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SYNOPSIS 

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

US P-46 ,  US P-46S, and US D-43 s u s p e n d e d  s e d i r i ~ e n t  s a m p l e r s  were  t h e  

major s u b j e c t s  o f  i n v e s t i g a t i o n  i n  t e s t s  performed i n  t h e  Colorado R i v e r  

n e a r  Grand Canyon, A r i z o n a ,  d u r i n g  May and J u n e  o f  1947. The p r i m a r y  

p u r p o s e  o f  t h e  L e s t s  was t o  d e t e r m i n e  t h e  s u i t a b i l i t y  o f  t h e  P-46 and 

P - - 4 6 s  s a m p l e r s  f o r  o p e r a t i o n  u n d e r  r e l a t i v e l y  d i f f i c u l t  f i e l d  con-  

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

i n s t r u m e n t s ,  and t h e  d a t a  o b t a i n e d  from t h e  t e s t s  a r e  p r e s e n t e d  and d i s -  

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

Th i s  i n v e s t i g a t i o n  a f f o r d e d  t h e  f i r s t  o p p o r t u n i t y  t o  make a  compre- 

h e n s i v e  and p r e c i s e  s t u d y  o f  sampl ing o p e r a t i o n s ,  wi th  s p e c i a l  emphasis  

on a n  e v a l u a t i o n  o f  t h e  f a c t o r s  which i n f l u e n c e  t h e  accuracy  o f  t h e  sam- 

p l e s  c o l l e c t e d ,  I n c i d e n t a l  t o  t h e  sequirerr .ents o f  t h e  b a s i c  s t u d y ,  d a t a  

were o b t a i n e d  which sbou ld  be o f  g e n e r a l  i n t e r e s t  i n  t h e  f i e l d  o f  s e d i -  

ment t r a n s p o r t a t i o n ,  The d i s t r i b u t i o n  o f  sed iment  t h r o u g h o u t  t h e  d e p t h  

i n  a  s t r e a m  o f  t h i s  s i z e  h a s  r a r e l y  been i n v e s t i g a t e d ,  Such daka,  w i t h  

r e s p e c t  t o  t o t a l  c o n c e n t r a t i o n  a s  w e l l  a s  t h e  v a r i o u s  s i z e s  o f  sed iment ,  

a r e  p r e s e n t e d  i n  t h i s  r e p o r t ,  
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PROGRESS REPORT 

FIELD TESTS ON SUSPENDED SEDIMENT SAMPLERS 

COLORADO RIVER AT BRIGHT ANGEL CREEK 

NEAR G R A N D  CANYON, A R I Z O N A  

I ,  INTRODUCTION 

I. P r e v i o u s  tests--A few i n v e s t i g a t i o n s  o f  t h e  f i e l d  o p e r a t i o n  o f  

suspended  s e d i m e n t  s a m p l e r s  o f  t h e  US s e r i e s  have been  made u n d e r  t h e  

s p o n s o r s h i p  o f  t h e  c o o p e r a t i v e  p r o j e c t  t i t l e d  "A STUDY OF METHODS USED 

I N  MEASUREMENT AND ANALYSIS OF SEDIMENT LOADS I N  STREAMS". I n  g e n e r a l  

t h e s e  were p r e l i m i n a r y  t e s t s  conducted t o  a i d  i n  the  f u r t h e r  development 

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

" P r e l i m i n a r y  F i e l d  T e s t s  o f  t h e  US Sediment-Sampling Equipment i n  t h e  

C o l o r a d o  R i v e r  B a s i n "  and i n  two P r o g r e s s  R e p o r t s  "Compara t ive  F i e l d  

T e s t s  on Suspended Sediment  S a m p l e r s " .  The d a t a  i n  t h i s  Group o f  r e -  

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

US D-43 and t h e  US p-43, b o t h  5 0 - l b .  s a m p l e r s .  The US P-43 was t h e  

f o r e r u n n e r  o f  t h e  LOO-lb. US P-46, and t h e  two i n s t r u m e n t s  have  many 

p o i n t s  i n  common, 

E x t e n s i v e  l a b o r a t o r y  t e s t s  o f  t h e  s a m p l e r s  and o f  s a m p l e r  i n t a k e  

n o z z l e s  were made i n  c o n j u n c t i o n  w i t h  t h e  development and c a l i b r a t i o n  o f  

t h e s e  i n s t r u m e n t s .  Some o f  t h e s e  d a t a  have been i n c l u d e d  i n  Repor t  No. 

5 " 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  Suspended Sediment Sample rs"  and i n  t h e  

f o r t h c o m i n g  R e p o r t  No. 6 "The D e s i g n  o f  Improved Types  o f  Suspended  

Sed iment  Sample rs"  p u b l i s h e d  by t h e  c o o p e r a t i v e  p r o j e c t .  I n  a d d i t i o n  

t h e r e  a r e  many u n p u b l i s h e d  t e s t s  which  r e l a t e  m a i n l y  t o  t h e  i n t a k e  
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r a t i o ,  o r  f i l l i n @  c h a r a c t e r i s t i c s ,  o f  v a r i o u s  s a m p l e r s  and n o z z l e s ,  

However, t h e  l a b o r a t o r y  i n v e s t i g a t i o n s  under t  aken t h u s  f a r  have been o f  

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

o f  t h e  s a m p l e r s ,  

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

sample r s  w i t h  a t t e n d a n t  sampl ing t e c h n i q u e s  was c o n s i d e r e d  i n a p p l i c a b l e  

t o  t h e  108-lb.  sample r s ,  More comprehensive and d e t a i l e d  t e s i s  were re -  

q u i r e d  t o  p r o p e r l y  e v a l u a t e  t h e s e  s a m p l e r s ,  and t o  more c l e a r l y  d e f i n e  

t h e i r  l i m i t a t i o n s .  A s t u d y  o f  t h e  e l e c t r i c a l l y  o p e r a t e d  mechanism f o r  

t h e  P-48 sample r  was p a r t i c u l a r l y  needed t o  f a c i l i t a t e  f u r t h e r  develop-  

ment. The sed iment  sampl ing t e s t s  covered  by t h i s  r e p o s t  were made f a r  

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

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

d i t i o n s ,  The t e s t s  were conducted a t  t h e  Colorado  R i v e r  gaging s t a t i o n  

n e a r  Grand Canyon, Ar izona ,  i n  May and June s f  1947. 

It i s  a n t i c i p a t e d  t h a t  d a t a  o f  R e p o r t  No, 5 " 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  Suspended  Sed iment  S a m p l e r s "  may be  compared w i t h  t h e  r e s u l t s  

~ f  t h e s e  f i e l d  i n v e s t i g a t i o n s .  Fsom F i g ,  1 5  o f  t h a t  r e p o r t ,  a  30' a n g l e  

between t h e  v e l o c i t y  approach ing  t h e  sample r  and t h e  a x i s  o f  t h e  i n t a k e  

nozz le  would seem t o  have a  s e r i o u s  e f f e c t  on t h e  a c c u r a c y  of t h e  sample 

c o l l e c t e d .  When a  s a m p l e r  i s  lowered  o r  r a i s e d  t h r o u g h  a s t r e a m ,  t h e  

v e l o c i t y  approachin6 t h e  n o z z l e  i s  t h e  r e s u l t a n t  o f  - the v e c t o r s  composed 

o f  t h e  s t r e a m  v e l o c i t y  and t h e  v e r t i c a l  r a t e  o f  movement of  t h e  sampler .  

However, t h e  d e p t h - i n t e r i r a t i n r i  s a m p l e r  i s  d e s i g n e d  t o  o p e r a t e  w i t h  a  

r a t i o  o f  u n i t y  between t h e  h o r i z o n t a l  s t r e a m  v e l o c i t y  and t h e  v e l o c i t y  

i n  t h e  i n t a k e  n o z z l e  o f  t h e  sample r .  Wi th in  p r o p e r  o p e r a t i o n a l  l i m i t s ,  
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t h i s  r a t i o  remains v e r y  c l o s e  t o  u n i t y ,  The d p t a  i n  F i g .  15 r e l a t e  t h e  

r e s u l t a n t  v e l o c i t y ,  as d i s t i n g u i s h e d  from t h e  h o r i z o n t a l  s t ream v e l o c i -  

t y ,  t o  t h e  v e l o c i t y  i n  t h e  i n t a k e  n o z z l e .  I n  order  t o  make t h e  d a t a  o f  

P i g ,  95 comparable t o  f i e l d  i n t e g r a t i o n  w i t h  a  sampler having t h e  n o z z l e  

h o r i z o n t a l ,  t h e  r e l a t i v e  sampling r a t e  f i g u r e s  f o r  t h e  c u r v e s  should be 

d i v i d e d  b y  t h e  c o s i n e  o f  t h e  a n g l e  o f  d e v i a t i o n ,  Where t h e  30' c u r v e  

shows a  sampl ing r a t e  o f  T , 0 0 ,  t h e  c o r r e c t e d  r a t e  would b e  1.15 cor -  

responding t o  t h e  same e r r o r  i n  c o n c e n t r a t i o n ,  Correc t ing  t h e  20' curve 

b y  s i m i l a r  me thods ,  and p l o t t i n g  t h e  r e s u l t s  f o r  b o t h  c u r v e s  l e a d s  t o  

t h e  c o n c l u s i o n  t h a t  t h e  e f f e c t  o f  ang le  o f  approach i s  L a r g e l y ,  i f  n o t  

e n t i r e L y ,  t h e  r e s u l t  o f  t h e  i n t e r p r e t a t i o n  o f  t h e  r e l a t i v e  sampling r a t e  

o r  i n t a k e  r a t i o .  

2 Grand Canyon gaging s tat ion--The gaging s t a t i o n  on t h e  Colorado 

R i v e r  a t  B r i g h t  Angel Creek ,  near Grand Canyon, Ar i zona ,  was c h o s e n  f o r  

t h e  s i t e  o f  t h e s e  t e s L s  f o r  many r e a s o n s .  The v e l o c i t y ,  d e p t h ,  and 

sediment  c o n t e n t  o f  t h e  s tream were considered s u i t a b l e .  S e v e r a l  previ -  

ous ' t e s t s  o f  sediment samplers had been  made t h e r e .  Sediment r e c o r d s  a t  

t h a t  point  dated back t o  1925 and t h e  l e n g t h  o f  sediment record combined 

w i t h  t h e  general  impostance o f  t h e  s t a t i o n  made it e s p e c i a l l y  d e s i r a b l e  

from t h e  s t a n d p o i n t  o f  i t s  prominence i n  t h e  s e d i m e n t a t i o n  f i e l d .  

The  d i s c h a r g e  o f  t h e  C o l o r a d o  R i v e r  d u r i n g  t h e  t i m e  o f  t h e s e  

i n v e s t i g a t i o n s  was about 50 ,000  s e c ,  f t .  F i g .  3. shows t h e  s t r e a m  f l o w  

d a t a  f o r  t h e  period covered b y  t h e s e  i n v e s t i g a t i o n s .  The r i v e r  was ap- 

p r o x i m a t e l y  300 f t ,  w i d e ,  and t h e  d e p t h  v a r i e d  from 28 t o  28 f t .  a t  t h e  

p o i n t  where t h e  samples  were t a k e n .  Cable  S t a .  200 near  t h e  m i d d l e  o f  

t h e  s tream was used f o r  a l l  sampling.  The e f f e c t i v e  po in t  o f  s u s p e n s i o n  
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o f  t h e  s a m p l e r  was a b o u t  35 f t .  above  t h e  w a t e r  s u r f a c e .  The mean 

v e l o c i t y  i n  t h e  sampl ing  v e r t i c a l  v a r i e d  f rom 7 . 2  t o  8.1 f t .  p e r  s e e .  

Rocky w a l l s  c o n f i n e  t h e  f low o f  t h e  r i v e r  a t  t h i s  s i t e .  A s h a r p  bend i n  

t h e  c h a n n e l  1,000 f t .  u p s t r e a m  from t h e  s a m p l i n g  p o i n t  may have  i n -  

f l u e n c e d  t h e  f l o w  somewhat. The s t r e a m  bed was c o v e r e d  w i t h  s a n d  and 

g r a v e l  a t  a l l  t i m e s  d u r i n g  t h e  t e s t s ,  b u t  t h e r e  is a  rocky  c o n s t r i c t i o n  

i n  t h e  c h a n n e l  a  few hundred f e e t  downstream. The f low i n  t h e  r i v e r  was 

t u r b u l e n t ,  c o n s i s t i n g  o f  a  c o n t i n u a l  s e r i e s  o f  b o i l s  and e d d i e s ,  Veloc- 

i t y  r e a d i n g s  o b t a i n e d  w i t h  t h e  c u r r e n t  mete r  showed v a r i a t i o n s  d u r i n d  

t h e  t ime  o f  o b s e r v a t i o n ,  and t h e  d i f f e r e n c e s  between c o n s e c u t i v e  obser -  

v a t i o n s  were f r e q u e n t l y  l a r g e .  There were i n d i c a t i o n s  o f  r a p i d  chanBes 

i n  t h e  bottom c o n f i g u r a t i o n s  o f  t h e  s t ream,  and perhaps  because  o f  t h e s e  

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

r a p i d l y .  

T h i s  s t a t i o n  was e q u i p p e d  w i t h  t h e  u s u a l  i t e m s  o f  s t r e a m  Raging 

eguipment  i n c l u d i n g  : 

Colorado t y p e  o f  s t r e a m  gaging c a r  on  s t a n d a r d  cableway w i t h :  

Sounding r e e l  o f  24 i n .  c i r c u m f e r e n c e  

Brake f o r  r e e l  

Two d e p t h  i n d i c a t o r s  o p e r a t i n g  from t h e  r e e l  

Angle i n d i c a t o r  

S u s p e n s i o n  cab he 

CurrenL m e t e r s  and ea rphones  

Sounding w e i g h t s ,  hanger  b a r  and c o n n e c t o r  

S t o p  watch,  thermometer ,  n o t e  book, measurement b l a n k s ,  e t c .  

R e c o r d s  o f  gage  h e i g h t ,  d i s c h a r g e ,  and w a t e r  t e m p e r a t u r e ,  were  
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ob ta ined  fkom t h e  Sur face  Water Branch s f  t h e  Water Resources Div is ion ,  

U. S. Geologica l  Survey, through t h e  c o u r t e s y  of  M r .  John H. Gard iner ,  

D i s t r i c t  Engineer ,  Tucson, Arizona, 

3. Sediment sampling equipment--The wain items of  equipment which 

were used f o r  t h e  sediment sampling procedures  were a s  fo l lows:  

US B-43 suspended sediment sampler No. 3 

US P-$6 suspended sediment sampler No. 2 

US P-48S suspended sediment sampler No, 1 

EiPht 6-vol t  d ry  b a t t e r i e s  of  t h e  "hot  sho t "  type  

Supply of  p i n t  milk b o t t l e s  (sample c o n t a i n e r s )  with caps 

Supply of  4-ounce sample b o t t l e s  ( f o r  shipping s i z e  a n a l y s i s  
samgles)  

Assortment of hand t o o l s  

In su la t ed  wire ,  b a t t e r y  c l i p s ,  and switches 

Laboratory equipment f o r  t he  de te rmina t ion  of  sediment 
concent ra t  ion  

Laboratory eguipment f o r  t h e  s i z e  a n a l y s i s  of  sediment samples. 

The U S  D-43 sampler  used i n  t h e s e  t e s t s  was one o f  t h e  e a r l i e s t  

models. However, t h e  sampling c h a r a c t e r i s t i c s  of  t h e  instrument  should 

be t h e  same a s  t h o s e  o f  l a t e r  ones.  Samplers  of  t h i s  s e r i e s  weigh 50 

lbs .  and have no Valve t o  c o n t r o l  sampling, The c o l l e c t i o n  of  the  sam- 

p l e  cont inues  duping t h e  .time t h e  ins t rument  i s  immersed i n  t h e  stream. 
\ 

The U S  P-46 s ample r ,  weighing IQQ l b s , ,  i s  des igned  t o  c o l l e c t  

samples of t he  suspended sediment a t  any p o i n t  beneath t h e  s u r f a c e  of a  

stream. The p o i n t  samples a r e  i n t e g r a t e d  over  t h e  d u r a t i o n  of  t h e  t ime 

o f  sampling. The r a t e  a t  which t h e  sample is  c o l l e c t e d  depends almost 

e n t i r e l y  on t h e  v e l o c i t y  i n  t h e  s t r e a m  a t  t h e  sampl ing  p o i n t .  The 
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i n s t r u m e n t  may a l s o  be used t o  o b t a i n  d e p t h - i n t e g r a t e d  samples ,  t h a t  i s ,  

samples c o l l e c t e d  c o n t i n u o u s l y  over  a  r ange  i n  d e p t h ,  

The P-$6 c o n t a i n s  a  v a l v e  t h a t  i s  powered w i t h  a  c l o c k - t y p e  s p r i n g  

which must be wound f o r  e v e r y  f o u r  o r  f i v e  s a m p l e s .  R o t a t i o n  o f  t h e  

v a l v e  i s  c o n t r o l l e d  by  a n  e l e c t r i c a l l y  o p e r a t e d  escapement ,  The d i v i n Q  

b e l l  p r i n c i p l e  is  used t o  e q u a l i z e  t h e  a i r  p r e s s u r e  i n  t h e  sample b o t t l e  

w i t h  t h e  e x t e r n a l  h y d r o s t a t i c  p r e s s u r e  p r i o r  t o  t h e  s t a r t  of  sampl ing ,  

The US P-46s sample r  used i n  t h e s e  t e s t s  was t h e  f i r s t  o f  t h r e e  o f  

a  s p e c i a l  s e r i e s  t o  be f a b r i c a t e d ,  having been completed o n l y  a  few days  

b e f o r e  b e i n g  s h i p p e d  t o  Grand Canyon f o r  t h e s e  i n v e s t i @ a t i o n s .  T h i s  

sample r  i s  i d e n t i c a l  t o  t h e  P-$6 i n  a p p e a r a n c e  and g e n e r a l  d i m e n s i o n s ,  

d i f f e r i n g  o n l y  i n  t h e  mechanism f o r  o p e r a t i n g  t h e  v a l v e .  The P-46S9 

which was f o r m e r l y  d e s i g n a t e d  t h e  US D-47 sed iment  sampler  i n  Repor t  No, 

8 and e l s e w h e r e ,  a l l o w s  r o t a t i o n  f rom one v a l v e  p o s i t i ~ n  t o  a s e c o n d  

p o s i t i o n  o n l y .  The s a m p l e r  may be assembled t o  i n t e g r a t e  e i t h e r  down- 

ward f r o m  t h e  w a t e r  s u r f a c e  o r  upward t o  t h e  s u r f a c e ,  f o r  one-way 

i n t e g r a t i o n  b e g i n n i n g  o r  e n d i n g  a t  t h e  w a t e r  s u r f a c e .  I t  may b e  used  

a l s o  f o r  r o u n d - t r i p  i n t e g r a t i o n  under  t h e  same l i r n i . t a t i o n s  o f  d e p t h  and 

t r a n s i t  r a t e  as  t h e  D-43, b u t  i t  i s  n o t  a d a p t a b l e  t o  p a r t i a l  i n t e g r a t i o n  

o f  a  v e r t i c a l .  T h i s  s a m p l e r  i s  much l e s s  v e r s a t i l e  t h a n  t h e  US P-46, 

b u t  i s  s i m p l e r  and r e q u i r e s  somewhat Eess  e l e c t r i c  c u r r e n t  t o  o p e r a t e .  

Both  t h e  P-46 and P-46s may be o p e r a t e d  on t h e  same t y p e  o f  e l e c t r i c a l  

c i r c u i t .  The sampl ing c h a r a c t e r i s t i c s  o f  t h e  two instruments s h o u l d  be 

i d e n t i c a l  when used  i n  a  s i m i l a r  manner. 

The e i g h t  6 -vo l t  d r y  b a t t e r i e s  were connec ted  i n  s e r i e s  and used t o  

s u p p l y  o p e r a t i n g  c u r r e n t  f o r  t h e  P-$0 and P-46s s a m p l e r s .  C o n n e c t i o n  
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from one t e r m i n a l  o f  t h i s  group o f  b a t t e r i e s  was made t o  t h e  commutator 

o n  t h e  sound ing  r e e l  and from t h e  commutator r i n g  t o  t h e  i n s u l a t e d  c o r e  

w i r e  i n  t h e  s u s p e n s i o n  c a b l e .  The o t h e r  end o f  t h e  i n s u l a t e d  c o r e  w i r e  

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

was t h r o u g h  t h e  s a m p l e r  body ,  main  p o r t i o n  o f  t h e  s u s p e n s i o n  c a b l e ,  

sounding r e e l ,  and by way o f  a  k n i f e  s w i t c h ,  back t o  t h e  o t h e r  t e r m i n a l  

o f  t h e  s e r i e s  o f  b a t t e r i e s .  

The b o t t l e s ,  t o o l s ,  and m i s c e l l a n e o u s  s u p p l i e s  were  o f  t h e  t y p e  

g e n e r a l l y  u s e d  i n  s e d i m e n t  s a m p l i n g  and s t r e a m  g a g i n g .  

L a b o r a t o r y  equipment  f o r  d e t e r m i n a t i o n  o f  t h e  sed iment  c o n c e n t r a -  

t i o n  i n  t h e  s a m p l e s  was a v a i l a b l e  a t  t h e  Grand Canyon g a g i n g  s t a t i o n .  

C o n c e n t r a t i o n  d e t e r m i n a t i o n s  were made by a  method s f  d e c a n t a t i o n  com- 

b i n e d  w i t h  e v a p o r a t i o n  o v e r  a  s t e a m  b a t h ,  C o r r e c t i o n s  were  made f o r  

d i s s o l v e d  s o l i d s .  The c o n c e n t r a t i o n s  w e r e  e x p r e s s e d  i n  p a r t s  p e r  

m i l l i o n  o f  s o l i d  m a t t e r  based on t h e  d ry  weight  of  t h e  s o l i d  m a t t e r ,  and 

t h e  t o t a l  w e i g h t  s f  t h e  s e d i m e n t  m i x t u r e .  

The s i z e  g r a d a t i o n s  o f  s i x t y  o f  t h e  s e d i m e n t  s a m p l e s  o b t a i n e d  i n  

t h e s e  t e s t s  w e r e  d e t e r m i n e d  i n  t h e  L i n c o l n ,  N e b r a s k a  l a b o r a t o r y  o f  

t h e  U. S. G e o l o g i c a l  S u r v e y ,  Four  s a m p l e s  were b r o k e n  i n  t r a n s i t  t o  

L i n c o l n ,  The sarflp l e s  were  a n a l y z e d  b y  t h e  b o t t o m - w i t h d r a w a l  t u b e  

method,  d i s t i l l e d  w a t e r  b e i n g  used f o r  t h e  s e t t l i n g  medium, 

4. Personnel- -The f i e l d  work on which t h i s  r e p o r t  was b a s e d  was -- 
performed by R u s s e l l  P. C h r i s t e n s e n ,  Byrnon C.  Co.lby, Roy E- C a b e l l ,  and 

Joseph  W. Ravdin,  The r e p o r t  was p repared  by Byrnon G. Colby,  Waltsn H. 

Dururn, and R o b e r t  A.  K r i e g e r ,  and was r e v i e w e d  and e d i t e d  by P a u l  C .  

B e n e d i c t  and M a r t i n  E. Nelson ,  
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11. OPERATION A N D  TEST PROCEDURE 

5. O p e r a t i o n  o f  t h e  samplers--The US P-46 was used f o r  217 samples  

and found t o  be  e n t i r e l y  a d e q u a t e  f o r  sampl ing under  t h e  c o n d i t i o n s  of 

t h e s e  t e s t s .  While t h e r e  a r e  u n d o u b t e d l y  p o s s i b i l i t i e s  f o r  improv ing  

t h e  s p e e d  and e a s e  w i t h  which  t h e  s a m p l e r  c o u l d  be  made t o  o p e r a t e ,  

s t i l l  t h e  sample r  was found t o  be d e p e n d a b l e ,  and i t s  o p e r a t i o n  a lways  

appeared  c o n s i s t e n t  and r e l i a b l e .  Out o f  e v e r y  t e n  samples ,  one o r  two 

were g e n e r a l l y  s p o i l e d  by f a i l u r e  t o  wind t h e  s p r i n g  when n e c e s s a r y ,  by 

u s i n g  t h e  wrong l e n g t h  o f  s a m p l i n g  t i m e ,  o r  b y  n e g l e c t i n g  t o  s e t  t h e  

v a l v e  p r o p e r l y  p r i o r  t o  sampl ing .  However, t h e s e  d i f f i c u l t i e s  t e n d  t o  

d i s a p p e a r  w i t h  e x p e r i e n c e .  The s a m p l e r  s p r i n g  which  was o f  o r d i n a r y  

s p r i n g  s t e e l  b roke  once and t h e  sample r  had t o  be d i s a s s e m b l e d  and t h e  

s p r i n 6  r e p a i r e d .  The s p r i n g s  now i n  u s e  a r e  c o r r o s i o n  r e s i s t a n t  and 

s p r i n g  t r o u b l e  seems t o  h a v e  b e e n  e l i m i n a t e d .  The P-46 was u s e d  f o r  

o b t a i n i n g  about  150 samples  o v e r  a  p e r i o d  o f  s e v e r a l  days  w i t h o u t  b e i n g  

d i sassembled ,  c l e a n e d ,  o r  o i l e d .  When it was f i n a l l y  t a k e n  a p a r t  it was 

f o r  t h e  p u r p o s e  o f  d e m o n s t r a t i o n  and  n o t  on a c c o u n t  o f  i n s t r u m e n t  

f a i l u r e .  

The US P-46s sample r  was u s e d  t o  c o l L e c t  8 2  samples  b u t  gave con- 

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

g r a d u a l l y  l o s t  i t s  s h a p e  o r  t e m p e r  o r  b o t h .  A s u b s t i t u t e  s p r i n g  n o t  

made f o r  t h a t  i n s t r u m e n t  d i d  n o t  f i t  s a t i s f a c t o r i l y .  S p r i n g  t r o u b l e  

w i t h  t h e  P-48S seems  t o  h a v e  b e e n  e l i m i n a t e d  w i t h  t h e  more  r e c e n t  

s p r i n g s  i n s t a l l e d  i n  t h o s e  s a m p l e r s .  The P-46s was d e l i v e r e d  from t h e  
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manufac tu re r  w i t h  a  winding d e v i c e  which was o b v i o u s l y  u n s u i t a b l e .  I t  

was h a s t i l y  r e p l a c e d  w i t h  a  m a k e s h i f t  mechanism which a l s o  p r o v e d  un- 

s a t i s f a c t o r y .  The winding d e v i c e  was r e b u i l t  a g a i n  a t  t h e  Grand Canyon 

s t a t i o n ,  but  t h e  workmanship was n o t  s u f f i c i e n t l y  good t o  g ive  thorough- 

l y  r e l i a b l e  o p e r a t i o n .  However, it was found p o s s i b l e  t o  keep t h e  P-40s 

o p e s a t i n @  s u f f i c i e n t l y  t o  complete  t h e  t e s t s  which had been p lanned  f o r  

t h a t  i n s t r u m e n t .  With t h e  e x c e p t i o n  o f  t h e  s p r i n g  and wind ing  d e v i c e  

t h e  sampler  proved s a t i s f a c t o r y ,  Samples cou ld  be t a k e n  w i t h  t h e  P-40s 

a lmost  a s  r a p i d l y  a s  w i t h  t h e  D-43. 

No m e c h a n i c a l  d i f f i c u l t y  was e x p e r i e n c e d  i n  t h e  o p e r a t i o n  o f  t h e  

US D-43 s a m p l e r .  . However, due t o  i t s  i n a d e q u a t e  w e i g h t  t h e  s a m p l e r  

d r i f t e d  downstream e x c e s s i v e l y ,  Under t h e  c o n d i t i o n s  o f  h i g h  v e l o c i t y  

and c o a r s e  sediment  found a t  Grand Canyon, it was d i f f i c u l t  t o  m a i n t a i n  

s u i t a b l e  t r a n s i t  r a t e s  w h i l e  i n t e g r a t i n g  d e p t h s  g r e a t e r  t h a n  a b o u t  12  

f t ,  The sampler  i s  n o t  des igned  t o  o p e r a t e  i n  s t r e a m s  a s  deep and s w i f t  

a s  t h e  Colorado a t  Grand Canyon. 

