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ABSTRACT 

‘This  d o c u m e n t  d e s c r i b e s  our  e x p e r i e n c e  w i t h  t h e  * lHpdrolablq  

8000  s y s t e m  a n d  some of the o p e r a t i o n a l  e n h a n c e m e n t s  t h a t  h a v e  

b e e n  d e v e l o p e d  b y  Water Q u a l i t y  B r a n c h  P a c i f i c  a n d  Yukon R e g i o n .  

T h e  y * H y d r o l a b * l  system h a s  s e v e r a l  f e a t u r e s  which 3re u s e f u l  i n  

field studies. It p r o v i d e s  p r e c i s e  m e a s u r e m e n t s  of a l i m i t e d  

number of water c ; u a l i t y  v a r i a b l e s .  I t  c a n  o p e r a t e  as dn 

u n a t t e n d e d  monitor  or a s u r v e y  instrument. T h e  s y s t e m  components, 

a s p e c t s  of  t h e  o p e r a t i o n  of each c o m p o n e n t ,  a n d  d e t a i I s , y t h e  

s u b s e q u e n t  p r o c e s s i n g  of logged water q u a l i t y  d a t a  are d e s c r i b e d .  

!i’ 



RESUME 

Ce document d e c r i t  nos travaux e f fec tues  au moyen du systkme 

"Hydrolab" 8000 e t  quelques-unes des amel io ra t ions  q u i  y o n t  6 t 6  

apportees pa r  l e  personnel de l a  D i r e c t i o n  de l a  q u a l i t 6  des eaux, 

r g g i o n  du Paci f ique e t  du Yukon. Le syst'eme ttHydrolabtl poss'ede 

p lus ieu rs  ca rac te r i s t i ques  t r g s  u t i l e s  pour l e s  etudes sur l e  

t e r r a i n .  I1 permet de mesurer p r 6 c i s h e n t  quelques va r iab les  s u r  

l a  q u a l i t 6  des eaux; il peut & re  u t i l i s 6  de facon automatique 

pour  l a  s u r v e i l l a n c e  continue, ou pour des re leves.  La 

su rve i l l ance  cont inue automatique e s t  u t i l e  pour p lus ieu rs  types 

d 'k tudes sur l e  t e r r a i n ,  e t  e l l e  e s t  e s s e n t i e l l e  quand l e s  

cond i t i ons  c l imat iques  sont t r g s  dures (en h i ve r ,  l a  tempgrature 

de l ' a i r  du Yukon peut descendre jusqu '&  -4OOC).  Quand des 

mesures i n t e r v a l l e s  constants e t  cou r t s  sont requises (par  

exemple, pour des etudes de f l u c t u a t i o n s  d iu rnes  ou quand l e s  

cond i t i ons  changent rapidement) , un systkme t e l  gut  "Hydrolabt1 

8000 l a i s s e  l e  personnel su r  l e  t e r r a i n  l i b r e  pour d 'au t res  tgches 

essen t ie l l es .  

Ce rappor t  d k c r i t  nos travaux avec l e s  d i f f k r e n t e s  composantes du 

systkme a i n s i  que l a  manipulat ion de c e l l e s - c i ,  e t  presente l e  

t ra i t emen t  subsequent des donnges sur  l a  q u a l i t 6  des eaux q u ' i l  

enreg is t re .  Le p ro toco le  d ' u t i l i s a t i o n  du systkme 6volue 

constamment e t  des documents subsequents en d k r i r o n t  de nouve l les  

app l i ca t ions .  
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This d o c u m e n t  describes o u r  e x p e r i e n c e  u i t h  t h e  1*€.iydrolab8s 

8000 s y s t e r a  a n d  some of t h e  o p e r a t i o n a l  e n h a n c e m e n t s  t h a t  h a v e  

S e e n  d e v e l o p e d  by Uater Q u a l i t y  B r a n c h  P a c i f i c  a n d  Yukon Region. 

The l l H y d r o l a k @ l  system h a s  s e v e r a l  f e a t u r e s  w h i c h  a r e  u s e f u l  i n  

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

n u m b e r  of water q u a l i t y  v a r i a b l e s .  I t  c a n  o p e r a t e  as a n  

u n a t t e n d e d  E o n i t o r  o r  a s u r v e y  i n s t r u m e n t .  

Data is s tored i n  a s o l i d  s t a t e  rnemory a n d  d o e s  n o t  r e q u i r e  

m o v i n g  p a r t s  a s  would  a m a g n e t i c  t a p e  o r  o t h e r  s t o r a g e .  S t o r a g e  

c a p a c i t y  is r e l a t i v e l y  l a r g e  (e .g . ,  s i x  v a r i a b l e s  m e a s u r e d  e v e r y  

15 m i n u t e s  f o r  a week). S i n c e  t h e  s to red  d a t a  i s  m a c h i n e  

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

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

p r o p e r t i e s  dre  d e s i r a b l e  for a v a r i e t y  of r e a s o n s ,  p a r t i c u l a r l y  

w h e r e  t h e s e  p r o p e r t i e s  e n h a n c e  data g a t h e r i n g  c a p a b i l i t i e s .  

Data g a t h e r i n g  i n  a n  u n a t t e n d e d  mode is u s e f u l  i n  % a n y  f i e l d  

p r o g r a m s ,  but is c r i t i c a l  i n  t h e  s i t u a t i o n  u h e r e  c o n d i t i o n s  a r e  

e x t r e m e  { s u c h  a s  d u r i n g  t h e  w i n t e r  i n  t h e  Yukon T e r r i t o r y  where 

a i r  t e m p e r a t u r e s  r e a c h  - 4 0  degrees C e l s i u s ) .  g h e r e  t i n e  series 

records a t  c l o s e l y  s p a c e d  i n t e r v a l s  a r e  r e q u i r e d ,  s u c h  a s  s t u d i e s  

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

s u c h  a s  the **Hydrolabst 8000 frees the f i e l d  c r e u  to  a t t e n d  t o  

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

However ,  l i k e  a l l  new e q u i p m e n t  or p r o c e d u r e s  there ace  

i n h e r e n t  p r o b l e m s  o r  d i f f i c u l t i e s  which a r e  fdCf?d. One of the 
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major d r a w b a c k s  t o  t h e  " H y d r o l a b n  s y s t e m  is  its cost.  The t o t a l  

system w h i c h  i s  d e s c r i b e d  h e r e  costs a b o u t  $37,000. An a d d i t i o n a l  

l i m i t a t i o n  is, a s  for a l l  e l e c t r o n i c  i n s t r u m e n t a t i o n  t h e  

a v a i l a b i l i t y  of s e r v i c e  f a c i l i t i e s .  U i t h  t h e  " H y d r o l a b * *  s y s t e m  

a n y  r e p a i r s  t h a t  are r e q u i r e d  r e s u l t  in r e t u r n i n g  t h e  u n i t  t o  t h e  

m a n u f a c t u r e r  i n  A u s t i n ,  T e x a s .  T h i s  r e q u i r e s  d l o n c j e r  p e r i o d  of 

time t h a n  w o u l d  be n e e d e d  i f  l o c a l  s e r v i c e  uere a v a i l a b l e ,  a s  

well d s  t h e  a d d i t i o n a l  p r o b l e m s  a s soc ia t ed  w i t h  s h i p p i n g  

e q u i p m r n t  a c r o s s  the I n t e r n a t i o n a l  B o u n d a r y ,  

1. 

2. 

3. 

4, 

5. 

6 .  

7. 

8, 

The 

Our system 8000 c o n s i s t s  of t h e  f o l l o w i n g  c o n p o n e n t s :  

8109-161 Data T r a n s m i t t e r  e q u i p p e d  w i t h  sensors for 

deter  mining j e p t h ,  t e m p e r a t u r e ,  c o n d u c t i v i t y ,  dissolved 

o x y g e n ,  pH a n d  o x i d a t i o n -  red uc tiori po ten t i a  1. 

8 0 0 2 - 0 0 0  Data C o n t r o l  Unit w i t h  D i q i t a f  D i s p l a y  O n l y ,  

8002-031  Data C o n t r o l  U n i t  w i t h  A u t o  D a t a  L o g g i n g  w i t h  4096  

r e a d i n g  memory p o s i t i o n s  and a n  I n t e r f a c e  for m a n u a l  c o n t r o l  

u n i t .  

8300-005 U n d e r w a t e r  Data Cable 5 meters. 

8300-050 n n d e r v a t e r  Data C a b l e  50 meters, 

8UOO-010 T r a n s m i t t e r  C a r r i e r  w i t h  C i r c u l a t o r .  

8700-510 H a n u a l  C o n t r o l l e r  for e n t r y  of s t a t i o n  l a b e l s .  

5 2 0 0 - 8 0 0 2  Reader Processor  (Data H a n a g e n t e n t  U n i t ) .  

s y s t e n !  c a n  b e  u s e d  i n  a v a r i e t y  of c o n f i g u r a t i o n s ,  as deemed 

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

is t h e  o p e r a t i o n  of the 8000 s y s t e m  a s  a d a t a  c a p t u r e  a n d  LogcJifiq 

i n s t r u m e n t ,  a n d  the s u b s e q u e n t  e v a l u a t i o n  of t h e  d a t a .  



