT SAiCiPLES" 

Report  No. 5 

LABORATORY STUDY OF SAMPLER INTAKES" 

" ~ n d i c a t e s  reports are in preparation and the t i t l e s  are tentative. 
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SYNOPSIS 

The available literature concerning bed-load and bed material sam- 

plers has been reviewed and, in t h i s  report, the samplers are  c l a s s i f i ed  

according t o  t h e i r  type of construction and p r i n c i p l e  of opsration. The 

samplers arp described and illustrated by photographs and drawings. Bed- 

load samplers of t h e  basket, pan, and pressure-difference types,  and bed 

material samplers of t h e  drag bucket, vertical and grab bucket types,  are 

included. The results of calibrations of bed-load samplers performed by 

Shamov, Einstein, Ehrenberger, and t h e  Swiss Federal  Author i ty  f o r  Water 

U t i l i z a t i o n  are presented. 

The various field conditions encountered in bcd-load sampling are  

discussed, and the type of sampler s u i t a b l e  f o r  each case is i nd i ca t ed .  
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EQUIPMENT USED FOR SPJiPLING ZED-LOAD 

AND BED YfiTERIAL 

I. INTRODUCTION 

1. Purpose of this r e p ~ r t - - ' ~ M ~ t h o d s  used i n  t he  measurement and 

ana lys i s  of sediment loads in streamst1 is the s u b j e c t  of a survey in- 

 tig gated by a grou? o f  Federal s g m c i e s  r r ~ t u a l l p  int~rested in problems 

which involve transportation of sand, s i l t ,  g r a v ~ l ,  and o the r  insoluble 

materials i n  flowing w3t~r. T h i s  re~ort, which is t h ~  second in a series 

on f i v e  d i f f ~ r ~ n t  phas~s of the g s n e r a l  p r o j - c t ,  is a review o f  equipment 

developed and used for sampling bed-load end bed mater ia ls  in streams. 

This study com?letes the review of th? technique and the various types of 

apparatus used in sediment sampling. Ths titl~s of other reports in t h e  

ssries are given on page 2. 

Bed-load ~roblerns  ar5 no t  as  numerous i n  t h e  United States as those 

of s u s p ~ n d ~ d  lo2d, because most of the important rivers have bpds composed 

of f i n ?  material and the re fo re  carrj7 much more sedimcnt in suspsnsion than 

a long  t h ~  bed. Therefore, t11~ deveiopmcnt of bed-load s m ~ l ~ r s  i n  t h i s  

country has n o t  been as  rapid as  t h z t  o f  suspend~d sediment samplers.  

How~ver ,  t o  s a r n ~ l s  t he  bed-losdisrnore d i f f i c u l t  t h a n  to sample s u s p e n d ~ d  

sediment. The ssrnylers developed here  and abroad have no t  been g r e z t l y  

diversified, f o r t h e  most past failing i n t o  a few genpral cla~sifications, 

each of which inc ludes  snmpl$rs of the same ~rinciple of operation and 

construction. Hos t  of t h e s ~  typ~s have been develo~ed in Europe, and only 

in very r ecen t  yenrs h ~ v e  American engineers contributed apprec iab ly  to 

t h e  improvement of t h e  equipment f o r  sam~ling bed-load. The various types  
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of bed-load samplers which are in use  are described in this r e p o r t .  The 

resalts of calibrations and discussions of the applicability of each type 

to various f i e l d  conditions are also given. 

2. Authority and personnel--This report is a contribution from a 

study of methods used in measurement and analysis of sediment loads of 

streams, which study has been planned and conducted j o i n t l y  by t h e  follow- 

ing agencies of the United S t a t e s  Government: Corps of Engineers, War 

Department; Geological Survey, Bureau of Feclzmation, and Indian Service, 

Department of Interior; Flood Cont ro l  Coorcinat ing Committee, Department 

of Agriculture; and the Tennessee Valley ku tho r i ty .  The Iowa Institute 

of Hyf.raulic Research, S t a t e  University of Iowa, Iowa City, where the 

study is conducted under t h e  direction of P r o f .  E .  W. Lane, i s  cooperating 

in t h e  project . The representatives of the collaborating agencies, en- 

gaged in t h e  preparation of this report are V i c t o r  A .  Koelzer, U. S .  

Geological  Survey; Clevelznd E. Horne, Jr . ,  U. S. En~ineer Department; 

Vernon J. Palmer, U. S. S o i l  Conservction Service; and Clarence A ,  30yl1, 

Tennessee Valley Authority. 

3. Acknowledgments--Dr. H. A .  Einste in  of the  Sedimentation Studies 

Branch, Soil Conservation Service, Department of Agriculture, who has 

made an extensive study of bed-load problems in Europe, has reviewed this 

r e p o r t  and has made many helpful suggestions. Section 5, lfFunctions o f  a 

bed-load sampler1T, and Section 21, I1Selection ol t h e  proper type of bed- 

load sampler", w e r e  prepared largely by Dr. Einstein. Dr. Paul Nemenyi 

of the Iowa Institute of Hydraulic Research has assisted in t h e  study of 

fo re ign  literature on bed-load samplers. 
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Tha facilities of the  U. S. Engineer Sub-Office a t  Iowa City and the  

Iowa City D i s t r i c t  Office of the U. S .  Geological Survey, were used in 

handling administrative details and in t h e  preparation of t h i s  r e p o r t .  

4, Definition of terms--Ussge of t h e  terms "bed-lozd" and "bed 

material" d i f f e r s ,  and it seems advisable to define these terms as used 

in t h i s  r e p o r t .  

Bed-load is t h a t  p a r t  of the s o l i d s  load of the  stream which is 

moving in almost  continuous contact  with t h e  stream bed, being rolled o r  

pushed a long  t h e  bottom by the  fo rce  of t h e  moving water. A bed-load 

sam?ler i s ,  therefore,  one which obtains a sarn~le  of the material moving 

in t h i s  msnnpr. 

Bed material is t h e  mater ia l  of which t h e  bed is composed, and may 

be t h 5  result of either suspended o r  bed-load movement, or both,  o r ,  in 

some cases, may pvpn be residual. Bed mat~rial sa rnp l~rs  are instruments 

which sample this material, without regard t o  whether it is in motion o r  

at r e s t .  Equipment f o r  t a k i n g  samples from very great  depths,  such as 

core  drilling appara tus ,  is no t  describ~d in this r e p o r t  as t h i s  method 

of sampling i s  not  within t h y  scope of this p r o j e c t .  
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11. DESC5IPTIONS OF BED-LOAD SAMPLERS 

5. Functions of a bed-load sampler--By d e f i n i t i o n  a W-load  sampler 

must be capable of measuring t h e  r a t e  of transportation of bed-load ma- 

terial. The ra te  of t r a n s p o r t a t i o n  of such material as is r o l l e d  or pushed 

a long  t h e  bot tom cannot be convenient ly  o r  accurately derived by separate 

measurements of t h e  flo'w v e l o c i t y  and the sediment concentration, such as 

are r e l i e d  upon in suspeneed load sampling. This is due to t h e  fac t  t h a t  

bed-load m a t e r i a l  does not move at the same velocity as the wate r ,  and 

that furthermore, close t o  t h e  stream bed, bo th  concentration and velocity 

are  changing rapidly with depth  and time. 

In t h i s  bottom layer t h e  rate of t r a n s p o r t a t i o n  can be determined 

accurately only by means of an apparatus which w i l l  t rap  a l l  s o l i d  

pa r t i c l e s  moving through a certain part  of' t h e  c ros s  s ec t ion  during a 

measured period, Such is t h e  p r i n c i p l e  of a l l  t rue bed-load samplers. It 

may be pointed ou t  t h a t  samplers ?or. t;he determination of sediment con- 

centration close to t h e  stream bed a re  n o t  considered bed-load samplers, 

i n  the sense of the d e f i n i t i o n  used here. Description of such suspended 

load type samplers will be found I n  the e a r l i e r  r e p o r t :  "F ie ld  Prac t i ce  

and Equipment Used i n  Sampling Suspended Sedimentt1. 

6 .  Glass if i c a t i o n  qf b-g~-lo-~c3_,s~rnplers--The bed-load samplers, as 

defined, may be grouped i n t o  several d i s t i n c t  classes,  according t o  t h e i r  

type of construction and p r i n c i p l e  o f  operation. The rate of bed-load 

movement f o r  a l l  types is determined by p lac ing  the sampler  on the stream 

bed and measuring t h e  amount of material co l l ec t ed  in a given time. 

