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SYNOPSIS 

The i n v e s t i @ a t l o n  o f ' f l u v l a l  sedlmedt  3empling prbblams conducted  

' j o i n t l y  by s e v e r a l  ' F e d e r k l a g e r i c i e s  s i n c e  I 9 3 9  has  p b i n t e d  o u t  t h e  need 

f o r  s t a n d a r d l z a t i o n a n d  Improvement o f  sampl lng  methods and equipment 

and'has '  l e d  t b  t h e  dev'e'lopment o f  Improved t y p e s  o f  suspended sediment  

.samplers. Th l s  forWara s t b p  was e o n s l d e r e d  essenOla1  i n  ordei. t h a t  d a t a  

' c o l l e c t e d l n  t h e  f u t u r e  by v a = l o u s  a g e n c 1 . e ~  =rid u n d e r . d l v e r s e  s t r e a m  

' c a n h i t i o n s  m1gh.t b e  c o r r e l a t e d  more r e a d l . l y  t h a n  i s  p o s s l b l e  w i t h  t h e  

bggregation 's  o f  d a t a  a v a l l a b l e  a t .  t b e  p r e s e n t  tlme. A thorough s t u d y  o f  

ex i ' s t i 'ng ' samp' le rs  l n d l ~ a t e d  t h a t  many o f  . t h o s e  i n  c u r r e t i t  use  v i o l a t e  

t h e  'b'aslc p r l n c l p l e s  o f  a e c u r a t e  sedlment  sampllng.  - On t h e  o t h e r  hand, 

p r a c t i c r i l  e x p e r l e n c e ' h a s  d l c t a t e d  t h e  desl-gn o f  many. f e a t u r e s  i n  pnesent  

s a m p l e r s  ,whloh f a c i l l t a t e  t h g l r  u s e  i n  t,he f l e l d :  The. d e s l r a b - l e  f e a -  

t u r e s  were inco rpora t ed  i n  t h e  lmproved modeis i n s o f a r  a s  t h e y  we.re COR- 

s i s t e n t  w i th  a c c u r a t e  sampllng. The development o f  experimental models 

of d e p t h - l n t e g r a t l n g  and p o i n t - l n t e g r a t l n g  samplers  is p r e s e n t e d  i n  t h i s  

r e p o r t ,  t o g e t h e r  wi th  some o f  t h e  more l m p o r t a n t l a b o r a t o r y  t e s t s  on t h e  

comple t ed  i n s t r u m e n t s .  Photogra.phs o f  t h e  e x p e r i m e n t a l  s a m p l e r s  and 

photographs and drawlngs o f  f l n a l  models a r e  i nc luded .  

S e v e r a l  d u p l l ~ a t e s  o f  t h e  sample r s  were c o n s t r u c t e d  and d l s t r l b -  

u t e d  t o  f i e l d  o f f i c e s  o f  t h e  c o o p e r a t i n g  a g e n c i e s  f o r  t e s t l n g  and f o r  

c o m p a r i s o n  o f  s a m p l l n g  c h a r a c t e r i s t i c s  w l t h  t h o s e  o f  o t h e r  t y p e s  i n  

c u r r e n t  u se .  The r e s u l t s  o f  f i e l i  t e s t s  conduc te ( '  p r i o r  t o  December 

1944 a r e  p r e s e n t e d  i n  t h e  r e p o r t ,  "Comparative F l e l d  T e s t s  on  S u s -  

pended Sediment  Sample r s . "  Many s a m p l e r s  o f  t h e  f i n a l  t y p e s  have been 



manufaqtured  and e x t e n s i v e l y  used i n  r o u t l n e  f l e l d  work w i t h  s a t i s f a c -  

t o r y  r e s u l t s .  

A t  a  meeting i n  Waahlneton, D. C . ,  on .Maroh 28. 1844,  t h e  i p t e r -  

d e p a r t m e n t a l  Commltte6 wdQp.ted t h e  name "US Sedlment  Sqmgler  D-43" f o r  

t h e  Improved d e p t h - l n t e e r e t i n g  sample r  and "US Sedlment  Sampler  P-43" 

f o r  t h e  lmproved,polnt- lnteerat lng  sedlment  s,empler. The number 4 3  r e -  

f e r s  t o  t h e  yea r  i n  whlch t h e  samplers  were completed. Commqn usage has  

sho r t ened  t h e s e  d e s l g n a t l o n s  t~ simply US D-43 and.US P-43 sedlment  sam- 

p l e r ,  respectively. ,Likewise t h e  third e x p e r l m e n t e l  p o l n t - l n t e g r a t l n g  

s a m p l e r  h a s  been  d e s l g n a t e d  a s  US P-48 and t h e  s r q o q d  e x p e r l m e n t a l  

d e p t h - l n t e g r a t l n g  hand.samplep  US DH-40. When subsequen t  models  were 

b rough t  o u t  w l t h m a j o r  Improvements, t h e y  were d e s l e n a t e d  s l m l l a r l y  by 

numegals  t o  l n d l c a t ?  t h e  y e a r s  i n  w4lqh t h e y  were qonq tpuc ted ,  a* f o r  

i n s t a n c e . t h e  more r e c e n t l y  d e v e l ~ p e d  d e p t h - l n t e g r a t l n e  sampler ,  US D-49, 

and t h e  p o l n ' t - l n t e g r a t l n g  sample r ,  US P-30. 

, , 
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THE DESIGN OF IMPROVED TYPES OF SUSPENDED SEDIMENT SAMPLERS 

I INTRODUCTION 

1. The need f o r  s t a n d a r d l z a t l o n  of sediment sampling equlpment-- 

I n  t h e  p a s t ,  samples of f l u v l a l  sedlments have been c o l l e c t e d  from many 

s t r e a m s ,  b u t  u s u a l l y  d u r l n g  o n l y  s h o r t  p e r l o d s  o f  t lme.  I n  g e n e r a l ,  

each inves t lga ton ,  wlth t h e  means a t  h l s  d l s p o s a l ,  developed methods and 

equlpment t o  meet h l s  lmmedlate requirements .  Very l l t t l e  ln fo rmat lon  

I s  a v a l l a b l e  concern lng  t h e  a c c u r a c y  of t h e  many d l f f e r e n t  t y p e s  of  

e ~ u l p m e n t  t h a t  have been used i n  pas t  years .  Thls s l t u a t l o n  was recog- 

n lzed by s e v e r a l  agencles of t h e  Federal  Government concerned wlth sedl-  

ment problems and an lnformal cooperat lve  l n v e s t l g a t l o n  was l n i t l a t e d  i n  

o r d e r  t o  determine t h e  r e l l a b l l l t y  o f  t h e  p r e v l o u s  r e c o r d s ,  and t o  

qevelop equipment and methods of maklng measurements whlch would provlde  

more r e l l a b l e  d a t a  and pe rml t  b e t t e r  correlation of d a t a  o b t a l n e d  by 

v a r l o u s  agencles  under d l v e r s e  s t ream cond l t lons .  

The f l r s t  s t e p  was t o  l n v e n t l g a t e  t h e  apparatus  whlch had a l r e a d y  

been  used f o r  t h l s  purpose .  The r e s u l t s  o f  t h l s  s t u d y  a r e  g l v e n  i n  

Report No, 1 of  t h l s  s e r l e s ,  e n t l t l e d  "Fle ld  P r a c t l c e  and Equlpment Used 

I n  Sampling Suspended Sedlment ."  T h l s  s t u d y  d i s c l o s e d  t h a t  some 85 

samplers,  embodying a  number of d l f f e r e n t  des lgns ,  have been used s l n c e  

t h e  f l r s t  sedlment  samples  were t a k e n  i n  t h e  Rhone R l v e r ,  F rance ,  i n  

1808. T h i r t y  o f  t h e s e  samplers  were of  t h e  l n s t a n t a n e o u s  t y p e ,  20 of 

t h e  p o l n t - l n t e g r a t l n g  t y p e ,  and e of t h e  d e p t h - l n t e g r a t l n g  t y p e ,  wl th  

s e v e r a l  desldned t o  c b t a l n  both polnt-  and depth-integrated samples. I t  



was a n t l c i p a t e d  t h a t  a  s t u d y  of t h e  v a r i o u s  samplers  used i n  p a s t  y e a r s  

would i n d i c a t e  a  t ype  s u i t a b l e  fo r  gene ra l  use i n  a l l  s t reams.  However, 

t h i s  comprehensive s u r v e y  o f  sediment  sampl lng  equipment r e v e a l e d  c e r -  

t a l n  fundamental  o b j e c t i o n s  i n  a l l  t h e  sample r s  i n v e s t i g a t e d  and empha- 

s i z e d  t h e  need f o r  lmprovement and standardization o f  such Lnstruments ,  

I n  considering a  new des lgn ,  it appeared t h a t  t h e  p o l n t - l n t e g r a t l n g  t y p e  

Of s a m p l e r  would c o v e r  a  g r e a t e r  r a n g e  o f  t h e  f i e l d  c o n d l t l o n s  en-  

c o u n t e r e d  i n  t h e  r o u t i n e  d e t e r m i n a t i o n  o f  mean sediment  c o n c e n t r a t i o n $  

of s t r eams  t h a n  would t h e  s i m p l e r  d e p t h - l n t e g r a t i n g  type .  However, t h e  

l n i t l a l  c o s t  o f  t h e  fo rmer  was e s t l m a t e d  t o  be c o n s i d e r a b l y  g r e a t e r .  

T h e r e f o r e ,  i t  was d e c l d e d  t h a t  e x p e r i m e n t a l  m o d e l s o f  b o t h  t y p e s  o f  

s a m p l e r s  s h o u l d  be  d e v e l o p q d  w i t h  a  v iew t o  providing practical and 

efficient epulpment f o r  a s  wlde a  range of f i e l d  c o n d i t i o n s  a s  p o s s l b l e .  

This  s t u d y  d l d  n o t  p rov ide  f o r  any f u r t h e r  l n v e s t l g a t l o n  o r  development 

of t h e  p o i n t - i n s t a n t a n e o u s  t y p e  o f  s ample r .  

The d e s i g n  o f  t h e  d e p t h - l n t e g r a t l n g  sampler  was predicated on t h e  

h y p o t h e s i s  t h a t  a n  i n t e g r a t e d  sample  o f  t h e  w a t e r - s e d i m e n t  m l x t u r e  

e x l s t i n g  a t  t h e  p l a c e  and t lme  o f  s ampl ing  would be o b t a l n e d  i f  t h e  

f i l l l n g  r a t e  were such t h a t  t h e  v e l o c l t y  a t  t h e  p o l n t  o f  l n t a k e  i s  e q u a l  

t o  t h e  l o c a l  s t r e a m  v e l o c l t y  w h l l e  t h e  sample r  i s  moved a t  a  unl form 

v e r t l c a l  speed i n  t h e  s t r eam.  The s lmple  depth-integrating sampler  i s  

particularly s u l t a b l e  f o r  use i n  f a l r l y  sha l low s t reams.  I n  o p e r a t l o n ,  

t h e  sampler  should  be lowered t o  t h e  bed o f  t h e  s t ream and r a l s e d  t o  t h e  

s u r f a c e  a t  a  uniform r a t e  such t h a t  t h e  c o n t a l n e r  w l l l  be n e a r l y  b u t  n o t  

comple te ly  f l l l e d  , a t , t h e  end of t h e  t r l p .  S lnce  sampling would c o n t i n u e  

du r lng  t h e  e n t l r e  p e r l o d  o f  submergence and wl th  a  f l l l l n g  r a t e  e p u a l  t o  



. . 
t h e  s t r e a m  v e l o c i t y ,  t h e  s e d l m e n t  l o a d  would be i n t e g r a t e d  t h r o u g h o u t  

. . 
t h e  d e p t h .  F o r  s t r e a m s  d e e p e r  t h a n  a b o u t  1 9  f t . ,  i t  is  n e c e s s a r y  t o  

m o d l f y  t h e  s a m p l e r  s o  t h a t  f i l l i n g  w l l l  t a k e  p l a c e  o n l y  on e i t h e r  t h e  

d e s c e n d i n g  o r  a s c e n d l n g  t r i p .  For  t h i s  p u r p o s e  t h e  s a m p l e r  c a n  be  'pro- 

v l d e Q  w i t h  a  v a l v e  whlch i s  o p e r a t e d  e l e c t r l c a l l y  o r  b y  a  f o o t  l e v e r  

mechanism f o r  c l o s l n g  o r  o p e n l n g  t h e  i n t a k e  n o z z l e  and  a l r  e x h a u s t  a t  

, ' t h e  , . s t r e a m  b e d .  A s ' b e f o r e ,  t h e  c o n t a l n e r , s h o u l d  n o t  be  c o m p l e t e l y  

f i l l e d  a t  t h e  end  o f  t h e  s a m p l l n g  t r l p .  

The p 0 1 n . t - l n t e g r a t l n g  s a m p l e r  was d e , v e l o p e d  t o  t a k e a  s a m p l e  

a t  a n y  p o i n t  i n  a s t r e a m  o v e r  a  p e r i o d  o f  t i m e .  A s  i n  t h e  d e p t h -  

. . 
l n t e g i a t l n i  s amp lea ,  t h g  f l l l l n g r a t e  is g o v e r n e d  by  t h e  s t r e a m  v e l o c l -  

t Y 3  t h e  p o l n t - l n t e g r a t l n g  s a m p l e r  d l f f e r i n g  from t h e  o t h e r  p r l n c l p a l l y  

I n  t h a t  i t  i s  d e s l g n e d  t o  i n t e g r a t e  t h e  s e d l m e n t  l o a d  a t  any  s e l e c t e d  

p p i n t  d u r f n g  a  s h o r t  p q r i o d  o f  t i m e  l n s t e a d  o f  i n  a  s t r e a m  v e r t i c a l .  
. 

The p r l n c i p a l  u s e  d f  t h e  p o l n t - l n t e g r a t l n g  s a m p l e r  i n  r o u t i n e  s e d l m e n t  

measurements  would be i n  s t r e a m s  t o o  deep  t o  be  sampled  satisfactorily 

w i t h  a  s i m p l e  d e p t h - l n t e g r a t i n g  s a m p l e r .  The s e d i m e n t  l o a d  c a n  b e  

determined f rom s e v e r a l  p o l n t  s a m p l e s  i n  e a c h  vertical, o r  t h e  p o l n t  

s a m p l e r  c a n  be  u s e d  f o r  r o u n d - t a l p  l n t e g r a t l o n  o r  f o r  i n t e g r a t i o n  on  

e l t h e r  an  a s c e n d l n g  o r  d e s c e n d l n g  t r l p .  The polnt-integrating s a m p l e r  

would be  particularly u s e f u l  a l s o  i n  maklng i n v e s t l g a t l o n s  o f  s e d l m e n t  

d i s t r i b u t i o n  and v a r i a t i o n s  i n  p a r t l c l e  s l z e  y l t h  r e s p e c t  t o  o t h e r  v a r l -  

a b l e  s t r e a m  c o n d l t l o n s ,  Bnd i n  s t u d y l n g  t h e  movement of  s ed imen t  t h r o u g h  

d e e p  reservoirs. 

2. Repu l r emen t s  o f  an  l d e a l  sugpended s ed lmen t  sampler--* r e v i e w  

of  t h e  l l t e r a t u r e  a s  d l s c u s s e d  i n  Repo r t  No. 1 of  t h i s  s e r l e s ,  t o g e t h e r  
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w i t h  a  d e t a i l e d  a n a l y s i s  o f  e x i s t i n g  methods  o f  c o l l e c t i n g  s u s p e n d e d  

s e d i m e n t  s a m p l e s  a s  d l s c u s s e d  i n  R e p o r t  No. 5 ,  e n t i t l e d  " L a b o r a t o r y  

I n v e s t i g a t i o n s  o f  Suspended Sed imen t  S a m p l e r s , "  h a s  r e s u l t e d  i n  e s t a b -  

l i s h i n g  a ,number o f  r e q u i r e m e n t s  f o r  a  suspended  s ed imen t  s amp le r  o f  t h e  

i n t e g r a t i n g  t y p e .  These  a r e  s e t  f o r t h  and d l s c u s s e d  i n  t h e  f o l l o w i n g  

s u b p a r a g r a p h s :  

a.  The sampler  must f i l l  a t  a  r a t e  p r o p o r t i o n a l  t o  t h e  s t r e a m  - 
ve loc i t y - -The  l a b o r a t o r y  l n v e s t l g a t l o n  o f  suspended  s ed imen t  sam- 
p l e r s  d e s c r i b e d  i n  Repo r t  No. 5 of  t h i s  s e r i e s  i n d i c a t e d  t h a t ,  i n  
o r d e r  t o  c o l l e c t  a  t r u e  suspended  s e d i m e n t  sample unde r  a l l  con- 
d i t i o n s ,  t h e  sampler  must f i l l  a t  such a  r a t e  t h a t  t h e  v e l o c i t y  i n  
t h e  n o z z l e  a t  p o i n t  o f  i n t a k e  i s  e q u a l  t o  t h e  l o c a l  s t r e a m  v e l o c -  
i t y .  

Labo ra to ry  t e s t s  i n d i c a t e d  t h a t ,  i f  t h e  v e l o c i t y  i n  t h e  i n t a k e  
1s l e s s  t h a n  t h e  s t r e a m  v e l o c l t y ,  t h e  s e d i m e n t  c o n c e n t r a t l o n  i n  
t h e  s amp le  w i l l  be  g r e a t e r  t h a n  t h e  t r u e  v a l u e .  C o n v e r s e l y ,  i f  
t h e  v e l o c i t y  i n  t h e  i n t a k e  i s  g r e a t e r  t h a n  t h e  s t r e a m  v e l o c l t y ,  
t h e  c o n c e n t r a t i o n  w l l l  b e  t o o  low. The d e g r e e  o f  e r r o r  i n  e a c h  
c a s e  i n c r e a s e s  w l t h  t h e  e x t e n t  o f  d e p a r t u r e  f rom t h e  s t a n d a r d  
v e l o c l t y  r a t i o  and w i t h  t h e  s i z e  o f  s ed imen t  p a r t i c l e s  i n  suspen-  
s i o n .  The d i s c r e p a n c y  i n  s e d i m e n t  c o n c e n t r a t l o n  i n c r e a s e s  more 
r a p i d l y  w i t h  s u b n o r m a l  i n t a k e  r a t e s  t h a n  w l t h  c o r r e s p o n d i n g l y  
$ u p e r n o r m a 1  r a t e s .  

b. The i n t a k e  n o z z l e  s h o u l d  p o i n t  i n t o  t h e  s t r e a m  and pro-  - 
t r u d e  ahead  o f  t h e  s amp le r - -Labo ra to ry  and f i e l d  i n v e s t i g a t i o n s  
have i n d i c a t e d  t h a t  t h e  i n t a k e  n o z z l e  o f  t h e  s amp le r  s h o u l d  p o i n t  
i n t o  t h e  s t r e a m  p a r a l l e l  t o  t h e  f low and p r o j e c t  s u f f i c i e n t l y  f a r  
i p  f r o n t  o f  t h e  body  o f  t h e  s a m p l e r  s o  t h a t  t h e  s t r e a m  l i n e  
p a t t e r n  a t  t h e  i n t a k e  is n o t  a p p r e c i a b l y  changed  by  t h e  p r e s e n c e  
of  t h e  s amp le r .  L a b o r a t o r y  i n v e s t i g a t i o n  o f  t h e  Rock I s l a n d  sam- 
p l e r ,  Repo r t  No. 5 ,  i n d i c a t e d  t h a t  a  1 - i n .  e x t e n s i o n  o f  t h e  n o z z l e  
i n  f r o n t  o f  t h e  s amp le r  gave s a t i s f a c t o r y  r e s u l t s  when i n  a  r i g i d  
h o r i z o n t a l  position. No t e s t s  were made w i t h  t h e  n o z z l e  assembly  
a t  an  a n g l e  w i t h  t h e  f low.  

c .  Sampler  s h o u l d  be smooth f i l l i n g - - F i e l d  t e s t a  o f  e x i s t i n g  
s a m A e r s  c l e a r l y  showed t h a t  t h o s e  w h i c h  w e r e  n o t  f l t t e d  w l t h  
s e p a r a t e  i n t a k e s  and  a i r  e x h a u s t s  t e n d e d  t o  f i l l  a t  i r r e g u l a r  
r a t e s ,  a s  b y  g u l p s .  Fo r  b e s t  r e s u l t s  t h e  s a m p l e r  s h o u l d  have  an  
a i r  e x h a u s t  s e p a r a t e  from t h e  i n t a k e  n o z z l e .  

d. I n i t i a l  inrush--When a  s ed imen t  sampler  w i t h o u t  a  p r e s s u r e  - 
e q u a l i z i n g  d e v i c e  is  opened  be low t h e  w a t e r  s u r f a c e ,  t h e r e  i s  a  



sudden  l n r u s h  o f  t h e  wa t e r - s ed lmen t  m l x t u r e .  T h e q u a n t i t y  e n t e r -  
i n g  i s  a  f u n c t l o n  of  t h e  d e p t h  o f  submergence and r e p r e s e n t s  t h e  
volume d e o r e a s e  o f  t h e  a l r  i n  t h e  s amp le r  r e q u l r e d  t o  e q u a l l z e  t h e  
p r e s s u r e  l n a l d e  and o u t s l d e  o f  t h e  c o n t a i n e r .  T e s t  d a t a  shown i n  
Repo r t  No. 5 f o r  s e v e r a l  d i f f e r e n t  t y p e s  of  s amp le r s  l n d l c a t e  t h a t  
t h e  i n r u s h  o c c u r s  i n  l e s g  t h a n  one second .  The volume of  l n i t l a l  
l n r u s h  a t  v a r l o u s  d e p t h s  i n  t e r m s  of  t h e  c a p a c l t y  of  t h e  c o n t a l n -  
e r ,  a s  d e t e r m l n e d  from B o y l e ' s  l aw ,  is shown i n  T a b l e  1. Occur- 
r l p g  a t  excessively h i g h  v e l o c l t y ,  t h e  i n i t l a l  I n r u s h  w l l l  r e s u l t  
I n  a sample o f  t o o  low c o n c e n t r a t l o n ,  and t h e  t o t a l  s amp le  i s  n o t  
a  t r u e  t l m e - I n t e g r a t e d  one due  t o  e x c e s s  I n f l o w  d u r l n g  t h e  f l r s t  
s e c o n d .  The magnl tude  o f  e r r o r  increases w l t h  t h e  p a r t l c l e  s l z e  
I n  s u s p e n s l o n  and w l t h  t h e  d e p t h  t o  t h e  sampling p o l n t .  