T h i s  report d e s c r i b e s  o u r  e x p e r i e n c e  wi th  t h e  s y s t e m  

c o m p o n e n t s ,  a s p e c t s  of the o p e r a t i o n  of e a c h  c o m p o n e n t ,  a n d  

d e t a i l s  t h e  s u b s e q u e n t  p r o c e s s i n g  cf l o g g e d  water q u a l i t y  d a t a .  

O p e r a t i o n  of t h e  system i s  st i l l  d e v e l o p i n g  and u p d a t e s  o f  t h i s  

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

a p p l i c a t i o n s .  For d e t a i l s  of t h e  o p e r a t i o n  of the " H y d r o l a b "  

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

T h e  f i r s t  o p e r a t i o n  of t h e  system was u n d e r t a k e n  a s  p a r t  o f  

t h e  study of d i s s o l v e d  oxygen u n d e r  ice i n  t h e  Yukon R i v e r  b a s i n  

r e p o r t e d  i n  W h i t f i e l d  and Y c N a u g h t o n  (1984) .  Example d a t a  s e t s  

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

F u n d i n g  for t h a t  s t u d y  a n d  for t h e  p u r c h a s e  of t h e  f i v e  meter 

cable a n d  the data  l o g g i n g  unit were p r o v i d e d  b y  t h e  Yukon R i v e r  

B a s i n  S t u d y  Committee. 
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-------I- D E S C R I P T I O N  01 ZYSllEM @W€'NENTS 

Data T r a n s m i t t e r  --- ----- 

'The d a t a  transmitter is t h e  s u b m e r s i b l e  n t e n s u r i n g  

i n s t r u m e n t  of the system 8000, T h e  t r a n s t c i t t e r ,  which Water 

9 u a l i t y  B r d n C h  a c q u i r e d ,  measures s i x  v a r i a b l e s .  T h e  

T r a n s m i t t e r  is enclosed i n  a " lexaa*g [ p o l y c a r b o n a t e )  h o u s i n g  

w h i c h  is pressure t e s t e d  to a n  e q u i v a l e n t  d e p t h  of 340 

meters, The s e n s o r s  t h d t  t h e  t r a n s m i t t e r  was e q u i p p e d  w i t h  

a re: 

1 .  

2 .  

3 .  

4. 

TEMPERATURE - m e a s u r e d  w i t h  a l i n e a r  thermistor network. 

No c a l i b r a t i o n  is r e q u i r e d  or allowed. 3 a n g e  of 

t e m p e r a t u r e s :  -5 t o  +45 d e g r e e s  C e l s i u s .  P r e c i s i o n  +/-  

0 .2 d e g r e e s  C e l s i u s ,  

DEPTH - d e t e r m i n e d  by s t r a i n  g a u g e  p r e s s u r e  t r a n s d u c e r .  

User c a l i b r a t i o n  of l o c a l  zero r e q u i r e d  t.o accommodate 

l o c a l  a i r  pressure correct ion.  

D I S S O L V E D  OXYGEN - m e a s u r e d  u s i n g  1 g o l d / s i l v e r  

p o l a r o g r a p h i c  c e l l  ( C l a r k )  . User c a l i b r a t i o n  is r e q u i r e d  

a n d  c a n  b e  done u s i n g  ambient a i r  as a s t a n d a r d .  It is 

p r e f e r a b l e  t o  c a l i b r a t e  u s i n g  W i n k l e r  a n a l y s i s .  R a n g e  of  

d i s s o l v e d  o x y g e n :  9 t o  20  ng/l. P r e c i s i o n  3 . 2  m q / l .  

C O N a U C T I V I T Y  - m e a s u r e d  u s i n g  a temperature-compensated, 

four e l e c t r o d e  cell. Cell r e q u i r e s  p e r i o d i c  c l e a n i n g  b u t  

is e a s i l y  d i s a s s e m b l e d  f o r  t h a t  p u r p o s e .  Calibration of  

t h e  electrode r e q u i r e s  p o t a s s i u m - c h l o r i d e  s t a n d a r d s .  
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R a n g e  of c o n d u c t i v i t y :  0 t o  20 m i l l i s i e m e n s / c m .  P r e c i s i o n  

+/-  1 p e r c e n t .  

5. p H  - measured u s i n g  t h e  g l a s s  e lectrode:  s i l v e r / s i l v e r  

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

s t a n d a r d  pH b u f f e r s ,  T e m p e r a t u r e  c o m p e n s a t i o n  is 

a u t o m a t i c .  R a n g e  0 t o  14 u n i t s .  P r e c i s i o n  +/-  0. 1 u n i t s .  

6 ,  OXIDATION REDUCTXON POTENTIAL ( O B P )  - aeasu red  u s i n g  a 

p l a t i n u m  electrode: s i l v e r / s i l v e r  c h l o r i d e  electode p a i r .  

R a n g e  -2000 t o  +2000 m i l l i v o l t s .  P r e c i s i o n  +/- 1 p e r c e n t .  

T r a n s  mitte r C a r r i e r  

T h e  d a t a  t r a n s m i t t e r  is  e n c a s e d  i n  t h e  t r a n s m i t t e r  

carrier which is c o n s t r u c t e d  of h i g h  i m p a c t  l e x a n ,  

A t t a c h m e n t s  a re  p r o v i d e d  t o  c o n n e c t  t h e  ca r r ie r  t o  d a t a  bus 

cable and t o  t h e  t r a n s m i t t e r ,  The t r a n s m i t t e r  carrier h a s  a n  

i n t e g r a l  c i r c u l a t o r  n e c e s s a r y  fo r  e f f e c t i v e  m e a s u r e m e n t  of 

d i s s o l v e d  oxygen. A t t a c h m e n t  of w e i g h t s  for l o w e r i n g  and 

h o l d i n g  of t h e  s e n s o r  a s s e m b l y  is p r o v i d e d .  

Data Bus C a b l e s  
-I- - ---- 

T h e s e  p o l y u r e t h a n e -  j a c k e t e d  c a b l e s  c o n t a i n  the n e c e s s a r y  

c o m m u n i c a t i o n s  wires k e t v e e n  t h e  s e n s o r  a n d  t h e  s u r f a c e  u n i t .  

A s t r e n g t h  member i s  i n t e y r a 1  i n  t h e  c a b l e  a l l o w i n g  i t  t o  b e  

u s e d  for  r a i s i n g  a n d  l o w e r i n g  the sensor. 
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--- Data -- C o n t r c l  _I_- U n i t s  

The  two da ta  c o n t r o l  u n i t s  are t h e  d a t a  p r o c e s s o r s  of 

t h e  8000 s y s t e m .  B o t h  d a t a  c o n t r o l  u n i t s  d i s p l a y  d i g i t a l  

r e a d o u t s .  O n e  of t h e  u n i t s  a l s o  p r o v i d e s  a n a l o g  o u t p u t .  T h e  

o t h e r  u n i t  c a n  a u t o m a t i c a l l y  l o g  d i g i t a l  da t a .  T h i s  memory i s  

a CHOS t y p e ,  r e q u i r e s  l o u  l e v e l s  of c u r r e n t ,  a n d  h a s  a 

c a p a c i t y  o f  4096 t o t a l  o b s e r v d t i o n s .  T h e  s a m p l i n g  c a n  be  set 

a t  i n t e r v a l s  of 15,30,60, or  120 m i n u t e s .  This a l lows  

u n a t t e n d e d  m o n i t o r i n g  of t h e  s i x  v a r i a b l e s .  

T h e  u n i t  w i t h  its ba t t e r i e s ,  b o t h  t h e  i n t e r n a l  a n d  t h e  

e x t e r n a l ,  h a s  t h e  c a p a c i t y  t o  g a t h e r  d a t a  for one week 

s a m p l i n g  s i x  v a r i a b l e s  a t  15 m i n u t e  i n t e r v a l s .  Nevertheless 

when t h e  u n i t  becomes cooler t h a n  1 0  degrees C e l s i u s  t h e  

a c t i v e  l i f e  of t h e  p o w e r  s u p p l y  is s e r i o u s l y  reduced. I n  

p r a c t i c e  we o p e r a t e d  t h e  u n i t  w i t h i n  a ' h o t - b o x *  c o n s t r u c t e d  

s p e c i f i c a l l y  f o r  t h e  " H y d r o l a b "  8000 s y s t e m  ( f l c N a u g h t o n ,  

1 9 8 4 ) .  T h e  *fPot--box' m a i n t a i n e d  t h e  i n s t r u r a e n t  a t  15 t o  20 

d e j r e e s  C e l s i u s  w h i c h  g r e a t l y  p r o l o n g e d  t h e  l i f e  of t h e  

b a t t e r i e s  of t h e  u n i t .  

