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OPERATOR'S MANUAL ON 
THE V I S U A L - A C C m I u ' r j A T I O ~ - ~ u ~ ~  METMOD FOR 

SEDIMENTATION ANALYSIS QF SANDS 

1. Introduction--The v i sua l - t ube  method f o r  sedimentat ion a n a l y s i s  
of sands was developed a s  a  p a r t  of t h e  genera l  i n v e s t i g a t i o n  t i t l e d  "A 
Study of Methods Used i n  Measurement and Analysis  of Sediment Loads i n  
Streaii~s . ' $  The method i s  one answer t o  t h e  need f o r  a  s imple,  r a p i d ,  and 
inexpensive means of determining t h e  sed imenta t ion-s ize  frequency a n a l y s i s  
of sand samples conta in ing  p a r t i c l e s  l e s s  than one mi l l ime te r  i n  s i z e .  
For a n a l y s i s  of coa r se r  sands s e e  t h e  Appendix, Sec t ion  13 ,  Report No. 11 
"The Development and Ca l ib ra t i on  of t h e  Visual-Accumulation-Tube" i s  
a v a i l a b l e  f o r  those who have f u r t h e r  i n t e r e s t  i n  t h i s  a n a l y s i s .  

The personnel  who w i l l  be  ope ra t i ng  t h e s e  u n i t s  may have l i t t l e  o r  no 
previous knowledge of e i t h e r  t h e  p r i n c i p l e s  involved o r  t h e  d e t a i l s  of 
opera.t ing procedure.  This manual i s  intended a s  an a i d  t o  them i n  s e t t i n g  
up t h e  appara tus ,  l e a rn ing  t h e  a n a l y t i c a l  p r o c e & ~ r e ,  i n t e r p r e t i n g  t h e  
r e s u l t s ,  and understanding t h e  primary p r i n c i p l e s  encountered. 

2 .  Appara t~r i  furnished--The s p e c i a l i z e d  appara tus  (Pig.  I )  r equ i r ed  
f o r  t h e  v i s u a l  tube  method of a n a l y s i s  i s  furn ished  i n  u n i t s  composed 
of t h e  fal lowing:  

a .  Visual tube recorder  w i th  p a r t s  a s  l i s t e d  (Fig.  2 ) .  - 
b .  - E l e c t r i c a l  equipment f o r  recorder  (Fig.  3 ) .  

c .  Valve mechanism (Fig.  4.) - 
d .  Sedimentation tubes (Fig.  5 ) ,  a s  fo l lows:  - 

Two funnels .  

Two of each s i z e  of v i s u a l  tubes ,  e igh t  tubes .  

e, Accessories  a s  fo l lows:  - 
Two rubber tubes 6 i n .  long f o r  j o in ing  funnel  and tube .  

F i v e  clamps f o r  ho ld ing  tubes .  

One p lug  f o r  each v i s u a l  tube, e i g h t  p lugs .  

One s t i r r i n g  rod f o r  u s e  i n  mixing chamber. 



Two hundred c h a r t s .  

Tracing from which c h a r t s  may be  made, 

Small b o t t l e  of ink .  

Screws f o r  mounting. 

The bas i c  appara tus  does no t  i nc lude  t h e  l a r g e r  tube  and a u x i l i a r y  
equipment f o r  a n a l y s i s  of very  coa r se  sands d i scussed  i n  t h e  Appendix, 
Sec t ion  13. Orders f o r  complete u n i t s ,  p a r t s  o r  r e p a i r s  should b e  
d i r e c t e d  t o  t h e  D i s t r i c t  Engineer,  U.  S .  Army Engineer D i s t r i c t ,  S t .  
Paul ,  Corps of  Engineers,  1217 U. S. Pos t  O f f i c e  and Customhouse, S t .  
Paul 1, Minnesota. 

3 .  Location f o r  apparatus--The appara tus  should be l o c a t e d  on a 
wa l l  where t h e r e  i s  a  width of  a t  l e a s t  5 f e e t  a v a i l a b l e ,  and where. t h e r e  
i s  a s  much head room a s  p o s s i b l e  up t o  a  c e i l i n g  he igh t  of 12 f e e t .  The 
a r ea  should be one where temperature  v a r i a t i o n s  a r e  a t  a  minimum, A 
small  amount of work space such a s  a  t a b l e  o r  desk top should b e  ad j acen t  
i f  pos s ib l e .  D i s t i l l e d  water  under a t  l e a s t  2 f e e t  of p r e s s u r e  head 
should be  a v a i l a b l e  a t  t h e  tog of t h e  appara tus  which w i l l  be  approximately 
8-1/2 f e e t  above t h e  f l o o r .  A t  l e a s t  two j e t s  f o r  t h e  d i s t i l l e d  water  
should be provided, one w i th  a  h igh  r a t e  of d i scharge  f o r  r a p i d  
f i l l i n g  of t h e  sedimentat ion tube ,  and one w i t h  a  small  d i s cha rge  f o r  
washing samples from con ta ine r s  i n t o  t h e  funnel  a t  t h e  top  of t h e  
appa ra tu s ,  Access t o  t h e  top of t h e  appara tus  w i l l  b e  r equ i r ed  a s  w e l l  
a s  t o  t h e  recorder .  

The recorder  should be l oca t ed  s o  t h a t  t h e  ope ra to r  cannot touch 
any water  p ipes ,  steam p ipes ,  meta l  condui t ,  f a u c e t s ,  o r  o t h e r  e l e c t r i c a l  
grounds w h i l e  working a t  t h e  r eco rde r .  

Fig. 6 shows a suggested mounting arrangement f o r  t h e  appa ra tu s .  
This inc ludes  a f a l s e  v e r t i c a l  w a l l  o r  mounting board about 4 o r  6 inches 
ou t  from t h e  room w a l l ,  and extending from a po in t  3 f e e t  above t h e  f l o o r  
t o  a p o i n t  8 f e e t  above t h e  f l o o r .  The wid th  should be  18 inches  o r  
over .  The top of t h i s  forward ex tens ion  should be  f i n i s h e d  o f f  i n  a 
l e v e l  s h e l f ,  a s  a  small  amount of  s h e l f  space i s  needed a t  t h i s  p o i n t .  
The tube  mounting board and r eco rde r  may be  mounted d i r e c t l y  on t h e  
room wall but t h a t  r equ i r e s  an ope ra t i ng  p o s i t i o n  which may b e  
uncomfortable f o r  r o u t i n e  work. 