I n  t h e  d e p t h - l n t e e r a t i o n  method, l n i t l a l  i n r u s h  does  n o t  o c c u r  
when collecting s e d l m e n t  samples  from t h e  wa t e r  s u r f a c e  downward. 
However, i f  t h e  downward t r a n s l t  r a t e  is e x c e s s l v e  i n  r e l a t i o n  t o  
t h e  s t r e a m  v e l o c l t y ,  f l l l l n g  w l l l  o c c u r  t o o  r a p l d l y  f o r  t h e  same 
r e a s o n  t h a t  l n l t l a l  i n r u s h  t a k e s  p l a c e .  Water may even  e n t e r  t h e  
a l r  e x h a u s t  a s  w e l l  a s  t h e  l n t a k e  n o z z l e .  T h i s  c o n d l t l o n  1s 
f u r t h e r  d l s c u s a e d  i n  S e c t l o n s  7 and  8. 

TABLE I 

RELATION OF INITIAL INRUSH TO DEPTH 

e .  D e s l r a b l l l t y  o f  a  r e m o v a b l e  c o n t a l n e r - - T e s t s  mad, on  
e r l s r l n l  t y v e s  of  s a m ~ l e r s  show t h a t  sedime1.t ~ a r t l c l e s  t e n d  t o  

Dep th  a t  which  
s a m p l e r  is opened  

f t .  

- - -  
a d h e r e  t o  t h e  s l d e s  o f  t h e  c o n t a l n e r .  To a v o l d  t h l s  s o u r c e  o f  
e r r o r ,  t h e  s a m p l e r  s h o u l d  be  f l t t e d  w l t h  a  removable  sample  con-  
t a l n e r ,  p r e f e r a b l y  a  f r u i t  j a r  o r  m l l k  b o t t l e ,  w h l c h  c a n  b e  
r e a d l l y  s e a l e d  f o r  s h i p m e n t  t o  t h e  l a b o r a t o r y ,  t h u s  e l l m l n a t l n g  

I n i t i a l  i n r u s h ,  
p e r  c e n t  o f  t o t a l  c a p a c l t y  

of c o n t a l n e r  



t h e  n e c e s s i t y  of  t r a n s f e r r i n g  t h e  s amp le  t o  o t h e r  c o n t a i n e r s  i n  
t h e  f i e l d .  

f .  Sampler  s h o u l d  p e r m i t  s amp l lng  c l o s e  t o  t h e  s t r e a m  bed-- - 
The c o n c e n t r a t l o n  o f  s ed imen t  i n  a  normal  s t r e a m ,  e s p e c i a l l y  f o r  
~ a r t l c l e  s i z e s  d r e a t e r  t h a n  1/10 m m . .  i n c r e a s e s  from t h e  s u r f a c e  - - -. 
t o  t h e  bed of  t h e  s t r e a m .  T h e r e f o r e .  u n l e s s  a  d e ~ t h - i n t e l r a t i n g  - - 
s a m p l e r  w i l l  f u n c t l o n  a t  p o i n t s  r e l a t i v e l y  c l o s e  t o  t h e  s t r e a m  
b e d ,  t h e  s amp le  c o l l e c t e d  may n o t  be r e p r e s e n t a t i v e  o f  t h e  mean 
c o n c e n t r a t i o n  i n  t h e  v e r t l c a l .  The r e s u l t s  o f  a n a l y s e s  s e t  up i n  
R e p o r t  No. 3 ,  " A n a l y t i c a l  S t u d y  of  Uethods  o f  Sampl lng  Suspended  
S e d i m e n t , "  i n d i c a t e  t h a t  a n  a p p a r a t u s  whlch w l l l  p r o p e r l y  s amp le  
85 t o  88 p e r  c e n t  o f  a  s t r e a m  d e p t h ,  o r  w i t h i n  4 I n .  o f  t h e  bed 
f o r  any dep th  g r e a t e r  t h a n  10 f t . ,  is  q u i t e  s a t i s f a c t o r y .  

g. G e n e r a l  f e a t u r e s  i n  d e s i g n - - I n  a d d i t i o n  t o  t h e  r e q u i r e -  
ments  o u t l i n e d  i n  t h e  p r e c e d l n g  p a r a g r a p h s ,  a  su spended  s e d i m e n t  
s a m p l e r  s h o u l d  be  a s  s t r e a m l l n e d  a s  t h e  s p a c e  r e q u l r e d  f o r  i n -  
s t a l l l n g  a  r emovab l e  c o n t a i n e r  w i l l  p e r m l t ,  and  heavy  enough  t o  
e l i m i n a t e  e x c e s s i v e  downstream d r a g  I f  u s e d  i n  s t r e a m s  w i t h  h l g h  
v e l o c i t l e s .  The s a m p l e r  s h o u l d  be  f l t t e d  w l t h  a  r u d d e r  a n d  
l a t e r a l  v a n e s  whlch w l l l  h o l d  t h e  l n t a k e  n o z z l e  p a r a l l e l  t o  t h e  
f l o w .  The r u d d e r  s h o u l d  be  s o  s h a p e d  t h a t  t h e  s a m p l e r  b e h a v e s  
p r o p e r l y  i n  h i g h  v e l o c l t y  f low and does  n o t  t i l t  a p p r e c i a b l y  when 
i n  t r a n s l t .  However, f o r  a  sampler  suspended on a  r od ,  s u f f l c l e n t  
s t a b i l i t y  may be  o b t a l n e d  w l t h o u t  t h e  u s e  o f  s p e c i a l  w e i g h t  and 
r u d d e r .  The s a m p l e r  s h o u l d  be s l m p l y  and s t u r d i l y  c o n s t r u c t e d ,  
e s p e c l a l l y  i t s  movlng p a r t s ,  t o  minimize t h e  need f o r  r e p a i r s  i n  
t h e  f l e l d .  F u r t h e r m o r e ,  t h e  c o s t  of  c o n s t r u c t i n g  t h e  s a m p l e r s  
s h o u l d  be a s  low a s  p o a s l b l e  c o n s i s t e n t  w i t h  good d e s i g n  and  pe r -  
formance. I t  was n o t  proposed t o  deve lop  an  e n t i r e l y  o r l g l n a l  form 
o f  s a m p l e r ,  b u t  r a t h e r  t o  u t l l l z e  t h e  t r l e d  and p roven  f e a t u r e s  
o f  e x l s t i n g  s a m p l e r s  which have been o r i g i n a t e d  by t h e  s c o r e s  o f  
p e r s o n s  who have g iven  t hough t  t o  t h i a  s u b j e c t  i n  t h e  p a s t .  

3. Scope o f  t h e  g e n e r a l  study--The v a r i o u s  p h a s e s  cove red  i n  t h e  

g e n e r a l  p r o j e c t ,  #'A S tudy  o f  Methods Used i n  Measurement and A n a l y s l s  of  

Sed lmen t  Loads  I n  S t r e a m s , "  o f  which t h e  p r e s e n t  s t u d y  is a  p a r t ,  a r e  

i n d i c a t e d  by  t h e  following t i t l e s  and  resumes  of  p r e c e d l n g  r e p o r t s  i n  

t h e  s e r l e s .  

Repo r t  No. 1--"Field P r a c t i c e  and Epulpment Used I n  Sampl ing  
S u s p e n d e d  S e d l m e n t "  i,s a  d e t a l l s d  r e v l e w  o f  th-e e g u i p m e n t  and  
m e t h o d s  u s e d  i n  s u s p e n d e d  s e d l m e n t  s a m p l i n g  f rom t h e  e a r l i e s t  
l n v e s t i g a t l o n  t o  t h e  p r e a e n t ,  w l t h  d i s c u s s l o n s  o f  . the a d v a n t a g e s  
and  d l a a d v a n t a g e s  of  t h e  v a r i o u s  m e t h a d s a n d  i n s t r u m e n t s .  The re- 
p u l r e m e n t s  o f  a  s a m p l e r  whlch  would  m e e t . . a l l  f i e l d  c o n d l t l o n s  



s a t l s f a c t o r l l y  a r e  s e t '  f o r t h .  

R e p d r t  No. 2--"Equipment Used f o r  Samp l ing  Bed-Load and Bed 
M a t e r i a l "  d e a l s  wi th  bed-load and bed m a t e r l a l  i n  a  manner s i m l l a r  
t o  t h a t  i n  whlch Report  No. 1 c o v e r s  suspended load .  

R e p o r t  No. 3 - - " A n a l y t i c a l  S t u d y  o f  Methods of  Samp l lng  Sus-  
pended Sedlment"  c o v e r s  an l n v e s t l g a t l o n  o f  t h e  a c c u r a c y  o f  v a r i -  
ous  methods of  s amp l lng  suspended  s e d l m e n t  i n  a  v e r t i c a l  s e c t l o n  
of  a  s t r e a m  based  on  t h e  l a t e s t  deve lopmen t s  i n  t h e  a p p l l c a t l o n  
of  t u r b u l e n c e  t h e o r i e s  t o  s ed lmen t  t r a n s p o r t a t l o n .  

~ e ~ o r t  No. 4--"Methods o f  A n a l y z l n g  S e d l m e n t  S a m p l e s "  de-  

. . .  s c r i b e s  many methods deve loped  f o r  d e t e r m l n i n g  t h e  s l z e  o f  s m a l l  

. . .. 
p a r f l c l e s  i n  s e d i m e n t  a n a l y s e s .  D e t a i l e d  i n s t r u c t l o n s  a r e  g i v e n  
f o r  many o f  t h e  common methods i n  u s e  f o r  d e t e r m i n l n g  t h e  p a r t i -  
c l e  s i z e  and' t h e  t o t a l  c o n c e n t r a t l o n  o f  s e d l m e n t  i n  s a m p l e s a s  

. , deve loped  . . by a g e n c i e s  do lng  e x t e n s l v e  work I n  t h e s e  f i e l d s .  

Repor t  No. 5--"Laboratory I n v e s t l g a t l o n s  o f  Suspended Sedlment  
S a m p l e r s "  d e s c r l b e s  investigations o f  t h e  e f f e c t s  o f ~ v a r l o u s  l n -  
t a k e  c o n d l t l o n s  on .  t h e  a c c u r a c y  o f  s e d l m e n t  s a m p l e s  a n d  t h e  
f i l l i n g  c h a r a c ' t e r l s t ' i c s  o f  s l o w  filling s a m p l e r s  u n d e r  v a r i o u s  
c o n d l t  l o n s .  

R e p o r t  No. ?- -*#A S t u d y  o f  New Methods f o r  S l z e  A n a l y s l s  o f  
Suspended Sedlment  Samples" g l v e s  an accoun t  of  a s t u d y t o  deve lop  
methods o f  s l z e  a n a l y s l s  more s u i t a b l e  f o r  t h e  c o n d l t i o n s  u s u a l l y  . . 
met i n  suspend'ed s ed imen t  s t u d l e s .  I t  d e s c r l b e s  a  s l m p l e  form of 
a p p a r a t u s  developed and g i v e s  d e t a l l e d  p rocedu re s  f o r  i t s  u se .  

R e p o r t  No. 8 - - "Measu remen t  o f  t h e  S e d l m e n t  D i s c h a r g e  o f  
S t r eams"  d e s c r l b e s  t h e  most e f f i c i e n t  methods and equipment  t o  be 
used  i n  maklng s ed lmen t  measurements  unde r  t h e  v a r l o u s  c o n d l t l o n s  
e n c o u n t e r e d  i n  n a t u r a l  s t r e ams .  

Report '  No. 9 - -"Dens l tk  o f  Sediments D e p o s i t e d  i n  R e s e r v o l r s f s  
p r e s e n t s  d a t a  on t h e  s p p a r e n t  d e n s i t y  o f  s e d l m e n t  d e p o s l t e d  i n  

' v a r i o u s  e x l s t l n g  r e s e r v o l r s .  The r e s u l t s  a r e  s q m m a r l z e d  a n d  
c e r t a l n  c o n c l u s l o n s  o f  v a l u e  i n  e n g l n e e r i n g  s t u d l e s  a r e  g lven .  

4. A u t h o r l t y  and personnel--The c o o p e r a t i v e  p r o j e c t  f o r  l n v e s t i -  

g a t i o n  o f  s e d l m e n t  i a m p l l s g  p rob l ems ,  o f  whlch  t h l s  r e p o r t  is a  p a r t ,  

was p l a n n e d  and c o n d u c t e d  j o y n t l y  by  a n  I n t e r d e p a r t m e n t a l  Cominl t tee  

c o m p o s e d ' o f  r e p r e s e r i t a t l v k s  o f  t h e  f o l l o r l n g  i g e n c l e s  o f  t h e  U n i t e d  

~ t a t k $ '  Government :  Co rps  o f  Engineers, Geological S u r v e y ,  B u r e a u  o f  
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Reclamation, Office of Indlan Affalrs, Flood Control Cogrdlnatlng Com- 

mittee of the Department of Agriculture, and the Tennessee Valley 

Authority. Prior to 1948, the lnvestigatlon was ccnduCted at the Hy- 

draulic Lqboratory of the,Iowa Institute of Hydraulic Regearch, State 

Unldqrsity bf Iowa. Iowa Clty, Iowa, under the dlrection of Professor 

E. W .  Lane. The following representatlves of the cooperating agen- 

cies participated in various phases of the general project: Paul C. 

Benedlct; Clarence A. Boyll; Byrnon C. Colby; Russell P. Chrlstensen; 

Morgan D. Dubrow; Cleveland R. Horne. Jr.; Vlctor A. Koelzer; Phlllp M. 

Noble; Vernon J. Palmer; Frank W. Parker; Donald E. Rhlnehart; and John 

W. Stanley. 

The orlglnal research wgrk connected wlth the development of sedi- 

ment samplers was conducted by Mortan D. Dubrow, Corps of Engineers, and 

John W. Stanley, U. S. Bureau of Reclamation. Later, Paul C. Benedlct, 

U. S. Geologlcal Survey, completed the deslgn, supervised the cqnstruc- 

tlon of the lnltial experimental sampler models, and conductqd labora- 

tory and fleld tests. SLnce August 1046, further lmprovernent in the 

experimental samplers, development of new models, and laborptory and 

field research to determine the cbaracterlstics and limltatlons of 

the samplers, have been carrled on by Byrnon C. Colby and Russell P. 

Christensen under the general supervision of Paul C. Benedlct and Martin 

E. Nelson. 

At 3 meeting of the Interdepartmental Commlttee in April 1046, it 

was agreed to dissolve the Committee and to transfer its accivltles and 

functions to the recently establlshed Federal Inter-Agency River Basin 

Subcommittee on Sedimentation. The Inter-Agency Commlttee is composed 



of representatlves of the Department of the Army, Department of the 

Interlor, Department of Agriculture, Department of Commerce, Tennessee 

~alley'~uthorlty, and Federal Power ~ommiislon, and has as one of its 

objectl'ves the coordination of the hydrologic actlvl'ties of these 

Feherai departments through the issistince of its several subcommittees. 

The Suboommlttee on Sedimentation formally took over the activities and 

'the Unflnished program of the Interdepprtmental Committee In June 19413. 

In June'l948 .the project was transferred from the Iowa Instltute 

of ~ydfaull'c Research to the st; Anthony Falls Hydraullc LaEoratory of 

the nlverslty of ~innesota'ln Mlnneayolls. Under 'the direction of 

~. 
Martln E. Nelson, Engineer, personnel of the Corps of Englnee'rs Hydrau- 

lic~aboratory Sub-office, stationed at the Iowa Institute of Hydraulic 

Research and at the St. Anthqny Falls Hydraulic Laboratory, asslsted in 

: 
the admlnls'tratlon of the project and in edltlng and publishing thls 

report. 

. . 
5 . .  ~cknowledgments--1n the development of the equipment described 

In thls report, suggestions and constructive crl~lclsms were recei,ved 

from' many indlvlduals interested in the projbqt. Martin E. Nelson made 

a number of valuable suggestions in the deslgn and development of the 

samplers, and helpful suggestlons were also made by Arthur H. Fraaler, 

Ch'lef, Dlvlslon of Fleld ~quipment, U. S. Geolo@lcal Survey. 



0 .  Defin l t . ion  o f  a  depth- in tegnat ind  ,sampler--A depth-integrating 

sampler  is des igned to.accum111ate a  water-sediment  sample from a  s t r eam 

v e r t i c a l  a t  such a  r a t e  t h a t  t h e  v e l o c i t y  i n  t h e  nozz le  a t  p o i n t  of in-  

t a k e  i s  always a s  n e a r l y  a s  p o s s i b l e  i d e n t l c a l  wi th  t h e  immediate s t ream 

v e l o c i t y  wh i l e  running  t h e  v e r t i c a l  a t  a  uni form speed.  The in f lowing  

w a t e r - s e d l m e n t  m l x t u r e  c o l l e c t e d  w l l l  be w e i g h t e d a c c o r d i n g  t o  t h e  

in s t aneous  s t ream v e l o c i t y  a t  t h e  l o c u s  o f . t h e  In t ake  nqzz le  and,  t h e r e -  

f o r e ,  w i l l  be, r e p r e s e n t a t i v e  o f  t h e  sed lmen t  l g a d  i n  t h e  v e r t i c a l ,  A 

s lmp le  d e p t h - l n t e g r a t i n g  sampler  f i l l s  w h l l e  i t  , i s  be ing  lowered*f rom 

t h e  wa te r  s u r f a c e  t o  t he ,  s t r eam bed and while  be ing  r a l s e d  t g  t h e  sur- 

f,ace a g a i n .  A few o f  t h e  e a r l i e r  i n s t r u m e n t s  o f  t h i s  t y p e  p e r m i t t e d  

c l o s l n g  t h e  I n t a k e  nozz le  and a i r  exhaus t  upon r e a c h i n g  t h e  s t r eam bed 

s o  t h a t  a  sample could  be c o l l e c t e d  on t h e  descend'ing t r i p  o n l y ,  i f  de- 

s i r e d .  I p  e l t h e r  c a s e  t h e  s a m p l i n g  p e r i o d  s h ~ u l d  be l o n g  enough t o  

n e a r l y  fill t h e  container, bu t  not  s o  long a s  t o  comple te ly  f l l l  it l e s t  

some of t h e  accumulated sample should  escape through t h e  a l r  exhaus t .  

The p o l n t - l n t e g r a t l n g  sampler  desc r ibed  i n  Chapter  111 may a l s o  be 

used a s  8  s lmple  dep th - ln t eg ra t lng  sampler .  I n  a d d i t i o n ,  it may be used 

t o  c o l l e c t  samples  on e i t h e r  descending  o r  a scend ing  t r i p s ,  a s  t h e  In- 

t a k e  n o z z l e  and a i r  exhaus t  can  be c l o s e d  o r  opened a t  any dep th .  The 

use  O f  t h e  p o i n t - l n t e g r a t l n g  sampler  t o  c o l l e c t  dep th - In t eg ra t ed  samples 

i n  deep s t r eams  is d l squssed  i n  S e c t i o n  28. 

7. I n t a k e  n o z z l e  and f i l l l n g  characteristics--At any i n s t a n t  

du r lng  t h e  o p e r a t i o n  of a  dep th - ln t eg ra t lng  sampler ,  t h e  a i r  mass i n  t h e  



c o n t a i n e r  i s  a  f u n c t i o n  o f  t h e  h y d r o s t a t l c  head  and t h e  p r i o r  r a t e  o f  

f i l l i n g .  Fo r  t h e  pu rpose  o f  d e r i v i n g  s l m p l l f i e d  r e l a t i o n s h i p s  be tween  

t h e  f l l l l n g  and lower ing  r p t e s ,  it w l l l  be  assumed ( 1 )  t h a t  t h e  v e l o c i t y  

I n  t h e  n o z z l e  a t  p o i n t  of i n t a k e  i s  a lways  e q u a l  ts t h e  immediate  s t r e a m  

v e l o c l t y ,  (2) t h a t  a  t y p l c a l  v e l o c i t y  d i s t r l b u t i a n  i n  t h e  v e r t i c a l  p re -  

v a i l s ,  a n d  ( 3 )  t h a t  t h e  s a m p l e r  moves i n  a  v e r t i c a l  l i m e  w h i l e  i n  

t r a n s l t .  However ,  i n  t h l s  theoretical a n a l y s i s  t h e  r e q u i r e m e n t  o f  a  

un l form lower lng  r a t e  w l l l  be suspended.  A s  t h e  s amp le r  1s lowered  i n t o  

a  s t r e a m ,  q u f f i c l e n t  l l q u l d  must e n t e r  t h e  c o n t a l n e r  t o  compress  i n s t a n -  

t a n e o u s l y  t h e  l n s l d e  a l r  s o  t h a t  i t s  p r e s g u r e  b a l a n c e s  t h e  e x t e r n a l  

h y d r o ~ t a t l c  head .  In  o r d e r  t o  s a t l s f y  t h e  f i r s t  o f  t h e  above  assump- 

t i o n s ,  t h e  r a t e  o f  a l r  volume c o n t r a c t i o n  due  t o  I n c r e a s i n g  h y d r o s t a t l c  

p r e s s u r e  must  n e v e r  e x c e e d  t h e  n o r m a l  volume r a t e  o f  l l q u l d  l n f l o w .  

Hence t h e  maxlmum a l l o w a b l e  speed  o f  l o w e r i n g  t h e  s a m p l e r  o b t a i n s  when 

t h e s e  two f a c t o r s  a r e  e x a c t l y  e q u a l l z e d  w l t h o u t  a l r  e s c a p l n g  from t h e  

c o n t a l n e r .  