T h i s  u n i t  i s  u s e d  i n  c o n j u n c t i o n  w i t h  t h e  d a t a  l o q g i n g  

c o n t r o l  u n i t .  T h e  m a n u a l  c o n t r o l l e r  is u-sed t o  d i g i t i z e  d a t a  

a t  t h e  time of r c e a s u r e r a e n t ,  add l a b e l s ,  a n d  store the d a t a  

i n t o  t h e  CMOS memory of t h e  d a t a  c o n t r o l  u n i t .  T h i s  is  

p a r t i c u l a r l y  useful for d o i n g  p r o f i l i n g  of a water column, or  
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for storing large  numbers of determinations i n  a m a c h i n e  

readable form. 

T h i s  u n i t  is used to transfer  data from t h e  d a t a  c o n t r o l  

u n i t  CMOS memory. T h e  u n i t  may b e  used to recover data t o  a 

terminal, or t o  a computer. These apFl i ca t ions  are d e s c r i b e d  

i n  t h e  manuals provided b y  *tHydro labtn .  Water Quality Branch 

h a s  developed t h e  necessary s o f t v a r e  s u p p o r t  t o  allow the 

d a t a  t o  be transferred frow t h e  meraory t o  an O s b o r n e  

microcomputer ( W h i t f i e l d ,  1 9 8 3 ) .  
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1.  T h e  i n s t r u m e n t  is  v e r y  well c o n s t r u c t e d  w i t h  o n l y  a few m i n o r  

i n c o n v e n i e n c e s .  T h e  user of t h i s  e q n i F m e n t  m u s t  b e  aware t h a t  

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

o f  care  t h a t  o n e  u o u l d  a c c o r d  a n y  o t h e r  d e l i c a t e  e l e c t r o n i c s .  

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

u n i t ,  T h e  p r o b l e m  was a f a u l t y  b o a r d  i n t o  w h i c h  t h e  meaory 

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

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

" H y d r o l a b t l  replaced t h e  board when t h e y  were a l e r t e d  t o  t h e  

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

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

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

w a t e r - p r o o f  h o u s i n g .  T h i s  was a l s o  t r u e  of t h e  i n t e r n a l  

b a t t e r i e s  w h i c h  p o u e r  t h e  CMOS memory, I t  is n o t  a d v i s a b l e  t o  

open t h e  h o u s i n g  except u n d e r  c o n t r o l l e d  c i r c u m s t a n c e s .  T h e  

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

e n s u r E  t h a t  s u f f i c i e n t  b a t t e r y  life e x i s t s  t o  m a i n t a i n  t h e  

m e m o r y  i n  a ' l i v e '  s t a t e .  S i n c e  t h e r e  is n o  p r o v i s i o n  tor 

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

CYOS memory r e p l a c i n g  of t h e  b a t t e r i e s  p r i o r  t o  e a c h  u s e  is a 

m a n d a t o r y  p r e c a u t i o n .  

2. C a l i b r a t i o n  of t h e  i n s t r u m e n t  is ,  w i t h  t h e  e x c e p t i o n  n o t e d  i n  

3 be low,  s i m p l e  u s i n g  the s t a n d a r d s  s u g g e s t e d  b y  t h e  

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

s o m e w h a t  c o n f u s e d  by t h e  m a n n e r  i n  w h i c h  t h e  d a t a  cor , t rol  
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u n i t  o f f e r s  a n u m b e r  of c o n d u c t i v i t y  r a n g e s .  Care  i n  t h e  

r e c o v e r y  of d a t a  w h e r e  t h e  r a n g e  i n  use is specified is 

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

a s  d i s c u s s e d  l a t e r .  

3,  T h e  d i s s o l v e d  oxygen e l e c t r o d e  is s o m u h a t  d i f f i c u l t  t o  

c a l i b r a t e .  The i n s t r u c t i o n s  provided a re  s o m e w h a t  o b s c u r e .  

T h e  c a l i t r a t i o n  is p e r f o r m e d  i n  water s a t u r a t e d  a i r  w i t h  t h e  

e n d  up,  a n d  t h e  o p e n  end  loosely c a p p e d .  The i n s t r u c t i o n s  i n  

t h e  m a n u a l  o t h e r w i s e  a p p l y .  I:€ t h e  e l e c t r o d e  seems d i f f i c u l t  

t o  c a l i b r a t e  t h e  membrane  a n d  t h e  e l e c t r o l y t e  w i t h i n  t h e  

p r o b e  s o u l d  b e  r e p l a c e d .  C a l i b r a t i o n  was more s u c c e s s f u l  when 

t h e  membrane was r e p l a c e d  before a t t e m p t i n j  t o  c a l i b r a t e .  T h e  

s o f t w a r e  described l a t e r  allows for additional c a l i b r a t i o n  of 

the r e s u l t s  b a s e d  o n  c o n c u r r e n t  W i n k l e r  t i t r a t i o n s .  

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

electrode membrane.  T h e  f o l l o w i n q  p r o c e d u r e  is  recommended :  

a. 

b. 

C. 

d .  

e. 

f .  

P r o v i d e  KC1 ( s a t u r a t e d  s o l u t i o n )  i n  a n  e y e d r o p p e r  b o t t l e .  

Remove t h e  s e n s o r  g u a r d  from t h e  t o p  of t h e  prohe.  

Reniove t h e  “0 “  r i n g  a n d  t h e  o l d  membrane .  

I n s p e c t  t h e  a n o d e  a n d  t h e  c a t h o d e  s u r f a c e  f o r  s a l t  

c r y s t a l s  o r  f o r e i g n  mater ia l .  P l u s h  t h e  p r o b e  w i t h  K C 1  or 

d is t i l l e d  water. 

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

F i l l  t h e  Frohe a n d  i n s t a l l  t h e  new membrane  a c c o r d i n g  t o  

t h e  f o l l o w i n g  steps: 

1 )  g r a s p  t h r e a d  e n d  o f  p r o b e  b e t w e e n  thumb a n d  

f o r e f i n g e r .  
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secure o n e  e n d  of membrane  u n d e r  t h e  thumb,  

u s e  t h e  e y e d r o p p e r  t o  fill t h e  electrode well. 

create  a m e n i s c u s  l a r g e  e n o u g h  t o  c o v e r  t h e  g o l d  

c a t h o d e .  

w i t h  t h e  o t h e r  h a n d  g r a s p  t h e  free e n d  of the 

membrane .  

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

o v e r  t h e  e l e c t r o d e ,  a n d  down t h e  o t h e r  s i d e .  

secure t h e  membrane  w i t h  f o r e f i n g e r s  

roll t h e  arOn8 r i n g  over t h e  e n d  of t h e  p r o b e ,  e n s u r i n g  

t h a t  t h e r e  are n o  w r i n k l e s  o r  a i r  b u b b l e s  u n d e r  t h e  

membrane .  

trim t h e  edges of t h e  membrane o u t s i d e  t h e  t r O q 8  r i n g  

w i t h  scissors. CAREFULLY.  

g. Allow 15 m i n u t e s  f o r  t h e  e l e c t r o d e  to p o l a r i z e  p r i o r  t o  

a n y  a t t e m p t  t o  c a l i b r a t e  t h e  e l e c t r o d e .  

A l t h o u g h  this p r o c e d u r e  is r e l a t i v e l y  s i m p l e  a n d  c a n  b e  

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

c a r e f u l l y  a s  p o s s i b l e .  

T h e  e lectrodes,  p a r t i c u l a r l y  d i s s o l v e d  o x y g e n ,  were a n s t c t b l e  

when f r a z i l  i c e  v a s  present i n  t h e  water column. F r a z i l  ice  

t e n d e d  t o  col lect  on t h e  e l e c t r o d e  assembly a n d  d i s t u r b  t h e  

weasurenents d u r i n g  f r c e z e - u p .  

T h e  s t i r r i n g  d e v i c e  s h o u l d  be c h e c k e d  regularly t o  m a k e  

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

A t  low n a t e r  t e m p e r a t u r e s  t h e  e q u i l i b r a t i o n  p e r i o d  set  

e l e c t r o n i c a l l y  is sometimes i n s u f f i c i e n t .  f r e q u e n t  a n o m a l o u s  



1 3  

r e a d i n g s  o b t a i n e d  a t  low t e m p e r a t u r e s  are e v i d e n t  i n  p l o t s  of 

t h e  d a t a .  It is b e l i e v e d  t h a t  a t y p i c a l  r e a d i n g s  result from 

i n a d e q u a t e  e q u i l i b r a t i o n ,  since a t  h i g h e r  water tern p e r a t u r e s  

( e . g . > O )  w h e r e  e q u i l i b r a t i o n  is  more r a p i d  t h e  a n o m a l o u s  

v a l u e s  o c c u r  with a n u c h  lower f r e q u e n c y .  
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Z a c h  of t h e  p r o c e d u r e s  for t h e  r e c o v e r y  of d a t a  from t h e  

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

below, t h e  p r o c e d u r e  f o r  t r a n s f e r r i n g  from t h e  tgIIydrolab'3 t o  t h e  

m i c r o c o m p u t e r  d e v e l o p e d  b y  Water Q u a l i t y  B r a n c h  is p r e f e r r d .  

