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THEORY AND OPERATION MANUAL FOR THE AUTOPIPET 

SEMIAUTOMATIC PIPET WITHDRAWAL APPARATUS 

By Joseph P. Beverage 

ABSTRACT 

The a u t o p i p e t  i s  a  semiautomat ic  wi thdrawal  a p p a r a t u s  which o b t a i n s  

unat tended t h e  s i x  scheduled wi thdrawals  ( f o r  62, 31, 16,  8, 4 ,  and 2  

micrometers)  of t h e  p i p e t  p a r t i c l e - s i z e  procedure .  A f i x e d - e l e v a t i o n ,  

12-depth s iphon  sampling scheme i s  used i n s t e a d  of mechan ica l ly  lower ing  

t h e  p i p e t  t o  a predetermined d e p t h  f o r  each wi thdrawal .  An o p t i c a l  

w a t e r - l e v e l  s e n s o r  s r o p s  t h e  s iphon  when t h e  c o r r e c t  volume i s  o b t a i n e d .  

A wasted wi thdrawal  p recedes  each of t h e  scheduled subsamples t o  f l u s h  

t h e  s iphon  l i n e  and t o  f i l l  t h e  l i n e  w i t h  a suspens ion  of n e a r l y  t h e  . 
same c o n c e n t r a t i o n  a s  t h e  subsequent  sample. 

A b r i e f  d e s c r i p t i o n  of p a r t i c l e  s e t t l i n g  t h e o r y  and o f  t h e  compro- 

m i s e s  made d u r i n g  t h e  d e s i g n  a r e  given.  O p e r a t i o n a l  p rocedures ,  c i r c u i t  

d e s c r i p t i o n s ,  and a Croubleshoot ing g u i d e  a r e  g iven  i n  appendices .  



INTRODUCTION 

Informat ion  on p a r t  i c l e - s i z e  d i s t r i b u t i o n s  of r i v e r  sediments  i s  

e s s e n t i a l  f o r  many h y d r o l o g i r  s t u d i e s .  The d i s t r i b u t i o n s  a r e  combined 

w i t h  wa te r  d i s c h a r g e  f o r  e s t i m a t i n g  t o t a l  sediment t r a n s p o r t  and f o r  

p r e d i c t i n g  d e p o s i t i o n  p a t t e r n s  i n  r i v e r s ,  l a k e s ,  and r e s e r v o i r s .  Other 

u s e s  i n c l u d e  s t u d i e s  of s o i l  l o s s ,  t r a n s p o r t  of t o x i c  s u b s t a n c e s  by f i n e  

sed iments ,  and t h e  e c o l o g i c a l  e f f e c t s  of sed iment ,  

Few n a t u r a l l y  o c c u r r i n g  sediment p a r t i c l e s  have a  smooth s p h e r i c a l  

shape ;  most have rough,  f r a c t u r e d  s u r f  a c e s  and i r r e g u l a r  shapes .  Regard- 

l e s s ,  t h e  p r i n c i p a l  r equ i rements  o f  p a r t i c l e - s i z e  d i s t r i b u t i o n s  a r e  n o t  

f o r  t h e  t r u e ,  p h y s i c a l  d imensions  o f  t h e  p a r t i c l e s .  Ra ther ,  a  p a r t i c l e -  

s i z e  a n a l y s i s  of r i v e r - b o r n  sediment  i s  p r e f e r r e d  i n  t e rms  of t h e  f a l l  

( s e t t l i n g )  d iamete r  and i s  u s u a l l y  a composi te  d i s t r i b u t i o n  o b t a i n e d  from 

two methods of a n a l y s i s .  P a r t i c l e s  l a r g e r  t h a n  62 micrometers  (pm) a r e  

ana lyzed  by v i sua l -accumula t ion  t u b e  (ICWR Rept .  11, 1957) method. P a r t i -  

c l e s  s m a l l e r  t h a n  62 pm a r e  mainly  ana lyzed  by t h e  p i p e t  method 

(IGdR Rept.  4 ,  1941; Guy, 1969) .  

The conven t iona l  p i p e t  p rocedure  i s  l a b o r  i n t e n s i v e .  F i r s t  a  pre- 

pared sample (Appendix 111) i s  p laced  i n  a c y l i n d e r .  It i s  mixed and a n  

a l i q u o t  i s  o b t a i n e d  f o r  a  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 .  Then t h e  o p e r a t o r  

must manually c o l l e c t  subsamples from t h e  c y l i n d e r  a t  predetermined 

i n t e r v a l s .  The c o l l e c t i o n  p rocedure  i s  t o  lower t h e  v o l u m e t r i c  p i p e t  t o  

t h e  c o r r e c t  d e p t h  i n  t h e  suspens ion ,  withdraw a n  exac t  volume a t  t h e  

s p e c i f i e d  t ime,  withdraw t h e  p i p e t ,  d e l i v e r  t h e  subsample t o  a n  evapora- 

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

samples.  S e v e r a l  wi thdrawals  a r e  needed t o  d e f i n e  a complete  p a r t i c l e -  

s i z e  d i s t r i b u t i o n .  The e a r l y  wi thdrawals  occur  r a p i d l y  one a f t e r  t h e  

o t h e r ,  keeping t h e  o p e r a t o r  q u i t e  busy.  L a t e r  wi thdrawals  a r e  s u f f i -  

c i e n t l y  s e p a r a t e d  t o  a l l o w  t h e  o p e r a t o r  t o  work a t  something e l s e .  Also,  

t h e  u s u a l  p r a c t i c e  of performing 6 t o  1 0  o r  more a n a l y s e s  s i m u l t a n e o u s l y  

by u s i n g  s t a g g e r e d  wi thdrawal  t i m e s  f u r t h e r  c o m p l i c a t e s  t h e  o p e r a t o r ' s  

job .  However, t h e  o p e r a t o r  must remain aware of t h e  t ime  w h i l e  do ing  

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



minimizes  t h e  l a b o r  o f  o b t a i n i n g  t h e  scheduled p i p e t  subsamples.  Once 

s t a r t e d ,  t h e  a p p a r a t u s  a u t o m a t i c a l l y  withdraws t h e  subsamples a t  t h e  

r e q u i r e d  t i m e s .  

T h i s  r e p o r t  p rov ides  a  b r i e f ,  q u a l i t a t i v e  d e s c r i p t i o n  o f  p a r t i c l e  

s e t t l i n g  t h e o r y  and of t h e  compromises made d u r i n g  t h e  d e s i g n  of t h e  appa- 

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

i n s t r u c t i o r l s  f o r  i n s t a l l a t  ion.  F u r t h e r  appendices  d e s c r i b e  t h e  i n i t i a l  

s e t t i n g  up,  sample p r e p a r a t i o n ,  o p e r a t i o n ,  c i r c u i t  d e s c r i p t i o n s ,  t r o u b l e -  

s h o o t i n g  g u i d e ,  and a  sample wi thdrawal  c a l c u l a t i o n .  
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THEORY 

The a u t o p i p e t  was des igned t o  mechanize most of t h e  subsample with- 

d rawal  p o r t i o n  of t h e  p i p e t  p rocedure  (ICWR Rept.  4 ,  1941, p, 84-90, and 

Guy, 1969, p, 23-29) f o r  d e t e r m i n i n g  p a r t i c l e - s i z e  d i s t r i b u t i o n  o f  t h e  

s i l t  and c l a y  f r a c t i o n  (<  62 ym) of a  s o i l  o r  sediment sample,  The 

s t a n d a r d  p i p e t  p rocedure  b e g i n s  w i t h  a  c y l i n d e r  c o n t a i n i n g  a  well-mixed 

suspens ion  of t h e  f i n e  sediments .  Subsamples a r e  withdrawn by v o l u m e t r i c  

p i p e t  from a  f i x e d  d e p t h  a t  t i m e  i n t e r v a l s  predetermined f o r  t h e  f l u i d  

t empera tu re .  The p i p e t  t e d  subsamples s t e a d i l y  d e c r e a s e  i n  c o n c e n t r a t i o n  

i n  response  t o  t h e  s m a l l e r  f r a c t i o n s  of t h e  f i n e r  m a t e r i a l .  I f  a l lowed 

t o  s e t t l e  u n d i s t u r b e d ,  p a r t i c l e s  which s e t t l e  f a s t e r  t h a n  o t h e r s  soon 

d e c r e a s e  t h e  c o n c e n t r a t i o n  of t h e  upper l a y e r s .  At a f i x e d  d e p t h  and 

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

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

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

s u f f i c i e n t l y  l a r g e  t o  overcome Brownian movement was d e r i v e d  by G. G. 

S tokes  i n  1851. S tokes  ba lanced  t h e  v i s c o u s  d r a g  on a  s p h e r e  and t h e  

buoyant f o r c e  of t h e  l i q u i d  w i t h  t h e  f o r c e  of g r a v i t y .  The assumptions  

and d e r i v a t i o n  a r e  g iven  i n  Rept.  4  (ICWR, 1941, p .  29-37). A s i m p l i f i e d  

form of  S t o k e s '  e q u a t i o n  is  (ICWR, 1941, p. 30) :  

where w i s  t h e  p a r t i c l e  f a l l  v e l o c i t y  i n  c e n t i m e t e r s  p e r  second (cm/s) , 
d i s  t h e  p a r t i c l e  d i a m e t e r  i n  c e n t i m e t e r s  (cm), and i s  t h e  dynamic 

( a b s o l u t e )  v i s c o s i t y  of w a t e r  i n  dyne-seconds p e r  c e n t i m e t e r  ( p o i s e ) .  

R e c a s t i n g  t h e  e q u a t i o n  i n  more u s e f u l  form and i n  more r e c e n t  u n i t s  

( P e t e r s e n ,  1980):  

where t i s  t h e  t ime ( seconds)  r e q u i r e d  f o r  a  p a r t i c l e  t o  s e t t l e  th rough  

a  d i s t a n c e  h  ( c e n t i m e t e r s ) ,  i s  t h e  dynamic v i s c o s i t y  i n  pascal -seconds  

(Paes )  , and d  i s  i n  micrometers .  The foil-owing t a b l e  g i v e s  v a l u e s  of p 



f o r  even t empera tu res  between 20" and 3 0 " ~  ( ~ e l s i u s )  ( ~ o l z  and Tuve, 

1970, p. 67):  

Temperature V i s c o s i t y ,  v 

Equa t ions  1 and 2  a r e  based on a  p a r t i c l e  s p e c . i f i c  g r a v i t y  of 2.65 f o r  

s p h e r i c a l  p a r t i c l e s  f a l l i n g  i n  w a t e r .  The assumptions  of s p h e r i c a l  shape  

and t h e  s p e c i f i c  g r a v i t y  of q u a r t z  a r e  needed i n  s t u d i e s  where t h e  

quar tz -equ iva len t  s e t t l i n g  d iamete r  ( r e g a r d l e s s  of i t s  shape  o r  s p e c i f i c  

g r a v i t y )  i s  more u s e f u l  than  t h e  p h y s i c a l  dimensions of t h e  p a r t i c l e .  

It is  important  t h a t  t h e  s e t t l i n g  p r o c e s s  b e  unders tood.  V i s u a l i z e  

a  c y l i n d e r  f i l l e d  w i t h  a  n o n t u r b u l e n t  q u i e s c e n t  sediment suspens ion  which 

a t  t h e  beg inn ing  of t h e  a n a l y s i s  i s  uniformly mixed. Next,  examine a  t h i n ,  

h o r i z o n t a l  s l i c e  of t h e  suspens ion  a t  t h e  s u r f a c e .  The c o n c e n t r a t i o n  of 

sediment  i n  t h i s  s l i c e  w i l l  d e c r e a s e  a s  t i m e  p r o g r e s s e s .  Sediment s e t t l i n g  

from t h e  s l i c e  i s  n o t  r e p l a c e d  by m a t e r i a l  from above,  so  t h e  concen t ra -  

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

s l i c e  most r a p i d l y  because  t h e y  have t h e  g r e a t e s t  f a l l  v e l o c i t y .  A s  t h e  

l a r g e r  p a r t i c l e s  l e a v e ,  t h e  median d iamete r  of t h e  remaining p a r t i c l e s  

d e c r e a s e s .  

L e t  us nex t  examine a  t h i n  h o r i z o n t a l  s l i c e  of t h e  suspens ion  a t  a  

d e p t h  o f ,  say ,  1 0  cm. P a r t i c l e s  t h a t  f a l l  from t h i s  s l i c e  a r e  r e p l a c e d  

by o t h e r  p a r t i c l e s  t h a t  e n t e r  t h e  volume from above. There  w i l l  b e  no 

change i n  c o n c e n t r a t i o n  u n t i l  t h e  suspens ion  above t h e  s l i c e  h a s  been 

d e p l e t e d .  The c o n c e n t r a t i o n  w i t h i n  t h i s  s l i c e  w i l l  beg in  t o  d i m i n i s h  

when t h e  l a r g e s t  p a r t i c l e s  have f a l l e n  through t h e  volume above t h i s  

s l i c e .  T h i s  t ime  may b e  c a l c u l a t e d  by d i v i d i n g  t h e  10-cm d e p t h  by t h e  

f a l l  v e l o c i t y  o f  t h e  p a r t i c l e s  i n  t h e  chosen s i z e  range.  Once t h i s  t ime  

h a s  e l a p s e d  w i t h o u t  d i s t u r b a n c e ,  t h e r e  w i l l  b e  no l a r g e  p a r t i c l e s  a v a i l -  

a b l e  from above f o r  rep len i shment  of t h e  s l i c e ' s  l a r g e r - s i z e d  p a r t i c l e s .  