I f  t h e  no rma l  l n f l o w  st any  l n s t a n t  i s  l e s s  t h a n  t h e  a l r  volume 

r e d u c t l o n  n e c e s s a r y  t o  b a l a n c e  a  g l v e n  change  i n  h y d r o s t a t l c  head ,  t h e  

a c t u a l  l n f l o w  w i l l  o c c u r  p t  a  r a t e  h i e h e r  t h a n  t h e  l o c a l  s t r e a m  v e l o c i t y  

and ,  i n  a d d l t l o n ,  some l n f l o w  may o c c u r  t h r o u g h  t h e  a l r  p x h a u s t .  Sam- 

p l e s  c o l l e c t e d  u n d e r  t h e s e  c o n d l t l o n q  w l l l  no  l o n g e r  be w e i g h t e d  ac -  

o o r d l n g  t o  t h e  v e r t i c a l  v e l o c i t y  c u r v e .  On t h e  g t h e r  h a n d ,  i f  t h e  

normal  l n f l o w  e x c e e d s  t h e  a l r  volume r e d u c t l o n  n e c e s s a r y  t o  b a l a n c e  a  

g l v e n  change i n  h y d r o e t a t l c  head ,  a l r  w l l l  e s c a p e  from t h e  s amp le  con-  

t a i n e r ,  p e r m l t t l n g  t h e  a c t u a l  l n f l o w  t o  o c c u r  st  a  r a t e  e q u a l  t o  t h e  

stream v e l o c l t y ,  and t h e  sample  c o l l e ~ t e d  w l l l  b e  we lgh t ed  according t o  



t h e  v e r t l c a l  v e l o c i t y  cu rve .  The r e l a t l o n  o f  t h e  l o w e r l n g  and f i l l i n g  

r a t e s  and t h e i r  e f f e c t s  upon t h e  volume o f  a l r  i n  t h e  c o n t a l n e r  may be  

a n a l y z e d  i f  i t  i s  assumed t h a t  no  a i r  e s c a p e s  from t h e  c o n t a l n e r  and  

t h a t  t h e  a i r  i n  t h e  c o n t a l n e r  w l l l  be  compressed by t h e  chang lng  hydro- 

s t a t i c  head s o  t h a t  t h e  r e d u c t i o n  i n  a l r  volume i s  j u s t  ba l anced  by t h e  

l n f l o w l n g  wa t e r .  From B o y l e ' s  law i t  f o l l o w s  t h a t ,  

hV = hlVl . . . . . . - . . . . . . (11 

t h e  t e m p e r a t u r e  remain ing  c o n s t a n t .  

The symbols used i n  t h l s  r e p o r t  have t h e  following d e f l n l t i o n s :  

A n  - a r e a  o f  l n t a k e  n o z z l e  a t  e n t r a n c e ,  sq .  f t .  

D - v e r t l c a l  dep th  t o  any p o i n t  i n  t h e  s t r e a m ,  f t . ,  ' Da a t  
p o l n t  "a , ' ,  ' Db a t  p o i n t  "b . "  

Ds - dep th  o f  s t r e a m  o r  sampl ing  d e p t h ,  f t .  

d  - r a t l o  o f  dep th  a t  any p o l n t  t o  t h e . t o t a 1  d e p t h ,  = D/D9. 

h  - a b s o l u t e  p r e s s u r e  head a t  any d e p t h ,  = hl + D, f t .  

hl - a b s o l u t e  p r e s s u r e  head a t  wate r  s u r f a c e ,  = 34 f t .  of  
wa t e r  a t  s e a  l e v e l .  

r - r a t i o  o f  t h e  v e l o c i t y  a t  any p o l n t  i n  t h e  v e r t i c a l  t o  
t h e  mean s t r e a m  v e l o c i t y ,  = v/vm. 

ro - r a t l o  o f  t h e  ave r age  v e l o c i t y  from t h e  wa t e r  s u r f a c e  
down t o  p o l n t  " a "  t o  t h e  mean s t r e a m  v e l o c i t y ,  = vo/vm. 

RL - l owe r lng  r a t e ,  f t . / s e c .  

t - t lme  from s t a r t  o f  sampl ing ,  s e c .  

V - volume o f  a l r  i n  c o n t a i n e r  a t  any d e p t h ,  cu. f t . ,  ' V1 
a t  wa t e r  s u r f a c e ,  = Va a t  p o i n t  " a , '  = Vb a t  p o i n t  "b.' 

V1 - volume o f  c o n t a i n e r ,  cu.  f t .  (1 p$. = 0.01071 CU. f t .  I 

Vw - volume o f  wa t e r  i n  t h e  c o n t a i n e r  a t  any d e p t h ,  cu. f t .  



v  - stream v e l o ~ l t y  a t  any p o l n t  i n  t h e  v e r t l c a l ,  f t . / a e c .  

vm - mean s t r e a m  v e l o c i t y  i n  sampl ing  v e r t i c a l ,  f t . / s e c .  

vo - a v e r a g e  s t r e a m  v e l o c i t y  b e t u e e n  t h e  wa te r  s u r f a c e  
and p o l n t  "a"  f t . / s e c . ,  . rovm. 

The r a t e  o f  change i n  t h e  a i r  volume i n  t h e  conta l l ler  a t  any depth 

Is ob ta lned  b y  r e w r l t l n g  epua t lon  (1) and d l f f e ~ e n t i a t l n e  wl th  r e s p e c t  

t o  t h e .  

Vhe r a t e  o f  change i n  a l r  volume a t  apy depth may a i s o  be expressed  i n  

terms of t h e  a r e a  of t h e  in take  nozzle and r a t e  of inflow. 

The l o w r i n g  r a t e ,  RL , rrt any l n s t a n t  is obta lned by epuat lng (2) and 

( 3 )  and so lv iqg  f o r  d ~ / d t  . 

I t  w l l l  be noted t h a t  t h e  lowerlng r a t e  lndlcated by epuat lon ( 4 )  v a r i e s  

with t h e  depth 8nd velocity. Rearranglng and s u b s t l t u t l n g  f o r  v  and D, 
.I, 





4 s s ~ m e  a  unlform Lowerlng r a t e  and c o n s l d e r  two p@lnts.,,'!a''. and "by 

I n  t h e  v e r t l c a l  p a t h  o f  t h e  s ample r  n o z z l e  s u f f l c l e n t l y  n e a r  t o  e a c h  

o t h e r  s o  t h a t  p l r  l o s s  t h r o u t h t h e ,  e x h a u s t  i s  negligible w h l l e  t h e  

s amp le r  moves frdm, p o l n t  " a "  t o  p o l h t  "b."  

The a l r  volume a t  p o l n t  "a"  i s  

I n  movlng downward f rom " a "  t o  "b," t h e  h y d r o s t a t l c  p r e s s u r e  
. . . , .  . , . : .  . . . . . 

d l f f e r e n t l a l  c a u s e s  a  reduction i n  a l r  volume i n  o b e d l e n c e  t o  B o y l e ' s  
, . . . , . 

law. 

, . 
The change  i n  a l r  volume i s  

and t h e  r a t e  o f  change  of  a l r  volume becomqs 

I n t r o d u c i n g  t h e  e x y r e s s l o n  f o r  , V a  d e r l v e d  above  and a l l o u l n g  
, , , . ,  . . , , , . . 

A t  t o   approach^ z e r o  and " a "  t o  a p p r o a c h  " b , "  s o  t h a t ,  i n  t h e  l i m i t ,  

B u t  t h e  maxlmum a l l o w a b l e  s p e e d  o f  l o w e r l n g  t h e  s a m p l e r  ob- 

t a i n s  when t h e  r a t e ,  o f  a l r  volume c o n t r a c t i o n  dqe t o  increasing hydro-  

s t a t i c  p r e s s u r e  e x a c t l y  e q u a l s  t h e  normal  volume r a t e  of  l i q u l d  i n f l o w  



giveh by equation 13). 

Convertin$ to relative depth and veloclty, and solvine for the 

maxlmum relative translt rate 

Equation (6) may be solved for any stream depth and veloelty dls- 

tribution. As the lowerlng rate must be unlform for any one integra- 

tion, the maximum allowable lowering rate for any stream depth ls the 

smallest value of RL/vm obtainable from equatlon (6) for that depth. 

For depths'over 15.4 ft. the maximum permisslble uniform 1owe~InB rate 

is that shown for the surface of the stream where both equations ( 5 )  qnd 

(6) reduce to 

For depths less than 15.4 f$. the mqxlmum rate 'varies wiZh the depth and . . . . 
stream veloclty. -values if R ~ / V ~ '  ; the marlmum permissible unlform 

, . 
lowering rate wlth respect to the mean stream velocity, to be used with 

, . . .. .. 
intake nozzles of 1/8-, 3116- and 114-ln: diameter in streams of various 

depths as determined fron equation (6), are ~ h o w n  In ~ i k .  2. If the 

uniform lowering rate selected for given sampllng condltiocs does not 

exceed the maxlmum indicated by Fig. 2, air will escape from the con- 

tainer while the sampler is in transit. As the sampler descends, the 

pressure in the container will Sary directly with the hydrostatic pres- 
> ,  

sure'surrounding the sampler. The velocity in the nozzle st point of 



F l g ,  l ' . vou ld  v a f y  w l th  any ~ h a n g e  ..,...,. o -II - 0.2 
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' I n  t h e d i s t r l b u t l o n  o f  v e l o c l t l e s  
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' +' 
t h h  a e g t h  o f  , t he  s t r e a m ,  v   would . 6 

l n t a k e  w i l l  $ e  e q u a l  t o  t h e  l o o a l  , o,  I o 

10 

, e x p e l l e d  from t h e  c o n t a i n e r  a t  a  . 

e q u a l ' '  vm,  and e v a l u a t l l i k .  RL/vm 

f o r  8 ,  3 ' - n :  a n d  1 / 4 -  

In: d l ame te f  n o z z l e s  a t  t h e  wa t e r  
0 0.2 0.4 O.S 0.0 1.0 1.2 . ,"- 

j 10 r a t e  depdnden t  o n  t h e  l n f l o w  and 6 
b 

t h e  change i n  hydrostatic-head. ,' = ur 
C n 

The s h a p e  o f  t h e  c u r v e s  o f  
4 0  

..L,' 

s u r f a c e  woui 'd g i v e  ' v a l u e s  o f  . . 

F i g .  2--Maxlmun and  minimum v a l u e s  
0 .17,  0.89, and 0 . 8 9  ? e s p e c t l v e -  ' '  ' o f  RL/vm ' f o r  one-way d e p t h  : 

l a t e g r a t i o n  w l t h  s amp le  c o n t a l n e r  
:ly:: F o r  a a ! a h i p l e r  u d e d  f o r : ,  o f  o n e - p i n t  c a p a c l t y  . : ' 

depvh ' ~ l n ~ e g i . ' a t l o n f r o f i  t h e ' w a t e r  s u r f a c e  downward, ti-rese would be  t h e  

I 

. %  !'p 
1% 
I 
I 
1 

i 
1 ' 

t h e o r e t l c a l  l l n l t l n e  lower lng  r a t e s  r e g a r d l e r s  of  t h e  t l ep th  of s t r e a m .  

0. Mlnlmun t r a n s l t  r a t e - -The  mlninum l o w a r l n g  r a t e  w h i c h  w i l l  

a l l o w  t h e  gemple c o n t a l n e r  t o  become f u l l  j u s t  a t  t h e  i n s t a n t  t h e  sam- 

40 
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, :  

p l e r  r e a c h e s  t h e  bo t t om i s ' g l v e n  by t h e  e q u a t l o n  

Phe mfnimum v a l d e s  o f  t h e  r e l a t i v e  l ower lng  r a t e ,  RL/vm , g i v e n  by t h i s  

PO" 

e q u a t l o n  f o r  s amp le r s  o f  one-p ln t  c a p a c l t y  w l t h  i n t a k e  . n o z z l e s  o f  1/8-, 

20 

8o 



3 /18- ,  and 1 / 4 - i n .  d l a m e t e r  a r e  shown i n  F ig .  2 .  In computing t h e s e  

v a l u e s  i t  was assumed t h a t  t h e  s t ream would be sampled downward through- 

o u t  t h e  e n t i r e  d e p t h ,  and t h a t  a l r  wovld e scape  from t h e  container i n  

p r o p o r t l o n  t o  t h e  l l q u i d  l n f l o w  and t h e  change  i n  h y d r o s t a t l c  head.  

However, e q u a t l o n  ( 7 )  a p p l l e s  t o  mlnlmum t r a n s l t  r a t e s  f o r  upward a s  

w e l l  a s  f o r  downward i n t e g ~ a t l o n .  

10.  Other  l l q l t a t l ~ n s  on t r a n g l t  ra tes - -There  a r e  c e r t a l n  o t h e r  

f a c t o r s  lnvblved  i n  sedlment sampllsg whlch may tend  t o  p l a c e  a l l m l t  on 

t h e  lower lng  r a t e  somewhat l e s s  t han  t h e  computed maxlmum v a l u e s  shown 

I n  Fig .  2 ,  such a s ,  (11, t h e  equipment a v a l l a b l e  f o r  lowvplng and r a l e l n g  

t h e  sampler ,  and ( 2 )  t h e  v e l o c l t y  of t h e  s t ream r e l a t l v e  t o  t h e  veZocl ty  

of  t h e  sample r  when i n  t r a n s l t ,  The f l r s t  f a c t o r  1s a  v e r y  practical 

one,  a s  o r d l n a r y  s t r eam gaglng r e e l s  of 1- and 2-f t .  c lrcumSerences w l l l  

no t  perml t  t r a n s l t  r a t e s  g r e a t e r  t han  about  2  and 3.6 ft .  p e r  sec . ,  r e -  

s p e c t i v e l y .  The second f a c t o r  v a r l e s  wl th  t h e  t r a n s i t  r a t e  of t h e  sam- 

p l e r  and t h e  s t r e a m  v e l o c i t y .  Assumlng t h a t  t h e  a x l e  o f  t h e  l n t a k e  

nozz le  remalns . p a r a l l e l ,  t o  t h e  water  s u r f a c e  and t h e  sampler  moves along 

a  v e r t l c a l  l l n e  whlle  i n  t r a n s i t ,  t h e  v e c t o r  wh lch . r ep resen t s  t h e  water  

v e l o c l t y  relative t o  t h e  sampler  c r o s s e e  t h e  n o z z l e  a t  an ang le .  The 

r e s u l t l n g  f low,  t h e n e f o r e ,  approaches t h e  i n t a k e , n o z z l e  , a t  an ang le  and 

t h e  c o n d l t l o n s ,  i n s o f a r  a s  t h e  l n t a k e  nozz le  is conce rned ,  a r e  t h e  same 

a s  t hough  t h e  n o z z l e  weqe h e l d  i n  a  f l x e d  p o s l t l o n  b u t  a t  a  c o r r e -  

spondlsg  apg le  t o  t h e  l l n e s  o f  flow. The magnitude o f  e r r o r  due t o  t h e  

motiqn o f  t h e  sampler  i s  a f u n c t l o n  o f  (1) t h e  v e l o c l t y  o f  t h e  w a t e r ,  

( 2 )  t h e  t r a n s l t  r a t e  o f  t h e  sample r ,  and ( 3 )  t h e  p a r t l c a e  g l e e  o f  t h e  

sed lmen t  i n  s u s p e s s l o n .  , , 



The e f f e c t  of  o r i e n t i n g  t h e  s t andard  t e s t  nozz le  wl th  r e s p e c t  t o  

t h e  d l r e c t l o n  of flow, when i n  a  f lxed  hor izon ta l  p o s l t l o n ,  i s  descr lbed 

I n  Report No. 5. The teed d a t a  a r e  presented i n  Fig. 15  of  t h a t  r e p o r t  

I n  terms of  t h e  e r r o r s  i n  sedlment c o n c e n t r a t l o n . a n d  ' t he . ' r ' e l a t lve  sam- 
~. 

p L l n g r a t e  whlch l s t h e  r a t l o  of  t h e  ln take  nozz le  v e l o c l t y t o  t h e  l o c a l  

qtream ve loc l ty .  

The r e s u l t s ,  whlle informat lve ,  do not permlt an eva lua t lon  of  t h e  

e f f e c t s  of  o r l e n t l n g  t h e  nozzle  wl th  r e s p e c t  t o  t h e  d l r e c t l o n  of  flow 

under f l e l d  sampllng oondl t lons .  Such lnformbtlon could on ly  have been 

o b t a l n e d  by s e t t l n g  up t h e  d e s i r e d  r e l a t l v e  sampl lng r a t e s  w l t h  t h e  

nozzle p a r a l l e l  t o  t h e  flow l i n e s  and then r o t a t l n g  t h e  nozzle  t o  v a r l -  
-. 

ous angular  p o s l t l o n s  wlth no f u r t h e r  adjustment i n  t h e  flow conditions. 

, . ,% 

For 'comparatlve purposes  t h e  d a t a  i n  Fig.  15,  Repor t  No. 5 ,  have been 
. ~ , . , , . '  

r e p l o t f e d  baslng t h e  l n t a k e  r a t l o  on t h e  v e l o c l t y  vec to r  p a r a l l e l  t o  t h e  

n o z z l e ,  whlch u n d e r  f l e l d  s 'ampllng cpnd l t l ' ons  1s e p u l v a l e n t  t 0 , t h e  

stream v e l o c l t y .  The d a t a  as  r e p l o t t e d  a r e  shown i n  Fig. 3. 

A s t u d y  o f  t h e  curved o f  F$g. 3  l n d l c a t b s  t h a t  t h e  a n g l e  ( a )  a t  

whlch t h e  f J o w  a p p r o a o h e s , t h e  l q t a k e  nozz ie  h a s .  l l t t l e  e f f e c t  on thfe., 
. , . , . , . ,  

accuracy o f  sedlment samples c o l l e c t e d  a s  long a s  t h e  v e l o c l t y  i n  t h e  

l n t a k e  1s epu.al t o  t h e  stseam v e l o c l t y  vec to r  ( v  cos  a )  whlch i s  pa ra l -  

l e l ' t o  t h e  a x l e  of  t h e  l n t a k e  nozzle ,  and a s  long 6s . t h e  angle  ( a ) .  does 

no t  exceed 30°. The d a t a  f o r  an angle  of  100 a r e  not  p l o t t e d  bu t  would 

determine a  curve very  c lose  t o  t h a t  f o r  oO. 

The l a b o r a t o r y  t e s t s  desc r ibed  i n  Report  No.' 5  t o  determ1r.e t h e  

e f f e c t  of o r l e n t a t l o n  of  t h e  nozzle with r e s p e c t  t o  t h e  d l r e c t l o n  of t h e  

f low were l l m l t e d  t o  a  vdtandardlo i n t a k e  n o e e l e  and,  t h e r e f o r e ,  t h e  



I N T A K E  R A T I O .  I N  T A K E  VELOCITY 

' V GOS. a 

F.lg. 3- -6 . f fec t  o f  s m a l l  d e v l a t l o n s  f r o m  normal. n o a z l e  o r l e n t a t l o n  on 
e r r o r s  i n  s ed lmen t  c o n c e n t r a t l o n  

. . . . ,  , .  , 

r e s u l t s  a r e  n o t , e n t l p e l y  a p p l l c a b l e  t o  t h e  c o n d l t l o n s  p b t a l n l n g  when t h e  

l n t a k g  n o z a l e  i s  a  p a r t  o f  t h e  eample r .  The d l s t o r t l o n  o f  t h e  f l p ~ ,  

p a t t e r n  around t h e  sampler  w l t h  a  1-111. noza le  e x t e n s l o n  18 b e l l e v e d  t o  

be n e g l l g l b l e  when t h e  angle  of  t h e  r e l a t l v e  v e l o c l t y  is zero.  However, 

a s  t h e  angle  of r e l a t l v e  v e l o c l t y  i n c r e a s e s ,  t h e  zone qf d l s t o r t l o n  w l l l  

e v e n t u a l l y  i n t r o d u c e  some e r r o r .  T h l s  e r r o r  w l l l . a l s o  v a r y  w l t h  t h e  

d l r e c t l o n  of t h e  movement of t h e  sampler  owing t o  t h e  l o c a t l o n  o f  t h e  
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a i r  exhaust  a n d t h e  nonsymmetrlcal shape of  t h e  sample?. 
' > . . 

S t u d l e s  o f  t h e  s e v e r a l  f a c t o r s  l i m l t l n g  t h e  maxlmum t r a n s l t  r a t e s  
. . 

f o r  average sampllng conditions l n d l c a t e  t h a t  a  118-in., a n d g e n e r a l l y  a  
I 

3118-ln., l n t a k e  nozzle could be used f o r  t r a n s l t  r a t e s ,  a s  shown i n  Fig. 

2 Without in t roduc ing  apprec iab le  e r r o r s  i n  t h e  sedlment c o n t e n t  of  t h e  
. . 

sample c o l l e c t e d .  For  114-in.  i n t a k e  n o z z l e s  i t  w l l l  be n e c e s s a r y  t o  
7 . .  

r e d u c e  t h e  maximum lowering r a t e  f o r  b a s t  r e s u l t s .  The maximum s a t i s -  
i .  * .  

f a c t o r y  r a i s i n g  r a t e s  f o r  t h e  3118- and 114-in.  n o z z l e s  a r e  somewhat 

l e s s  t h a n  t h e  l o w e r i n g  r a t e s  f o r  s i m l l a r  c o n d i t i o n s .  I t  s h o u l d  be 
.. . . . 
remembered, however, t h a t  t h e  maximum t r a n s i t  r a t e s  w i l l  be used o n l y  

when sampl lng i n  s t r e a m s  w i t h  g r e a t  d e p t h s  and h l g h  v e l o c l t l e s .  When 
' .., . . . 

sampl ing  i n  average  s t r e a m s  t h e  f a c t o r s  t e n d i n g  t o  l i m i t  t h e  t r a n s i t  

r a t e s  w i l l  be o f  minor importance.  

When samples a r e  c o l l e c t e d  by lower ing t h e  sampler  t o  t h e  s t r e a m  
. . .I<- : 

bed and r a i s i g g  i t  t o  t h e  s u r f a c e ,  much t h e  same l l m i t a t i o n s  i n  t r a n s l t  
P 

r a t e  a p p l y  a s  p r e v i o u s l y  d i s c u s s e d .  The minlmum t r a n s i t  r a t e s  f o r  a  

g i v e n  d e p t h  must be twice  t h o s e  shown i n  F ie .  2 ,  i n  o r d e r  t o  complete  

t h e  r o u n d - t r i p  l n t e g r a t i o n  b e f o r e  t h e  sample c o n t a l n e r  i s  c o m p l e t e l y  

f l l l e d .  The maxlmum depth  of  sampllng on t h i s  b a s i s  i s  h a l f  of  t h a t  f o r  

downward i n t e e r a t i o n  i n  one d i r e c t i o n  only. 

11. Maximum sampling depth--Since t h e  maxlmum permissible uniform 

lower lng  r a t e  f o r  dep tha  over  1 0  f t .  Is t h a t  shown f o r  t h e  s u r f a c e  of 

t h e  s t r eam,  t h e  naxlmum sampling depth  i s  o b t a i n e d  by s u b s t i t u t i n g  t h e  

maximum v a l u e  f o r  RL/vm, from F i e .  1 i n  e p u a t i o n  ( 7 )  o r  Ds - 30 f t .  