T h i s  p r o c e d u r e  is d e s c r i b e d  i n  t h e  m a n u a l  wh ich  

a c c o m p a n i e s  t h e  Data R a n a g e m e n t  U n i t  ( D H l J ) .  Tht? methodology 

i s  s t r a i g h t - f o r w a r d  and  e a s i l y  p e r f o r m e d  once t h e  user h a s  

de te r  miried t h e  p r o p e r t i e s  of the p a r t i c u l a r  t e r m i n a l  b e i n g  

u s e d  a n d  a d j u s t e d  t h e m  t o  t h e  r e q u i r e m e n t s  of t h e  DPIU. The 

recovpry p r o c e d u r e  p r o d u c e s  an a c c e p t a b l e  r e p o r t ,  b u t  t h e  

d a t a  is n o t  machine r e a d a b l e  i n  this form. 

T h i s  p rocedure  p r o d u c e s  the same r e p o r t  a s  dops the 

p r e v i o u s  p r o c e d u r e .  It a l s o  p r o d u c e s  a m a c h i n e  r e a d d h l e  

v e r s i o n  of t h e  r e p o r t  on  the c o m p u t e r  t o  w h i c 5  i t  is 

a t t a c h e d .  S i n c e  t h i s  v e r s i o n  d o e s  n o t  c o n t a i n  t h e  h e a d e r s  

p r e s e n t  i n  t h e  t e r m i n a l  r e p o r t ,  it does  n o t  r e q u i r e  a n y  

e d i t i n g  p r i o r  t o  p r o c e s s i n g .  T h i s  m e t h o d  was f o u n d ,  however, 

t o  be  u n a c c e p t a b l e  d u e  t o  t h e  s e n s i t i v i t y  of t h e  OMU and t h e  

CROS B e m o r y  t o  noise on t h e  t e l e p h o n e  l i n e s  u s e d  to e s t a b l i s h  

c o m m u n i c a t i o n s  b e t w e e n  t h e  D M U - t e r m i n a l  a n d  the mainf ranie 

c o m p u t e r .  O c c u r r e n c e  o f  l i n e  noise d u r i n j  t r a n s a i s s i o n  
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r e s u l t e d  i n  a s e r i o u s  d i s r u p t i o n  of t h e  d a t a  i n  t h e  memory. 

L i n e  n o i s e  c a u s e d  i n d i v i d u a l  records a n d  e v e n  b l o c k s  of 

records t o  h e  o v e r w r i t t e n  d e p e n d i n g  u p o n  t h e  s e v e r i t y  of t h e  

n o i s e .  

- Hydr -- olab"  to - M icr o c  o m p u t e r  -- 

T h i s  p r o c e d u r e  d e v e l o p e d  b y  Water Q u a l i t y  i 3 r a n c h  is 

d e s c r i b e d  i n  d e t a i l  b y  W h i t f i e l d  ( 1 9 8 3 ) .  It r e q u i r e s  a CP/M 

m i c r o c o m p u t e r  w h i c h  i s  r e l a t i v e l y  p o r t a b l e .  T h e  a c t u a l  s y s t e m  

u ~ o n  w h i c h  t h e  p r o c e d u r e  was i E p l e m e n t e d  is a n  O s b o r n e  - 7 .  

T h i s  s y s t e m ,  w h i c h  i s  t o t a l l y  p o r t a b l e ,  Cdn he o p e r a t e d  i n  

t h e  f i e l d  using a 12 v o l t  p o w e r  s u p p l y .  B a s i c a l l y  t h e  

p r o c e d u r e  is a n  e m u l a t i o n  of the t * H y d r o l a b g l  t o  T e r m i n a l  

r e c o v e r y  p r o c e d u r e  d e s c r i b e d  a b o v e ,  w i t h  t h e  r e c o v e r e d  da t a  

b e i n g  s t o r e d  i n  a f i l e  on  f l o p p y  disk. T h i s  file, w h i c h  

c o n t a i n s  a 1 1  t h e  r e p o r t  headers c a n  t h e n  be t r a n s f e r r e d  t o  a 

m a i n f r a m e  u s i n g  the c o m m u n i c a t i o n s  a v a i l a b l e  f o r  t h e  O s b o r n e .  

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

a s i m p l e  job t o  e d i t  o u t  t h e  h e a d e r s  w h i c h  were t r a n s f e r r e d .  

T h i s  Frocedure makes t h e  p r o c e s s  of r e c o v e r y  less s e n s i t i v e  

t o  l i n e  n o i s e  d u r i n g  t r a n f e r s ,  since t h e  d i s k  f i l e s  dre  

u n a f f e c t e d  b y  l i n e  t r o u k l e s .  I n  cases where t r a n s f e r s  t o  t h e  

m a i n f r a n e  f a i l ,  a c o p y  of t h e  file r e m a i n s  OR d i s k  with t h e  

m i c r o c o m p u t e r  f o r  r e t r a n s f e r ,  

T h i s  m e t h o d  is Freferable  t o  t h o s e  p r o v i d e d  b y  

* * H y d r o l a b * * ,  a l t h o u g h  it r e q u i r e s  a d d i t i o n a l  e q u i p m e n t .  I t  

p r o v i d e s  m a c h i n e  r e a d a b l e  d a t a  i n  a much less volatile f o r m  



than do t h e  p r o c e d u r e s  s u p p l i e d  by inHydro lab i i .  

1 6  
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- D A T A  PROCESSIt iG 

Once t h e  d a t a  h a s  b e e n  t r d n s f e r r e d  t o  t h e  mainframe, a n d  t h e  

e x t r a n e o u s  h e a d e r  c a rds  h a v e  b e e n  r e m o v e d ,  t h e r e  is a n e e d  t o  

e x a m i n e  t h e  d a t a .  O n e  of t h e  m e t h o d s  w h i c h  b e s t  s u i t s  t h e  t i a e  

series w h i c h  a r e  g a t h e r e d  is a v i s u a l  e x a m i n a t i o n  of plots of t h e  

d a t a .  Ue d e v e l o p e d  software w h i c h  w o u l d  perform t h e  p l o t t i n g  of 

each of t h e  v a r i a b l e s  on s t a n d a r d  scales,  A l i s t i n g  of t h e  

p r o g r a m  d e v e l o p e d  is c o n t a i n e d  i n  the a p p e n d i x  to t h i s  report. 

I n  order t o  produce the plots t h e  u s e r  m u s t  compile a 

FORTRAN p r o g r a m ,  a n d  t h e n  r u n  t h e  compiled prograa .  T h e  

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

t h e  p l o t s .  T h e  f o l l o w i n g  i s  a s a m p l e  of t h e  c o m p i l a t i o n  and  

s u b s e q u e n t  i n t e r a c t i o n  w i t h  t h e  p r o g r a m  a n d  system t h a t  

p r o d u c e s  a b l o c k  of p l o t s  u s i n g  8TS. Material i n  u p p e r  case 

i s  s y s t e m  g e n e r a t e d ,  w i t h  u s e r  r e s p o n s e  i n  lower  case or 

f o l l o w i n g  the ?. 

------------------------------- 
# r u n  *ftn s c a r d s = v g b 5 : h y d r o l .  plot 

# E X E C U T I O N  B E G I N S  

NO E3B09 IN M A X N  

*EX ECIJTION T E E M I N A T E D  

rtr - l o a d  S=h. d a t a f i l e  

*EX ECUT I O N  ElEGINS 
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PLUTTING Or' i I Y D R O L A B  8000 L O G G S D  DATA 

WHAT I S  THE RECORDING INTERVAL? I . R .  15  

? l S  

WHAT I S  THE S T A G T I N G  DAY,MONTHIYEAB? A S  25,12,1975 

?16,5,1983 

idTA'I IS THE STARTING H O U R , f l I N ?  A S  10,50 

?9 ,  40 

WHAT I S  THE STATION NAPIE? L E S S  TiIAT 50 CfiABAC'7;ER.S IN L E N G T H  

I -------- I I --------- I --------- 1--------- --------- 
? T a k h i n i  P i v e r  at Old Dawson E o a d  

F I R f i T  FIVZ CON31JCTIVITY VALUES ARE: 

11.0300 11.0i)Od 11.0000 11.OOi33 11.030 

INP!IT SCALE FACTOR OR 1. TO STOP 

?lo. 

F I F S T  F I V E  CONDUCTIVITY V A L U E S  A R E :  

110.0000 110.0030 110.0000 110.0000 110.0000 

INP1JT S C A L E  PACTOR OR 1. TO S T C P  

?l. 

F I R S T  FIVE EO VALUES ARE: 

9. 3090 10.3700 10,7800 10.b100 10.9500 

TNPUT CALIRRATICN FACTOE O R  1. TO STOP 

?l.  

PDS: P L O T  D E S C R I P T  IO8 G E N E R A T I O N  B E G I N S .  

#EX :CUT I O N  T E I I H i  NAT E D  

ftr *ccqueue F a r r p l o t f  ile s c a l e = . 7 5  

# E X E C U T I O N  E E G I M S  

I' 
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1 PLOTS; PLOTTING R E Q U I R E S  340 SECONDS A N D  4 9  1s.; $1.41 

O R ?  

ok 

I ’PLCTFILE H A S  BEEN PERMITTED “ R  PKEY=*CCQrJEUEqt. 