8. General  t e s t  procedure--Although t h e  a b i l i t y  o f  t h e  sample rs  t o  

o p e r a t e  under  t h e  c o n d i t i o n s  a t  Grand Canyon was o f  p r imary  impor tance ,  

a  s t u d y  o f  t h e  a c c u r a c y  o f  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e s e  sample rs  was 

a l s o  u r g e n t l y  d e s i r e d .  To t h a t  end samples were c o l l e c t e d  under  v a r i o u s  

c o n d i t i o n s  and u s i n g  a v a r i e t y  o f  d e p t h - i n t e g r a t i o n  p r o c e s s e s .  

Samples  were  o b t a i n e d  May 3 0 ,  31, J u n e  1-4 and 6 - 8 ,  1941. I n  

g e n e r a l ,  t h e  v e l o c i t y  o f  t h e  s t r e a m  was f i r s t  d e t e r m i n e d .  About t e n  

o b s e r v a t i o n s  o f  v e l o c i t y  were made w i t h  t h e  c u r r e n t  m e t e r  t o  d e f i n e  a  

v e r t i c a l  v e l o c i t y  c u r v e  f o r  t h o s e  days  on which d e p t h - i n t e g r a t i o n  d a t a  

were t o  be o b t a i n e d ,  Then about  10 p o i n t - i n t e g r a t e d  samples  were t a k e n  
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t o  d e t e r m i n e  a  v e r t i c a l  c u r v e  o f  sed iment  c o n c e n t r a t i o n .  The computed 

v e l o c i t i e s  from t h e s e  p o i n t  samples  were a l s o  a v a i l a b l e  on which t o  base  

a  v e r t i c a l  c u r v e  s f  n o z z l e  v e l o c i t i e s .  D e p t h - i n t e g r a t i a n  samples  were 

t a k e n  i n  one  o r  b o t h  d i r e c t i o n s  o v e r  t h e  whole  d e p t h  o r  o v e r  p a r t i a l  

d e p t h s .  

Samples w i t h  t h e  p-46 were c o l l e c t e d  accord ing  t o  p rocedures  i n  t h e  

p r e l i m i n a r y  r e p o r t  " O p e r a t i o n  and  M a i n t e n a n c e  o f  US P-$8 S u s g e n d e d  

Sediment S a m p l e r " .  Samples wi th  t h e  P-46S were t a k e n  wi th  t h e  same t y p e  

o f  s u s p e n s i o n ,  T h e  P-46s was o p e r a t e d  from t h e  w a t e r  s u r f a c e  downward, 

o r  upward t o  t h e  w a t e r  s u r f a c e ,  The D-$3 c o l l e c t s  a  sample  f rom t h e  

t i m e  i t  e n t e r s  t h e  w a t e s  u n t i l  i t  i s  w i t h d r a w n ,  T h i s  s a m p l e r  was 

lowered t o  t h e  d e s i r e d  d e p t h ,  r a p i d l y  r e v e r s e d ,  and r a i s e d  back t o  t h e  

w a t e r  s u r f a c e .  . 

When t h e  sample r s  were used t o  o b t a i n  d e p t h - i n t e g r a t e d  samples ,  t h e  

s a t e  a t  which  t h e  s a m p l e r s  w e r e  r a i s e d  o r  l o w e r e d  was k e ~ t  uniforr i i  

t h r o u g h o u t  t h e  d u r a t i o n  o f  any g i v e n  sampl ing t i w e ,  S i n c e  t h e  s a m p l e r s  

were lowered and r a i s e d  b y  hand, v u n i f s r m "  used i n  t h i s  s e n s e  i s  o n l y  a 

r e l a t i v e  term,  Because o f  t h e  downstream d r i f t  o f  t h e  sample r s  t h e  r a t e  

o f  o p e r a t i o n  o f  t h e  drum was n o t  a  p r e c i s e  measure o f  t h e  r a t e  a t  which 

t h e  sample r  was lowered o r  r a i s e d ,  

The sediment, samples o b t a i n e d  were p rocessed  a t  t h e  sediment  l a b o r -  

% t o r y  a t  t h e  Grand Canyon daging s l a t i o n ,  w i t h  t h e  e x c e p t i o n  sf about  60 

samples  which were s e n t  t o  L i n c o l n ,  Nebraska f o r  d e t e r m i n a t i o n  o f  p a s -  

t b c l e  s i z e .  

Most o f  t h e  t e s t  d a t a  compiled i n  Lhese i n v e s t i g a t i o n s  may be found 

i n  t h e  form o f  computat ion s h e e t s  i n  t h e  appendix  o f  t h i s  r e p o r t ,  
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The a n g l e  o r  a n g l e s  which t h e  s u s p e n s i o n  c a b l e  made w i t h  t h e  v e r l i -  

c a l  have been r e c o r d e d  f o r  most o f  t h e  samples .  F o r  o t h e r s  t h e  a n g l e s  

have been computed from o t h e r  o b s e r v a t i o n s  and t h e  b a s i s  o f  compar i son  

i n d i c a t e d  on t h e  computa t ion  s h e e t s  i n  t h e  appendix ,  I n  many c a s e s  t h e  

average  a n g l e s  f o r  a  group o f  samples  were recorded .  The t y p e  o f  a n g l e  

i n d i c a t o r  on t h e  g a f f i n g  c a r  i s  p r o b a b l y  a c c u r a t e  t o  w i t h i n  one d e g r e e  

when o b s e r v a t i o n s  a r e  made over  a  few seconds  t ime.  However, f o r  depth-  

i n t e g r a t e d  samples ,  t h e  a n g l e s  a t  t h e  water  s u r f a c e  o r  a t  t h e  s t r e a m  bed 

must be o b s e r v e d  i n s t a n t a n e o u s l y ,  and t h a t  u s u a l l y  a t  a  t i m e  when t h e  

gag ing  c a r  i s  swinging b e c a u s e  o f  t h e  r a p i d  o p e r a t i o n  o f  t h e  s u s p e n s i o n  

r e e l ,  Such o b s e r v a t i o n s  a r e  open t o  c o n s i d e r a b l e  e r r o r ,  F o r  t h a t  r ea -  

son  o n l y  one average  a n g l e  f o r  a  group o f  s i m i l a r  i n t e g r a t i o n s  was some- 

t i m e s  r e c o r d e d ,  on t h e  a s s u m p t i o n  t h a t  t h e  o v e r - a l l  a v e r a g e  was more 

n e a r l y  represen la -L ive  o f  e a c h  sample t h a n  a  s i n g l e  r e a d i n g  would be .  

S t r e a m  v e l o c i t i e s  were  o b t a i n e d  w i t h  a s m a l l  P r i c e  c u r r e n t  m e t e r  

which  had b e e n  s a t e d  a t  t h e  Bureau  o f  S t a n d a r d s  a t  Wash ing ton ,  D. C. 

C o r r e c t i o n s  t o  d e p t h  i n v o l v e d  i n  sound ings  and i n  t h e  p lacement  o f  t h e  

m e t e r  f o r  v e l o c i t y  o b s e r v a t i o n s  were made a c c o r d i n @  t o  "Method f o r  COP- 

rec t ing!  Soundings o f  Deep S w i f t  R i v e r s "  p r e p a r e d  by G. C.  S t e v e n s  o f  t h e  

Water Resources  D i v i s i o n  sf t h e  G e o l ~ g i c a l  Survey,  Washington,  D. C. 
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111. INTAKE RATIOS 

7. G e n e r a l  comments--The i n t a k e  r a t i o ,  o r  t h e  r e l a t i o n  sf t h e  

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

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

s a m p l e .  Any c o n d i t i o n  which  c a u s e s  t h e  i n t a k e  r a t i o  t o  d e p a r t  f rom 

u n i t y  may c a u s e  an i n a c c u r a c y  i n  t h e  c o n c e n t r a t i o n  o f  sediment  c o l l e c t e d  

i n  t h e  sample .  However, t h e  i n t a k e  r a t i o  may u s u a l l y  v a r y  s e v e r a l  per-  

c e n t  from u n i t y  b e f o r e  t h e  sediment  c o n c e n t r a t i o n  shows any s e r i o u s  in -  

accuracy ,  e s p e c i a l l y  i f  t h e  p a r t i c l e s  o f  sed iment  i n v o l v e d  a r e  o f  r e l a -  

t i v e l y  s m a l l  s i z e .  Minor d e p a r t u r e s  f rom i d e a l  s a m p l i n g  c o n d i t i o n s  

g e n e r a l l y  show up more q u i c k l y  i n  t h e  i n t a k e  r a t i o  t h a n  i n  t h e  sediment  

c o n c e n t r a t i o n .  The i n t a k e  r a t i o  i s  a  c o n v e n i e n t  and s e n s i t i v e  i n d i c a -  

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

v e n i e n t  b a s i s  f o r  one t y p e  o f  s t u d y  o f  t h e  e f f e c t  o f  v a r i o u s  f a c t o r s  on 

t h e  a c c u r a c y  o f  sampl ing.  

I n  r e l a t i n g  t h e  i n t a k e  r a t i o  and t h e  s e d i m e n t  c o n c e n t r a t i o n  o f  

f i e l d  samples ,  t h e r e  may b e  i n s t a n c e s  i n  which t h e  i n t a k e  r a t i o  f o r  an 

i n d i v i d u a l  sample was a p p a r e n t l y  much t o o  low, and y e t  t h e  sediment  con- 

c e n t r a t i o n  seemed u n a f f e c t e d .  T h i s  t y p e  sf sample  may r e s u l t  i f  t h e  

i n t a k e  n o z z l e  was o b s t r u c t e d  o r  p a r t l y  o b s t r u c t e d  f o r  a 1 1  o r  a  p o r t i o n  

o f  t h e  s a m p l i n g  t i m e .  Complete  o b s t r u c t i o n  f o r  p a r t  o f  t h e  s a m p l i n g  

t i m e  might  r e s u l t  i n  a  sample  which was c o r r e c t  i n  c o n c e n t r a t i o n  o v e r  

t h a t  p a r t  of  t h e  sampl ing p e r i o d  when t h e  i n t a k e  was o p e r a t i n g  s a t i s f a c -  

t o r i l y .  A p a r t i a l  o b s t r u c t i o n  o f  t h e  n o z z l e  t i p  m i g h t  n o t  h a v e  any  
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a p p r e c i a b l e  e f f e c t  on t h e  sediment  c o n c e n t r a t i o n  i f  t h e  i n t a k e  v e l o c i t y  

based  on t h e  n e t  a r e a  o f  t h e  i n t a k e  remained c l o s e  t o  u n i t y .  While any 

s a m p l e  which h a s  an  i n t a k e  r a t i o  d i f f e r i n g  from u n i t y  s h o u l d  be  con- 

s i d e r e d  d o u b t f u l ,  t h e  c o n c e n t r a t i o n  i n  such  a  sample i s  n o t  n e c e s s a r i l y  

e r r o n e o u s .  I n  a n y  s t u d y  o f  s a m p l e s  t a k e n  i n  a  s t r e a m  o f  t u r b u l e n t  

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

s h o u l d  be c o n s i d e r e d .  The f a c t  t h a t  a  n o z z l e  v e l o c i t y  was 20 p e r c e n t  

g r e a t e r  o r  l e s s  t h a n  t h a t  expec ted ,  would i n d i c a t e  t h a t  t h e  i n t a k e  r a t i o  

v a r i e d ,  t h a t  t h e  s t r e a m  v e l o c i t y  f l u c t u a t e d  w h i l e  t h e  i n t a k e  r a t i o  re -  

mained c o n s t a n t ,  o r  t h a t  t h e  d i f f e r e n c e  was made up o f  a  combina t ion  o f  

t h e  two. O r d i n a r i l y ,  t h e  i n t a k e  r a t i o  w i l l  remain r e l a t i v e l y  c o n s t a n t  

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

8. S t r e a m  v e l o c i t i e s  from c u r r e n t  m e t e r  o b s e r v a t i o n s - - V e l o c i t y  

o b s e r v a t i o n s  t a k e n  w i t h  a  s m a l l  P r i c e  c u r r e n t  m e t e r  were used  a s  t h e  

b a s i s  f o r  de te rmix ing  t h e  i n t a k e  r a t i o s  f o r  t h e  v a r i o u s  samples t a k e n  i n  

t h e s e  t e s t s .  T h e r e  were  f i v e  d a y s  (May 30, 91, J u n e  3 ,  4 and 8 )  on 

which a  c o m p l e t e  v e r t i c a l  v e l o c i t y  c u r v e  was d e t e r m i n e d  f rom c u r r e n t  

meter o b s e r v a t i o n s .  On June 2 a  v e r t i c a l  v e l o c i t y  curve  was d e f i n e d  f o r  

t h e  upper  p o r t i o n  o f  t h e  d e p t h  on ly .  V e l o c i t y  d a t a  f o r  t h e s e  days  have 

b e e n  p l o t t e d  and  t a b u l a t e d  o n  F i g s .  3-8. A 1 1  v e l o c i t i e s  obtained 

w i t h  t h e  c u r r e n t  meter  have been p l o t t e d  w i t h  t h e  e x c e p t i o n  o f  t h o s e  f o r  

J u n e  1. The a p p a r e n t  change i n  v e l o c i t y  d u r i n g  t h e  t e s t s  on t h a t  d a y  

was s o  g r e a t  t h a t  any comparison o f  t h e  v e l o c i t i e s  i n  t h e  n o z z l e  o f  t h e  

s a m p l e s  w i t h  t h o s e  from t h e  c u r r e n t  mete r  would r e q u i r e  c o r r e c t i o n s  f o r  

t i m e ,  and t h e r e  were n o t  s u f f i c i e n t  d a t a  on which t o  b a s e  s u c h  a  cor -  

r e c t i o n ,  
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The c u r r e n t  me te r  o b s e r v a t i o n s  f o r  t h e  Grand Canyon i n v e s t i g a t i o n s  

were made by s t a n d a r d  methods o f  p r o c e d u r e *  The o b s e r v e d  s o u n d i n g s  and 

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

sounding l i n e .  The c u r r e n t  meter  v e l o c i t i e s  p l o t t e d  on t h e  f i g u r e s  w i l l  

b e  c o n s i d e r e d  b a s i c  d a t a .  These v e l o c i t i e s  a r e  n o t  l i s t e d  n o r  t h e  cam- 

p u t a t i o n s  inc luded  w i t h i n  t h e  t a b u b a t e d  d a t a  p r e s e n t e d  w i t h  t h i s  r e p o r t ,  

The d o u b l e  v e l o c i t y  r e a d i n g s  shown on F i g ,  5 s h o u l d  b e  n o t e d ,  The 

v e l o c i t y  r e a d i n g s  on t h i s  p l a t e  were t a k e n  i n  d u p l i c a t e ,  and Ghe sead-  

i n g s  were  c o n s e c u t i v e  a t  ea,ch d e p t h ,  An o b s e r v a t i o n  e x t e n d e d  o v e r  

a p p r o x i m a t e l y  50 s e e ,  The v a r i a t i o n  i n  v e l o c i t y  o v e r  c o n s e c u t i v e  50- 

see .  i n t e r v a l s  was a s  g r e a t  a s  7 p e r c e n t ,  Obviously  t h i s  would i n d i c a t e  

a much g r e a t e r  p r o b a b l e  v a r i a t i o n  between t h e  8- o r  $0-sec .  i n t e r v a l s  

which make up t h e  u s u a l  sampl ing  t i m e .  

When t h e  samp l e r  was be ing  used f o r  d e p t h - i n t e g r a t i o n ,  t h e  obse rved  

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

sampler  i n  o r d e r  t o  make t h e  obse rved  f i g u r e s  e q u a l  t o  t h e  v e l o c i t y  p a s t  

t h e  sampler  nozzle. The a n g l e  i n  t h e  s u s p e n s i o n  l i n e  t o  t h e  sample r  was 

changing a lmost  c o n s t a n t l y  d u r i n g  t h e  p r o c e s s  o f  d e p t h - i n t e g r a t i o n ,  The 

ang le  was 0' a t  t h e  moment t h e  sampler  touched t h e  w a t e r  going downward; 

t h e  a n g l e  was p e r h a p s  18' by  t h e  t i m e  t h e  s a m p l e r  r e a c h e d  t h e  s t r e a m  

b e d *  S e v e r a l  f o r c e s  which i n f l u e n c e  t h i s  a n g l e  a r e  i n d i c a t e d  t o  some 

e x t e n t  i n  "Method f o r  C o r r e c t i n g  Soundings  o f  Deep S w i f t  R i v e r s " ,  The 

c o r r e c t i o n s  made h e r e  a r e  d e r i v e d  from d a t a  i n  t h a t  b o o k l e t ,  which d a t a  

were  b a s e d  on s e v e r a l  s i m p l i f i c a t i o n s  o f  a c t u a l  c o n d i t i o n s ,  b u t  a r e  

p r o b a b l y  a c c u r a t e  enough f o r  t h e  p r e s e n t  p u r p o s e .  A c t u a l l y ,  i n  depth--  

i n t e g r a t i o n ,  t h e  e f f e c t i v e  w e i g h t  o f  t h e  s a m p l e r  i s  a l t e r e d  b y  t h e  
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r e s i s t a n c e  o f  t h e  w a t e r  t o  t h e  v e r t i c a l  movement o f  t h e  s a m p l e r ;  t h e  

v e l o c i t y  a g a i n s " c h e  s a m p l e r  and s u s p e n s i o n  l i n e  v a r i e s  a s  t h e  s a m p l e r  

d r i f t s  d o w n s t r e a m ,  o r  i s  towed u p s t r e a m  d u r i n g  i n t e g r a t i o n ;  and t h e  

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

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

on t h e  l i n e .  A complete  a n a l y s i s  o f  t h e  changing f o r c e s  w i t h  r e s p e c t  t o  

v a r i o u s  p o s i t i o n s  o f  t h e  sample r  s u s p e n s i o n  i s  beyond t h e  scope  of  t h i s  

r e p o r t ,  

T h e  m a g n i t u d e  and s e r i o u s n e s s  of'  t h i s  c o r r e c - L i o n  m i g h t  be more 

r e a d i l y  g r a s p e d  from t h e  c o n s i d e r a , t i a n  o f  a  c o n c r e t e  i n s t a n c e .  Assume 

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

d r i f t s  downstream u n t i l  t h e  s u s p e n s i o n  l i n e  wakes  a n  a n g l e  o f  15' ( a  

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

p o i n t  20 f t .  below t h e  w a t e r  s u r f a c e .  With t h e  p o i n t  o f  s u s p e n s i ~ n  35 

f t ,  above t h e  w a t e r  s u r f a c e ,  when t h e  a n g l e  becomes 13" t h e  l i n e  e n t e r s  

t h e  wa-ter 9,4 f t .  downs'brearn from t h e  p o i n t  d i r e c t l y  undernea th  t h e  s m s -  

p e n s i o n ,  S e e  P i g ,  2, I n  a d d i t i o n  t h e  s a m p l e r  i s  2 . 7  ft. downstream 

f r o ~ r  t h e  p o i n t  a t  which t h e  l i n e  e n t e r s  t h e  w a t e r .  The sample r  is  t h e n  

12,1 f t .  downstream from t h e  p o i n t  o f  s u s p e n s i o n ,  If a  sampl ing t ime  o f  

8 s e c .  e l a p s e d  d u r i n g  t h e  downward i n t e g r a t i o n ,  and t h e  a v e r a g e  s t r e a m  

v e l o c i t y  f o r  t h e  20 f t ,  o f  d e p t h  was 7.0 f t .  p e r  s e c ,  t h e n  a  t o t a l  f low 

o f  50 l i n e a r  f t ,  tioulcl have pa.ssad t h e  sampler  n o z z l e  i f  t h e  sampler  had 

n o t  d r i f t e d  12,l f t .  downs t ream,  However,  t h e  a c t u a l  f l o w  p a s t  t h e  

s a m p l e r  n o z z l e  was o n l y  56 minus f2*1 o r  43 .9  l i n e e r  f t .  The a v e r a g e  

v e l o c i t y  p a s t  t h e  sample r  n o z z l e  was t h e n  43.9  d i v i d e d  by $ o r  about  5.5 

f t .  p e r  s e e *  If t h e  s a m p l e r  were u s e d  t o  i n t e g r a t e  upward f rom t h e  
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2 0 - f t .  dep th ,  t h e  sampler  would be drawn upst ream.  I t  might be  e x p e c t e d  

t o  emerge  f rom t h e  w a t e r  a b o u t  4 f t .  downs t ream f rom t h e  s u s p e c s i o n  

p o i n t .  I t  would t h e r e f o r e  be  drawn 8 . 1  f t .  u p s t r e a m .  F o r  an  8 - s e c .  

d u r a t i o n  o f  t h e  upward s a m p l i n g  L ' r ip9  t h e  l i n e a r  f l o w  p a s t  t h e  i n t a k e  

n o z z l e  would be  6 4 . 1  f t .  I n  t h i s  c a s e  t h e  v e l o c i t y  p a s t  t h e  n o z z l e  

would be  about  8 . 0  f t .  p e r  s e c ,  The c o r r e c t i o n  f o r  a  r o u n d - t r i p  sample  

composed o f  t h e  downward and upward i n t e g r a t i o n  would have  b e e n  made 

o n l y  on t h e  b a s i s  o f  t h e  n e t  downstream d r i f t  o f  4 f t .  I f  t h e  s a m p l e  

had been t a k e n  over  t h e  16-sec .  p e r i o d ,  t h e  l i n e a r  f l o w  past t h e  n o z z l e  

would have been  112 minus 4 o r  1 0 8  f t .  The v e l o c i t y  p a s t  t h e  n o z z l e  

would have been 108 d i v i d e d  by 16 o r  6.75 f t ,  p e r  s e c .  Even t h i s  dev ia -  

t i o n  from t h e  assumed mean v e l o c i t y  o f  7,O f t .  p e r  s e c .  is  l a r g e  enough 

t o  be s i g n i f i c a n t .  

The s t r e a m  v e l o c i t i e s  f o r  June  3 and 8 were c o r r e c t e d  f o r  a  change 

i n  v e l o c i t y  w i t h  t i m e  d u r i n g  t h e  sampl ing  day.  The change i n  v e l o c i t y  

was computed on t h e  b a s i s  of  t h e  change i n  t h e  mean v e l o c i t y  d e t e r m i n e d  

f rom t h e  morning and a f t e r n o o n  n o z z l e  v e l o c i t y  c u r v e s ,  The c u r r e n t  

m e t e r  v e l o c i t i e s  were  c o n s i d e r e d  t o  have t h e  s a ~ e  r a t e  o f  change  w i t h  

t i m e  a s  shown by t h e  n o z z l e  v e l o c i t i e s .  

The c o r r e c t e d  v e l o c i t y  was b a s e d  on t h e  o b s e r v e d  c u r r e n t  m e t e r  

v e l o c i t y  c o r r e c t e d  f o r  t h e  downstream d r i f t  o f  t h e  s a m p l e r ,  and on J u n e  

3 and 6 c o r r e c t e d  a l s o  f o r  t h e  change i n  v e l o c i t y  w i t h  t ime .  

The v e r t i c a l  v e l o c i t y  c u r v e s  a r e  q u i t e  i r r e g u l a r  i n  s h a p e .  The 

bo t tom o f  t h e  s t r e a m  was p r o b a b l y  chang ing  d u r i n g  t h e  t i m e  o f  some o f  

t h e s e  t e s t s .  On June  4 ,  t h e  d e p t h  was 22 .3  f t ,  i n  t h e  morning,  and 28 .0  

f t .  i n  t h e  a f t e r n o o n .  There was a  major change i n  t h e  v e r t i c a l  v e l o c i t y  
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curve  a t t e n d a n t  upon t h i s  change i n  dep th .  However, t h i s  change a p p e a r s  

t o  have o c c u r r e d  s u b s e q u e n t  t o  t h e  c o m p l e t i o n  o f  most o f  t h e  t e s t s  f o r  

t h a t  day.  The v e l o c i t y  c u r v e s  seem t o  have b e e n  c h a n g i n g  d u r i n g  t h e  

t i m e  over  which t h e  t e s t s  were made on June  3 and 6. On t h e s e  days  t h e  

v e l o c i t i e s  have been c o n s i d e r e d  a s  changing u n i f o r m l y  w i t h  t ime  from t h e  

s t a r t  o f  o p e r a t i o n s  u n t i l  t h e  end. The change h a s  been assumed o f  e g u a l  

numer ica l  v a l u e  from t h e  s u r f a c e  t o  t h e  bottom o f  t h e  s t r e a m .  A c t u a l l y  

t h e  change was p e r h a p s  more n e a r l y  a p e r c e n t a g e  c o r r e c t i o n  t o  t h e  morn- 

i n g  c u r v e .  The c o r r e c t i o n s  made f o r  t h e  change i n  v e l o c i t y  w i t h  t i m e  

a r e  o b v i o u s l y  o n l y  approx imat ions ,  b u t  t h e  a v a i l a b l e  d a t a  do n o t  , j u s t i f y  

g r e a t e r  r e f i n e m e n t .  

The s h a p e  o f  i n d i v i d u a l  v e r t i c a l  v e l o c i t y  c u r v e s  may have  b e e n  

i n f l u e n c e d  by f l u c t u a t i o n s  i n  v e l o c i t y  which e x t e n d e d  o v e r  r e l a t i v e l y  

l o n g  p e r i o d s  o f  t i m e .  Each o b s e r v a t i o n  made w i t h  t h e  c u r r e n t  m e t e r  

covered  an i n t e r v a l  o f  about  50 s e c .  Observa t ions  were t a k e n  a s  r a p i d l y  

a s  p o s s i b l e  beg inn ing  a t  t h e  s t r e a m  bed and working upward. Some of t h e  

f l u c t u a t i o n s  i n  v e l o c i t y  p r o b a b l y  ex tended  o v e r  p e r i o d s  l o n g e r  t h a n  one 

v e l o c i t y  o b s e r v a t i o n ,  and f o r  t h a t  r e a s o n  may h a v e  g i v e n  a  d e f o r m e d  

s h a p e  t o  t h e  r e s u l t i n g  v e r t i c a l  v e l o c i t y  c u r v e .  

The s t u d y  o f  i n t a k e  r a t i o s  f o r  t h i s  i n v e s t i g a t i o c  h a s  been  based  

m a i n l y  on %he d a t a  f o r  t h e  s i x  d a y s  on which v e r t i c a l  v e l o c i t y  c u r v e s  

were d e f i n e d  by c u r r e n t  me te r  v e l o c i t i e s .  The v e r t i c a l  v e l o c i t y  c u r v e s  

were based on c u r r e ~ t  me te r  o b s e r v a t i o n s  a t  t h e  mid-point  o f  e a c h  t e n t h  

o f  t h e  s t r e a m  d e p t h ,  The c u r r e n t  m e t e r  o b s e r v a t i o n s  were  g e n e r a l l y  

f o l l o w e d  by a  s e t  o f  p o i n t - i n t e g r a t e d  samples  t a k e n  a t  t h e  same d e p t h s  

a s  t h e  c u r r e n t  m e t e r  v e l o c i t i e s .  These  p o i n t  samples  were f o l l o w e d  by,, 
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d e p t h - i n t e g r a t e d  samples  c o l l e c t e d  i n  v a r i o u s  ways. A t  t h e  end o f  t h e  

s a m p l i n g  d a y ,  a b o u t  f i v e  more p o i n t - i n t e g r a t e d  s a m p l e s  were  t a k e n  a t  

p o i n t s  d i s t r i b u t e d  th roughout  t h e  d e p t h  o f  t h e  s t r e a m .  On June 4 ,  addi-  

t i o n a l  c u r r e n t  m e t e r  o b s e r v a t i o n s  were  made a t  t h e  end o f  t h e  d a y  t o  

s u b s t a n t i a t e  t h e  v e l o c i t i e s  shown by t h e  p o i n t  samples .  