4. --Read t h e  fo l lowing  i n s t r u c t i o n s  f o r  
assembling t h e  appara tus  completely through a t  l e a s t  once and become 
f a m i l i a r  w i th  F i g s .  1 t o  7 .  Then unpack t h e  recorder  and assemble a s  follows: 



a .  The bottom of t h e  recorder  should be s e t  a  minimum of 36 - 
inches above t h e  f l o o r  f o r  average ope ra to r s .  The recorder  may be 
he ld  aga ins t  t h e  wa l l  on which i t  i s  t o  be  mounted wh i l e  t h e  opera tor  
o r  opera tors  decide on t h e  most s a t i s f a c t o r y  he ight .  The he ight  w i l l  
depend not only on t h e  ope ra to r s  but  a l s o  on t h e  he ight  of c h a i r  or  
s t o o l  provided f o r  a  s e a t .  The higher  t h e  recorder  i s  s e t ,  :he h igher ,  
and the re fo re  t h e  l e s s  r e a d i l y  a c c e s s i b l e  w i l l  b e  t h e  va lve  and funnel 
a t  t h e  upper end of t h e  sedimentat ion tube ,  Two of t h e  No, 12 round 
head wood screws w i t h  washers may be used t o  a t t a c h  t h e  recorder  t o  t h e  
f l a t  v e r t i c a l  wa l l  o r  mounting board. The two woad screws a r e  t o  be s e t  
7-1/2 inches a p a r t  on a  Level l i n e  and a  d i s t ance  of 45-3/4 inches above 
t h e  f l o o r  i f  t he  bottom of t h e  recorder  i s  t o  be 36 inches above t h e  
f l o o r .  (See Fig. 7 ) .  At tach  t h e  recorder  so  t h a t  t h e  screws a r e  a t  t h e  
cen te r s  of t h e  mounting s l o t s ,  The screws must be  f i rmly  anchored i n  
t h e  wal l .  

b ,  Make a  tube mounting board 4 f e e t  2 inches long us ing  a - 
nominal 1 x 8-inch board o r  an 8-inch s t r i p  of 3/4-inch p ly t~sod .  Draw 
a c e n t e r l i n e  the  length  of t h e  board. At tach  four  clamps f o r  tubes,  
spaced a s  shown i n  F i g ,  7 .  P lace  small  pads under t h e  upper two clamps. 

c .  Attach t h e  va lve  mechanism t o  t h e  tube  rnounting board a s  - 
show2 i n  Fig.  7 .  Use four  No. 6 round-head wood screws, 3/4 inch  long. 
Es t ab l i sh  one permanent ho r i zon ta l  r e f e rence  l i n e  on t h e  board 7-7/8 
inches above t h e  top of t h e  va lve  mechanism, f o r  u se  a s  d iscussed  i n  
us'F below. 

d. Fasten t h e  tube board on the  w a l l  wi th  t h e  extension of t he  - 
c e n t e r l i n e  1 inch away from t h e  l e f t  edge of t he  recorder  and t h e  top 
of  t he  va lve  mechanism 40-1/2 inches above t h e  top of t h e  upper p l a t e  
of t he  recorder .  This board must b c  v e r t i c a l ,  and i f  necessary  one end 
of t h e  hoard must be  blocked out  away from t h e  wa l l  t o  c o r r e c t  f o r  
dev ia t ions  of t h e  wa l l  from t h e  v e r t i c a l ,  Sir: No. 8 wood screws 1-112 
inches long a r e  included f o r  a t t a c h i n g  t h i s  board. 

e. Es t ab l i sh  a  permanent ho r i zon ta l  r e f e rence  l i n e  on t h e  wa l l  - 
4 9 - 5 / 8  inches below t h e  top of t he  va lve  mechanism, f o r  u s e  i n  adjustment 
discussed i n  "f" below. 

f ,  Place  t h e  v i s u a l  tube  i n  t h e  lower two clamps and i n s e r t  a  - 
tube p l u g  i n  t h e  bottom. Moisten the  p l u g  i f  necessary,  s t a r t  t h e  cen te r  
( s topper )  p a r t  i n t o  t h e  tube,  and move up i n t o  p l ace  w i t h  a  t w i s t i n g  
motion and inc reas ing  upward p re s su re .  The bracket  of t h e  recorder  ( p a r t  
No. 33, F ig .  2 )  should be ad jus t ed  s o  t h a t  t he  top of t h e  tube  p lug  
i s  l e v e l  wi th  t h e  lower r e f e rence  mark of "2" above. 



The 6-inch p i e c e  of rubber tub ing  should be  f i t t e d  over t h e  
bottom of t h e  funne l ,  and the  funnel  mounted i n  t h e  upper two 
bracke ts  w i th  t h e  tube  extending downward through t h e  va lve  mechanism. 
The tubber tube  should be  f i t t e d  snugly i n t o  t h e  top  of t h e  v i s u a l  
tube  t o  make a  w a t e r t i g h t  j o i n t .  I f  t h e  f i t  i s  no t  snug enough, 
rubber t ape  may be  wound around t h e  rubber tube  t o  b u i l d  i t  up 
u n t i l  a  s a t i s f a c t o r y  f i t  i s  obtained.  The j o i n t  between tube and 
funnel should be s o  made t h a t  t he  r e f e r ence  mark on t h e  funnel  w i l l  be  
l e v e l  (within 114 inch)  w i th  t h e  upper r e f e r ence  mark on t h e  board 
descr ibed i n  g'cl' above. 

h e  Check t h e  assembly t o  s e e  t h a t  t h e  tube  and funne l  form a  - 
s t r a i g h t  v e r t i c a l  column, and t h a t  t h e  tube j o i n t s  a r e  t i g h t .  Close t h e  
va lve  and add water  above t h e  va lve  t o  check f o r  l e a k s ,  I f  valve l eaks  
when i n  t h e  f u l l y  c losed  p o s i t i o n ,  open va lve ,  s l i p  v a l v e  blocks (part 
No. 7 of va lve  mechanism, F ig .  4 )  from t h e  ends of p a r t  No, 3 and tu rn  
up 1/2 t u rn  on threads  of p a r t  No. 6 ,  Then r ep l ace ,  and aga in  check 
va lve  f o r  l e a k s ,  Repeat i f  necessary ,  

i. With va lve  open, f i l l  tube  and funnel  t o  above a l l  j o i n t s  and - 
check f o r  l e aks ,  r e p a i r i n g  same i f  necessary .  

J. In spec t  r eco rde r ,  and reassenlble and r e l e a s e  any p a r t s  t h a t  
have been removed o r  secured f o r  sh ipping ,  P a r t s  2 7 ,  28,  and 33 a r e  
packed s e p a r a t e l y  and may be  assembled by consu l t i ng  F ig .  2 .  

k. Loosen t h e  s e t  screw and t u r n  t h e  keepcr nu t  ( p a r t  No, 2 2 ,  
,- 

Fig .  2 )  of t h e  drum s h a f t  upward a g a i n s t  t h e  hexagonal n u t .  With t h e  
keeper nu t  up and t h e  r e l e a s e  l eve r  ( p a r t  No. 20) down, t h e  drum should 
r o t a t e  f r e e l y ,  

1. The t e l e scope  ( p a r t  No, 2 7 )  should be  mounted i n  t h e  ho lder  - 
( p a r t  No. 26) s o  t h a t  t h e  ho r i zon ta l  c ros s  h a i r  i s  h o r i z o n t a l  and t h e  
sedimentat ion tube is i n  propa:. focus,  X f  tlzc knui:lud ScieTJ of tlle 
t e l e scope  holder  i s  Poosened, the  t e l e scope  may be r o t a t e d  t o  l e v e l  
t h e  c ros s  h a i r ,  and moved i n  o r  ou t  t o  focus t h e  instrument .  