T h a t  i s ,  by c l o s i n g  t h e  i n t a k e  and a l r  e x h a u s t  upon making c o n t a c t  

w i t h  t h e  s t r e a m  bed,  a  s t r eam 30 f t .  i n  d e p t h  c o u l d  be sampled if t h e  



v e l o c l t y  distribution is comparable t o  t h a t  shown i n  Flg. 1 f o r  a  t y p l -  

c a l  v e r t i c a l  v e l o c i t y  curve. When t h e  v e l o c l t y  d l s t r l b u t l o q  Is unlform 

i n  t h e  v e r t i c a l  s e c t l o n ,  _r i s  e q u a l  t o  u n l t y  a t  any p o l n t ,  and t h e  

maximum sampllng depth ,  Dg , w l l l  be 34 f t .  The maxlmum depth  t h a t  can 

be sampled by lowering and r a l s l n g  t h e  sampler a t  a  unlform t r a n s l t  r a t e  

would be one-hal f  o f  t h e  above v a l u e s  f o r  t h e  r e s p e c t i v e  c o n d i t l b n s .  

These l im i t i ng  d e p t h s  w l l l  o b t a i n  r e g a r d l e s s  of  nozz le  s i z e  and sample 

b o t t l e  c a p a c l t y .  

12. Shape and weight o f  sampler--In t h e  course  o f  t h e  i n v e s t i g a -  

t l o n  it was recognized t h a t  t h e  c o l l e c t i o n  of  sediment samples and ' the 

measurement o f  t h e  f low o f  s t r e a m s  a r e  v e r y  c l o s e l y  i n t e r r e l a t e d .  On 

o c c a s i o n  it mlgbt be ' d e s l r s b l e  t o  use  t h e  sampler a s  a  sounding weight 

o r  t o  c o l l e c t  samples by removing t h e  meter from t h e  hanger bar .  There- 

, , . . 

f o r e ,  f u l l  advantage was t aken  o f  t h e  f l e l d  work and e x p e r i e n c e  gained 
. . 

by t h e  U. S. Oeologlcal  Survey i n  t h e  des ign  of  a  s a t i d f a c t o r y  sound lng  

weight f o r  use  wi th  t h e  smal l  P r i c e  c u r r e n t  meter.  The p r e s e n t  C - t i p e  

soundlng weight,  (1)' varying i n  s i z e  from 15 t o  500 pouids ,  is t h e  re-  

s u l t  o f  a  progressive change i n  d e s i g n  o v e r  a  p e r i o d  o f  many y e a r s .  

Soundlng weights  o f  t h e  C-type have been u s e d f o r ' t h e  p a s t  15 y e a r s  and 

a r e  considered a  major improvement over e a r l i e r  models. 

S e v e r a l  lmportant  requirements  f o r  a  s a t i s f a c t o r y  sounding weight 

approximate t h o s e  f o r  a  sediment sampler ,  b u t  i n  a d d i t i o n  t h i  sampler  

must be shaped t o  accommodate a  container. Also, t h e  s t r e a m l l n l n g  must 

be such t h a t  t h e r e  w i l l  be a  minlmum d i s t u r b a n c e  t o  t h e  f low p a t t e r n ,  

* Numbers r e f e r  t o  r e fe rendes  i n  t h e  b lbl ldgraphy.  
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p a r t i c u l a r l y  i n  t h e  v l c l n l t y  of  t h e  I n t a k e  n o z z l e ,  I f  t h e  b e s t  l n t a k e  

c h a r a c t e r l s t l c s  a r e  t o  be o b t a l n e d .  

I n  t h e  d e s l g n  o f  t h e  e r p e r l m e n t t l  s ample r s  i t  became e v l d e n t  t h a t  
< .  . . , - 

I t  would be l m p r a c t i c a l  t o  d e s l g n  a  s l n g l e  sampler  t h a t  cou ld  be s a t l s -  

f a c t o r l l y  used  f o r  v e r y  l a r g e  r l v e r a  a s  w e l l  a s  f o r  v e r y  s m a l l  s t r e a m s .  

A s  w l t h  s o u n d l n g  w e l g h t s ,  i t  was a n t i c l p a t e d  t h a t  p o s s l b l y  s e v e r a l  

weight  s l z e s  would be needed i n  o r d e r  t o  s i m p l l f y  f l e l d  o p e r a t l o n s  and 

meet p r a c t l c a l  requl rements .  Llkewlse ,  it was e v l d e n t  t h a t  f o r  c e r t a l n  

t y p e s  o f  s t r e a m s ,  where sedlment  measurements can  be made by wading,  a  
, , 

hand sample r  c o u l d  be used  t o  advan tage .  However, s l n c e  t h e  p roposed  
. . 

equipment  was t o  be of an e x p e r l m e n t a l  n a t u r e  it  appea red  d e s l r a b l e  t o  

l l m l t  t h e  d e s l g n  t o  s ample r s  of moderate s l z e  and we lgh t  i n  o r d e r  t h a t  . . 

t h e y  mlght  be t e s t e d  o v e r  t h e  w l d e s t  r a n g e  o f  f l e l d  c o n d l t l o n a  aa  t h e  
, . 

f l f s t  p t e p  i n  t h e  o r d e r l y  development and s t a n d a r d l z a t l o n .  I n  t h e  e v e n t  
. , 

t h e  sample r  proved p r a c t l c a l ,  h e a v i e r  s a m p l e r s  c o u l d  t h e n  be made w l t h  

t h e  improvements  r e s u l t l n g  from t h e  f l e l d  t e s t s  and  t h e  b a s e  d e s l g n  

modlf led  t o  s u l t  t h e  r equ l r emen t s  o f  a  hand-operated sampler .  
, 

, 13. Type o f  suspens lon-- In  a n  e f f o r t  t o  a t a n d a r d l z e  t h e  t y p e  o f  

c o n n e c t l o n  n e c e s s a r y  t o  a t t a c h  t h e  sample r  c o n v e n l e n t l y  t o  a  sound lng  

l l n e !  I t  was d e c l d e d  t o  adopt  t h e  hange r  b a r  whlch h a s  been  deve loped  

and  w l d e l y  u s e d  by  t h e  Geological S u r v e y  w i t h  t h e  C- type  s o u n d l n g  
, , 

w e l g h t .  Wlth t h l s  t y p e  o f  c o n n e c t l o n ,  c o n c u r r e n t  s t r e a m  g a g l n g  and 

sedlment  sampllng w l l l  be f a c l l l t a t e d  i n  t h e  f l e l d .  It is a l s o  b e l l e v e d  

t h a t  B c u r r e n t  m e t e r  c a n  be  c o n v e n l e n t l y  r a t e d  w l t h  t h e  s a m p l e r  a s  a  

soundlng  welght  i f  such  an ar rangement  is c o n s l d e r e d  n e c e s s a r y .  Thus,  . . 
t h e  equlpment and suspens lon  c o u l d  be standardized f o r  f l e x l b l l l t y  and 



g e n e r a l  u t i l l t y  f o r  a v a r i e t y  of  f l e l d  c o n d i t ' i o n s .  However ,  I n  t h i s  

c o n n e c t l o n  it  s h o u l d  be  emphas ized  t h a t  t h e  s a t l a f a c t o r y  o o l l e c t i o n  o f  

s a m p l e s  w i t h  t h e  c u r r e n t  m e t e r  ad spended  above t h e  s a m p l e r  w i l l  d epend  

upon  t h e  d e e r e e  o f  e r r o r  i n t r o d u c e d ,  i f  any ,  by t h e  e f f e c t  o f  t h e  c u r -  

r e n t  meter upon t h e  f l o w  p a t t e r n  a round  t h e  I n t a k e  n o z z l e  and t h e  a i r  

e x h a u s t .  

Expe r i ence  i n  making cu r r en t - i ne t e r  measurements ha* l e d  t o  t h e  u s e  
, 

and deve lopmeh t  o f  r e e l s  and  o r a n e a '  t o  s i m p l i f y  o k r a t i o n 9  and i i p r o " e  
, . . : . . 

t h h  a c c u r a c y  o f  th;  f i i l d  bark. . ~ l m i i a r  e g u l p m e n t  c a n  be  'used t o  a 

d e c l d e d a d l a n t a g e  i n  a s ed imen t  ' sampl ln@ pro t ram.  
. 

14. Type of  t a l l  vanes--1n t h e  moat r e c e n t  d e s i g n s  o f  i a m p l e r  
. . , . 

t a l l  v a n e $ ,  a i n o d i f i e d  form o f  t h e  t y p e  i n  u s e  on  t h e  citanda;d C-type 
c . , .  ; : , . . ., . 

c " r r e n t  m e t q r  sound ing  w e i g h t  was adob t ed .  ~ x t e n s i v a  l a b o r a t o r y  teats  
. . .  . ?  I . -  , . . 

i n  a g 1 a s . i  f l u &  i n d i c a t e d  t h a t  t h e s e  v a n e s  a r e  q u i t e ' e f f e c t i v e  a i d ,  
. . ' ~ , ,  + . . ,  . , . . , 

when p r o p e i i y  d e s i g n e d ,  e l i m ~ n a t e  p r a o t l c a l l y  a l l  t e n d e n c i  f o r  t h e  sam- 
, . .. . 

. L .  t , , . < . ., .i. , 

p l e r  t o  yaw. The a r e a  o f  t h e  h o r i z o n t a l  vane was r e d u c e d  t o  a mlnluum 
, . 8 .  , . < ,  . 

I n  o r d e r  t o  k e e p  t h e  i n t a k e  n o z z l e  ess;nt;ali;' h o r l z b n t a l  w h i l e  i n  
,. , 

t r a n i l t .  i f  t h e  d r e a  of  t h e  vane  were l a r g e  enoudh t o  c a u s e  t h e  bampler  
- . . . . ,  : ,  , 

t o  t i l t  up o r ' d o i n  a p p r e c i a b l y ,  t h e  i n c l i n a t i o n  v a r y i n g  w i t h  t i e  . t r a n s i t  

r a t e ,  v a r i a b l e  i n t a k e  velocities i n  t h e  n o z z l e  would r e a u l t .  ~ u r t h b r -  

more, if t h e  s a m p l e r  t l p s  appreciably when descending, t h e  i n t a k e  n o z z l e  
~. . , .  

may nose  i n t o  t h e  s t i e a m  bed; and an  ei+oneou$ sample would bd obt 'ained. 

T h l s  c o n d l t i o n  c o u l d  r e a d i l y  o c c u r  i f  t h e  s t r e a m  bed were composed o f  

d u n e s  o f  s a n d  o r  o t h e r  f i n e  m a t e r i a l .  Due t o  i ts  I r r e g u l a r  s h a p e ,  t h e  

s a m p l e r  a s  c o n s t r u c t e d  w l l l  t i l t  up and  down, b u t  o n l y  a few d e i r e e s  
.. , ,'. 

when o p e r a t e d  a t  o r d i n a r y  t r a n s l t  r a t e s .  



15.  Type o f  con ta ine r s - - In  s e l e c t i n g  a  c o n t a i n e r  f o r  t h e  sample r ,  

a  number o f  f a c t o r s  had t o  be cons ide red .  The c o n t a i n e r  s h o u l d  be o f  a  

s t a n d a r d  t y p e  wh ich  c a n  be  p r o c u r e d  r e a d i l y .  I t  s h o u l d  be  made o f  

t r a n s p a r e n t  m a t e r i a l  and be e a s i l y  s e a l e d  f o r  t r a n s f e r  t o  t h e  l a b o r a -  

t o r y .  It i s  a l s o  d e s i r a b l e  t h a t  t h e  shape  o f  t h e  c o n t a i n e r  be such  t h a t  

i t  w i l l  have a  maximum i n s i d e  volume and s t i l l  be compact s o  a s  t o  r e -  

duce  t h e  o v e r - a l l  s i z e  o f  t h e  sample r .  F u r t h e r m o r e ,  i t  s h o u l d  be con- 

s t r u c t e d  s o  a s  t o  reduce  t h e  l a b o r a t o r y  work t o  a  minlmum. 

A s t a n d a r d  f r u i t  j a r  o f  one -p in t  c a p a c l t y  was f i r s t  s e l e c t e d ,  a s  

t h e  shape  i s  s l m i l a r  t o  t h a t  o f  a  s p e c l a l  t y p e  o f  c o n t a i n e r  t h e n  unde r  

c o n s i d e r a t i o n .  However, due t o  l a c k  o f  m a t e r i a l s  and f a c i l i t i e s ,  t h e  

d e v e l o p m e n t  o f  a s p e c i a l  c o n t a i n e r  was n o t  f e a s i b l e  and a  p i n t  m i l k  

b o t t l e  was f l n a l l y  adopted.  Because o f  a  number o f  d e s i r a b l e  f e a t u r e s  

t h i s  c o n t a i n e r  had a l r e a d y  been  

adop ted  by s e v e r a l  o r g a n i z a t i o n s  

engaged i n  measuring t h e  q u a n t i t y  

and c h a r a c t e r  o f  s ed imen t  t r a n s -  

p o r t e d  by s t r e a m s .  

The tlme n e c e s s a r y  t o  f i l l  

a  o n e - p i n t  c o n t a i n e r  a t  v a r i o u s  

i n t a k e  v e l o c i t i e s  w i t h  n o z z l e s  o f  

1/8-, 3/10-, and 1 /4- in .  d l ame te r  

is shown i n  Fig .  4. 

10.  C o n s t r u c t i o n  and t e s t -  

ing  o f  samplers--The f i r s t  s t a g e  Fig .  4 - -Re la t ion  o f  f l l i i n g  t . n c  
t o  i n t a k e  v e l o c i t y  f o r  a one-  

i n  t h e  d e v e l o p m e n t  o f  a  d e p t h -  p i n t  c o n t a i n e r  







0 f t .  p e r  s e c .  The t y p e  o f  s u s p e n s l o n  u s e d  i s  l l l u s t r a t e d  i n  FIB. 7.  

F i g .  7--Apparatus f o r  t e s t l n g  s a m p l e r s  i n  l a b o r a t o r y  c h a n n e l  

T h i s  p r o c e d u r e  s e r v e d  a  d o u b l e  p u r p o s e  i n  t h a t  i t  a f f o r d e d  an e x c e l -  

l e n t  o p p o r t u n i t y  t o  s t u d y  t h e  b e h a v i o r  o f  t h e  s a m p l e r  a t  d l f f e r e n t  

v e l o c i t l e s  and i t  a l s o  made it  a  s l m p l e  m a t t e r  t o  c a l i b r a t e  t h e  sam- 

p l e r  and t h e r e b y  a s c e r t a i n  t h e  r e l a t i o n  be tween t h e  f i l l l n g  r a t e  and  

t h e  s t r e a m  v e l o c i t y .  I n  o r d e r  t o  a c c o m p l l s h  t h l s ,  t h e  n o z z l e  and  

a i r  e x h a u s t s  were  p l u g g e d  w i t h  s m a l l  c o r k s  w h l c h  c o u l d  be  removed 

q u l c k l y .  The g e n e r a l  p r o c e d u r e  was t o  l o w e r  t h e  s a m p l e r  t o  a  p o i n t  

i.0 f t .  be low t h e  w a t e r  s u r f a c e ,  t h e n  remove t h e  c o r k s  and  s t a r t  a 

s t o p  watch  a t  t h e  same i n s t a n t .  The i n l t i a l  i n r u s h  a t  t h l s  d e p t h  and 

t h e  e r r o r  i n t r o d u c e d  t h e r e b y  were c c n s i d e r e d  n e g l i g l b l e .  A t  v a r y i n g  

t i m e  i n t e r v a l s ,  t h e  s a m p l e r  was r n l s e d  from t h e  w a t e r ,  t h e  wa tch  was 

s t o p p e d ,  and t h e  t l m e  o f  sampl ing  and volume o f  w a t e r  i n  t h e  c o n t a i n e r  

were  r e c o r d e d .  From t h e s e  d a t a  t h e  l n t a k e  v e l o c l t i e s  were  computed .  

The s t r e a m  v e l o c i t i e s  a t  t h e  same p o l n t  were  m e a s u r e d  w l t h  a  P r l c e  

c u r r e n t  m e t e r .  

The r e s u l t s  of t h e s e  calibration t e s t s  u s i n g  b o t h  t h e  s t r a l g h t  

and t a p e r e d  n o z z l e s  a r e  p r e s e n t e d  i n  F i g .  R and show t h a t  t h e  i n t a k e  
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t h e  body f o r  a  p i n t  f r u l t  j a r  sample  c o n t a l n e r .  The t a l l  v a n e s  were  

welded t o  t h e  c y l i n d e r  and t o  a  c i r c u l a r  p l a t e  whlch formed t h e  bottom 

o f  t h e  s a m p l e  c o n t a l n e r  r e c e s s .  A w e l l  was a t t a c h e d  t o  t h e  b o t t o m  

p l a t e  l n t o  whlch a  s p r l n e  was l n s e r t e d  t o  f o r c e  t h e  c o n t a i n e r  f l r m l y  up 

a g a l n s t  a  g a s k e t  f l t t e d  l n t o  t h e  sampler  head. A s  b e f o r e ,  t h e  sampler  

was p laced  i n  a  mold and a  l ead  j a c k e t  c a s t  around i t  t o  form t h e  body. 

The second exper lmenta l  model was t e s t e d  i n  t h e  l a b o r a t o r y  i n  t h e  

same manner a s  t h e  f l r s t  model. The sample r  was lowered i n t o  f lowlng  

Water t o  s t u d y  i t s  performance a t  a  f l x e d  dep th  a t  h igh  and low v e l o c l -  

t i e s ,  and c a l i b r a t i o n  t e s t s  were a l s o  made. Flg. 10 shows t h e  t e s t  d a t a  

f o r  a  3/10-ln. d iameter  l n t a k e  nozz le  wl th  a  s t r a l g h t  bore.  

I n  o r d e r  t o  s t u d y  t h e  a c t l o n  o f  t h e  sampler under practical con- 

d l t i o n s ,  a  number o f  samples were c o l l e c t e d  from t h e  Iowa R l v e r  a t  t h e  

gaglng s t a t l o n  l o c a t e d  i m -  

mediately s o u t h  o f  t h e  HY- 

d r a u l l c  L a b o r a t o r y  o f  t h e  

S t a t e  U n l v e r s l t y  o f  Iowa. 

T h e s e  t e s t s  a f f o r d e d  t h e  

f l r s t  o p p o r t u n l t y  t o  s t u d y  

t h e  s a m p l e r  u n d e r  f i e l d  

c o n d l t l o n s  i n  w h l c h  t h e  

sampler  was suspended from 

a  s t a n d a r d  r e e l  mounted on 

0 I 2 3 4 5 
YELOClTI AT3AYPLINO P O I N T - P T l d E C  a  c a b l e  c a r .  The s a m p l e s  

F l g .  10--Intake c h a r a c t e r l s t l c s  o f  were analyzed i n  t h e  labor-  
eecond e x p e r l n e n t a l  d e p t h - l n t e g r a t l n g  

sampler  a t o r y  t o  d e t e r m l n e  t h e  



s e d i m e n t  c o n c e n t r a t l o n  and d i s s o l v e d  s o l l d s  c o n t e n t .  S l n c e  t h e  Iowa 

River  u s u a l l y  c a r r l e s  f l n e  sedlment ,  a l l  t h e  samples had about  t h e  same 

c o n c e n t r a t l o n .  However, t h e s e  t e s t s  l n d i c a t e d  t h a t  f u r t h e r  lmprovements 

I n  t h e  sampler should  be made. 

19. Th l rd  e x p e r l m e n t a l  d e p t h - l n t e g r a t l n g  sampler--The t h l r d  ex- 

p e r l m e q t a l  sediment  sampler  embodled t h e  b e s t  f e a t u r e s  o f  t h e  two pre- 

v i o u s l y  c o n s t r u c t e d  s a m p l e r s  and some added improvements  whlch were  

ufiique t o  t h i s  model. The t a i l  vanes were changed t o  conform w i t h  t h o s e  

used on t h e  USGS 50-lb. C-type soundlng weight and t h e  sampler was b u l l t  

s o  t h a t  i t  could  be suspended from a  s t a n d a r d  hanger b a r .  T h l s  sampler  

was f i t t e d  wi th  two s t u d s  on t h e  bottom s o  t h a t  i t  could  be s e t  u p r i g h t  

when n o t  i n  use  and would no t  o v e r t u r n  w i t h  t h e  sample r  and a  c u r r e n t  

me te r  a t t a c h e d  t o  t h e  same hanger  ba r .  The sample r  body was made en- 

t i r e l y  o f  c a s t  b r a s s  and i ts  weight was reduced t o  about  32 l b s .  

This  sampler was f l t t e d  wl th  an  a u x i l l a r y  head wi th  a  v a l v e  which, 

when r o t a t e d ,  c l o s e d  t h e  i n t a k e  n o z z l e  and a l r  e x h a u s t .  When a  f o o t  

l e v e r  a t t a c h e d  t o  t h e  bottom o f  t h e  body made c o n t a c t  w l t h  t h e  s t r e a s  

bed, t h l s  v a l v e  was a c t u a t e d ,  t h e r e b y  maklng it  p o s s i b l e  t o  i n t e g r a t e  a  

s t r e a m  v e r t i c a l  on t h e  deecend lng  t r i p  a l o n e ,  i f  d e s i r e d .  With t h i s  

f e a t u r e  i t  would be p o s s l b l e  t o  t a k e  dep th - ln tegra ted  samples i n  s t r e a m s  

which a r e  t o o  deep t o  sample w l t h  t h e  p r e v l o u s  model. Pho tographs  o f  

t h l s  sampler t o e e t h e r  wi th  t h e  a u x l l l a r y  head a r e  shown i n  Fig.  11. 

This  sampler was calibrated i n  one o f  t h e  l a b o r a t o r y  f lumes,  us lng 

a  p r o c e d u r e  somewhat d i f f e r e n t  from t h a t  used i n  t h e  1 0 - f t .  c h a n n e l .  