9. Nozzle v e l o c i t i e s  based  on p o i n t  samples--The v e l o c i t y  o f  f low 

i n  t h e  i n t a k e  n o z z l e  was computed f o r  each o f  t h e  sed iment  samples.  The 

c o n p u t a t i o n  was based on t h e  volume o f  t h e  sample ,  t h e  t ime  dur ing  which 

i t  was c o l l e c t e d ,  and t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  n o z z l e .  The v o l -  

ume o f  t h e  sample i n  c u b i c  c e n t i m e t e r s  was c o n s i d e r e d  n u m e r i c a l l y  e q u a l  

t o  t h e  we igh t  o f  t h e  sample  i n  grams. T h i s  r e l a t i o n  would be t r u e  o f  

p u r e  w a t e r  a t  maximum d e n s i t y ,  However, a t  t h e  w a t e r  t e m p e r a t u r e  o f  

t h e s e  t e s t s ,  p u r e  w a t e r  would be a t  l e s s  t h a n  maximum d e n s i t y ;  b u t  t h e  

p r e s e n c e  o f  s e d i m e n t  i n  t h e  s a m p l e  would  t e n d  t o  make t h e  m i x t u r e  

h e a v i e r  t h a n  pure  w a t e r .  The e r r o r  i n  t h e  c o r ~ v e r s i o n  of  we igh t  t o  v o l -  

ume a p p e a r s  t o  be abou t  0 .1  p e r c e n t  and w i l l  be n e g l e c t e d ,  

The n o z z l e  v e l o c i t i e s  o f  t h e  p o i n t - i n t e g r a t e d  samples  were used t o  

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

v e l o c i t i e s  i n  t h e  n o z z l e  f o r  t h e  morning and a f t e r n o o n  samples  d i d  n o t  

show any  d e f i n i t e  d i f f e r e n c e ,  a l l  were  u s e d  t o  d e t e r m i n e  one  d a i l y  

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

s e p a r a t e  v e r t i c a l  v e l o c i t y  c u r v e s  were b a s e d  on morning and a f t e r n o o n  

s a m p l e s .  On J u n e  3 and 6 ,  t h e  two d a y s  on which  s u c h  a  d i f f e r e n c e  

appeared ,  t h e  r a t e  o f  change i n  v e l o c i t y  w i t h  t i m e  was d e t e r m i n e d  from 

t h e  s p r e a d  b e t w e e n  t h e  morn ing  and a f t e r n o o n  c u r v e s ,  T h i s  r a t e  o f  

c h a n g e  was a p p l i e d  t o  c u r r e n t  m e t e r  and t o  p o i n t  s a m p l e  v e l o c i t i e s  
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b e f o r e  u s i n g  them a s  a  b a s i s  f o r  compar ison w i t h  o t h e r  samples .  

No d e t a i l e d  d i s c u s s i o n  o f  t h e  d a i l y  v e l o c i t y  d a t a  p r e s e n t e d  i n  

F i g s .  3-8 w i l l  be  a t t e m p t e d ,  A s t u d y  o f  t h e s e  p l a t e s  w i l l  i n d i c a t e  

how t h e  d a i l y  v e l o c i t y  c u r v e s  have been  d e t e r m i n e d ,  and w i l l  a l s o  show 

t h a t  a n  o c c a s i o n a l  o b s e r v a t i o n  h a s  been  d i s r e g a r d e d .  A c a r e f u l  inves -  

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

o b s e r v a t i o n s ,  and w i l l  i n d i c a t e  t h e  p robab le  range i n  e r r o r s  which e n t e r  

i n t o  t h e  computa t ions  based  on i n d i v i d u a l  samples  o r  on g roup  a v e r a g e s .  

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

w i l l  be  d i s c u s s e d  b r i e f l y .  The d a i l y  p l a t e s  show a l l  t h e  c u r r e n t  meter  

and p o i n t  sample v e l o c i t i e s  on which t h e  c u r v e s  were based.  The v e l o c i -  

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

t h e  s t r e a m  f o r  b o t h  t h e  c u r r e n t  meter  and t h e  p o i n t  sample  c u r v e s .  The 

l egend  i n c l u d e s  t h e  approx imate  mean t i m e  f o r  t h e  o b s e r v a t i o n s  on which 

e a c h  c u r v e  was based .  The c o m p u t a t i o n s  a long  t h e  lower  p o r t i o n  o f  t h e  

p l a t e s  a r e  l a r g e l y  s e l f - e v i d e n t .  The c u r r e n t  me te r  mean c o r r e c t e d  f o r  

t i m e  c o n s i s t s  o f  t h e  c u r r e n t  me te r  mean v e l o c i t y  t a k e n  from t h e  c u r v e ,  

and  c o r r e c t e d  on t h e  b a s i s  o f  t h e  t i m e  shown a l o n g  t h e  b o t t o m  o f  t h e  

t a b u l a t i o n .  T h i s  c o r r e c t i o n  on t h e  b a s i s  o f  t i m e ,  a p p l i e s  o n l y  t o  t h o s e  

days  on which t h e  morning and a f t e r n o o n  p o i n t  samples  i n d i c a t e d  a  change 

i n  v e l o c i t y  d u r i n g  t h e  s a m p l i n g  day.  When g r o u p s  o f  d e p t h - i n t e g r a t e d  

samples  were t a k e n  i n  a  s i m i l a r  manner, t h e  c u r r e n t  me te r  v e l o c i t y  f o r  

t h e  group was c o r r e c t e d  f o r  t h e  downstream d r i f t  o f  t h e  s a m p l e r  on t h e  

b a s i s  o f  t h e  a v e r a g e  a n g l e s  of t h e  sounding l i n e ,  and t h e  a v e r a g e  t i m e  

o v e r  which t h e  samples  were t a k e n .  The p o i n t  sample mean c o r r e c t e d ,  i s  

t h e  p o i n t  sample  mean v e l o c i t y  from t h e  v e r t i c a l  v e l o c i t g  c u r v e ,  w i t h  
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c o r r e c t i o n s  f o r  changes  i n  v e l o c i t y  w i t h  t i m e  and f o r  changes  caused  by 

t h e  downstream d r i f t  o f  t h e  s a m p l e r .  The r a t i o  o f  t h e  a v e r a g e  n o z z l e  

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

c o r r e c t e d ,  and t o  t h e  p o i n t  sample mean c o r r e c t e d ,  has  a l s o  been shown. 

The t r a n s i t  r a t e  f o r  a  group o f  samples  i s  t h e  a v e r a g e  r a t e  o f  v e r t i c a l  

movement o f  t h e  s a m p l e r .  The f i g u r e  was o b t a i n e d  by t a k i n g  t h e  d e p t h  

o v e r  which  t h e  s a m p l e s  were  i n t e g r a t e d  and d i v i d i n g  by t h e  a v e r a g e  

sampling t ime  f o r  t h e  group.  T h i s  t r a n s i t  r a t e  was d i v i d e d  by t h e  cur -  

r e n t  m e t e r  mean v e l o c i t y  c o r r e c t e d .  The r e s u l t  was t h e  r a t i o  o f  t h e  

v e r t i c a l  t r a n s i t  r a t e  o f  t h e  sampler  t o  t h e  s t r e a m  v e l o c i t y  p a s t  t h e  in-  

t a k e  n o z z l e .  The t i m e  r e c o r d e d  a l o n g  t h e  b o t t o m  o f  t h e  t a b l e  i s  t h e  

mean t ime  f o r  t h e  o b s e r v a t i o n s  i n  t h e  group.  The t i m e s  f o r  two groups  

may be  a l m o s t  i d e n t i c a l  b e c a u s e  t h e  s a m p l e s  i n  t h e  two g r o u p s  were  

i n t e r m i x e d .  The a b r e v i a t i o n s  " s b M  f o r  s t r e a m  bed  and "ws" f o r  w a t e r  

s u r f a c e  have  b e e n  u s e d .  

No a t t e m p t  w i l l  be  made t o  ana lyze  t h e  d i f f e r e n c e s  o r  c o r r e l a t e  t h e  

d i s c r e p a n c i e s  shown on t h e  d a i l y  d a t a ,  o t h e r  t h a n  t o  p o i n t  o u t  t h e  p r e s -  

ence  o f  r a t h e r  e x t r e m e  v a r i a t i o n s  i n  t h e  i n d i v i d u a l  v e l o c i t y  o b s e r v a -  

t i o n s .  

F i g .  9 i s  p r e s e n t e d  a s  a  summary o f  t h e  d a t a  which r e l a t e  most d i -  

r e c t l y  t o  t h e  compar i son  o f  c u r r e n t  me te r  and p o i n t  sample  v e l o c i t i e s .  

The s h a p e s  o f  t h e  a v e r a g e  c u r v e s  a p p e a r  q u i t e  r e g u l a r  and normal .  The 

d a i l y  c u r v e s  show marked v a r i a t i o n s .  The a v e r a g e  i n t a k e  r a t i o  f o r  t h e  

p o i n t  samples  was v e r y  c l o s e  t o  u n i t y  n e a r  t h e  w a t e r  s u r f a c e .  However, 

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

o n l y  about 0.92 n e a r  t h e  s t r e a m  bed. The mean v e l o c i t y   fro^ t h e  average 
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c u r v e  f o r  t h e  c u r r e n t  m e t e r  was 7 .74  f t .  p e r  s e c . ,  w h i l e  t h a t  f o r  t h e  

p o i n t  samples  was 7.57 f t .  p e r  s e e .  These  f i g u r e s  i n d i c a t e  an a v e r a g e  

i n t a k e  r a t i o  o f  0.98 f o r  t h e  p o i n t - i n t e g r a t e d  samples .  T h i s  i s  a  v e r y  

s a t i s f a c t o r y  average  r a t i o .  However, t h e  r a t i o  o f  0.92 n e a r  t h e  s t r e a m  

bed i s  low enough t o  i n d i c a t e  an  a p p r e c i a b l e  e r r o r  i n  sed iment  concen- 

t r a t i o n  i n  t h e  p o i n t  samples  t a k e n  n e a r  t h e  bed o f  t h e  s t r e a m .  

10. E f f e c t  o f  d e p t h - i n t e g r a t i o n  on  i n t a k e  r a t i o s - - T h e  v e r t i c a l  

movement o f  t h e  s a m p l e r  d u r i n e  d e p t h - i n t e g r a t i o n  might  be e x p e c t e d  t o  

i n f l u e n c e  t h e  sampl ing  c h a r a c t e r i s t i c s  o f  t h e  i n s t r u m e n t .  One o f  t h e  

most i m p o r t a n t  problems invo lved  i n  d e p t h - i n t e g r a t i o n  i s  t h e  determina-  

t i o n  o f  t h e  e f f e c t  o f  t h e  v e r t i c a l  movement on t h e  r e l a t i o n  between t h e  

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

The Grand Canyon d a t a  w i l l  n e x t  be a n a l y z e d  i n  a n  a t t e m p t  t o  e v a l u a t e  

t h i s  e f f e c t .  

A breakdown o f  t h e  i n t a k e  r a t i o s  f o r  v a r i o u s  d i v i s i o n s  o f  t h e  

d e p t h - i n t e g r a t e d  s a m p l e s  m i g h t  b e  made on t h e  b a s i s  o f  d i r e c t i o n  o f  

i n t e g r a t i o n ,  i n s t r u m e n t ,  s i z e  o f  n o z z l e ,  r e l a t i v e  t r a n s i t  r a t e ,  e t c .  

However, t h e  s m a l l e r  d i v i s i o n s  would c o n s i s t  o f  s o  few samples  a s  t o  be 

i n c o n c l u s i v e ,  and perhaps  mis lead ing .  The average  i n t a k e  r a t i o  f o r  some 

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

Canyon a r e  p r e s e n t e d  i n  Tab le  I. A few o f  t h e  more i n c o n s i s t e n t  depth-  

i n t e g r a t e d  s a m p l e s  were n o t  u s e d  i n  d e t e r m i n i n g  t h e s e  a v e r a g e  i n t a k e  

r a t i o s .  The d i s c a r d e d  samples  have been  i n d i c a t e d  on t h e  c o m p u t a t i o n  

s h e e t s  i n  t h e  a p p e n d i x .  

Perhaps  t h e  most s i g n i f i c a n t  d i f f e r e n c e  shown by t h e  i n t a k e  r a t i o s  

i s  t h a t  be tween  t h e  r a t i o s  o b t a i n e d  when s a m p l i n g  downward and  t h o s e  
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TABLE I 

SUMMARY OF DATA FOR DEPTH-INTEGRATED SWLES 

Sariiples depth-integrated with P-46 and P-46s 
In tegra ted  downiirard 
In tegra ted  upward 
I l? tegrated round t r i p  

In tegra ted  over f u l l  depth 
In tegra ted  downward 
In tegra ted  upward 

In tegra ted  over p a r t i a l  depth 
In tegra ted  downward 
In tegra ted  up~?ard 
In tegra ted  round t r i p  

Samples depth-integrated with P-46 
IntegraLed downward 
In tegra ted  upward 
In tegra ted  round t r i p  

In tegra ted  over f u l l  depth 
In tegra ted  downward 
In tegra ted  upward 

In tegra ted  over p a r t i a l  depth 
In tegra ted  do.umward 
In tegra ted  upr,rard 
In tegra ted  round t r i p  

Samples depth-integrated with P - 4 6 ~ ,  3116-in. noz. 
In tegra ted  d o ~ m ~ ~ a r d  
In tegra ted  upward 

In tegra ted  over f u l l  depth 
In tegra ted  downward 
In tegra ted  upward 

In tegra ted  over p a r t i a l  depth 
In tegra ted  downward 
In tegra ted  upward 

Samples depth-integrated with P - 4 6 ~ ,  118-in. noz. 
I n t e g r a t e d  downward 
I n t e g r a t e d  upward 

In tegra ted  over f u l l  depth 
In tegra ted  downward 
In tegra ted  upward 

I n t e g r a t e d  over p a r t i a l  depth 
In tegra ted  downward 
In tegra ted  upward 

Sa9ples depth-integrated with D-43? 118-in.  noz . 
In tegra ted  over f u l l  depth 
In tegra ted  over p a r t i a l  depth 

No. 
SAMPLES 

* Computed on b a s i s  of h o r i z o n t a l  s-tream v e l o c i t y .  
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o b t a i n e d  when sampl ing  upward. T h i s  d i f f e r e n c e  a p p e a r s  t o  b e  abou t  1 0  

p e r c e n t .  

The i n t a k e  r a t i o s  f o r  upward i n t e g r a t i o n  g e n e r a l l y  check each o t h e r  

v e r y  c l o s e l y .  The p o s s i b l e  e x c e p t i o n  i s  t h e  low r a t i o  on June  2 f o r  t h e  

f i v e  P-46s samples  i n t e g r a t e d  upward o v e r  a  p a r t i a l  d e p t h  u s i n g  a  1/8- 

i n .  n o z z l e .  The same r e l a t i o n  d o e s  n o t  show up on t h e  s a m p l e s  i n t e -  

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

shown on J u n e  2  i s  n o t  s i g n i f i c a n t .  T a b l e  I seems t o  i n d i c a t e  t h a t  an  

i n t a k e  r a t i o  s f  0.94 was a b o u t  normal  f o r  upward i n t e g r a t i o n  under  t h e  

c o n d i t i o n s  a t  Grand Canyon, 

The i n t a k e  r a t i o s  f o r  downward i n t e g r a t i o n  show g r e a t e r  v a r i a -  

t i o n s  t h a n  t h o s e  f o r  upward i n t e g r a t i o n ,  The r e l a t i v e l y  h i g h  i n t a k e  

r a t i o s  shown by t h e  s a m p l e s  t a k e n  w i t h  t h e  p-46 on May 30 and 31, and 

w i t h  t h e  P-46s w i t h  %/B-in.  n o z z l e  on June 6 ,  -are  among t h e  more obvious  

d i s c r e p a n c i e s .  The r e l a t i v e  t r a n s i t  r a t e s  f o r  t h e s e  s e r i e s  o f  samples  

were n e a r  t h e  t h e o r e t i c a l  maximum p e r m i s s i b l e  a s  de te rmined  by e q u a t i o n  

( 5 )  o f  R e p o r t  No. 8, (The  r e l a t i v e  t r a n s i t  r a t e s  f o r  s e v e r a l  groups  o f  

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

o n  P i g s .  3 - 8 . )  The r a t e s  f o r  t h e  downward i n t e g r a t i o n  o f  t h e  P-46 on 

May 30 and 3 6  were 0 . 4 3  and 0 , 4 2  r e s p e c t i v e l y ,  a g a i n s t  a  t h e o r e t i c a l  

maximum o f  0 .40 ;  and t h e  v a l u e  f o r  t h e  P-46s w i t h  L/8-in,  n o z z l e  on June 

6  was 0 . 1 7 ,  compared t o  a  t h e o r e t i c a l  maximum o f  O . I $ .  Because  t h e s e  

t r a n s i t  r a t e s  a r e  t h e  a v e r a g e s  f o r  a  g r o u p  o f  s a m p l e s ,  t h e  t h e o r e t -  

i c a l  maximum v a l u e s  were p r o b a b l y  s e r i o u s l y  e x c e e d e d  on sorce samples .  

F u r t h e r m o r e ,  t h e s e  t h e o r e t i c a l  v a l u e s  a r e  f o r  n o n - t u r b u l e n t  f l o w .  

T h e  r a t h e r  t u r b u l e n t  f l o w  a t  t h e  Grand Canyon no  d o u b t  r e s u l t e d  i n  
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i n s t a n t a n e o u s  t r a n s i t  r a t e s  much h i g h e r  t h a n  t h e  a v e r a g e .  The r e s u l t s  

l i s t e d  above seem t o  check t h e  f a c t  t h a t  t h e s e  l i m i t i n g  downward t r a n s i t  

r a t e s  a r e  e f f e c t i v e ,  and t h a t  t h e  r e s u l t  o f  h i g h  t r a n s i t  r a t e s  b e g i n s  t o  

appear  a t  t h e s e  l i m i t s .  An i n t a k e  r a t i o  o f  1 . 0 9  wcnld be f a i r l y  r e p r e -  

s e n t a t i v e  o f  t h e  i n t a k e  r a t i o s  f o r  downward i n t e g r a t i o n  on t h e  t h r e e  

days  mentioned.  The downward i n t e g r a t i o n  o f  a l l  p a r t i a l  d e p t h s  and t h e  

downward i n t e g r a t i o n  o v e r  t h e  f u l l  d e p t h  on J u n e  6 w i t h  t h e  3 / 1 6 - i n .  

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

r a t i o s  f rom t h o s e  s a m p l e s  s h o u l d  be  c o m p a r a b l e .  The a v e r a g e  i n t a k e  

r a t i o  f o r  downward i n t e g r a t i o n  f o r  t h e s e  s a m p l e s  was 1 . 0 0 .  The most  

o b v i o u s  c r i t i c i s m  o f  t h i s  v a l u e  i s  t h a t  i t  may be  s l i g h t l y  low b e c a u s e  

based on f i g u r e s  f o r  June  2 and 6 when t h e  r e l a t i o n  between t h e  c u r r e n t  

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

might be  s l i g h t l y  low. 

I n  s t u d y i n g  t h e  e f f e c t  o f  t h e  i n t e g r a t i o n  p r o c e s s  on t h e  i n t a k e  

r a t i o ,  p r imary  c o n s i d e r a t i o n  might be g i v e n  t o  t h o s e  samples  t a k e n  w i t h  

t h e  P-46 s a m p l e r ,  b e c a u s e  t h a t  i n s t r u m e n t  was u s e d  f o r  b o t h  p o i n t -  

i n t e g r a t e d  and d e p t h - i n t e g r a t e d  samples .  The d e p t h - i n t e g r a t e d  s a m p l e s  

t a k e n  w i t h  t h e  P-46 have b e e n  g i v e n  somewhat more w e i g h t  t h a n  s a m p l e s  

t a k e n  w i t h  t h e  P-46S, b u t  t h e  d i f f e r e n c e  between t h e  two s a m p l e r s  seems 

v e r y  s m a l l .  

The average  i n t a k e  r a t i o  f o r  t h e  p o i n t - i n t e g r a t e d  samples  h a s  been  

p r e v i o u s l y  g i v e n  a s  0.98.  The a v e r a g e  f o r  t h e  d e p t h - i n t e g r a t e d  samples  

t a k e n  w i t h  t h e  P-46 and P-46s i s  a l s o  0 , 9 8 .  A f t e r  a t t e m p t i n g  t o  ap- 

p r a i s e  t h e s e  f i g u r e s  and t h o s e  f o r  t h e  upward and downward i n t e g r a -  

t i o n ,  t h e  f o l l o w i n g  d e d u c t i o n s  have been made. The v e r t i c a l  t r a n s i t  o f  



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

r a t i o  a b o u t  4 p e r c e n t ,  w h i l e  upward i n t e g r a t i o n  d e c r e a s e d  t h e  i n t a k e  

r a t i o  a b o u t  4 p e r c e n t .  These  f i g u r e s  a r e  b a s e d  on i n t e g r a t i o n  w i t h i n  

a c c e p t e d  l i m i t s  o f  r e l a t i v e  t r a n s i t  r a t e s .  The r a t i o s  were computed 

f rom t h e  c o r r e c t e d  h o r i z o n t a l  v e l o c i t y  o f  t h e  s t r e a m .  F o r  downward 

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

a r e  i n  no way g u e s t i o n a b l e .  I f  on upward i n t e g r a t i o n  t h e  s a m p l e r  i s  

assumed t o  t i l t  upward a l o n g  t h e  r e s u l t a n t  o f  t h e  h o r i z o n t a l  v e l o c i t y  

and o f  t h e  v e r t i c a l  movement o f  t h e  sample r ,  t h e  a c t u a l  i n t a k e  r a t i o  f o r  

upward i n t e g r a t i o n  under  t h e  c o n d i t i o n s  a t  Grand Canyon would have been 

from 8 t o  8 p e r c e n t  l e s s  t h a n  t h a t  f o r  t h e  p o i n t - i n t e g r a t e d  samples .  I t  

seems  p r o b a b l e  o n  t h e  b a s i s  o f  e x p e r i e n c e  a t  t h e  Dav id  T a y l o r  Model 

B a s i n  t h a t  t h e  s a m p l e r  d o e s  t i l t  upward i n  t h i s  way. 

The d i f f e r e n c e s  be tween  t h e  P-46 and t h e  P-46s w i t h  t h e  3/16-in. 

n o z z l e s  were v e r y  s m a l l ,  The r e s u l t  w i t h  t h e  1 / 8 - i n .  n o z z l e  o p e r a t i n g  

upward o v e r  p a r t i a l  d e p t h s  was o b t a i n e d  from o n l y  f i v e  samples .  There 

i s  no a p p a r e n t  r e a s o n  why t h e s e  s h o u l d  have a  low i n t a k e  r a t i o .  Prob- 

a b l y  t h e  i n t a k e  r a t i o  f o r  t h e  1 /8 - in .  n o z z l e  o p e r a t i n g  upward s h o u l d  be 

t a k e n  a s  t h e  a v e r a g e  o f  a l l  samples  t a k e n  upward,  which would g i v e  a n  

a v e r a g e  r a t i o  o f  0 .92  f o r  t h e  9 / 8 - i n .  n o z z l e  o p e r a t i n g  upward and cor-  

r e c t e d  a s  i n d i c a t e d .  

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

b a s i s .  Ten s u c h  samples  were t a k e n  w i t h  t h e  P-46 on June  3,  each sample 

1 nu- c o n s i s t i n g  o f  b o t h  a  downward and an upward i n t e g r a t i o n  t a k e n  con%: 

o u s l y  o v e r  t h e  same r a n g e  o f  d e p t h .  F o r  t h e  r o u n d - t r i p  i n t e g r a t i o n  

c o v e r i n g  t h e  lower  h a l f  o f  t h e  d e p t h ,  t h e  f i r s t  sample  was c o l l e c t e d  
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f rom t h e  mid-po in t  o f  t h e  d e p t h  dawn t o  t h e  b o t t o m  a n d  back u p  t o  t h e  

mid-po in t  a g a i n ;  t h e  second  sample  was .Laken from 4,he bottrarn up t o  t h e  

mid--point  and back La t h e  bo t tom a g a i n ,  The a v e s a g e  i n t a k e  r a t i o  f o r  

a l l  o f  t h e  t e n  round---tr ip samples  w i t h  -ihe P- -46  samylea?  was 1,OO. There 

i s  no r e a s o n  t o  b e l i e v e  t h a t  t h e s e  s a ~ - ~ p h e s  were :clot s a t i s f a e l o r g o  An 

a n a . l y s i s  o f  Lhe t i - a n s i t  r a t e s  a t  which %he s a m p l e r  v a s  r a i s e d  and low-. 

e r e d  would show % h a t  most o f  t h e  - b r a n s i t  r a t e s  were well within a c c e p t -  

a b l e  %l~mi-E,s~ 1% adas impossi .b le  t o  i n t e g r a t e  o v e r  t h e  e n - t i r e  d e p t h  on a 

rou,nd--.trip b a s i s  w i t h  Lhe P.-4.3 o r  P--.<l.EjS. Su.ch . i nbegra t ion  was a t l e n ~ p h d  

wi th  t h e  P--46S w i t h  the  1 / 8 - i n ,  aazzEe,  b u t  b h e  l . i . ra i ta l ions  o f  t h e  sper-- 

a t o r  and eq,uignieii"c. were such  " c h a t  t h e  100- lb ,  saraples coul.d n o t  h e  low-, 

e r e d  arid : r a i s e d  a-t shy usa:~f'orm r a t e  -s.aii.ich was f a s t  enough t o  L r a v e s s e  

t h e  CotaZ d e p t h  h e  f o r e  t h e  sarriple bo Lt1k.e was comple%e3.y i ' i b i ed .  R o ~ ~ c i -  

%:rip i .n%egsaJcion w i t h  t h e  p-46 o r  ]?.--46S s h o u l d  g i v e  r .esul-%s e c l u i v a l e a t  

t o  a combina-t ioi i  o f  ha11 u p w a ~ d  anti a dow:iward s a ~ p 2 . e ~  T'he ia ta lce  r.a.'ci.o 

fou.nd f o r  t h e  10  saa~?ples  i.fi3eg.i-+Led on a rsund-.tx3lip b ~ s i s  i s  abotlt :I or' 

2 p e r c e n t  h i g h e r  t h a n  a n  a v e r a g e  o f  upward and downward  i n t e g r a t i o n  

wot~ld  I ~ d i c a t e . ,  One of t h e  10 s a n p l e s  r.:iss rbespons ibbe  for p y a c t i c a l r i y  

a l l  o f  t h i s  e x c e s s .  