m.  The e l e c t r i c a l  swi tch  on t h e  end of t h e  6-foot  cord  i s  i n  t h e  - 
t iming c i r c u i t  and should be  i n s t a l l e d  on t h e  tube  board i n  such a. 
p o s i t i o n  t h a t  t h e  swi tch  w i l l  make con tac t  when t h e  v a l v e  i s  f u l l y  
opened. With t h e  v a l v e  f u l l y  open, s l i d e  t h e  switch box upward on t h e  
tube  board and a longs ide  t h e  va lve  mechanism u n t i l  t h e  o u t e r  end of 
t h e  a c t u a t i n g  l e v e r  on t h e  switch s t r i k e s  t h e  bottom of t h e  rod 
( p a r t  No. 6, F i e .  4)  of t h e  va lve  mechanism. Continue moving t h e  
switch upward a long  t h e  board u n t i l  t h e  p re s su re  on t h e  swi tch  causes  
a small  c l i c k ,  then move t h e  switch box upward 1/32 inch  f a r t h e r  on t h e  



board and fas t en  i n  p lace  wi th  two round head No. 6 wood screws 
1/2 inch long. The bottom of the  switch box should be l e v e l  across  
t h e  tube board during t h i s  e n t i r e  process. A small square may be  
held agains t  the  s i d e  of the  tube board and the  switch box kept l eve l  
aga ins t  the  edge of the  o the r  Leg of t h e  square. 

n, There a r e  four e l e c t r i c a l  switches on the  recorder a s  follows: - 
(1) The main switch ("Cl,'' Fig. 3) i s  t h e  r e a r  switch i n  t h e  box on 
top of t h e  recorder. When t h i s  switch i s  i n  the  "off" pos i t ion ,  no 
p a r t  of the  recorder w i l l  operate.  When the  switch i s  turned l'oniq 
t h e  s t a r t e r  f o r  the  f luorescent  l i g h t  s t a r t s  heating, and t h e  l i g h t  
should come on a s  soon a s  heated s u f f i c i e n t l y ,  Also, switch "C2" i s  
energized so  o ther  p a r t s  s f  the  recorder may be operated. 

(2)  The forward switch, ''G2," i n  the  box on top of the  recorder i s  
qthot" only when the  main switch i s  The switch "C2Iq opera tes  the  
tapper motor and energizes t h e  timing motor c i r c u i t .  
(3)  The switch a t  the  va lve  (Switch E) operates t h e  t h i n g  motor t o  
r o t a t e  the  char t  drum when the  valve i s  f u l l y  open, 
(4) The l i m i t  switch, located  under the  char t  drum, i s  lgone' except when 
t h e  drum i s  near t h e  l i m i t  of t h e  recording char t  and t h e  switch i s  
depressed by a pln on the  under s i d e  of the  drum. The timing motor w i l l  
run only when the  tapper motor i s  running, The switch a t  t h e  v a l v e ,  
thc  l i m i t  swktch under the  cha r t  druin and t h e  forward' swi tch  "C2" a r e  
i n  series so  t h a t  a l l  t h r e e  switches must be closed t o  opera te  t h e  
timing motor and turn  t h e  cha r t  drum. Af te r  the  instrument i s  assembled 
t h e  power cord should be plugged i n t o  a 110 v o l t ,  60 cycle, AG elec- 
t r i c a l  o u t l e t  and the  a c t i o n  of a l l  switches should be t e s t ed .  The 
wir ing  layout and diagrams of Fig ,  3 should be consulted i n  case  of 
d i f f i c u l t y .  

NEVER WORK I N S I D E  THE ELECIXZCAL BOXES, OR AROUND THE LIGHT Amf 
EIGHT ACCESSORIES WITHOUT FIRST UMPLUGGfNC 'FHE POWER CORD. 

Tubes and funnel should be cleaned wi th  Alcsnox o r  o the r  s u i t a b l e  
cleansing agent before  s t a r t i n g  use  each day, 

The pen should be cleaned and r e f i l l e d  a s  o f t en  a s  required f o r  
b e s t  operat ion.  

The telescope lenses  should be  kept clean,  and the  te lescope 
arm should b e  a t tached wi th  snug tension t o  the  ca r r i age  a t  a l l  times. 

The rate of pen travel should be cheeked agains t  the time 
markings on t h e  base of the  cha r t s  by occasional timing wi th  a s top  
watch. Time should be accura te  t o  2 percent.  

Lubricate the  threaded sods once a week with graphi te  and keep t h e  
rods and threaded holes i n  t h e  carriage clean.  



The recorder  and va lve  mechanisms should be kept  c lean  and 
bearings and moving p a r t s  o i l e d  about once a month. In  dus ty  loca t ions ,  
g r a p h i t e  i s  a more s a t i s f a c t o r y  l u b r i c a n t  than o i l .  

The l u b r i c a t i o n  needs of t h e  e l e c t r i c  motors a r e  not  uniform, 
Lubr ica te  according t o  i n s t r u c t i o n s  rece ived  wi th  each motor. 

6. --The v i s u a l -  tube. 
method presented he re  i s  intended p r imar i ly  f o r  s i z e  a n a l y s i s  of 
suspended-sediment samples composed mainly s f  sand s i z e s ,  o r  samples 
from which t h e  f i n e r  materiaL has been separa ted ,  I f  p a r t i c l e s  l a r g e r  
than one mi l l imeter  a r e  p re sen t  i n  a sample they should be removed 
by s i ev ing ,  but  s i z e s  t h a t  l a r g e  a re  be l ieved  t o  be  s o  unusual i n  
suspended-sediment samples t h a t  they w i l l  no t  c o n s t i t u t e  any s e r i o u s  
problem.(See Appendix, Sec t ion  13, f o r  a n a l y s i s  of coa r se r  sands.) 
If any c l ay  o r  much s i l t  i s  contained i n  n s a m ~ l e ,  t h a t  should be  
removed before  a t tempt ing  anaLysis i n  t h e  v i s u a l  tube. The presence 
of some coa r se  s i l t  w i l l  n o t  des t roy  t h e  accuracy, bug w i l l  r e q u i r e  
more time f o r  making t h e  a n a l y s i s .  

Some bed-material  samples a r e  of f i n e  enough ma te r i a l  t o  be 
e f f e c t i v e l y  analyzed by t h e  v i s u a l  tube  method. Some beach and ocean 
ba r  sands have been found very  easy t o  analyze,  however, t h e  range of 
s i z e s  involved i n  t hese  i s  o f t e n  so small t h a t  samples 0% only 1 o r  
1-1/2 grams of ma te r i a l  a r e  b e s t  f o r  t h e  5 m. tube, and perhaps 3 grams 
f o r  t h e  7 mm. tube. Longer tubes of l a r g e r  diameter both i n  t h e  main 
po r t ion  and i n  t he  c o l l e c t i n g  s e c t i o n  a r e  b e t t e r  f o r  a n a l y s i s  of samples 
conta in ing  high percentages of t h e  coarser  sand s i z e s .  See t h e  Appendix. 