The s l i c e  a t  10-cm dep th  w i l l  thenceforward behave i n  a manner s i m i l a r  

t o  t h e  s u r f a c e  s l i c e ,  excep t  t h a t  t h e  deeper  t h e  s l i c e  t h e  g r e a t e r  t h e  

sp read  between t ime-of-deple t ion of d i s p a r a t e  p a r t i c l e  s i z e s .  For 

example, a t  30°C a  62-um p a r t i c l e  w i l l  c l e a r  a  1 - m i l l i m e t e r  (mm) t h i c k  

s u r f a c e  s l i c e  i n  a  q u a r t e r  of a second w h i l e  a  2-um p a r t i c l e  w i l l  t a k e  

about  3  minu tes  and 40 seconds .  The spread  between t h e s e  s i z e s  i s  about  

3 minutes  and 40 seconds .  A t  a  d e p t h  of 1 0  cm, 62-um p a r t i c l e s  w i l l  

have c l e a r e d  a f t e r  23 seconds ,  w h i l e  2-um p a r t i c l e s  w i l l  t a k e  s i x  h o u r s  

and t e n  minu tes .  The spread  is  now about  s i x  h o u r s .  S h i f t i n g  t h e  

o b s e r v a t i o n  s l i c e  downwards h a s  s t r e t c h e d  o u t  t h e  d i f f e r e n c e  i n  t ime  of 

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

s t a n d a r d  p i p e t  p rocedure  t h i s  converse  r e l a t i o n  i s  used t o  reduce  w a i t i n g  

t ime.  The i n i t i a l  (62 um) wi thdrawal  d e p t h  might b e  a  15-cm d e p t h ,  

i n t e r m e d i a t e  wi thdrawals  a t  1 0  cm, and t h e  f i n a l  ( 2  um) wi thdrawal  a t  

3 cm (Guy, 1969, p. 24) .  The wi thdrawal  d e p t h  is t h u s  a n  impor tan t  v a r i -  

a b l e  which de te rmines  t h e  t i m e  a  wi thdrawal  must be  made. 

Another impor tan t  parameter  i s  t h e  w a t e r  t empera tu re .  The v i s c o s i t y  

of t h e  w a t e r  i s  r e l a t e d  t o  i t s  tempera tu re ,  d e c r e a s i n g  by 20 p e r c e n t  a s  

i t  warms from 20°C t o  30°C. Suspension t e m p e r a t u r e s  t h u s  a r e  normal ly  

main ta ined  a t  a  c o n s t a n t  v a l u e  ( w i t h i n  1°C o r  l e s s  o f  t h e  i n i t i a l  v a l u e )  

t o  minimize t h e  e f f e c t  of v i s c o s i t y .  

The p i p e t  a n a l y s i s  i s  based on t h e  assumption t h a t  each p a r t i c l e  

s e t t l e s  a t  a r a t e  u n a f f e c t e d  by o t h e r  p a r t i c l e s .  Thus, a n o t h e r  v a r i a b l e  

i s  t h e  i n f l u e n c e  o f  p a r t i c l e s  on each o t h e r .  A l a r g e  p a r t i c l e  w i l l  d rop  

r a p i d l y  th rough  a suspens ion ,  d ragg ing  many s m a l l e r  p a r t i c l e s  a l o n g  i n  

i t s  wake. The wake w i l l  c r e a t e  t u r b u l e n t  e d d i e s  which w i l l  s e r v e  t o  stir 

up o t h e r  s m a l l  p a r t i c l e s .  Also,  f l u i d  moving up t o  r e p l a c e  t h e s e  f a l l i n g  

p a r t i c l e s  w i l l  r e s u l t  i n  a n  upward c o n v e c t i v e  c u r r e n t .  P a r t i c l e  i n t e r -  

a c t i o n s  i n c r e a s e  g r e a t l y  a t  v e r y  h i g h  c o n c e n t r a t  i o n s .  Suspension concen- 

t r a t i o n s  a r e  normal ly  ana lyzed  i n  t h e  r a n g e  of 2  t o  5 grams p e r  l i t e r  

(g/L) (Guy, 1969,  p ,  23) a l t h o u g h  some l a b o r a t o r i e s  r e p o r t  a c c e p t a b l e  

a n a l y s e s  a t  c o n c e n t r a t i o n s  o f  1 0  g / ~  (M. D. Mays, 1981, U.S. S o i l  

Conserva t ion  S e r v i c e ,  w r i t t e n  communication). 



DISCUSSION 

I n  t h e  s t a n d a r d  p i p e t  procedure ,  t h e  wi thdrawal  p i p e t  i s  i n s e r t e d  a  

f i x e d  d e p t h  f o r  each subsample wi thdrawal  ( f i g .  1 ) .  The p i p e t  i s  with- 

drawn t o  d i s p e n s e  t h e  subsample i n t o  a c o n t a i n e r ,  t h e n  a s m a l l  amount of 

d i s t i l l e d  w a t e r  i s  used t o  f l u s h  t h e  p i p e t .  The a u t o p i p e t  does  n o t  use  

t h e  same wi thdrawal  scheme a s  t h e  s t a n d a r d  p i p e t  procedure .  I n  t h e  

a u t o p i p e t  p rocedure ,  t h e  wi thdrawal  t i p  i s  s e t  a t  a  f i x e d  e l e v a t i o n  i n  

t h e  c y l i n d e r ,  and i s  n o t  changed o r  d i s t u r b e d  d u r i n g  t h e  a n a l y s i s .  The 

subsamples are withdrawn by s iphoning .  A presample  i s  withdrawn b e f o r e  

each subsample t o  f l u s h  t h e  l i n e  of m a t e r i a l  d e p o s i t e d  from t h e  suspens ion  

remaining i n  t h e  l i n e  from t h e  p rev ious  sampl ing wi thdrawal  and t o  e q u i l -  

i b r a t e  t h e  wi thdrawal  l i n e  f o r  t h e  subsample. The s t a n d a r d  procedure ,  

t h e n ,  u s e s  two o r  t h r e e  p r e s e l e c t e d  wi thdrawal  d e p t h s  d u r i n g  a  complete  

a n a l y s i s ;  w h i l e  t h e  a u t o p i p e t  withdraws each of t h e  12 subsamples from a  

p r o g r e s s i v e l y  sha l lower  dep th .  The s t a n d a r d  p i p e t  method can be s a i d  t o  

u s e  a  two o r  three-depth  wi thdrawal  scheme w h i l e  t h e  a u t o p i p e t  u s e s  a  

12-depth wi thdrawal  scheme. 

Each scheme has  i t s  advan tages  and d i s a d v a n t a g e s .  The f ixed-eleva-  

t i o n ,  12-depth wi thdrawal  scheme used w i t h  t h e  a u t o p i p e t  minimizes d i s t u r -  

bances  t o  t h e  suspens ion  i n  t h e  c y l i n d e r  which are a  p o t e n t i a l  hazard o f  

t h e  s t a n d a r d  procedure .  On t h e  o t h e r  hand, t h e  wi thdrawal  d e p t h  i s  more 

d i f f i c u l t  t o  p r e d i c t  and c o n t r o l .  Each wi thdrawal  dep th  i s  based on 

average  c y l i n d e r  and t e s t - t u b e  dimensions ,  and a v e r a g e  subsample volumes. 

The s i p h o n i n g  scheme i s  much e a s i e r  t o  automate  t h a n  t h e  s t a n d a r d  mechan- 

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

sample volume from a n  a c c u r a t e l y  s e t  d e p t h .  The a u t o p i p e t ' s  sample 

volume i s  q u i t e  c o n s i s t e n t ;  b u t  u n l e s s  t h e  o p t i c a l  l e v e l  s w i t c h  i s  ca re -  

f u l l y  a d j u s t e d ,  t h e  a b s o l u t e  volume of each subsample may n o t  be  s u f f i -  

i e n t l y  a c c u r a t e .  An i n c o r r e c t  subsample volume means t h a t  a l l  f o l l o w i n g  

subsamples w i l l  b e  c o l l e c t e d  a t  t h e  wrong d e p t h  f o r  t h e  c a l c u l a t e d  p a r t i c l e  

d i a m e t e r s .  The a u t o p i p e t  procedure  has  t w i c e  a s  many wi thdrawals  (pre-  

sample f l u s h  and sample) a s  t h e  c o n v e n t i o n a l  p rocedure ,  and i s  s u s c e p t i b l  e  
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t o  cumula t ive  e r r o r .  C a r e f u l  c o n t r o l  m u s t  be main ta ined ,  t h e r e f o r e ,  of 

a l l  volume-relared components. 

Measurements of t h e  i n t e r n a l  d iamete r  of a  hundred t e s t  t u b e s  r e v e a l e d  

t h a t  about  h a l f  were w i t h i n  t h e  r e q u i r e d  narrow range  and were u s a b l e .  

The t u b e  l e n g t h s ,  however, were v a r i a b l e .  The a u t o p i p e t ,  t h e r e f o r e ,  

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

e l i m i n a t e  e r r o r s  caused by v a r i a b i l i t y  i n  t e s t  t u b e  l e n g t h .  A go/no-go 

gage is s u p p l i e d  w i t h  t h e  a u t o p i p e t  f o r  t e s t i n g  t h e  i n s i d e  d iamete r  of 

replacement  t u b e s ,  The i n t e r n a l  d iamete r  o f  t h e  suspens ion  c y l i n d e r  and 

p i p e t  t u b i n g  a l s o  must b e  w i t h i n  narrow l i m i t s .  

The i n i t i a l  sampling d e p t h  i s  s e t  a t  17 cm a f t e r  t h e  i n i t i a l - c o n c e n -  

t r a t i o n  sample i s  withdrawn. Th is  d e p t h  g i v e s  s u f f i c i e n t  volume f o r  t h e  

1 2  samples.  The 17-cm i n i t i a l  sampl ing dep th  e n s u r e s  t h a t  t h e  f i n a l  

sample w i l l  b e  withdrawn from n e a r  t h e  s u r f a c e .  Thus, t h e  a n a l y s i s  may 

b e  completed w i t h i n  a  r e a s o n a b l e  t ime.  

The volume of  each wi thdrawal  i s  assumed t o  be  removed from above 

and below t h e  t i p  o f  t h e  s iphon  t u b e  i n  equa l  p o r t i o n s .  I n  o t h e r  words,  

each subsample volume is assumed t o  b e  withdrawn from a  h o r i z o n t a l  s l i c e  

c e n t e r e d  a t  t h e  t i p  of t h e  s iphon  tube .  The n t h  subsample w i l l  b e  wi th-  - 

drawn from a  dep th  of 

where h  (cm) i s  t h e  i n i t i a l  dep th  (17.0  cm) ; n  is t h e  wi thdrawal  (sub- 
0 

sample) number; and where ah (cm) is  t h e  a v e r a g e  change i n  w a t e r - s u r f a c e  

e l e v a t i o n  p e r  subsample wi thdrawal ,  which i s  e q u i v a l e n t  t o  t h e  a v e r a g e  

wi thdrawal  volume d i v i d e d  by t h e  a v e r a g e  w e t t e d - s u r f a c e  a r e a  of t h e  

c y l i n d e r .  

With a l l  of  t h e  volume-rela ted i t ems  h e l d  t o  c l o s e  t o l e r a n c e s ,  i t  i s  

p o s s i b l e  t o  w r i t e  a  s i m p l i f i e d  f a l l - t i m e  e q u a t i o n  f o r  30°C: 

where H is t h e  f a l l  d i s t a f i c z  (cm) f o r  t h e  n t h  wi thdrawal  (from Equa t ion  
n  - 

3 ) ,  and p a r t i c l e  d iamete r  d  i s  i n  Um. Th i s  e q u a t i o n  computes t h e  t ime  a t  

which t h e  wi thdrawal  is  h a l f  completed.  The a v e r a g e  s iphoning  t ime  is  



about  t e n  seconds ,  so  f i v e  seconds  must be  s u b t r a c t e d  from t h e  computed 

wi thdrawal  t ime  t o  o b t a i n  t h e  t ime  f o r  b e g i n n i n g  t h e  wi thdrawal .  The u s e  

of Equat ion 4 i s  shown i n  more d e t a i l  i n  Appendix VII. It i s  t h e  b a s i s  

o f  c a l c u l a t i o n s  f o r  a u t o p i p e t  wi thdrawal  t imes .  

SUMMARY 

Both t h e  s t a n d a r d  p i p e t  procedure  and t h e  a u t o p i p e t  u t i l i z e  t h e  same 

basic .  f a l l  v e l o c i t y  p r i n c i p l e s  t o  de te rmine  p a r t i c l e - s i z e  d i s t r i b u t i o n s .  