Probably the oldest  and most common class is the box o r  basket type.  
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Fundamentally t h i s  type c o n s i s t s  merely of a box o r  basket, generally 

made of meshed material, which i s  lowered t o  rest  on the stream bed w i t h  

the upstream end open to catch a sample of the  moving n a t e r i a l .  The in -  

t r oduc t ion  into t h e  stream of the sampler causes an increased resistance 

to flow and a resilltant lowering o f  stream velocity. Hence, the entrance 

velocity is decreased from that of the undisturbed stream, causing some 

of the material to drop out before en te r ing  the basket. Thus, the effi- 

ciency, that is, t h e  per c e n t  of t h e  m a t e r i a l  moving toward t h e  sampler 

which  is actual ly  caught by it, i s  less than 100 per cen t  and must be 

determined t o  o b t a i n  relia3le r e su l t s  w i t h  this type of equipment. Sam- 

plers of this class  are described in Section 7. 

The tray o r  pan type c o n s i s t s  of a flat pan o r  a tray-shaped device 

with baffles o r  slots to check t h e  moving material. Since t h i s  type also 

causes o b s t r u c t i o n  t o  t h e  stream, an6 consequent redilction of ent rance  

ve loc i t j r  and movement of material, it must be calibrated t o  determine its 

efficiency. Descr ip t ix~s  of sznrplers of t h i s  type are given i n  Sec t ion  8 .  

The pressure-difference type is designed to overcome the objec t ion  

of decreased velociti aid bed-load move~ent at t he  entrance t o  t h e  sampler. 

A r a t , i o n a l  solution t o  t h e  problem l i e s  in t h e  formation of a pressure 

drop  at t h e  ex i t  of the apparatus just suificient to overcome t h e  energy 

losses ,  thus g iv ing  an entrance v e l o c i t y  the  same as that in the undis- 

turbed stream. T h i s  i s  accomplished by des ign ing  the i n s t r u m e n t  with a 

section diverging in a downstream d i r e c t i o n  which will cause a suction at 

the entrance. With such a diverging  sec t ion ,  the v e l o c i t j  decreases 

toward t h e  downstream end of t h e  sampler ana some of t h e  material  is 

deposited. Thus if the section is of sufficient length the necess i ty  of 
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a col lect ing screen a t  the exit may be eliminated. Some of the aamplers 

of this type have col lect ing screens, while others have only baff les  to 

checv the movement of the  material. Section 9 gives the descriptions 

of samplers of this type. 

Another system which has been used in special cases is t o  construct 

slots in the stream bed and ailow the moving material t o  drop into them. 

In one type the material is piped to the bank from the slots and the rate 

of bed-load movement determined, while in another type the slot is dug 

into the bed to co l l ec t  a sample for size analysis only. These types are 

described in Section 10. 

7. Box or basket type--As stated previously, the development of sam- 

plers has been more rapid in some countries than in others, due primarily 

t o  the d i f f e r e n t  degrees of importance of the  problem in t he  various 

countries. This is particularly true af the basket type of sampler. 

Some samplers in use today in countries in which the bed-load problem is 

re la t ive ly  unimportant are n o t  as ad- 111 
vanced in designasthose used ten years 

ago in countries where the bed-load has 

been studied extensively. For t h i s  

reason the development of basket sam- 

plers cannot conveniently be discussed - -  .. .* . - ,%=--<- . - 
-. - - - ---- = - =z~--$-= - -  - - 

-- - -  - c- - 
in chronological order. - - -  --k ---- d- - - . --------- - - 

Fig.  1--Davis sampler. 
Fig .  1 shows one of the earlieat 

devices,  which was used by A .  f .  Davis (1,10)" in the Nicaragua Canal in 

_-d------------------------------d-dd------------------------------------ 

"Numbers refer  to bibliography a t  the end of this report. 
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1898. This sampler consisted of a box, open at the top and at the up- 

stream end. Davis found that considerable material washed over the down- 

stream end of t h e  box and because of this the sampler was unsatisfactory. 

Kurtzrnan (8)  used a basket sampler in t h e  Tirol rivers in 1918 which 

psobably overcame in p a r t  t h e  objection o f  material washing over the b ~ c k  

of the  box. This sampler consisted of an i r o n  box suspended at the  end 

of a rod, w i t h  the upstream end open, and the  side, t op  and downstream 

end made o f  screen. A 

A very similar type was developed 
msmr,uw-r 

and used by John Bogardi (10) f o r  ob- 

servations in t h e  Danube conducted by 
4 2  

1 
the Royal Hungarian River Engineering 

Office at Gyir,  Hungary, in 1936. The 

bottom and s ides  of t h i s  sampler, F i g .  Fig .  2--8ogardi sampler. 

2, were made af  sheet metal and t h e  downstream end and t o p  o f  2-mn. mesh 

screen. The sampler was provided w i t h  a rudder and  was suspended from 

two hoisting l i n e s .  I n  lowering, the upstream end was held lower t h a n  - t h e  damstream end and the force ? 
4 

- I of the water pressed it down 

upon the  bottom. In raising, 

the upstream end was held higher 

t o  prevent the entrapped ma- 

terial from running out. 

F i g .  3 shows a basket type 

sampler which was used recently 

F i g .  3- -Tr , jah  s a m p l ~ r  . in the Punjab, India. T h i s  
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sampler cons i s t s  of a wire cage,  24 by 12 by 9 in., w i t h  the sides and 

top made of three layers of 1/2-in. mesh overlapped to retain part icles  

larger than 1/8 in. (3.2 mm.) I n  sl~e, and the bottom made of 1/8-in. 

sheet metal. Although this sampler was not  used to obtain the rate of 

bed-load transportation, it seems likely that it could be adapted to that 

purpose. 

Fig. 4 shows a basket sampler of apparently a design similar to the 

earlier basket types which has been used recently in t h e  Vistula River in 

Fig .  4--?olish sampler. 

Poland (2). A detailed description of the features of this sampler is 

n o t  available. 

Fig. 5 shows a sand trap designed in 1931 by Mr. K. Luders of 

SCALE - INCHES 

Fig* 5--Ludess sampler. 



Section 7 16 

Wilbelmshaven, Germany (zo), which is an improvement of an e a r l i e r  design 

by MoLler (1923) . This trap consisted essentially of a box wi th  a hinged 

door at the front and flap valves at the t op .  The water entered a t  the 

front and escaped through t h e  openings in the top, depositing the bed-load 

in the sampler. By releasing a lever which actuated an ad jus t ing  bar  t o  

which t h e  f l a p  valves were a t tached,  a l l  the openings in the t op  could be 

closed simultaneously. Five-minute sampling durations were used in these 

meaaurenenta. 

a. Side vier with door  and one flap valve open. 

b ,  Top view with door and flap valves closed. 

Fig.  6-Sampler of t h e  Po r t l and  U .  S +  Engineer Dist r ic t .  

The Portland U. S. Engineer  District used a similar type, which is 

shown in F i g .  6, f o r  investigations in 1935-36 in the Columbia River 

estuary and in a log pond in the Columbia River. Thls consisted of a box 

3 ft. long, 9 in. wide, and 5 in. deep. Water entered the sampler through 
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an open door at the f r o n t  and escaped through flap valves at t h e  t o p ,  

much the same as i n t h e  Luders sampler. The door could be closed when t h e  

sampling was completed by releasing a s p r i n g  arrangement.  T h i s  sampler 

was found t o  be u n s a t i s f a c t o r y  f o r  use a t  ~ o i n t s  where appreciable 

velocities existed. 

Fig.  7 shows a basket type sampler d e v e l o p e a b j t h e  Rock Island U. S. 

Engineer District. This sampler consists of a l i g h t ,  brass frame i n t o  

which a 1 2  by 1 2  by 6-in. basket  of No. 20 mesh (0.86 m. opening) i s  

f i t t e d ,  as shown i n F i g .  7a. Samples may be taken w i t h  t h e  basket res t ing  

on t h e  stream bed o r  supported on standards at he igh t s  ranging from 3 t o  

24 i n . ,  as shown in F i g .  7b. Two hangers  on e i ther  s ide  of t h e  basket 

are provi6ed f o r  t h e  a d d i t i o n  of s t reamlined weights. The e n t i r e  appara- 

t u s  may be suspended f r o m  t h e  boom ordinarily used for water discharge 

measurements which is shown in F i g .  7 c .  This sampler is reported to be 

very s a t i s f a c t o r y .  I3 is being used in t h e  present investigations of the 

Rock Island District. 

Probably t h e  most intensive Cevelopment of the basket type bed-load 

samplers has talren place i n  t h e  l as t  ten  years i n  Germany and Switzerland. 

The different samplers used t h e r e  are c lose ly  a s soc i a t ed  i n  development, 

each i n d i v i d u a l  one representing merely a stage of improvement upon an- 

o t h e r  sampler. One of t h e  ea r l i e r  German samplers of this ser ies  was the 

Mulhofer sampler (12), F i g .  8 .  This  sampler was of t h e  ordinary basket  

type, suspended f r o m  a cable and held  in p o s i t i o n  by a s t a y  wire. One 

d i s t i n g u i s h i n g  feature of the ?Jlulhofer sampler was t h e  metal plate above 

the entrance to the sampler which could be adjusted t o  f o r m  any angle 

with the longitudinal axis of the basket. The purpose of this p l a t e ,  o r  
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a. Sampling basket and frame b. Sampler assembled and 
unassernbled . resting on standards. 

c. Complete apparatus suspended from boom. 