7.  --Because most suspended-sediment 
samples con ta in  s i l t s  and c l a y s ,  t h e  removal of t h e  s i l t s  and c l a y s  
p r i o r  t o  t h e  a n a l y s i s  of t h e  sands i s  a bas i c  problem. P re sen t  so lu t ions  
may not  be adequate,  and c e r t a i n l y  f u r t h e r  i n v e s t i g a t i o n  of t h e  problem 
i s  indica ted .  

For many s f  t h e  s i z e  ana lyses  now being made in sedimentat ion 
l a b o r a t o r i e s ,  t h e  s i l t s  and c l ays  a r e  f i r s t  separa ted  from t h e  sands 
by wet s i ev ing  methods, then the  sands a r e  analyzed by s i ev ing ,  and t h e  
s i l t s  and c l ays  a r e  analyzed sepa ra t e ly  by t h e  p i p e t t e  o r  o t h e r  methods. 
The purpose of t h e  i n i t i a l  s epa ra t ion  i s  t o  d i v i d e  the  p a r t i c l e s  
smal le r  than 62.5 microns (1116 ninl.) from those  l a r g e r .  During t h e  
development of t he  v i s u a l  tube  method i t  was found t h a t  a s i e v e  w i t h  
a nominal opening of 62.5 microns w i l l  pass  an apprec i ab le  q u a n t i t y  
of m a t e r i a l  f o r  which ehe sedimentat ion diameter i s  Larger than  t h a t  
f i g u r e .  A complete sedimentat ion a n a l y s i s  of samples so  d iv ided  would 
r equre  the  determinat ion o f  t h e  quan t i t y  of very f i n e  sand ( s i z e s  
j u s t  over 62.5 microns) contained i n  t h e  ma te r i a l  pass ing  t h e  wet s i eve .  



Poss ib ly  the  i n i t i a l  s epa ra t ion  should be made by wet s i e v i n g  over 
a  s i e v e  wi th  smaller  openings. The ma te r i a l  gassed could then b e  
d iv ided  i n t o  t h e  des i r ed  c l a s s e s  of c l ay  and s i l t .  The r e t a i n e d  
m a t e r i a l  could be analyzed w i t h  the  v i s u a l  tube, by determining t h e  
propor t ion  i n  each sand c l a s s  and a l s o  t h e  ma te r i a l  f i n e r  than  sands. 
The l a t t e r  could be added t o  t h e  c o a r s e s t  s i l t  f ract i -on of t h e  a n a l y s i s ,  

Following i s  a  second approach t o  t h i s  problem which has been 
given prel iminary t e s t i n g  i n  connection w i t h  t h e  development o f '  t h e  
v i s u a l  tube  method. Samples conta in ing  sands,  s i l t s ,  and c l a y s  were 
prepared f o r  a n a l y s i s  by d i s p e r s i n g  i n  d i s t i l l e d  water  u s ing  a  chemical 
d i spe r s ing  agent ,  Samples conta in ing  organic  matter  were t r e a t e d  wi th  
hydrogen peroxide a l s o .  The purpose o f  t reatment  was t o  p repa re  t h e  
sample so  t h a t  no f l o c c u l a t i o n  ~~ocnld  be present  during s e p a r a t i o n  i n  
t h e  sedimentat ion tube,  (Most l a b o r a t o s i e s  have developed methods 
of preparing samples f o r  sedimentat ion a n a l y s i s  by t h e  p i p e t t e ,  o r  
bottom withdrawal tube method, and presumably these  t rea tments  would 
b e  s a t i s f a c t o r y , )  The prepared sample was introduced i n  t h e  mixing 
chamber of t h e  v i s u a l  tube apgameatus, bu t  a  bottom-withdrawal tube  was 
used a s  t h e  sedimentat ion tube  i n  p l ace  of t h e  usua l  v i s u a l  tube. The 
sample was thoroughly s t i r r e d  i n  t h e  mixing chamber and t h e  va lve  
opened, a l lowing t h e  sample t o  f a l l  through t h e  bottom-withdrawal tube. 
Seven minutes a f t e r  t h e  va lve  of t h e  mixing chamber was opened, a  
withdrawal of about 40 m l .  was made from t h e  bottom of t h e  tube.  This 
withdrawal contained a l l  t h e  sands and some of t h e  c o a r s e r  s i l t s  i n  
a  form ready t o  be  analyzed i n  t h e  v i s u a l  tube. The f i n e r  m a t e r i a l  
which remained i n  t h e  bottom withdrawal tube  could have been analyzed 
by t h e  p i p e t t e ,  o r  o the r  method, I n  connection w i t h  t h e  v i s u a l  tube 
s tudy,  t h e  f i n e  ma te r i a l  was merely c o l l e c t e d ,  d r i e d ,  and weighed, 

The f i n e  ma te r i a l  remaining from t h e  above type  of i n i t i a l  
s epa ra t ion  was d ispersed  through what may have been an undes i rab ly  
l a r g e  quan t i t y  of f l u i d .  A s h o r t e r  than s tandard  bottom-withdrawal 
tube  could have been used for t h i s  i n i t i a l  separa t ion .  I f  d e s i r a b l e  
t h a t  t h e  f i n e s  be  e n t i r e l y  w i t h i n  the  bottom-withdrawal tube,  a l a r g e  
withdrawal might have been made p r i o r  t o  t h e  timed withdrawal,  and t h i s  
f i r s t  withdrawal would have reduced t h e  volume of water  i n  t h e  tube  
t o  such a height  t h a t  the e n t i r e  remainder would be  contained i n  t h e  
t u b e  o r  i n  a  given lower p o r t i o n  s f  she  tube ,  Pn e i t h e r  of t h e s e  
in s t ances ,  t h e  t o t a l  f a l l  d i s t a n c e  would have been reduced, and t h e  
t ime of SaEP wauid r e q u i r e  reduet ion  i n  propor t ion .  

The more thoszoughly t h e  c l a y s  and f i n e  s i l t s  a r e  removed from 
t h e  sample, t h e  simpler and more r ap id  t h e  v i s u a l t u b e  a n a l y s i s  of 
t h e  sand w i l l  be, 



8, e e p a r a t i o n  of the  sand sample--A sand sample obtained from 
the  f a l l  ve loci ty  separa t ion  mentioned above should be a l l  ready f o r  
v i sua l  tube analys is .  A sample which is  i n  the  dry s t a t e  must be 
dispersed i n  water before ana lys i s ,  and i f  poss ib le  should be allowed 
t o  soak over n ight .  A sample which has been s tored  f o r  some time 
without treatment may requ i re  a chemical agent f o r  d ispers ing  o r  may 
requ i re  hydrogen peroxide t o  remove growth of algea.  The a c t i o n  of 
some samples can be g rea t ly  improved by adding d i s t i l l e d  water ,  s t i r r i n g ,  
allowing t o  s e t t l e ,  and decanting the  supernatant l iqu id .  The whole 
purpose of t h e  preparat ion of the  sample i s  t o  prepare the  ma te r i a l  s o  
t h a t  each p a r t i c l e  w i l l  f a l l  a s  an individual  u n i t .  