P L O T  A S S I G N E D  R E C E I P T  # 5 0 7 9 2 1  

#EXECUTION T E R M I N A T E D  

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

dissolved o x y g e n  a l lows  t h e  u s e r  t o  ensure t h a t  t h e  

a p p r o p r i a t e  scale of b o t h  v a r i a b l e s  is b e i n g  u s e d .  The 

p r o g r a m  h a s  a number  of error c h e c k i n g  f u n c t i o n s  t o  e n s u r e  

th3t i n p u t  dates and times are within real  bounds .  Wiiere 

errors  a r e  d e t e c t e d  on i n p u t  the program r e q u e s t s  re-entry of 

t h e  a F p r o p r i a t e  d a t a .  

T a b u l a r  Data --- --- 

Table 1 shows ( i n  p a r t )  the da ta  g a t h e r e d  d u r i n g  A p r i l  

1983. As c a n  be s e e n ,  the r e a d i n g s  a r e  i d e n t i f i e d  by  time 

o n l y .  Records m u s t  b e  k e p t  of the i n s t r u m e n t :  use to a l low 

i d e n t i f i c a t i o n  of the data  in terms of s t a t i o n  and d a t e .  We 

u s e  the  form shown i n  F i g u r e  1. T h i s  form is f i l l e d  i n  a s  was 

a p p r o p r i a t e  for the data  c o n t a i n e d  i n  T a b l e  1. These forms 

c o m p r i s e  t h e  major b a c k u p  for t h e  d a t a  being g a t h e r e d  a n d  a r e  

f i l l e d  i n  a t  every visit t o  t h e  i n s t r u m e n t .  



L i s t i n g  of H . T A K , B P R  a t  10:54:31 on NOV 8 ,  1983 for CCid=YQBO 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2  
2 3  
24 
25 
26 
27 
28 
29 
38 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42  
43 
44 
us 
46 
47 
48 
Y 9 
50 
51 
52  
53 
5u 
55 
56 
57 
58 
59 

09:40 
09:SS 
19: 10 
10: 2 5  
10:40 
10:55 
11:lO 
11:25 
11:40 
11:s5 
12: 10 
12:25 
12:uo 
12: 5 S  
13:lO 
13:25 
13:40 
13:55 
14:  10 
14: 2 5  
14:40 
l4:45 
1s:  10 
1s: 25 
15:40 
15:55 
16: 10 
16: 2 5  
l6:40 
16:55 
17: 1 0  
17:25 
17:40 
17:S5 
18: 10 
18: 2 5  
18:40 
18:55 
19: 10 
19: 2S 
19:40 
19:55 
20210 
20: 2s 
20:40 
20:55 
21: 10 
21: 2 5  
21:43 
21:ss 
22: 10  
22: 25  
22:40 
22 :55  
23: 10 
23:25 
23:UO 
2 3 ~ 5 5  

+oo2.5 
+ 003.2 
t003 .5  
+003,6 
+003,6 
+003,6 
+003.7 
+003.7 
+OO3.6 
+003,6 
+ 003.6 

+003.6 
+003.5 
t003 .5  
+003,6 
+OO 3-6 
+003.6 
+003.6 
+003.6 
+003.6 
+ 0 0 3 . 6  
+003,6 
+003.6 
+ 0 0 3 . 6  
t 003 ,6  
+Oi)3. b 
+003.5 
tOd3.6 
+003,7 
+ 003.5 
t003.6 
t003.6 
+003,6  
+003,6 
+003,6  
+00 3.7 
+003,6 
+003,7 

+003,7 
+003,6 
+003,a  
+003.7 
+003.5 
t003 .6  
+003-6  
+003.6 
+003.6 
+003.7 
+OO3.7 
+003.7 
tOO3.6 
+003.6 
+003.6 
+003,7 
+003-6  
+003.7 

+003,6  

+003,7 

+ O O O - O  
+ooo.o 
-000,o 
+ooo,o 
+003.0 
+ooo.o 
tooo.0 
tooo.0 
tQOO.0 
+ooo. 0 
tooo.o 
+ooo.o 
+ooo. 0 
+ooo.o 
+OOO. 1 
+ooo,o 
+ O O O , O  
+ooo.o 
+ooo.o 
tooo .0  
+ooo. 0 
t o o o .  0 
+ooo.o 
+ooo,o 
+ooo. 1 
t o o o ,  0 
+ooo,o 
+ooo.o 
t oo0 ,o  
too0 ,o  
tooo.0 
+ooo.o 
+ooo. 0 
+ooo. 0 
+ooo, 1 
+000.1 
tooo ,  1 
t o o o ,  0 
+ooo, 0 
t o o o . o  
+ooo, 0 
+ O O O ~ O  
too0 ,o  
+ooo.o 
+ooo.o 
+oo 0 - 0  
to30 ,o  
+ooo.o 
-000,o 
+ooo.o 
+ i ) O O . O  
tooo.0 
+ O O O , O  
+ooo.o 
+ooo. 0 
+ooo.o 
+ooo.o 
+ooo.o 

+0.010 
+0.010 
+0.010 
t0,OlO 
t0,OlO 
to.010 
+0,010 
to.010 
to .  010 
+0.010 
+0.010 
+0.010 
+0.010 
to .010 
+o, 01 1 
+0,010 
+0.010 
+0.010 
+0.010 
+0.010 
+0.010 
+o. 01 0 
+0,010 
+o. 010 
+0,010 
t0,OlO 
+ O w  0 10 
+0.010 
t O , O l O  
+o. 01 0 

+0.010 
+0,010 
+0.010 
t o ,  0 10 
+0,010 
to.010 
+o. 01 0 
+0.011) 
+o. 010 
+0,010 
+0.010 
+0.010 
+0 ,011 
t0.1)lO 
+o. 01 0 
+0.010 
+ O , O l O  
+0.010 
+0,010 
+o, 0 10 
+o. 01 1 
+0.010 
+0,010 
+ U . O l O  
+0.1)10 
+0.010 
+0.010 

40.0 13 

+12,36 
t14.51 
+14,42 
+14,33 
+ 14.23 
+1U,17 
t 14-12 
t14.08 
+14.00 
t13.95 
+ l U . O O  
+13,8t3 
t i 3 , a 3  
+13.88 
t13.80 
+13.77 
t13 .81  
+13.81 
t13.73 
+13.73 
t13.70 
+13.67 
+13.69 
+13.71 
+13,72 
t13.72 
+13.56 
+13.62 
t13.67 
+13,66 
+13.64 
+13.65 
+13.64 
+13,60 
+13.57 
+13,62 
+13,59 
+13.66 
+13,60 
+ 1 3 , 5 9  
t13.60 
+13.55 
t13.58 
t13.58 
+13,57 
+13,57 
+13-56  
+13.62 
+13.51 
+13,59 
t13.52 
+13.U9 
t13.50 
+ I  3-52  
+13,47 
t13.51 
+13,U6 
+13,53  

Table 1 
Sample D u t p u t  Data  

+ O X  72 
+07,77 
+ 07.78 
+07,70 
t07.78 
+07,77 
+07.77 
t07.77 
+ O X  77 
+07,76 
+07,76 
+ 07-77 
t07.77 
+07.78 
+ 07-79 
t 07.78 
+ O X  79 
+07,79 
t 07.80 
+07,80 

t07.81 
+07,81 
+07,81 
t07.81 
+07,81 
t07.81 
+07,8  1 
t07. a2  
+07.82 
t 0 7 - 8 1  
+07,81 
t07.81 
+07.8 1 
t07.81 
t 07.00 
+07,80 
+07.79 
t07.79 
t07.79 
+07,78 
+07,7a 
+07,78 
t07.78 
+o7,77 
+07.77 
t07.77 
+07,77 
+07,77 
+07.77 
t07 .77  
t07.77 
+07,77 
+07,77 
+07.77 
+07,77 
t07.77 
t07.77 

+07.80 

+0274. 
+O 28 0, 
+0302, 
+0313. 
+0320, 
+O 3 2  7, 
to332. 
+0336. 2o 
+0340, 
t o  34 3, 
t0346,  
t0348.  
t0350.  
+O 35 2. 
+0354, 
+0355. 
t 0356 ,  
+O 357. 
t0358,  
t0359,  
+0360, 
+O 360. 
t o 3 6  1, 
t0362.  
+0362. 
+O 36 3. 
+0363, 
+0344. 
t0363,  
+O 36 3. 
+0364. 
+0364. 
+0366. 
+O 367, 
t0369,  
t0371.  
+0373, 
t o  37 4, 
t0376,  
t 0377 ,  
+0379. 
+O 380, 
+0302, 
+0383, 
+0384, 
+O 38 5. 
t0386. 
+0387. 
+0388. 
+O 389. 
+0389. 
+039 0. 
t0391. 
+039 1, 
+039 2, 
+O 39 2. 
+0393. 
+O 39 3. 
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P l o t t e d  Data --- --- 

F o u r  sets o f  e x a m p l e  plots  a r e  shown i n  F i g u r e s  2 

t h r o u q h  2 1 .  T h e s e  four sets show a n u m b e r  of t h i n g s  a b o u t  t h e  

f q H y d r o l a b "  8000 t h a t  are w o r t h  n o t i n g .  T h e  f i r s t  set of f i v e  

f i g u r e s  a r e  from November.  F i g u r e  2 s h o w s  t e m p e r a t u r e s  d u r i n g  

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

o f  t h i s  measurement u n d e r  ice. All r e a d i n g s  i n  t h e  i n t e r v a l  

a r c  ze ro ,  a f a c t  r e f l e c t e d  i n  t h e  f l a t  l i n e  e x h i b i t e d  i n  t h e  

p l o t .  F i g u r e  3 s h o w s  c o n d a c t i v i t y  i n  t h e  same p e r i o d .  T h e  

Flot d e m o n s t r a t e s  t h e  limits t o  p r e c i s i o n  of c o n d u c t i v i t y  

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

t r a n s m i s s i o n  u n i t  h a s  a p r e c i s i o n  of +/-  10 microsiemws/cm. 