F ig .  7--Sampler used by Rock Island U. S .  Engineer District. 
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vane, WAS not d e f i n i t e l y  described,  but 

it may have been intended to press the 

sampler t o  the bottom. The Mulhofer *&L 7 
" <*-". A -, *. 

a l .  

sampler was apparently intended f o r  4.+ 

material ranging in size from 6 to 

200 mrn. 

The Ehrenberger sampler, shown in 

Fig .  3, was used in the Danube at fk" 

Vienna in 1931 (4,5). This sampler was Fig. 0- Ter sampler. 

somewhat sirnilas to the types used by Mulhofer, being 1 m .  long, 25 cm. 

high, and 50 cm. wide, with  the s ides ,  back and t o p  of 4.5-m. mesh. The 

principal improvement in this sampler was in the bottom, whlch was made 

of loosely internoven iron rings to allow it t o  f i t  the stream bed. The 

a. Frame ~ n d  basket unassernbled. b. Complete apparatus. 

F i g .  3--Ehrenberger sampler. 
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lower f r o n t  cross piece  of t h e  r i g i d  fram? to which  t h ?  mesh was attached 

was 5 cm. l o w r  than t h e  rernsi;ing p o r t i o n  of t h e  framework, t hus  insur ing  

con tac t  of t h e  front edge with t h e  stream bed. To determine whether bsd- 

load rnov~ment occurred at n grea te r  distanc2 t h n  10 cm. above t h e  s t r e m  

bed, two small auxi l iary  t r a p s  were ?rovided on t h e  t o p  of t h y  f~arns. 

metal vane h ~ l d  in an i n c l i n e d  position a s h o r t  distance above t h 5  bask?% 

was provided t o  ho ld  t h e  sampler f irmly on t h e  strezrn b ~ d ,  The snm>ler 

was suspended on a s t w l  bar and o p ~ r a t ~ d  f ron  a boat .  

Ehrenberger found a d e f i n i 5 e  y~riodicity in thy wave-like r n o o ~ m ~ n t  

of t h o  bqd-lozd, which co:-sesyondsd temporally w i t h  t h e  bottom ve loc i ty  

f l u c t u a t i o n s .  Because of t h i s  ~eriodicity he considered it advisable t o  

thoroughly sarn71~ a few V P T ~ ~ C Z P E ,  r a t h e r  t h sn  obtain meager data i n  a 

great number of verticals. LLccordingly, sam?l~s wqre taken repeat~dlg 

at t h s  same p o i n t  for about 2 h r .  Individual sanplss  were t s k e n  with 

c o l l e c t i n &  times of100 t o  300 sslc., d ~ p e n d i n ~  u?onthe amount of bed-losd 

rnovem~n%. 

Thy results of c2librations of t h e  Ekrenberger snmpler are g i v ~ n  in 

Section 13. This sarn~ler  wss apparent ly i n t c n d ~ d  f o r  m g t ~ r i a l  of 10 t o  

50 mm, diameter. 

The Nesper sampler, shohn in Fig .  10, which embodi~d most of t h ?  

essential f~atures of t h y  h?ulhafer  and E ! ~ r ~ n b p r g s r  samplers, was u ~ e d  for 

investigations o f  th? Rtline Riv~r at Brugg, Gernany (13). The sampling 

basket ,  shown i n F i g .  103, hsd an i r o n  frarnc i n t o  w!zich a zedinen?, baske t ,  

1 m. long, 50 cm, wide, and 25 cm. d s ~ p ,  was placed. Th? ba~ket was 

covered with 4.5-mm. mssh. Th2 front of t h e  basket  nas w ~ i g h t q d  with iron 

p l a t e s  t c l k ~ ~ p  t h ~  earnplqr firmly on the s t ream bed and hzd a sharp  cutting 



edge a t t h e  bottom. The bottom 

was similar tothe Ehrenberger 

sampler, being constructed of 

loosely woven r ings .  Electric 

lamps which flashed themoment 

the basket touched the bed a 
WI -' 

8 
. P 

were used to obtain an accurate 
M ?----' 

a. Sampling basket. 
record of the filling t ime. 

The basket was suspended by a 

cable from aboom mounted on a 
L 

truck, as shorn in Fig.  lob, 9 

and was operated from a bridge. ;;: 

The sampler was braced by a 1 ,  

line from a cable car located 
I 

at a section 100 ft. upstream 1 

b. Sampler suspended from crane 
from t he  bridge. The weight on movable truck. 

of the sampling basket was 

75 kg. (165 I b s . ) .  

Fig. 10--Nesper sampler. 

Calibrations of t h e  Nesper sampler, which were performedformaterial 

ranging in size from 3,7 to 12 mm., are described in Section 12. The 

f i e l d  technique with th i s  sampler consisted of t a k i n g  15 to 50 samples at 

each sampling paint In order to compensate f o r  t h e  wave-like movement of 

t h e  bed-load. The samples were t aken  over perioda o f 1  to 2 min. duration. 

The non-rigid suspension of the Nesper sampler was found t o  be the 

cause of considerable d igg ing .  Since the w a t e r  velocity was less near 

the bottom, a decreasing downstream force was exerted on the box as it 



was lowered end if the  suspension apparatus was elastic the box tended to 

move upstream. This forward movement caused bottom material tobe loosened 

and scooped i n t o  the basket ,  the reby  increasing the catch over that 

resulting f rom t h e  bed-load movement only .  

Fig .  11 shows a sampler usedbythe S w i s s  Federal Authority for Water 

Utilization (16) which contains modified features of the Mulhofer , Nesper, 

and Ehrenberger samplers. In this sampler the mesh basket was not  re- 

movable, t h e  trapped material being emptied through a hinged door at the 

r ea r .  The bottom of the trap was constructed of loosely interwoven rings 

as in t h e  Ehrenberger and Nesper samplers, but  differed in t h a t  the  f ron t  

of the mesh bottom was n o t  r i g id ,  the  intention being to avoid digging 

effects. This sampler omitted the metal vane attached above as in the 

Ehrenberger sampler.  The apparatus was suspended from a cable, with stay  

wires ho ld ing  it in position. The locat ion o f  the stay wires was deter- 

mined by trial and error t o  f i n d  the posi t ion best  s u i t e d  t o  avoid 

w 

6 .+?p ---- -- - 
I _-up. 

a .  Sampling baske t .  b. Complete apparatus on t ruck,  

F ig .  l l -Sampler  used by t h e  Swiss Federal Authority 
for Water Utilization. 
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hor izon ta l  movement of the basket. The sampler was lowered w i t h  the tail 

touching bottom first in order to avoid digging.  The front of the sampler 

had a free opening of 70 by30 cm., was 130 cm. in length, and weighed 140 

kg. (308 lbs.). The material f o r  which the Swiss apparatus was used 

varied in size from 3.75 t o  250 mm. The results of calibrations performed 

on this sampler are described in Section 14, 

8. Tray or pan type--This type has been used most extensively in 

Russia where considerable study has been made and several designs are 

prevalent. However, its use has not  been e n t i r e l y  l i m i t e d  t o  that 

country. 
C 

Fig.  12 shows a tray type sampler used in San Francisco Bay at 

Chipps Island by the San Francisco U. S. Engineer D i s t r i c t  in 1930 to 

determine the material moved by the tides. This sampler consisted merely 

of a flat pan div ided  into compartments by transverse vertical strips of 

sheet metal which were intended t o  trap the moving material. Since the  

f low reversed direct ion due to the t ides ,  the pan was made symmetrical 

about a transverse center line. 

O i  rection 

= \  -1w \ of  f low 

Fig. 12--Sampler of San Francisco U. S. Engineer District. 
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Fig. 13 shows the Losievsky sampler which has  been used in Russia 

(15). This sampler consisted primarily of a flat wedge-shaped pan 

SECTION 

Fig .  15--Losievsky sampler. 

container pointing upstream, thus forming an upward s lope  on the top of 

the container.  The bed-load material moved up the slope and dropped into 

the container through a slot entrance in t h e  t op .  

Fig. 14 shows another Russian sampler known as the Polyakov sampler 

(15). This sampler was also wedge shaped but the rear portion of the pan 

, TRANSVERSE PARTITION S 

SECTION 

Fig. 14--Poiyakov sampler. 

was open at the t op  and divided by transverse strips of metal sloping at 

an angle of 45 aegrees toward t h e  rear. The material moved up the s loping 

front and was trapped by the partitions in the pan. 