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

h y d r a u l i c  and e l e c t r i c a l  d e s i g n .  The primary m o d i f i c a t i o n  i s  t h e  u s e  of 

a  f i x e d - e l e v a t i o n ,  12-depth sampl ing scheme i n s t e a d  of mechan ica l ly  

lower ing  t h e  p i p e t  t o  a  predetermined d e p t h .  Other  concess ions  a r e  t h e  

u s e  of an  o p t i c a l  w a t e r - l e v e l  s e n s o r  t o  s t o p  t h e  f low of t h e  s iphon  when 

t h e  c o r r e c t  volume i s  i n  t h e  t e s t  t u b e ,  and t h e  u s e  of a  presample t o  

f l u s h  t h e  s iphon  l i n e  o f  sediment suspens ion  p r i o r  t o  c o l l e c t i n g  t h e  

"keeper" sample. 

C a r e f u l  a t t e n t i o n  t o  l a b o r a t o r y  t e c h n i q u e  shou ld  g i v e  r e s u l t s  similar 

t o  t h o s e  of t h e  s t a n d a r d  p i p e t  procedure .  
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APPENDIX I - PRECAUTIONS, DESCRIPTION, AND INSTALLATION 

PRECAUTIONS 

Opera to r  s a f e t y  should b e  t h e  pr imary concern ,  C e r t a i n  p r e c a u t i o n s  

which may seem obvious  should n o n e t h e l e s s  be  s t a t e d  e x p l i c i t l y .  

1. Only grounded power o u t l e t s  equipped w i t h  g round- fau l t  d e t e c t o r s  
should b e  used.  

2 ,  Unplug t h e  power cord:  

( a )  when working on t h e  equipment,  

(b )  when wate r  i s  s p i l l e d  on o r  abou t  t h e  ins t rument  o r  on t h e  
f l o o r .  

3 .  Secure  l o o s e  c l o t h i n g  when working i n  t h e  v i c i n i t y  o f  moving 
machinery.  

4 .  Opera te  water-bath  h e a t e r  o n l y  when i t  is  immersed. 

5. Do n o t  t e s t  l i v e  c i r c u i t s  w i t h  a n  ohmmeter, because  t o  do s o  w i l l  
d e s t r o y  t h e  meter. Also,  do n o t  t e s t  i n t e g r a t e d  c i r c u i t s  w i t h  
a n  ohmmeter, because  t h e  b a t t e r y  i n s i d e  t h e  meter  may d e s t r o y  
them. 

PHYSICAL DESCRIPTION 

The minimum c o n f i g u r a t i o n  o f  t h e  a u t o p i p e t  c o n s i s t s  of two p a r t s :  

a c o n t r o l  c o n s o l e  and a  sample s t a n d .  A t e m p e r a t u r e - c o n t r o l l e d  w a t e r  

b a t h  i s  o p t i o n a l ,  b u t  i s  s t r o n g l y  recommended u n l e s s  a  temperature-  

c o n t r o l l e d  room is  a v a i l a b l e .  Each c o n s o l e  can  c o n t r o l  from one t o  f o u r  

sample s t a n d s  w i t h o u t  m o d i f i c a t i o n .  Each sample s t a n d  can withdraw 

samples from t h r e e  p i p e t  c y l i n d e r s  s i m u l t a n e o u s l y .  

C o n t r o l  c o n s o l e  

The a u t o p i p e t  is c o n t r o l l e d  from t h e  c o n s o l e  d e p i c t e d  i n  f i g .  2. 

The power s w i t c h  i n  t h e  lower l e f t  c o r n e r  connec t s  t h e  120-vol t  a c  power 

and t h e  i n t e r n a l  b a t t e r i e s  when t u r n e d  on. An ac-power i n d i c a t i n g  lamp 

i s  l o c a t e d  above t h e  power s w i t c h .  The "Heater Current"  meter shows t h e  

e l e c t r i c a l  c u r r e n t  d e l i v e r e d  t o  t h e  h e a t e r  i n  t h e  w a t e r  b a t h .  The meter  

i n  t h e  upper l e f t  shows v o l t a g e  of t h e  28-volt  dc  bus  when t h e  "Test" 





b u t t o n  i s  pushed. The c l o c k  c o u n t e r  i n  t h e  c e n t e r  i n d i c a t e s  t h e  t i m e ,  

i n  seconds ,  fo l lowing  t h e  pushing of t h e  "Star t -Reset"  swi tch .  The 

" S t i r  Alarm" s w i t c h  a c t i v a t e s  t h e  a u d i b l e  and v i s u a l  i n d i c a t o r s  s i g n a l i n g  

when t o  mix t h e  s u s p e n s i o n s  i n  t h e  s iphon  c y l i n d e r s  f o r  each sample s t a n d .  

The r e a r  of t h e  c o n s o l e  h a s  connec tors  f o r  power, water-bath  h e a t e r ,  

h e a t e r  s e n s o r ,  s t i r r i n g  motor (wa te r  b a t h ) ,  and sample s t a n d  c a b l e s .  Two 

c i r c u i t  b r e a k e r s  a r e  a l s o  a t  t h e  r e a r  pane l ,  a  10-amp b r e a k e r  f o r  t h e  

h e a t e r  and 1-amp b r e a k e r  f o r  t h e  power supp ly .  

Sample s t a n d  
-- 

The sample s t a n d  ( f i g .  3) is  a  roughly  c u b i c a l  box c o n t a i n i n g  a l l  

o f  t h e  mechanical  a c t u a t o r s  n e c e s s a r y  t o  c o l l e c t  subsamples from t h e  s iphon  

c y l i n d e r s .  The s l o p i n g  f r o n t  o f  t h e  box s t o p s  j u s t  above t h e  i n t e r n a l  

deck .  A s l o t  w i t h  a  l a r g e  b r a s s  t a b  i s  a t  t h e  t o p  of t h e  v e r t i c a l  f r o n t  

f a c e .  The t a b  i s  p a r t  of t h e  motor s u p p o r t  p l a t e :  swinging t h e  t a b  t o  

t h e  l e f t  p i v o t s  t h e  motor d r i v e  hub away from t h e  t e s t - t u b e  t r a y ,  and 

swinging t h e  t a b  t o  t h e  r i g h t  a l l o w s  t h e  motor t o  advance t h e  t r a y .  The 

t r a y  i t s e l f  is v i s i b l e  when t h e  v e r t i c a l  f r o n t  f a c e  i s  lowered,  d rawbr idge  

f a s h i o n .  The t r a y  i s  removable when t h e  motor d r i v e  hub h a s  been moved 

away from t h e  t r a y .  With t h e  f r o n t  p a n e l  down, t h e  manual s tar t  s w i t c h  

can be  s e e n  i n  t h e  upper l e f t  f r o n t  of t h e  c a v i t y .  The f l o a t  s w i t c h  and 

w e l l  should  b e  v i s i b l e  i n  t h e  l e f t  r e a r .  Also,  t h e  d e t e n t  s o l e n o i d  and 

d e t e n t  p i n  can b e  s e e n  a t t a c h e d  t o  t h e  bot tom of t h e  deck on t h e  upper  

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

c o n n e c t o r  benea th  t h e  l e f t  r e a r  c o r n e r  of t h e  deck. 

R a i s i n g  t h e  t o p  hinged p a n e l  shows t h e  e l e c t r o n i c s  c i r c u i t  board ,  

t h e  t h r e e  s iphon-valve  a s s e m b l i e s  and t ray-advance motor. The motor- 

p o s i t i o n  s w i t c h  and motor a r e  h idden  benea th  t h e  s l o p i n g  f r o n t .  The 

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

are below t h e  deck benea th  t h e  s iphon-valve  a s s e m b l i e s .  Note t h e  l o c a -  

t i o n  numbers on t h e  assembl ies :  t h e s e  d e t e r m i n e  t h e  o r d e r  of placement of 

s i p h o n  t u b i n g  from t h e  c y l i n d e r s .  The 2-amp f u s e  i s  a l s o  v i s i b l e  i n  t he  

l e f t  r e a r  c o r n e r .  





Water b a t h  

F i g u r e  4 shows t h e  wa te r  b a t h  i n c l u d i n g  t h e  h e a t i n g  e lement ,  s t i r r i n g  

motor ,  and h o r i z o n t a l  b a f f l e .  Not shown i s  a v e r t i c a l  b a f f l e  s e p a r a t i n g  

t h e  h e a t i n g  element and s t i r r i n g  motor from t h e  main body of wa te r .  The 

s t i r r i n g  motor l i f t s  t h e  wa te r  from t h e  h o r i z o n t a l  b a f f l e  up a c r o s s  t h e  

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

Dimensions (approx)  

Width Heigh t  Depth Width Heigh t  Depth 

Cont ro l  c o n s o l e  0.43 x 0.24 x 0 .28 m 1 7  x 9 .5  x 1 1 i n  

Sample s t a n d  0.33 x 0.37 x 0.30 m 1 3  x 1 4 . 5  x 12 i n  

Water b a t h  1 . 8  x 0.66 x 0 . 4 1  m 72 x 26 x 1 6  i n  

Power requ i rements  

A 15-amp, 120-Vac (60 Hz) grounded th ree -wi re  power r e c e p t a c l e  w i l l  

s a t i s f y  t h e  power requ i rements  of t h i s  ins t rument .  The a c t u a l  power used 

w i l l  va ry  depending on t h e  h e a t e r  demand, t h e  s t a t e  of c h a r g e  of t h e  

b a t t e r y ,  and on whether  any of t h e  sample s t a n d s  i s  o p e r a t i n g .  The h e a t e r  

i s  r a t e d  a t  1 , 0 0 0  w a t t s .  Each sample s t a n d  u s e s  abou t  80 w a t t s ,  b u t  no 

more t h a n  two ever  o p e r a t e  s imul taneous ly .  

INSTALLATION 

The equipment should  b e  assembled on a s t a b l e ,  s t u r d y  t a b l e  o r  bench 

c a p a b l e  of s u p p o r t i n g  300 pounds (140 kg) of equipment.  The t a b l e  t o p  

shou ld  b e  a t  l e a s t  30-in wide by 72-in l o n g  (0 .76 m x 1 . 8  m) and shou ld  

have a comfor tab le  working h e i g h t .  The t a b l e  shou ld  b e  a c c e s s i b l e  from 

t h r e e  s i d e s .  

The equipment may b e  a r r a n g e d  i n  any conven ien t  f a s h i o n .  One p o s s i b l e  

arrangement  is  shown i n  f i g .  5. There  must b e  s p a c e  behind t h e  wa te r  b a t h  

f o r  t h e  o p e r a t o r ( s )  t o  mix t h e  suspens ions  i n  t h e  c y l i n d e r s  a t  t h e  begin- 

n i n g .  I f  t h e  o p t i o n a l  w a t e r  b a t h  i s  n o t  used ,  t h e  c y l i n d e r s  must b e  
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placed  on a  25.4-cm s t a n d  t o  produce t h e  p roper  s iphon  r a t e .  Each sample 

s t a n d  is p laced  t o  minimize t h e  l e n g t h  of s iphon  t u b i n g  from t h e  c y l i n d e r s  

i n  t h e  w a t e r  b a t h  t o  t h e  s iphon  v a l v e s  w i t h i n  t h e  sample s t a n d .  The 

sample s t a n d s  a r e  p laced  so  t h e  t e s t - t u b e  t r a y s  may b e  i n s t a l l e d  and 

r e t r i e v e d .  The c o n s o l e  c o n t r o l  i s  n o t  shown on t h e  f i g u r e ,  b u t  it shou ld  

be  p laced  s o  t h a t  a l l  c o r d s  'and c a b l e s  r e a c h  t h e i r  p roper  connec tors .  The 

o p e r a t o r  shou ld  b e  a b l e  t o  r e a d  t h e  c l o c k  c o u n t e r  and s e e  t h e  s t i r r i n g  

i n d i c a t o r .  The o p e r a t o r  must a l s o  b e  a b l e  t o  r e a c h  t h e  c lock /a la rm s t a r t  

s w i t c h  a t  t h e  beg inn ing  of t h e  au tomat ic  phase  of t h e  a n a l y s i s .  

The sample s t a n d s  and t h e  l e g s  of t h e  wa te r  b a t h  must r e s t  on t h e  

same s u r f a c e  t o  i n s u r e  t h e  p roper  s i p h o n i n g  r a t e .  T h i s  r a t e  i s  c o n t r o l l e d  

by t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t h e  w a t e r  l e v e l  i n  t h e  c y l i n d e r  

and t h e  t i p  o f  t h e  n o z z l e  below t h e  s iphon  v a l v e  i n  t h e  sample s t a n d .  

Because t h e  w a t e r  l e v e l  d rops  d u r i n g  an  a n a l y s i s ,  t h e  s iphon  r a t e  w i l l  

d e c r e a s e  throughout  t h e  a n a l y s i s .  

APPENDIX I1 - INITIAL STARTUP AND TESTS 

F i l l  t h e  w a t e r  b a t h  w i t h  t a p  w a t e r  and check f o r  l e a k s .  I f  any l e a k s  

a r e  found, d r a i n  t h e  b a t h  and,  when d r y ,  seal w i t h  c l e a r  s i l i c o n e  s e a l e r .  