T.'weLve u.sable saiiiples were Cakeil v!.i.-i,h t he  1.2---43 sampler '  wi%h a 1,'s- 

i n ,  nazzLe,  T h i s  sampl.e:c. w a s  i.igh-i, e n ~ u g l i  to he moved f a s t e r  -than " c e  

s t b e r  sampl .e rs ,  b u t  had  t h e  disadvar;->,,age Lha-t a l l  sa,rnples -5aken w i t h  it  

had t o  b e  j . l r - tegra ted on is rt>;*i?d.--t;.ip b a s l . 3  fro;ii L h e  sul:-Dace o f  the 

skyearn downr.rard and 'oaclr  Lo t h e  s~:irPace a g a i n ,  Wi.x~e samp1.e~ were c ~ i -  

Lccted w i t h  the D-43 i n t e @ s A a t i a g  9ae.r bhe complete  d e p t h  of the s t r e a m ,  

a v e r a g e  i n t a k e  3:atio f o r  these 9 was 1.30, T h e  xseLa,?,i~re t s a a s i - t  
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r a t e s  f o r  t h e s e  s a m p l e s  w e r e  e x c e s s i v e .  1% s h o u l d  be  n o t e d  t h a t  a l -  

t h o u g h  t h e  sa.mpler  was l o w e r e d  a,nd r a i s e d  a t  a  u n i f o r m  r a t e  o f  s p e e d ,  

t h e  r e l a t i v e  t r a n s i t  r a t e  f o r  downward. i n t e g r a t i o n  was ~ ~ i u c h  g r e a t e r  t h a n  

t h a t  f o r  upward i n t e g r a t i o n ,  The downs t r eam d r i f t  of t h e  s a m p l e r  was 

r e s p o n s i b l e  f o r  t h i s  d i f f e r e n c e .  These  s a m p l e s  emphas i ze  t h e  e f f e c t  o f  

h i g h  r e l a t i v e  t r a n s i t  r a t e s ,  and show t h a t  a v e r a g e  t r a n s i t  r a t e s ,  uncor-  

r e c t e d  f o r  t h e  downst rear f l  d r i f t  o f  t h e  s a m p l e r  ma.y b e  v e r y  m i s l . e a d i n g  

when a p p l i e d  t o  r o u n d - t r i p  i n t e g r a t i o n ,  The Lower a v e r a g e  i - n t a k e  r a t i o  

(1,25) f o r  t h e  Lhree  s a m p l e s  i n t e g r a t e d  o v e r  t h e  p a r t i a l  dep-Lh p r o b a b l y  

r e f l e c t s  t h e  i n f l u e n c e  o f  t h e  l o w e r ,  b u t  s t i l l  e x c e s s i v e ,  r e l a t i v e  

t r a n s i t  r a t e s  a p p l y i n g  t o  t h e s e  s a m p l e s .  Those  s a m p l e s  t a k e n  a v e r  t h e  

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

r a t e s  i f  l o n g e r  s a m p l i n g  t i m e s  had  b e e n  u s e d ,  The i n t e g r a t i o n  o f  t h e  

e n t i r e  d e p t h  o f  t h e  s t r e a m  o n  a  r o u n d - t r i p  b a s i s  wou ld  b e  i m p o s s i b l e  

w i t h o u t  t h e  u s e  o f  e x c e s s i v e  L r a n s i t  r a t e s .  

The r e s u l t s  o b t a i n e d  w i t h  t h e  D-43 s a m p l e r  show t h a t  t h e  l i m i t a -  

t i o c s  on  a l l o w a b l e  r e l a t i v e  t r a n s i t  r a t e s  must  be  r e s p e c t e d  r e g a r d l e s s  

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

D-43 i s  i n a d e q u a t e  f o r  i n t e g r a t i o n  o f  t h e  c o m p l e t e  d e p t h  o f  t h e  s t r e a m  

a t  Grand Canyon when t h e  f l o w  i s  5 0 , 0 0 0  s e c .  f t ,  w i t h  a  d e p t h  o f  o v e r  20 

f t .  and a  mean v e l o c i t y  i n  t h e  v e r t i c a l  o f  a b o u t  8 fte p e r  s e c ,  a s  i t  

was  n o t  d e s i g n e d  f ~ r  s u c h  c o n d i t i o n s .  

Nozzle  v e l o c i t i e s  o b t a i n e d  on J c n e  8 c a n n o t  be r e d u c e d  t o  t h e  same 

t y p e  o f  i n t a k e  r a t i o  d i s c u s s e d  above ,  b e c a u s e  no c u r r e n t  m e t e r  v e l o c i -  

t i e s  were  t a k e n  on t h a t  d a y ,  The d a t a  o f  . J u n e  8 a r e  d i s c u s s e d  b r i e f l y  

i n  S e c t i o n  17* 
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I V .  SEDIMENT CONCENTRATIONS OBTAINED I N  SAMPLZS 

11. Accuracy  o f  p o i n t - i n t e g r a t e d  samples--The most  i m p o r t a n t  con- 

s i d e r a t i o n  i n  c o n n e c t i o n  w i t h  t h e s e  i n s t r u m e n t s  is t h e  d e g r e e  i n  which  

s a m p l e s  t a k e n  w i t h  them r e p r e s e n t  t h e  s e d i m e L t  c o n t e n t  o f  t h e  s t r e a m .  

B e f o r e  t h i s  f e a t u r e  may b e  i n v e s t i g a t e d ,  t h e  s e d i m e n t  c o n t e n t  o f  t h e  

s t r e a m  mus t  b e  known. The  o n l y  a v a i l a b l e  means  f o r  d e t e r m i n i n g  t h e  

s ed imen t  l o a d  i n  t h e  C o l o r a d o  R i v e r  a t  Grand Canyon i n v o l v e d  t h e  u s e  o f  

t h e  i n s t r u m e n t s  unde r  i n v e s t i g a t i o n .  The f i r s t  p roblem i n  t h l s  s t u d y  o f  

s e d i m e n t  c o n c e n t r a t i o n s  was t h e  e v a l u a t i o n  o f  t h e  a c c u r a c y  o f  some of  

t h e s e  s amples  a s  a  b a s i s  o f  c o r p a r i s o n  w i t h  o t h e r  s a m p l e s  o f  more d o u t t -  

f u l  n a t u r e .  

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

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

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

a p p r o a c h i n g  f l o w .  ( S e e  R e p o r t  No. 5 " L a b o r a t o r y  I n v e s t i g a t i o c  o f  Sus-  

pended  S e d i m e n t  S a m p l e r s "  p u b l i s h e d  by  t h e  c o o p e r a t i v e  p r o j e c t . )  These  

c o n d i t i o n s  w e r e  f u l f i l l e d  a t  Grand  Canyon  d u r i n g  t h e  c o l l e c t i o r .  o f  

p o i n t - i n t e g r a t e d  s a m p l e s  t a k e n  n e a r  t h e  s t r e a m  s u r f a c e  w i t h  t h e  P-46 

s a m p l e r .  However,  t h e  i n t a k e  r a t i o  was a s  low a s  0 . 9 2  n e a r  t h e  b o t t o m  

o f  t h e  s t r e a m .  From F i g .  13 o f  R e p o r t  No. 5,  t h e  e r r o r  i n  c o n c e n t r a t i o n  

n e a r  t h e  bottorr.  f o r  a  v e l o c i t y  o f  6 . 5  f t .  p e r  s e c .  would be  a b o u t  p l u s  

2 . 0  p e r c e n t .  Thl  0.15 m m .  s e d i m e n t  s i z e  g i v e n  i n  F i g ,  13  i s  r o u g h l y  

e q u i v a l e n t  to t h e  e f f e c t i v e  s i z e  o f  s e d i m e n t  o b t a i n e d  a t  G r a n d  Can- 

yon .  On t h e  b a s i s  o f  t h 6  a v e r a g e  c u r v e s  o f  c u r r e n t  m e t e r  v e l o c i t y  and 
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v e l o c i t y  i n  t h e  i n t a k e  n o z z l e ,  t h e  e r r o r  i n  c o n c e n t r a t i o n  i n  t h e  p o i n t  

samples  t a k e n  n e a r  mid-depth would be v e r y  s m a l l ,  pe rhaps  i n  t h e  n a t u r e  

o f  p l u s  0 . 5  p e r c e n t .  A s t u d y  o f  t h e s e  two c u r v e s  and t h e  c o n c e n t r a t i o n  

c o r r e c t i o n s  c o r r e s p o n d i n g  t o  v a r i o u s  i n t a k e  r a t i o s ,  i n d i c a t e s  t h a t  t h e  

c o n c e n t r a t i o n s  i n  t h e  p o i n t  samples  p r o b a b l y  averaged  about  0.8 p e r c e n t  

h i g h  a s  a  r e s u l t  o f  t h e  low i n t a k e  r a t i o s ,  

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

o b t a i n e d  from t h e  po in t  samples  i s  t h e  p o s s i b i l i t y  o f  an  accumula t ion  o f  

sed iment  i n  t h e  sample r  n o z z l e  p r i o r  t o  t h e  opening o f  t h e  i n t a k e  below 

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

was a l lowed  t o  remain  a t  t h e  sampl ing  p o i n t  f o r  15 s e c .  a f t e r  sampl ing  

c e a s e d  on e a c h  o f  t h e  p o i n t  samples  which were t a k e n  on t h e  morning o f  

May 30. A t  t h e  end o f  t h e  15 s e c . ,  t h e  sampler  was r a i s e d  a s  r a p i d l y  a s  

p o s s i b l e .  The c o n t e n t s  o f  t h e  sample r  n o z z l e  were d r a i n e d  i n t o  a  com- 

p o s i t e  sample  f o r  t h e  11 p o i n t  samples  t a k e n  on t h e  morning o f  May 30. 

The same p r o c e d u r e ,  excepk w i t h  a  30-see .  d e l a y ,  was u s e d  f o r  t h e  10 

p o i n t  samples  on t h e  morning o f  May 31. The a v e r a g e  c o n c e n t r a t i o n  f o r  

Lhe 9 1  samples  o f  May 30 was 4650 p o p o m ,  based on t h e  r e s u l t s  o f  1 0  sam- 

p l e s  ( o n e  b o t t l e  was b r o k e n ) ,  whi le  t h e  average  c o n c e n t r a t i o n  f o r  t h e  10 

s a m p l e s  o f  May 3 1  was 4200 p.p.m. The c o n c e n t r a t i o n  i n  t h e  c o m p o s i t e  

sample f o r  May 30 was 55'70 pap.m. whi le  t h a t  i n  t h e  composi te  sample f o r  

May 31 was 7750 p.p.m. The e x c e s s  c o n c e n t r a t i o n  i n  t h e  nozz le  d r a i n i n g s  

was 920 g.p.m. for t h e  15-see .  d e l a y ,  and 3550 pap.m.  f o r  t h e  30-see .  

d e l a y .  These f i g u r e s  may be  combined t o  i n d i c a t e  an  e x c e s s i v e  concen- 

t r a t i o n  i n  t h e  c o m p o s i t e  s a m p l e s  o f  1490  p.p,w. f o r  a  1 5 - s e c .  d e l a y .  

The n o z z l e  d r a i n i n g s  averaged about  2 cc .  p e r  sample.  On t h e  b a s i s  o f  a 
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350-cc.  s a ~ n p l e ,  t h e  inc lus io rh  o f  one n o z z l e  d r a i n i n g  would i n c r e a s e  - the 

c o n c e n t r a t i o n  i n  t h e  sample  by 8 p a p a m .  T h i s  would amount t o  an e x c e s s  

.of  abou t  0.2, p e r c e n t  f o r  t h e  15--set, d e l a y ,  o r  a b o u t  0 , 4  p e r c e n t  f o r  a  

30-see .  d e l a y .  

The a c c u m u l a t i o n  o f  sedi.rnent i n  t h e  n o z z l e  p r i o r  t o  s a m p l i n g  was 

a l s o  s t u d i e d  f r o n  a n o t h e r  a n g l e .  On June 1. and 7 ,  sampl.es were t a k e n  a t  

each  o f  two d e p t h s  i n  t h e  s t r e a m ,  A t  e a c h  d e ~ t h ,  a  s e t  o f  f i v e  p o i n t  

s a m p l e s  was o b t a i n e d  by t h e  u s u a l  method o f  l o w e r i n g  Gkle P-40 t o  t h e  

p r e d e t e r m i n e d  d e p t h  and t a k i n g  a  normal p o i n t  sample  a s  soon  a s  p o s s i -  

b l e .  I n t e r m i x e d  among t h e  f i v e  s t a n d a r d  p o i n t - i n t e g r a t e d  s a m p l e s  were 

o t h e r s  t a k e n  a s  f o l l o w s :  The sampler  was lowered t o  t h e  g iven  d e p t h  and 

l e f t  i n  p l a c e  f o r  30 s e c s .  t h e n  a  sample was t a k e n  f o r  about  2 s e c s ,  and 

t h e  s a m p l e r  c l o s e d ;  t h e  s a m p l e r  was L e f t  i n  p l a c e  for 30 sets, opened 

f o r  2 s e e s *  and c l o s e d ;  t h i s  p r o c e d u r e  was r e p e a t e d  u n t i l  f o u r  o r  f i v e  

samples  had been accumulated i n  one b o t t l e ,  e a c h  o f  t h e s e  samples  b e i n g  

p r e c e d e d  by t h e  s t a t e d  d e l a y ,  The same p r o c e s s  was f o l l o w e d  f o r  d e l a y s  

of 8 0  and 120 s e c s ,  The average  c o n c e n t r a t i o n  based  on t h e  f i v e  normal 

p o i n t - i n t e g r a t e d  samples  was used a s  a  s t a n d a r d  o f  compar i son ,  Presum- 

a b l y  t h e  e r r o r s  i n  a n y  one  o f  t h e  c u m u l a t i v e  s a m p l e s  t a k e n  on J u n e  1 

would be f i v e  t i m e s  t h a t  o f  a  s i n g l e  sample t a k e n  fol.l.owi.ag t h e  same de- 

l a y p  whi le  on June 7 it w(3ul.d be f o u r  t imes  t h a t  o f  a  s i n g l e  sample -tak- 

en  f a l l o w i n g  t h e  d e s i g n a b e d  d e l a y ,  I n  a n a l y z i n g  t h e  r e s u l t s  a  p r o c e s s  

o f  g r a p h i c a , l l y  a v e r a g i n g  t h e  sample  d a t a  was u s e d ,  and i t  was assu-med 

t h a t  t h e  e r r o r  i n  c o n c e n t r a t i o n  accumulated i n  p r o p o r k i o n  t o  t h e  l e n g t h  

o f  t h e  d e l a y  p r e c e d i n g  t h e  sample.  See P i g ,  10 f o r  a  p l o t t i n g  o f  t h e s e  

d a t a ,  I n d i c a t e d  e r r o r s  i n  p e r c e n t  f o r  t h e  f o u r  d i f f e r e n t  d e p t h s  and 
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30-see. delays are: 

p1u.s 4% for June 1 0,15 depth five accumulaLions 

June 1 0,85 depth plus 6% for five accumulations 

Ju.ne 7 0-80 depth plus 5% for four accumulations 

June 7 0,98 depth plus 0% for four accumulations 

?'his shows an average error of about pl.t?s 0,8 percent for one sam- 

ple "c,akea foll.owin$ a SO,.-sec, delay, A 15-sec. delay would be abou-t 'the 

.average time req'uired to place the salnpler before t a k i n g  the poir1.t sam- 

ples reported herein, T% seems reasonable Lo assume that the errors in 

the conce~it-r-a-l.onii of t h e  p i > i ~ : t  samp1.e~ a,-vera8ed abou.t plus 0,4 percent 

because of the accumulation of sediment in the s a ~ p b e r  nozzle prior to 

s amp 1. i 11 @ . 
'i'ile above treatment of the errors r-esi?itin;5 from accumu.Lation of 

sedinierat in the iio~,zl.e i.s obviously not eonci.usl.~re, There i.s cons i-der- 

able evidence to s h o w  that the fluctuations in sediment concentratj-on 

near i,he bott,o:n of %he strea,rn were large enough -Lo give deceptive re- 

sults in this co~~paric;sn of ersors-. Tihe data for %he 0,9% der~th an June 

7 probably showed 119 ci;rr-ee-ii.on becau-se on 1,hai; day three of the nora~.ai 

sanrp1.e~ w e r e  taker-) co~~secutively, and all L'irree were h i g h  i n  concentra- 

tion, kt u t b c r s  Limes consecutive cumulative samples appeared 6 0  have 

-too lil;.gi2 c:::ncentra t i o n s ,  The irzdi.cated c~i.<reci, i o n  to the point samples 

for a~~.ilniv~j.n%ioi: (.>f ~ e ; d j r i ~ e r ~ - l ;  in tile nozz1.e prior tc sarr~plj.ng has been 

v .  c!.(?i,e?::x;ineci as 0 ;  2 p e r c i t ~ t ,  ?j)i   one m e t h o d  axd Q , 4  percent by another 

:.neC,ii*ocii, The agreer!ieni I.; no-L eni,i.i-,-;y x* . .. ,. :;a-i.isfac:t,ory, but,  islasirnuell as the 

ac t::a% qu : l~ i%i  t Xes i n v c j j r r e d  are small., i;he vallie of' 9-4 pe~'ce11t has been 

cho:;eil as i,be nL0l-e l o c i c a l  -vall:e for  US:^ j.n %!ti3 v;epor%. 
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A combinat ion o f  t h e  c o r r e c t i o n s  i n d i c a t e d  by t h e  i n t a k e  r a t i o s  and 

by  t h e  accumula t ion  o f  sed iment  p r i o r  t o  sampl ing ,  l e a d s  t o  t h e  f o l l o w -  

i n g  c o n c l u s i o n .  The sed iment  c o n c e n t r a t i o n s  o b t a i n e d  i n  t h e  p o i n t  sam- 

p l e s  t a k e n  a t  Grand Canyon a r e  p r o b a b l y  v e r y  s l i g h t l y  h i g h  n e a r  t h e  

w a t e r  s u r f a c e ;  a b o u t  1.0 p e r c e n t  h i g h  a t  mid-depth;  and a b o u t  2,5 per -  

c e n t  h i g h  n e a r  t h e  s t r e a m  bed .  The a v e r a g e  c o r r e c t i o n  a p p l i c a b l e  Lo 

t h e s e  s a m p l e s  would t h e n  be a b o u t  minus 1.2 p e r c e n t .  A c o r r e c t i o n  o f  

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

i n  t h e  samples ,  b u t  it has  n o t  been a p p l i e d  t o  t h e  a c t u a l  f f g u r e s  l i s t e d  

i n  t h e  r e p o r t .  

1 2 .  - - F i g s .  11-17 show t h e  

i n d i v ' i d u a l  c o n c e n t r a t i o n s  o b t a i n e d  from t h e  p o i n t  samples  o f  May 30, 31, 

June 2 ,  3,  4,  6 ,  and 8. Also shown a r e  c u r v e s  o f  t h e  v e r t i c a l  d i s t r i b u -  

t i o n  o f  sed iment  c o n c e n t r a t i o n  w i t h  d e p t h .  Curves  g i v i n g  t h e  v a l u e  o f  

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

shown f o r  t h e  d a t a  from t h e  morning samples  o f  e a c h  day  f o r  which s u c h  

i n f o r m a t i o n  i s  a v a i l a b l e .  These  l a t t e r  c u r v e s  i n d i c a t e  t h e  r e l a t i v e  

q u a n t i t i e s  o f  sed iment  t r a n s p o r t e d  a t  t h e  v a r i o u s  d e p t h s  i n  t h e  s t r e a m .  

Some t a b u l a r  d a t a  have a l s o  been  i n c l u d e d  on t h e s e  f i g u r e s .  The 

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

l i s t e d  from t h e  c o n c e n t r a t i o n  c u r v e  b a s e d  on t h e  morning samples .  The 

same i n f o r m a t i o n  has  been shown f o r  t h e  c o n c e n t r a t i o n s  i n  t h e  a f t e r n o o n  

w i t h  t h e  e x c e p t i o n  o f  June 4 and 8. On June 4 t h e  change t o  t h e  a f t e r -  

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

m o s t ,  i f  n o t  a l l ,  o f  t h e  d e p t h - i n t e g r a t e d  s a m p l i n g ,  On J u n e  8 t h e  

a f t e r n o o n  samples  were a v e r a g e d  w i t h  t h o s e  t a k e n  i n  t h e  morning.  
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F i g .  18 shows a l l  t h e  morning c u r v e s  o f  s e d i m e n t  c o n c e n t r a t i o n .  

T h i s  p l a t e  is  p r e s e n t e d  t o  f a c i l i t a t e  t h e  s t u d y  o f  t h e  d a i l y  v a r i a t i o n s  

i n  t h e  c o n c e n t r a t i o n  c u r v e s .  A c o n c e n t r a t i o n  c u r v e  which i s  an average  

o f  t h e  d a i l y  c u r v e s  is  a l s o  g iven ,  A curve  which r e p r e s e n t s  t h e  p roduc t  

o f  t h e  average  c o n c e n t r a t i o n s  m u l t i p l i e d  by t h e  a v e r a g e  v e l o c i t i e s  from 

F i g ,  9 i s  a l s o  shown. T h i s  cu rve  g i v e s  t h e  r e l a t i v e  q u a n t i t i e s  o f  s e d i -  

ment t r a n s p o r t e d  a t  t h e  v a r i o u s  d e p t h s ,  based on average  c o n d i t i o n s  dur- 

ing t h e  t ime o f  t h e s e  t e s t s .  

13 s -- 

The concer . t r a t ion  f o r  each d e p t h - i n t e g r a t e d  sample has  been shown a t  t h e  

bottom o f  F i g s .  11-17. These have been d i v i d e d  i n t o  t h e  g roup ings  which 

seemed most l o g i c a l  on t h e  b a s i s  o f  t h e  p u r p o s e  f o r  which t h e  samples  

were t a k e n .  The a v e r a g e  c o n c e n t r a t i o n  o f  t h e  group h a s  been  computed. 

The c o n c e n t r a t i o n s  f o r  a  v e r y  few s a m p l e s  have  been  o r r ~ i t t e d  f rom t h e  

a v e r a g e s  b e c a u s e  t h e  i n t a k e  r a t i o s  i n d i c a t e d  t h a t  someth ing  was d e f i -  

n i t e l y  wrong w i t h  t h e  samples .  

Whenever t h e  sarcples w i t h i n  a  group were s i m i l a r  enough t o  be  d i -  

r e c t l y  comparable,  t h e  cor respond ing  c o n c e n t r a t i o n  was computed from t h e  

p o i n t  sample  d a t a  a s  f o l l o w s :  The c o n c e n t r a t i o n  was f i r s t  t a k e n  from 

t h a t  p o r t i o n  o f  t h e  morning c o n c e n t r a t i o n  c u r v e  o v e r  which t h e  samples  

were l a t e r  d e p t h - i n t e g r a t e d ;  t h i s  c o n c e n t r a t i o n  was t h e n  c o r r e c t e d  t o  

t h e  t i m e  o f  t h e  g roup  of  d e p t h - i n t e g r a t e d  s a m p l e s .  The mean t i m e  f o r  

t h e  group i s  shown a t  t h e  bottom o f  t h e  p l a t e .  The c o n c e n t r a t i o n  cor-  

r e c t i o r i  based on t ime was computed, assur. ing t h a t  t h e  change i n  concen- 

t r a t i o n  between t h e  mean f o r  t h e  morning c u r v e  and t h a t  f o r  t h e  a f t e r -  

noon c u r v e  o c c u r r e d  a t  a  u n i f o r m  r a t e  be tween  t h e  t i m e s  a t  which t h e  
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samples  d e f i n i n g  t h e  c u r v e s  were t aken .  The a c t u a l  change p r o b a b l y  was 

a n y t h i n g  b u t  a  u n i f o r m  o n e ,  b u t  t h e r e  seems  t o  b e  no o t h e r  1 o g E c a l  

a s sumpt ion  t o  wake. 

The r a t i o  between t h e  a v e r a g e  c o n c e n t r a t i o n  f o r  a  group o f  dep th -  

i n t e g r a t e d  samples  and t h a t  based on t h e  p o i n t  samples  i s  shown f o r  e a c h  

group f o r  which such a compar ison seemed j u s t i f i e d .  The r e l a t i v e  ta9ans- 

i t  r a t e s  a p p l y i n g  t o  e a c h  group o f  d e p t h - i n t e g r a t e d  samples  have b e e n  

i n c l u d e d  f o r  compar ison.  

A summary o f  t h e  r a t i o s  o f  t h e  c o n c e n t r a t i o n s  f rom t h e  d e p t h -  

i n t e g r a t e d  samples  t o  t h o s e  from t h e  p o i n t  samples  i s  i n c l u d e d  i n  T a b l e  

I on page 32  under  t h e  h e a d i n g  * * a v e r a g e  r a t i o s  - c s n c e n t r a t i o n " ~  The 

r a t i o  f o r  i n d i v i d u a l  d e p t h - i n t e g r a t e d  samples may be found on t h e  compu- 

t a t i o n  s h e e t s  i n  t h e  a p p e n d i x .  T h i s  r a t i o  o f  t h e  c o n c e n t r a t i o n  i n  a  

sample t o  t h a t  shown by t h e  p o i n t  samples ,  which i s  t h e  b e s t  i n d i c a t i o n  

o f  how a c c u r a t e l y  t h e  sample  r e f l e c L s  t h e  c o n c e n t r a t i o n  i n  t h e  s t r e a m ,  

has been c a l l e d  t h e  " c o n c e n t r a t i o n  r a t i o n .  The d a t a  i n  Table  I show t h e  

a v e r a g e  c o n c e n t r a t i o n  r a t i o  b a s e d  on a l l  s a m p l e s  which f a l l  i n t o  t h e  

o p e r a t i o n a l  d i v i s i o n  i n d i c a t e d ,  A few samples have been s ~ i t t e d  because  

t h e s e  d i d  n o t  have b o t h  a  s a t i s f a c t o r y  i n t a k e  r a t i o  and a s a t i s f a c t o r y  

c o n c e n t r a t i o n  r a t i o ,  A d e t a i l e d  s t u d y  o f  t h e  o m i t t e d  s a m p l e s  may be 

made from t h e  computa t ion  s h e e t s .  

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

w i t h  t h e  P--40 and P-40s  s a m p l e r s  shows t h a t  t h e  c o n c e n t r a t i o n s  d e t e r -  

mined from t h e  p o i n t  samples and from t h e  d e p t h - i n t e g r a t e d  samples  were 

v e r y  n e a r l y  t h e  same. T h i s  d o e s  n o t  mean, however,  t h a t  t h e  movement 

o f  t h e  sannplers d u r i n g  d e p t h - i n t e g r a t i o n  had no e f f e c t  on t h e  sampl ing  
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e f f i c i e n c y .  

14. Accuracy o f  samples  i n t e g r a t e d  downward--The c o n c e n t r a t i o n s  

f o r  t h e  p o i n t  s a m p l e s  have p r e v i o u s l y  been d e t e r m i n e d  t o  be a b o u t  1 - 0  

p e r c e n t  h igh ,  T h e r e f o r e ,  t h e  d e p t h - i n t e g r a t e d  samples shou ld  show r e l a -  

t i v e  c o n c e n t r a t i o n s  o f  a b o u t  0 . 9 9  i n  o r d e r  t o  d u p l i c a t e  t h e  c o n c e n t r a -  

t i o n s  i n  t h e  s t r e a m ,  T h i s  v a l u e  o b t a i n e d  f o r  t h e  downward i n t e g r a t i o n  

samples  a t  Grand Canyon. The i n t a k e  r a t i o  f o r  downward i n t e g r a t i o n  was 

a  v e r y  few p e r c e n t  o v e r  u n i t y ,  The e v i d e n c e  s n g g e s t s  t h a t  t h e  P-46 o r  

P-46s suspended sed iment  s a m p l e r s  i n t e g r a t i n g  downward under  t h e  condi-  

t i o n s  a t  Grand Canyon and o p e r a t i n g  w i t h  a n  i n t a k e  r a t i o  f rom 1 . 0 0  t o  

1.05 gave v e r y  s a t i s f a c t o r y  r e s u l t s .  

Pe rhaps  t h e  b e s t  compar ison o f  depth-  and p o i n t - i n t e g r a t e d  samples  

would be o b t a i n e d  by u s i n g  o n l y  t h e  f i g u r e s  f o r  t h e  P-40 b e c a u s e  t h a t  

was t h e  ins t run len t  used f o r  t h e  p o i n t  samples ,  A s  f a r  a s  downward i n t e -  

g r a t i o n  i s  concerned ,  t h e  P-48 a l o n e  g i v e s  p r a c t i c a l l y  t h e  same answer 

a s  b o t h  i n s t r u m e n t s  s t u d i e d  t o g e t h e r .  The r a t i o s  f o r  t h e  P-46s sampler  

a p p e a r  t o  be more e r r a t i c  t h a n  t h o s e  f o r  t h e  P-46, b u t  t h i s  i s  main ly ,  

i f  n o t  e n t i r e l y ,  due  t o  t h e  s m a l l e r  number o f  o b s e r v a t i o n s  t a k e n  w i t h  

t h e  P-40s. When t h e  v a r i a t i o n  i n  c o n c e n t r a t i o n  o f  t h e  i n d i v i d u a l  sam- 

p l e s ,  and t h e  magnitude and u n c e r t a i n t y  of  t h e  c o r r e c t i o n s  t o  t h e  p o i n t  

sample  d a t a  a r e  c o n s i d e r e d ,  t h e  p r e s e n c e  o f  some d i s c r e p a n c i e s  i n  t h e  

a v e r a g e  r a t i o s  would be e x p e c t e d ,  e s p e c i a l l y  i n  t h o s e  b a s e d  on a  v e r y  

few samples .  