The sampler of the Scientific Research Institute of Hydrotechnics 

(Russia), Fig .  15, has many of the  features of the pan type, but since 

the entrance conditions correspond to the p r e s s u r e d i  f ference type, it 

will be described with others of tha t  group in Section 9. The results of 

calibrations of the LosievsLq, Polyakov, andscient if ic  Research Ins t i tu t e  

of Hydrotechnics samplers are given in Section 11. 
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9. Pressure-difference type--The first sampler us ing  the p r i n c i p l e  

of pressure difference of which information is available was one made by 

Gontchnroff ( a ) ,  2nd used on the Ruban River in 1925. This sampl~r con- 

s i s t e d  of a d i v e r g i n g  i r o n  box, 50 cn. i n  length,  wi th  t h e  r a t i o  o f  area 

at, the exit t o  C,!lat at t>e  entrance h e i n s  about 2.5. The box bad a 1:15 

an? 1:JO bottom s lope  upv~ard from t h e  entrance, w i t h  corresponding slopes 

downward from the rniccle t o  t5e exit. In this manner the entrance was at 

t h e  be? at a l l  times. The material cas cietained in the box eitlier by 

h n f f l e s  o r  screens .  T ~ E  large ratio of e x i t  t o  ent rance  areas caused con- 

siderable decrease in ve loc i ty  at t h e  rear and hence muc5 o f  t h e  m a t ~ r i a l  

was deposited without t3e use of t h e  screen.  T3e app~ra tus  was rigidly 

suspended from a ,point nenr  t l ?e  entrznce end. 

Gontc?aroff found t h a t  s l i g h t  i ~ v i a t i o n s  of t he  a x i s  of the box from 

t k e  direction of stre~m f lovi cause2 cons iderable  decrease in Sed-loa.6 

movement through the box. F o r  deviations of 15 iegrees it was observed 

t : ~c t  flow through t he  box censed entirely, It w 2 s  inpossible i n  h i s  

investigations t o  es t imate  t h e  direction of bottom flow as accura t e ly  as 

necessary to obtain good results, Therefore, n collapsible bsg, suspended 

sediment sampler of the t j p ~  developed by Glus~hlrov+~, capable or' measuring 

stream velocity, was s e t  up at t h e  center o f  t he  ex i t .  3y nd jus t ing  

the direction of the box s o  t h a t  the  v e l o c i t y  through it was a rnaxinum, 

t h e  t rue  d i r e c t i o n  of flow could be reached. Generally, the second 

set-up would accomplish t h i s  reasonably well. 

The field technique of Gont.charo."ffs investigations consisted of 

......................................................................... 
- '~escribed in preceding r e p o r t ,  ' 'F ie ld  Practice and Equipment Used in 
Sampling Suspended Sediment. 
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10-min. sampling periods a t  each of 4 to 8 sampling pointa in a river 130 

to 165 f t .  in width. 

Another Russian sampler embodying some of the principles of the 

pressure-difference type and some of the  tray type was the  sampler of the 

Sc ien t i f i c  Research Institute of Hydrotechnics (15), which is shown in 

Fig. 15. This  sampler was somewhat similar to the Polyakov sampler, 

/' 
TRANSVERSE PART lTl ONS 

SECTION 

Fig. 15--Sampler of the Scient i f ic  Research 
I n s t i t u t e  of Hydrotechnica. 

shown in Fig. 14, in that it consisted of a flat pan with transverse 

par t i t ions  s l o p i n g  toward the rear to trap the moving material. However, 

the entrance was at the f r o n t  ofthe pan and the  entrance section diverged 

toward the rear, creating a suction and consequently greater intake 

velocity, possibly approaching that of the undisturbed stream. This 

sampler was claimed t o  be 
fO CHECK 

OF BED-LMD quite satisfactory. 

Fig. 16 shows a sampler 

developed by Jack M .  Terry of 

t h e  U. S. Geological Survey 

i n  1935 and used a f e w  times 

experimentally. The sampler 

consisted of a rectangular 

entrance flume and a round 

1 

Fig. 16--Terry sampler. 
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funnel div~rging to~ard t h e  rmr. The decreased velocity toward t h e  rear 

of t h e  funne l  caused t h e  material t o  be dsposited in f r o n t  of a check 

b a f f l e .  The funnel was apparently satisfactory f r o m  t h e  standpoint of 

t h e  deposition of material but experim~nts wsre discontinued due t o  t h e  

d i f f i c u l t y  of g e t t i n g  t h e  en t rance  flume f lush  w i t h  t h e  stream bed when 

t h ~  r n c ~ t e r i n l  was moving in r i f f l e s .  Two s i z e s  of ~ntrance flume, 0.1 and 

0.4 ft. square, viere used. Although t h i s  sampler ras used o n l y  experi- 

mentally, the principle o f  an entrance flume and d ive rg ing  section was 

regarded as promising. 

The I!ydraulic Structur~s Bureau of the upper section of t h e  Rhine 

River  at Arnhsrn, Holland (14), d ~ s i g n e d  a sampler us ing  t he  pressure-drop 

principle which i s  claimed to have 100 per  c ~ n t  efficiency. This device ,  

slr~own in Fig.  17, is known as the  Arn!iern o r  2u t ch  sanpl~r. T ~ E !  apparatus 

was designed v:ith a rigid entrnnc~ connected to a bag of 0.2 to 3.3-ma. 

mesh by a rubber ssction. The rubber section diverged f ron  t h e  en t rance ,  

cr5a t i n g  a pressur? drop, and a r~sultant increased 5ntrance velocity 

wit!i w h i c h  to transport material into t h e  m y s h  bag xhere it was collected. 

The de s ign  was adjusted s o  t h ~  pressure d i f f e r e n c e  would be suffici~nt t o  

ovPrcome the;. e c ~ r g y  loss through the apparatus; thus, th? ~ n t r a n c ~  vp loc i  ty 

was intended to be t h ~  same as that of t h e  undisturbed stream. 

The  c o l l e c t i n g  apparatus was f i x e d  to n large framework by springs 

in such a manncr t h a t  t h e  entrance wns pressed upon the bottom whsn t h e  

s n r n ~ l e r  was lo~ered t o  t h e  b d .  In lowering t h e  a p p a r a t u s  t h ~  curved 

section of t he  rudder was brought into contnct with the stream bed f i rs t  

a.nd a11 t h e  * m i g h t  was placed on it, a f t e r  which, t h e  front end was 

l owwed .  T h i s  method of s u p p o r t  and of lowering was in tended  t o  reduce 
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a. View o.? complete sampler. 

b. Sketch of sampler. c .  lriew of sampler in opera t ion .  

Fig. 17--Arnhem or h t c h  sampler. 

the p o s s i b i l i t y  of digging or dis turbhe  t , h ~  rnnt,eriaI on the bed. 

Several possible sources oferror in the Dutch sampler were recognized 

by i ts  users. If the bag was f i l l e d  t o o  full, t h e  energy loss became 

larger due to clogging of the mesh and t h e  efficiency of the sampler was 

decreased. When t h e  apparatus was lowered to t h e  bottom m d  the bag came 

to rest on t h e  downstream side of a steep sand hill with t h e  entrance at 

the t o p  d t h e  hill, the  t a i l  would be in an eddy and very l i t t l e  pressure 
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difference n igh t  resul t .  I n  such a case t h e  e f f i c i ency  would a l so  he 

decreased. 

The material in which t i e  Dutch sampler was used was f i ne ,  being f o r  

t h e  most part between the  l i m i t s  of 0.2 and 2.9 mm. in diameter. As a 

check on t h e  bed-load determinations of this sampler, i n  places where 

l o c a l  conditions were favorable,  a determinatioc of t h e  t o t s 1  bed-load 

movement was made by dredging a cut across a river and messuring t h e  rate 

of f i l l i n g  by repeated soundings. 

10. S l o t  type--The Soil Conservation Service Experiment Station ( 3 )  

at Greenville, South Carolina, hcs  constructed a very elaborate apparatus 

to measure the  ra te  of bed-load tr~nsportation by t h e  Enoree River as 

showninF ig .  18. Fig. 13a, zn artist's conception or" t'ne working arrange- 

ment, and Fig .  18b, an actual photograph, show the cl?nracter and exten- 

siveness of the  installation. The e n t i r e  w i L t h  of t h e  r i v e r  bed f o r  a 

l e n g t h  of about 100 f t .  is paved w i t h  concrete .  i?ear the lower end of 

this pavement t h e  r i ve r  is divided by vane walls into 1 4  sub-channels, 

5 ft. wide. I n  t he  bo t ton  of each su3-channel is a s l o t  w i t h  a s l i d i n g  

door, as shown in Fig. 18c ,  which can be opened o r  closed as desired. 