I t  is l i k e l y  t h a t  c o n d u c t i v i t y  m e a s u r e m e n t s  were a f f e c t e d  b y  

t h e  p r e s e n c e  of f r a z i l  ice d u r i n g  t h e  e a r l y  p o r t i o n  of the 

s a m p l i n g  i ) e r i o d .  November d i s s o l v e d  o x y g e n s  shown i n  f i g u r e  4 

d e m o n s t r a t e s  some of t h e  l i m i t a t i o n s  of t h i s  p a r t i c u l a r  

sensor. T h e  e a r l y  p a r t  of t h e  r e c o r d  s h o w s  f r a z i l  i c e  

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

z e r o  v a l u e s  o b t a i n e d  o n  November  12 a n d  1 3 .  A lso  e v i d e n t  

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

i n i t i a l  p e r i o d  w i t h  c o n c e n t r a t i o n s  b e c o m i n l j  much more stable 

when f r a z i l  c e a s e d  t o  be a a p r o b l e m .  Figure 5 s h o w s  pH over  

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

f i r s t  few r e a d i n g s ,  a n d  d s u b s e q u e n t  s t a b i l i t y .  T h e  e l e c t r o d e  

seeas less a f f e c t e d  b y  t h e  p r e s e n c e  of f r a z i l  t h a n  either t h e  

d i s s o  l v e d  o x y g e n  or c o n d u c t i v i t y  electrodes.  
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Takhini River at Old Dawson Road 
Hydrolab 8000 Logged Data 
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Takhini River at Old Dawson Road 
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Takhini River at Old Dawson Road 
Hydrolab 8000 Logged Data 
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O x i d a t i o n -  r e d u c t i o n  p o t e n t i a 1  ( F i g u r e  6 )  shows a s o m e w h a t  

l o n g e r  p e r i o d  of i n s t a b i l i t y  t h a n  does t h e  pIi r e a d i n q s .  T h i s  

problem seems aba te  a f t e r  t h e  f i r s t  f i v e  to  s i x  h o u r s .  T h e  

u p w a r d  d r i f t  of t h e  s u b s e q u e n t  r e a d i n g s  re f lec ts  tne d o u n u a r d  

t r e n d  of t h e  d i s s o l v e d  o x y g e n  r e a d i n g s ,  

T h e  same v a r i a b l e s  € o r  t h e  s a m p l i n g  p e r i o d  d u r i a g  @arch 

a c e  s h o w n  i n  F i g u r e s  7 t h r o u g h  1 1 .  O n c e  a g a i n  t e m p e r a t u r e  was 

s t a b l e  a t  zero d e g r e e s  C e l s i u s  ( F i g u r e  7 ) .  C o n d u c t i v i t y ,  

a g a i n ,  i s  c o n s t a n t  t h e  l i m i t s  of p r e c i s i o n  i n  t h e  l a t t e r  

p o r t i c n  o f  t h e  s a m p l i n g  p e r i o d  ( F i g u r e  8 ) .  C o n d u c t i v i t y  u a s  

s u b s t a n t i a l l y  greater  t h a n  d u r i n g  November .  The d i s s o l v e d  

o x y g e n  d a t a  ( F i g u r e  9) shows d f e u  a n o m a l o u s  v a l u e s .  These 

a n o m a l i e s  are l i k e l y  t h e  r e s u l t  of i n s u f f i c i e n t  time b e i n g  

a l l o w e d  ( e l e c t r o n i c a l l y )  zor t h e  electrode t o  r e a c h  

e q u i l i b r i u m .  G e n e r a l l y ,  when f r a z i 1  ice is n o t  p r e s e n t ,  t h e  

e l e c t r o d e  b e ? l a v e s  i n  d more a c c e p t a b l e  f a s h i o n ,  P i 7 u r e  10  

shDws t h e  pH i n s t a b i l i t y  a t  t h e  s t a r t  of a m e a s u r i n g  p e r i o d  

a n d  F i g u r e  1 1  s h o u s  t h e  same for ORP. OR!? r e a d i n g s  were 

s u b s t a n t i a l l y  g r e a t e r  i n  M a r c h  t h a n  i n  November ,  w h i l e  

d i s s o l v e d  o x y g e n  was s u b s t a n t i a l l y  lower i n  IYarch t h d n  was 

o b s e r v e d  p r e v i o u s l y .  

T h e  r e s u l t s  from t h e  A p r i l  p e r i o d  a r e  shown i n  F i g u r e s  

1 2  t o  16. T e m p e r a t u r e  was s o m e w h a t  less s t a b l e  t h a t  e a r l i e r  

o b s e r v e d  r e f l e c t i n g  a s l i g h t  w a r m i n g  of t h e  water  ( F i g u r e  

1 2 )  . C o n d u c t i v i t y  ( F i g r i r e  1 3 )  shows s o m e w h a t  more sca t te r  

b e t u e e n  v a l u e s  of 160 a n d  110  i n i c r o s i e r n e n s / c m  t h a n  was 

e v i d e n t  i n  f l a r c h .  D i s s o l v e d  o x y g e n  a g a i n  shows some i n i t i a l  
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i n s t a b i l i t y  a n d  some a n o m a l o u s  v a l u e s  ( F i g u r e  1 4 ) .  The 

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

t h e  M d r c h  s a m p l i n g  p e r i o d .  A s e c o n d  p e r i o d  of i n s t a b i l i t y  is 

e v i d e n t  o n  t h e  a f t e r n o o n  of A p r i l  1 5 t h .  T h i s  a n o m a l y  is t h e  

r e s u l t  of r e p l a c e m e n t  of t h e  e l e c t r o d e  membrane .  T h e  v a l u e s  

r e c o r d e d  a f t e r  t h e  membrane  was c h a n g e d  were a l s o  a f f e c t e d .  

T h e  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  were h i g h e r  t h a n  o b s e r v e d  

i n  March, F i g u r e  15  s h o w s  pH m e a s u r e m e n t s  d u r i n g  t h e  same 

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

a brief p e r i o d  of i n i t i a l  i n s t a b i l i t y .  O R P  shown  i n  F i g u r e  15 

a l s o  ref lects  a d i u r n a l  p a t t e r n .  T h e  d i s t u r b a n c e  of t h e  

i n s t r u m e n t  o n  the a f t e r n o o n  of t h e  1 5 t h  c o i n c i d e s  w i t h  t h e  

d i s c o n t i n u i t y  of ORP. T h e  s e c t i o n  f o l l o w i n g  briefly describes 

t h e  i m p o r t a n c e  of  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  a s  a 

d e s i r a b l e  m e a s u r e m e n t .  T h e  e v i d e n c e  of a d i u r n a l  p a t t e r n  

u n d e r  i c e  o f  ORP m e a s u r e m e n t s  s u g g e s t s  t h a t  it may be u s e f u l  

i n  e x a m i n a t i o n s  o f  b i o l o y i c a l  a c t i v i t y  under i ce ,  s i n c e  t h i s  

p h e n o m e n o n  a p p e a r s  d u r i n g  a p e r i o 3  of much h i g h e r  b i o l o g i c a l  

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

c y c l e  also s u g g e s t s  t h a t  O R ?  c h a n g e s  r e l a t i v e l y  r a p i d l y  i n  a 

p r o d u c t i v e  s i t u a t i o n  when t h e r e  is n o  e x c h a n g e  w i t h  t h e  

a t  mos Fhere.  

T h e  d a t a  f o r  t h e  l a s t  g r o u p  of p l o t s  were g a t h e r e d  i n  

May, n f t e r  t h e  i c e  c o v e r  h a d  d i s a p p e a r e d  ( F i g u r e s  17 t o  2 1 ) .  