15. Accuracy o f  samples  i n t e g r a t e d  upward--The samples  t a k e n  wi th  

t h e  P-46 may be t h e  b e s t  i n d i c a t i o n  o f  what a c t u a l l y  happens  on upward 

i n t e g r a t i o n ,  n o t  o n l y  b e c a u s e  t h e  P-$0 was t h e  i n s t r u m e n t  used  f o r  t h e  
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p o i n t  s a m p l e s ,  b u t  m a i n l y  b e c a u s e  t h e r e  was a  b e t t e r  b a l a n c e  be tween  

samples  i n t e g r a t e d  upwasd and t h o s e  i n t e g r a t e d  downward w i t h  t h i s  in -  

s t rument .  The P-46s sampler  r e q u i r e s  a  major change i n  t h e  mechanism t o  

a l t e r  it f o r  o p e r a t i o n  i n  t h e  o p p o s i t e  d i r e c t i o n ,  F o r  t h a t  r e a s o n ,  a l l  

t h e  upward i n t e g r a t i o n  was u s u a l l y  f i n i s h e d  b e f o r e  any o f  t h e  downward 

was t a k e n .  The compar i son  o f  t h e  upwasd and downward i n t e g r a t i o n  was 

t h e r e f o r e  d e p e n d e n t  upon t h e  c o r r e c t i o n  o f  t h e  c o n c e n t r a t i o n  b a s e d  on 

t ime .  Moreover ,  t h e  P-46s s a m p l e r  was o p e r a t e d  upward on two d a y s  on 

which t h e r e  a r e  no comparable f i g u r e s  f o r  downward i n t e g r a t i o n ,  

The c o n c e n t r a t i o n  r a t i o s  f o r  t h e  P-$6 i n d i c a t e  a g r e a t e r  d i f f e r e n c e  

i n  t h e  upward and downward i n t e g r a t i o n  t h a n  t h a t  shown by t h e  e n t i r e  

g r o u p  o f  upwasd and downward s a m p l e s ,  The c o n c e n t r a t i o n s  i n  s a m p l e s  

i n t e g r a t e d  upward a p p e a r  t o  be e x c e s s i v e l y  h i g h ,  Even d i s c o u n t i n g  t h e  

e f f e c t  o f  t h e  h i g h  r a t i o s  on June 3,  t h e  upward i n t e g r a t i o n  shows con- 

c e n t r a t i o n  r a t i o s  o f  abou t  1 .04,  which i s  c o n s i d e r a b l y  h i g h e r  t h a n  t h e  

a v e r a g e  f o r  a l l ,  samples  i n t e g r a t e d  upward. 

Because  o f  t h i s  d i s t u r b i n g  i n d i c a t i o n ,  a  s t u d y  was made o f  upward 

i n t e g r a t e d  samples  f o r  which coinparable downward samples  were a v a i l a b l e  

f o r  comparison.  The  r e s u l t s  i n d i c a t e d  a c o n c e n t r a t i o n  d i f f e r e n c e  o f  5.0 

p e r c e n t  be tween  t h e  upward and downward i n t e g r a t i o n ,  u s i n g  o n l y  t h o s e  

samples c o l l e c t e d  a t  a c c e p t a b l e  t r a n s i t  r a t e s .  A r e p r e s e n t a t i v e  concen- 

t r a t i o n  r a t i o  f o r  upward i n t e g r a t i o n  o f  a l l  samples  shou ld  p robab ly  have 

been a  l i t t l e  h i g h e r  t h a n  t h e  1.01 shown i n  Table  I, However, t h e  v a l u e  

1 .05,  g i v e n  f o r  upward i n t e g r a t i o n  w i t h  t h e  P-46 is  p o s s i b l y  h i g h s  A 

c o n c e n t r a t i o n  r a t i o  of 1,03 based on compar ison w i t h  t h e  c o n c e n t r a t i o n s  

from t h e  p o i n t  s a m p l e s  would p e r h a p s  be most  t y p i c a l  o f  t h e  s a m p l e r s  



o p e r a t i n g  upward under  t h e  c o n d i t i o n s  a t  Grand Canyon. Remembering t h e  

c o r r e c t i o n  a p p l i c a b l e  t o  t h e  c o n c e n t r a t i o n s  from t h e  p o i n t  samples ,  t h e  

samples  i n t e g r a t e d  upward under  t h e  c o n d i t i o n s  a t  Grand Canyon might  be  

e x p e c t e d  t o  show sed iment  c o n c e n t r a t i o n s  abou t  4.0 p e r c e n t  g r e a t e r  t h a n  

t h o s e  i n  t h e  s t r e a m ,  

Two s o u r c e s  o f  s u c h  a n  e r r o r  have a l r e a d y  been  d i s c u s s e d  i n  t h i s  

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

was c r e d i t e d  w i t h  i n c r e a s i n g  t h e  sed iment  c o n c e n t r a t i o n  i n  a  p o i n t  sam- 

p l e  by  0,4 p e r c e n t .  The i n t a k e  r a t i o  f o r  upward i n t e g r a t i o n  a v e r a g e d  

abou t  0,9$. From F i g .  13 o f  Repor t  No, 5,  t h e  e r r o r  caused  by t h i s  in -  

t a k e  r a t i o  a t  a  s t r e a m  v e l o c i t y  o f  7 , s  o r  8 . 0  f t ,  p e r  s e c .  would b e  

a r o u n d  2.0 p e r c e n t .  Dur ing  upward i n t e g r a t i o n  t h e  s a m p l e r s  may h a v e  

t i l t e d  upward sonLewhat, t h e n  t h e  a v e r a g e  i n t a k e  r a t i o  f o r  upward i n t e -  

g r a t i o n  would be p e r h a p s  0 . 9 1  and t h e  e r r o r  c a u s e d  by t h e  low i n t a k e  

r a t i o  would be a b o u t  3 * 0  p e r c e n t .  The sum o f  t h e s e  two c o r r e c t i o n s  i s  

3 . 4  p e r c e n t ,  which approx imates  t h e  4.Q p e r c e n t  e x c e s s  o f  c o n c e n t r a t i o n  

b e l i e v e d  t o  be p resen- t  i n  t h e  upward samples ,  

There  remains  one o t h e r  p o s s i b l e  s o u r c e  o f  d i s c r e p a n c y  between t h e  

c o n c e n t r a t i o n  o f  samples  i n t e g r a t e d  upward and t h a t  f o r  p o i n t - i n t e g r a t e d  

s a m p l e s .  A l t h o u g h  t h e  a c c u m u l a t i o n  o f  s e d i m e n t  i n  t h e  i n t a k e  n o z z l e  

p r i o r  t o  sampl ing has  a l r e a d y  been c o n s i d e r e d ,  it  was d i s c u s s e d  o n l y  f o r  

an  i n s t r u m e n t  suspended above t h e  s t r e a m  bed. There  i s  t h e  p o s s i b i l i t y  

t h a t  a  s a m p l e r  r e s t i n g  on t h e  s t r e a m  bed  migh t  a c c u m u l a t e  a d d i t i o n a l  

s e d i m e n t  by p i c k i n g  up bed l o a d  o r  s a l t a t i o n  l o a d  which may be p r e s e n t  

e i t h e r  due t o  t h e  normal h i g h  c o n c e n t r a t i o n s  o f  c o a r s e r  m a t e r i a l ,  o r  due 

t o  abnormal c o n c e n t r a t i o n s  o f  mowing m a t e r i a l  c r e a t e d  by t h e  d i s t u r b a n c e  



o f  t h e  sample r ,  The d a t a  o b t a i n e d  a t  Grand canyon a r e  n o t  s u f f i c i e n t l y  

p r e c i s e  t o  e s t a b l i s h  t h e  p r e s e n c e  o r  absence o f  s u c h  an e r r o r .  

The e r r o r s  i n v o l v e d  i n  upward i n t e g r a t i o n  w i t h  t h e  P-40 and P-46s 

a r e  n o t  v e r y  l a r g e .  Much, i f  n o t  most ,  o f  t h e  t o t a l  e r r o r  i s  t h e  r e s u l t  

o f  t h e  low i n t a k e  r a t i o s  found on upward i n t e g r a t i o n ,  The u s e  o f  a  sam- 

p l e r ,  ox+ sample r  n o z z l e ,  c o n s t r u c t e d  t o  g i v e  h i g h e r  i n t a k e  r a t i o s  might 

be  an improvements However, when a l lowed a  c h o i c e  o f  d i r e c t i o n  o f  i n t e -  

g r a t i o n  t h e  use  o f  downward i n t e g r a t i o n  i s  p r e f e r a b l e .  

10. -On June 3 ,  10 P-$6 samples  

were  i n t e g r a t e d  o v e r  a p o r t i o n  o f  t h e  d e p t h  on a  r o u n d - t r i p  b a s i s .  

These show an a v e r a g e  c o n c e n t r a t i o n  r a t i o  o f  1.06, which i n d i c a t e s  a n  

e x c e s s  c o n c e n t r a t i o n  o f  about  7.0 p e r c e n t  over  t h a t  i n  t h e  s t r e a m ,  How- 

e v e r ,  a s  h a s  been p o i n t e d  o u t ,  t h e  r a t i o s  on June 3 were a l l  h i g h ,  The 

a v e r a g e  c o n c e n t r a t i o n  r a t i o  f o r  downward i n t e g r a t i o n  o f  1 0  s a m p l e s  on 

t h a t  day was 1.05; f o r  1 0  samples  i n t e g r a t e d  upward t h e  a v e r a g e  concen- 

t r a t i o n  r a t i o  was 1 . 0 7 ;  and t h e  a v e r a g e  f o r  t h e  10 i n t e g r a t e d  on a  

round- t r ip  b a s i s  was 1.06, These r o u n d - t r i p  samples  were n o t  o n l y  i n t e -  

g r a t e d  i n  b o t h  d i r e c t i o n s  t o  c o m p r i s e  one s a m p l e ,  b u t  t h e  r o u n d - t r i p  

i n t e g r a t i o n  was begun a t  t h e  bo t tom o f  t h e  d e p t h  t o  be i n t e g r a t e d  f o r  
I 

t h e  f i r s t  sample ,  and a t  t h e  t o g  f o r  t h e  n e x t  sample .  The i n d i c a t i o n s  

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

w h i c h  would  b e  g i v e n  b y  a  c o m b i n a t i o n  o f  a n  upward and a  downward 

s a m p l e ,  

A few samples  were c o l l e c t e d  w i t h  t h e  D - 4 3  sample r  o p e r a t i n g  o v e r  

t h e  f u l l  d e p t h  o f  t h e  s t r eam.  The sed iment  c o n c e n t r a t i o n s  i n  a l l  t h e s e  

s a m p l e s  were  low,  T h i s  would  be  e x p e c t e d  b e c a u s e  o f  t h e  v e r y  h i g h  
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i n L a k e  r a t i o s  f o r  t h e s e  s a m p l e s .  Most o f  t h e  e r r o r  i n  c o n c e n t r a t i o n  

p r o b a b l y  r e s u l t e d  d i r e c t l y  from t h e s e  i n t a k e  r a t i o s ,  Such d a t a  a s  t h a t  

o f  P i g s ,  13 and 16 o f  Repor t  No. 5 ,  i n d i c a t e  t h a t  t h e  e r r o r  i n  concen- 

" c a t i o n  due  t o  a n  i n t a k e  r a t i c  o f  1-50 ( f o r  a  1 /9- . in .  n o z z l e  and mean 

v e l o c i t i e s  o v e r  7 f t .  p e r  s e c ,  1 would b e  a b o u t  12.0 p e r c e n t  n e g a t i v e .  

The e r r o r  a c t u a l - l y  o b s e r v e d  was 15.0 p e r c e n t  n e g a t i v e .  Whether  t h e  

e x t r a p o l a t i o n  o f  c o r r e c t i o n s  i s  i n e x a c t  a t  t h e s e  extreme d e p a r t u r e s  from 

norrna,l s a m p l i n g ,  o r  whe the r  t h e r e  i s  some e f f e c t  s f  t h e  a n g l e  a t  which 

t h e  f l o w  a p p r o a c h e s  t h e  n o z z l e ,  i s  i m p o s s i b l e  t o  t e l l  from t h e  meager 

d a t a  a v a i l a b  be,  

Four  s a m p l e s  were  c o l l e c t e d  w i t h  t h e  D-43 o p e r a t i n g  o v e r  p a r t  o f  

t h e  d e p t h  o f  t h e  s t r3eam.  Of t h e s e  one was o b v i o u s l y  e r r o n e o u s .  The 

a v e r a g e  c o n c e n t r a t i o n  o b t a i n e d  from t h e  o t h e r  3 i s  a lmost  p r e c i s e l y  t h a t  

which would be  e x p e c t e d  from t h e  i n t a k e  r a t i o  f o r  t h o s e  samples ,  

The i m p o r t a n t  r e s u l t  o f  t h e s e  t e s t s  o f  t h e  D-43 suspended sed iment  

s a m p l e s  i s  t o  emphasize  t h e  c o n t r o l  e x e r t e d  by t h e  i n t a k e  r a t i o  on t h e  

a c c u r a c y  o f  sed iment  samples  c o l l e c t e d .  While t h e  p resence  o f  an  i n t a k e  

r a t i o  o f  approx imate ly  u n i t y  might n o t  g u a r a n t e e  e x a c t  sampling w i t h  t h e  

D-43, s t i l l  t h e s e  t e s t s  s u g g e s t  t h a t  t h e  sampl ing  would be q u i t e  accu- 

r a t e  i f  t h e  i n t a k e  ' r a t i o  were n e a r  u n i t y .  The d i f f e r e n c e  i n  r e l a t i v e  

t r a n s i t  r a t e s  f o r  t h e  D-43 on upward and downward i n t e g r a t i o n  shows t h e  

e f f e c t  o f  t h e  downstream d r i f t  o f  t h e  sample r ,  and i n d i c a t e s  t h e  l a c k  o f  

u n i f o r m i t y  o f  opera t ioz?  which r e s u l t s  under  such c o n d i t i o n s ,  

17. M i s c e l l a n e o u s  samples---On June  4 ,  5 P-46s samples  were i n t e -  

g r a t e d  o v e r  t h e  c o m p l e t e  d e p t h ,  T h e s e  s a m p l e s  were s o  t a k e n  b e c a u s e  

t h e  P-46s f a i l e d  t o  c l o s e  a t  t h e  b o t t o m  o f  t h e  s t r e a m  a f t e r  a  normal  
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downward i n t e g r a t i o n  from t h e  wa te r  s u r f a c e  t o  t h e  s t r e a m  bed. The sam- 

p l e s  were k e p t  a s  a n  i n d i c a t i o n  o f  t h e  e r r o r s  t o  be  e x p e c t e d  when t h e  

sampler  c o n t i n u e s  sampl ing a f t e r  t h e  sample b o t t l e  h a s  become p r a c t i c a l -  

l y  f u l l .  The average  c o n c e n t r a t i o n  r a t i o  f o r  t h e  5 samples  was 1 .22,  on 

a  day when most o f  t h e  c o n c e n t r a t i o n  r a t i o s  were s l i g h t l y  low. 

Data  c o l l e c t e d  on J u n e  8 ( s e e  F ig .  19) have n o t  been d i s c u s s e d  p re -  

v i o u s l y .  The P-46 sampler  was used t o  o b t a i n  6 p o i n t - i n t e g r a t e d  samples  

i n  t h e  morning and 5 i n  t h e  a f t e r n o o n ,  These de te rmined  a  c o n c e n t r a t i o n  

c u r v e  f o r  t h e  day. Four samples  were d e p t h - i n t e g r a t e d  downward from t h e  

w a t e r  s u r f a c e  a t  v a r i o u s  t r a n s i t  r a t e s  u s i n g  t h e  P-48s w i t h  3 / 1 0 - i n ,  

nozz le .  These samples show an average  i n t a k e  r a t i o  o f  1,04 based on t h e  

v e l o c i L i e s  from t h e  p o i n t  samples .  The a v e r a g e  c , o n c e n t r a t i o n  r a t i o  f o r  

t h e  4  was 1 . 0 2 .  N e i t h e r  o f  t h e s e  f i g u r e s  a p p e a r s  v e r y  s i g n i f i c a n t ,  

Twelve samples  were d e p t h - i n t e g r a t e d  downward from t h e  w a t e r  s u r f a c e  a t  

v a r i o u s  t r a n s i t  r a t e s  u s i n g  t h e  P-46s w i t h  a  1 / 8 - i n ,  n o z z l e .  The n o z z l e  

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

F ig .  19. The e f f e c t  o f  t h e  r e l a t i v e  t r a n s i t  r a t e  on t h e  sampl ing a c t i o n  

i s  c l e a r l y  e v i d e n t .  On p r e v i o u s  days  a  1 / 8 - i n ,  n o z z l e  w i t h  1 -1 /2 - in ,  

t a p e r  ( a t  - 2 5  i n .  on t h e  d i a m e t e r  p e r  f t .  o f  l e n g t h )  had been  used.  On 

June 8 a n o z z l e  w i t h  % i n ,  t a p e r  i n  t h e  d i s c h a r g e  end was used.  
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18. P r o c e d u r e  and t r e a t m e n t  o f  t h e  data--Of  t h e  313 s u s p e n d e d  

s e d i m e n t  s a m p l e s  c o l l e c t e d  i n  t h e s e  t e s t s ,  6 0  were a n a l y z e d  f o r  s i z e  

g r a d a t i o n  by t h e  U. S. G e o l o g i c a l  S u r v e y  a t  L i n c o l n ,  Nebraska ,  S i z e  

a n a l y s e s  were  made b y  t h e  b o t t o m  w i t h d r a w a l  t u b e  method.  D i s t i l l e d  

w a t e r  was used  a s  t h e  s e t t l i n g  medium, and no d e f l o c c u l a t i n g  a g e n t  was 

used t o  d i s p e r s e  t h e  sed iment .  

R e s u l t s  s f  t h e  a n a l y s e s  were s u b m i t t e d  i n  t h e  form o f  p e r c e n t a g e  

f i n e r  t h a n  e a c h  o f  a p p r o x i m a t e l y  t e n  d i f f e r e n t  s i z e s ,  These d a t a  have 

been c o n v e r t e d  i n t o  p e r c e n t a g e  of t h e  t o t a l  sample c o n t a i n e d  w i t h i n  t h e  

s i z e  r a n g e s  bounded by t h e  d e s i g n a t e d  s i z e s ,  The p e r c e n t a g e  h a s  t h e n  

been t r a n s l a t e d  i n t o  p a p e m ,  o f  sediment  o f  e a c h  s i z e  range  c o n t a i n e d  i n  

t h e  sample. Th i s  i n f o r m a t i o n  f o r  each sample may be found on t h e  compu- 

t a t i o n  s h e e t s  i n  t h e  appendix.  

The d i s c u s s i o n  o f  t h e  r e s u l t s  o f  t h e  s i z e  a n a l y s e s  w i l l  be l i m i t e d  

t o  t h r e e  s i z e s  o f  sediment :  Smal le r  t h a n  0.0625 mm.; between 0.0625 mm. 

and 0. I 2 5  mm.; and g r e a t e r  t h a n  0.125 mm. The d i v i s i o n s  were chosen on 

a  r a t h e r  a r b i t r a r y  b a s i s ,  b u t  t h e  fo l lowing  c o n s i d e r a t i o n s  e n t e r e d  i n t o  

t h e  s e l e c t i o n ,  The f i n e s t  sed iment  s i z e  was based  on t h e  n a t u r a l  d i v i -  

s i o n  a t  0 , 0 6 2 5  m m ,  which i s  a p p r o x i m a t e l y  t h e  upper  l i m i t  o f  t h e  s i l t  

and c l a y  s i z e s ,  and a l s o  t h e  upper  l i m i t  f o r  t h e  o p e r a t i o n  o f  S t o k e s Q  

Law; sediment  below t h i s  s i z e  appeared t o  be q u i t e  un i fo rmly  d i s t r i b u t e d  

t h r o u g h o u t  t h e  s t r e a m  d e p t h .  A r a t h e r  l i m i t e d  r a n g e  o f  s i z e  was t a k e n  

between 0.0625 mm,  and 0-4.25 man, Th i s  was i n t e n d e d  main ly  Lo emphasize 



5 2 S e c t i o n  19 

t h e  changes  o c c u r r i n g  i n  s e d i m e n t  b e h a v i o r  a round  t h i s  c r i t i c a l  s i z e .  

The r e m a i n d e r  o f  t h e  s e d i m e n t ,  above 0.125 nm., i s  i n d i c a t i v e  o f  t h e  

a c t i o n  o f  t h e  mass o f  c o a r s e r  s e d i m e n t s .  

These s i z e  d a t a  have been p r e s e n t e d  on t h e  b a s i s  o f  t h e  c o n c e n t r a -  

t i o n  o f  sediment  o f  t h e  v a r i o u s  s i z e s  expressed  i n  g.p.m. T h i s  h a s  been 

done t o  show a  more obv ious  compar i son  between t h e  a n a l y s e s  a t  v a r i o u s  

d e p t h s  and between samples  o f  d i f f e r e n t  c o n c e n t r a t i o n .  

19. --The d i s t r i b u t i o n  o f  

s e d i m e n t  w i t h  r e s p e c t  t o  d e p t h  h a s  been  shown f o r  t h e  t o t a l  s e d i m e n t  

i n d i c a t e d  by t h e  p o i n t  samples t a k e n  i n  t h e  morning o f  each day,  and f o r  

e a c h  o f  t h e  t h r e e  s i z e  g r o u p s  a s  d e f i n e d  by t h e  f o u r  o r  f i v e  o f  t h o s e  

samples  which were a n a l y z e d  f o r  s i z e  ( s e e  F i g s .  20-251, These f i g u r e s  

cover  d a i l y  d a t a  f o r  May 30, 31, June 2,  3 ,  4 ,  and 6 .  A summary o f  t h i s  

i n f o r m a t i o n ,  i n  t h e  form o f  c u r v e s  r e p r e s e n t i n g  t h e  average  d i s t r i b u t i o n  

o f  sed iment  o f  each  s i z e ,  h a s  been  shown i n  F i g .  27.  No d e t a i l e d  d i s -  

c u s s i o n  o f  t h e s e  p l a t e s  w i l l  be made. However, a  few o f  the  more obv i -  

ous o r  s i g n i f i c a n t  f e a t u r e s  o f  t h e s e  d a t a  shou ld  be  mentioned.  

The p o i n t s  on which t h e  c u r v e s  f o r  t h e  t h r e e  s i z e s  o f  sediment  were 

based ,  have been p l o t t e d  i n  two d i f f e r e n t  ways. The c o n c e n t r a t i o n s  i n  

p.p.m. o f  t h e  v a r i o u s  s i z e s  have been p l o t t e d  a s  a c t u a l l y  t a k e n  from t h e  

i n d i v i d u a l  samples .  The c o n c e n t r a t i o n s  have a l s o  been  g l o t t e d  on t h e  

b a s i s  o f  t h e  c o n c e n t r a t i o n s  o f  e a c h  s i z e  o f  sed iment  d e t e r m i n e d  by ap- 

p l y i n g  t h e  p e r c e n t a g e  o f  t h a t  g iven  s i z e  t o  t h e  c o n c e n t r a t i o n  t a k e n  from 

t h e  d a i l y  c u r v e  o f  t o t a l  s e d i m e n t  c o n c e n t r a t i o n ,  I f  %he sample  under  

c o n s i d e r a t i o n  p l o t s  on t h e  t o t a l  c o n c e n t r a t i o n  c u r v e ,  t h e n  t h e  two s e t s  

o f  f i g u r e s  a r e  t h e  same. However, Some o f  t h e  samples ana lyzed  f o r  s i z , e  
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had c o n c e n t r a t i o n s  which d e v i a t e d  from t h e  c u r v e  c o n s i d e r a b l y .  F o r  

t h e s e ,  t h e  two t y p e s  o f  p l o t t i n g  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  There  i s  

a  d e f i n i t e  i n d i c a t i o n  t h a t  t h e  f i g u r e s  f o r  t h e  c o a r s e r  s e d i m e n t s  a r e  

more n e a r l y  comparab le  when c o r r e c t e d  t o  t h e  c o n c e n t r a t i o n  f rom t h e  

c u r v e ,  w h i l e  t h o s e  f o r  t h e  f i n e r  s e d i m e n t s  compare b e t t e r  when t a k e n  

d i r e c t l y  from t h e  sample ,  

The a n a l y s e s  i n d i c a t e  t h a t  i n  some c a s e s  sediment  which shou ld  have 

b e e n  i n  one s i z e  g roup  was found i n  t h e  n e x t  g roup .  The a n a l y s e s  of 

t h o s e  samples  were p r o b a b l y  i n a c c u r a t e .  There  may have been  some ex- 

p e r i m e n t a l  e r r o r  invo lved ,  t h e  l i m i t a t i o n s  of t h e  method o f  a n a l y s i s  may 

have been r e s p o n s i b l e ,  o r  some type o f  f l o c c u l a t i o n  o f  t h e  sed iment  may 

have occur red .  The d i f f e r e n c e  between t h e  samples  i n  t h e s e  c a s e s  i s  o f  

such  a  n a t u r e  t h a t  t h e r e  seems l i t t l e  p o s s i b i l i t y  t h a t  i t  a c t u a l l y  r e -  

f l e c t s  v a r i a t i o n s  i n  t h e  samples  themse lves .  

The curve  f o r  t h e  sediment l a r g e r  t h a n  0.125 m m ,  i s  v e r y  s i m i l a r  t o  

t h e  c u r v e  f o r  t h e  d i s t r i b u t i o n  o f  t h e  t o t a l  s e d i m e n t  l o a d .  About 55 

p e r c e n t  o f  t h e  sed iment  was c o n t a i n e d  i n  t h i s  s i z e  r a n g e .  The concen- 

t r a t i o n  o f  sed iment  o f  t h i s  s i z e  was more t h a n  t w i c e  a s  g r e a t  n e a r  t h e  

s t r e a m  bed a s  a t  t h e  w a t e r  s u r f a c e .  

Sediment i n  t h e  s i z e  group from 0,125 mm. down t o  0 .0025 mm. com- 

p r i s e d  about 18 p e r c e n t  o f  t h e  t o t a l  sediment ,  The i n c r e a s e  i n  sed iment  

o f  t h i s  s i z e  was abou t  55  p e r c e n t  f ro r ,  t h e  wa te r  s u r f a c e  t o  t h e  s t r e a m  

bed. There  seems t o  be  a  v e r y  s l i g h t  b reak  i n  t h i s  c u r v e  around mid- 

d e p t h .  