Ref ill t h e  b a t h  t o  a  d e p t h  of about  e i g h t  i n c h e s  (0.2 m) . P l a c e  t h e  h o r i -  

z o n t a l  b a f f l e  ( s e e  f i g .  4) i n  t h e  bot tom of t h e  b a t h .  The c l o s e l y  spaced 

h o l e s  should b e  n e a r e s t  t o  t h e  h e a t e r  end. Mount t h e  s t i r r i n g  motor and 

check i t s  o p e r a t i o n .  A t t a c h  t h e  t empera tu re  s e n s o r  and h e a t e r  c a b l e s  and 

check t h e i r  o p e r a t i o n .  F i l l  t h e  b a t h  u n t i l  t h e  h e a t i n g  element is  covered.  

CAUTION: BE SURE SUFFICIENT WATER I S  I N  THE BATH BEFORE OPERATION. The 

h e a t e r  i s  c o n t r o l l e d  by t h e  power swi tch  on t h e  f r o n t  pane l ,  t h e  10-amp 

c i r c u i t  b r e a k e r  on t h e  r e a r  of t h e  conso le ,  and by t h e  two p o t e n t i o m e t e r s  

( c o a r s e  and f i n e )  of t h e  t empera tu re  c o n t r o l l e r .  The c o n t r o l l e r  i s  a  

p r o p o r t i o n a l  type .  Hea te r  power may b e  a d j u s t e d  c o n t i n u o u s l y  and smoothly.  

The c c a r s e  ad jus tment  is l o c a t e d  on t h e  c o x t r o l l e r  i n s i d e  t h e  c o n s o l e  and 

t h e  f i n e  ad jus tment  i s  n e x t  t o  t h e  temperature-sensor  connec tor  on t h e  

r e a r  p a n e l .  The c o a r s e  ad jus tment  w i l l  b e  s e t  b e f o r e  shipment.  The f i n e  

ad jus tment  c a n  b e  made by measur ing t h e  b a t h  w i t h  an  a c c u r a t e  (5 O.l°C) 



thermometer,  t h e n  t u r n i n g  t h e  p o t e n t i o m e t e r  screw t o  a d j u s t  t h e  power 

l e v e l  a s  d e s i r e d .  The h e a t e r - c u r r e n t  meter  on t h e  f r o n t  pane l  of t h e  

c o n s o l e  w i l l  i n d i c a t e  t h e  h e a t e r  c u r r e n t .  

The sample c y l i n d e r s  may be  p laced  i n  t h e  w a t e r  b a t h  a f t e r  t h e y  a r e  

f i l l e d  w i t h  wa te r .  Some w a t e r  may have t o  b e  removed from t h e  t a n k  t o  

p r e v e n t  d i s p l a c i n g  b a t h  wa te r  i n t o  t h e  c y l i n d e r s .  The c y l i n d e r s  a r e  

p reven ted  from t i p p i n g  o r  f l o a t i n g  by a t t a c h i n g  t h e  l a t e x  t u b i n g  clamps,  

two f o r  each c y l i n d e r .  The c y l i n d e r  p o s i t i o n s  should b e  numbered t o  

cor respond  t o  p o s i t i o n s  i n  t h e  sample s t a n d s .  Normal usage  would r e q u i r e  

numbering from l e f t  t o  r i g h t  when viewed from t h e  sample-stand s i d e  of 

t h e  b a t h .  A f t e r  add ing  t h e  s t i r r e r ,  p i p e t ,  and l i d  assembly t o  each 

c y l i n d e r ,  t h e  s iphon  t u b i n g  may b e  f i t t e d .  The normal numbering w i t h i n  

each sample s t a n d  i s  shown on f i g .  6 ,  b u t  t h i s  i s  a r b i t r a r y .  Whatever 

scheme i s  chosen should b e  used c o n s i s t e n t l y  through a l l  of t h e  sample 

s t a n d s .  The samples from each c y l i n d e r  c o l l e c t e d  i n  t h e  o u t e r  row w i l l  

b e  d e l i v e r e d  t o  a l t e r n a t e  t e s t  t u b e s  as shown i n  t h e  same f i g u r e .  Note 

a l s o  t h a t  t h e  s e t s  of t h r e e  a l t e r n a t e  - t h e  f i r s t  wi thdrawal  s e t  o f  t h r e e  

i s  t o  f l u s h  t h e  p i p e t  and tub ing .  The second wi thdrawal  s e t  is  t h e  
11 keeper" ,  o r  subsample. A l l  f l u s h  s e t s  may b e  d i s c a r d e d ,  b u t  a l l  subsample 

s e t s  must b e  r e t a i n e d .  It might b e  w i s e  t o  p a i n t  t h e  keeper  s e c t o r s  of 

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

A f t e r  t h e  equipment is  set i n  p l a c e  and c a b l e s  have  been connected,  

s e v e r a l  p r a c t i c e  a n a l y s e s  should b e  performed t o  t r a i n  p e r s o n n e l  and 

v e r i f y  equipment o p e r a t i o n .  A  d r y  t r i a l  r u n  would make good s e n s e  f o r  a n  

i n i t i a l  t r y .  Clamping o r  p inch ing  t h e  s iphon  t u b e s  i s  a l l  t h a t  i s  r e q u i r e d .  

P roper  o p e r a t i o n  of t h e  equipment can  b e  v e r i f i e d  by f o l l o w i n g  t h e  proce- 

d u r e  i n  Appendix IV and check ing  t i m e s  w i t h  t h e  c l o c k  c o u n t e r  o r  a  s top-  

watch.  When s a t i s f i e d ,  a  wet r u n  w i t h  t a p  w a t e r  c a n  b e  used t o  t e s t  

o p e r a t o r  d e x t e r i t y  and t o  check f o r  l e a k s .  

F i e l d  samples shou ld  b e  e n t r u s t e d  o n l y  t o  p r o p e r l y  t r a i n e d  o p e r a t o r s  

u s i n g  thoroughly  unders tood equipment. 
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Figu re  6. --Arrangement of  t e s t  tubes  i n  t r a y ,  viewed from above. 



APPENDIX I11 - SAMPLE PREPARATION 

PRE-OPERATION SAMPLE PREPARATION 

A sample r e c e i v e d  from t h e  f i e l d  must undergo t r e a t m e n t  b e f o r e  i t  

can  b e  ana lyzed .  The p r e f e r r e d  c o n d i t i o n  o f  a sample ready f o r  a n a l y s i s  

I) f r e e  of o r g a n i c  m a t t e r  ( s e e d s ,  t w i g s ,  l e a v e s ) ,  

2)  low i n  d i s s o l v e d  s o l i d s ,  

3 )  f r e e  of c o a r s e  sed iments ;  t h a t  i s ,  a l l  sed iments  c o a r s e r  t h a n  
62 u m ,  

4) i n  t h e  sediment  c o n c e n t r a t i o n  r a n g e  from 2 t o  5 g / ~ ,  

5) chemica l ly  and mechan ica l ly  d i s p e r s e d ,  and 

6 )  a t  a uniform,  s t a b l e  t empera tu re .  

Each o f  t h e s e  a s p e c t s  of t h e  p r e f e r r e d  c o n d i t i o n  removes a s o u r c e  o f  

measurement i n t e r f e r e n c e  o r  a d j u s t s  t h e  sample t o  optimum subsampling 

c o n d i t i o n .  Each a s p e c t  w i l l  b e  d i s c u s s e d  a l o n g  w i t h  t h e  procedure .  

1 )  Organic m a t t e r  i n t e r f  e r e s  w i t h  s e t t l i n g  of i n o r g a n i c  sed iments ,  

i n t r o d u c e s  weighing e r r o r s ,  and could  c l o g  s m a l l  passages  and n o z z l e s  of 

t h e  a u t o p i p e t .  Guy (1969, p. 26) g i v e s  t h e  f o l l o w i n g  p rocedure  f o r  

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

from t h e  s e t t l e d  sample from t h e  f i e l d :  

"Add 5 mL of  6 p e r c e n t  s o l u t i o n  of hydrogen p e r o x i d e  f o r  each gram 
of (d ry)  sample which is c o n t a i n e d  i n  40 niL w a t e r .  S t i r  thoroughly  
and cover .  Large  f ragments  of o r g a n i c  m a t t e r  may b e  skimmed o f f  a t  
t h i s  s t a t e  i f  i t  can  b e  assumed t h a t  t h e y  a r e  f r e e  of sediment 
p a r t i c l e s .  I f  o x i d a t i o n  is  s low,  o r  a f t e r  i t  h a s  slowed, t h e  mix- 
t u r e  i s  h e a t e d  t o  93OC and s t i r r e d  o c c a s i o n a l l y .  The a d d i t i o n  of 
more of t h e  hydrogen p e r o x i d e  s o l u t i o n  may b e  n e c e s s a r y  t o  complete  
t h e  o x i d a t i o n .  A f t e r  t h e  r e a c t i o n  h a s  comple te ly  s topped ,  wash t h e  
sediment two o r  t h r e e  t i m e s  w i t h  d i s t i l l e d  w a t e r . "  

L. L ,  McDowell (U. S. A g r i c u l t u r a l  Research S e r v i c e ,  w r i t t e n  communi- 

c a t i o n ,  1981) h a s  found b e t t e r  r e s u l t s  a r e  o b t a i n e d  by add ing  10 t o  20 mL 

o f  30 p e r c e n t  hydrogen p e r o x i d e  s o l u t i o n  and d i g e s t i n g  o v e r n i g h t  a t  room 

tempera tu re .  An a d d i t i o n a l  1 0  mL i s  added t h e  n e x t  morning and t h e  sample 



i s  d i g e s t e d  on a  h o t  p l a t e  w i t h  o c c a s i o n a l  s t i r r i n g  t o  reduce  foaming. 

McDowell a l s o  n o t e s  t h a t  a  s l i g h t l y  a c i d  (pH5) suspens ion  is r e q u i r e d  f o r  

e f f i c i e n t  o x i d a t i o n  of t h e  o r g a n i c  m a t t e r .  The s o i l  o r  sediment i n  

suspens ion  must b e  non-calcareous.  An a l k a l i n e  suspens ion  c a u s e s  r a p i d ,  

e x c e s s i v e  decomposi t ion of t h e  hydrogen perox ide  w i t h  a  r a p i d  g e n e r a t i o n  

of oxygen g a s .  

2)  Low d i s s o l v e d  s o l i d s  a r e  d e s i r a b l e  t o  minimize unwanted f loccu-  

l a t i o n  o r  d i s p e r s i o n  by t h e s e  s a l t s .  Decant ing t h e  c l e a r  w a t e r  p r i o r  t o  

t h e  p rev ious  s t e p  should s e r v e  t o  remove s u f f i c i e n t  d i s s o l v e d  s o l i d s .  

Decant ing may b e  accomplished by c a r e f u l  pour ing ,  by u s i n g  a  j-shaped 

s u c t i o n  t u b e ,  o r  by u s i n g  a commercially a v a i l a b l e  ceramic  f i l t e r  t u b e  

( a l s o  c a l l e d  a f i l t e r  cand le )  t o  remove t h e  s u p e r n a t a n t  w a t e r  and s a l t s .  

3) Coarse sediment i n t e r f e r e s  w i t h  normal s e t t l i n g  of f i n e  p a r t i c l e s ,  

c r e a t i n g  t u r b u l e n t  wakes which a g i t a t e  t h e  m i x t u r e  and i n c r e a s e  t h e  f a l l  

v e l o c i t y  of s m a l l  p a r t i c l e s .  The p a r t i c l e s  f a l l  t o o  r a p i d l y  t o  b e  ana- 

l y z e d  a c c u r a t e l y  i n  a  s h o r t  p i p e t  column. Also,  c o a r s e  m a t e r i a l  d e p o s i t s  

i n  t h e  t u b i n g  and passages  of t h e  a u t o p i p e t .  Two procedures  f o r  removing 

c o a r s e  p a r t i c l e s  i n  c u r r e n t  p r a c t i c e  a r e  t h e  i n i t i a l - b r e a k  t u b e  method 

and t h e  wet-s ieve method. 

The i n i t i a l - b r e a k  t u b e  method s e p a r a t e s  p a r t i c l e s  by f a l l  d i a m e t e r .  

An a p p a r a t u s  i s  shown i n  f i g .  7.  The t u b e  should b e  from one t o  two 

i n c h e s  i n  d iamete r  ( 2 . 5  t o  5.0 cm) and one t o  t h r e e  f e e t  l o n g  (30 t o  90 cm). 

The t a p e r e d  s e c t i o n  a t  t h e  bottom is  n o t  t o o  c r i t i c a l ;  b u t  a n  a n g l e  of 

30 d e g r e e s  o r  l e s s  w i t h  t h e  v e r t i c a l  i s  p r e f e r r e d .  The t u b e  i s  similar 

t o  t h e  bottom-withdrawal t u b e  d e s c r i b e d  i n  Rept.  7  (ICWR, 1943) and 

Rept.  1 0  (ICWR, 1953) .  The d i s t a n c e  from t h e  v i sua l -accumula t ion  t u b e  

clamp (ICWR, 1957) a t  t h e  t o p  and t h e  pinch clamp a t  t h e  bot tom should b e  

measured c a r e f u l l y .  T h i s  d i s t a n c e  ( c e n t i m e t e r s )  d i v i d e d  by t h e  f a l l  

v e l o c i t y  ( c e n t i m e t e r s  p e r  second) of a  62-um p a r t i c l e  f a l l i n g  i n  wa te r  of 

t h e  same tempera tu re  (0.433 cm/sec a t  30°C) g i v e s  t h e  f a l l  t ime  f o r  t h a t  

p a r t i c l e  between t h e  clamps.  The t u b e  i s  f i l l e d  w i t h  d i s t i l l e d  w a t e r .  