The v e l o c l t y  a t  t h e  s a m y l l n g  p o l n t ,  u s u a l l y  a b o u t  0 . 5  f t .  be low t h e  

wa te r  s u r f a c e ,  was determlned wi th  a  p l t o t  tube .  No corks  were used t o  





c l o s e  t h e  i n t a k e  o r  a i r  e x h a u s t .  S l n c e  t h e  v e l o c i t y  i n  t h e  f lume was 

n e a r l y  un i fo rm i n  t h e  upper  0 . 5  f t .  of d e p t h ,  t h e  e r r o r  i n t r o d u c e d  by 

l o w e r l n g  t h e  s a m p l e r  i n t o  t h e  w a t e r  and r a i s l n g  i t  a t  t h e  end  o f  t h e  

sampl ing  p e r i o d  by means of a  r e e l  was b e l i e v e d  t o  be q u i t e  s m a l l .  I n  

t h e  I n t a k e  calibration tes t s  t h e  f l l l i n g  t l m e  was measu red  f rom t h e  

i n s t a n t  t h e  n o z z l e  was submerged u n t i l  i t  was b r o u g h t  up o u t  o f  t h e  

w a t e r  a g a l n .  

The p l t o t . t u b e  c o e f f i c i e n t  was de termined wi th  a  pygmy meter  which 

had b e e n  c a l i b r a t e d  by t h e  U. S .  Bureau  o f  S t a n d a r d s .  The v e l o c i t y  

measurementa ob ta lned  w l t h  t h e  p l t o t  t u b e  were c o n s i d e r e d  more a c c u r a t e  

t h a n  t h o s e  o b t a i n e d  w i t h  t h e  c u r r e n t  meter  because  t h e  p l t o t  t u b e  c o u l d  

be h e l d  r i g i d l y  a t  a  p o l n t  a t  t h e  same l e v e l  and d l r e c t l y  ahead  o f  

t h e  sample r  n o z z l e ,  whereas t h e  c u r r e n t  me te r  d l d  n o t  always r e m a i n i n  

a  f l x e d  location, belng  swung back and f o r t h  t r a n s v e r s e l y  by. t h e  tu rbu -  

l e n t  flow. 

The Improved t a i l  v w e s  and t h e  h a n g e r  b a r  t y p e  o f  s u s p e n s i o n  

g r e a t l y  i m p r o v e d t h e  a c t i o n  of  t h e  sampler  throughout  t h e  v e l o c i t y  range  

o f  1 t o  5 f t .  p e r  sec.  A s  a  f u r t h e r  t e s t ,  t h e  sample r  was i n t r o d u c e d  

I n t o  t h e  f l o w  a t  v a r y l n g  a n g l e s  w i t h  t h e  c u r r e n t  a n d e a c h  t l m e  i t  

r i g . h t e d  I t s e l f  v e r y  q e l c k l y .  T t  was n o t e d  a l s o  t h a t  t h e  s a m p l e r  had 

no tendency t o  whlp abou t  a s  d i d  e a r l l e r  models. 

The s t a n d a r d  head was e q u i p p e d  w i t h  a  3 / 1 8 - i n .  d i a m e t e r  i n t a k e  

n o z z l e  w l t h  a  s t r a i g h t  .bore 1-518 i n .  long fo l lowed  by  a  s e c t l o n  1-3 /4  

In .  l ong ,  t a p e r e d  11.4 in .  p e r  f t .  The a u x i l l a r y  head was equlpped w l t h  

t h e  e q u i v a l e n t  of a  3118-in. d i ame te r  nozz le  3-718 i n .  long,  t h e  t a p e r e d  

s e c t i o n  be lng  3 / 4  i n .  i n  l e n g t h .  R e s u l t s  of t h e  c a l i b r a t i o n  tes ts  f o r  



both t h e  s t andard  and auxiliary heads a r e  shown i n  Fig .  12. 

Sediment samples were t a k e n  w l t h  t h i s  sampler  a l s o  i n  t h e  Iowa 

River a t  the  gaging s t a t i o n  

near the  Unlvers l ty  Hydrau- 

l i c  L a b o r a t o r y ,  and a  de- 

c lded lmprovement i n  behav- 

i o r ,  i n  r e s p e c t  t o  t h e  

e a r l i e r  models, was noted.  

20. F o u r t h  e x p e i l -  

m e n t a l  d e p t h - l q t e g r a t l n g  

sampler--Although t h e  t h i r d  

s a m p l e r  was f a l r I y  s a t l s -  

f a c t o r y ,  I t  was declded t o  

F ig .  12--Intake c h a r a c t e r l s t l c s  of c o n s t r u c t  a n o t h e r  mode l  
t h i r d  e x p e r i m e n t a l  d e p t h - l n t e g r a t i n g  

sampler  u t l l l z ' l n g  a  p l n t  m l l k  

b o t t l e  a s  a  c o n t a l n e r .  Th i s  change was made because p l n t  mllk b o t t l e s  

were bel ieved t o  be more r e a d l l y  a v a i l a b l e  on t h e  market, s t u r d l e r ,  and 

e a s i e r  t o  handle. Also, t h e  use of waxed paper s e a l l n g  caps would s l m -  

p l l f y  t h e  f l e l d  and l a b o r a t o r y  work. 

I n  each of t h e  prevlous '  samplers ,  t h e  a l r  was exhausted from t h e  

f r u i t  j a r  con ta lne r  by means of a 3110-ln. diameter tube through t h e  top  

O f  t h e  head. The e l e v a t l o n  o f  t h e  end of t h e  e x h a u s t  tube  above t h e  

c e n t e r  l l n e  o f  t h e  l n t a k e  n o z z l e  v a r l e d  from 1-314 i n .  t o  2-314 i n .  

F l l l l n g  r a t e s  i n  t h e s e  samplers were somewhat i r r e g u l a r  and too  hlgh a t  

low v e l o c l t l e s .  F u r t h e r  s t u d y  of t h e  f a c t o r s  a f f e c t l n g  t h e  i n t a k e  

a c t i o n  l n d l c a t e d  t h a t  t h e  h e l g h t  of  t h e  a l r  e x h a u s t  above t h e  i n t a k e  









h e a d  a r e  s h o w n  i n  F i g .  17. 

T h e s e  n o z z l e s  were  3 - 1 / 2  i n .  

long  and had t h e  l n n e r  end t a -  

p e r e d  1 / 4  i n .  p e r  f t .  f o r  

l eng ths  of  3 / 4 ,  1-3/4, and 1 - l /2  

In . ,  r e s p e c t i v e l y .  The t a p e r  i n  

t h e  5/32-in.  nozz le  d l d  not  in-  

c r e a s e  t h e  v e l o c l t y  a s  might be 

e x p e c t e d .  An e x a m l n a t l o n  o f  

t h i s  nozzle  a f t e r  t h e  t e s t s  were 

Fig.  17-- Intake  c h a r a c t e r l s t i c s  o f  made l n d i c e t e d  some i r r e g u l a r i -  
f o u r t h  exper lmenta l  depth-integrating 

sampler t i e s  i n  t h e  bore whlch apparent-  

l y  reduced t h e  e f f e c t i v e n e s s  o f  t h e  t a p e r .  

R e s u l t s  o f  s l m i l a r  t e s t s  on t h e  two a u x l l l a r y  heads  p r e v i o u s l y  

d e s c r l b e d  a r e  shown i n  F ig .  18. 

T h l s  s a m p l e r  was g l v e n  a  

g r e a t e r  number o f  f l e l d  t e s t s  

t h a n  t h e  e a r l l e r  models. Sed i -  

ment samples  were t e k e n  i n  t h e  

Cedar R lver  n e a r  C o n e s v l l l e  and 

I n  t h e  Iowa R l v e r  a t  Iowa C l t y  

and nea r  C o r a l v l l l e .  R e s u l t s  of 

t h e s e  t e s t s  l n d l c a t e d  t h e  neces- 

s l t y  o f  having t h e  v e r t i c a l  t a l l  

vane  e x t e n d e d  below t h e  bot tom Fig.  10--Intake c h a r a c t e r l s t l c a  o f  
a u x l l l a r y  heads f o r  f o u r t h  e x p e r l -  

o f  t h e  sampler i n  o r d e r  t h a t  t h e  mental  d e p t h - i n t e g r a t i n g  sampler  
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sample r  might  o r i e n t  i t s e l f  more r e a d i l y  b e f o r e  be ing  lowered  i n t o  t h e  

s t r eam.  I t  was found a l s o  t h a t  t h e  t a l l  v a n e s ,  a s  o r i g i n a l l y  d e s i g n e d ,  

t l p p e d  t h e  sampler  e x c e s s l v e l y  a t  medlum and h lgh  t r a n s i t  r a t e s ,  t h e r e b y  

i n c r e a s i n g  t h e  i n t a k e  v e l o c l t y  beyond t h a t  o f  t h e  s t r eam.  

The f o l l o w i n g  I m p r o v e m e n t s ,  n o t  I n c o r p o r a t e d  i n  t h e  e a r l l e r  

models ,  were e f f e c t e d  i n  t h e  d e s i g n  and c o n s t r u c t i o n  o f  t h e  f o u r t h  ex- 

p e r i m e n t a l  d e p t h - i n t e g r a t i n g  s a m p l e r .  ( 1 )  The a i r  e x h a u s t  p o r t  was 

l o w e r e d  t o  r e d u c e  t h e  s t a t i c  d i f f e r e n t i a l  be tween  it  and t h e  I n t a k e  

nozz le .  The nodu la r  e n c l o s u r e  was s t r e a m l l n e d  t o  minimize t u r b u l e n c e  a t  

t h e  o u t l e t  end o f  t h e  a i r  exhaus t  t ube .  ( 2 )  The t a i l  vanes  were a l t e r e d  

somewhat from t h o s e  shown i n  F ig .  13 i n  o r d e r  t o  keep t h e  I n t a k e  n o z z l e  

e s s e n t i a l l y  h o r i z o n t a l  w h i l e  i n  t r a n s i t .  131 A c o i l  s p r i n g  was p l a c e d  

i n  t h e  bot tom o f  t h e  c o n t a i n e r  r e c e s s  t o  p r e s s  t h e  mouth o f  t h e  b o t t l e  

f i r m l y  a g a l n s t  t h e  sponge r u b b e r  s e a l l n g  g a s k e t . i n  t h e  head o f  t h e  sam- 

p l e r .  ( 4 )  The s t u d s  p r o v l d e d  on  t h e  bot tom o f  t h e  t h i r d  s a m p l e r  were 

e l l m i n a t e d  and I n s t e a d  t h e  bottom o f  t h e  s a m p l e r  was f l a t t e n e d  s o  t h a t  

I t  would remaln u p r i g h t  when r e s t i n g  on t h l s  f l a t , a n d  on t h e  bottom edge  

of t h e  v e r t i c a l  t a l l  vane. ( 5 )  The a i r  e x h a u s t s  on t h e  a u x i l i a r y  heads  

were l l k e w i s e  r e l o c a t e d  and s h i e l d e d  f o r  p r o t e c t l o n ,  t h e  s h l e l d s  b e i n g  

s t r e a m l i n e d  i n  o r d e r  t o  reduce  t h e  t u r b u l e n c e  a t  t h e  o u t l e t  end. 

21. F i f t h  expe r imen taL  d e p t h - l n t e g r a t l n g  sampler--The f l f t h  ex -  

p e r l m e n t a l  s a m p l e r  was v e r y  s i m l l a r  t o  t h e  f o u r t h  model and l d e n t l c a l  

w i t h  t h e  30-lb.  s a m p l e r s  c o n s t r u c t e d  f o r  t h e  c o o p e r a t i n g  a g e n c i e s  f o r  

f l e l d  t e s t l n g .  P h o t o g r a p h s  o f  t h e  s a m p l e r  a r e  shown i n  F i g .  1 9  and a  

working drawing i n  F i g .  20. The e x t e r i o r  shape  o f  t h e  a i r  e x h a u s t  was 

r e p r o d u c e d  on  t h e  wood p a t t e r n  u s e d  i n  maklng t h e  s a n d  molda f o r  t h e  







sampler  heads and t h e  a i r  passage  was d r i l l e d  i n  t h e  f i n i s h e d  c a s t i n g .  

The body was c a s t  i n  two h a l v e s  which were s u k s e q u e n t l y  f i t t e d  and 

j o i n e d  t o g e t h e r  by sc rews .  The t a i l  vbnes ,  adop ted  from t h e  develop-  

ments  made i n  t h e  f o u r t h  sample r ,  were made o f  s t e e l  and were n i c k e l -  

p l a t e d  t o  reduce  corrosion. The sampler  was balanced under water  a s  t h e  

c e n t e r  o f  b u o y a n c y , d i d  n o t  c o i n c i d e  w i t h  t h e  c e n t e r  o f  g r a v i t y .  The 

38 - lb .  s ample r  has  n o t  been g e n e r a l l y  u sed ,  and i s  no l o n g e r  manufac- 

t u r e d .  The b o t t o r  t r i p p i n g  a e v i c e s  used w i t h  t h e  a u x i l i a r y  heads  d i d  

not  prove  v e r y  p r a c t i c a l  f o r  r o u t i n e  f i e l d  work and t h e  development o f  

t h e s e  m o d i f i c a t i o n s  has  been suspended.  

A SO-$b. model o f  t h e  f i f t h  d e p t h - i n t e g r a t i n g  s a m p l e r , ' d e s l g n a t e d  
' ,  

US D-43, was c o n s t r u c t e d  f o r  f i e l d  t e s t l n g  by t h e  cooperating i g e n e i e s .  . . 

T h i s  sampler  was e s s e n t i a l l y  s l m i l a r  t o  t h e  38-lb. model excep t  t h a t  i t  

was l a r g e r  and h e a v l e r ,  and t h e  body was c a s t  i n  vne p i ece .  The 50-lb.  

sampler  was l a t e r  provided wi th  a  more rugged c a t c h ' f o r  hold lng  t h e  head 

i n  t h e  c l o s e d  p o s l t l o n .  T h i s  model h a s  proved v e r y  p r a c t i c a l  and h a s  

had ex t r eme ly  wide use  i p  r o u t l n e  sediment  Work. Photographs a r e  shown 

I n  Fig .  2 1 , a n d  a  worklng drawing i n  F ig .  22. 

The 1 a b o r a t o r y . t e s t s  on t h e  E l f t h  s ampie r  were s i m l l a r  t o  t h o s e  

made on t h e  e a r l i e r  models but  t h e  v e l o c i t y  range was Inc reased  t o  7 f t .  

p e r s q c .  R e s u l t s  o f  t e s t s  w i t h  t h e  3116-In.' and 118-111. d i a m e t e r  

n o z z l e s  a r e  ehown i n  F ig .  23. The 3116-in. n o z z l e  had a  s t r a i g h t  bore  

2-318 in .  long fo l lowed by a  1-14. s e c t l o n  tapened 114 i n .  p e r  f t .  The 

118-in. nozz le  had t h e  same ove r -a l l  l e n g t h ,  but  t h e  t a p e r e d  s e c t i o n  was 

i n c r e a s e d  t o  a l e n g t h  o f  1-112 i n .  

A few f i e l d  t e s t s  r e l a t i v e  t o  t h e  infLow c h a r a c t e r i s t i c s  o f  t h l s  







sample r  were made i n  t h e  ~ e i a r  

and Iowa R l v c r e .  The e a m p l e r  

was  l o w e r e d  a n d  r a l a e d  a t  a  

t r a n s l t  r a t e  a s  n e a r l y  unlform 

a s  p r a e t l c a b l e ,  ualng a  aoundlnq 

r e e l  and c rane  normally used i n  

maklng discharge measurements  

f r o m  b r l d g e s .  The s a m p l l n g  

l n t e r v a l  was determined by means 

q f  a  s t o p  watch. The v e l o c l t y  

o b s e r v a t l o n e ,  f rom whlch  t h e  Plg.  23--Intake c h a r a c t e r l s t l c s  o f  
f l f t h  exper lmenta l  d e p t h - l n t e g r a t l n g  

a v e r a g e  v e l o c l t y  f o r  t h e  sam- sampler based on l a b o r a t o r y  t e s t s  

p l l n g  v e r t l c a l  was obtained, were made wl th  a  smal l  P r l c e  e u r r e n t  meter 

I n  accordance wi th  t h e  usua l  s t ream gaglng p r a c t l e e .  

The r e s u l t s  o f  t h e  f l e l d  

t e s t s  a r e  shown i n  Pig. 24. The 

d a t a ,  w h l l e  n o t  conclusive due 

t o  t h e  s h a l l o w  d e p t h s  and low 

v e l o c l t l e s  encountered,  l n d l c a t e  

t h a t  t h e  averaee v e l o c l t y  i n  t h e  

l n t a k e  nozz le  was about 0.95 o f  

t h e  average s t r eam v e l o c l t y  f o r  

t h e  sampllntj degth .  

The v a r l a t l o n  b e t w e e n  

Plg.  24--Intake c h a r a e t e r l s t l c e  of t h e  l a b o r a t o r y  and f l e l d  t e s t  
f l f t h  exper lmenta l  d e p t h - l n t e g r a t l n g  

sampler  based on f l e l d  t e s t s  d a t a  w l t h  r e f e r e n c e  t o  l n t a k e  
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characteristics is be l l eved  t o  be due l a r g q l y  t o  t h e  d l f f e r e n c e  i n  t h e  

t e s t  p rocedures .  I n  t h e  l a b o r a t o r y  t h e  sampler  was suspendqd i n  t h e  

t e e t l 4 g  flume a t  a predetermlned depth ,  whereas 14 t h e  f l e l d  t h e  sampler 

was lowered and r a l s e d  a t  a  v l r t u a l l y  unlform t r a n s l t  r a t e .  The v e r t l -  

c a l  movelqent o f  t h e  sampler produoea turbulence  around t h e  l n t a k e  nozzle  

a t  t h e  p o l n t  o f  i n t a k e .  L lkewlse ,  t h e  d e t e r m l n a t l o n  of t h e  a v e r a g e  

v e l o c l t y  1 4  t h e  l n t a k e  n o z z l e  may be s u b j e c t  t o  some e r r o r ,  owing t o  

l a c k  o f  abso lu te  unlformlty  i n  t h e  t r a n s l t  r a t e  and t o  t h e  pause made i n  

revera lng  t h e  direction o f  t h e  sampler upon c o n t a c t  wlth t h e  atream bed. 

The t o t a l  t lme t h a t  t h e  nozzle  was submerged l a  t h e  va lue  t h a t  waa uaed 

I n  t h e  computat lons .  

The r e s u l t s  of o t h e r  f l e l d  t e s t s  on t h e  D-43 sampler a r e  presented 

i n  t h e  r e p o r t  " P r e l i m i n a r y  ~ i e l d  ~ e s t e , o f  t h e  US s e d l m g n t - ~ a m p l l n g  

Equipment i n  t h e  Colorado Rlver  Bas ln ,  A p r l l  1944" and i n  t h e  p rogress  

r e p o r t  "Comparative F l e l d  T e s t s  on Suspended ~ e d l m e n t  Samplers, December 

1944." Addi t lonal  lnformatlon 1s a l s o  presented i n  t h e  p rogress  r e p o r t ,  

'F le ld  T e s t s  on Suspended Sedlmant Samplers ,  Colorado Rlver  a t  B r l g h t  

Angel Creek nea r  Grand Canyon, Arlzona, August 1951." 

22. Development o f  hand sampler--The dep th - ln tegra t lng  suspended 

sedlment  sampler ,  US D-49, d l e c u s s e d  i n  t h e  precedlng s e c t l o n  o f  t h l s  

r e p o r t ,  whlch was adopted f o r  f l e l d  use ,  welghs about SO l b s .  and was 

d e s l g n e d  f o r  use  w l t h  c a b l e  and r e e l  auspens lon .  Consequen t ly ,  t h e  

aampllng o p e r a t l o n  wl th  t h a t  lns t rument  is conparable  t o  a s t r eam flow 

measurement from a cableway o r  b r ldge .  I n  some l o c a l l t l e s  most o f  t h e  

s t ream flow measurements a r e  made by wadlng, and t h e r e  was urgent  demand 

f o r  a l l g h t  w e l g h t ,  l n e x p e n s l v e  s a m p l e r  t o  be u s e d  i n  t h e  s m a l l e r  





round  wadlng r o d  whlch i s  w l d e l y  used i n  s t r e a m  gag lng .  The b o t t l e  

ho lder  a l s o  supportZd t h e  rounded wooden head f o r  t h e  b o t t l e .  The head, 

w l t h  a  rubber  base  t o  f l t  t h e  t o p  of t h e  b o t t l e ,  was equlpped w l t h  an 

a i r  exhaus t  t u b e  and l n t a k e  nozzle .  The l n t a k e  c h a r a c t e r l s t l c s  o f  t h e  

sampler  were s a t l s f a c t o r y .  

A second model, l a t e r  des lgna ted  US DH-48, was des lgned f o r  quan- 

t l t y  p roduc t lon  and f l e l d  use. Th ls  sampler c o n s l s t s  o f  a  s t r e a a l l n e d  

alumlnum c a s t l n g  whlch e n c l o s e s  a  p l n t  mllk b o t t l e  sample c o n t a l n e r .  A 

pre-shaped s t a l n l e s s  s t e e l  tube ,  inves ted  i h  t h e  alumlnum c a s t l n g ,  pro- 

v i d e s  t h e  a l r  exhaust .  A b r a s s  l n t a k e  nozzle  e x t e n d s  horizontally up- 

stream. The maln p o r t l o n  of t h e  ins t rument  c o n t a l n s  an extended c l r c u -  

l a r  a k l r t  s e c t l o n  and a  suppor t  beam t o  p a r t i a l l y  enc lose  and o r l e n t  t h e  

s a m p l e  c o n t a l n e r .  The beam p r o v l d e s  two r e c e s s e s ,  o n e  t h r e a d e d  t o  

r e c e l v e  a  s t andard  round wading rod and the  o t h e r  t o  form a  c y l l n d r l c a l  

h o u s l n g  f o r  a  s p r l n g  t e n s l o n e d  c lamplng  rod  whlch h o l d s  t h e  sample  

b o t t l e  i n  p o s l t i o n .  The a x l e  of t h e  sample c o n t a l n e r  is l n c l l n e d  a t  an 

ang le  of 17-1/2 degrees  t o  t h e  hor izon ta l .  The lnstrunlent can sample t o  

w i t h l n  3-1/2 i n .  of t h e  s t r e a m  bed i n  t h e  normal  sampl lng  p o s l t l o n .  

It welghs 4-1/2 l b s .  l n c l u d l n g  t h e  p l n t  b o t t l e  c o n t a l n e r .  Photographs  

and a  drawlng of t h e  1nstrumen.t a r e  shown i n  B l g s .  28  and 27,  r espec-  

t l v e l y .  