The sediment i n  t h e  f i n e s t  s i z e  range makes up t h e  remainder  o f  t h e  

t o t a l .  The c u r v e  f o r  t h i s  s i z e  seems t o  show a v e r y  s l i g h t  i n c r e a s e  
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from t h e  w a t e r  s u r f a c e  down t o  mid-depth o r  j u s t  be low,  and t h e n  shows 

a  v e r y  s m a l l  d e c r e a s e  be tween mid-depth and t h e  bo t tom,  Whi le  a  moder- 

a t e l y  u n i f o r m  d i s t r i b u t i o n  o f  s e d i m e n t  o f  t h i s  s i z e  would be e x p e c t e d  

t h r o u g h o u t  t h e  d e p t h  o f  t h e  s t r e a m ,  i t  is  d i f f i c u l t  t o  accoun t  f o r  a  de- 

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

An e x a m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  c u r v e s  f o r  t h e  f i n e r  s i z e s  o f  s e d i - -  

ments s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  t h e  bot tom w i t h d r a w a l  t u b e  method o f  

s i z e  a n a l y s i s  i s  s l i g h t l y  a f f e c t e d  by  t h e  p r e s e n c e  o f  t h e  g r e a t e r  con- 

c e n t r a t i o n  o f  coa , r se r  p a r t i c l e s  found  i n  sarnples  t a k e n  n e a r  t i l e  bed  o f  

t h e  s t r eam.  Some o f  t h e  sed imen t  o f  a b o u t  0.0625 m m , ,  which i n  a  sample  

t a k e n  n e a r  t h e  w a t e r  s u r f a c e  would  a p p e a r  i n  t h e  s m a l l e r  s i z e  r a n g e ,  

p r o b a b l y  a p p e a r s  i n  t h e  c o a r s e r  r a n g e  i n  s a m p l e s  t a k e n  n e a r  t h e  s t r e a m  

bed,  

The c o n c e n t r a t i o n  a t  t h e  t i m e  o f  t h e  sample  a t  0.95 d e p t h  on  J u n e  

4 ,  shou ld  be abou t  t h e  same a s  t h a t  f o r  a  s i m i l a r  d e p t h  on J u n e  3 and 6, 

I t  s h o u l d  be  n o t e d  t h a t  t h e  e x c e s s i v e  c o n c e n t r a t i o n  i n  t h i s  s a m p l e  i s  

composed e n t i r e l y  o f  a n  e x c e s s  o f  t h e  c o a r s e r  s i z e s  o f  s e d i m e n t .  The 

e x c e s s  p r o b a b l y  c o n s i s t s  o f  s a l t a t i o n  l o a d  r a t h e r  t h a n  o f  - t rue  su.spended 

s e d i m e n t ,  Thj.s s a m p l e  was t a k e n  a b o u t  1.2 f ' t .  above  t h e  s t r e a m  b e d ,  

based on a  d e p t h  de t e rmined  some Lime p r e v i o u s l y ,  Because o f  changes  i n  

t h e  s t r e a m  bed ,  and p o s s i b l e  i n a c c u r a c i e s  i n  t h e  p l a c i n g  and c o r r e c t i o n  

o f  t h e  e l e v a t i o n  o f  t h e  s a m p l e r ,  t h e  a c t u a l  d i s t a n c e  above t h e  s t r e a m  

bed may have  been  c o n s i d e r a b l y  l e s s *  Sand waves were  no  d o u b t  p r e s e n t  

o n  t h e  bo t tom some o f  t h e  t i m e ,  and t h e s e  may have  had a n  i n f l u e n c e  on  

t h e  s a m p l e s ,  I n  a  d e t e r m i n a t i o n  o f  t h e  s u s p e n d e d  s e d i m e n t  Load s f  t h e  

s t r eam such  a  sample  s h o u l d  be d i s r e g a r d e d  e n t i r e l y  o r  used  w i t h  e x t r e m e  



p r e c a u t i o n s .  The d e t e r m i n a t i o n  o f  bed l o a d  o r  s a l t a t i o n  l o a d  was n o t  

a t t e m p t e d  i n  t h i s  i n v e s t i g a t i o n ,  T h a t  s u c h  a  l o a d  was p r e s e n t  seems 

i n d i c a t e d  by t h e s e  s a m p l e s ,  b u t  even w i t h o u t  t h e  samples ,  t h e  p r e s e n c e  

o f  some bed.-load rnovearient would be  a x i o m a t i c  u n d e r  - the c o n d i t i o n s  o f  

s a n d  bed and h igh  bot tom v e l o c i t y  found a t  Grand Canyon, 

A summary o f  t h e  s i z e  d a t a  from t h e  c u r v e s  s f  F i g s .  20-27 may be 

fou.nd i n  Table  11, The c o n c e n t r a t i o n s  f o r  each o f  t h e  t h r e e  s i z e  groups  

and f o r  t h e  t o t a l  sample  have been shown f o r  t h e  a v e r a g e  c u r v e s  o f  F i g .  

2 7 ,  On J u n e  2 ,  t h e  i n % e g r a t i o n  c o v e r e d  o n l y  t h e  upper  p o r t i o n  o f  e h e  

t o t a l  d e p t h ,  and f o r  t h a t  r e a s o n  t h e  d a t a  o f  June 2 were n o t  i n c l u d e d  i n  

t h e  average  c u r v e s .  The t a b l e  shows f i r s t  t h e  s i z e  d i s t r i b u . t i o n  based  

on t h e  a v e r a g e  c u r v e s .  Then t h e  d a t a  f o r  t h e  d a i l y  c u r v e s  a r e  shown; 

f i r s t  t h e  a c t u a . 1  f i g u r e s  f r o m  t h e  d a i l y  c u r v e  a r e  l i s t e d ,  t h e n  t h e  

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

c o n c e n t r a t i o n ,  T h e r e  a r e  no c l e a r - c u t  i n d i c a t i o n s  o f  c h a n g e s  i n  t h e  

I Source of Data 

Conceuiration i n  p.p.m f ron  average cur7ies of Fig. 27 
Percentage of each s i ze  0: sediliien'i. 

Conceritration i n  p.p.x. from curves of May 30 
Average s i z e  distri . i jution anplied zo concentration of hlay 30 

Concentration i.ri p.p,m, f rox  ciu-v-es of May 31 
Average s i z e  d i s t r i bu t ion  applied t o  concerltration of Hay 31 

Concenkration i n  p.p0nt* from c.arves o r  June 2 
In-begration t o  0.60d only, not comparable -Lo zverage c-mves 

Concentration i n  p .p.oi, from curves o C Jme 3 
Avera~e  s i z e  distr-ibu-tion anplied t o  concentra%ion of June 3 

Concentl-atlon i n  p.p.m. from crir7res of Jme 4 
A~rel-age si.ze d i s s r ihu t ioa  app1.i.ed t o  co:?cen.tration o i  June 4 

Concer~tration i n  _n.p.m. from curves of June 6 
kv-erage si.ze r~is.i;ri~>u"i.on apci ied  t o  concentration of j.me 6 

Size m. 
. ~ 6 2 5 . ~ r n  -, 
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p r o p o r t i o n s  o f  t h e  v a r i o u s  s i z e s  o f  s e d i m e n t ,  e i t h e r  w i t h  t i m e  o r  w i t h  

changes i n  t o t a l  c o n c e n t r a t i o n .  

There a r e  many cor .s ider*at ions  invo lved  i n  a t t e m p t i n g  t o  choose from 

t h e  s i z e  d a t a  on t h e  p o i n t - i n t e g r a t e d  samples ,  some s t a n d a r d  f o r  u s e  a s  

a  b a s i s  f o r  compar ison w i t h  t h e  s i z e  d a t a  f o r  t h e  d e p t h - i n t e g r a t e d  sam- 

p l e s .  There  would be some j u s t i f i c a t i o n  f o r  u s i n g  t h e  average  c u r v e s  a s  

t h e  s t a n d a r d  f o r  a l l  samples  t a k e n  d u r i n g  t h e  s e r i e s  o f  t e s t s  a t  Grand 

Canyon. On t h e  o t h e r  hand t h e r e  may be s l i g h t  v a r i a t i o n s  i n  t h e  d i s t r i -  

b u t i o n  o f  s i z e s  between t h e  days  i n v o l v e d ,  and t h e s e  v a r i a t i o n s  may b e  

d e f i n e d  i n  p a r t  by t h e  d i f f e r e n c e s  i n  t h e  s i z e  c u r v e s  from day  t o  day.  

A f t e r  c o n s i d e r i n g  t h e  a l t e r n a t i v e s  and s t u d y i n g  t h e  v a r i o u s  samples  i n  

t h e  l i g h t  o f  t h e  two, t h e  d e c i s i o n  was made t o  base  compar isons  d i r e c t l y  

on t h e  d a i l ~  c u r v e s .  A f t e r  d e t e r m i n i n g  t h e  b a s e  t o  be  u s e d ,  t h e r e  r e -  

main t h e  d i f f e r e n c e s  i n  c o n c e n t r a t i o n  b e t w e e n  t h e  i n d i v i d u a l  d e p t h -  

i n t e g r a t e d  s a m p l e s  and t h e  d a i l y  c u r v e .  I t  h a s  been  assumed t h a t  t h e  

p e r c e n t a g e  d i s t r i b u t i o n  o f  sed iment  between t h e  v a r i o u s  s i z e  g roups  r e -  

mains t h e  same t h r o u g h o u t  t h e  sampl ing day. The sed iment  c o n c e n t r a t i o n  

h a s  p r e v i o u s l y  been c o r r e c t e d  f o r  t ime  a s  a  b a s i s  f o r  t h e  r a t i o  o f  t h e  

c o n c e n t r a t i o n  i n  t h e  d e p t h - i n t e g r a t e d  samples  t o  t h a t  of  t h e  p o i n t  sam- 

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

s i z e s ,  f i g u r e s  were  computed which were  c o n s i d e r e d  r e p r e s e n t a t i v e  s f  

the  c o n c e n t r a t i o n  o f  sediment  o f  each s i z e  which was p r e s e n t  a t  t h e  t ime  

o f  e a c h  d e p t h - i n t e g r a t e d  s a m p l e .  I n  t h e  same manner  i n  w h i c h  t h e  

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

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

e a c h  o f  t h e  t h r e e  s i z e s  o f  s e d i m e n t  was compared w i t h  t h i s  s t a n d a r d  
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b a s e d  on  t h e  p o i n t  s a m p l e s .  

20 .  S i z e  d i s t r i b u t ? ~  i n  d e p t h - i n t e g r a t e d  samples--Comparisons o f  

t h e  d i s t r i b u t i o n  o f  s e d i m e n t  i n t o  s i z e  g roups  have been  computed and a r e  

p r e s e n t e d  i n  t a b u l a r  form on t h e  d a i l y  s i z e  d a t a ,  F i g s .  20-25. The com- 

p a r i s o n s  h a v e  n o t  b e e c  made on  a  p e r c e n t a g e  b a s i s  b e c a u s e  t h e  p r o b a b l e  

i n a c c u r a c i e s  i n  t h e  s i z e  d e t e r m i n a t i o n s  would make t remendous  p e r c e n t a g e  

e r r o r s .  These  d a t a  a r e  l a r g e l y  s e l f - e x p l a n a t o r y ,  b u t  a  few n o t e s  m i g h t  

be h e l p f u l .  Each d e p t h - i n t e g r a t e d  s a m ~ l e  f o r  which s i z e  d a t a  a r e  a v a i l -  

a b l e  h a s  b e e n  l i s t e d  b y  s a m p l e  number .  The i n s t r u m e n t ,  t h e  s i z e  o f  

n o z z l e ,  t h e  d i r e c t i o n  and r a n g e  o f  d e p t h  o v e r  which t h e  sample was i n t e -  

g r a t e d ,  h a v e  a l l  b e e n  shown.  The c o n c e n t r a t i o n s  o f  s e d i m e c t  i n  t h e  

t h r e e  s j z e  r a n g e s  have b e e n  shown a s  a c t u a l l y  found i n  t h e  sample .  F o r  

compar i son ,  c o n c e n t r a t i o n s  b a s e d  on t h e  d a i l y  s i z e  c u r v e s  have  been  c o r -  

r e c t e d  t o  t h e  t i m e  o f  t h e  i n d i v i d u a l  sample  and l i s t e d  a l s o .  The r a t l o  

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

b e e n  g i v e n  i n  t h e  r i g h t - h a n d  c o l u m n ,  IE c a s e s  where  t h e  s a m p l e  was 

i n t e g r a t e d  o v e r  a  p a r t i a l  d e p t h ,  t h e  d a t a  from t h e  cuiLves  were t a k e n  f o r  

t h a t  p a r t i a l  d e p t h .  The v a l u e s  f rom t h e  d a i l y  c u r v e s  have  been  d e r i v e d  

t o  r e p r e s e n t  a s  n e a 1 . 1 ~  a s  p o s s i b l e  t h e  s e d i m e n t  c o n d i t i o n s  i n  t h e  s t r e a m  

a t  t h e  t i m e  o f  t h e  c o r r e s p o n d i n g  sample .  

The t a b u l a r  d a t a  on F i g s .  20-25 migh t  be u s e d  a s  t h e  b a s i s  f o r  a n y  

t y p e  o f  d e t a i l e d  s t u d y .  An a n a l y s i s  o f  t h e  m a t e r i a l  l e d  t o  t h e  c o n c l u -  

s i o n  t h a t  t h e  t y p e  o f  s a m p l e r ,  s i z e  o f  n o z z l e ,  and d i r e c t i o n  o f  i n t e g r a -  

t i o n  have  no  a p p r e c i a b l e  e f f e c t  on  t h e  d i s t r i b u t i o n  o f  s i z e  w i t h i n  t h e  

sample  e x c e p t  a s  t h e s e  f a c t o r s  a r e  r e f l e c t e d  i n  t h e  r a t i o  o f  t h e  concen- 

t r a t i o n  i n  t h e  sample  t o  t h a t  i n  t h e  s t r e a m .  The r e l a t i o n  be tween  t h i s  



c o n c e n t r a t i o n  r a t i o  and t h e  d i s t r i b u t i o n  o f  s e d i m e n t  i n t o  t h e  v a r i o u s  

s i z e  g roups  w i l l  be d i s c u s s e d  f u r t h e r .  

Tab le  111 h a s  been p r e p a r e d  i n  an  a t t e m p t  t o  b e t t e r  e v a l u a t e  t h e  

r e l a t i o n  between t h e  c o n c e n t r a t i o n  r a t i o  and t h e  s i z e  d i s t r i b u t i o n  o f  a  

sample .  The samples  have been l i s t e d  a c c o r d i n g  t o  c o n c e n t r a t i o n  r a t i o  

i n  d e s c e n d i n g  o r d e r .  The f i g u r e s  shown f o r  ea.ch s i z e  g roup  r e p - e s ~ n t  

t h e  d i f f e r e n c e  i n  p .psm,  between t h e  sample and t h e  comparative v a l u e s  

based  on t h e  d a i l y  c u r v e s .  Averages have been shown f o r  t h e  following 

groups o f  c o n c e n t r a t i o n  r a t i o s :  a tove  1.05; 1 .05  t o  1 . 0 0 ;  1 .00 t o  0 . 9 5 ;  

and l e s s  than  0 .95 ,  

I n  s p i t e  o f  t,he d i s c r e p a n c i e s  found i n  i n d i v i d u a l  samples ,  t h e r e  i s  

a  v e r y  d i s t i n c t  r e l a t j o n  between t h e  c o n c e n t r a t i o n  r3 t : io  o f  t h e  sample  

and t h e  d i s t r i b u t i o n  o f  sed iment  w i t h l n  t h e  s i z e  g roups  o f  t h e  sample .  

The c o n c e n t r a t j o n  r a t i o s  a p p a r e n t . 1 ~  have no e f f e c t  or, t h e  q u a n t i t y  o f  

t h e  f i n e r  sediment ,s  ( s e t t l i n g  d i a n e t e r s  1-ess t h a n  0 . 0 e 2 5  mm. ) c o l l e c t e d  

i n  t h e  sample .  The samples  w i t h  t h e  maximum and minlr~urn c o n c e n t r a t i o n  

r a t i o s  a s  w e l l  a s  t h e  a v e r a g e s  f o r  groups  o f  samples  show t h i s  c l e a r l y ,  

The f a c t  t h a t  t h e  c o n c e n t r a t i o n  r a t i o s  do n o t  a f f e c t  t h e  ccr-centra-  

t i o n s  o f  t h e  f i n e r  sed iments  means t h a t  t h e  e x c e s s  sediment  c o n t a i n e d  i n  

samples  of h i g h  c o n c e n t r a t i o n  r a t i o s  was made up o f  t h e  coa . r se r  s e d i - -  

ments.  C o n v e r s e l y  t h e  d e f i c i e n c y  i n  sed iment  s a m p l e s  w i t h  low concen- 

t r a t i o n  r a t i o s  r e s u . l t e d  from a  redu-c t ion  i n  t h e  q u a n t i t y  o f  t h e  c o a r s e r  

sed iments .  

Comparing t h e  a v e r a g e s  on an over-a l l .  b a s i s  t h e r e  seerns a d e f i c i e n -  

c y  i n  t h e  s e d i m e n t  i n  t h e  0 , 0 6 2 5  m m ,  t o  0 ,3 .25 r a n g e  when t h e  d e g t h -  

i n t e g r a t e d  s a m p l e s  a r e  compared t o  t h e  p o i n t - i n t e g r a t e d  s a m p l e s .  I f  
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~LATIOB B E b l 3 E N  COXTCEmION RATIO 
AND 

SIZE DISTRIBWION I R  DEPT'H-INTEGRATED SEDGUIMENT SAMPIES 

--. 
DEPARTURE FROM IIAILY c 'U~%S - P. P.M. 

Instrument 
Conc . 
Ratio 

1.23 
1.11 
1.07 
1.06 

1.05- 
1.04 
1.04 
1.03 
1.01 

1,024 

1.00- - 99 
98 

-98 
-96 
.96 

974 

0.95- 
0 93 
-90 
- 89 
-88 
.88 
.88 
- 78 

-886 

P-46s, 3/16 1,oo-o. ood 
P-46, 3/16 1.00-0. ooa 
P-46, 3/16 1.00-0. ooa 
P-46s, 3/16 o -00-1. ooa 

Grand TotaZs 

Averages 

* Round t r i p ,  Saaples taken i n  direct ion shown and. return. 
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t h i s  d i f f e r e n c e  had a p p e a r e d  i n  e i t h e r  t h e  l a r g e s t  o r  s m a l l e s t  s i z e  

groups i t  would have been more s i g n i f i c a n t .  A t  p r e s e n t  t h e  d e v i a t i o n  i n  

t h i s  s i z e  group i s  c o n s i d e r e d  t o  r e f l e c t  e r r o r s  i n  samples  and a n a l y s e s ,  

r a t h e r  t h a n  any b a s i c  d i f f e r e n c e  between t h e  t y p e s  o f  samples ,  

P r e v i o u s l y ,  t h e  c o n c e n t r a t i o n  i n  a  sample was found t o  be a c c u r a t e  

when t h e  i n t e g r a t i o n  p r o c e e d e d  w i t h  t h e  same v e l o c i t y  i n  t h e  i n t a k e  

nozz le  a s  t h a t  i n  t h e  s t r e a m  a t  t h e  sampling p o i n t .  Now, t h e  concen t ra -  

t i o n  r a t i o  h a s  b e e n  shown t o  be  an  i n d e x  o f  t h e  d e p e n d a b i l i t y  o f  t h e  

s i z e  d i s t r i b u t i o n  i n  t h e  sample. I f  t h e  c o n c e n t r a t i o n  o f  a  g iven  sample 

i s  t h e  same a s  t h a t  i n  t h e  s t r eam,  o r  t h e  same a s  t h e  average  o f  a  group 

o f  s a m p l e s  t a k e n  a t  t h e  same t i m e ,  p l a c e ,  and o v e r  t h e  same r a n e e  o f  

d e p t h ,  t h e n  t h e  s i z e  d i s t r i b u t i o n  w i t h i n  t h a t  sample  may be  assumed 

r e p r e s e n t a t i v e  o f  t h e  s i z e  d i s t r i b u t i o n  i n  t h e  s t r e a m  o r  group o f  sam- 

p l e s .  I f  t h e  c o n c e n t r a t i o n  r a t i o  is  high t h e r e  w i l l  be an  e x c e s s  o f  t h e  

c o a r s e r  s e d i m e n t s .  I f  t h e  r a t i o  i s  low t h e r e  w i l l  be a  d e f i c i e n c y  i n  

t h e  c o a r s e r  sed iments .  T h i s  seems t o  be t r u e  whether  t h e  h i g h  r a t i o  i s  

t h e  r e s u l t  o f  i n a c c u r a t e  s a m p l i n g ,  c a u s e d  by a  low i n t a k e  r a t i o ,  o r  

whether it  i s  t h e  r e s u l t  o f  f l u c t u a t i o n s  i n  t h e  sed iment  c o n t e n t  of t h e  

s t r eam.  

T h i s  d i s c u s s i o n  o f  t h e  s i z e  a n a l y s e s  o f  t h e  d e p t h - i n t e g r a t e d  sam- 

p l e s  a t  Grand Canyon h a s  been based on compar isons  w i t h  t h e  s i z e  grada-  

t i o n  from t h e  p o i n t  s a m p l e s .  The c o n c e n t r a t i o n s  i n  t h e  p o i n t  samples  

were c o n s i d e r e d  t o  be a b o u t  1.0 p e r c e n t  h i g h .  I t  now a p p e a r s  t h a t  t h e  

c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  s i z e s  a f  sediment  c o n t a i n e d  i n  t h o s e  sam- 

p l e s  must have been s l i g h t l y  i n  e r r o r .  The c o n c e n t r a t i o n  o f  s e d i m e n t  

o f  s e t t l i n g  d i a m e t e r s  l e s s  t h a n  0 .0625 mm. was p r o b a b l y  c o r r e c t .  The 
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e x c e s s  would have  t o  be  d i s t r i b u t e d  o v e r  t h e  o t h e r  s i z e s .  The concen-  

t r a t i o n  o f  s e d i m e n t s  l a r g e r  t h a n  0 . 1 2 5  m m .  was p r o b a b l y  2 . 0  p e r c e n t  

h i g h ,  w h i l e  t h a t  i n  t h e  i n t e r m e d i a t e  r a n g e  be tween  0 . 1 2 5  and 0 . 0 6 2 5  m m .  

i s  e s t i m a t e d  t o  b e  f rom 0 . 5  t o  1 . 0  p e r c e n t  h i g h ,  T h i s  d o e s  n o t  i n  any  

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

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

S e v e r a l  c o n c l u s i o n s  have  been  e s t a b l i s h e d  c o n c e r n i n g  t h e  e f f e c t  of  

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

and  o f  t h e  r e l a t i o n  o f  a b n o r m a l  s e d i m e n t  c o n c e n t r a t i o n  r a t i o s  t o  t h e  

d i s t r i b u t i o n  o f  s e d i m e n t  s i z e s  w i t h i n  t h e  s a m p l e .  I t  a p p e a r s  p r o b a b l e  

t h a t  t h e  i n t a k e  r a t i o  wou ld  h a v e  no  e f f e c t  on  t h e  c o n c e r t r a t i o n  o f  

s e d i m e n t  i n  t h e  s a m p l e  p r o v i d e d  a l l  t h e  s e d i m e n t  t o  b e  s a m p l e d  was 

s m a l l e r  t h a n  0 . 0 6 2 5  m m .  T h a t  would seem t o  i n d i c a t e  t h a t  a l l  s a m p l e s  

t a k e n  i n  s u c h  a  s t r e a m  would have t h e  p r o p e r  c o n c e n t r a t i o n  r e g a r d l e s s  o f  

how t a k e n .  W i t h i n  l i m i t s  o f  normal  v a r i a t i o n s  i n  i n t a k e  r a t i o s  t h i s  may 

be t r u e .  

21. S i z e  d i s t r i b u t i o ~  i n  c u m u l a t j v e  samples--Data on  t h e  s i z e  gra-  

d a t i o n  i n  t h e  c u m u l a t i v e  s a m p l e s  t a k e n  on J u n e  1 and 7 a r e  p i -esented  i n  

T a b l e  I V .  The s a m p l e  number ,  t h e  t y p e  o f  i n t e g r a t i o n  and t h e  d e ~ t h  a t  

which t h e  s ample  was t a k e n  have  been  e n t e r e d .  The a v e r a g e  c o n c e n t r a t i o n  

i s  t h e  a v e r a g e  o f  t h e  f i v e  p o i n t - i n t e g r a t e d  samples  t a k e n  a t  t h a t  d e p t h .  

The c o n c e n t r a t i o n  i n  p .p ,m .  o f  t o t a l  s e d i m e n t  and  o f  s e d i m e n t  i n  t h e  

t h r e e  s i z e  g r o u p s  h a s  b e e n  g i v e n ,  a l s o  t h e  r a t i o  o f  t h e  t o t a l  s a m p l e  

c o n c e n t r a t i o n  t o  t h e  a v e r a g e .  These  d a t a  emphas i ze  t h e  r e l a t i o n  o f  con- 

c e n t r a t i o n  r a t i o  a n d  s i z e  d i s t r i b u t , i o n ,  b u t  o t h e r w i s e  d o  n o t  s eem 

? a r t :  c u l  a r l y  v a l u a b l e .  
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VI. CONCLUSIONS 

22. Operat  i o n  s f  samplers--The US P-46 suspended sed iment  sample r  

was v e r y  s a t i s f a c t o r y  f rom t h e  s t a n d p o i n t  o f  m e c h a n i c a l  o p e r a t i o n .  

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

s a m p l e r  p r o v e d  v e r y  d e p e n d a b l e .  Some s k i l l  and e x p e r i e n c e  w i t h  t h e  

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

The sampler  s i z e  and d e s i g n  proved adequa te  fo r  Lbe v e l o c i t i e s  en- 

coun te red  i n  t h e s e  t e s t s .  S a t i s f a c t o r y  o p e r a t i o n  a t  v e l o c i t i e s  up t o  1 0  

f t .  p e r  s e c . ,  w i t h  d e p t h s  s f  25 f t . ,  seems a s s u r e d ,  While t h e s e  t e s t s  

i n d i c a t e d  no d e p t h  l i m i t a t i o n s ,  t h e  t h e o r e t i c a l  l i m i t  f o r  e q u i l i z a t i o n  

o f  p r e s s u r e  i n  t h e  b o t t l e  i s  a b o u t  140 f t .  o r  75  f t ,  w i t h  head  p r e s -  

s u r i z e d  t o  p r e v e n t  l e a k a g e .  The o p e r a t i o n a l  l i m i t a t i o n  on t h e  sample r  

seems t o  be t h e  downstream d r i f t  o f  t h e  i n s t r u m e n t  which i s  a  f u n c t i o n  

s f  v e l o c i t y  and dep th .  Presumably t h e  P-46 w i l l  o p e r a t e  s a t i s f a c t o r i l y  

u n t i l  such  e s m b i n a t i o n s  o f  v e l o c i t y  and d e p t h  a r e  reached  a s  would g i v e  

d e f l e c t i o n s  i n  t h e  s u s p e n s i o n  l i n e  i n  e x c e s s  o f  3 0  d e $ .  The s a m p l e r  

c o u l d  p r o b a b l y  be o p e r a t e d  n o r m a l l y  up t o  a  d i s c h a r g e  o f  a b o u t  75 ,000  

s e c ,  f t .  a t  t h e  Grand Canyon s t a t i o n ,  

The a c c u r a c y  o f  t h e  P-46 sampler  was g u i t e  s a t i s f a c t o r y  f o r  u s e  i n  

o b t a i n i n g  p o i n t - i n t e g r a t e d  samples.  The c o n c e n t r a t i o n s  i n  p o i n t  samples  

t a k e n  w i t h  t h i s  i n s t r u m e n t  were p r o b a b l y  v e r y  s l i g h t l y  high.  Aceumula- 

t i o n  o f  sediment i n  t h e  n o z z l e  p r i o r  t o  sampling was a  v e r y  minor f a c t o r  

i n  sampl ing accuracy ,  Samples t a k e n  n e a r  t h e  wa te r  s u r f a c e  appeared  t o  

be v e r y  a c c u r a t e .  The i n t a k e  r a t i o  n e a r  t h e  w a t e r  s u r f a c e  was c l o s e  t o  



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

r a t i o  d e c r e a s e d .  A t  a  d e p t h  o f  23 f t .  t h e  i n t a k e  r a t i o  was abou t  0.92. 

T h i s  would i n d i c a t e  an  e x c e s s  i n  s e d i m e n t  c o n c e n t r a t i o n  o f  a b o u t  2 . 0  

p e r c e n t  a t  t h e  s t r e a m  v e l o c i t i e s  found a t  t h a t  d e p t h .  The mean e x c e s s  

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

was judged t o  be about  1 . 0  p e r c e n t .  I n  p r e c i s e  work a  c o r r e c t i o n  might  

be a p p l i e d  t o  p o i n t  samples  c o l l e c t e d  a t  d e p t h s  g r e a t e r  t h a n  1 2  o r  1 5  

f t .  