Water t e m p e r a t u r e  s h o w s  a r e g u l a r  d i u r n a l  p a t t e r n  of warmer 

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

t h e  e v p n i c g  a n d  e a r l y  i n o r n i n g  ( F i g u r e  1 7 ) .  This p a t t e r n  
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r e f l e c t s  s o l a r  h e a t i n g  of the water. C o n d u c t i v i t y  

d e m o n s t r a t e s  ( f i g u r e  18) the same p a t t e r n  r e f l e c t e d  i n  

p r e v i o u s  plots of c o n d u c t i v i t y ,  D i s s o l v e d  oxygen shows a 

d i u r n a l  p a t t e r n  w i t h  some scatter ( F i g u r e  1 9 ) -  F i g u r e  2 0  

a g a i n  d e m o n s t r a t e s  t h e  i n i t i a l  i n s t a b i l i t y  of pH 

measurements. S u b s e q u e n t l y  the pH m e a s u r e m e n t s  r e m a i n  v e r y  

s t n b l e .  ORP also s h o w s  t h e  i n i t i a l  i n s t a b i l i t y  d e s c r i b e d  

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

p e r i o d  (Figure 2 1 ) .  The d i u r n a l  n a t u r e  a p p e a r s  t o  b e  

' s m o o t h ~ d '  r e l a t i v e  to t h e  A p r i l  o b s e r v a t i o n s .  

? l o t s  o f  these  d a t a  are a valuable tool  f o r  e x a m i n i n g  

t h e  d a t a  a n d  f o r  e s t a b l i s h i n g  some of t h e  limitations of t h e  

m e a s u r i n g  electrodes, 
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O x i d a t i o n - r e d u c t i c n  p o t e n t i a l  is a measure of t h e  a q u e o u s  

e l e c t r o n  c o n c e n t r a t i o n ,  v h i l e  pH is a m e a s u r e  of t h e  a q u e o u s  

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

p r o t o n s ,  a g r e a t  many n a t u r a l  r eac t ions  a r e  a e p e n d e n t  u p o n  

o x i d a t i o n - r e d u c t i o n  F o t e n t i a l  ( O R P )  d n d  pH ( L a n g m u i r ,  1971) .  

However, i n t e r p r e t a t i o n  of t h e  O R P  is l i f a i t e d  t o  a d e s c r i p t i v e  

t o o l  b e c a u s e  s e v e r a l  r e d o x  r e a c t i o n s  will u s u a l l y  c o n t r i b u t e  t o  

the m e a s u r e d  p o t e n t i a l .  

M d t u r a l  waters are  i n  a h i g h l y  d y n a m i c  s t a t e  w i t h  r e g a r d  t o  

o x i d a t i o n - r e d u c t i o n  potential, rather t h a n  i n  o r  near 

e q u i l i b r i u m .  L a n j m u i r  (1971)  a n d  o t h e r s  h a v e  u s e d  p l o t s  of OHP 

a g a i n s t  pY to d e s c r i b e  t h e  c h d r a c C e r i s t i c s  of n a t u r a l  waters. 

C o m p a r i s o n  of pH a n d  ORP ( E h )  r e s u l t s  f r o m  t h e  T a k h i n i  R i v e r  w i t h  

L a n g n u i r ' s  r e s u l t s  ( F i g u r e  22) s u g g e s t s  t h a t  the u n d e r - i c e  

e n v i r o n m e n t  is t r a n s i t i o n a l .  H o w e v e r ,  chre must b e  t a k e n  i n  t h e  

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

l i m i t a t i o n s  o f  t h e  m e a s u r i n y  s y s t e m  ( g h i t f i e l d ,  197Q) . F u r t h e r  

d i s c u s s i o n  of the i n t e r p r e t a t i o n  of o x i d a t i o n - r e d u c t i o n  

p o t e n t i a l s  i n  e s t u a r i e s  may b e  f o u n d  i n  U h i t f i e l d  ( 1 9 6 9 ) .  
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T h e  q 8 H y d r o l a k q *  3000 is a u s e f u l  d e v i c e  for o b t a i n i n g  c l o s e l y  

s p a c e d  m e a s u r e m e n t s  of those water q u a l i t y  v a r i a b l e s  t h a t  t h e  

i n s t r u m e n t  h a s  t h e  c a p a b i l i t y  of r a e a s u r i n g .  A t  colder  water  

temFeraturcs t h e  d i s s o l v e d  o x y g e n  electrode a t  times t a k e s  l o n g e r  

t o  e q u i l i h a t e  t h a n  the time d e l a y  p r i o r  t o  r e a d i n g  allows. I t  

a l s o  t e n d s  t o  be  r e l a t i v e l y  u n s t a b l e  d u r i n g  t h e  first few h o u r s  

of r e a d i n g  a t  cold t e m p e r a t u r e s .  A t  h i g h e r  water t e m p e r a t u r e s  t h e  

r e s p o n s e  is much better. A s e v e r e  p r o b l e m  e x i s t s  u i t h  t h i s  

e l ec t rode  when f r a z i l  ice is p r e s e n t  i n  t h e  water c o l u m n .  T h e  

conductivity e lec t rode  b e h a v e s  q u i t e  well i n  most c i r c u m s t a n c e s ,  

u i t h  some p r o b l e m s  n o t e d  when f r a z i l  ice is p r e s e n t .  It w o u l d  b e  

preferable t o  h a v e  a g r e a t e r  p r e c i s i o n  t h a t  10 m i c r o s i e m e n s / c r n .  

Temperature m e a s u r i n g  s y s t e m  o f f e r s  no l i m i t a t i o n s .  ORP a n d  pH 

e l e c t r o d e s  c o n s i s t e n t l y  show an i n i t i a l  d r i f t  p e r i o d .  The l e n g t h  

of t h i s  p e r i o d  a p p e a r s  t o  be re lated t o  the a m b i e n t  water 

t e m p e r a t u r e ,  u i t h  t h e  l a g  p e r i o d  b e i n g  s o n e w h a t  qreater a t  low 

t e m p e r a t u r e .  S u b s e q u e n t  t o  t h i s  p e r i o d ,  a b o u t  three h o u r s  on 

a v e r a g e ,  b o t h  electrodes perform well and p r o v i d e  useful 

i n f o r m a t i o n .  
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APPENDIX 

L i s t i n g  of t h e  F O R T R A N  source program u s e d  to produce t h e  

p l o t s  shoun in Figures 2 through 21. 



I L i s t i n g  of H Y D R O L , P L O T  a t  OY:l4:15 on NDV 9, 7 3 8 3  f o r  CCid=WQ3C 

1 
2 c 
3 C PLCT'TIIdG O F  FIYDROLAB LOGGED DATA 

C******* t**+********  ******* e*******  *+ *+*t*******+*$+******* I 
I 
1 
U 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4 
5 
6 
7 
8 
9 

10 
1 1  
12  
13 
14 
15 
16  
17 
18 
19 
20 
21 
22 
23  
24 
25 
26 
27 
2 8  
29 
30 
3 1  
32 
33 
34 
35 
76 
37 
38 
79 
40 
41 
Q2 
4 3  
44 
4 5  
46 
4 7  

c 
C INPUT FORMAT I S  5 G l h - 7  - H Y D R O L A B  R E C O V E R Y  F O B H A T  
C D A T A  R E A D  !??OM n 6 I T  5 & F I L E  HPLOT YIJST EXIST, 
C 
c**  * f * * * * * + + * + ~ * $ * + * t * * * * * ~ * ~ * ~ * * * * ~ * * * * * * ~ * * ~ * * * * * t * * * * * * *  

LOGTCAL* 1 STAT& (50)  , T I T L E  {25) 
REAL TYT, A N G ( 5 )  / f ; * Q O . /  
INTEGFP D A Y ,  YONTH, Y E A R ,  i i R ,  Y I N  
D I r i E N s T u N  ~ ( 1 0 0 0 ) ~  ~ { I O O O ) ,  ~ ( l o o d ) ,  ~ ( 1 0 0 0 ) ~  0(1000), TXME(1000) 

C ASSIGN ?!?CZSSAnY I/O F I L E S  
C A L L  FTTICiYD ['ASSIGX 9=H?LOTt ,  1 4 )  
C A L L  FTNCMr) ('ASSIGN 3=*@SOUBCZ** , 1'3) 
C A L L  FINC?ID('ASSISN 2=*ESIXK*',  1 6 )  
CALL EYPTY T (9) 

C GET NEEQE2 IKPrJT INFOBi5ATTOM 
Y E I T E  (6 , B O )  

WRIT*? ( 2 , 1 0 0 )  
C A L L  P I ~ ~ A D ( ~ ,  '3r: *, D a y ,  H G K T H ,   YEA^) 

fP ( ' IP  - L E -  3 3 )  GO 'IC 23 
G1FT';L ( 2 , 1 2 0 )  ti* 

W R I T E  ( 2 , 9 3 )  
C A L L  ?PEAL) [ 3 #  ' p : ' #  IN?) 