The sample when f i n a l l y  prepared f o r  analys is  should be  contained 
i n  about 40 mls. of water o r  l e s s .  I f  only sands and coarser  s i l t s  
a r e  involved s e t t l i n g  and decantat ion w i l l  rap id ly  remove excess water.  

3. Choice of proper s i z e  of v i sua l  tube--For samples containing 
0.05 t o  0.8 grams of sand (100 t o  1600 ppm on t h e  bas i s  of a one 
p i n t  sample), the  tube wi th  t h e  smallest  c o l l e c t i n g  sec t ion ,  2.1 mm, 
may be used providing the re  i s  no " s ign i f i can tH percentage of ma te r i a l  
over 250 microns i n  s i z e ,  Coarser mater ia l  w i l l  r equ i re  a l a r g e r  tube 
and preferably a g rea te r  quant i ty  of mater ia l .  

For samples containing 0 , 4  t o  2.0 grams of sand (800 t o  4000 
ppm on the  bas i s  of a one p i n t  sample), the  3 .4  mm tube may be used 
i f  t h e r e  i s  no l ls ignificant"percentage of mater ia l  over 500 microns 
i n  s i ze .  Coarser mater ia l  w i l l  r equ i re  a l a rge r  tube and perhaps a 
g rea te r  quant i ty  of mater ia l .  

For samples containing 1.6 t o  6.0 grams of sand (3200 t o  12,800 
ppm on the  bas i s  of a one p i n t  sample), the  7.0 mm tube may be  used. 

The percentage of coarse mater ia l  which i s  " ~ i g n i f i c a n t ~ ~  may depend 
on many items. I f  the  sample i s  small i n  quant i ty  f o r  t h e  given s i z e  
of tube a l a rge r  percentage Is permissible. I f  the re  i s  so  much coarse 
mater ia l ,  o r  i f  t he  s i z e  i s  so  grea t  t h a t  t h e  tube plugs up a t  t h e  top 
of the  collecting sect ion ,  obviously the  tube i s  too small f o r  t h e  sample. 
I f  the  ana lys i s  of the  coarser  s i z e s  i s  r e l a t i v e l y  important, t h e  
maximum s i z e s  analyzed i n  a given tube should be  l imi ted  more ca re fu l ly .  

Generally t h e  approximate quant i ty  of sand and upper s i z e  l i m i t s  
inv~Evesl i n  a sample w i l l  be known from prevfsus experience wi th  the  
sampled stream o r  group of samples. Comparative samples may be made up 
containing,  f o r  example, about 0.6 grams of sand with a maximum p a r t i c l e  
s i z e  of about 250 microns. I f  a sample t o  be analyzed does not  exceed 
t h i s  conlparative sample i n  e i t h e r  quant i ty  o r  p a r t i c l e  s i z e ,  i t  may 
be analyzed i n  the  2.1 mm tube. S imi lar ly ,  comparative samples might 
be made up f o r  the  d iv is ion  po in t s  between other  tube s i z e s .  



Normally the  bes t  r e s u l t s  a r e  obtained by having t h e  t o t a l  height 
of accumulation i n  t h e  bottom of the tube between 1 and 4 inches.  I f  
a sample i s  of very l imi ted  s i z e  range, o r  of predominantly coarser  
mater ia l ,  the  use  of maximum heights  of accumulation l e s s  than 4 inches 
i s  expected t o  give b e t t e r  r e s u l t s ,  I n  case  the wrong tube was chosen, 
o r  the re  i s  ser ious  quest ion a s  t o  whether t h e  tube was properly 
chosen, i t  i s  a simple mat ter  t o  rerun t h e  sample i n  another s i z e  of 
tube. 

10. --The suggested chronological procedure 
f o r  sedimentation analys is  of a sample i s  a s  follows: 

a.  With the  chosen s i z e  of v i sua l  tube i n  place,  t h e  valve open, - 
and a plug f i t t e d  i n t o  t h e  bottom of t h e  tube, f i l l  t h e  tube wi th  
d i s t i l l e d  water up t o  a l i t t l e  above the  valve. Take t h e  temperature 
of the  water by lowe-cing a thermometer i n t o  the  top of the  tube, and 
record the  temperature. A thermometer t h r u s t  through a oneGinch rubber 
stopper so t h a t  the  bulb hangs j u s t  above the  valve provides a 
s a t i s f a c t o r y  arrangement f o r  temperature determination. Turn on the  
r e a r  switch on the  recorder.  

b. Place char t  on drum: Turn wing nut  down on r e l e a s e  l eve r  - 
(pa r t  No. 20, F ig ,  2)  on the  recarder  u n t i l  t h e  drum may be ro ta ted  
f r e e l y .  Tuck one end of the  cha r t  under t h e  arms of the top and bottom 
paper c l i p s  (pa r t  No. 21) and r o t a t e  t h e  drum t o  ca r ry  t h e  cha r t  
around. S l i p  the other  end s f  the  char t  under the  o ther  arms sf the  
paper c l i p s .  Smooth down t h e  cha r t  i f  necessary, being s u r e  t h a t  the  
bottom guide l i n e  on the  c h a r t  i s  p a r a l l e l  wi th  the  bottom of the  drum. 
Rotate the  drum u n t i l  the  pen w i l l  f a l l  a t  l e a s t  1 /8  inch t o  t h e  r i g h t  
of t h e  o r ig in  o r  zero time f i n e  on the  char t .  Turn the  wing nut  upwards 
so  t h a t  the  r e l e a s e  lever  i s  again f r e e  and the  drum i s  engaged wi th  
the  timing motor dr ive .  

c ,  Set the  pen: Turn t h e  pen am (par t  No. 28) toward t h e  char t  - 
u n t i l  i t  drops i n t o  place and the  pen i s  agains t  the  char t .  Be su re  
pen is  marking properly. Clean pen o r  f i l l  with ink i f  necessary. 
Turn hand wheel (par t  No. 32) to br ing t h e  pen exactly onto t h e  base 
l i n e  of the  cha r t .  Turn on t h e  forward switch, and the  tapper and drum 
should s t a r t .  Use t h i s  r o t a t i o n  of the  drum t o  br ing  t h e  pen up 
t o  t h e  zero time l i n e .  Turn of f  the  forward switch t o  s top  the  pen 
exactly on t h e  zero time l i n e .  There i s  some play i n  the  timing 
motor gear box and the  pen should always be oriented on Eke t i m e  l i n e  
by allowing the  motor t o  b r ing  the  drum around i n t o  place. I f  the  
pen did not q u i t e  reach t h e  s i g h t  place,  t h e  drum m?y be  moved ahead 
by a quick f l i p  of the  forward switch, o r  i f  t h e  drum turned too f a r  
the  r e l e a s e  lever  may be depressed, and t h e  drum turned backward f o r  
another t r i a l ,  The end r e s u l t  must be t h a t  the  pen i s  o r i en ted  on 
both zero time l i n e  and t h e  base l i n e ,  wi th  the  forward switch i n  t h e  
of f  pos i t ion .  