H ) Glass  tube 

Internal diameter 

F i g u r e  7 .  - -Poss ib le  i n i t i a l - b r e a k  t u b e  arrangement .  The d i s t a n c e  H 
d i v i d e d  by t h e  f a l l  v e l o c i t y  of a  62-micrometer p a r t i c l e  computed 
from Equat ion 1 w i l l  g i v e  t h e  i n i t i a l - b r e a k  wi thdrawal  t ime  f o r  t h e  
s p e c i f i e d  t empera tu re .  Note t h a t  t h e  d i s t a n c e  from t h e  f i l l  l i n e  
above t h e  upper p inch  clamp t o  t h a t  clamp shou ld  be  s m a l l  r e l a t i v e  
t o  t h e  d i s t a n c e  between t h e  clamps. 



Next t h e  sample i s  mixed w i t h  t h e  w a t e r  i n  t h e  t u b e  above t h e  upper clamp. 

The clamp i s  opened and a s topwatch i s  s t a r t e d .  The m a t e r i a l  i s  allowed 

t o  s e t t l e  f o r  t h e  computed f a l l  t ime.  The upper clamp i s  c losed  and t h e  

c o a r s e  f r a c t i o n  is immediately removed by opening t h e  bottom p inch  clamp. 

The remainder ,  c o n s t i t u t i n g  a l l  of  t h e  f i n e  p a r t i c l e s  f o r  pipet: a n a l y s i s ,  

i s  d r a i n e d  i n t o  a  s e p a r a t e  beaker  by opening both  clamps and f l u s h i n g  

w i t h  d i s t i l l e d  w a t e r ,  

The a l t e r n a t e  method of  i n i t i a l  s e p a r a t i o n  i s  t h e  we t - s ieve  method 

d e s c r i b e d  by Guy (1969, p. 28):  u s i n g  a  g e n t l e  j e t  of wa te r  t o  wash t h e  

f i n e r  p a r t i c l e s  through a 250-mesh (62 pm) s i e v e .  "The s i e v e  is  t i l t e d ,  

r o t a t e d ,  and tapped g e n t l y  t o  f a c i l i t a t e  t h e  washing procedure ."  The 

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

m a t e r i a l  i s  f o r  s e p a r a t e  a n a l y s i s ,  u s u a l l y  by v i sua l -accumula t ion  tube .  

4 )  The sediment  c o n c e n t r a t i o n  should b e  a d j u s t e d  b e f o r e  a n a l y s i s .  

Too h i g h  a c o n c e n t r a t i o n  l e a d s  t o  t o o  much i n t e r f  e r e n c e  between p a r t i c l e s ,  

w h i l e  t o o  low a c o n c e n t r a t i o n  i n c r e a s e s  weighing e r r o r s .  The optimum 

r a n g e  i s  from 2  t o  5 g / ~ .  I f  the  beaker  c o n t a i n i n g  t h e  f i n e  f r a c t i o n  i s  

e s t i m a t e d  t o  c o n t a i n  between 2  and 5  g  of sediment ,  t h e n  a l l  t h a t  remains  

i s  add d i s p e r s a n t s ,  mix, and t o  d i l u t e  t o  one  l i t e r  w i t h  d i s t i l l e d  wa te r .  

I f  i n s u f f i c i e n t  m a t e r i a l  is  p r e s e n t  ( <  2 g) t h e  o p e r a t o r  must d e c i d e  i f  

t h e  i n c r e a s e d  weighing e r r o r s  j u s t i f y  t h e  a n a l y s i s .  Use o f  a  s m a l l e r  

c y l i n d e r  i s  n o t  p o s s i b l e  because  t h e  p r e s e t  sample wi thdrawal  t i m e s  a r e  

computed f o r  drawdown i n  t h e  s t a n d a r d  c y l i n d e r .  I f  more t h a n  5 g  m a t e r i a l  

i s  p r e s e n t ,  a  Jones  s p l i t t e r  may b e  used t o  r e d u c e  t h e  mass of m a t e r i a l  

t o  a n  a c c e p t a b l e  amount. 

5) Chemical and mechanical  d i s p e r s i o n  is  n e c e s s a r y  t o  b r e a k  up 

f l o c c u l e s  formed d u r i n g  s t o r a g e  and t o  minimize a d d i t i o n a l  f l o c c u l a t i o n  

d u r i n g  t h e  a n a l y s i s ,  Also a  s t a n d a r d i z e d  p r e p a r a t i o n  method a l l o w s  

a n a l y t i c a l  r e s u l t s  t o  b e  compared on t h e  b a s i s  of p a r t  i c l e - s i z e  d i f f e r e n c e s  

wi thou t  t h e  i n f l u e n c e  of v a r i a b l e  w a t e r - q u a l i t y  c h a r a c t e r i s t i c s .  The 

N a t i o n a l  handbook of recommended methods (work group 3 on sediment ,  
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1978, p. 95) g i v e s  t h e  f o l l o w i n g  r e c i p e  f o r  t h e  d i s p e r s a n t :  

"40.0 g  of sodium metaphosphate  and 8.0 g of sodium b i c a r b o n a t e  i n  
d i s t i l l e d  water  d i l u t e d  t o  1 . 0  L.  A f t e r  add ing  t h e  d i s p e r s i n g  
a g e n t ,  (1 )  t r a n s f e r  t h e  sample t o  a  2.50-mL shaker  b o t t l e ,  add ing  
d i s t i l l e d  wa te r  t o  b r i n g  t h e  volume t o  180 mL, and shake  o v e r n i g h t  
i n  a  h o r i z o n t a l  r e c i p r o c a t i n g  s h a k e r ,  o r  (2)  s t i r  w i t h  a mechanical  
a n a l y s i s  s t i r r e r  (mal t  machine) f o r  2  t o  5 minutes . ' '  

Ten mL, of d i s p e r s a n t  shou ld  b e  added p e r  gram of sediment .  The d i s p e r s a n t  

shou ld  b e  added b e f o r e  t h e  5-min mixing i n  a  mechanical  mixer ,  t h e n  t h e  

s u s p e n s i o n  should b e  r i n s e d  i n t o  t h e  p i p e t  c y l i n d e r  and d i l u t e d  t o  one  

l i t e r .  

6) The t empera tu re  of t h e  suspens ion  shou ld  b e  a l lowed t o  become 

uniform and s t a b l e .  Uniformity  of t e m p e r a t u r e  is  n e c e s s a r y  t o  minimize 

dens i ty - induced  convec t ion  c u r r e n t s .  Temperature s t a b i l i t y  is  n e c e s s a r y  

t o  c o n t r o l  f l u i d  v i s c o s i t y  and m a i n t a i n  t empera tu re  u n i f o r m i t y .  G e n e r a l l y ,  

a  few h o u r s  i n  t h e  t empera tu re -con t ro l l ed  w a t e r  b a t h  w i l l  s u f f i c e  t o  

s t a b i l i z e  t h e  w a t e r  t e m p e r a t u r e  t n  a  c y l i n d e r .  P i p e t  a n a l y s e s  may b e  

performed i n  a  cons tan t - t empera tu re  room. P r i o r  e x p e r i e n c e  w i l l  have  t o  

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

c a s e .  

APPENDIX I V  - OPERATIONAL PROCEDURE 

START PROCEDURE 

Once t h e  suspens ion  h a s  been p repared  a c c o r d i n g  t o  p rocedures  g iven  

i n  Appendix 111, "Sample P r e p a r a t i o n " ,  t h e  a n a l y s i s  may proceed.  The 

s t a r t i n g  p rocedure  w i l l  b e  d e s c r i b e d  f o r  t h r e e  s imul taneous  a n a l y s e s  

w i t h  one sample s t a n d .  I f  fewer a n a l y s e s  are t o  b e  performed, make 

a p p r o p r i a t e  c o r r e c t i o n s .  I f  m u l t i p l e  sample  s t a n d s  a r e  t o  b e  used,  

a p p r o p r i a t e  comments a r e  i n c l u d e d .  

1) Empty t h e  t r e a t e d  sample i n t o  t h e  c y l i n d e r  and add s u f f i c i e n t  

d i s t i l l e d  w a t e r  t o  b r i n g  t h e  volume t o  a  l i t e r  a s  i n d i c a t e d  by t h e  t o p  

l i n e  on t h e  c y l i n d e r .  P l a c e  one mixing p lunger  and one s iphon  assembly 
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i n t o  each p i p e t  c y l i n d e r .  The d e s i r e d  p a t t e r n  f o r  c,onnecting s iphon  

a s s e m b l i e s  t o  t h e  sample s t a n d  i s  i n d i c a t e d  i n  f i g s .  3 and 5. Check t o  

s e e  t h a t  t h e  s iphon t u b e  does  n o t  i n t e r f e r e  w i t h  t h e  movement of t h e  

p lunger .  Remove t h e  t e s t  t u b e  tra.y.  P l a c e  a c l e a n  150-mL beaker  

benea th  t h e  d e s i r e d  n o z z l e  i n s i d e  t h e  sample s t a n d .  S t i r  t h e  m i x t u r e  

s t e a d i l y  f o r  one minute,  t h e n  push t h e  s o l e n o i d  val .ve open w h i l e  c o n t i n -  

u ing  t o  s t i r  t h e  suspens ion .  S t i r  v i g o r o u s l y  t o  prime t h e  s iphon .  I f  

t h e  s o l e n o i d  is  pushed d u r i n g  a  lower ing  of t h e  p lunger ,  s iphon  a c t i o n .  

shou ld  s t a r t .  A f t e r  s iphon  a c t i o n  s t a r t s ,  c o n t i n u e  s iphoning  u n t i l  t h e  

w a t e r  s u r f a c e  is a t  t h e  second l i n e  on t h e  c y l i n d e r ,  about 130 mL. T h i s  

subsample i s  t o  de te rmine  t h e  i n i t i a l  c o n c e n t r a t i o n  of t h e  mix ture .  

Return t h e  t e s t  tube  t r a y  t o  t h e  sample s t a n d ,  F i n a l l y ,  a d j u s t  t h e  

s iphon  t u b e  s o  t h a t  t h e  mark is  a t  wa te r  l e v e l ,  1.7.0 cm (6 .69  i n )  above 

t h e  t i p .  Repeat t h e  above p rocedure  f o r  a l l  o t h e r  c y l i n d e r s  be ing  

a n a l y z e d ,  i n c l u d i n g  t h o s e  f o r  o t h e r  sample s t a n d s ,  b e f o r e  proceeding.  

Turn on t h e  S t i r  Alarm swi tch  on t h e  lower r i g h t  of t h e  c o n s o l e  f r o n t  

pane l  ( f i g .  2) i f  more t h a n  one  sample s t a n d  w i l l  b e  used.  

2 )  When a l l  i s  ready ,  mix t h e  sample w i t h  t h e  plunger  f o r  one 

minute .  Push t h e  plunger  t o  t h e  bottom, c e a s e  s t i r r i n g ,  and immediately 

push t h e  s t a r t  b u t t o n  on t h e  c o n t r o l  c o n s o l e  ( s e e  f i g .  2 ) .  CAUTION! T h i s  

b u t t o n  is  pushed o n l y  once (even f o r  12 s imul taneous  a n a l y s e s )  t o  i n i t i a t e  

t h e  t i m e  p r o c e s s .  Do - n o t  push t h e  s t a r t  b u t t o n  f o r  each c y l i n d e r  - n o r  f o r  

each sample s t a n d  because  each push r e s e t s  t h e  b a s i c  t ime  c o u n t e r  c i r c u i t .  

With p r a c t i c e ,  a n  o p e r a t o r  can  mix two c y l i n d e r s  a t  once.  Two persons  

a r e  r e q u i r e d  t o  mix a l l  t h r e e  c y l i n d e r s .  

One minute  a f t e r  t h e  s t a r t  b u t t o n  is  pushed, t h e  red  lamp on t h e  

f r o n t  (upper  r i g h t )  of t h e  c o n s o l e  l i g h t s .  Th i s  i s  t h e  s i g n a l  t o  s t a r t  

mixing t h e  c y l i n d e r ( s )  f o r  t h e  n e x t  sample s t a n d .  The lamp glows f o r  t h e  

one-minute mixing per iod ,  t h e n  a s  i t  t u r n s  o f f  an  a u d i b l e  "beep" i s  

sounded. S top  mixing.  Rest  u n t i l  t h e  r e d  lamp l i g h t s  a g a i n  (abou t  o n e  

minute)  w h i l e  p r e p a r i n g  t o  mix t h e  c y l i n d e r ( s )  i n  t h e  nex t  sample s t a n d .  