T h l s  s a m p l e r  is b e l l e v e d  t o  be a d a p t a b l e  t o  any c o n d i t i o n s  f o r  

whlch a  r o d  s u s p e n s l o n  of t h e  s a m p l e r  i s  p r a c t l c a b l e .  The v e l o c l t y  

o f  f low i n  t h e  l n t a k e  n o z a l e  w l l l  be v e r y  c l o s e  t o  t h a t  i n  t h e  s t r e a m  

f o r  a l l  s t r eam v e l o c l t l e s  over  2  f t .  p e r  aec. Bor lower s t r e a m  v e l o c l -  

t l e s ,  t h e  v e l o c l t y  i n  t h e  l n t a k e  nozzle  w l l l  exceed t h a t  i n  t h e  s t ream,  
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b u t  t h e  e r r o r  l n t r o d u c e d  i s  

considered n e g l i g l b l e .  The 

s a m p l e r  1s calibrated w l t b  

n o z z l e s  o f  114-lna d l q m e t e r ,  

w l t h o u t  t a p e r :  b u t  s m a l l e r  

d l a m e t e r  n o z z l e s  may be used  

p r o v i d e d  t h e y  a r e  t e p e r e d  a s  

r e q u i r e d  t o  g l v e  p r o p e r  ye-  

l o c i t i e s  w l t h l n  t h e  n o z z l e .  

F l g .  26 shows some c a l i b r a -  

t l o n  r e s u l t s  o b t a l n e d  w i t h  F l g .  20--Intake c h a r e c t s r i s t i c s  of 
d e p t h - l n t e g r a t l n g  hand sample r ,  

t h e  US DH-40 hand  s a m p l e r .  US DH-48 



111. DEVELOPMENT OF POINT-INTEGRATINO SAMPLERS 

23. D e f l n l t l o n  o f  o o l n t - l n t e g r a t l n l  sampler--A p o l n t - l n t e e n a t l n g  

s a m p l e r  is d e s l g n e d  t o  a c c u m u l a t e  a  w a t e r - s e d l m e n t  s a m p l e  whlch  is 

r e p r e s e n t a t l v e  o f  t h e  mean sedlment  c o n c e n t r a t l o n  a t  any s e l e c t e d  p o i n t  

I n  a  s t r eam v e r t l c a l  du r lng  a  s h o r t  l n t e r v a l  of tlme. Nearly a l l  p a l n t -  

l n t e g r a t l n g  sample r s  developed p r l o r  t o  t h e  l n a u g u r a t l o n  of t h l s  lnves-  

t l g a t l o n  a r e  s u b j e c t  t o  l n l t l a l  l n r u s h  when $he l n t a k e  i s  opened below 

t h e  w a t e r  s u r f a c e  o f  t h e  s t r e a m  and ,  t h e r e f o r e ,  d o  n o t  t a k e  s a m p l e s  

r e p r e s e n t a t l v e  of t h e  mean sedlment  c o n c e n t r a t l o n  a t  t h e  sampllng p g l n t .  

The so -ca l l ed  l n L t l a l  l n r u s h  is due t o  t h e  p r e s s u r e  d l f f e r e n t l a l  between 

t h e  l n s l d e  end o u t s l d e  of t h e  sampler ,  a s  p o l n t e d  o u t  i n  t h e  d l a c u s s l o n  

i n  S e c t l o r  2 of t h l e  r e p o r t  and i n  S e c t i o n  30 o f  R e p o r t  No. 5 of t h l s  

s e r l e s .  

A p o l n t - l n t e g r a t l n g  t y p e  of suspended sedln lent  s ample r  embodles 

a l l  t h e  f e a t u r e s  s e t  f o r t h  i n  t h e  d l s c u s s i o n  o f  t h e  d e s l g n  o f  a  depth-  

l n t e g r a t l n e  sampler .  I n  a d d l t l o n ,  t h e  p o l n t - l n t e g r a t l n g  sampler  shou ld  

be s o  d e s l g n e d  t h a t  w l t h  t h e  a l r  e x h a u s t  and w a t e r - s e d l m e n t  l n t a k e s  

c l o s e d  i t  can  be submerged t o  any sampllng p o l n t  a t  whlch t h e  o p e r a t o r  

d e s l r e s  t o  t a k e  a  sample.  A t  t h e  same t l m e ,  t h e  a l r  p r e s s u r e  i n  t h e  

sample container and t h e  e x t e r n a l  h y d r o s t a t l c  head shou ld  be equalized 

a t  a l l  d e p t h s  t o  e l l m l n a t e  l n l t l a l  l n r u s h  when t h e  l n t a k e  and a l r  ex- 

h a u s t  a r e  opened.  F u r t h e r m o r e ,  t h e  sample r  s h o u l d  be s o  c o n s t r u c t e d  

t h a t  t h e  water-sedlment  l n t a k e  and a l r  exhaus t  may be opened and c l o s e d  

a t  any depth .  

24. B l r s t  e r p e r l m e n t a l  p o l n t - l n t e g r a t l n g  sampler - - In  t h e  f l r s t  



experimental p o i n t - l n t e g r a t l n g  sampler t h e  p r e s s u r e s  w l t h l n  and w l t h o u t  

were e q u a l l z e d  a t  a l l  p o l n t s  by u t l l l z l n g  t h e  d l v l n g - b e l l  p r i n c i p l e .  

The s a m p l e r  was c o n s t r u c t e d  w l t h  an  l n n e r  chamber t o  h o l d  t h e  sample  

c o n t a l n e r  and an o u t e r  a l r  chamber havlng a  volume about  f l v e  t lmes  t h a t  

of t h e  sample c o n t a l n e r .  The a l r  chamber and t h e  sample c o n t a l n e r  were 

i n t e r c o n n e c t e d  by means o f  a  b r a s s  tube  wi th  a  passage through a  s p r l n g  

a c t u a t e d  va lve .  When t h e  water-sedlment i n t a k e  and a l r  e x h a u s t ,  whlch 

were a l s o  c o n t r o l l e d  by t h l s  v a l v e ,  were c l o s e d ,  p r l o r  t o  lower lng t h e  

s a m p l e r  l n t o  a  s t r e a m  o r  r l v e r ,  t h e  p r e s s u r e - e q u a l l z l n g  p a s s a g e  was 

open. The o u t e r  a l r  chamber had a  permanent openlng a t  t h e  bottom o f  

t h e  sampler thsough whlch water could e n t e r ,  t h e r e b y  compreeslng t h e  a l r  

I n  t h e  sample c o n t a l n e r  a s  t h e  sampler was submerged. Consequently,  t h e  

p r e s s u r e s  o u t s l d e  and l n s l d e  of t h e  s a m p l e c o n t a l n e r  were always essen-  

t l a l l y  e q u a l l z e d .  When a  messenger welght  was dropped a long  t h e  s u s -  

p e n s l o n  c a b l e ,  o p e r a t l n g  t h e  t r l p p l n g  mechanlsm, t h e  v a l v e  would t u r n  

about  1 / 4  r e v o l u t l o n .  Thus t h e  connect lon between t h e  sample c o n t a l n e r  

and t h e  a l r  chamber was automatically c losed  and a t  t h e  same l n s t a n t  t h e  

wa te r - sed lment  l n t a k e  and t h e  a l r  e x h a u s t  were opened.  When a n o t h e r  

we lgh t  was d ropped ,  t h e  v a l v e  r o t a t e d  a n o t h e r  1 / 4  r e v o l u t l o n  and t h e  

l n t a k e  and a l r  exhaust  were aga ln  c l o s e d ,  t h e  connect lon between t h e  a l r  

chamber and sample c o n t a l n e r  remalnlng c l o s e d .  The sample r ,  w l t h  t h e  

t r a p p e d  sample, could  t h e n  be r a i s e d  t o  t h e  s u r f a c e .  The f l r s t  e x p e r l -  

m e n t a l  s a m p l e r  was f l t t e d  w i t h  a  n o z z l e  3 / 1 8  i n .  I n  d i a m e t e r ,  w l t h  a  

s t r a l g h t  b o r e  1-?/8 i n .  l o n g ,  f o l l o w e d  by a  s e c t l o n  1 -3 /4  i n .  l o n g ,  

t a p e r e d  1 / 4  i n .  p e r  f t .  

The t r l p p l n g  mechanlsm used on t h e  f lrst  p o l n t - l n t e g r a t i n g  sampler  
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t w o  d i f f e r e n t  p o s i t i o n s  a r e  

shown i n  F i g .  30.  

The s a m p l e r  w i t h  t h e  a i r  

e x h a u s t  i n  t h e  new p o s i t i o n  was 

t e s t e d  and sed lment  samples  were 

c o l l e c t e d  i n  t h e  Iowa R l v e r  a t  

t h e  g a g l n g  s t a t l o n  j u s t  b e l o w  

t h e  H ~ d r a u l i c  Labo ra to ry  a t  Iowa 

C i t y .  The e q u l p n e n t  i n c l u d e d  a  

s t a n d a r d  s t r e a m  gaging r e e l  

mounted on  a  c a b l e  . c a r .  S e d i -  F i g .  30-..Intake c h a r a c t e r l s t l a s  Of 
f i r s t  e x p e r i m e n t a l  p o i n t - i n t e g r a t i n g  

ment samples  were c o l l e c t e d  a l s a  s a m p l e r  

from t h e  Cedar R ive r  n e a r  C o n e s v l l l e .  ~t t h i s  s t a t l o n  a  p o r t a b l e  s t r e a m  

gaging  c r a n e  equ ipped  w i t h  a  r e e l  was used  from a  hlghway b r i d g e .  Re- 

s u l t s  o f  t h e . t e s t s  i n d i c a t e d  s a t i s f a c t o r y  I n t a k e  c h a r a c t e r i s t i c s  f o r  

t h e  dep th s .  and v e l o c i t i e s  e n c o u n t e r e d .  

25.  Second  e x p e r i m e n t a l  p o i n t - i n t e t r a t i n t  sampler - -The  f i e l d  

t e s t s  on t h e  f i r s t  $ampler  i n d i c a t e d  t h a t  t h e  v a l v e  mechanism was n o t  

e n t l r e l y  s a t i s f a c t o r y .  The i m p a c t  o f  t h e  m e s s e n g e r  w e i g h t  d i d  n o t  

a lways  r e l e a s e  t h e  t r l p p i n g  mechanism and i n  some l n s t a n c e s  t h e  d e v l c e  

would p e r m i t  t h e  v a l v e  t o  t u r n  t o ,  t h e  s e c o n d  p o s i t i o n  w i t h  t h e  f i r s t  

messenger  w e i g h t .  F u r t h e r  s t u d y  o f  t h e  prob lem i n d i c a t e d  t h a t  many of 

t h e  u n d e s i r a b l e  f e a t u r e s  o f  t h e  m e c h a n i c a l  c l o s l n g  d e v i c e  c o u l d  be 

e l l m i n a t e d  by Using qn e l e c t r i c a l l y  o p e r a t e d  v a l v e  mechaniam. However, 

due t o  t h e  l a c k ~ f  materials and machine shop f a c l l i t i e s  f o r  t h e  d e v e l -  

opment  o f  s u c h  a  mechanlsm,  t h e  c h a n g e s  i n  t h e  s e c o n d  model  were  a t  



f l r s t  l l m l t e d  t o l m p r 6 v e m e n t s  i n  t h e  mechanloal  c l o s l n g  dev loe .  The 

body of t h e  f l r a t  sampler was used I n  maklng t h e  second wl th  such modl- 

f l c a t l o n a  a a  were n e c e s s a r y  t o  adap t  it t o  t h e  new v a l v e  and t r l p p l n g  

mechanlsm. An lmprored head c a t c h  was a l s o  developed f o r  t h e  seoond 

aampler.  

The v a l v e  t r l p p l n g  mechanlsm i n  t h e  aecond sampler  is a c t u a t e d '  

d l r e c t l y  by t h e  lmpact  Of messenger welghta.  The lmpact  moves a  pln- 

connected l e v e r  system whlch i n  t u r n  opera tes  a  modlfled escapement t h a t  

m o r e n t a r l l y  r e l e a s e s  t h e  f l a t  bronze d r l v l n g  sp r lng .  The v a l v e  r o t a t e s  

th rough  120° each t lme t h e  escapement i s  t r l p p e d .  A s  t h e  v a l v e  t u r n s ,  

t h e  r e l e a s e d  r a t c h e t  t o o t h  s l l d e s  a g a l n s t  t h e  curved f a c e  of t h e  pawl, 

s p u e e z l n g  t h e  pawl back a g a l n s t  t h e  r a t c h e t  wheal  i n  t lme  t o  engage 

t h e  n e x t  t o o t h ,  t h e r e b y  maklng t h e  movement and a r r e s t  o f  t h e  v a l v e  

p o s l t l v e .  

A s  i n  t h e  f l r s t  model, t h e  s a m p l e r  i s  f l t t e d  w i t h  a  3 /10- ln .  

d l a m e t e r  n o z z l e .  However, t h e  l e n g t h  of t h e  t a p e r e d  a e c t l o n  was r e -  

duced t o  314 i n .  a s  an  l n s p e c t l o n  of t h e  n o z z l e  i n  t h e  f l r s t  sample r  

r e v e a l e d  t h a t  t h e  v a l v e  was n o t  i n  e x a c t  alignment, t h e r e b y  r e d u c l n g  

t h e  e f f e c t  of t h e  t a p e r .  A photograph o f  t h e  aecond p o l n t - l n t e g r a t l n g  

s a m p l e r  i s  shown i n  F l g .  3 1 ,  and a  v lew o f  t h e  v a l v e  mechanlsm i n  

Blg. 32. A drawlng o f  t h e  sampler  l a  shown i n  F lg .  33. T h l s  sampler  

was c a l l b r a t e d  i n  t h e  30- ln .  l a b o r a t o r y  f lume,  t h e  p r o o e d u r e  b e l n g  

t h e  same a s  f o r  t h e  f l r s t  model. Samples were t aken  i n  t h e  Iowa Rlver  

a t  t h e  Iowa C l t y  gaglng a t a t l o n  below t h e  H y d r a u l l c  Laboratory .  Re- 

s u l t s  of t h e  f l e l d ' t e s t a  l n d l c a t e d  t h a t  t h e  performanoe of t h e  sampler  

was satisfactory f o r  t h e  d e p t h s  and v e l o c l t l e s  encoun te red .  R e s u l t s  









20. Thlrd  exper lmenta l  p o l n t - l n t e g r a t l n g  sampler--The r e s u l t s  of 

t h e  f l e l d  t e s t s  on t h e  second  e x p e r l m e n t a l  s a m p l e r  l n d l c a t e d  t h a t  a 

P o l n t - l n t e g r a t l n g  sample r  was r e q u l r e d  f o r  l b v e s t l g a t l o n a  o f  f l u v l a l  

sediments and t h a t  a s a t l s f a c t o r y  sampler could  be developed. An e l e c -  

t r l c a l l y  opera ted  t r l p p l n g  dev lce  f o r  t h e  va lve  mechanl$m appeared t o  be 

d e s l r a b l e ,  a$ w e l l  aa lmproved s t r e a m l l n l n g  and g r e a t e r  welght.  Conse- 

q u e n t l y ,  a comple te  new d e s l g n  was made f o r  t h e  sample r  body and t h e  

v a l v e  t r l p p l n e  mechanlsm. 

The d l v l n g - b e l l  p r l n c l p l e  o f  e q u a l l a l n g  p r e s s u r e s  proved v e r y  

practical and was c a r r l e d  over l n t o  t h e  de$lgn of t h e  t h l r d  e r p e r l m e n t a l  

p o l n t - l n t e g r a t l n g  sampler.  The sampler was made l a r g e r  and t h e  welght  

was increased t o  n e a r l y  100 l b s .  Th l s  sample r ,  completed i n  1040 and 

des lgna ted  US P-40, 1s l l l u s t r a t e d  i n  B l g s .  30 and 37. Drawlngs o f  t h e  

sampler a r e  shown i n  B l g s .  388 and b. The r e s u l t s  o f  c a l l b r a t l o n  t e s t s  

made i n  t h e  l a b o r a t o r y  channe l  by p rocedures  s l m l i a r  t o  t h o s e  used f o r  

t h e  f l r s t  exper lmenta l  sampler  a r e  p resen ted  i n  Flg .  30. 

The US P-40 sampler is d l s c u s s e d  i n  d e t a l l  i n  t h e  r e p o r t ,  "Opera- 

t l o n  and H a l n t e n a n c e  o f  US P-40 Suspended Sediment  Sampler ."  F l e l d  

t e s t s  o f  t h e  sampler have been pub l l shed  i n  t h e  p rogress  r e p o r t ,  " F l e l d  

T e s t s  on Suspended Sedlment  Sample rs ,  Colorado R l v e r  a t  B r l g h t  Angel 

Creek near  Grand Canyon, Arizona." The r e s u l t s  o f  t h e  f l e l d  t e s t s  l n d l -  

c a t e d  t h a t  t h e  US P-46 sampler 1s e n t l r e l y  s a t l s f a c t o r y  f o r  f l e l d  use ,  

b u t  t h a t . a d d l t l o n a 1  development  work on t h e  v a l v e  t r l p p l n g  mechanlsm 

would be d e s l r a b l e .  

T h l s  sampler  is designed p r i m a r l l y  f o r  o b t a l n l n g  a c c u r a t e  p o l n t -  

i n t e e r a t e d  s a m p l e s  and h a s  b e e n  w l d e l y  used  i n  t h e  f l e l d  f o r  t h a t  











p q r p o s e .  I n  a d d l t l o n  it  h a s  
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S e c t l o n  11. Dep th - lo t eg ra t ed  
F lg .  39--Intake c h a r a c t e r l s t l c s  o f  

s a m p l e s  h a v e  b e e n  o b t a l n e d  t h l r d  e x p e r i m e n t a l  p o l n t - I n t e g r a t i n g  
sample r ,  US P-48 

s a t l a f a c t o r l l y  , i n  d e e p e r  

s t r eams  by I n t e g r a t i n g  p o r t l o n s  of  t h e  depth  successively. The r e s u l t s  

o f  such Samples must be welghted p r o p e r l y  In' accordance  wl th  t h e  s t r eam 

discharge whlch each r e p r e s e n t s .  However, i f  unlform r a t e s  o f  lower lng  

o r  r a i s i n g  t h e  sampler  a r e  ma ln ta lned  du r lng  c o l l e c t l o n  o f  a l l  samples  

I n  a  g l v e n  v e r t l c a l ,  t h e e a  eamplee may be composl ted  I n t o  one sample  

whlch w l l l  be r e p r e s a n t a t l v e  of t h e  e n t l r e  v e r t l c a l .  I n  eamgllng por-  

t l o n s  of t h e  v e r t l c a l ,  no p a r t  of t h e  d e p t h  shou ld  be omi t t ed  and none 

should be eampled t v l c e  v l t h o u t  ~ l v l n g  those  fecGe proper  weight .  
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27. E f f e c t  of water  t empera tu re  qn l n t a k e  c h a r a c t e r f s t l c s - - T h e  

l a b o r a t o r y  l n v e s t l g a t l o n s  d l scusaed  i n  Report  No. 5 db no t  l l c l u d e  any 

s t u d l e s  r e l a t l v e  t o  t h e  e f f e c t s  of  water temperature on t h e  i n t a k e  char- 

a c t e r l s t l c s  o f  t h e  s t andard  nozzle .  I t  was g e n e r a l l y  f e l t  a t  t h e  t lme 

o f  t h o s e  t e s t s  t h a t  t h e  l n t a k e  v e l o c l t l e s  were o u t s l ~ d e  t h e  r a n g e  of 

lamlnar  flow and t h e  e f f e c t s  o f  temperature  changes were i n s l g n l f l c a n t .  

However, a s  t h e  development of t h e  sample r s  c o n t l n q e d , , t h e  e f f e c t  of  

temperature  became increasingly e v l d e n t ,  and a l lowance was made i n  t h e  

sampler c a l i b r a t l o n s  f o r  t h e  e f f e c t  of temperature  on t h e  r e l a t l v e  su -  

p l l n g  r a t e ,  o r  i n t a k e  r a t l o .  I n  a d d l t l o n  some d a t a  were a v a l l a b l e  i n  

eng lnee r lng  l l t e r a t u r e  t o  s u p p o r t  t h e  f a c t  t h a t  t empera tu re  does  d e f l -  

n l t e l y  a f f e c t  t h e  flow o f  water i n  smal l  tubes .  Bor smal l  smooth p ipee  

t h e  l o s s  o f  head h a s  been found t o  l n c r e a s e  about  4 p e r  c e n t  f o r  each 

10' f a l l  i n  t e m p e r a t u r e  from 70' t o  40' F. ( 2 ) * .  Recen t  l a b o r a t o r y  

l n v e s t l g a t i o i l s  'ndlcate t h a t  t h e  v e l o c i t y  o f  water i n  smal l  g l a s s  tubes  

may be l n c r e a s e d  a s  much a s  20 p e r  c e n t  when t h e  t e m p e r a t u r e  i s  In- 

c r e a s e d f t o m  32' t o  77' B. ( 3 1 * i  ; . ,  

R e s u l t s  o f  ln take  t e l o c l t y  bests on D-43 samp.lerN0. 81 wlth Water 

temperatures  a t  approxlmately 32O and 67O F. a r e  shown l a  Plg .  40. The 

e f f e c t  o f  t e m p e r a t u r e  shows up markedly a t  t h e  lower v e l o c l t l e s ,  b u t  

seems t o  d e c r e a s e  r a p l d l y  a s  t h e  v e l o c l t l e s  i n c r e a s e .  There  i s  some 

l n c o n s l s t e n c y  i n  t h e  r e s u l t s  a t  1 . 0  and a t  2 .0  f t .  p e r  s e c .  f o r  t h e  

* Numbers i n  p a r e n t h e s e s  r e f e r  t o  r e f e r e n c e s  i n  t h e  b lb l lography .  
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1 /8 -  and 3 /16- ln .  d l ame te r  

nozzles a t  the hlgher temper- 
. . 

a ture ,  but t h e , t r e n d  l a  pul te  

de f ln l t e .  

A comblgation of  some 

o f  t h e  . t e m p e r a t u r e  d a t a  

a v a l l a b l c  from l a b o r a t o r y  

t e . s t aon  .two D-43 samplers l a  

p r e s e n t e d  1 n F l g .  41. The 

v e l o c l t l e s  were approxlmately 

3.5 St. per.sec. l q  a l l  theae 

t e s t s .  S lml lar ,  but  not a l -  

ways i d e n t i c a l ,  nozzles  were 

Flg. 40--Effect of temperature 
on lntake c h a r a c t e r l s t l c s  a f  US 0-43 

sampler 

Flg. 41--Effect of temperature on lntake c h a r a c t e r l s t l c s  a t  
v e l o c l t l e s  of 3.5 f t .  per  sec. 
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used throughout  t h e  t e s t s .  