Bed-load material drops into t he  slot when open and is pumped through a 

pipe beneath t h e  f l o o r h  to a hopper on the hank, T h i s  hopper has an over- 

f low spillway over which t h e  water wastes, whi le  t h e  heavier material 

which has been transported as bed-load f a l l s  t o  t h e  bottom of the hopper, 

The rate of bed-load movement i s  determined by measuring the  amount of 

material c o l l e c t e d  i n  a given time. This apparatus is being used 

n o t  only t o  determine t h e  bed-load movement i n  t h e  r i ve r ,  but also t o  

det~rmine  the efficiencies of various types of bed-load samplers. 
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a. Artist's concep- 
tion of apparatus. 

b .  V i e w  of actual - - 
apparatus.  c - 

- F i g .  18--Bed-load collecting apparatus 
Y e used by t h e  Soil Conser~ation Service 
I, 

"- -... 7 Experiment S t a t i o n ,  Enoree River, > - Greenville, South Carolina. -+? 4 
* - 3 

c .  Door t o  slot in c l o s d  
position. 
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Mulhofer (12) described a bed-load sampling device used f o r  the  

River Inn ,  Germany. Six slots, each 1 m. deep, and approximately 1 m. 
m*? 

long and 20 cm. w i d e ,  were constructed, as shown In - -- - 
Fig.  19, in a gravel bar which became inundated only #N 

d u r i n g  high stages. When the river rose to a stage :~- ' - -  

p. ""*: ' .  
high  enough t o  overflow the bar, the s l o t s  were + .'. 5" .;: 

? a 

- " 

f i l l e d  with the material being t ranspor ted  as bed- : , . - = L A ,. _ 

load. This apparatus was no t  capable of measur- 

ing the rate of bed-load movement, giving only a 

sample of t he  material moving in that manner during I . 

high stages. 
Fig .  19--Mulhofer 

slot t r a p s .  
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111, CALIBMTIQNS OF BED-LOAD SMIUIPLERS 

11. Shamov calibrations--G. I. Shamov (15) conducted laboratory 

tests on t h e  Losievsky, Polyakov, and S c i e n t i f i c  Research Institute of 

Hydrotechnics samplers t o  determine t h e i r  e f f i c i e n c i ~ s .  Models of t h e  

samplers were placed in a flume i n  which t h e  true r a t e  of bed-load move- 

ment was determined volwnetrical ly by a trap at the end of the flume. 

The sampler of t h e  Sc i en t i f i c  Research Institute of Hydrotechnics was 

found t o  be the b e t t e r ,  having an averag? e f f i c i e n c y  of 75 per  cent as 

compared with 46 per cent f o r  the Polyakov sarnplqr and 38 per cent for the 

Losievsky sampler. 

Shamov concluded that the low catch in the Losievsky and Polyakov 

samplers was due mainly to the i nc l ined  surface l eading  to t h e  entrance. 

iYlomds of material formed on the inc l ined surface and although some of t h e  

material r o l l e d  over  t he  mounds i n t o  t h e  sampler, o t h e r  grains r o l l e d  in 

a transverse direction away from the sampler, thus  reducing the  ca tch .  

The transverse inclined baffles in t h e  Polyakov sampler were found to 

be more effectivs i n  catching and holding the  material than  the s l o t  

o ~ e n i n g  of t h e  Losicvsky sampler, which caused whirlpools to formabove 

the opening. 

Th5 S c i e n t i f i c  Research I n s t i t u t e  of Hydrotechnics sampler was mosp 

s a t i s f a c t o r y  b~cause t h s  mounds did not form w i t h  t h e  entranc~ a t  t h e  

f r o n t  of t h e  sampler. In  add i t i on ,  the eff ic iency was probably aided by 

the diverging entrance which caused a suc t ion ,  thereby increasing the 

entrancs v e l o c i t y  t o  a value morp nearly t h a t  of the undisturbed stream. 

In the tests it was found that t h e  e f f i c i ency  increased w i t h  in- 

creases of stream velocity from 1-3 t o  1 .75  ft. per  see. With increases 
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of velocity beyond 2.1 ft. per sac. the efficiency decreased markedly. 

This was judged t o  be due p a r t i a l l y  to the  increase in size of the  w h i r l -  

pools, causing some of the particles to be thrown away from the sampler, 

and also to the fac t  that the mode of transport of some of the sand 

changed from bed-load to suspended movement. 

12. w e i n  --Dr. H, A .  Einstein (6 )  performed tests 

on the Nesper sampler at the Zurich Hydraulic Experiment Sta t ion  to 

d a t e r b e  its efficiency. Models builttoscalea of 1~10, 1:5, and 1~2.5, 

Fig. 20, were t e s t ed ina  laboratory flume where t h e  a c t u a l  bed-load move- 

ment was determined by a trap at the end of the flume. 

Fig .  Z U o d e l s  used in Einstein cal ibrat ions .  
Scales, left to right: 1:10, 1:5, 1:2.5. 

Dr. Eins te in  determined the  efficiency of the models, which were 

r i g i d l y  suspended to avoid movement, varying the total b ed-load movement, 

particle size, and depth of water. Defini te  conclusions could not  be 

drawn from t h e  resulting data regarding the carrelation of these factors. 

Hovrever, it was found that, in general, the tendency prevailed for the 
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model t o  catch more of t h e  l a r g e  particles with l o w  rates of bed-load 

movement and more of the fine pxrticles with high rates of bed-load rnove- 

ment. In o t h e r  words, f o r  high r a t e s  of bed-load movement t he  effici~ncy 

decreased with increasing particle size, w h i l e  f o r  low r a t e s  of bed-load 

movement the efficiency increased w i t h  increasing particle s f z e .  A s  a 

resu l t  o f  a l l  t h e  labora tory  calibrations, a msan eff ic iency of 45 per 

cent  was determined fo r  the  Nesper sampler. This efficiency varied con- 

siderably for short individual determinations, but it was indicated that 

over a sufficiently long sampling period it would give values which were 

reasonably sa t i s fac to ry .  The t e s t s  also indica ted  t ha t  the basket should 

n o t  be filled to more than one-third of i t s  capaci ty ,  as a grsater  loss 

of material  was experienced when f i l l e d  beyond this amount. 

Laboratory t e s t s  were also run on the  model w h i l e  i t  was suspended 

non-r ig id ly  i n  t h e  same manner as in t h e  f i e l d  measurements at Brugg. As 

g x p l a i n ~ d  previously, the  basket would tend t o  swing back upstream upon 

r ~ a c h i n g  the stream bed if t h e r e  was elasticity i n  t h e  suspension appara- 

tus. This forward movement caused a digging a c t i o n  and an apparent i n -  

creased efficiency. The labora tory  experim~nts showed a forward movement 

equivalent t o a d i s t a n c e  of 7 to10 cm. in n a t u r ~ ,  which resultqd in absurd 

f lef f ic icncies t f  of as much as 200 por cent .  It was impossible, however, t o  

accurately ca l ib ra te  the t r a p  w h i l e  it was subjec t  t o  digging tendencies. 

Because of such inconsistencies in the  e f f i c i e n c y  of the non-rigidly 

suspended sampler, the rigidly suspended appara tus  was recomrnend~d as  

likely t o  give much more reliable r e s u l t s .  

The wave-like movement of the  bed-load, which is a source of in- 

accuracy in measurements made with a s h o r t  f i l l i n g  time, was indica ted  by 



35 Section 13 

observing the material t r appeda t t he  end of the flume a t  different in ter-  

vals. Fig. 21 shows the varia t ion in rate of movement during a 1-hr, 

ps r iod .  Fig. 22 shows the size analysis and ra te  o f  movement of the  mean 

samples obtained in each 2-hr. period over a total testing time of 80 hr. 

T h i s  figure indicates that a long period of fluctuation in rate of move- 

ment may occur in addition to shor t  f luctuations.  In these experiments a 

complete cycle, or period of fluctuation, occurred about onceevery 16 hr. 

13. Ehrenberger calibrations--Ehrenberger (5) performed laboratory 

tests on h i s  sampler t o  determine its efficiency. Complete detai ls  are 

not available regarding these experiments but it i s  believed that his 

calibrations were not as thorough as those on the Nesper sampler by 

Dr. Einstein.  

Figs. 23 and 24 show t h e  resu l t s  of the  Ehrenberger calibrations i n  

graphical form. Fig. 23 shows the variation of efficiency as a function 

of bottom velocity and the per cent of total capacity to which the basket 

was filled, while Fig. 24 shows the variation of the efficiency aa a 

function of the  bottom velocity and particle size. The efficiency found 

in these experiments seems quite high when compared t o  the efficiencies 

of other samplers of very similar design, which is probably due b t h e  

fact that the  tests were carried out on a metal f l oo r  as contrasted with 

sand beds used i n  other  t e s t s .  

14. Swiss calibrations--The Swiss Federal Authority for Water U t i l -  

i z a t i on  (16) made a thorough study and cal ibrat ion of t h e i r  sampler, 

consisting of laboratory investigations with a 1:2.5 scale model sup- 

plemented by field measurements with the actual sampler. 
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TIME IN MINUTES 

Fig. 21--Variation in rate of bed-load 
movement over period of 1 h r .  

T !ME IN HOURS 

Fig. 22--Rate of movement and size analysis of mean of 2-hr. sam- 
p l i n g  periods, over a t o t a l  period of 80 hr. 
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0 1.0 2.0 3 .O 4.0 5.0 6.0 7.0 8.0 
BOTTOM VELBCITY IN FT, PER SEC 

Fig. 23--Efficiency of Ehrenberger sampler as a function of 
bottom v e l o c i t y  and degree of filling. 