1 0  i d X T T 9  ( 2 , 1 1 0 )  
CALI  P R E A P ( 3 ,  '?I:*, H R ,  3IN) 

GO TO 15 

C A L L  F L Z R D  1-2, ' D X L I ? l I T Z R S ' ,  I /?/ / ' )  
2 0  K R T T Z  ( 2 , 1 3 0 )  

C A L L  F F E A D  ( 3 ,  1s:' , S T R T M ,  50) 
C A L L  P R d A D  {-  1,  ' D E L I ' )  
CALL FOVEC ( 2 5 ,  ' I I y d r o l a f :  e 3 0 0  Logged & I t a ' ,  TTTL?) 
' ISTAPT = PLOAT (hO*HFt) + FLOAT (YTN) 
I =  1 

C nEA3 I N  TF'E REAL DATA 
30 F E F D  (5,14O,EMD=40) T ( I 1 ,  C I I ) ,  D(i) , ?(X), n ( r )  

T I $ E { I )  = I'START + [I - 1 )  * TNT 

I = 1 + 1  
GO TO 73 

C ( 1 )  = C ( I )  * 1 0 0 0  

C CHECK T H E  S C A L I N G  O F  CGM?UCl'IVITY X K D  DO 
IC0 R B I T 9  ( 2 , 1 4 0 )  ( C  { X )  , K =  1 , s )  

CALL _"HEAD ( 3 ,  *?: ' ,  CFACT) 
a3113 ( 2 , 1 6 0 )  

DO 5 0  3 = 1,  I 
C 

48 5 0  C(J) = C(a1) * CFACT 
t 

IF (CPAC'? ,132. 1) GO TO 40 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L i s t i n g  

59 
60 
6 1  
6 2  
6 3  
6 Y  
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
YO 
8 1  
82 
83 
A t ,  
85 
Qf? 
87 
#E 
P 9  
90 
91 
92 
9 3  
94 
95  
9h 
97 

99 
1 d o  
101 
102 
103 
13Q 
105 
1 O h  
137 
1 08 
109 
110 
1 1 1  
112 
113 
114 
115 
116 

9a 

of HYDRCL.PLOT a t  09: 14: 15 on ldOV 9, 1983 for CCid=HQI?C 

C A D D  THE I N T Z R N R L  MINIMUM 4 N O  i 4 A X I H U M  V A L U E S  FOR S C A L I N G  
T ( 1 )  = -2 ,  
C ( T )  = 0, 
D(I) = 0, 
o ( r )  = 0. 
P ( I )  = 0. 
I = I + 1  
T(;) = 24, 
C ( 1 )  = 400. 

P ( T )  = 14. 

$1 = 1 

CALL P S C A L Z ( 8 . ,  l , ,  TMIN, TV, T ,  N, 1 )  
CALL P S C A L E ( 8 .  , 1, , CHIN, C V ,  C ,  N, 1) 
C A L L  ?SCALP[8 ,  , 1, , DMIN, 3V, 13, N, 1) 

CALL PSCALE(8 , ,  1. , O ? I I N ,  CV, 0 ,  N, 1 )  

W = !I - 2 
CALL T T C A L E ( l d . ,  T I C K ,  X ? l I N ,  XY, N D A Y S ,  TIME,  N) 
x = ?. 
Y = 1. 

CALL PLTXMX (7Q.) 
CALI ,  P h L P H A  ( ' 3 A B S E P I P . 2  , 0) 
CALL PI NSY Y (0 .  05) 

c D?A> TYE PL3TS 
CALL Y I I X T S I X ,  Y ,  *?egrees C e l s i i i s ' ,  15, 8., A E T G [ l ) ,  TMTN, TV,  1.) 
C R L L  T A X I S ( X ,  Y, T I C K ,  D?.Y, MONT9, YEAR, l d - ,  N D A Y S )  

r )fr)  = 14. 

O I I )  = $ 0 0 .  

C SCAJ,F ALL THE 3 A " A  

c x L  P S C A L E ~ C ~ . ,  I . ,  PMIK, PY, 2, N, 1 )  

C D?OP THF I E T S R N A L  \rAI.UES PFSH 'YE!! A 7 R A Y S  

C SZT UP DEFAIJLT V A L U E S  

CALL P L T O F S [ X Y L M ,  X V ,  T M I N ,  TV, Y ,  Y )  
CALL P L T N E ( 1 1 Y 5 ,  T ,  M, 1 ,  - 1 ,  1 1 ,  1 )  
C A L L  PSYM(Y + 3 . ,  q . 3 ,  . l e ,  T I T L Z ,  J., 2 5 ,  3 )  
CALL PSYM(Y + l o ,  9.35,  - 2 2 ,  STITEI, O., 5 0 ,  0) 
x = I + 12, 
CALL Y A Y T S  ( X ,  Y ,  9 Yicrosiemcns/cm*, 15, 8 . ,  A N G ( 2 )  
CALL TAXIS [ X ,  Y ,  T I C K ,  DAY, PIONTH, YEAR, 10. , N D A Y  
CALL P L ~ D P S ( X H I N ,  Y V ,  C X N ,  CV, X, Y )  
CALI. P L I N E [ T I M Z ,  C ,  Pi, 1 ,  - 1 ,  1 1 ,  1 )  
CALL PSYM(X + 3 . ,  9.3, -18, T I T L E ,  0.  , 25, @ )  
CALL P s Y n { Y  + l., 9-35,  . 2 2 ,  STATN, O,, 50, 0) 
x = Y + 1 2 .  

P I N ,  cv, 1.) 
1 

CALL YAXIS [X, Y ,  * D i s s o l v . p 4  OxyrJen i n  a g / l ' ,  2 Q ,  8, , A N G ( 3 )  , D H I N ,  

C 4 L L  T A X I S  ( X ,  Y ,  T I C K ,  D A Y ,  MONTH, YEAR, 10.  , N D A Y S )  
CALI, PLTOFCi ( X Y I X ,  X V ,  31YIIM, DV, X ,  Y) 

CALL PSY!l(X + 3 . ,  9.0, .18, T I T L Z ,  O., 2 5 ,  0) 
CALL P S Y ; ? ( S  + l . ,  9.35, -23 ,  STATM, O., 5 0 ,  0) 
Y = Y + 1 2 ,  
CALL YA'XIS ( X p  Y, 'pH', 2 ,  7.8 A H G  { 4 ) ,  P X I N ,  PV, 1,) 
CALL T A X I S I X ,  Y ,  T I C K ,  ZAY, F C N T H ,  Y E A R ,  l d - ,  N D A Y S )  
CALL PLTOFS{XYIW, XV, F M X N ,  PV, X ,  Y )  
CALI, P I , INE(T1 ;YE,  P ,  N, 1, - 1 ,  1 1 ,  1 )  
CALL P S Y Y ( X  + I - ,  c),O, - 1 8 ,  'TITLE, O., 2 5 ,  3 )  
CALL PSYV(Y + l . ,  9 - 3 5 ,  -22, STATN, O,, 50, 0 )  
Y = K + 12. 

1 3 v ,  1.) 

CALL ? t I > I E ( T I X F ,  3, I f ,  1 ,  - 1 ,  11, 1 )  
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117 

I 
129 
121 I ;;; 
12u 
125 

127 
I 126 

128 

130 
I 129 

1 3 1  
132 
133 
134 
135 _ _  
130 I 137 
138 
139 

I 

of HYDROL.PL@T a t  03:14:1S on NOV 9, 1983 for CCid=HQBC 

C A L L  Y A X I S  ( X ,  Y, ' O x i d a t i o n  R e d u c t i o n  P o t e n t i a l  i n  mv' , 3 5 ,  8,, 
1 A N G  (5) # O f i i N ,  OV, 1.) 

CALL TAXIS ( X ,  Y, T I C K ,  D A Y ,  MONTH, YEAR, 10. NDAYS) 

CALL P L I N E ( T I M E ,  0, N, 1, -1, 1 1 ,  1) 
CALL PSY?I[X + 3., 9.0, .18, T I T L E ,  O., 25, 0) 
C A L L  PSYF ( X  + I . ,  9. 35, .22, STATN, O . ,  50, 0) 

C A L L  PLTEND 
STOP 

C A L L  PI.TO?S!XMIN, X V ,  O M I N ,  0 v #  x, Y) 

C ALL PLOTS PONE FIWfSH THE PLOT 

Si) FORMAT ( ' O * ,  //I P L O T T I N G  OF HYROLAB 8000 L Q G G F D  D A T A ' ,  / / A  
91) F O F w A T  ( ' W h a t  is t h e  r e c o r d i n g  i n t e r v a l ?  IE, 15') 

1 0 0  FORMAT ( ' W h a t  is t h e  s t a r t i n g  day, month, year?  AS 25,12,1975') 
110 F O S Y A T  ( ' W h a t  is the s t a r t i n g  h o u r , m i n ?  a s  10,50') 
120 FOFMAT ( ' I n v a l i d  number of h o u r s  ', 15, ' N i s p L a c e d  C o m u ~ a ? ~ )  
130 FOPb"4T ( 'What  is t h e  s t a t i o n  name? Less t h a t  SO c h a r a c t e r s  i n  l e n g  

140 FOQllAT (14Y, 5F9.3) 
150 FORMAT ( ' U t ,  '7 i rs t  f i v e  c o n d u c t i v i t y  v a l u e s  a r e : ' / '  ', 
160 FOZf fAT ', ' I n p u t  scale  f a c t o r  o r  1, t o  stop') 
171) PORNAT ( f O t ,  ' F i r s t  f i v e  i3G v a l u e s  are:'," ', 5[2X,78.4)! 

I------- - -  I - - - - - - - - -  I ' 1 I t h ' / '  --------- I --------- 1 --------- 

1 5 ( 2 Y 8 P H . 4 ) )  

END 


	Table of Contents