d,  Adjust the  telescope:  Using the  knurled thumb screw on t h e  
-L 

recorder ca r r i age  (pa r t  No. 251, ad jus t  t h e  telescope so  t h a t  t h e  
c ross  h a i r  i s  rat t h e  top of t h e  plug which i s  i n s i d e  t h e  bottom of the  
v i s u a l  tube. Within l i m i t s ,  t h i s  adjustment w i l l  move t h e  telescope 
upward f o r  clockwise r o t a t i o n  of t h e  knurled screw, Turning the  screw 
i n  the  reverse  d i rec t ion  w i l l ,  wi th  the  a i d  of s l i g h t  pressure  downward 
on the  outer  end of the  te lescope arm, a d j u s t  the  telescope downward. 

e. Close the  valve i n  the  sedimentation column. - 
f .  Transfer sample t o  mixing chamber: Wash the  sand sample f r ~ m  - 

i t s  container  i n t o  the  chamber above the  valve and f i l l  t he  chamber up 
t o  the  reference mark on t h e  funnel with d i s t i l l e d  water .  The temperature 
of the  water added with t h e  sample, or  used as wash water ,  should i n  
no case  be l e s s  than t h a t  of t h e  water in t he  main sedimentation tube, 
Temperature a degree higher i s  not  object ionable except as i t  may 
cause subsequent r a i s i n g  of the  temperature i n  the  main column. 

A. Turn on the  fornard switch and the  tapper should s t a r t .  

h. Mix and wash sample i n  mixing chamber, Agi ta te  t h e  plunger - 
b r i s k l y  up and down, going da~gnward a s  far as possib%e, Af ter  about 
5 seconds of a g i t a t i o n  remove the  plunger quickly, and immediately open 
t h e  valve making s u r e  t h a t  the valve  i s  f u l l y  opened so  t h a t  t h e  
recorder drum w i l l  s t a r t  a t  once, 

i, Tracking the  sample: As soon a s  the  f i r s t  p a r t i c l e s  of sedi- 
ment reach the  bottom of t h e  v i s u a l  tube s t a r t  following t h e  accumulation 
upward with the  telescope,  turning She hand wheel t o  keep t h e  cross  h a i r  
a s  near ly  on the  upper su r face  of the  accumulation a s  poss ib le ,  The 
r a p i d i t y  of accumulation determines whether the  hand wheel should be 
turned with both hands on t h e  handle, wi th  one on the  handle and one 
on the  outs ide  of the  wheel, wi th  'both hands on t h e  wheel, o r  wi th  one 
hand allone, The bes t  method i s  the  one which f o r  the  given sample, 
allows the  operator  maximm con t ro l ,  The top 0% t h e  accumulation w i l l '  
no t  always be l eve l ,  and when i t  i s  not t h e  cross h a i r  should be  kept 
a s  ne.zzly a t  the  average elevation. of t h e  accumulation a s  pdss ib le .  
Tracking of t h e  sample should be continuous u n t i l  the  e l eva t ion  of 
accumulation nu longer r i s e s ,  o r  u n t i l  t he  6 2 - 5  micron s i z e  l i n e s  on 
the char t  have been passed, Contfnusus tracking may be  continued u n t i l  
t he  char t  i s  stopped by t h e  l i m i t  switch, l f  only sand s i z e s  a r e  
included i n  the  sample i t  does not  take  long f o r  the  t o t a l  sample t o  
f a l l .  However, i f  t he re  i s  much f i n e  mater ia l ,  t he  time w i l l  be longer, 
perhaps much longe .~ ,  and f o r  t h i s  reason the f i n e  ma te r i a l  should be 
mostly removed befcre the. analysis. The accumulation may be tracked 
l i ~ t e ~ i t t e n t l y  when f i n e  anarerial i s  s e t t l i n g  slowly, u n t i l  t h e  
maximum height  of a c c m u l a t i a n  i s  reached. 



1. Turn o f f  t h e  forward switch when t h e  maximum height  of accum-  
l a t i o n  has been e s t ab l i shed .  

k. Extend maximum accumulation he ight  ac ros s  c h a r t :  Without - 
moving t h e  e l eva t ion  of t h e  pen a f t e r  t h e  maximum height  of accumulation 
has been reached, u s e  t h e  wing nut  t o  hold  the  r e l e a s e  l e v e r  down, and 
t u r n  the  cha r t  backward t o  extend t h e  maximum height  l i n e  a l l  t h e  way 
back t o  t h e  zero time l i n e .  

1. Renlove t h e  c h a r t :  L i f t  up t h e  pen arm and swing t h e  pen back - 
away from t h e  c h a r t .  Take t h e  c h a r t  from t h e  drum. Make c e r t a i n  t h a t  
a l l  necessary notes  a r e  on t h e  c h a r t .  General ly ,  no tes  a r e  requi red  t o  
i d e n t i f y  t he  sample, a l s o  d a t e ,  t ime of day, opera tor ,  s i z e  of v i s u a l  
tube,  tube number i f  d e s i r e d  ( tubes of t h e  same nominal s i z e  d i f f e r  
s l i g h t l y  i n  i n s i d e  diameter and i t  i s  d e s i r a b l e  t o  number a l l  tubes f o r  
i d e n t i f i c a t i o n ) .  The temperature of t h e  water  i n  t h e  sedimentat ion column 
must be known and recorded t o  t h e  n e a r e s t  degree cent igrade .  With a  good 
labora tory  arrangement, t h e  temperature may not  change a f u l l  degree a l l  
day. However, determine temperature a s  o f t e n  a s  necessary  and record 
i n  such a  way t h a t  t h e  temperature i s  apparent  f o r  every sample. 

m. Remove sample from v i s u a l  tube: The te lescope  may be moved - 
up wi th  t h e  hand wheel, o r  t ipped up ou t  of t he  way i f  d e s i r e d ,  Close 
the  valve. While hold ing  tube  plug i n  one hand swing tube  bracke t  ou t  
of t he  way, and p l ace  beaker o r  o the r  conta iner  under end of tube. 
(There i s  a  small  s h e l f  under t h e  recorder  which may be  pu l l ed  out  and 
used as a support f o r  t h e  conta iner  wh i l e  d ra in ing  t h e  tube.) Remove 
t h e  plug, open t h e  va lve  very s l i g h t l y  and al low accumulated sample and 
about 50 m l .  of water  t o  d r a i n  out .  Close t h e  va lve .  Wash any sediment 
from t h e  p lug  i n t o  t h e  sample con ta ine r .  Remove t h e  con ta ine r  and i n s e r t  
t h e  plug i n  t h e  tube. S t a r t  the  plug i n t o  t h e  end of t h e  tube  and 
t w i s t  upward i n t o  p lace .  The sample which has been removed may be d r i e d  
and weighed t o  determine t h e  t o t a l  m a t e r i a l .  