Repeat t h i s  p r o c e s s  u n t i l  t h e  c y l i n d e r ( s )  i n  t h e  l a s t  sample s t a n d  h a v e  

been mixed. The S t i r  Alarm s w i t c h  may b e  tu rned  o f f  a f t e r  t h e  f i n a l  

mixing.  Turning o f f  t h e  s w i t c h  is  n o t  c r i t i c a l ,  however. 
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Each sample s tand  con ta ins  a l l  necessary t imers  and c o n t r o l s  f o r  with- 

drawing a  subsample from each of t h r e e  sample c y l i n d e r s  a f t e r  r ece iv ing  a 

s t a r t  pu lse  from t h e  console.  That is,  once t h e  s t a r t  pu lse  is  rece ived ,  

t h e  sample s tand  withdraws a  sample from t h e  t h r e e  c y l i n d e r s  and then  

advances t h e  t e s t - t ube  t r a y .  A normal cyc l e  c o n s i s t s  of a  s t a r t  pu l se  

from t h e  con t ro l  console  which i n i t i a t e s  a  pre l iminary  ("flush") c y c l e  

followed 23 seconds l a t e r  by another  s t a r t  pu l se  which i n i t i a t e s  a  sub- 

sampling ("keeper") cyc le .  

The au topipe t  can b e  l e f t  unattended u n t i l  t h e  subsampling is  com- 

p l e t e ,  i n  about 2% hours .  The machine is s e t  t o  c o l l e c t  subsamples f o r  

62, 31, 16,  8 ,  4 ,  and 2 ym s i z e s  without  f u r t h e r  opera tor  a t t e n t i o n .  The 

ope ra to r  (and a s s i s t a n t )  a r e  now f r e e  t o  prepare  succeeding samples, weigh 

p r i o r  samples, o r  do any o the r  necessary a c t i v i t i e s .  

APPENDIX V - CIRCUIT DESCRIPTIONS 

Control console  

The con t ro l  console  con ta ins  a l l  power s u p p l i e s  and c o n t r o l s ,  and 

necessary  c i r c u i t r y  t o  i n i t i a t e  withdrawal cyc l e s  by each sample s tand  a t  

t h e  proper t ime. A b lock  diagram i s  given i n  f i g .  8, which shows t h e  s i x  

fundamental s u b c i r c u i t s  : 

1 )  power supply, 

2) t ime base  and c lock  counter ,  

3) s t i r r i n g  t imer w i th  i n d i c a t o r s ,  

4 )  withdrawal-time decoder ,  

5) end-of-analysis (EOA) decoder,  and 

6) water-bath h e a t e r  c o n t r o l .  

Power supply 

Three dc vo l t ages  (5 ,  12 ,  and 28 v o l t s )  a r e  r equ i r ed  by t h e  c i r c u i t s  

i n  t h e  con t ro l  console .  The 28-volt supply i s  used by t h e  c lock  counter  

and t h e  aud ib l e  i n d i c a t o r .  The programable l o g i c  a r r a y  (PLA) and i t s  
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b u f f e r s  r e q u i r e  5  v o l t s  and a l l  o t h e r  l o g i c  elements r e q u i r e  12 v o l t s .  

Both 5 v o l t s  and 12  v o l t s  a r e  der ived  from t h e  28-volt supply. Because 

a  power i n t e r r u p t i o n  would d i s r u p t  ana lyses  i n  progress ,  t h e  28-volt 

supply i s  backed by a 24-volt, 2.5 ampere-hour, sea led  lead-acid b a t t e r y .  

The power supply c i r c u i t s  ( f i g ,  9)  a r e  convent iona l  i n  design.  The 

120-Vac power i s  passed through t h e  1-amp c i r c u i t  b reaker  t o  t h e  step-down 

t ransformer ,  TI ,  which conver t s  it  t o  35-Vac. Capac i tors  C l l O  and C l l l  

provide some f i l t e r i n g  b e f o r e  r e c t i f y i n g  t h e  ac  t o  dc  i n  t h e  d iode  b r i d g e  

CR109-112. Addi t iona l  f i l t e r i n g  is  provided by t h e  3-ohm, 5-watt r e s i s t o r  

(Rl21) and t h e  1500-microfarad (pF) c a p a c i t o r .  A 12-vol t  r e g u l a t o r  (IC32),  

b iased  by r e s i s t o r s  R l l O  and R120, r e g u l a t e s  t h e  ou tput  a t  28 v o l t s .  

Diode CR113 p r o t e c t s  t h e  r e g u l a t o r  from t h e  b a t t e r y  when t h e  120-Vac power 

i s  OFF and t h e  power swi tch  is  ON. R e s i s t o r  R118 l i m i t s  t h e  charging 

c u r r e n t  t o  t h e  b a t t e r y ,  and d iode  CR108 conducts  b a t t e r y  c u r r e n t  when t h e  

28-volt bus  f a l l s  below about  27 v o l t s  and t h e  power swi tch  is  ON. 

Capac i tor  C104 (0 .1  pF) l i m i t s  c u r r e n t  surges .  R e s i s t o r s  R l O l  and R102 

l i m i t  c u r r e n t  flow t o  t h e i r  r e s p e c t i v e  r e g u l a t o r s .  Capac i tors  C101, 102, 

and 103 smooth t h e  r e g u l a t o r  ou tpu t s .  

Another r egu la t ed  supply,  t h e  24-volt sou rce  f o r  t h e  c lock  counter ,  

c o n s i s t s  of R117, C108, CR106, and 92. I f  t h e  120-Vac power f a i l s ,  

b a t t e r y  power i s  suppl ied  through CR105. I n  t h i s  event ,  t h e  counter  w i l l  

con t inue  count ing b u t  t h e  d i sp l ay  w i l l  go o f f .  The d i s p l a y  w i l l  show t h e  

c o r r e c t  r ead ing  when 120-Vac power is  r e s t o r e d .  

Except f o r  t h e  water-bath h e a t e r  c o n t r o l ,  t h e  remainder of t h e  sub- 

c i r c u i t  p a r t s  a r e  on t h e  wire-wrap board ( f i g .  10) and a r e  shown schemat- 

i c a l l y  i n  f i g .  11. 

Time base  and c l o c k  counter  

IC30, t h e  t i m e  ba se  o s c i l l a t o r ,  h a s  a frequency of 4,194,304 Hz. IC29 

is  a 21-stage b ina ry  counter  which reduces t h e  o s c i l l a t o r  frequency t o  

2  Hz. F l ip - f lop  IC28A d i v i d e s  t h e  2-Hz s i g n a l  t o  1 Hz i f  r e s e t  p in  4 i s  

low. The 1-Hz s i g n a l  is counted by t h e  f ron t -pane l  c lock  counter  which 
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d i s p l a y s  t h e  elapsed time (seconds) s i n c e  r e s e t .  The 1-Hz s i g n a l  i s  a l s o  

used by t h e  s t i r r i n g  t imer (IC 23, IC24) and t h e  withdrawal-time decoder 

(IC7, I C 1 2 ,  and IC13). 

S t i r r i n g  t imer wi th  i n d i c a t o r s  

Decade counters  IC23 and IC24 a r e  enabled by t h e  stir alarm swi tch  

on t h e  f r o n t  panel  of t h e  c o n t r o l  console .  Af te r  they have been enabled,  

IC23 d iv ides  t h e  1-Hz time base  by 10 and IC24 d i v i d e s  i t  f u r t h e r  by 6. 

The four  ga t e s  of IC22 a s s u r e  an  exact  divide-by-60, o therwise  t h e  f i r s t  

pu l se  would b e  a t  60 seconds and a l l  o the r  pu l se s  would b e  100 seconds 

a p a r t .  The output  of IC22D is  t ransmi t ted  t o  t h e  c l o c k l i n e  of IC25A. 

This  s i g n a l  causes  f l i p - f l o p  IC25A t o  a l t e r n a t e l y  a c t i v a t e  t h e  l i g h t -  

emi t t i ng  diode (LED) stir i n d i c a t o r  through t r a n s i s t o r  Q 1  and t h e  a u d i b l e  

i n d i c a t o r  through g a t e  IC15C. C109 and R 1 1 3  d i f f e r e n t i a t e  t h e  pos i t i ve -  

going input  t o  IC15C t o  produce a  s h o r t  pu l se  so only  a  s h o r t  "beep" is  

heard. 

Withdrawal-time decoder 

The 1-Hz s i g n a l  a t  t h e  "Q" ou tput  of IC28A is accumulated i n  counters  

IC7 and IC12, which a r e  connected t o  form a  14-stage b ina ry  counter .  A l l  

ou tpu t s  of bo th  counters  a r e  connected t o  t h e  PLA through a  12-volt  t o  

5-volt bu f f e r  (IC1, IC6, and IC11). When t h e  PLA senses  a  match between 

t h e  b inary  t ime count from IC7 and 12 and t h e  programmed code, i t  drops 

t h e  app ropr i a t e  output  vo l t age ,  which i s  buffered  from 5  v o l t s  back t o  

1 2  v o l t s  by IC3 and passed on t o  t h e  app ropr i a t e  sample s tand  a s  a  s t a r t  

pu lse .  Whenever an  output  l i n e  is grounded, an LED i n d i c a t o r  on t h e  I C  

board l i g h t s .  These i n d i c a t o r s  s e r v e  only  a s  d i a g n o s t i c  a i d s .  

End-of-analysis decoder 

When a l l  withdrawals  have been completed, t h e  decoder h a l t s  t h e  1-Hz 

t ime base.  Withdrawal completion is  sensed by IC13, an 8-input AND gate .  

When t h e  vo l t age  a t  a l l  e igh t  input  l i n e s  is  h igh ,  IC13's output  a l s o  



goes h igh .  Capaci tor  C105 and r e s i s t o r  R103 d i f f e r e n t i a t e  t h e  r i s i n g  

v o l t a g e  which g a t e  IC15A conve r t s  t o  a  narrow pulse .  Th i s  pu l se ,  i n  

t u r n ,  i s  i n v e r t e d  by g a t e  IC27D t o  r e s e t  f l i p - f l o p  IC28B.   he output  of 

IC28B r e s e t s  IC28A which h a l t s  t h e  1-Hz time base .  With t h e  t ime base  

h a l t e d ,  t h e r e  i s  no p o s s i b i l i t y  of  r e c y c l i n g  through t h e  withdrawal 

schedule  i n a d v e r t e n t l y .  

Water ba th  h e a t e r  c o n t r o l  

A commercial h e a t e r  c o n t r o l  w i th  a  coa r se  and f i n e  adjustment  i s  

used t o  a d j u s t  t h e  temperature  of t h e  water  b a t h  ( f i g .  9 ) .  The s tandard  

PLA has been coded w i t h  withdrawal t imes c a l c u l a t e d  f o r  30' Cel s iu s .  The 

b a t h  temperature  should be  ad jus t ed  t o  w i t h i n  & O  of t h i s  va lue .  

Sample s t a n d  

When t h e  s t a r t  pu l se  i s  r ece ived ,  a l l  t h r e e  siphon-valve so l eno ids  

a c t i v a t e  ( f i g .  3 ) .  Each so l eno id  moves a  f l a t  s p r i n g  t o  open t h e  s iphon 

tube  and t o  a c t i v a t e  t h e  snap-act ion swi tch .  Moving t h e  f l a t  s p r i n g  

a l l ows  t h e  suspens ion  t o  flow from t h e  c y l i n d e r  through t h e  s iphon tub ing ,  

through t h e  p l a s t i c  nozz l e  below t h e  deck, and i n t o  t h e  t e s t  t ube  cen te red  

below t h e  nozz le .  When t h e  meniscus passes  t h e  beam of t h e  i n f r a - r ed  lamp 

( IRLED)  below t h e  upper a r m  o f  t h e  rest tube ,  t h e  beam i s  d i v e r t e d  away 

from t h e  s enso r ,  t h e  so l eno id  r e l a x e s  and t h e  f l a t  s p r i n g  c l o s e s  t h e  siphon 

tube .  Each s iphon is  c losed  i n d i v i d u a l l y  when i ts  water - leve l  sensor  i s  

a c t i v a t e d .  Af t e r  a l l  t h r e e  siphon-valve so l eno ids  have r e l axed ,  t h e  d e t e n t  

so l eno id  momentarily moves t h e  d e t e n t  p in  o u t  of a  notch on t h e  r i m  of t h e  

t e s t - t u b e  t r a y  w h i l e  t h e  t r a y  advance motor r o t a t e s  t h e  t r a y .  When t h e  

d e t e n t  p i n  drops i n t o  t h e  next  no tch ,  t h e  motor s t o p s  and t h e  withdrawal 

c y c l e  is  complete. 

The c i r c u i t  schematic  f o r  t h e  sample s t and  i s  shown on f i g .  12.  The 

c i r c u i t  n-iay be  d iv ided  i n t o  t h e  fo l lowing  s u b c i r c u i t s  f o r  b e t t e r  under- 

s t and ing :  

1 )  power supply,  

2) s t a r t  c i r c u i t ,  
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3) LED and siphon so lenoid  t imer ,  

4) i nd iv idua l  siphon so lenoid  c o n t r o l ,  c o n s i s t i n g  of 

a )  f l i p - f l o p  so lenoid  d r i v e r  

b) water- level  sensor  

c )  f l i p - f l o p  r e s e t ,  

5) d e t e n t  solenoid t imer and d r i v e r ,  and 

6 )  t e s t - t ube  t r a y  motor con t ro l .  