28.  E f f e c t  of t r a n s l t  r a t e  on l n t a k e  c h a r a c t e r l s t l c s - - I n  t h e  

development o f  t h e  d e p t h - i n t e g r a t l n g  sample r s ,  i t  was recogn ized  t h a t  

t h e  l a b o r a t o r y  t e s t s  made wi th  t h e  sampler i n  a  f i x e d  p o s i t l o n  and t h e  

n o z z l e  h o r l z o n t a l  would n o t  provide  complete in fo rmat lon  on t h e  l n t a k e  

characteristics t h a t  p r e v a i l  when t h e  sampler is i n  t r a n s l t .  Laboratory 

f a c l l i t i e s  d i d  no t  permit  s t u d i e s  t o  be made of normal dep th - ln tegra t lon  

sampl lng .  However, some l l m i t e d  l a b o r a t o r y  t e s t s  were made w l t h  t h e  

nozzle  and sampler t i l t e d  10, 20, and 30 degrees i n  t h e  v e r t l a a l .  These 

t e s t s  a r e  comparable t o  c o l l e c t l n g  samples when the  t r a n s i t  r a t e  i s  such 

t h a t  t h e  r e l a t l v e  v e l o c i t y  v e c t o r s  a r e  l ikewige 10,  20, and 30 degrees .  

R e s u l t s  f o r  B 9-43 sampler with 3/10-in. d iameter  nozzle  and a t  a  water  

temperature of 320 F. a r e  shown f o r  two d i f f e r e n t  v e l o c l t l e s  i n  Fig. 42. 

The d a t a  i n  terms of t h e  r e l a t i v e  sampllng r a t e  ( i n t a k e  v e l o c i t y  d lv lded  

by t h e  s t ream v e l o c i t y ,  v )  p l o t t e d  a g a l n s t  t h e  angle  of l n c l i n a t l o n  ( 6 )  

a r e  shown i n  Fig .  42a. The same d a t a  expressed a s  l n t a k e  r a t l o  ( i n t a k e  

v e l o c i t y  d i v l d e d  by v  c o s  a )  p l o t t e d  a g a l n s t  t h e  ang le  o f  l n c l l n a t i o n  

La1 a r e  shown i n  Fig. 42b. 

The e x p r e s s i o n  " r e l a t i v e  sampling r a t e "  a s  used i n  Repor t  No. 5 

was de f ined  merely a s  the  r a t l o  of  t h e  v e l o c i t y  i n  t h e  l n t a k e  nozzle  t o  

t h a t  i n  t h e  s t r e a m  a t  t h e  sampl lng  p o l n t .  T h l s  s l m p l y  r e l a t e s  two 

velocities, but t h e  r e l a t l o n  has a  somewhat different s i g n l f l c a n c e  when 

s t ream v e l o c l t y  r e f e r s  t o  a  v e l o c l t y  approaching a  sampler nozzle  which 

i s  he ld  i n  a  f l x e d  p o s l t l o n  a t  an  a n g l e  t o  t h e  f low,  o r  when s t r e a m  

v e l o c i t y  d e n o t e s  a  h o r l z o n t a l  v e l o c l t y  approach ing  a sample r  n o z z l e  

which i s  belng moved ac ross  the  l i n e s  of flow. 
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3.3 FT / SEC. 
-1 

INTAKE VELOCITY a RELATIVE SAMPLING RATE. STREAM VELOCITY,v 

b INTAKE RATIO.  INTAKE VELOCITY 
v cos a 

F i g .  42--Effect  o f  smal l  d e v i a t i o n s  from normal n o z z l e  o r i e n t a t i o n  
on intake  characteristics of US D-43 sampler 



The d a t a  p r e s e n t e d  i n  F ig .  3 a r e  a  r e p l o t  o f  d a t a  from Repor t  NQ. 

3 showing t h e  l n t a k e  v e l o c l t y  r e l a t l o n ,  t h e  f a c t o r  yhich  de t e rmines  t h e  

a c c u r a c y  o f  t h e  sampl lng  p r o c e s s ,  a s  t h e  r a t i o  of t h e  v e l o c i t y  i n  t h e  

i n t a k e  nozz le  t o  t h a t  v e c t o r  o f  t h e  s t ream v e l o c l t y  whlch approaches  t h e  

i n t a k e  nozz le  a long i t s  a x i s .  T h i s  v e c t o r  i s  v  c o s  a when a is t h e  

ang le  between t h e  approaching v e l o c l t y  qnd t h e  l n t a k e  nozz le  a s  shown i n  

t h e  s m a l l  s k e t c h e s  i n  F ig .  42b. T h i s  concep t  of i n t a k e  v e l o c i t y  r e l a -  

t l o n s  has  been termed t h e  " i n t a k e  r a t l o . "  Obvious ly ,  whenever t h e  in-  

t a k e  nozz le  i s  p a r a l l e l  t o  t h e  f low, t h e  two e x p r e s s i o n s  " l n t a k e  r a t i o "  

and  "relative sampl lng  r a t e "  a r e  e q u l v a l e n t ,  becausq  c o s  a i s  t h e n  

u n i t y .  

The d a t a  shown i n  F ig .  42b a r e  analogous t o  t h e  r e s u l t s  t p  be ex- 

pec ted  from a c t u a l  depth  i n t e g r a t l o n  wl th  t h e  sampler  moving v q r t i c a l l y ,  

i n  which c a s e  t h e  v e c t o r  v e l o c i t y  would be e q u i v a l e n t  t o  t h e  s t r eam ve- 

l o c l t y .  The upward tllt  of t h e  nozz le  and sampler  a s  given he re  i s  com- 

p a r a b l e  t o  downward t r a n s i t  i n  normal d e p t h - i n t e g r a t i o p  sampling. These 

d a t a  seem t o  i n d i c a t e  t h a t  t h e  maximum r a t e  o f  v e r t l c a l  movement o f  t h e  

s a m p l e r  f o r  d e p e n d a b l e  o p e r a t l o n  would be a b o u t  0.313 o f  t h e  s t r e a m  

v e l o c i t y ,  co r r e spond ing  t o  a  v e r t i c a l  a n g l e  of 2 0  deg rees .  P o s s i b l y  a  

somewhat h i g h e r  r a t e  would be a l l o w a b l e  f o r  downward t h a n  f o r  upward 

i n t e g r a t l o n .  

A s t u d y  o f  t h e  a v a i l a b l e  d a t a  i n d i c a t e d  t h e  d e s i r a b i l i t y  of d e t e r -  

mining t h e  i n t a k e  c h a r a c t e r i s t l c s  f o r  d e p t h - i n t e g r a t l n g  s a m p l e r s  under 

c o n t r o l l e d  c o n d i t l o n s .  Labora tory  t e s t s  were conducted on t h i s  b a s i s  a t  

t h e  David Tay lo r  Model Bas in  i n  s t i l l  wa te r  w i t h  t h e  sampler  suppor t ed  

on a  movable carriage. Th i s  arrangement made it  p o s s i b l e  t o  de t e rmlne  



t h e  i n t a k e  v e l o c i t l e S  i n  t h e  sampler  nozz le  through a  range  o f  v e r t i c a l  

and h o r i z o n t a l  t r a n s l t  r a t e s .  

I n  t h e  o r l g i n a l  p l a n s  f o r  t h e  t e s t s ,  t h e  sampler  was t o  have been 

suppor ted  on a  r i g i d  frame assembly. However, a s  such equlpment was n o t  

immedla te ly  a v a l l a b l e ,  t h e  t e s t s  were conducted  by suspend lng  t h e  sam- 

p l e r  on a  c a b l e  a t t a c h e d  t o  a  revolving drum. T h l s  p r o c e d u r e  made i t  

n e c e s s a r y  t o  c o r r e c t  f o r  downstream d r i f t  o f  t h e  sampler  a t  most h o r i -  

z o n t a l  t r a n s l t  r a t e s .  

The l n v e s t l g a t l o n  a t  t h e  Davld Tay lo r  Model B a s i n  was conduc ted  

under c o n d l t l o n s  cor respondlng  t o  those  i n  a  s t r eam i n  whlch t h e  v e l o c i -  

t y  is t h e  same from t h e  wa te r  s u r f a c e  t o  t h e  bottom and i n  whlch t h e r e  

Is no tu rbu lence .  The r e s u l t s ,  whlch a r e  summarlzed i n  Table  2 ,  v e r l f y  

t h e  l l m l t l n g  downward t r a n s l t  r a t e s  ob ta lned  from e p u a t l o n s  ( 5 )  and (6) 

f o r  c o n d l t l o n s  a t  t h e  w a t e r  s u r f a c e ,  where t h e  p e r m l s s i b l e  l o w e r i n g  

r a t e s  a r e . a l w a y s  de t e rmlned  f o r  c o n d l t i o n s ' o f  uni form v e l o c l t y ;  and a s  

f a r , a s  a p p l l c a b l e  t h e s e  r e s u l t s  a l s o  s u b s t a n t l a t e  t h e  l l m i t b n g  lower ing  

r a t e s  o f  F ig .  2. The a l l o w a b l e  r e l a t l v e  t r a n s i t  r a t e  f o r  upward l n t e -  

g r a t l o n  probably  does  no t  v a r y  wi th  depth ,  s o  t h a t  t h e  l l m l t l n g  r a t l o  o f  

r a i s l n g  r a t e  t o  s t r e a m  v e l o c l t y  s h o u l d  no t  be exceeded  a t  any  p o i n t .  

Because o f  t h e  shape  o f  t h e  normal v e r t i c a l  v e l o c i t y  c u r v e  i n  a  s t r e a m ,  

t h e  v e l o c l t y  a t t h e  bottom w l l l  e s t a b l l s h  t h e  l l m l t l n g  t r a n s l t  r a t e  f o r  

upward l n t e g r a t l o n .  The a l l o w a b l e  t r a n s i t  r a t e  f o r  upward i n t e g r a t i o n  

may be  found t o  be much s m a l l e r  t h a n  t h e  a l l o w a b l e  t r a n s l t  r a t e  f o r  

d o w n w a ~ d  i n t e g r a t i o n  i n  t h e  same s t r e a m ,  d e p e n d l n g  upon t h e  d e p t h ,  

v e l o c l t y  d i s , t r . i b u t l q q ,  and s l z e  o f  n o z z l e  u sed .  I n  0rde . r  t o  d e t e r -  

mlne t h e  t r a n s . l t  r a t e  whlch  i s  a p p l l c a b l e  i n  any  s p e c l f i c  c a s e  t h e  



l l m l t a t l o n s  f o r  both  upward and downward i n t e e r a t l o n  ahould be inv+a- 

t l g a t e d .  Por round- t r lp  i n t e g r s t l o n ,  t h e  mlnlmum l n d l c a t e d  f o r  e l t h e r  

t r l p  ahould be used. 

TABLE 2 

DETERMINATION OF MAXIMUU RELATIVE TRANSIT RATES 

* Report  e n t l t l e d  " I n v e a t l e a t l o n  o f  I n t a k e  C h a r a c t e r l s t l c s  o f  Depth- 
I n t e d r a t l n e  Suspended Sedlment  Samplers  a t  t h e  Davld T a y l o r  Model 
B a s l n . "  

The maxlmum r e l a t l v e  t r a n s l t  r a t e s  based on t h e  Davld Taylor t e a t  

d a t a  a r e  no t  thoae a t  whlch t h e  t r a n a l t  r a t e  beelns  t o  a f f e c t  t h e  ln take  

r a t l o ,  but  a r e  t h e  r a t e s  a t  whlch t h e  e f f e c t  on t h e  l n t a k e  r a t l o  1s t h e  

maxlmum whlch may be a l lowed w l t h o u t  l n t r o d u c l n e  t h e  p o s a l b l l l t y  o f  

n o t l c e a b l e  e r r o r  i n  t h e  aedlment con ten t  of t h e  sample. Consequently,  

t h e  maxlmum r e l a t l v e  t r a n s l t  r a t e s  computed by use  of equa t lon  ( 5 )  a r e  

aomewhet more r e a t r l c t l v e  than  those  determlned from t h e  t e s t  da ta .  

The maxlmum t r a n a l t  r a t e s  shown f o r  t h e  c o n d l t l o n a  o f  t h e  f l e l d  

t e s t s  i n  t h e  Colorado Rlver  n e a r  Grand Canyon, Arlzona, were computed 

Sampler 

P-46 

(100 lba. ) 

D-43 

( 5 0  l b s .  ) 

Nozzle 
dlame- 

t e r  
In. 

3/16 

1 / 0  

3/16 

1/8 

Dl rec t lon  
o f  

In toera-  
t l o n  

downward 
upward 

downward 
upward 

round-trlp 

round-trlp 

Maxlmum r e l a t l v e  t r a n s l t  r a t e  - RL/vm 

F l e l d  t e a t s ,  
Colorado Rlver 

n r  Grand Canyon 
from equat lon ( 5 )  

0.40 - 

0.18 
- 

- 

- 

*Laboratory t e s t s ,  
Davld Taylor 

Model Basln v = vm 

Tes t  d a t a  

0.45 
0.35 

0.20 
0.30 

0.50 

0.25 

' From 
equat ion ( 5 )  

0.39 - 
0.17 - 
- 

- 



by use of equatlon ( 5 ) .  A t  these  r a t e s ,  the  f l r s t  e f f e c t  of the  t r a n a l t  . . . . . .. . , . . .. . 
. , . .  . , . . . ,  . . . , 

r a t e  should appear f o r  the  conditions o f  v e l o c l t y  d l s t r l b u t l o n  found a t  
, 

the  Grand Canyon s t a t i o n .  



V. DEVELOPMENT OF NEW MODELS 

29. I n t r o d u c t o r y  statement--Subsequent  t o  t h e  developmenta l  work 

o n  t h e  s e d l m e n t  s a m p l e r s  p r e v l o u s l y  d e s c r l b e d  i n  t h l s  r e p o r t ,  t h e  

c o o p e r a t l v e  p r o j e c t  o f f l c e s  were moved from Iowa C l t y ,  Iowa, t o  t h e  S t .  

Anthony F a l l s  H y d r a u l l c  L a b o r a t o r y  o f  t h e  U n l v e r s l t y  o f  Mlnneso ta  a t  

Minneapolls ,  Mlnnesota. I n  t h e  s p r l n g  o f  1048. The d e s l g n  o f  new models 

o f  suspended sed lmen t  s a m p l e r s  and t h e  lmprovement o f  p r e v l o u s  models 

were c o n t i n u e d  a t  t h e  new l o c a t l o n .  Two new models r e c e n t l y  developed 

a r e  d e s c r l b e d  i n  t h l s  c h a p t e r .  

A m o d l f l c a t l o n  of t h e  va,lve and o p e r a t i n g  mechanlsm o f  t h e  US P-40 

sampler  a s  d e s l g n e d  and developed by  t h e  Omaha O f f l c e  of t h e  Corps of 

E n g i n e e r s  i s  a l s o  p r e s e n t e d .  T h l s  m o d i f l e d  s a m p l e r  h a s  been  t e rmed  

P-40 E. 

30. Dep th - in t eg ra t ing  sampler ,  US D-40--Extbnslve use  o f  t h e  50- 

l b .  US D-43 sample r  under  a  wlde r ange  o f  f l e l d  c o n d l t l o n s  l n d l o a t e d  

t h a t  it was s a t l s f a c t o r y  f o r  s t r eams  of moderate depth  and where v e l o c l -  

t l e s  do  n o t  exceed  abou t  5 f t .  p e r  s e c .  However, t h e  t e s t s  l n d l c a t e d  

a l s o  an l n c r e a s l n g  l a c k  o f  s t a b l l i t y  a s  t h e  sampllng d e p t h ,  t h e  v e l o c l -  

t y ,  o r  t h e  d e g r e e  o f  t u r b u l e n c e  i n c r e a s e d .  The t a l l  vane  o f  t h e  D-43 

sampler  p r o j e c t s  below t h e  bottom contour  of t h e  body i n  o r d e r  t o  f a c l l -  

l t a t e  o r l e n t l n g  t h e  sampler  l n t o  t h e  s t r e a m  flow p r l o r  t o  submergence. 

I t  was found t h a t ,  when t h e  bo t tom t l p  o f  t h e  t a l l  v a n e  s t r u c k  t h e  

s t r e a m  bed and t h e  t e n s l o n  i n  t h e  s u s p e n s l o n  c a b l e  s l a c k e n e d ,  t h e  body 

o f  t h e  sampler  would be t u r n e d  s ideways  by t h e  c u r r e n t  b e f o r e  t h e  sus -  

p e n s i o n  c a b l e  was t l g h t e n e d  a g a l n  f o r  t h e  ascending t r l p .  I n  o r d e r  t o  
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c o r r e c t  t h e s e  d e f i c i e n c i e s  and t o  i n c o r p o r a t e  o t h e r  1 , nd i ca t ed  lmprove-  

rnents i n - t h e  d e p t h - l n t e g r a t i n g  s a m p l e r ,  i t  was d e c i d e d  t o  d e v e l o p  an- 

a t h e ' r  : model. 

. . 
i I n  t h e  new samp le r ,  d e s l g n a t e d  t h e  US D-49; i m p r o v e d  s t a b l l l t y  was 

o b t a i n e d  by  more e f f e c t i v e  s t r e a m l l n i n g ,  i n c r e a s i n g  t h e  l e n g t h  from 20.5 

i n .  t o  24.111.. and by s h i f t i n g  t h e  c e n t e r  o f  g r a v i t y  f o rwa rd  t o  b r l n g  

t h e  p o i n t  o f  s u s p e n s l o c  of  t h e  l n s t r u m e n t  relatively c l o s e r  t o  t h e  f r o n t  

0.f t h e  s a m p l e r .  Under some f i e l d  c o n d i t i o n s  where t h e  s t r e a m  f l ow  was 

v e r y  t u r b u l e n t a n d  t h e  v e l o c l t l e s  a round  5 t o  8 E t .  p e r  s e c . ,  t h e  D-43 

s a d p l e r  would wedve abou t  i n  t h e  f l ow  and d r i f t  downstream c o n s l d e r a b l y .  

A a . a n O l c l p a t e d  d u r i n g  t h e  developmen0 o f  t h e  D-49 s a m p l e r ,  increasing 

t h e w e i g h t  t o  a b o u t  6 3  l b s . ,  t o g e t h e r  w l t h  improvemen t s  i n  t h e .  body  

d e s l g n ,  l a r g e l y  r e n e d i e d  t h i s  c o n d l t l o n .  

To b r l n g  t h e  c e n t e r  o f  g r a v l t y  - f o rwa rd  i n  t h e  US D-42 s a m p l e r ,  a  

c d v l t y  was formed i n  t h e  r e a r  p o r t i o n  o f  t h e  body c a s t i n g ,  whlch  was 

l a t e r  f l l l e d  w l t h  p l a s t i f l e x ,  a  r u b b e r - l l k e  s u b s t a n c e  w l t h  a  s p e c i f i c  

g r av l t ey  s l l g h t l y  o v e r  u n i t y .  The p r e s e n c e  of  a  l i g h t - w e i g h t  s e c t l o n  

w l t h l n  t h e  body o f  t h e  sampler  d i s p l a c e s  t h e  c e n t e r  o f  buoyancy backward 

from t h e  c e n t e r  o f  mass. C o n s e q u e n t l y , t h e  l n s t r u m e n t  c a n  be b a l a n c e d  

i n  water .  s o  t h a t  i t  w i l l  o p e r a t e , i n  a  h o r i z o n t a l  p o s i t i o n .  Yet when t h e  

l n s t r u m e n t  i s  suspended  i n  a i r  t h e  t a i l  w i l l  s a g  s l l g h t l y ,  t h u s  h e l p i n g  

t o  a l l g n  t h e  s amp le r  w l t h  t h e ,  s t r e a m  f l o w  even  though  t h e  bo t tom o f  t h e  

t a l l  doe s  n o t  p r o j e c t  belob, t h e  b o d y w h e n  t h e  sampler  is i n  a  horizontal 

p o s i t i o n .  . . 

A s  o r l g i n a i l y  d e s l g n e d ,  t h e  head o f  t h e  D-43 s a m p l e r  was mounted 

on t h e  body  w l t h  t h e  h l n g e  on t h e  t o p  and t h e  c a t c h  on t h e  b o t t o m  t o  



p e r m l t  u s e  o f  a  bottom t r l p p l n g  d e v l c e .  Reve r s lng  t h e  p o s l t l o n  o f  t h e  

c a t c h  and h lnge ,  w i t h  t h e  h inge  on t h e  bottom s o  t h a t  t h e  sampler  head 

would swlng downward t o  open, had been under c o n s l d e r a t l o n  f o r  some t lme 

9 s  a  means o f  maklng t h e  s a m p l e r  s a f e r  and e a s l e r  t o  o p e r a t e .  T h l s  

chande  was made on  t h e  new model ,  and t h e  h l n g e  was a l s o  s l m p l l f l e d ,  

g l v l n g  b e t t e r  o p e r a t l n g  c h a r a c t e r l s t l c s  and r educ ing  t h e  o o s t  o f  msnu- 

f a c t u r e .  

The development o f  t h e  s t a l n l e s s  s t e e l  a l r  exhaus t  i n  t h e  US DH-48 

sample r  and Improvement i n  c a e t l n g  methods made it  p o s s l b l e  t o  i n v e s t  a  

s l m i l a r  pre-shaped t u b e  i n  t h e  head c a s t l n g  f o r  t h e  D-49 sempler .  Thus 

an e t p e n s l v e  machlnlng o p e r a t l o n  t o  p rov lde  t h e  a l r  exhaus t  passage  was 

eliminated. Lugs were c a s t  i n  t h e  bottom of t h e  c o n t a l n e r  c a v l t y t o  hold 

t h e  b o t t l e  s p r l n g ,  and t h e  b o t t l e  gaske t  was a l s o  s i m p l l f l e d  somewhat. 

Photographs o f  t h e  US D-49 d e p t h - l n t e g r a t l n g  sampler  a r e  shown i n  

F ig .  43  and p a r t i a l  p l a n s  a r e  shown i n  Flg .  44. 