S 5.2 5.4 5.6 5.8 0.0 8 2  6.4 6.6 6.8 7.0 
BOTTOM VEtDClTY IN FT. PER SEC. 

Fig .  24--Efficiency of  Enrenberger sampler as a function of 
bottom velocity and p a r t i c l e  size. 
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The laboratory calibrations consisted of determinations of the  effi- 

ciency of the sampler w i t h  varJrizlg eampling durations and ratea of bed- 

load movement. A calibration curve for f i e l d  condition8 was then computed, 

translating the laboratory sampling period i n to  the s w i n g  duration I n  

the  f i e l d  on the basis of the Froude l a w .  Fig, 25 ahme the efficiency 

of the  empler as a function of sampling duration and rate of bed-load 

movement. As seen in the figure the efficiency was found to increase 

w i t h  increaafng samplbg duration. This may have been due to a point of 

stabilization in movement of material in the vicinity of the sampler being 

SAMPLING OURATION IN MINUTES 

W 
g 
LL 
L 
w 10 

Fig .  25-Efficiency of Swiss sampler aa a function of m p l i n g  
duration and rate of bed-load movement. 

G= RAT€ OF BEE-LOAD MQVEMEW 
IN KIWGRAMS PER SECOND 
PER METFR OF WtDm. 

approached after it had been in place for some t i m e .  This possibility is 

0- 
0 I 2 3 4 

evident from the following considerations. When a sampler is first placed 

in the  sampling position considerable disturbance of flow is caused which 

m y  b c o w  less as the  materig1 fills in around the entrance ta the sampler. 
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In add i t ion ,  if t h e  sam?ler entrance does n o t  en t i re ly  f i t  t h e  shapeof 

the stream bed, some of the material transport~d during t h e  first stages 

of sampling will fill up the cavities at t h e  entrance, tlius decreasing t h e  

c a t c h  during t h a t  per iod .  These factors  would t end  t o  produce t h e  e f f e c t  

shown by the  curve. The efficiency was a l s o  found to decrease w i t h  in- 

creasing rates of  bed-load movement. 

To determine the  r e l i a b i l i t y  o f  t h e  labora tory  calibrations, a com- 

parison was mzde of the  hydraulic resistance offered  by the model in t h e  

l a b o r a t o r y t o  that determined f o r  t h ?  ac tual  sampler by f i e l d  measuremsnts. 

The c o e f f i c i e n t  i n  t h ~  formula f o r  hydraul ic  resistance was found t o  be 

1.2 in t h e  field as compwed with 1.1 in t h e  labora tory .  Because of t h i s  

r e l a t i v e l y  c lose  agreement t h e  t s s t s  were reported t o  be q u i t e  reliable. 

A study was also made t o  compare t he  results obta ined  in t h e  f i e l d  

with and wi thout  bracing csbles,  It was found t h a t  in t h i s  particular 

case the us? of bracing cables d i d  not  materially change t h e  resillts. 

This was probably due t o  t h e  type of material encountered, which resisted 

digging, but  the abs~nce of a r i g i d  f r o n t  or c u t t i n g  edge on t h e  bottom 

of t h e  samples may a l s o  have been t h e  cause of this desirable e f f e c t .  
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IV. BED MATERIAL SAMPLERS 

15. Classification of bed m a t ~ r i a l  samplers--Bed mater ia l  samplers, 

t h a t  is, those  collecting a sampl~ of the material present on t h e  stream 

bed, can begrouped in several general  c l a s s i f i c a t i o n s ,  based o n s i m i l a r i t y  

of construction and ope ra t i on .  

The most common class i s  the drag  bucket type .  Samplers of this 

class consist essentially of some type of weighted bucket with a cutting 

edge. The bucket is lowered t o  t h s  stream b ~ d  and dragged along it by 

means of a tow line operated from a boat ,  cutting a sample f r o m t h e s t r e a m  

bed. Generally these samplers ars intend~d t o  c o l l e c t  a l a y e r  of only 

1/2 to 2 in. thickness from t h e  stream b ~ d .  Samplers of this class are 

discussed in S~ction 16. 

Another group which has been usod considerably is the v e r t i c a l  type.  

Samplers of t h i s  class c o n s i s t  of a p i p e ,  tube or inverted cone which is 

t h r u s t  o r  forced by i t s  own vceight ve r t i c a l l y  into t h e  stream bed t o  cut  

a sample of i t s  material. Ths s a m p l ~  may be  held in t h e  container upon 

raising by d i f f e r ~ n t m ~ a n s ,  such as a partial vacuumor a valve which c loses  
. .\ 

automatically. This class might also be extended t o  include core drilling 

apparatus,  but considering t h e  scope of t!iis p r o j e c t ,  t h e  discussion of 

this group, given i n  Section 17, is l i m i t e d  t o  those which penetrate t h e  

stream bed only a f ~ w  inches. 

The grab bucket types,  described in Section 18, have been used some- 

what less extensively.  These samplers are  somewhat similar t o  t h e  elam- 

shell bucket which has been widely used in earthwork operations, b u t  are 

much s r n a l l ~ r .  The cupped jaws which upon reaching t h e  bottom, c lose  

t o g e t h e r  to c o l l e c t  bed material may be closed e i t h ~ r  by a p u l l  on an 
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auxiliary line or by an automatic 

spring arrangement . 
/--- 

16. D r a ~  bucket type--Fig. 26 

shows the first ?mown sampler of . - -  

this common type, which waEi used by 

the Mississippi River Commission in LL- -" 5 EZj! 4+5c'1 
i t s  investigatious in 1879. This 

Fig.  26--MisaSssippi River 
conststed of a bucket,perforoted to Commission dredge bucket. 

allow water t o  escape while being dragged along the bottom. The tow line 

was connected to a weighted sphere, which in tun was connected to the 

bucket, tending to cause the dragging 

I force to be exerted In a di rec t ion  
I 
I 
1 parallel to the stream bed. 
I 
I ; ] 
L _ - _ - L - I - - - - .  The Maan sampler (91, shown in 

Fig .  27, consists of an iron tube about 
Fig. 27--Mann smpler 

4 in. in diameter and 6 t o  8 in. long, 

closed a t  one end, with a taw line attached a t  the other.  A modified 

form of this sampler has been used with a tough rubber eack closfng 

the af ter  end. 

Fig .  28 shmsasampler used 

by the U. S. Waterway8 Experiment 

Stat ion,  Vicksburg, Mississippi 

(1s). It consisted of a steel 
.: . -c 

pipe 4 in. in diameter a n d 4 f t .  
Fig. 28-U. S .  Waterways bperiment 

long,  capped on the after end, Station sampler, 

and f lar ing at the forward end to a diameter of about 8 in. This device 
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was attached by means of a bail t o  s t o w  l i n e .  In using the sampler, it 

was found that i t  operated b e s t  when dragged i n  a downstream di rec t ion  

since when dragged upstream, t h e  force of the c u r r e n t  on the l i n e  tended 

to pull the mouth of the sampler off 

the bottom. 

The St. Paul sampler, shown in Fig. 

23, used fo r  investigations in the Upper 

Mississippi Mver in 1937, was similar to ; 

. .- 
t h e  U .  S. Waternays Experiment S t a t i o n  ' 

Fig.  29--St. Paul sampler. 
sampler, though much shorter.  The mouth 

of the sampler was flared in order t o  have t h e  cu t t i ng  edge on the 

river bed a t  a l l  times. 

Fig. 30 shows a sampler  used by Professor Russell in t h e  shallow 

water of the Mississippi River delta. He foundi t  t o  be very satisfactory 

under t h e  conditions i n  which 
B 

it was operated. This sam- BAIL TO WHICH ROPE 
15 ATTA'HC* . - / 

pler was similar i n  design SCREW ~ l l ~ .  

to the U .  S .  Waternays Ex- Y 

4 -0- . -2- 
perirnent Station sampler, 

except that it did not have Fig. 30--Russell sampler. 

t h e  f lared edge a t  t h e  mouth. The bail was connected toward t h e  center  of 

the pipe so t ha t  the  weight of the f r o n t  of t h e  pipe tended to keep the 

mouth on the bottom. 

The Vicksburg U. S .  Engineer Dist r ic t  sampler, shown in Fig. 31, 

c o n s i s t s  essentially of a pipe with a cutting edge, suspended below a 

weight  or t h e  suspended sediment sampler known as t h e  Vicksburg hor izon ta l  
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toggle trap*. The sampling pipe is attached to t h e  suspended, sediment 

sampler or weight by a bai l  near i t a  f ront  e n d , s o t h a t  when it is broqght 

a. Sampling posi t ion.  b. Position a f t e r  sampling. 