P a r t s  on t h e  e l e c t r i c a l  c i r c u i t  board may be  loca t ed  using f i g .  13. 

Sample s t and  power supply  

This  supply r ece ives  i t s  power from t h e  f28-volt  console  supply. 

Power may be i n t e r r u p t e d  by t h e  2-amp fuse ,  t h e  f l o a t  switch,  and t h e  

t r ay - t ab l e  l i m i t  switch. The f l o a t  switch prevents  opera t ion  i f  t h e r e  i s  

a s p i l l  o r  overflow. The l i m i t  switch s h u t s  o f f  t h e  machine a f t e r  t h e  

l a s t  withdrawal.  Capacitor C211 provides cont inua t ion  of power f o r  shor t -  

term power i n t e r r u p t i o n s  o r  d i p s  i n  t h e  f28-volt  supply. R234 d i s s i p a t e s  

power a s  t h e  r egu la to r  drops t h e  v o l t a g e  from 24 v o l t s  t o  t h e  12 v o l t s  

r equ i r ed  by t h e  in t eg ra t ed  c i r c u i t s .  

S t a r t  c i r c u i t  

The s t a r t  pu lse  i s  a  one-second pu l se  generated by t h e  PLA i n  t h e  

c o n t r o l  console .  To i n i t i a t e  a  withdrawal cyc l e ,  t h e  console  drops t h e  

c l o c k l i n e  vo l t age  t o  zero v o l t s  f o r  a  second o r  two then r e t u r n s  t o  12  

v o l t s .  The one-second pu l se  width is no t  c r i t i c a l .  E i the r  a  s t a r t  pu l se  

o r  pushing t h e  start switch ( loca t ed  on f r o n t  l e f t  beneath deck) w i l l  

cause t h e  output  of g a t e  1 A  t o  go high i f  t h e  ground-enable d e t e n t  switch 

is a l s o  c losed  t o  ground, The pu l se  from I C l A  i s  smoothed by R203 and 

C201. The pu l se  s e t s  f l i p - f l o p s  2A, 2B, and 3A; and a f t e r  being inve r t ed  

by Z C l B ,  t h e  pu l se  t r i g g e r s  t i m e r  IC5A. The f l i p - f l o p s  switch t r a n s i s t o r s  

Q 1 ,  42, and 93. Each t r a n s i s t o r  a c t i v a t e s  one of t h e  t h r e e  siphon-tube 

so l eno ids  ( S l ,  S2, o r  S3).  
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LED and s iphon  so leno id  t imer  

IC5 i s  a  d u a l  t i m e r .  The f i r s t  h a l f ,  IC5A, when t r i g g e r e d  by a  

s h a r p l y  d ropp ing  v o l t a g e  from g a t e  lB ,  g e n e r a t e s  a  p o s i t i v e  p u l s e  w i t h  a 

d u r a t i o n  determined by c a p a c i t o r  C203, r e s i s t o r  R207, and p o t e n t i o m e t e r  

R206. R206 is used t o  a d j u s t  t h e  p u l s e  d u r a t i o n  t o  1 4  seconds .  The 

p u l s e  t u r n s  on t r a n s i s t o r  Q4 which f e e d s  power t o  l i g h t - e m i t t i n g  d i o d e s  

(LEDs) CR9, 10 ,  11, and CR207. Diodes,  termed IRLEDs, CR9, 1 0 ,  and 11 

produce i n f r a - r e d  r a d i a t i o n  which i s  i n v i s i b l e  t o  t h e  eye. CR207 produces  

v i s i b l e  l i g h t  as an  i n d i c a t o r  - i f  i t  l i g h t s ,  t h e  IRLEDs a r e  r e c e i v i n g  

power. The IRLEDs a r e  mounted i n  b r a c k e t s  below t h e  t o p  deck where t h e  

beams w i l l  b e  i n t e r c e p t e d  by each meniscus of t h e  sediment suspens ions  a s  

t h e  t e s t  t u b e s  a r e  f i l l e d .  The beams a r e  d e f l e c t e d  away from t h e i r  

r e s p e c t i v e  p h o t o t r a n s i s t o r s  (48,  9,  o r  10)  by t h e  p a s s i n g  menisc i .  About 

1 4  seconds  a f t e r  t h e  s t a r t  p u l s e ,  t h e  o u t p u t  of t h e  t imer  r e t u r n s  t o  z e r o  

v o l t s .  Gate I C l C  goes h igh  which c a u s e s  a l l  t h r e e  f l i p - f l o p s  (IC2A, I C Z B ,  

IC3A) t o  d e a c t i v a t e  t h e  t h r e e  s iphon- tube s o l e n o i d s .  T h i s  timed d e a c t i -  

v a t i o n  o v e r r i d e s  a l l  w a t e r - l e v e l  s e n s o r s  and p r e v e n t s  e x c e s s i v e  s p i l l s  

shou ld  one o r  more s e n s o r s  f a i l .  

I n d i v i d u a l  s iphon s o l e n o i d  c o n t r o l  

There  a r e  t h r e e  i d e n t i c a l  s iphon  s o l e n o i d  c i r c u i t s ,  s o  o n l y  t h e  f i r s t  

w i l l  b e  d e s c r i b e d .  The s t a r t  p u l s e  from g a t e  1 A  s e t s  f l i p - f l o p  2A, 

c a u s i n g  i t s  "Q" o u t p u t  t o  go h i g h  and t o  t u r n  on t r a n s i s t o r  Q l  and t h u s  

s o l e n o i d  S1. T h i s  s o l e n o i d  i s  powered from t h e  28-volt  supp ly  (A+).  

I n i t i a l l y ,  t h e  s o l e n o i d  i s  powered by t h e  f u l l  28 v o l t s  through s w i t c h  SW2 

which i s  opened by movement of t h e  s o l e n o i d  a rmature .  A f t e r  t h e  s w i t c h  

opens ,  t h e  s o l e n o i d  is  powered through r e s i s t o r  R212. SW2 s e r v e s  t o  

d e c r e a s e  t h e  power drawn from t h e  A+ supp ly .  A s  t h e  meniscus r i s e s  p a s t  

t h e  I R  beam from CR9, t h e  beam is e i t h e r  d e f l e c t e d  away from p h o t o t r a n s i s -  

t o r  Cj8 o r  i s  absorbed ,  When i l l u m i n a t e d  by t h e  beam of CR9 through t h e  

test t u b e ,  Q8 w i l l  conduct  through R217. When t h e  meniscus d i v e r t s  o r  

a b s o r b s  t h e  beam, t h e  v o l t a g e  a c r o s s  R217 w i l l  drop t o  ze ro .  T h i s  v o l t a g e  



t r a n s i t i o n  is  d i f f e r e n t i a t e d  by C205, and momentari ly c a u s e s  Q5 t o  

conduct c u r r e n t  through R226, The v o l t a g e  which now a p p e a r s  a c r o s s  R226 

because  of t h i s  c u r r e n t  i s  t r a n s m i t t e d  t o  t h e  r e s e t  (R) i n p u t  of f l i p -  

f l o p  IC2A. R e s e t t i n g  a  f l i p - f l o p  c a u s e s  i t s  "Q" o u t p u t  t o  go low (drop  

t o  ze ro  v o l t s )  and i t s  "Q' ( r e a d  not-Q) o u t p u t  t o  go h igh .  When t h e  "Q" 

o u t p u t  goes low, s iphon  s o l e n o i d  S1 is  d e a c t i v a t e d .  

Detent  s o l e n o i d  t i m e r  and d r i v e r  - 

When a l l  t h r e e  f l i p - f l o p s  have been r e s e t ,  whether  i n d i v i d u a l l y  

through t h e  o p t i c a l  c i r c u i t  o r  s i m u l t a n e o u s l y  a t  t h e  end of t h e  t i m e r  

i n t e r v a l ,  t h e i r  o u t p u t s  a r e  h igh .  T h i s  c o n d i t i o n  is sensed by t h e  

t r i p l e - i n p u t  g a t e  IC4B which goes  low, c a u s i n g  a n e g a t i v e  p u l s e  t o  appear  

a t  t imer  5B. Capac i to r  C209, r e s i s t o r  R231, and p o t e n t i o m e t e r  R230 are 

used t o  a d j u s t  t h e  o u t p u t  p u l s e  t o  between t h r e e  and f i v e  seconds .  The 

o u t p u t  from t i m e r  5B t u r n s  on t r a n s i s t o r  Q8 which a c t i v a t e s  t h e  d e t e n t  

s o l e n o i d  on t h e  t o p  deck.  R e s i s t o r  R233 l i m i t s  t h e  c u r r e n t  d r a i n  from 

t h e  28-volt  supp ly  w h i l e  e x t r a  shor t - t e rm c u r r e n t  i s  provided by c a p a c i t o r  

C210. 

Tes t - tube  t r a y  motor c o n t r o l  

I f  t h e  t r a y  is  i n  p o s i t i o n ,  t h e  motor p o s i t i o n  s w i t c h  w i l l  b e  c l o s e d  

e n a b l i n g  t h e  d e t e n t  s w i t c h  t o  c o n t r o l  t h e  t r a y  motor.  When t h e  d e t e n t  

s o l e n o i d  is  a c t i v a t e d ,  t h e  d e t e n t  p i n  moves t o  un lock  t h e  t e s t - t u b e  t r a y  

and t o  t o g g l e  t h e  d e t e n t  swi tch .  When t h e  d e t e n t  s w i t c h  is  c l o s e d ,  t h e  

t r a y  motor r o t a t e s  t h e  t r a y  u n t i l  t h e  d e t e n t  p i n  f a l l s  i n t o  t h e  n e x t  

i n d e x  n o t c h .  The motor s t o p s  t h e  d e t e n t  s o l e n o i d  t i m e r  (5B) and a c t i v a t e s  

t h e  s o l e n o i d  l o n g  enough f o r  t h e  motor t o  move t h e  p e r i m e t e r  of t h e  t r a y  

s o  t h a t  t h e  d e t e n t  p i n  w i l l  c l e a r  t h e  most r e c e n t l y  occupied i n d e x  no tch .  



APPENDIX V I  - TROUBLESHOOTING GUIDE 

Theory 

There  a r e  two fundamental  approaches  t o  t r o u b l e s h o o t i n g  e l e c t r o n i c  

equipment: f ron twards  and backwards. I n  t h e  f ron twards  approach,  t e s t i n g  

is  begun a t  t h e  beg inn ing  of t h e  schemat ic ,  u s u a l l y  t h e  power supp ly ,  and 

proceeds  through each s e c t i o n  of t h e  c i r c u i t  l o g i c a l l y  u n t i l  t h e  improperly 

performing s e c t i o n  is  l o c a t e d .  The same procedure  i s  used w i t h i n  t h i s  

s e c t i o n  t o  l o c a t e  t h e  p a r t i c u l a r  p a r t  o r  p a r t s  which a r e  n o t  performing 

a s  n e c e s s a r y .  The backwards approach t o  t r o u b l e s h o o t i n g  b e g i n s  a t  t h e  

end o r  f i n a l  p o r t i o n  o f  t h e  c i r c u i t  and p roceeds  back through t h e  sys tem 

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

r e c e n t  nonfunc t ion ing  s e c t i o n  must t h e r e f o r e  b e  a t  f a u l t .  Again, t e s t i n g  

may now proceed t o  l o c a t e  t h e  bad p a r t .  A t r a i n e d  t e c h n i c i a n  w i l l  u se  

t h e  approach a p p r o p r i a t e  t o  t h e  problem. For i n s t a n c e ,  t h e  backwards 

approach might  i s o l a t e  a  problem more q u i c k l y  i f  t h e  ins t rument  a p p e a r s  

t o  f u n c t i o n  p r o p e r l y  except  a t  t h e  end of i t s  c y c l e .  

Both approaches  t o  t r o u b l e s h o o t i n g  s t r e s s  a l o g i c a l  approach.  Elimi- 

n a t i n g  f u n c t i o n i n g  s u b c i r c u i t s  a s  s u s p e c t s  r e q u i r e s  t r a i n e d ,  thought£ u l  

o b s e r v a t i o n  and d e d u c t i v e  l o g i c .  The d e s c r i p t i o n s  of o p e r a t i o n  and 

c i r c u i t  f u n c t i o n s  g iven  i n  t h i s  manual p r o v i d e  t h e  ins t rument  t e c h n i c i a n  

o r  o p e r a t o r  a b a s i s  f o r  o b s e r v i n g  ou t -o f - to le rance  behav ior  of t h e  

ins t rument .  

One f u r t h e r  p o i n t  shou ld  b e  mentioned. I f  an  ins t rument  i s  n o t  

f u n c t i o n i n g  o r  is o p e r a t i n g  improper ly ,  t h e  problem may b e  caused by 

p a r t s  t h a t  have f a i l e d  a l t o g e t h e r ,  t h a t  a r e  working improper ly ,  o r  t h a t  

a r e  o u t  of ad jus tment .  Obviously,  a f a i l e d  p a r t  shou ld  b e  r e p l a c e d .  