The P-46 sampler  was found t o  be v e r y  s a t i s f a c t o r y  f o r  d e p t h  i n t e -  

g r a t i o n  downward from t h e  w a t e r  s u r f a c e .  Samples t a k e n  i n  t h i s  manner 

appeared t o  be v e r y  a c c u r a t e  a s  long  a s  t h e  downward t r a n s i t  r a t e s  were 

n o t  e x c e s s i v e .  Under some c o n d i t i o n s ,  a  s m a l l e r  n o z z l e  f o r  t h e  P-48 

might  be  v e r y  d e s i r a b l e ,  e v e n  t h o u g h  a  s m a l l e r - n o z z l e  would  b e  more 

s u b j e c t  t o  p l u g g i n g  w i t h  d e b r i s .  

The P-46 s a m p l e r  was found t o  be  somewhat l e s s  s a t i s f a c t o r y  f o r  

d e p t h  i n t e g r a t i o n  upward from t h e  s t r e a m  bed toward t h e  w a t e r  s u r f a c e .  

C o n c e n t r a t i o n s  o b t a i n e d  from samples i n t e g r a t e d  upward seemed t o  average  

about 4 . 0  p e r c e n t  h i g h  i n  sediment  c o n c e n t r a t i o n .  The low i n t a k e  r a t i o s  

f o r  upward sampling would account  f o r  2.0 o r  3 .0  p e r c e n t  o f  t h i s  amount. 

The a c c u m u l a t i o n  o f  sed iment  i n  t h e  n o z z l e  p r i o r  t o  sampl ing  would n o t  

make up t h e  remainder  u n l e s s  t h a t  a c c u m u l a t i o n  i s  c o n s i d e r a b l y  g r e a t e r  

when t h e  s a m p l e r  i s  a t  t h e  s t r e a m  bed t h a n  i t  i s  when t h e  s a m p l e r  i s  

suspended a  s h o r t  d i s t a n c e  above t h e  bed.  

The US P-40s suspended  sed iment  s a m p l e r  was s u b j e c t  t o  m e c h a n i c a l  

d i f f i c u l t i e s ,  which seem t o  have been  remedied  s i n c e  t h a t  t i m e .  T h i s  

i n s t r u m e n t  i s  s i m p l e r ,  and s l i g h t l y  f a s t e r  t o  o p e r a t e  t h a n  t h e  P-40. 
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The l i m i t a t i o n s  on t h e  i n s t r u m e n t  a s  f a r  a s  a d a p t a b i l i t y  t o  d e p t h  and 

v e l o c i t y  c o n d i t i o n s  a r e  c o n c e r n e d  would be  t h e  same a s  f o r  t h e  P-46, 

wi th  t h e  added r e s t r i c t i o n  t h a t  t h e  sampler  could  n o t  o p e r a t e  t o  g r e a t e r  

d e p t h s  t h a n  t h o s e  a l l o w a b l e  f o r  a  s i n g l e  one-way i n t e g r a t i o n .  

The US P-46s was found t o  be adequa te  f o r  a c c u r a t e  d e p t h  i n t e g r a -  

t i o n  downward. For  upward i n t e g r a t i o n  it had t h e  same drawbacks a s  t h e  

P-46. The two i n s t r u m e n t s  s h o u l d  have t h e  same c h a r a c t e r i s t i c s  a s  f a r  

a s  accuracy  is  concerned.  The P-46s was equipped w i t h  a  1 / 8 - i n .  n o z z l e  

i n  a d d i t i o n  t o  t h e  3 /16- in .  s i z e  common t o  b o t h  t h e  P-46 and P-46s. NO 

s i g n i f i c a n t  d i f f e r e n c e s  were  e s t a b l i s h e d  i n  t h e  o p e r a t i o n  o f  t h e  two 

s i z e s  o f  n o z z l e .  The 1 / 8 - i n .  n o z z l e  a l lowed  s l o w e r  t r a n s i t  r a t e s  and 

had some advan tages  from t h a t  s t a n d p o i n t .  The s m a l l e r  n o z z l e  was more 

s ~ b j e c t  t o  p lugging w i t h  d e b r i s .  Because t h i s  sampler  i s  l e s s  v e r s a t i l e  

t h a n  t h e  P-46 it i s  n o t  c u r r e n t l y  manufac tu red  f o r  g e n e r a l  f i e l d  use .  

The US D-43 s u s p e n d e d  s e d i m e n t  s a m p l e r  was s i m p l e  and e a s y  t o  

o p e r a t e .  The sampler  was inadequa te  t o  sample a c c u r a t e l y  under  t h e  con- 

d l t i o n s  p r e v a i l i n g  dur ing  t h e s e  t e s t s .  The sampler was n o t  des igned  f o r  

t h e  d e p t h s  and v e l o c i t i e s  e n c o u n t e r e d  a t  Grand Canyon a t  t h e  t i m e  of 

t h i s  i n v e s t i g a t i o n .  The pr imary d i f f i c u l t y  d e r i v e d  from t h e  l i m i t a t i o n s  

which make a c c u r a t e  r o u n d - t r i p  s a m p l i n g  i m p o s s i b l e  t o  d e p t h s  g r e a t e r  

t h a n  a b o u t  1 8  f t .  Under t h e  c o n d i t i o n s  o f  h i g h  v e l o c i t y  and c o a r s e  

s e d i m e n t  found a t  Grand Canyon, a c c u r a t e  r o u n d - t r i p  s a m p l i n g  becomes 

d i f f i c u l t  i n  d e p t h s  g r e a t e r  t h a n  abou t  12 f t .  The L i g h t  we igh t  o f  t h e  

sampler was p a r t l y  r e s p o n s i b l e  f o r  t h i s  d i f f i c u l t y  because it a l l o w s  t h e  

downstream d r i f t  t o  become such  a  s e r i o u s  f a c t o r .  t h a t  e x t r a  p r e c a u t i o n s  

a r e  r e q u i r e d  t o  i n t e g r a t e  a t  s u i t a b l e  r e l a t i v e  t r a n s i t  r a t e s .  The p o i n t  
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o f  s u s p e n s i o n  o f  t h e  s a m p l e r  was h i g h  above t h e  w a t e r ,  which made t h e  

problem o f  downstream d r i f t  more s e r i o u s  t h a n  it would have been o t h e r -  

wise .  These  t e s t s  i n d i c a t e  t h a t  t o  u t i l i z e  t h e  f u l l  18 o r  19 f t ,  o f  

p o s s i b l e  r a n g e  o f  a c c u r a t e  sampl ing  d e p t h ,  t h e  r a t e s  o f  l o w e r i n g  and 

r a i s i n g  t h e  sampler  would have t o  be d i f f e r e n t  when t h e  downstream d r i f t  

o f  t h e  sampler was r e l a t i v e l y  g r e a t ,  

23. I n t a k e  ra t ios--These  t e s t s  emphasize t h e  importance o f  t h e  in- 

t a k e  r a t i o  a s  a  f a c t o r  i n  sampl ing accuracy ,  I n  f a c t ,  t h e o r e t i c a l  con- 

s i d e r a t i o n s  seem t o  be amply suppor ted  by t h e  r e s u l t s  o b t a i n e d ,  Most o f  

t h e  d i f f e r e n c e  i n  sed iment  c o n c e n t r a t i o n s  found on upward and on down- 

ward i n t e g r a t i o n  a p p e a r  t o  be t h e  r e s u l t  o f  t h e  d i f f e r e n c e  i n  i n t ~ k e  

r a t i o s .  The ex t reme  i n t a k e  r a t i o s  o b t a i n e d  w i t h  t h e  D-43 s a m p l e r  show 

something o f  t h e  e r r o r s  i n  c o n c e n t r a t i o n  which r e s u l t  from e x c e s s i v e  in- 

t a k e  r a t i o s .  If t h e  i n t a k e  r a t i o  d e p a r t s  a p p r e c i a b l y  from u n i t y ,  t h e  

r e s u l t i n g  sample w i l l  be e r r o n e o u s  i n  c o n c e n t r a t i o n  and i n  d i s t r i b u t i o n  

o f  sed iment  s i z e s  whenever sed iment  s i z e s  g r e a t e r  t h a n  0.0825 mm. a r e  

involved.  Apparent ly ,  w i t h i n  r e a s o n a b l e  l i m i t s ,  t h e  v a r i a t i o n  i n  i n t a k e  

r a t i o  would have  no  e f f e c t  on  s a m p l e s  t a k e n  where  a l l  s e d i m e n t  was 

s m a l l e r  t h a n  t h e  above s i z e .  The c o a r s e r  t h e  s e d i m e n t s  encounte red  t h e  

g r e a t e r  w i l l  be t h e  e r r o r  r e s u l t i n g  from an i n t a k e  r a t i o  which d e v i a t e s  

from t h e  s t a n d a r d ,  However, t h e  f a c t  t h a t  t h e  computed i n t a k e  r a t i o  f o r  

an i n d i v i d u a l  sample seems o u t  s f  l i n e  by 10, o r  pe rhaps  even 20 p e r c e n t  

i s  n o t  i m p o r t a n t .  D e p a r t u r e s  o f  t h i s  magni tude  may be t h e  r e s u l t  o f  

momentary v a r i a t i o n s  i n  s t ream v e l o c i t y p  and t h e  a c t u a l  i n t a k e  r a t i o  may 

have been u n i t y  d u r i n g  c o l l e c t i o n  o f  t h e  sample ,  I t  i s  i m p o r t a n t  t h a t  

t h e  i n s t r u m e n t  and method o f  o p e r a t i o n  a r e  s u c k  t h a t  t h e  a v e r a g e  s f  a  
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group of samples taken under a given set of conditions will be close to 

unity, Both water temperature and stream velocity affect the intake 

ratio, but neither of these entered into this investigation to any sig- 

ni f icant degree, 

In a discussion of intake ratios, the effect of the downstream 

drift of the sampler should be considered. Both downstream drift sf the 

sampler as it is lowered through the water and the towing of the sampler 

upstream as it is raised, result in velocities past the intake nozzle 

which are quite different from those of the stream, Determination of 

the actual transit rate is less important for integration in one direc- 

tion than it is for round-trip integration, If the sampling time for 

one-way integration is so chosen that a proper size of sample is ob- 

tained, the transit rate will tend to properly adjust itself provided 

integration is not attempted over too great a range of depth. In round- 

trip integration, the actual values sf the relative transit rates for 

upward and downward integration are not readily apparent, and the per- 

missible relative transit rates may be seriously exceeded without any 

realization of what is happening, Excessive transit rates will result 

in erroneous intake ratios. 

24. Size data--Under usual investigational procedures, only a 

small fraction of the total number of suspended sediment samples is 

analyzed for size, It is therefore imperative that those samples which 

are analyzed for size should be representative of the group or of the 

stream on which they are intended to provide information. From these 

tests it appears that a sediment sample which contains a concentra- 

tion greater than the normal will be composed of an abnormally high 
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proportion o f  t h e  coarser sediments ,  and t h a t  one which has a  low t o t a l  

c o n c e n t r a t i o n  w i l l  be  d e f i c i e n t  i n  t h e  c o a r s e r  s i z e s  o f  s e d i m e n t .  

There fore ,  i f  one o f  t e n  samples were t o  be analyzed fo r  s i z e ,  t h a t  one 

should have an average concentra t ion  o f  sediment. A s a t i s f a c t o r y  selec-  

t i o n  o f  t he  sample t o  be analyzed being general ly  imgossibke,  t here  re- 

mains t h e  n e c e s s i t y  f o r  making t h e  bes t  possible  i n t e r p r e t a t i o n  o f  those  

samples which have been  analyzed  f o r  s i z e .  A f t e r  a  sample has been  

analyzed,  t h e  t o t a l  concentra t ion  should be examined t o  see i f  t h e  sam- 

ple i s  t r u l y  r epresen ta t i ve  o f  t h e  condi t ion  des ired .  I f  t h e  t o t a l  con- 

c e n t r a t i o n  i n  t h e  s i z e  sample were normal ,  t h e n  t h e  d i s t r i b u t i o n  o f  

s i z e s  w i t h i n  the  sample should be dependable. I f  t h e  concentra t ion  were 

n o t  normal ,  t h e  r e s u l t s  o f  t h e  s i z e  d i s t r i b u t i o n  w i t h i n  t h e  sample 

should be used on ly  w i th  t h e  greates t  care. Even i n  an abnormal sample, 

the  concentrat ion o f  sediments smaller than 0,9625 mm. would probably be 

s a t i s f a c t o r y  on t h e  bas i s  o f  p.p .m.  

T h i s  concept seems important  enough t o  . j u s t i f y  f u r t h e r  ampl i f i ca -  

t i o n .  For t h e  period o f  t h e s e  t e s t s  t h e  fo l lowing  seemed t o  be t r u e .  

I f  t h e  t o t a l  concen t ra t ion  i n  a  sample taken  on Mag 31 were normal f o r  

t h a t  day ,  t h e  s i z e  d i s t r i b u t i o n  o f  sediment  i n  t h e  sample was repre-  

s e n t a t i v e  o f  the  s i z e  gradation i n  t h e  stream t h a t  day. I n  f a c t ,  it was 

not far  from being represen ta t i ve  o f  t h e  s i z e  gradation i n  t h e  stream on 

any day during t h e  t e s t s .  When applying such a s i z e  ana ly s i s  o f  a sam- 

ple t o  another t ime when t h e  concentra t ion  i n  t h e  stream was d i f f e r e n t ,  

t h e  percentage d i s t r i b u t i o n  o f  s i z e  could be applied t o  t h e  new concen- 

t r a t i o n .  However, i f  t h e  s i z e  a n a l y s i s  were r u n  on a  May 31 sample 

which had a  t o t a l  c o n c e n t r a t i o n  20 percen t  h i g h e r  t h a n  t h a t  i n  t h e  
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s t r e a m  a t  t h e  t i m e  o f  sampl ing ,  t h e n  t h e  s i z e  d i s t r i b u t i o n  shown would 

be e r roneous .  I t  cou ld  n o t  be c o r r e c t e d  by app ly ing  t h e  p e r c e n t a g e s  o f  

t h e  d i f f e r e n t  s i z e s  t o  t h e  g r o p e r  c o n c e n t r a t i o n  a t  t h e  t ime  o f  sampling.  

The c o n c e n t r a t i o n  o f  sed iment  o f  s i z e s  l e s s  t h a n  0.0825 m m . ,  e x p r e s s e d  

i n  pepam. ,  would p robab ly  be c o r r e c t  f o r  t h e  s t ream a t  t h e  t ime  a t  which 

t h e  sample  was t a k e n ,  To d e t e r m i n e  t h e  c o n c e n t r a t i o n  o f  t h e  s m a l l e r  

s i z e s  o f  sed iment  i n  t h e  s t r e a m  a t  a n o t h e r  t ime  when t h e  t o t a l  concen- 

t r a t i o n  had changed, t h e  c o n c e n t r a t i o n  i n  t h e  sample i n  p,p.m. should be 

m u l t i p l i e d  by t h e  r a t i o  o f  t h e  new t o t a l  c o n c e n t r a t i o n  t o  t h e  t o t a l  con- 

c e n t r a t i o n  i n  t h e  s t r e a m  a t  t h e  t ime  of  sampl ing.  Thc c o a r s e r  s i z e s  o f  

sed iment  i n  t h e  sample  would c o n t a i n  an  e x c e s s  i n  p.p.m. e q u a l  t o  t h e  

t o t a l  e x c e s s  c o n c e n t r a t i o n  i n  t h e  sample. The p r o p o r t i o n s  o f  t h i s  ex-  

c e s s  would p r o b a b l y  be t h e  g r e a t e s t  i n  t h e  c o a r s e r  s i z e s  o f  sed iment .  

The q u a n t i t i e s  o f  t h e  c o a r s e r  sediments  i n  t h e  sample would r e q u i r e  cor-  

r e c t i o n  b e f o r e  be ing  r e p r e s e n t a t i v e  o f  t h e  c o n c e n t r a t i o n  i n  t h e  s t r e a m  

a t  t h e  t i m e  o f  sampl ing.  Within  t h e  l i m i t s  o f  t h i s  i n v e s t i g a t i o n ,  t h e  

pe rcen tage  d i s t r i b u t i o n  o f  s i z e s  d i d  n o t  seem t o  change a p p r e n i a b l y  w i t h  

changes i n  c o n c e n t r a t i o n ,  bu t  t h i s  may n o t  be a  t y p i c a l  c o n d i t i o n .  

25. M i s c e l l a n e o u s  o b s e r v a t i o n s - - l a  t h e  i n t e r e s t s  o f  f l e x i b i l i t y  

and e a s e  o f  h a n d l i n g  o f  t h e  P-BBS and P-46 suspended sediment  sample rs ,  

c o n s i d e r a t i o n  shou ld  be g i v e n  t o  t h e  use  o f  5 /32- in .  n o z z l e s .  For  some 

c o n d i t i o n s  o f  g r e a t  dep th  and h igh  v e l o c i t i e s ,  t h e  use  o f  a  1 /8 - in .  noz- 

z l e  wi th  t h e  P-46 sampler  would probably  be J u s t i f i e d .  

Some o f  t h e  samples ind icabed  t h e  p resence  o f  s a l t a t i o n  load  i n  t h e  

C o l o r a d o  R i v e s  a t  Grand  Canyon, Even w i t h o u t  t h e s e  s a m p l e s ,  some 

t r a n s p o r t a t i o n  o f  s e d i m e n t  a s  bed and s a l t a t i o n  l o a d  would be  a l m o s t  
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a x i o m a t i c  u n d e r  t h e  c o n d i t i o n s  sf s a n d  bed  and  h i g h  v e l o c i t i e s  en- 

c o u n t e r e d .  

The sed iment  c o n c e n t r a t i o n s  a t  t h e  Grand Canyon s t a t i o n  seemed t o  

change r a p i d l y  w i t h i n  t h e  p e r i o d  o f  a v e r y  few h o u r s ,  There  was prob- 

a b l y  a  d i u r n a l  f l u c t u a t i o n ,  a l though  such a c o n d i t i o n  may be conf ined  t o  

t h e  p e r i o d  o f  s p r i n g  snow run-off .  I t  does  s u g g e s t  t h a t  %he p r a c t i c e  o f  

t a k i n g  d a i l y  samples  a t  a d e f i n i t e  t i m e  e a c h  day may l e a d  t o  e r r o n e o u s  

a v e r a g e s  o v e r  a  g i v e n  t i m e  i n t e r v a l .  

26 . --These t e s t s ,  and t h e  

r e s u l t s  o b t a i n e d ,  l e a v e  s e v e r a l  ~ u e s t i o n s  unanswered o r  i n s u f f i c i e n t l y  

d e t e r m i n e d .  T h e r e  a r e  c e r t a i n  f i e l d  t e s t s  and  o t h e r  more  o r  l e s s  

academic s t u d i e s  which seem t o  r e q u i r e  f u r t h e r  a t t e n t i o n .  

The d e c r e a s e d  i n t a k e  r a t i o  i n  p o i n t  s a m p l e s  t a k e n  a t  t h e  d e e p e r  

d e p t h s  was n o t  a n t i c i p a t e d  p r i o r  t o  t h e s e  t e s t s .  A s t u d y  of t h e  c a u s e  

o f  t h i s  d e c r e a s e ,  and o f  i t s  e f f e c t  i n  deep s t r e a m s  is u r g e n t l y  needed. 

The r e l a t i o n  o f  t h i s  d e c r e a s e  t o  t h e  s i z e  and t a p e s  o f  i n t a k e  n o z z l e s  

s h o u l d  be  c o n s i d e r e d .  

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

p l i n g  s h o u l d  be made t h e  s u b j e c t  o f  a  more e x t e n s i v e  and p r e c i s e  inves -  

t i g a t i o n .  An impor tan t  p a r t  o f  t h i s  s t u d y  would be t h e  accumula t ion  o f  

s e d i m e n t  i n  t h e  n o z z l e  when t h e  s a m p l e r  r e s t s  on  % h e  b o t t o m  o f  t h e  

s t ream.  I f  poss ib?e  t h e  e f f e c t  on t h e  s i z e  d i s t r i b u t i o n  a s  well. a s  on 

t h e  t o t a l  c o n c e n t r a t i o n  s h o u l d  be de te rmined .  P r o b a b l y  b e t t e r  methods 

t h a n  t h o s e  used i n  t h e s e  i n v e s t i g a t i o n s  c o u l d  be d e v i s e d .  

A more thorough comparison o f  t h e  r e s u l t s  o b t a i n e d  from upward and 

downward i n t e g r a t i o n  c o u l d  be  made. A l t e r n a t e  s a m p l i n g  o f  a  h e a v i l y  
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sediment  l a d e n  s t r e a m  might be under taken  wi th  t h e  P-48. One sample 

shou%d be t a k e n  downward, t h e n  one upward, t h e n  one downward, e t c .  

throughout  a day a t  a t ime,  The presence o f  sediment i n  s i z e s  up t o  k 

mme would be d e s i r a b l e .  T r a n s i t  r a t e s  f o r  t h e  f i r s t  s e r i e s  o f  samples 

should  be w e l l  w i t h i n  a l lowab le  limits. P r o g r e s s i v e l y  h i g h e r  t r a n s i t  

r a t e s  shodld be used on l a t e r  s e r i e s ,  u n t i l  t h e  e f f e c t  o f  t h e  t r a n s i t  

r a t e s  becomes c l e a r l y  obvious on t h e  r e s u l t s  o f  both downward and upward 

i n t e g r a t i o n ,  S e r i e s  should be run wi th  both  3/16-in.  and 1 /8- in .  noz- 

z l e s .  Complete d a t a  as t o  downstream d r i f t ,  t ime  o f  s ampl ing ,  e t c .  

should be recorded. Analyses s f  t h e  samples f o r  s i z e  g rada t ion  would be 

v e r y  d e s i r a b l e .  

A s tudy  of  t h e  e o r s e c t i o n s  t o  be  made t o  s i z e  ana lyses  o f  sediment 

samples  o f  abnormal  c o n c e n t r a t i o n  would be v a l u a b l e .  The c o s t  o f  a 

s i n g l e  s i z e  a n a l y s i s  is g r e a t  enough t h a t  c a r e  should  be e x e r c i s e d  i n  

s e l e c t i n g  t h e  samples  t o  be analyzed f o r  s i z e ,  

The p a t t e r n s  found i n  t h e  d i s t r i b u t i o n  o f  t o t a l  and o f  v a r i o u s  

s i z e s  of sediment,  sugges t  t h e  p o s s i b i l i t y  of determining t h e  d i s t r i b u -  

t i o n  o f  sediment th roughout  t h e  v e r t i c a l  without  d a i l y  sampling s f  t h e  

e n t i r e  v e r t i c a l .  Any r e l a t i o n s  developed might apply only  t o  one stream 

and perhaps  a c c u r a t e l y  t o  o n l y  one s t a g e  o f  t h e  s t ream,  b u t  i t  may be 

p o s s i b l e  t o  make r easonab ly  a c c u r a t e  computat ions from samples  which, 

because of  inadequacy of equipment o r  f o r  o t h e r  reasons,  do no t  comprise 

a complete i n t e g r a t i o n  of  the  stream v e r t i c a l .  
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1 Tran. W ~ ~ / C I  &an Corrected 1 I / 0.28 1 0.14 / 1 .62 t .36 I 

F I G .  7--ll%LCCIliy AINE LPMKE RATIO 1IA'CA - - SEDIt.ZENT SAhmER TESTS 

G-rand Capyon, Arizona-- June 4, 1947 
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Grand Carryon, Ariz. -'.-~une 6, 194.7 
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Delay - Seconds 0 
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FIG. 10-ERRORS FROM ACGUMULATIONS 
OF SEDIMENT IN NOZZLE 

WITH DELAYS OF 3 0 , 6 0 , 1 2 0  SEC'S PRIOR TO SAMPLING 

SEDIMENT SAMPLER TESTS 
GRAND CAMYON,ARIZ.  



F i g u r e s  8 5 

Rela t i ve  Load 30000 40000 50000 60000 

DEFTH-INTEGRATION DATA 

Concentration 10:50 am 
From Point Samples 

Concentration 3:45 pm 
From Point Samples 

Relative Load (product 
of concentration and 
velocity, morning da t a )  

Point Not Used 

Mean Concentration i? 
Vertical  from Curves 

4508 ppm. - a.m. 
4054 ppm. - p.m. 

Instrument 

Nozzle 

I h t e g r a t i o n  

1 Sample Concentration 

DO. 

DO. 

Do. 

Do. 

I Average Concentration 

Mean Concentration - a.m. Curve 

Mean Concentration Corrected 

Avg. Conc. / ~ e a n  Conc. Corrected 

Relative Transit Rate 

Time 

sb t o  ws ws t o  sb sb t o w s  

FIG. 11--SUSPENDED SEDI?~IENT COPJCENTRATION DATA - - SEDIhIENT SAMPLER TESTS 

Grand Canyon, Ark.--May 30, 1947 
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DEPTEI-INTEGPATIOX ma- 

Mean Concentration Corrected 

Average Conc. /).lean Conc. Corrected 

Relat ive Transi t  B i te  

Concentrat jor  11 :l+O am 
Fro& Point S~omples 

Conce~:rtratf.on b:2C pa 
Worn Point Guiqples 

Xelat ive Load. (product 
of concentrat ion and 
ve loc i ty ,  morning deta  ) 

Point Nol; Used 

fiiearr Concectration i n  
V e r t i c a l  from Curves 

FIG. 12--SUSPEhQZD SEXlDWT CONCENTR4TIO:I OATA - - SEDIIWT W E L E R  'TESTS 

Grand Canyon, Ariz .--hhy 31, 1947 
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Corcentratioil 2:40 pa 
From Point Samp1.e~ 

Relative Lmd (product 
of concentrat ion and 
vel.oc ity, morning data ) 

BIean Concer?tr:~~ion ill 

Ver Li.ca? from Curves 

4107 ppm. - a.m. 
3003 ppn. - p,m. 

Instrument i P- 46 1 P-46s 

I n t  egra-t ion / vu to.6d .6d t o  ws i.rs to.6d 
.- -4 

Sample Concextra-tl.on 

DO. I 3459 1 4085 1 2845 

DO. 
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Mean Coacenti:ation-a. ru. Curve1 hi37 

Nean Concentratfan Corrected / 3940 

Time / 1 0 : ~ a r n  

F I G .  13 --SUSPENDED SEIlI?.$EET C 0Ir;CENTiV-TION DnM - - S E D I ~ ~ J L ~ ~ T  SAMPLER LESTS 

Grand Canyon, Ariz.--June 2, 1947 
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-- A Concentration 2:15 pm 
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of concentration and 
velocity, morning data)  

X Point Not Used 

Eean Concentration i n  
Vertical from Curves 

Full Depth 3815 ppm. - a.m. 
Full Depth 3585 ppm. - p.m. 

~ o p  ~ a l f  3376 ppn. - a.m. 
Bot, H a l f  4298 ppn. - a.m. 

concentration - ppm 3000 4000 5000 TOP T h i r d  3220 ppm. - a.m. 

Relative L o a d  30000 40 000 50000 Wid. Third 3644 ppm. - a.m. 
0 % .  T i  4437 ppm. - a.m. 

DEPTH-INTEGRATION DATA - - P-46 - 3/16" NOZZLE . 

Fractional Depth 

Integration 

DO. 

DO. 

Sample Concentration 

Do* 

Do. 

Do. 

DO. 

Do. 