F i g .  31--Sampler used by Vicksburg U. S. l h g i n e e r  District. 

to t h e  surface a f t e r  sampling, the  pipe ro ta tes  to have its cu t t ing  end 

at the  top.  The r o t a t i o n  closes a l i d  over the c u t t i n g  end, thus keeping 

tho sample from falling out. 

The Lugn sampler, shown in Fig .  32, used f o r  investigations in the 

upper  Mississippi River in 1925 (111, was 

the f i r s t  of a ser ies  of drag buckets  

designed to scoop the bottom t o  a cons t an t  

depth. T h i s  sampler consisted of two weights 

r i g i d l y  a t tached to a c e n t r a l  stem,  and R 

l oose  f i t t i n g  cylinder with c u t t i n g  edge, 

.kith sented on a shoulder on t h e  lower 

w ~ i g h t .  In draqging along t h e  bottom, t h e  
F ig .  32-Lugn sampler. 

farnard  weigh t  tended to keep the  front end from k i n g  lifted of f  the  

__---___---_---f__-------------------------+------------- 

%escribed in preceding report, "Fie ld  P r a c t i c e  and Equipment Used in 
Sampling Suspended Sediment." 
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bottom. Thlls t h e  central  stem was k e p t  ata more or less constant  distance 

off the bottom, and as a result t h e  cutting cylinder s c o o p ~ d  a layer of 

fairly constnnt depth. 

Many samplers of designs similar t o  the Lukq sampler have been used. 

The Straub Missouri River sam7ler (17), shown in Fig. 53, was almost 

identical in design to the Lugn, though much larger. In t h e  F t .  PqcZ 

sampl~r, shown in Fig.  34, t h e  forward weight i s  omitted and t h e  cutting 

cyl inder  slides down over guide rods to seat upon a base plate. In the 

Rock Island sampl~r, shown in Fig.  55, t he  l o w ~ r  weigh t  and cy l inde r  are  

held t o g e t h e r  bya clamp which may be  l o o s m e d  to al low t h e  weight t o  slip 

down i n t o  a jar, t hus  g iv ing  a convenisnt rn5thod of emptying t h e  cyl inder .  

In the simplified Rock Island sarnplsr, Fig. 36, t h ~  cutting cy l inde r  and 

the  base form a complete unit, hing ing  upon the central stem. 

17. LP-rt ical  typz--Fig. 37 shows a p i p e  sampler ~ s e d  in t h e  Imp~rial 

Valley Canals p r i o r  to 1928 ( 7 ) .  It consisted of a short section of pipe 

threaded i n t o a  cone section which prevented t h e  sampler from being t h r u s t  

t o o  f a r  i n t o  t h e  b d .  A 1/2-in. p i p e  extending above t ! ~  cone and capped 

at the end, was used as a hnndle.  After the lower pipe was driven into 

the bed, t h ~  handle pipe  was filled w i t h  water and cappcd, forming, as it 

was withdrawn from t h e  bot tom,  a partial vacum which held t h e  material 

in the sampler. 

Fig. 38 shows a sampler used by t h e  Missouri River U. S. Engineer 

Division (17) in 1929-90. This  samples consisted of a square shee t  i r o n  

tube containing a ?a i r  of check va lves  a t  t h e  bottom. An ex tens ion  handle  

a t  t h ~  upper end could be adjusted to the length desired for different 

depths  of water. The sampler wzs thrust into t h e  stream b ~ d  and ,  upon 
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Fig .  35--Straub Missouri River 
drag bucket sampler. 

Fig ,  34--Ft. Peck sampler. 
# 

/ 

I - 
I 

I $ . Fig. 35--Rock Island sampler. 

Fig. 36--Simplified Rock Island 
sampler. 



raising, t h e  material was held in t115 tubs by t h e  check valves. T h i s  

device, developed by Dr. Straub,  was used primarily f o r  determining t h e  

unit w~ight o f  n a t u r a l  depos i t s ,  and i t s  use was limited l a rge ly  t o  fine, 

f rsshlg depos i ted  material. 

The v a l v ~  lead (9)  , shown in Fig .  39, consists of a long, slender 

weight having at i t s  base a cyl inder  that c o l l e c t s  a sample of t h e  bed. 

The l o w ~ r  end o f  t h e  cylinder is fitted with a b u t t e r f l y  vzlvq, which 

admits sedimmt  and retains it in t h e  tube. The sampler is thrust i n t o  

t h e  stream bed by i t s  own weight, and the  cy l inde r  i s  perforated a t  its 

upper end t o  a l low water t o  escap? as t h e  sampler penetrates the bottom. 

The cylinder i s  detacllable so  t h a t  it can be e a s i l y  emptied. 

The cup l~ad, o r  Stellwagen cu? ( 9 ) ,  shown in F i g .  40, consists of a 

lead w e i g h t ,  ~ 5 t h  an inverted hollow cone about 2 t o  3 in. below t h e  base 

of t h e  weight and connected t o  it by an iron s p i k e .  A s t i f f  leath~r 

washer is mounted loosely on t h e  s p i k ~  b s t W e ~ n  t h e  cone and t h e  base of 

t h e  weight. The sampler i s  dropped through ths water and due t o  i t s  own 

weight is thrust i n t o  ths stream b ~ d ,  t h e  force of the wat~r holding the 

wash~r up so t h e  cone w i l l  be open t o  fill ~ i t h  bottom material. In 

raising t h e  sarnpl?r,  t h e  f o r c e  o f  the water  h o l d s  t he  washer down on t h e  

cone and keeps the material f r o m  being washed out. 

18. Grab bucket tj~pe--Samplers of t h i s  type are very simiinr in 

operation, c o n s i s t i n g  of cupped jaws which are closed at the stream bed 

to trap a sample of t h e  bed material. A disadvzntag~ common t o  t h i s  type  

is the p o s s i b i l i t y  of large particles becoming caught between t h e  closed 

jaws, al lowing some of t h e  f i ne  material to escape. 
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Fig. 37--Pipe sampler used in Fig. 30-Pipe sampler used by Straub 
Imperial Valley Canals. on His souri  River. 

Pig. 39--Valve lead sampler. Fig ,  40 -c~p  lead, or Stellwagen cup. 
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Fig, 4 1  shows the Ross clamshell, or telegraph 

I snapper (9) . The sampler cons i s t s  of two spherical cupped r" I 
jaws which are normally held closed by a spring arrange- 

I ment. The jaws m y  be pulled apart and blocked in the  

open posit ion by means o f a  catch. The sampler is dropped 

to the bottom in the  open position, and the impact 

1 
2 

causes the catch t o  be released and the  jaws to close, 

i I trapping a sample of the  bottom material. This sampler 
/ / ! . I  I ! I 

' - '  p? #> 

--- 
Y. sometimes fails to operate in streams with a s o f t  bed b- 

L cause t he  impact on t h e  closing mechanism my not b 
\ 

sufficient to cause it t o  act .  
Fig .  ~:l--.~:ooe 
clamshell, or F i g .  42 shows the Lugn telegraph snapper used f o r  a 

telegraph 
snapper. shor t  time in the Mississ ippiRiver  in 1925 (11). This 

sampler is aimilar kn operation t o  the  fl 
4 h 

) 1 8  

b 

Ross sampler. Its use was dis- s 4 %  

i 
I + 

. $? $ 1  * continued when itwas found that I 
considerable fine material was 

A 

:- -- lost due to the  jaws h i n g  held 
\ '  

.- 

b , apar t  by large particles. 

The dwarf orange peel bucket 

Fig. 42-Lugn (9) ,  shown in Fig. 43,  is a 
telegraph 

snapper sampler. miniature form of a w e l l - h o w n  

type of excavator, ha* a frame carrying four jawa \ 

that form a hemisphere when cloaed. In the  o r i g i n a l  

d e ~ i g n  the  jaws were closed by an aux i lPa ry l ine  but F i g .  43-Dwarf 
orange peel  

lxter designs have besn adapted to be used w i t h  a h c k e  t . 
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s ing le  cable. Straub used t h i s  sampler f o r  some time i n  t h e  Missouri 

River investigations of 1923-30 (17) , but later replaced it with t h e  drag 

bucket type because it w a s  t o o  cumbersome and required too large a f i e l d  

party f o r  its opera t ton .  

Fig, 44 shows a grab bucket used by the Dutch Dewtment  of Stream 

Management far obtaining bed rnaterfd from the b g l i s h  Channel (21) . The -- II ,. 

k . I-. 
a. Open posit ion before b. Closed position after 

sampling. ~ a n ~ p l l n g  . 
Fig .  44--Eutch Department of Stream Management grab bucket. 

sampler consisted of two  cupped jaws held apart by a catch arrangement, as 

ahowninFig .  44a. W'ne-,thesampler wasmthe  channel bottom the catch was 

released and the sampler ho i s t edup ,  c los ing the jawsasshown in Fig.  44b. 