I f  a i r  bubbles form i n  t h e  tube above t h e  plug,  they must be  removed, 
, I f  the  sample is  dra ined  slowly from che bottom of t h e  tube,  bubbles 
seldom form i n  the  tube. Bubbles w i l l  not  form i f  t h e  bottom of  t h e  
tube i s  immersed i n  water  dur ing  t h e  withdrawal.  I f  bubbles do form 
a t  any rime, a l i t t l e  more water  may b e  drained i n  an a t tempt  t o  improve 
t h e  previous technique, o r  t h e  rubber tube below t h e  v a l v e  may be  pinched 
slowly, fo rc ing  the  bubbles out  of t h e  tube  so  t h a t  t h e  plug may be  
in se r t ed .  When the  p lug  has been proper ly  i n s t a l l e d ,  swing t h e  tube  
bracke t  under t h e  p lug  as a  support .  

n. Prepara t ion  f o r  another  a n a l y s i s :  Open the  va lve .  I f  neces- - 
s a r y  add d i s t i l l e d  water  t o  b r ing  .the l e v e l  i n  t h e  tube  t o  j u s t  above 
t h e  valve.  Take t h e  water  temperature i f  t h a t  seems requi red .  S t a r t  
another  a n a l y s i s  w i t h  preseeding item "b.'* 



o. General comments: Normally the  above procedure cleans the  - 
tube s u f f i c i e n t l y  so tha t  the  next sample may be analyzed i n  the  water 
ren~aining af  t e r  item "E," If i t  should appear necessary the  tube can 
be completely washed out  a f t e r  each sample and the  f i n e s  t h a t  a r e  removed 
can be added t o  the  f i n e s  previously separated.  

One p rac t i ce  during development of t h i s  method has been t o  s e t  
up one s i z e  of tube i n  a cleaned condit ion,  and s t a r t i n g  wi th  samples 
of the  smallest  quan t i t i e s  analyze samples more o r  l e s s  consecutively 
up t o  those of the  l a r g e s t  q u a n t i t i e s  t o  be analyzed i n  t h a t  tube. I f  
samples a r e  s e t  up i n  t h i s  manner i t  i s  an easy matter t o  know when 
t o  change t o  a l a rge r  s i z e  of tube,  

When the  apparatus i s  not t o  be used f o r  a matter of some minutes, 
tu rn  the  r ea r  switch t o  the  "off" pos i t ion ,  and open the  valve.  I f  out  
of operat ion f o r  longer periods,  cover the  top of the  tube funnel ,  and 
p lace  dust  c lo th  or  o ther  dus t  protec t ion  over the  recorder,  

11. Method f o r  computing results--The procedure of sec t ion  10 
r e s u l t s  i n  a continuous curve wi th  time a s  the  absc issa  and height  s f  
accumulated sediment a s  the  ordinate ,  and t h i s  i s  a type of sedimentation 
ana lys i s  of the  sample. Generally the  r e s u l t s  a r e  des i red  i n  t h e  form 
of percentages of the  sample f i n e r  (or  coarser)  than c e r t a i n  d e f i n i t e  
s i z e s ,  and these s i zes  a r e  p r in ted  on t h e  cha r t s  provided f o r  t h i s  
method. The percentages f i n e r  than those s i z e s  shown an the  recorder 
cha r t  may be obtained from the  chark by use of the  ad jus tab le  s c a l e  and 
method of Fig.  8, a s  fallows : Check the  points  of i n t e r s e c t i o n  of the  
accumulation curve and t h e  s i z e  curves f o r  the  temperature of ana lys i s .  
I n t e r p o l a t e  between temperatures f o r  which the  pos i t ion  of the  size l i n e s  
i s  shown. 

The recorder char t  may be placed f l a t  and an ad jus tab le  s c a l e  
clivided i n t o  100 equal p a r t s  or iented  u n t i l  t he  zero mark coincides  
wi th  the  t o t a l  accumulation l e v e l  and the  200 mark coincides wi th  t h e  
zero accumulation l eve l  o r  base l i n e .  The s c a l e  may be moved hor izon ta l ly  
t o  the  i n t e r s e c t i o n  of the  curve wi th  t h e  des i red  s i z e  and temperature 
l i n e .  The percentage f i n e r  than t h a t  s i z e  may be read d i r e c t l y  from the  
s c a l e  and recorded i n  the  p lace  provided on t h e  cha r t .  

Several modifications of the  method of reading percentages from 
the  char t  a r e  poss ib le ,  Any convenient scale  divided in t@ BOO p a r t s  
may bc used. Horizontal l i n e s  may be drawn through t h e  des i red  in te rcep t s  
so  t h a t  a11 may be read from one pos i t ion  of the  s c a l e  i f  des i red .  I f  
P O  percent  of mater ia l  coarser  than t h a t  analyzed i n  the  v i sua l  tube was 
removed from the  sample p r i o r  t o  t h i s  ana lys i s ,  then tile 90 mark may 
be used on the  zero accumulation l i n e  so  t h a t  percentages of t h e  t o t a l  
sample may be read d i r e c t l y .  If 40 percent  of the  t o t a l  sample was 



removed a s  s i l t  and c lay  p r i o r  t o  the  v i sua l  tube ana lys i s ,  t he  40 
mark may be used on the  t o t a l  accumulation l i n e  and percentages of the  
t o t a l  sample read d i r e c t l y .  To rend percentages coarser  d i r e c t l y ,  
tu rn  the  sca le  upside down, 

12. - -Pa r t i c l e s  i n  o sample i n  t h e  v i s u a l  
tube s e t t l e  with higher ve loci t ies-  than those f o r  the  same p a r t i c l e s  
f a l l i n g  s ingly .  The method has been c a l i b r a t e d  on the  bas i s  of t h e  f a l l  
v e l o c i t i e s  of the  individual  p a r t i c l e s  f a l l i n g  alone i n  a  f l u i d  of 
s u f f i c i e n t  extent  t o  avoid t h e  e f f e c t  of space l imi ta t ions .  Therefore, 
t h e  s i z e  frequency analys is  i s  based on the  f a l l  diameter" of t h e  
p a r t i c l e s  involved i n  the  sample. The " f a l l  diameter" may be defined 
a s  t h e  diameter of a  sphere having a  s p e c i f i c  gravi ty  of 2,65 and having 
the  same terminal uniform f a l l  ve loc i ty  as t h e  g i o m  p a r t i c l e  in quiescent 
d i s t i l l e d  water ,  with the  f a l l  ve loc i ty  understood t o  be independent 
of any e f f e c t  from adjacent  p a r t i c l e s  o r  vesse l  wa l l s .  The r e l a t i o n  
between f a l l  ve loc i ty  and f a l l  diameter depends only on the  r e l a t i o n s h i p  
between the  ve loc i ty  of f a l l  and the  diameter of a  sphere of s p e c i f i c  
g rav i ty  2.65. The f a l l  diameter of a  p a r t i c l e  i s  then independent s f  
the  type of mater ia l  with which i t  i s  associa ted ,  the  concentrat ion i n  
which i t  i s  found o r  analyzed, o r  the  method of ana lys i s ,  and i s  j u s t  
a s  bas ic  a s  the  f a l l  ve loc i ty .  The diameter concept suppl ies  a  l i n e a r  
s i z e  designation where t h a t  i s  des i rab le .  