However, t h e  t e c h n i c i a n  must d e c i d e  t h e  f a t e  of a n  improper ly  working 

p a r t :  a d j u s t m e n t ,  r e p a i r ,  o r  replacement .  



General  problem i s o l a t i o n  

Symptom P o s s i b l e  problem c i r c u i t s  

"Nothing works" Power s u p p l i e s ,  t i m e  base .  

No c l o c k  coun te r  d i s p l a y  Power s u p p l i e s ,  i n c l u d i n g  c l o c k  
c o u n t e r ' s  supp ly .  

Clock c o u n t e r  d o e s n ' t  count  Clock r e s e t  ( s t a r t ) ,  t ime  b a s e .  

S t i r  a l a r m  d o e s n ' t  work Time b a s e ,  c l o c k  r e s e t ,  s t i r - t i m e  
c o u n t e r ,  

Sample s t a n d  won't  s t a r t  Cont ro l  conso le :  t ime  b a s e ,  c l o c k  
r e s e t ,  wi thdrawal  t ime  decoder ,  
c a b l e  i n c l u d i n g  connec tors .  

Sampl-e s t a n d  : power supp ly ,  i n c l u d i n g  
f u s e ,  i n p u t  and s iphon  s o l e n o i d  
t i m e r ,  l i m i t  s w i t c h ,  f l o a t  s w i t c h .  

Siphon f a i l s  t o  s h u t  o f f  Siphon c u t - o f f ,  s iphon  s o l e n o i d  t i m e r ,  
p inch-valve  s p r i n g  (ad jus tment )  . 

Tray does  n o t  advance Detent  s o l e n o i d  t i m e r ,  d e t e n t  s w i t c h ,  
motor -pos i t ion  s w i t c h ,  t r a y  motor.  

Clock c o u n t e r  d i s p l a y  goes o u t  Check f o r  i n a d e q u a t e  power supp ly  
when more t h a n  one sample c a p a c i t y .  
s t a n d  i s  connected 

T e s t  t u b e s  s y s t e m a t i c a l l y  do Siphon s o l e n o i d  t i m e r ,  check t h a t  b a s e  
n o t  f i l l  t o  p roper  l e v e l  of c y l i n d e r s  i s  25.4 cm (10 i n c h e s )  

above s u r f a c e  on which sample s t a n d  
r e s t s .  

Tubes f i l l  e r r a t i c a l l y  See  "s iphon f a i l s  t o  s h u t  o f f "  above.  
Check f o r  uneven t e s t  t u b e  o p t i c a l  

p roper t i e s - -ho ld  c l e a n  t u b e  up t o  a 
l i g h t  and r o t a t e ,  d i s c a r d  i f  uneven- 
n e s s  i s  n o t e d .  

Check f o r  misalignment o r  l o o s e n e s s  o f  
nozzles--they shou ld  d i s c h a r g e  a g a i n s t  
s i d e  o f  t e s t  t u b e  away from IR beam. 

Check f o r  p roper  LR beam al ignment-- the  
v e r y  narrow beam should b e  aimed 
d i r e c t l y  a t  t h e  p h o t o t r a n s i s t o r - - n o t e  
t h a t  IRLED and p h o t o t r a n s i s t o r  l e a d s  
may b e  f r a g i l e ,  

4 2 



Power s u p p l i e s  
P 

There  are seven s e p a r a t e  power s u p p l i e s  i n  t h e  a u t o p i p e t :  120Vac f o r  

t h e  wa te r  h e a t e r ,  120Vac f o r  t h e  28Vdc b u s ,  28Vdc f o r  charg ing  t h e  24V 

b a t t e r i e s ,  28Vdc t o  24Vdc f o r  t h e  c l o c k  c o u n t e r ,  28Vdc t o  12Vdc f o r  t h e  

I C  board,  28Vdc t o  5Vdc f o r  t h e  wi thdrawal- t ime decoder ,  and f i n a l l y  

28Vdc t o  12Vdc i n  each sample s t a n d .  Each of t h e s e  w i l l  b e  examined i n  

some d e t a i l .  Refer  t o  f i g s .  8  through 1 3  f o r  p a r t s  l o c a t i o n  and c i r c u i t  

schemat ics .  F u r t h e r  c i r c u i t  d e s c r i p t i o n s  may b e  found i n  Appendix V. 

The p i l o t  l i g h t  i n d i c a t e s  t h a t  120Vac is  a v a i l a b l e  a t  l e a s t  a s  f a r  a s  

t h e  power swi tch .  The two c i r c u i t  b r e a k e r s  a r e  powered independen t ly  from 

t h e  swi tch :  t h e  10-amp c i r c u i t  b r e a k e r  s u p p l i e s  power on ly  t o  t h e  h e a t e r  

c i r c u i t  and t h e  1-amp b r e a k e r  s u p p l i e s  c u r r e n t  t o  a l l  o t h e r  c i r c u i t s .  

a .  120Vac f o r  w a t e r  h e a t e r .  The o p e r a t i o n  o f  t h e  h e a t e r  c i r c u i t  may 

b e  moni tored by o b s e r v i n g  t h e  h e a t e r  c u r r e n t  meter  on t h e  f r o n t  pane l .  

The h e a t e r  c o n t r o l l e r  i s  t h e  p r o p o r t i o n a l  t y p e ;  t h a t  i s ,  it  w i l l  r e d u c e  

t h e  a v e r a g e  c u r r e n t  t o  t h e  h e a t e r  c o i l  a s  t h e  t empera tu re  of t h e  w a t e r  

b a t h  approaches  t h e  s e n s o r ' s  s e t  p o i n t .  The t empera tu re  s e n s o r  may b e  

checked w i t h  a n  ohmmeter f o r  c o n t i n u i t y  a f  ter power h a s  been d i s c o n n e c t e d .  

b .  120Vac f o r  t h e  28Vdc bus .  The 28-volt  supp ly  may b e  checked w i t h  

a  v o l t m e t e r .  Loca te  IC32. The v o l t a g e  between p i n  2  and ground shou ld  b e  

abou t  28 v o l t s .  I f  i t  i s  25 v o l t s  o r  l e s s ,  check p i n  1 v o l t a g e .  I f  p i n  1 

v o l t a g e  is a l s o  low, t h e  problem i s  between t h e  r e g u l a t o r  and t h e  c i r c u i t  

b r e a k e r .  I f  p i n  1 is more t h a n  3 v o l t s  h i g h e r  t h a n  t h e  p i n  2  v o l t a g e ,  

t h e n  t h e  problem must b e  a f t e r  t h e  r e g u l a t o r .  

c .  28Vdc f o r  charg ing  t h e  b a t t e r i e s .  Turn o f f  t h e  1-amp b r e a k e r .  

Measure t h e  28-volt  bus  v o l t a g e  a t  t h e  j u n c t u r e  of CR108 and CR113. The 

b u s  is  now s u p p l i e d  by t h e  b a t t e r i e s  and should measure about  24 v o l t s .  

The b a t t e r i e s  a r e  d i sconnec ted  when t h e  power s w i t c h  i s  OFF. Measure t h e  

v o l t a g e  a t  t h e  b a t t e r i e s  o r  a t  t h e  b a t t e r y - s i d e  j u n c t i o n  of R118 (82 ohm) 

and CR108 w i t h  t h e  power s w i t c h  ON and w i t h  t h e  1-amp c i r c u i t  b r e a k e r  ON. 

A v o l t a g e  g r e a t e r  t h a n  24 should b e  measured depending upon t h e  s t a t e  o f  

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



d. -- 28Vdc f o r  t h e  c l o c k  c o u n t e r .  - The v o l t a g e  a t  t h e  "power" t e r m i n a l  

o f  t h e  c l o c k  c o u n t e r  should  measure s l i g h t l y  more t h a n  24 v o l t s .  A 

v o l t a g e  much l e s s  t h a n  t h i s  would i n d i c a t e  a problem w i t h  42,  CRlO6, R117, 

o r  C108. Turn OFF t h e  I-amp b r e a k e r .  S l i g h t l y  l e s s  t h a n  1 2  v o l t s  shou ld  

b e  measured a t  t h e  " b a t t e r y "  i n p u t  t e r m i n a l  of t h e  c o u n t e r .  The c o u n t e r  

wil.1 n o t  d i s p l a y  when o p e r a t i n g  from t h e  b a t t e r i e s .  

e .  28Vdc t o  12Vdc f o r  i n t e g r a t e d  c i r c u i t s  ( c o n t r o l  c o n s o l e ) .  Mea- 

s u r e  t h e  v o l t a g e  a t  p i n  2  of IC31. The v o l t a g e  a t  t h i s  p o i n t  shou ld  b e  

v e r y  c l o s e  t o  12 v o l t s .  I f  n o t ,  look  f o r  a  p o s s i b l e  s h o r t  o r  a  f a i l e d  

I C  on t h e  12-vo l t  s i d e  of t h e  r e g u l a t o r .  

f .  28Vdc t o  5Vdc f o r  wi thdrawal- t ime decoder .  The v o l t a g e  a t  t h e  

p o s i t i v e  s i d e  of c a p a c i t o r  C l O l  should  b e  n e a r l y  e q u a l  t o  5 v o l t s .  The 

LM309K r e g u l a t o r  i s  mounted on a b l a c k ,  f i n n e d  h e a t  s i n k  a t t a c h e d  t o  t h e  

r e a r  i n s i d e  of t h e  c o n t r o l  c o n s o l e .  I f  t h e  v o l t a g e  is  t o o  low, succes-  

s i v e l y  remove I C s  1, 3,  6, 11, and t h e  PLA ( t h e  l a r g e .  go ld -p la ted  I C  a t  

t h e  end of t h e  I C  b o a r d ) .  B e f o r e  removing an  i n t e g r a t e d  c i r c u i t ,  t u r n  

OFF t h e  power. Be c a r e f u l  n o t  t o  bend t h e  d e l i c a t e  p i n s  when removing 

and i n s e r t i n g  any  I C s .  Note t h e  o r i e n t a t i o n  and l o c a t i o n  of each I C  b e f o r e  

removing. I f  more t h a n  one I C  i s  f a u l t y ,  remove a l l  of t h e  above I C s  and 

r e - i n s e r t  s e q u e n t i a l l y .  Note t h a t  t h e  PLA and IC3 a r e  t h e  on ly  I C s  

whol ly  powered by t h e  5-vol t  and 12-vo l t  buses .  

g. 28Vdc t o  12Vdc i n  each sample s t a n d .  With t h e  c a b l e  connected 

between t h e  c o n t r o l  c o n s o l e  and t h e  sample s t a n d ,  measure t h e  v o l t a g e  a t  

p i n  2  of IC6 i n  t h e  sample s t a n d .  The v o l t a g e  shou ld  b e  n e a r l y  1 2 .  I f  

n o t ,  measure t h e  v o l t a g e  a t  p i n  1. I f  more than  1 2  v o l t s  i s  measured, 

t h e r e  i s  a  f a u l t y  component i n  t h e  r e g u l a t o r  c i r c u i t .  I f  no v o l t a g e  i s  

p r e s e n t  a t  p i n  1, check t h e  2-amp f u s e  and t h e  f l o a t  and l i m i t  s w i t c h e s .  



E l e c t r o n i c  s u b c i r c u i t s  

Both a n  o s c i l l o s c o p e  and a  v o l t m e t e r  w i l l  be  needed t o  t r a c e  s i g n a l  

p a t h s .  Do n o t  u s e  an  ohmmeter u n l e s s  a l l  I C s  have been removed from t h e  

board .  The b a t t e r y  i n  a n  ohmmeter c a n  d e s t r o y  a n  I C .  Sample s t a n d s  may 

b e  d i sconnec ted  f o r  s e c t i o n s  a  through e ,  because  o n l y  t h e  c o n t r o l  c o n s o l e  

i s  t e s t e d .  I n  t h e  I C  p i n  l o c a t i o n  column, t h e  f i r s t  number r e f e r s  t o  t h e  

I C  number and t h e  second r e f e r s  t o  t h e  p i n  number. 
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APPENDIX V I I I  - CODING FOR PROGRAMABLE LOGIC ARRAY 

Here in  are given t h e  b i n a r y  coding f o r  t h e  PLA (programable  l o g i c  

a r r a y )  f o r  a  c o n s t a n t  water-bath  t empera tu re  o f  30' - + 3i0 C e l s i u s .  With- 

d rawal  t imes  f o r  sample s t a n d  1 were  c a l c u l a t e d  a s  shown i n  Appendix V I L .  

A  23-second d e l a y  was used between t h e  f l u s h  wi thdrawal  and t h e  s i z e -  

sample wi thdrawal .  The wi thdrawal  t i m e s  f o r  sample  s t a n d  2  were  ca lcu-  

l a t e d  by add ing  120 seconds  t o  t h e  t imes  f o r  sample s t a n d  1. A d d i t i o n a l  

120-sec d e l a y s  were  added i n  o r d e r  t o  c a l c u l a t e  wi thdrawal  t imes  f o r  

sample s t a n d s  3 and 4 .  
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