Fig. 45 shows a sampler used in the Punjab, India (191, which, while 

considerably dff fe ren t  i n  many respects from the grab bucket types, is 

classified with them becailse it obtalna a sample by digging. This con- 

sisted essentially of an eccentrically mounted scoop which digs i n t o  t h e  

bed when revolved, and a cowl which prevents the  sample from befng washed 

away w h i l e  the apparatus is being broucht to the surface. To take a sam- 

ple, the apparatus is Lowered t o  t h e  Spd ~ i n d  t , h ~  handle a t  the  top rotated, 

which in turn rotates the scoop by meens of a wire belt. 
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SIN ELEVATION FRONT ELXVATION 

a. Complete apparatus. 

Fig. 45-Punjab digging sampler. 

't d r d  

ISOMETRIC VJE W OF THE DIGGER 

b. Digger. 
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1 9 ,  Investi~ation of bed-load samplers--In t h e  avai lable  literature 

concerning bed-load samplsrs descriptions were found o f  twenty-one d i f -  

f e r e n t  samplers which have been developed since 1538. These varied from 

simple baske t  o r  pan types to t ypss  d ~ s i g n e d  t o  give  an entrance ve loc i ty  

t h e  snme a s  that of the undisturbed stream. The sam~lers are c l a s s i f i e d  

nccording to their principle of operation and are div ided  into t h r e e  

groups: t hebaske t  types ,  t h e  pan types, and t h e  pressure-difference types. 

Some merits and disadvantages of t h e s e  sam2lsrs, as advanced by t h e i r  

usprs, zre g i v ~ n  in this report. Present~d a l s o  is a b r i e f  description 

of an elaborate apparatus of the  Soil Gonserv~tion Service on the  Enoree 

River, Sou th  Caro l ina ,  where an i n t e n s i v e  study is being made of bed-load 

movem~,nt. 

A summary is given of t he  resu l t s  of calibration of several of the 

sampl~rs. These calibrations consisted of determinations of the  effi- 

c i ~ n c g ,  ref~rring to t h ~  ~ercentage of material in movement actually 

caught by the sampler, for varying conditions of particle s i z e ,  sampling 

dura t ion ,  watpr v e l o c i t y  2nd stream depth. The mean efficienci~s ranged 

from 40 to 53 pPr c e n t  f o r  ordinary basket  or pan types  and approached 

100 pPr c e n t  for t h e  b e s t  design~d pressure-diff~rence t ype ,  Included in 

t h e  calibration data a r s  two curves showing va r i a t ion  in rate of bed-load 

movement over periods of 1 h r .  and 80 h r ,  The inaccuracy of measurements 

with short filling time due t o  these va r i a t ions  was pointed ou t .  

20. Investigation of bed material sarnylers--Photographs and desc r ip -  

tions of twenty bed material samplers are given. Thess are classified 
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according t o  t h e i r  principle of o p e r a t i o n ,  be ing  d iv ided  i n t o  tbzee 

groups: the drag bucket type, t h e  vertic~l type, and the grzb bucke t  

type.  The prcse!?tktion in t h i s  r e p o r t  i s  l i r n i t e d  t o  samylers secur ing  

n s t e r i a l  of t he  immcdiste stream bed and cansequent ly  leaves out Tiany 

types o f  ~ p p a r c ~ t u s  designed to secure deeper samples. 

21 .  S e l e c t i o n  o? t h g r o p e r  t ~ e e  of bcd-loud aam~ler - -To  b r i e f l y  

review what has been said concerning bcd-lo2.d sanpling, i t  i~ empks ized  

t b ~ t  t h e  ideal scnpler must be cap~ble 317 doing two t h ings ;  f i rst ,  it 

muat I t c u t  out1 '  or s~mple, a c e r t a i n  d e f i n i t e  p o r t i o n  o f  t h e  moving strcam 

of water 2nd solids; arid second, i t  must c o l l e c t  a l l  t h e  s o l i d s  f r o m  t h i s  

sampled p o r t i o n .  Such perform%uce c ~ i l  only be assure6 by e x - c f u l  con- 

sideration of t h e  design of the c n t z n c e  and of t h e  ccpr i rnt ing rnec:l::nisrn. 

The proper  design of these two Teaturcs will vary r ; i t h  t h e  conditions in 

t he  s t rcan  in ~ i k i c h  they e r e  t o  be  used. 

In the i d e z l  snmplcr =he entrance does not;  inll.ucr:ce t h e  f low 

upstream i n  any way und o f l e r s  no o b s t r u c l i o n  against t h e  e n t r n n c e  of 

pzrticles. Furthermore, i t  m u s t  r e s t  s e c u r e l y  i n  contact 1;;itk: the  bed 

when in o p e r s t i o n .  Generally, t h e  d i m e n ~ i o n s  o f  t h e  entr~nce x i 1 1  be 

governed by t n e  p a r t i c l e  size of the Led. It.; snn1lcs-l; dincnsion ~1".0uId 

be a t  least twice t h e  naxinun grain s i z e ,  whi le  i t s  r:idth should n o t  

exceed more t h a n  100 to 200 t i m e s  ti:e average grnin size of the  bed. 

The separating rnecli~nism should, whenever p o s s i b l e ,  nzke u se  of s c r e e n s .  

i i o ~ e v e s ,  ~{hen  tile stream car r ies  such g r e ~ t  q u a c t i t i c s  af o r g ~ n i c  matter 

tiet a screen :ends to plug up s i t l : i n  t n e  t ine  of one sunp!_ing pe r i od ,  

sepnrztion must be based on t h e  principle of local velocity reduction. 
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All t h e  d i f fe ren t  samplers described i n  this r epor t  try t o  approach as 

close as possible towards this ideal, whi le  zt the same time, t ak ing  i n  

account t h e  e a s e  of ope ra t ion  and t h e  s p e c i a l  cond i t i ons  in the streams 

where they are intended t o  be used. 

The box o r  basket  type sampler is t h e  only one applicable for 

mountainous streams with coarse gravel as bed material. It is the small- 

e s t  type f o r  given en t rance  dimensions, therefore, t h e  leas t  cumbersome, 

but it has the disadvantage of creating a considerable back pressure. 

This back pressure causes t h e  water of t h e  slow moving bottom layers t o  

be deflected around t h e  samplers, but merely tends t o  retard t h e  quick 

flowing upper layers .  Therefore, t h e  fine meterial c reep ing  along t h e  

bottom ( low rate o f  transportation) i s  very i n t e n s i v e l y  d e f l e c t e d ,  while 

material of the same grz in  size, w ~ e n  ngving by saltation (high rate of 

t r a n s p o r t a t i o n )  is more read i ly  trapped. T h i s  e x ~ l a i n s  t h e  v a r i a t i o n  i n  

e f f i c i ency  with grain s ize  and ra te  of rnovcaent as inentioned i n  Sec t ion  12 .  

For sandy beds t h e  pressure-difference type  of sampler seems t o  be 

t h e  most satisfactory, especially when t h e  en t rance  section i s  small and 

t h ~  frame f l e x i b l e  enough t o  guarantee a snug f i t  a g a i n s t  t h e  irregular- 

ities of the bed. (Arnhern type .) 

The pan type samplers seem t o b e  bes t  su i t ed  f o r  bases w i t h  low rates 

of movement on a comparat ively smooth sand bed, when t h e  whole of t he  

transportation is concentrated in the bottom layer. 

These are but  a f e w  general sugges t ions  concerning t h e  choice of 

sampler type uncier c e r t a i n  working cond i t i ons .  The final s e l e c t i o n  of 

the  type most appl icable  t o  t h e  particular condi t ions  i n  a given stream 

can only be based on a thorough calibration test duplicating all condi t ions  
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of t h e  river a s  c l o s e l y  as possible. Tkis c a l i b r a t i o n  is necessary, as -- - 

t h e  efficiency of a given sampler m y  c b ~ n g e  considerably ~ i i t h  t h e  grain 

size, r a t e  o f  t r a n s p o r t s t i o n ,  e t c .  For inst~nce, when t he  Nesper type 

sampler was c a l i b r h t e d  under t h e  c o n h i t i o n s  f o r  which t h e  Suiiss sampler 

was designed, it silovied a ccnsiderable increase  in e?f iciencjr  . Further- 

rncru, the ~ p p s r e n t  discrepaccy be h e e n  tile EL-exbcrgcr and t h e  Einstein 

c a l i b r a t i o n  of alnos: identical s z n p l e r s  cnn readily be ascribed to t h e  

f a c t  t h a t  the EhrenSerger c a l i b r ~ t i o n s  wex cz~ried o u t  on a netnl f l o o r  

as contr~sted uith t h e  sand bed used in tPLe 3instein tests. 

It must t?-erefare be eaphasizcd th:>t tile c a l i b r ~ t i o n  of t h e  trap is 

a lmos t  as i m p o r t a n t  es th ncacurenents themselves, regarciless of t h e  type 

of sampler used. Only very ca re fu l ly  perf3rncd b e d - l o ~ d  neasurcnents can 

be expected to furnisk r e l i ab l e  results. 
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