When a  v i sua l  tube ana lys i s  shows t h a t  4% percent of the  ma te r i a l  of 
a  sample is  f i n e r  than 125 microns the  meaning is  a s  follows: If che 
e n t i r e  sample could be dropped one p a r t i c l e  a t  a  time i n  d i s t i l l e d  water 
of i n f i n i t e  extent ,  45 percent  s f  t h e  p a r t i c l e s  byweight  would have 
f a l l  v e l o c i t i e s  l e s s  than t h a t  f o r  a  sphere 0% diameter 125 microns and 
s p e c i f i c  gravi ty  2.65 allowed t o  f a l l  under the  same condit ions.  However, 
the  45 percent i s  subjec t  t o  whatever e r r o r s  a r e  included i n  t h e  ac tua l  
method of ana lys i s .  The method was c a l i b r a t e d  by ana'yzing samples f o r  
which the  f a l l  ve loc i ty  d i s t r i b u t i o n  was known and making correc t ions  
t o  the  time of f a l l  on the  cha r t  t o  give r e s u l t s  bes t  f i t t i n g  the 
s i z e  frequency distr!,bution known t o  be present  i n  the  o r i g i n a l  sample. 
From the  analyses of hundreds of samples, eke cha r t  cu r ren t ly  i n  u s e  
was derived a s  an average c a l i b r a t i o n  f o r  a  range of sands. The 
c a l i b r a t i o n  of the  method i s  the re fo re  contained i n  t h e  cha r t s  provided 
f o r  use  wi th  t h e  v isual  tube recorder.  The ca l ib ra t ion  cons i s t s  i n  a  
reduction i n  the  time allowed f o r  a given s i z e  of p a r t i c l e  t o  f a l l  t h e  
length  of the  sedimentation Cube. The seduction i n  time va r i e s  from 
about 10 percent f o r  the coarser  p a r t i c l e s  t o  about 30 percent f o r  the  
f i n e r  p a r t i c l e s .  The c a l i b r a t i o n  i s  an average f o r  use with sands i n  
general ,  and wi th  the  va r i e ty  of v i sua l  tubes, sample concentrat ions and 
p a r t i c l e  s i z e s  of sec t ion  9. It appears t h a t  i f  the  v i sua l  tube method 
is  properly applied,  the  percentages f i n e r  w i l l  be q u i t e  accura te .  I f  
an ana lys i s  shows 45 percent of the  t o t a l  sample t o  be f i n e r  than 125nfcrons  
f a l l  diameter,  a  l a r g e  por t ion  of the  r e s u l t s  w i l l  be wi th in  45 .2  2 and 

2- 
most w i l l  be  wi th in  45 4 5  percent ,  



APPENDIX 

13. 
operator  
ana lys i s  

--The main p a r t  of t h i s  
,% manual was w r i t t e n  on the  bas i s  of t h e  equipment f o r  s i z e  

of suspended sediments, That equipment included only the  
128 cm length of tube. The tube diameters were not s u f f i c i e n t  f o r  
very coarse sands, and the  tube length was undesirably shor t  f o r  such 
sands. A l a rge r  v isual  tube i s  convenient and s a t i s f a c t o r y  f o r  ana lys i s  
of sands s f  s i eve  s i z e s  from 1/16 t o  2 mm. The l a rge r  tube i s  adapted 
t o  samples of 5 t o  15 gm of ma te r i a l ,  except t h a t  the  maximum q u a n t i t i e s  
should be somewhat reduced f o r  samples of l imi ted  s i z e  range. Although 
samples of 5 gm and g rea te r  may seldom be a v a i l a b l e  i n  suspended 
sediment samples, general jy the  very coarse sands w i l l  be found i n  
samples of bed, beach, o r  bank sands i n  which the  sample quan t i ty  
w i l l  not be c lose ly  l imi ted .  

The apparatus fo r  the  186 cm tube i s  based on the  equipment f o r  
use  with the  120 cm tubes and the  same methods of analys is  a r e  used. 
Extra p a r t s  needed f o r  the  long tubes a r e  shown i n  Fig ,  9. D e t a i l s  
of the  general arrangement and mounting of the  two lengths of tube a r e  
somewhat d i f f e r e n t  a s  a comparison of Fig. 6 and 7 with Fig.  9 w i l l  ' 

show, The bes t  method of mounting t h e  188 cm tube depends on t h e  amount 
of expected use. The advantages of having the  two lengths of tube 
read i ly  interchangeable should be considered. 

The l a rge  v isual  tube i s  180 cm long, wi th  an ins ide  diameter of 
51 a m  (2 inches) i n  the  main sedimentation sec t ion .  The i n s i d e  
diameter of t h e  accumulation sec t ion  i s  10 mm. The 180 cm tube requ i res  
a c e i l i n g  height of nearly 12 f e e t  t o  provide adequate headroom f o r  
operat  ion,  

Other equipment required w i t h  t h e  longer tube cons i s t s  of a 
s l i g h t l y  l a rge r  funnel than used with the  120 cm tube, a d i f f e r e n t  
rubber tubing connection through t h e  valve mechanism, a rubber plug 
t o  f i t  t h e  t i p  of the  accumulation sec t ion ,  and a mounting board wi th  
attachments t o  support the  tube and funnel.  The recorder cha r t s  a re  
necessar i ly  d i f f e r e n t  from those used with t he  120 can tubes. Film 
pos i t ives  f o r  use  i n  making recorder c h a r t s  a r e  a v a i l a b l e  on reques t .  
If j u s t i f i e d  by the  demand, a supply of the  cha r t s  and mose: of the  
o ther  i t a s  of equipment w i l l  be stocked t o  s a t i s f y  orders .  A s tock 
of t h e  180 c m  tubes w i l l  not  be  maintained because t h e  cos t  sf  packing 
and shipping i s  excessive. It i s  bel ieved t h a t  individual  l abora to r i e s  
w i l l  f i nd  i t  poss ib le  t o  have such tubes made loca l ly .  

El" a laboratory i s  already equipped wi th  the  regular  v i s u c l  accumu- 
l a t i o n  tube recorde;: and apparatus,  i t  should be poss ib le  t o  add t h i s  
equipment %or ana lys t s  of coarse  sands at  a cos t  not exceeding $50,pZus 
one man day of labor for assembly and i n s t a l l a t i o n ,  
