The i n t a k e  c h a r a c t e r i s t l c s  of t h l s  new model a r e  t h e  same a s  t h o s e  

o f  t h e  D-43, and t h e  same accu racy ,  methods o f  o p e r a t l o n ,  e t c . ,  a r e  ap- 

p l l c a b l e .  Wlth t h e  Improved a i r  e x h a u s t ,  l e s s  t a p e r  i s  r e q u l r e d  i n  t h e  

n o z z l e s  of t h l s  l n s t rumen t  t o  p rov ide  t h e  d e s l r e d  i n t a k e  r a t i o .  

31. A l t e r n a t e  v a l v e  mechanism f o r  P-46 sampler--An a l t e r n a t e  

v a l v e  mechanlsm f o r  t h e  P-46 s a m p l e r  h a s  been deve loped  i n  t h e  Omaha 

D l s t r l c t  O f f l c e ,  Corps o f  Englneers .  Samplers  equipped w l t h  t h l s  mech- 

anlsm a r e  designated P-46 E. The va lve  lnc ludes  a  bypase t o  d i v e r t  f low 

o u t  o f  t h e  i n t a k e  n o z z l e  p r i o r  t o  sampl lng ,  t h e  purpose  be ing  t o  a v o l d  

a n y  p o s s l b l l l t y  o f  developlng  an accumula t lon  o f  sedlment  i n  t h e  n o z z l e  
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which w o u l d , b e  washed i n t o  t h e  s amp le  b o t t l e  when t h e  v a l v e  i s  opened  

f o r . s a m p l . i n g .  B h e r e  s e e r s  t o  be some d o u b t  a s  t o  t h e  c o m p l e t e  e f -  

f e c t l v e n e s s , o f  t h i s  b y p a s s  and no  conclusive d a t a  a r e  a v a i l a b l e  on t h i s  

p o i n t .  T e s t s  p r e s e n t e d  i n  t h e  p r o g r e s s  r e p o r t  " F l e l d  T e s t s  on Suspended 

Se.dimenb S a m p l e r s ,  C o l o r a d o  R i v e r  a t  B r l g h t  Ange l  C r e e k  n e a r  G r a n d  

Canyon, Ar i zona ,  August 1951" i n d i c a t e  t h a t  even  w i t h o u t  a  bypas s  t h e r e  

was v e r g  l l t t l e  a c c u m u l a t i o n  of s ed lmen t  i n  t h e  s amp le r  n o z z l e  p r i o r  t o  

9-ampling. 

The head  o f  t h e  s a m p l e r  i s  p r e a s u r l z e d ,  t h a t  i s  t h e  c o m p r e s s i o n  

chamber  and t h e  head  c a v i t y  a r e  c o n n e c t e d  a t . a l 1 .  t i m e s  by an  a i r  p a s -  

s a g e ,  b u t  t h e  pa s sage  of  a i r  from t h e  head c a v i t y  i n t o  t h e  sample b o t t l e  

i s . : c o n t r o l l e d  by t h e  v a l v e .  T h i s  a r r a n g e m e n t  r e d u c e s  t h e  t h e o r e t i c a l  

d e p t h  t o  wtrlch t h e  s amp le r  c a n  be o p e r a t e d  from abou t  140  f t .  t o  a b o u t  

'75 f t .  B y  making t h e , p r e s s u r e  i n s i d e  t h e  head e q u a l  t o  t h a t  o u t s i d e ,  

t h e .  t endency  f o r  l e a k a g e  i n t o  t h e  head and t h rough  t h e  v a l v e  is reduced .  

Some o p t h e  r e g u l a r  US P-48 s a m p l e r s  have been s i m i l a r l y  p r e s s u r i z e d  by 

maklng a  h a l e  i n  t h e  c o m p r e s s i o n  l i n e  i n s i d e  t h e  head  c a v i t y .  P r e s -  

s u r i z l n g  t h e  head i q  o p t l o n a l  on any of  t h e  US P-48 s amp le r s .  

The movable p o r t i o n  o f  t h e  v a l v e  s l l d e s  l o n g i t u d i n a l l y  r a t h e r  t h a n  

r o t a t i n g  a s  i n  t h e  s t a n d a r d  US P-48 rnechanlsm. A p p a r e n t l y  e l t h e r  t y p e  

of  mot ion  is r e a s o n a b l y  s a t i s f a c t o r y .  The P-48 E mechanism d o e s  n o t  r e -  

q u i r e  winding ,  b u t  t h e ~ e  is no s i m p l e  p r o v i s i o n  f o r  l o o s e n i n g  t h e  v a l v e  

t o  s t a r t  o p e r a t l o n  i f  t h e  v a l v e  s h o u l d  s t l c k  o r  become h a r d  t o  o p e r a t e .  

The modl f led  mechanism r e t u r n s  t h e  v a l v e  t o  t h e  c l o s e d  p o s l t l o n  a t  

a l l  t i m e s  when t he .  i n s t r u m e n t  i s  n o t  e l e c t r i c a l l y  a c t i v a t e d .  B e s i d e s  

t h e  c l o s e d  p o s i t i o n ,  t h e r e  a r e  two o t h e r  p o s l t l o n s ,  ( 1 )  t h e  e q u a l l z l n g  
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p o s l t l o n  whlch l a  used j u s t  p r l o r  t o  aampllng t o  e q u a l l z e  t h e  p r e s s u r e  

I n  t h e  sample b o t t l e  a t  t h e  same t lme t h e  bypass i s  open t o  a l low flow 

t o  circulate through t h e  i n t a k e ,  and ( 2 )  t h e  sampllng p o s l t l o n  i n  whlch 

t h e  l n t a k e  n o z z l e  passage  l n t o  t h c  sample b o t t l e  and t h e  a l r  e x h a u s t  

p a s s a g e  from t h e  sample b o t t l e  a r e  b ~ t h  open. Two s o l e n o l d s  a r e  pro- 

v lded  f o r  t h e  o p e r a t l o n  of  t h e  v a l v e .  One o p e r a t e s  t o  s l l d e  t h e  v a l v e  

l n t o  t h e  e q u a l l z l n g  p o s l t l o n ,  and t h e  o t h e r  does  t h e  same f o r  t h e  sam- 

p l l n g  p o s l t l o n .  The d l r e c t l o n  of t h e  opera t lng c u r r e n t ,  whlch must pass  

th rough  a  r e c t l f l e r  i n  t h e  sampler head, de te rmlnes  whlch of t h e  s o l e -  

n o l d s  w l l l  o p e r a t e .  The e l e c t r l c a l  c l r c u l t  is c losed  through t h e  sus-  

penslon l l n e  and sampler i n  one c e r t a l n  d l r e c t l o n  t o  p l a c e  and hold t h e  

va lve  i n  t h e  edua l i z lng  p o s l t l o n ,  then  the  d l r e c t l o n  o f  t h e  c u r r e n t  flow 

Is r e v e r s e d  t o  move t h e  va lve  l n t o  t h e  sampllng p o s l t l o n .  The c u r r e n t  

supply  is s h u t  o f f  a t  t h e  end of t h e  des l red  sampllng t lme and t h e  v a l v e  

moves baok t o  t h e  c losed  pos l t lon .  Wlth t h e  mechsnlsm opera t lng  proper- 

l y ,  t h e  p o s l t l o n  o f  t h e  s w l t c h  automatically i n d i c a t e s  t h e  p o s l t l o n  o f  

t h e  valve .  Operation of  t h i s  mechanism r e q u i r e s  d l r e c t  c u r r e n t  of about 

80 v o l t s  capab le  of supp ly ing  about  3 amperes f o r  t h e  d u r a t l o n  of t h e  

sampl ing t lme. 

The c o a t  o f  manufacture of t h e  P-46 E type o f  mechanism h a s  been 

about t h e  same a s  t h a t  f o r  t h e  s t andard  US P-46 mechanism, a l though t h e  

l a t t e r  1s g e n e r a l l y  consldered t h e  s impler  t o  make. 

Photographs  and p a r t i a l  p l a n s  of t h e  P-40 E v a l v e  mechanism a r e  

shown i n  Flgs.  45 and 46,  r e spec t ive ly .  

32. P o i n t - i n t e g r s t l n g  sampler,  U S  P-50--The demand f o r  a  po ln t -  

i n t e g r a t i n g  sampler  f o r  use  i n  ex t remely  deep r i v e r s  o f  h i g h  v e l o c l t y  
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r e s u t t b d  i n  ' t h e ' i i e s l t n  o f  a  300-lb. p o l i t - l n t e g r a t i n g  suspended s ed lmen t  

simplei d e s l g n i t e d  .US P-50: 

T h l s  i a d p l e r  was d e s l g n e d  p r l m a r l l y  f o r  u s e  unde r  c o n d i t l o n s  such  

i s  e i i c ~ i n t e r e d  i n  t h i  Lower m i s s i s s i p p i  R l v e r  where t h e  s t r e a m  d e p t h s  

a ~ b . ' i r e i l b c l ' t l e s  p r e t l u d e  t h e  u s e  ~ f  t h e  US P-48 s a m p l e r .  The body i s  

s u t ' f l ~ l i n t l y  l a r g e  t o  acobmmodate a  q u a r t  b o t t l e  a s  i sample c o n t a l n e r ,  

a i d  a  compress lon  chamber l n  t h e  body t o  p e r m l t . o p e r a t i o n  o f  t h e  s amp le r  

t o  d e p t h s  o f  200 f t .  w l t h  t h e  head c a v l t y  p r e s s u r l z e d .  The compnesslon 

chamber is l o c a t e d  a ~ p r o r l m a t e l y  on t h e  c e n t e r  o f  g r a v l t y  o f  t h e  sampler  

s o t h a t ' t h e  I n s t r u m e n t  w i l l  n o t  t l l t  a p p r e c i a b l y  a s  t h e  c o m p r e s s l o n  

chamber ' i s  f l l l e d  w l t h  w a t e r .  The c e n t e r  o f  g r a v i t y  i s  l o c a t e d  a s  f a r  

f b r w a r d ' a s  p o s g l b l e  i n  o r d e r  t o  p r o v l d e  stability i n  t u r b u l e n t  f l ow .  

The s a m p l e r  head ,  b e l n t  h i n g e d  it t h e  b o t t o i ,  opens  downward f o r  e a s e  

and s a f e t y  i n  h a n d l l n g .  

The s l l d l n g  t y p e  o f  v a l v e  o p e r a t e d  directly by  r o l e n o l d ' s  was 

adop t ed .  However, f o r  s i m p l l c l t y  o f  o p e r a t l o n ,  o n l y  two p o s l t i o n s  a r e  

u s e d .  A s p r i n g  h o l d s  t h e  v a l v e  i n  t h e  e q u a l i z l n g  p o s l t l o n ,  and  t h e  

s o l e n o l d s  when e l e c t r l c a l l y  e n e r g l z e d  ho ld  i t  i n  t h e  open  p o s l t i o n .  I n  

t h e  e p u a l l z l n g  p o s l t l o n ,  t h e  l n t a k e  and  a l r e x h a u s t  p a s s a g e s  a r e  b o t h  

c l o s e d ,  b u t  t h e  a l r  pa s sage  from t h e  sample b o t t l e  i n t o  t h e  p r e s s u r l z e d  

s a m p l e r  head  is open .  The s a m p l e  c o u l d  t h u s  be  c o n t a m l n a t e d  by  t h e  

a lmos t  complete  f l l l l n g  of  t h e  sampler  head w l t h w a t e r ,  and sample cou ld  

be l o s t  i f  t h e  s a m p l e r  were  t o  n o s e  downward a t  a n  a n g l e  o f  a b o u t  15 

deg ree s .  Both s o l e n o i d s  e x e r t  p r e s s u r e  i n  t h e  same d l r e c t l o n .  The d i -  

r e c t l o n  o f  e l e c t r i c a l  c u r r e n t  f l ow  i s  immaterial, and no rectifier I s  

needed .  The s o l e n o l d s  a r e  a r r a n g e d  s o  t h a t  one a c t s  as  a  s t a r t e r  and  



b o o s t e r  f o r  t h e  s l l d e  va lve ,  and a l l m l t  swl tcb  c u t s  o u t  t h a t  ao leno ld  

when t h e  s l l d e  v a l v e  h a s  n e a r l y  r e a c h e d  t h e  sampl lne  p o s l t l o n .  The 

l l m l t  swl tch i s  n o t  an b s s e q t l a l  f e a t u r e  a s  t h e  s t a r t i n g  so leno id  may be 

used throughout  t h e  sampllng t lme,  b u t  by de-enere lz lng  t h i s  s o l e p o l d  

t h e  c u r r e n t  repulrements a r e  reduced and t h e  a c t l o n  o f  t h e  holdkng sole-  

n o l d  i s  s l l g h t l y  s t r e n g t h e n e d .  The h o l d l n e  s o l e n o i d  i s  always i n  Use 

when t h e  c u r r e n t  supply i s  turned on, and t h l a  so leno ld  w l l l  o p e r a t e  t h e  

s l l d e  valve  alone under favorable  condl t lons .  

Sampllng t a k e s  p laqe  dur ing t h e  tlme t h e  s o l e n o l d s  a r e  energized. 

Operation on bench t e a t s  has  been s a t l a f a c t o r y  a t  14 v o l t s ,  P r e q w a b l y  

20 t o  EO v o l t s  of d l s e c t  c u r r e n t  c a p a b l e  o f  s u p p l y l n g  about  1 ampere 

o v e r  t h e  t lme  of s a m p l l n g  would be  needed f o r  f l e l d  operation, t h e  

v o l t a g e  repulrements lnc reas lng  wlth t h e  l e n g t h  of suspension l l n e .  

The US P-60 sampler 1s deslgned f o r  t h e  same type of sampling and 

Is expec ted  t o  have t h e  same sampllng c h a r a c t e r l s t l c s  and accuracy  a s  

t h e  US P-48. Photographs and p a r t l a l  p lans  o f  t h e  US P-30 a r e  shown i n  

Flgs .  47 an@ 48, respectively. 









V I .  DEFERRED INVESTIGATIONS 

n33. General--Durln(  t h e  c o u r a e  of developing t h e  s e d i m e n t  sam- 

p l e r s ,  a  number o f  p e r t i n e n t  f e a t u r e s  under  c o n s i d e r a t i o n  were neceg- 

s a r l l y  l e f t  i n  abeyance because  t h e  war emergency made it n e c e s s a r y  t o  

c u r t a i l  t h e  i n i t l a l  p r o j e c t .  Some of t h e s e  i t ems  have s i n c e  been inves-  

t i g a t e d  i n  c o n n e c t l o n  w l t h  c o p t i n u e d  sampler  deve lopmen t ,  o t h e r s  a r e  

mentioned h e r e  a s  p o a s l b l e  p r o j e c t s  f o r  f u t u r e  i n v e s t i g a t i o n .  

34. C o l l a p s i b l e  bag sample conta iner - -Considera t ion  was g iven  t o  

us ing  a  c o l l a p s i b l e  bag, p o s s l b l y  of some t r a n s p a r e n t  f l e x l b l e  p l a s t l c ,  

i n s t e a d  o f  a  r i g l d  v e s s e l  f o r  t h e  r e c e p t i o n  o f  t h e  sample .  The bag 

might be a t t a c h e d  by means o f  a  metal  r i n g  t o  t h e  i n s i d e  of t h e  sampler  

head. The head would be f i t t e d  wi th  an i n t a k e  nozz le  o n l y ,  no a i r  ex- 

h a u s t  be ing  r e q u i r e d  because  t h e  bag would be c o l l a p s e d  when p l a c e d  i n  

t h e  sampler .  P o r t s  i n  t h e  w a l l s  o f  t h e  r e c e s s  e n c l o s i n g  t h e  d e f l a t e d  

bag would permi t  water  t o  surround t h e  bag, t he reby  e l i m i n a t i n g  any i n i -  

t i a l  i n r u s h  due t o  unequal  p re s su res .  The v e l o c i t y  of t h e  s t r eam would 

f o r c e  water  i n t o  t h e  c c l l a p s e d  bag while t h e  water  w i t h i n  t h e  bag r e c e s s  

would e scape  t h r o u g h  t h e  p o r t s  i n  t h e  s i d e s  and bottom. T h l s  t y p e  o f  

c o n t a l n e r  could be used i n  both  po in t -  and d e p t h - i n t e g r a t i n g  samplers .  

While t h e  c o l l a p s i b l e  bag c c n t a i n e r  would have s e v e r a l  d e s i r a b l e  

f e a t u r e s ,  it p r o b a b l y  would n o t  be a s  s a t l s f a c t o r y  a s  t h e  g l a s s  b o t t l e  

adopted  f o r  t h e  US sample r s .  The removal o f  t h e  c o l l a p s i b l e  bag from 

t h e  sampler  t o  a r i g i d  c o n t a l n e r  i n  t h e  f l e l d  would p r e s e n t  some p r a c t i -  

c a l  d i f f i c u l t l e s .  The v a l v e  i n  t h e  i n t a k e  n o z z l e  would have  t o b e  

p o s i t i v e l y  t l g h t  i n  o r d e r  t o  keep t h e  bag c o l l a p s e d  and t h e  f i t t i n g s  



r e q u l r e d  t o  ?+,tach t h e  bag t o  t h e  he,ad would complicate i t s  removal  i n  

t h e  f l e L d .  I n  addition, t h e  p rocedu re  i n  pou r lng  and f l u s h l n g  t h e  s e d l -  

rnent s a m p l e  f rom t2he bag t o  a  l a b o r a t o r y  c o n t a i n e r  s u c h  a s  a n  evapo -  

rating d l s h  a r ~ G o o c h  c r u c l b l e  would be more d l f f l c u l t  t h a n  from a  r l g l d  

c o n t a l n e r .  

35. R l g l d  p l a s t i c  c o n t a l n e r - - I n  t h e  u s e  o f  t h e  p r e s e n t  s a m p l e  

c o n t a l n e r ,  f r e p u e n t l y  t h e  aample i s  a l lowed t o  s e t t l e  f o r  a  g lven  p e r l o d  

and t h e  c l e a r  wa t e r  drawn o f f  by means o f  a  s l phon .  Then t h e  r ema inde r  

o f  t h e  wa t e r - s ed lmen t  m l x t u r e  i s  washed l n t o  a  Gooch c r u c l b l e  o r  evapo- 

rating d l s h .  A s  t h l s  p r o c e d u r e  1s r a t h e r  l a b o r l o u s ,  some t h o u g h t  was 

Blven  t o  t h e  d e s l g n  o f  a  s p e c l a l  c o n t a l n e r  which c o u l d  be u s e d  i n  con- 

nec tLon  w l t h  a  rnodlfled form o f  t h e  p r e s e n t  e v a p o r 4 t l n g  d l e h .  The con- 

t a l n e r  wou ld  b e  made o f  a  c o l o r l e s s  p l a s t l c  h a v l n g  a t r a l g h t  s l d e s  

g r a d u a t e d  be tween  350 and 450 m l . ,  w l t h  a  m l l k - b o t t l e  t y p e  o f  l l d ,  and  

a  h o l e  i n  t h e  bo t t om t h r e a d e d  f o r  a  removable  p l u g .  A s p e c l a l  evapo-  

I'at.Int d l s h  would be made t o  f l t  t h e  t o p  o f  t h e  c o n t a l n e r .  Thus w l t h  

t h e  c o n t a l n e r  I n v e r t e d  t h e  s e d l m e n t  would  s e t t l e  d l r e c t l y  l n t o  t h e  

e v a p o r a t l n e  d l s h .  The c l e a r  w a t e r  would t h e n  be drawn o f f  t h r o u g h  t h e  

h o l e  i n  t h e  bot tom. The s t u d y  g l v e n  t o  t h i s  t y p e  o f  c o n t a l n e r  was n o t  

c a r r l e d  beyond a  l l m l t e d  d e s l g n  because  it  was t hough t  t h a t  t h e  deve lop-  

ment c o s t s  would be e x c e s s l v e .  

30. P r e s s u r e  equalized by means o f  t a e  o r  compreaaed a i r - - I t  1s 

b e l l e v e d  t h q t  f o r  most s amp l lng  p u r p o s e s  t h e  p r e s s u r e  e q u a l l z l n g  method 

u s e d  i n  t h e  d e s l g n  o f  t h e  p r e s e n t  p o l n t - 1 n t e g r a t . I n t  s a m p l e r s  w l l l  b e  

s a t l p f a c t o r y .  I t  is automatic, u t l l l z l n g  m a t e r l a l s  a t  hand,  namely, a l r  

and w a t e r ,  w l t h o u t  any a t t e n t l o n  from t h e  o p e r a t o r  e x c e p t  a n  o c c a s l o n a l  



l n s p e c t i o n  t o  l n s u r e  t h a t  water  and a l r  pas sages  remaln open. Hqwever, 

i f  t h e  repul rements  o f  a  p a r t l c u l a r  salnpllng program should  p rec lude  use  

of t h e  d l v l n g - b e l l  p r l n c l p l e ,  i n l t l a l  i n r u s h  cou ld  p robab ly  be overcome 

by i n t r o d u c l n g  l n t o  t h e  a l r  chamber a  s m a l l  amount 0 9  f r o p e n  c a r b o n  

d i o x l d e  or  c a r b l d e ,  and p lugging  t h e  ho le  i n  t h e  bottom o f  t h e  sampler .  

The g a s  g e n e r a t e d  would c r e a t e  p r e s s u r e  i n  t h e  chamber and sample con- 

t a i n e r .  Then i f  t h e  wa te r  i n t a k e  and a l r  e x h a u s t  were opened and t h e  

c o n n e c t l o n  t o  t h e  g a s  chamber c l o s e d ,  any e x c e s s  p r e s s u r e  w l t h l n  t h e  

s a m p l e r  c o n t a l n e r  would be  l n s t a n t l y  r e l l e v e d  and t h e  s a m p l e r  would 

lmmediately b e g l n  f l l l l n g  a t  a  r a t e  e q u a l  t o  t h e  a t ream v e l o c l t y  a t  t h e  

p o i n t .  P r e s s u r e  i n  t h e  chamber and c o n t a l n e r  m l d h t  be  e u p p l l e d  by 

threading a v a l v e  i n t o  t h e  hole  a t  t h e  bottom of t h e  sampler  and pumplng 

a l r  l n t o  t h e  chamber. Thla would n g c e s s i t a t e  des lgn lng  t h e  connect lons .  

c o n t a l n e r ,  e t c . ,  t o  c a r r y  a  p r e s s u r e  o f  +bout 20 l b s .  p e r  sp. i n .  
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