Average Concentration 

Mean Conc. - a.m. C w e  

Mean Conc. Corrected 

Avg. Conc . / ~ e a n  Conc. Corrected 

Time 

ml ~ e p t h  I Half Depth 

round t r i p  

sb t o  .5d 

round t r i p  

Third Depth 

round t r i p  round t r i p  

3420 3 771 

2907 3664 

2872 4340 

3283 3 591 

3275 3739 

3119 3825 

3146 3822 
- 

3220 3844 

3060 3700 

1.03 1.03 

1:10pm 12:55pm 

round t r i p  

FIG. L~--SUSFENDED SEDItENT CONCENTRATLOiJ DATA - SEDIMENT SAMPLER TESTS 

Grana Canyon, Ariz. - June 3, 1947 



FIG. 15--SUSPENDED SEDIMENT CONCENTRATION DATA - SEDIMENT SAE- !CESTS 

Grand Canyon, Ariz. - June 4, 1947 
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Crmca.n.tre-tirn lO:55 am 
B ~ C E I  P o h t  Samples 
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. - Re.!.ativs Load (product 
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3306 Sample Concenzration 

FIG, ~ ~ - - ~ S P Z I ~ E D  SJDIbfEXT CO;JCEiVl'R',lTIOI! 9ii'lY~. -- SEDLI,fSMT S'!:.fpi,,ER TESTS 

Grand Ca~yo?:., AT?'. - June 6, 1.911.j 
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3/16" Nozzle Integrated from Water Surface t o  
Stream Bed x i t h  1/8" NozzLe 

0.09 6.511 0.86 3206 0.94 

0.17 7.94 1.1 3827 1.05 

0.31 7.13 1.06 4.24.6 1.06 

0.51 6.63 1.14 4392 1.02 

FIG. 17--VlLCCITY SEDIMCNT CONCENTR4TION DATA - SEDIMFNT SAMPLER TESTS 

Grand Canyon, Axiz .  - June 8, 1947 
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Daily Curves 
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FIG. 18-RELATION OF SEDIMENT CONCENTRATION TO DEPTH 
SEDIMENT SAMPLER TESTS 

GRAND CANYON, ARIZ .  
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FIG.19- EFFECT OF EXCESSIVE DOWNWARD TRANSIT RATES 
SEDIMENT SAMPLER TESTS 

GRAND CANYON, ARIZ .  
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:in3 Size I l i s t r ibu t ion  
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p l o t t e d  i f  about  he 
sane a s  sample d a t a ) .  

Daily Curves 

BIG. 2 0 - - S I ~  DISTRIBUTION OF SUSPENDED SEDIMENT - SEDIMENT SAMPLER ~ S T S  

Grand Canyon, A r i z ,  - May 30, 1947 
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Size Less Than 0.0625 mm. 

From 0.0625 to 0.125 mm. 

Greater Than 0. .I25 mru. 
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ant: Size Distribution 
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sane as sample data). 

FIG. 21--SIB ~ I S ' ~ R L _ n U T L O I ~  OF SUSPENDED SZi)ii.Gi?$T - SE;D!:?GAT SRCELER TESTS 

Grand Canyon, Ariz. - :.Icy 31: 1947 
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F IG .  22u-SIZX DISTEBUTION OF SUSPEtmED SEDIEENT - STDIl4RNT SP.L.E%EII TESTS 

Grand Canyon, A r i z .  - June 2 ,  1947 
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FIG, 23--s1m DISTRIBUTION OF SUSPE~IDLD S&DWA::I' - s n r r m i i  ,SAWLER msrs 

Grand Canyon, Arlz .  - June 2 ,  1947 
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Shown by Sample (not 
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PIG. 24--SIZE DTSTRDUTION OF SIISFEPJJED SZDIbBWT - - SEDINENT SAMPLER TESTS 

Grand Canyon, Ariz .--,Tune 4, 1947 

DEPTB-INFGrnTIO:! a m  - PPM. - 

Sample 
Nos 

8 

205 

212 

Instrument 
and 

0-43;1/8 

P-46s; 118 

P-46s; 3/16 

InCegratior 

3.OC-1.306 
& return 

1.0~- ,00d 

~.oo-.oc~ 

EzEy; 
- 

0.88 

Source 
of Data 

Sample 

Daily curves 

Sample 

Daily curves 

Sample 

Daily curves 

~otal 

3590 

4077 

Size, m. 

a. 0625 

9'17 

990 

3 677 

3909 

4077 

993 

990 

1055 

390 

.0625- .125 

718 

729 

>0.125 

1975 

2358 

662 

729 

665 

729 

2022 

2358 

2189 

2358 



9 8 ------ ----- --- Figures 

LEGEND 

Size Less Tinan 0.062: m. 

Greater Than 0.125 me 

Tota l  Concentration 

Di rec t  from Sanpl.e, ppm. 

From Tota l  Conc. Curve 
and S ize  Dis t r ibu t ion  
Shown by Sample (no t  
pl-ot ted i f  about -the 
same a s  sample d a t n ) .  

1000 2000 3000 4000 5000 6008 
Concentration - ppm. 

FIG. 25--SIZE DISTRIBUTION OF S~TSWNDED SEDIXENT - - SEDIMENT S A M ~ R  TESTS 

Grand Canyon, A r i z .  - -  June 6, 1947 
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APCENDIX 

DATA A N D  COMPUTATIONS 

27,  a  sheets--Many o f  t h e  more 

i m p o r t a n t  e s m p u t a t i o n s  e s s e n t i a l  t o  t h e  r e p o r t  have been  combined w i t h  

b a s e  d a t a  t o  c o m p r i s e  T a b l e  V which w i l l  b e  d i s c u s s e d  and e x p l a i n e d  

b r i e f l y  a c c o r d i n g  t o  ~oLumn head ings .  

HOUR: Watch t ime  h a s  been e n t e r e d  whenever it was r e c o r d e d  d u r i n g  

t h e  sampl ing day. Time f o r  i n t e r m e d i a t e  samples  h a s  been i n t e r p o l a t e d ,  

excepb t h a t  a  s l i g h t  s l l s ~ ~ a n c e  has been  made f o r  changes  i n  p r o c e d u r e  

which would have n e c e s s i t a t e d  a d d i t i o n a l  d e l a y s  between c e r t a i n  samples. 

SAMPLE N O . :  Samples  have b e e n  numbered i n  c h r o n o l o g i c a l  o r d e r .  

SAMPLER TYPE: The t y p e  o f  i n s t r u m e n t  used  f o r  t h e  sample h a s  been 

i n d i c a t e d .  

NOZZLE SIZE: The D-43 sample r  was egu ipped  w i t h  a  I / 8 - i n ,  n o z z l e  

having abou t  3 i n .  sf t a p e r ,  The P-46 had a 3 / lB- in ,  n o z z l e  o n l y ,  The 

t a p e r  in t h i s  i n s t r u m e n t  was i n c o r p o r a t e d  i n  t h e  v a l v e  b lock  and n o z z l e s  

were n o t  t a p e r e d  s e p a r a t e l y .  The P-48s was e g u i p p e d  ~ r i t h  a  3/%6--in.  

n o z z l e  w i t h  t h e  t a p e s  i n  t h e  v a l v e  b l o c k ,  a l s o  w i t h  I / $ - i n .  n o z z l e s  

which had t a p e r  w i t h i n  t h e  n o z z l e s  i n  a d d i t i o n  t o  t h e  t a p e r  i n  t h e  v a l v e  

b20cka  The %/O- in ,  n o a a % e  u s e d  i n  t h e  P-4BS on J u n e  8 had  a  n o z z l e  

t a p e s  o f  2 i n ,  w h i i e  on  o t h e r  d a y s  s I / $ - i n ,  n o z z l e  wiLh 1.5 i n .  o f  

t a p e r  was u s e d .  

OPERATION: The t y p e  s f  i n t e g r a t i o n  -- P I  f o r  p o i n t  i n t e g r a t i o n ,  DE 

f o r  d e p t h  i n t e g r a t i o n ,  and Cum. f o r  cumulat$ve samples  -- i s  i n d i c a t e d ,  

The g s i a l - i n t e g r a t e d  s a m p l e s  were t a k e n  a t  s a e  d e f i n i t e  d e p t h  i n  t h e  
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v e r t i c a l ,  and t h e  decimal  f r a c t i o n  sf t h e  t o t a l  d e p t h  has  been shown f o r  

e a c h  p o i n t .  The d e p t h - i n t e g r a t e d  samples  were  t a k e n  o v e r  a  d e f i n i t e  

range i n  d e p t h ,  and t h e  l i m i t s  o f  i n t e g r a t i o n  have been  g i v e n ,  i . e .  -- 

from t h e  s u r f a c e  t o  t h e  s t r e a m  bed would be 0.00-1.00d. The d i r e c t i o n  

o f  i n t e g r a t i o n  was from t h e  f i r s t  l i s t e d  dep th  t o  t h e  second;  and i f  f o r  

a  r o u n d - t r i p  i n t e g r a t i o n ,  t h e  d i r e c t i o n  was from t h e  f i r s t  t o  t h e  second 

and t h e n  from t h e  second t o  t h e  t h i r d ,  t h e  f i r s t  and t h i r d  p o i n t s  be ing  

t h e  same. C u m u l a t i v e  s a m p l e s  c o n s i s t e d  o f  f i v e  c o n s e c u t i v e  s a m p l e s  

t a k e n  i n  one b o t t l e  on June  9 ,  and o f  f o u r  i n  one b o t t l e  on June  7'. The 

c u m u l a t i v e  samples  were t a k e n  a t  one d e f i n i t e  d e p t h  and t h e  d e p t h  h a s  

been i n d i c a t e d .  

SAMPLING T I M E :  T h i s  i s  t h e  observed t ime  i n  seconds  from s t a r t  t o  

end o f  t h e  sampling p e r i o d .  For  cumula t ive  samples i t  i s  t h e  s u ~  o f  t h e  

sampl ing  t i m e s  f o r  t h e  f o u r  o r  f i v e  i n d i v i d u a l  p o r t i o n s  composing t h e  

t o t a l  sample. Time was observed t o  t e n t h s  o f  seconds  w i t h  a  s t o p  watch,  

t h e  accuracy  o f  t h e  r e a d i n g s  be ing  about  0 .2 s e c .  

SUSPENSION ANGLES: These a r e  t h e  a n g l e s  i n  d e g r e e s  t h a t  t h e  s u s -  

p e n s i o n  l i n e  made w i t h  t h e  v e r t i c a l  a t  t h e  c a b l e  c a r .  Angles  r e c o r d e d  

a r e  b e l i e v e d  t o  be  g e n e r a l l y  w i t h i n  two d e g r e e s  o f  t r u e  v a l u e s .  The 

a c c u r a c y  i s  p r o b a b l y  w i t h i n  one d e g r e e  when a v e r a g e  f i g u r e s  a r e  shown 

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

d e p t h s  and i n  t h e  same o r d e r  g i v e n  under  "OPERATION", 

DRIFT: The upstream o r  downstream movement o f  t h e  sampler  i n  r e l a -  

t i o n  t o  t h e  p o i n t  o f  s u s p e n s i o n  h a s  been g i v e n  i n  f e e t .  P l u s  s i g n s  in -  

d i c a t e  t h a t  t h e  sampler was p u l l e d  upst ream,  w h i l e  minus s i g n s  show t h a t  

i t  d r i f t e d  downstream. The d r i f t  h a s  been computed on t h e  b a s i s  o f  d a t a  
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on page 48 sf the Geological Survey booklet "Method for Correcting 

Soundings of Beep Swift Rivers". Drift figures have been shown for 

depth-integrated samples only, and represent the upstream or downstream 

displacement of the sampler during the actual time sf sampling, 

VELOCITY CORRECTIONS -- DRIFT: These values sepresent the rate of 

upstrea,rn or downstream displacement sf the sampler, and were obtained by 

dividing the drift .in feet by the sampling time in seconds, 

VELOCITY CORRECTIONS - -  TIME: On two days, June 3 and 8, the 

velocity at the sampling section appeared to be changing during the 

sampling day, On J u n e  4, there was a change in velocity, but that 

apparently did not occur until after the depth-integrated samples had 

been completed. 011 Jv.ne 3 and 6, the correction was made by determining 

the mean veloci%y f rom the nozzle vel.ocity curves for morning and after- 

noon. The difference was assumed to have occurred uniformLy between the 

Giwes of the Cws curves. The same rate o f  change in velsci-by with se- 

 spec'^ to time was then applied ts the entire range sf the velacity curve 

deLer~iXned by the current meter observations, 

STREAM VELOCITY: The stream velocity in feet per second was taken 

direc%ly from the verticzl velocity curve which was based on the current 

meter observations at the beginning of the sampling day, The velocity 

LTsLed is that which corresponds ts the depth sr ~ a n g e  n f  depth o v e r  

which the individual sample under consideratiam was taken, On June  8, 

no current meter observations w e r e  made, and %he stream velocity was 

taken from the vertical veEociLy c u r v e  based sn the nozzle velocities 

 fro^ t h e  point samples. 

VELOCITY CORRECTED: This corrected velocity was obtained by 
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a p p l y i n g  t h e  v e l o c i t y  c o r r e c t i o n s  f o r  d r i f t  and f o r  t i m e  t o  t h e  s t r e a m  

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

f i g u r e  a v a i l a b l e  f o r  t h e  a c t u a l  v e l o c i t y  of f l o w  p a s t  t h e  i n t a k e  n o z z l e  

d u r i n g  t h e  t i m e  o f  sampl ing,  

SAMPLE W E I G H T :  T h i s  we igh t  i n  grams was o r i g i n a l l y  d e t e r m i n e d  by  

s u b t r a c t i n g  t h e  weight  o f  t h e  sample c o n t a i n e r  from t h e  t o t a l  we igh t  of  

t h e  c o n t a i n e r  and sample,  The weight  i s  c o n s i d e r e d  b a s i c  d a t a  a s  f a r  as  

t h i s  t a b l e  i s  concerned,  

NOZZLE VELOCITY: The v e l o c i t y  i n  t h e  i n t a k e  n o z z l e  was computed by 

c o n s i d e r i n g  t h e  weight  o f  t h e  sample  i n  grams a s  n u m e r i c a l l y  e q u i v a l e n t  

t o  t h e  volume o f  t h e  s a E p l e  i n  c u b i c  c e n t i m e t e r s .  

The sample volume was conver ted  i n t o  c u b i c  f e e t ,  and d i v i d e d  by t h e  

sampling t ime  i n  seconds  Lo o b t a i n  sample  volume i n  c u b i c  f e e t  p e r  s e c -  

ond. T h i s  v a l u e  was d i v i d e d  by t h e  a r e a  o f  t h e  i n s i d e  s f  t h e  i n t a k e  

n o z z l e  t i p  i n  s q u a r e  f e e t ,  The r e s u l k  was %hen t h e  a v e r a g e  v e l o c i t y  of 

f low i n  t h e  i n t a k e  n o z z l e  i n  f e e t  p e r  second,  

I N T A K E  R A T I O :  The i n t a k e  r a t i o ,  o r  r e l a t i v e  s a m p l i n g  r a t e ,  i s  

o f t e n  d e f i n e d  a s  t h e  r a t i o  o f  t h e  v e l o c i t y  i n  t h e  i n t a k e  n o z z l e  t o  t h a t  

i n  t h e  s t r e a m  a t  t h e  sampling p o i n t ,  I f  t h e  sampler  o p e r a t e s  i n  a h o r i -  

z o n t a l  p o s i t i o n ,  t h a t  d e f i n i t i o n  is  p r o b a b l y  s u f f i c i e n t ,  I f  "ce sample r  

t i l t s ,  t h e  e f f e c t i v e  i n t a k e  r a t i o  would be t h e  r a t i o  o f  t h e  v e l o c i t y  i n  

t h e  n o z z l e  t o  t h a t  approach ing  t h e  sample r  a long  the  a x i s  o f  t h e  i n t a k e  

n o z z l e .  The f i g u r e s  i n  t h i s  colurne a r e  a l l  on t h e  s i m p l e  b a s i s  o f  t h e  

r a t i o  o f  t h e  v e l o c i t y  i n  t h e  in%ake  n o z z l e  t o  t h e  h o r i z o n t a l  v e l o c i t y  0%' 

t h e  wa te r  p a s t  t h e  n o z z l e  t i p ,  That means mere ly  t h a t  "NOZZLE VELOCITY" 

was d i v i d e d  by "VELOCITY CORRECTED", 
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SEDIMENT W E l G K T :  For  samples r u n  f o r  sediment  c o n c e n t r a t i o n  o n l y ,  

t h e  sediment  weight  i n  grams w a s  o b t a i n e d  by weighing t h e  d r y  sed iment  

remain ing  i n  an e v a p o r a t i n g  d i s k  a f t e r  t h e  s u p e r n a t a n t  l i q u i d  had been 

removed by d e c a n t a t i o n  and by e v a p o r a t i o n .  The sed iment  and t h e  d i s h  

were weighed on an  a n a l y t i c a l  b a l a n c e ,  and t h e  weight  o f  t h e  d i s h  sub- 

t r a c t e d ,  An average  c o r r e c t i o n  f o r  d i s s o l v e d  s o l i d s  c o n t a i n e d  i n  t h e  

e v a p o r a t e d  wate r  was a l s o  s u b t r a c t e d  from t h e  weight  o f  s e d i m e n t ,  The 

c o r s e c t f o n  f o r  d i s soEved  s o l i d s  was t a k e n  a s  8.865 o r  B.QBB grams de- 

pending upon t h e  d a t e  s f  t h e  sample, Th is  amounted t o  about  8 . 3  p e r c e n t  

o f  t h e  sediment i n  an  average sample. 

SEDIMENT CONCENTRATION: The sectlolent c o n c e n t r a t i o n  i s l  p a r t s  p e r  

m i l l i o n  o f  s e d i a e n t  by weigh t  was de te rmined  by d i v i d i n g  t h e  we igh t  o f  

sediment by t h e  sample weight and m u l t i p l y i n g  t h e  r e s u l t  by one m j l l i o n .  

CONCENTRATION-POINT SAMPLES, from CURVE:  The f i g u r e s  e n t e r e d  i n  

t h i s  column r e p r e s e n t  t h e  c o n c e n t r a t i o n  i n  p a r t s  pe r  m i l k i o n  t a k e n  from 

t h e  v e r t i c a l  c o n c e n t r a t i o n  curve  based  on t h e  p o i n t - i n t e g r a t e d  samples  

c o l l e c t e d  i n  t h e  morning o f  t h e  sampl ing  day ,  The v a l u e s  were  t a k e n  

from t h e  curve  a t  t h e  p o i n t  o r  over  t h e  range f o r  w%aich "te g iven  sample 

was i n t e g r a t e d ,  

On June  1 and 7, t h e r e  were no v e r t i c a l  c u r v e s  o f  sediment  coneen- 

b r a t i o n ,  b u t  t h e  samples on t h e s e  days were t a k e n  a t  d e f i n i t e  d e p t h s  f o r  

which t h e  a v e r a g e  c o n c e n t r a t i o n  of' f i v e  p o i n t - i n t e g r s t e d  s a m p l e s  was 

t a k e n  a s  a  b a s i s  f o r  c o n c e n t r a t i o n  r a t i o s ,  

CONCENTRATION-POINT SAMPLES, CORRECTION: T h i s  c s r r e e t i o n  t o  t h e  

c o n c e n t r a t i o n  from the  morning curve  was r e q u i r e d  because  t h e  concen t ra -  

t i o n  a t  t h e  s a m p l i n g  v e r t i c a l  changed  d u r i n g  t h e  s a m p l i n g  d a y ,  The 



108 S e c t i o n  27  - 
d i f f e r e n c e  b e t w e e n  t h e  mean c o n c e n t r a t i o n  f r s m  t h e  morning c u r v e  and 

t h a t  from t h e  a f t e r n o o n  c u r v e  was d e t e r m i n e d .  T h i s  d i f f e r e n c e  was 

assumed t o  have o c c u r r e d  un i fo rmly  wiLb Lime between morning and a f t e r -  

noon ,  T h i s  t i m e  r a t e  o f  c h a n g e  o f  c o n c e n t r a t i o n  i n  p a r t s  p e r  m i l -  

l i o n  was t h e n  a p p l i e d  t h r o u $ h o u t  t h e  sampl ing day ,  

CONCENTRATION-POINT SAMPLES, CORRECTED: The c o r r e c t e d  v a l u e  was 

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

Grant ing t h a t  t h e  c o r r e c t i o n  may n o t  be v e r y  p r e c i s e ,  s t i l l  t h e s e  v a l u e s  

f o r  t h e  c o n c e n t r a t i o n  i n  t h e  s t r e a m  a r e  t h e  besL t h a t  a r e  a v a i l a b l e  f o r  

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

i n t e g r a t e d  samples .  I t  s h o u l d  be remembered t h a t  t h e  c o n c e n t r a t i o n  i n  

t h e s e  p o i n t  samples  was de te rmined  a s  be ing  pe rhaps  1 - 0  p e r c e n t  h i g h  on 

t h e  average ,  and abou t  2 .5  p e r c e n t  h i g h  n e a r  t h e  s t r e a m  bed,  

CONCENTRATION R A T I O :  Th i s  i s  t h e  r a t i o  o f  t h e  c o n c e n t r a t i o n  i n  t h e  

sample t o  t h a t  g iven  i n  t h e  column d i s c u s s e d  immediate ly  above. 

SIZE DISTRIBUTION: The concenSra t ion  i n  p a r t s  p e r  m i l l i o n  o f  s e d i -  

ment i n  e a c h  o f  t h e  l i s t e d  s i z e  r a n g e s  h a s  been  g i v e n .  The l e f t  hand 

column shows s i z e s  above 1,QO mm. Other  columns show t h e  bounding s i z e s  

i n  m l l l i r n e t e r s .  The f i g u r e  shown t h e  f a r t h e s t  t o  t h e  r i g h t  f o r  e a c h  

sample  i n c l u d e s  a l l  s e d i m e n t  f i n e s  t h a n  t h e  u p p e r  l i m i t  o f  t h e  s i z e  

range f o r  t h e  column i n  which t h e  f i g u r e  a p p e a r s ,  
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TABU! Y 

DATA SFL!BI'S 

PI % 0.55D 
DI. 1.00-0.00D 

DI, 1.00-0.00D 
DI, 1.00-0.00D 
nc, 0 .C0-1 .0OD 
DI, 0.00-1 .OOD 
DI, 0.00-1.000 

DI, 0.00-1 .eon 
DI, 0.00-1.000 
DI, 1.00-0.00D 
DI, 1.00-0.00D 
nr, 1 .oo-0 .eon 

n, 1 .oo-0.0OD 
DI, I .oo-0.OOD 

DI, 1 .OO-0 .OOD 
DI , 1.00-0.00D 
DI 0 .00-1 OOD 
$1 @ 0 . 0 ; ~  
PI e 0 . 3 5 ~  

Discharge 8 89,200 uoc .  f~ 

PI O 0.450 
DI, 1.00-0.00D 9.2 
DI, 1.00-0.OOD I 9.3 

DI, 1 .GO-0.00~ 8.6 
DI, 0.00-1.000 8.8 

PI  @ 0.150 8 .0 
PI 0 0.0% 8 .0 

No2,zle d r a i n a n  - 
DI, 0 .00-1 .00D 

DL, 0.00-1.00-0.00~1 13.5 
DI, 0.00-1..00-0.00D 13.0 
ni, 0.00-1.00-0.00D 13.1 
DI, 0.00-1.00-0.00D 13.0 

PI 3 0 . 9 9  8 .I. 

*Angles ?lot iueoumd--those f l p i ~ a  are ths averages f o r  simi1e.r lnra( jmt lon  on May 31. 
WAnaes n e  m ~ s a ~ d - - t h e s o  figmme a m  based on oa:prison with Ksy 30, 31, Jmie li. 
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TABLE \' (CO:il DilJED) 

DATA smm3 

YELCClTY C 0 I ~ ~ I ~ ; s  ' 
N C a Z B  OmmICII  
SIZE 

St ream Dapth 23.0 f t .  Dischar&o 1~9,903 sac .  f'. . 
-- 

? : > O m /  70 / P-46 / 3 / 1 6 " /  P I Q O . 8 5 D  T 7 , 9  1 19O 

CE 0.850-30" b l a y  
Cum 0.850-60'' de lay  

PI  % 0.85D 
PI B O.II5D 

C~im 0.851)-120" de lay  

Cum o.25D-60" de lay  
C m  0.85D-30" de lay  

PI  8 0 . 8 p  
PI D 0.850 
PI B 3.15D 

C.0 C .ljD- 0 "  de lay  
C c  C.15DJOr' dela; 

PI 4 0 . 1 5 ~  
P I  0 0 . 1 p  

CU~L 0.150-120'' de lay  

Cum 0. lW-60"  b l a y  
C m  0 . l p - 3 0 "  de lay  

PI @ 0 .l,D 
PI 3 0.151) 

&?I35 2,  1917 

M e c h a r ~ e  !.7.100 sea .  f t  
- water Temp. 66% 

e .p. 

PI B 0 . 0 5 ~  
DI 0 .GO-0.0OD 
DI: 0 .00-0 .60~ 
DI, 0 .GO-0 .OOD 
DI, 0.00-0.60D 

DI, 0.00-0.60D 
DI, 0 .00-0 .GOD 
DI, 0 . 0 0 - 0 . 6 0 ~  
DI, 0.00-0.60D 
m , o .do-o .60D 

DI, 0.60-0.0OD 
DI, 0 .GO-0.0OD 
m , 0.60-0 .OOD 
DI, 0.60-0.000 
DI, 0.60-0 .OOD 
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DATP. SHEETS 
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DI, 0.00-0.WD 

i DI, 0.00-0.WD CO-80 1 D 0 0 - 0 0 0  / ? 1 0 / *::69 / 2::; 1 ::::: 

DI, 1.00-0.67-1 .OOD 9.2 1 . 4 ~ - 1 3 ~ - 1 3 ~  i~ , S  40 , l o  10.62 
DI,0.6.7-1.00-0.670 I 0 . 7 - 0 . 3 - 0 . 6 7 1  7 . 6  1 3 ~ - 1 3 ~ . . 1 3 ~  0.0 0.00 m . 6 3  

:! 1 13°-100-130 0.0 0.00 a.64 
DI, 0.33-0.67-0.33D 8°-120-90 -o:7 -0.08 iO .66 
DI, 0.33-0.00-0.33D 8 .1  8°-50-D0 0 . 0  0 .00  iO.67 

L- stmm mpth 22.3 fz (26.0 0 3:30 p) Diecharge 144,600 ssc . ft. 
--I I 

DI, 0 .oo-1 .00-0 .00D 
DI, 0 .00-1 .00-0 .OOD 

P I  B 0.15D 8.6 
PI 1 0 . 0 5 ~  8.5 

DI,l.OO-0.00D 7.4 

DI, 0.50-1.00D 7.6 
m, 0.00-1 .00~ 10.0 



3 .297h 

1.255 
1.qzI t  
1.621: 
1.11'158 
1.603 

1. 3962 
2,051. 
1. i845 
I.. 359 
1 . y g  

1.653 
1.881; 
1.993 
1.1:,2 
1.119 

0.954 
1.!!21 
1 . 8 ~ 3  
1,l;gL 
1.L1'78 





TABIS V ( C O I ~ I I ; U Z D )  

DATA SIEWTS 

i ~ 1 7 C  
'-I 62 

-762 
iqr/ 3 
~519 
3510 
389? 

38ej 
j t 3 i  7 
3C59 
3601 
2352 

384 5 
jb36 
3628 
3620 
3785 

3776 
3770 
3'162 
3754 
3'7'17 

3 3 9  
37 31 
i123 
jilt 

Figures til parentheses coxsiderf rr; i.:di:rrce i r i , ~ n c l i i s  :m"plcr .- i;r-~pIcl;lcs no!- usei it? Ta l> i r  1 
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Tmm Y ( C O t ~ ~ ~ r u E D )  

DATA SKEZTS 

S t r e e a  Deptii 211.8 f% . Diriciiemo 49,800 sac. f t  . VnLor Tsxp. 6B0r -- . -- . 

312.7 

319.5 
338 .It 
237.6 
1 .9  .7 
416.9 

310 .h 
314. j 1 
36:3.'/ I 
355 ,o 
3i.1 .1 

355.5 
3G2.5 
467 .; 
330 .I 
170 .1 

1i29.3 

er @ 0 . 0 0 ~  
- 
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TABLE V ( C O l i T L l 7 m )  

DATA S m T S  




