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INTRODUCTION 

BACKGROUND 

T h i s  paper  i s  a  r e p o r t  on r e s e a r c h  done under  a  NASA Grant  t o  
t h e  U n i v e r s i t y  o f  W iscons in  f o r  M u l t i d i s c i p l i n a r y  Research i n  Space.- 
Science and E n g i n e e r i n g  (NGL 50-002-127) d u r i n g  1970-71. T h i s  
r e s e a r c h  was focused  upon t h e  prob lem o f  d e v e l o p i n g  remote s e n s i n g  
methods f o r  t h e  d e t e c t i o n  and m o n i t o r i n g  o f  p o l l u t a n t s  i n  w a t e r .  I t  
was s p e c i f i c a l l y  d i r e c t e d  towards t h e  i n v e s t i g a t i o n  o f  t h e  a p p l i c a t i o n  
o f  remote s e n s i n g  t o :  (1) Water Q u a l i t y  M o n i t o r i n g ;  (2) D e t e c t i o n  
o f  M i x i n g  Zone; and (3)  S u r f a c e  Parameters o f  Large Water Bod ies .  

I t  was t h e  i n t e n t  o f  t h i s  program t o  a c h i e v e  t h e  most e f f e c t i v e  
a p p l i c a t i o n  o f  funds and pe rsonne l  a v a i l a b l e  f o r  remote s e n s i n g  resea rch .  
T h i s  was accompl ished b y :  ( I )  a p p l y i n g  t h e  m a j o r  t h r u s t  o f  t h e  r e s e a r c h  
e f f o r t  toward  c r i t i c a l  problems f a c e d  by  S t a t e  and Federa l  agenc ies  
charged w i t h  w a t e r  q u a l i t y  p l a n n i n g  and p r o t e c t i o n ;  (2 )  c o o r d i n a t i n g  
d a t a  a c q u i s i t i o n  o p e r a t i o n s  on as b road  a  base as p o s s i b l e  i n  o r d e r  
t o  make maximum use o f  t h e  d a t a  a c q u i r e d ;  (3) i n v o l v i n g  t h e  a p p r o p r i a t e  
S t a t e  and Federa l  agenc ies  w i t h  t h e  r e s e a r c h  e f f o r t  i n  o r d e r  t h a t  
e x i s t i n g  ground t r u t h  c o u l d  be u t i l i z e d  and t h a t  p o s i t i v e  r e s e a r c h  
r e s u l t s  c o u l d  be made o p e r a t i o n a l  i n  a  minimum t i m e ;  and (4) c o o r d i -  
n a t i n g  i n f o r m a t i o n  and d a t a  d i s s e m i n a t i o n  i n  o r d e r  t h a t  a l l  i n v e s t i g a -  
t o r s  were k e p t  a b r e a s t  o f  developments i n  r e l a t e d  a r e a s .  

RELATIONSHIP TO OTHER PROJECTS AND AGENCIES 

S ince  e n v i r o n m e n t a l  g round t r u t h  i s  s o  complex and remote s e n s i n g  
d a t a  a c q u i s i t i o n  i s  c o s t l y ,  i t  was i m p e r a t i v e  t h a t  r e l a t e d  r e s e a r c h  
e f f o r t s  be c o o r d i n a t e d  i n  o r d e r  t o  d e r i v e  maximum b e c e f i t s  f r o m  funds 



and p e r s o n n e l .  T h e r e f o r e ,  t h e  w o r k  done under  t h e  remote s e n s i n g  
p r o j e c t  funded by  NASA's O f f i c e  o f  U n i v e r s i t y  A f f a i r s  was c o o r d i n a t e d  
w i t h  r e l a t e d  e n v i r o n m e n t a l  p r o j e c t s .  T h i s  i n t e r d i s c i p l i n a r y  approach 
p roved  most s u c c e s s f u l  i n  a l l  phases o f  t h e  p r o j e c t .  

W iscons in  Department  o f  N a t u r a l  Resources 

The Wiscons in  Department  o f  N a t u r a l  Resources i s  d i r e c t l y  con- 
ce rned  w i t h  a l l  t h r e e  areas  o f  i n t e r e s t  cove red  i n  t h i s  i n v e s t i g a t i o n .  
I n  t h e  case o f  t h e  M i x i n g  Zone Study,  t h i s  agency has funded a  p o r t i o n  
o f  t h e  r e s e a r c h  n o t  d i r e c t l y  concerned w i t h  remote s e n s i n g ,  t h e  deve lop -  
ment o f  t h e  ma themat i ca l  model .  I n  t h e  case o f  t h e  Water Q u a l i t y  S tudy ,  
t h e  Department  o f  N a t u r a l  Resources has c o o p e r a t e d  i n  t h e  d e f i n i t i o n  
o f  t h e  p rob lem and, w i t h i n  t h e  l i m i t s  imposed by  i t ' s  own o p e r a t i o n a l  
r e q u i r e m e n t s ,  p r o v i d e d  ground t r u t h  s u p p o r t  as reques ted  t h r o u g h  t h e  
program l e a d e r  by  t h e  p r i n c i p a l  i n v e s t i g a t o r .  

M a r i n e  S t u d i e s  Center  

The M a r i n e  S t u d i e s  Center  i s  funded by t h e  N a t i o n a l  Sc ience 
Founda t i on  t h r o u g h  t h e  U n i v e r s i t y  o f  W iscons in  Sea Grant  Program. 
The S u r f a c e  Parameters o f  Large Water Bodies p o r t i o n  o f  t h i s  r e s e a r c h  
was conduc ted  i n  c o n j u n c t i o n  w i t h  t h i s  program. The NASA funds  have been 
used t o  p r o v i d e  t h e  remote  s e n s i n g  a a t a  a c q u i s i t i o n  and a n a l y s i s  w h i l e  
t h e  M a r i n e  S t u d i e s  Center  funds and equipment were used t o  p r o v i d e  
t h e  r e q u i r e d  ground t r u t h  measurements. 

N a t i o n a l  Center  f o r  A tmospher i c  Research 

A p o r t i o n  o f  t h e  a v i a t i o n  s u p p o r t  f o r  t h e  Remote Sens ing  Program 
has been p r o v i d e d  by  t h e  N a t i o n a l  Center  f o r  A tmospher ic  Research.  
They have p r o v i d e d  o v e r f l i g h t  s u p p o r t  i n  t h e  the rma l  and p h o t o g r a p h i c  
r e g i o n .  

I n t e r n a t i o n a l  B i o l o g i c a l  Program 

The Lake Wingra Study ,  as p a r t  o f  t h e  I n t e r n a t i o n a l  B i o l o g i c a l  
Program, funded by t h e  N a t i o n a l  Sc ience Founda t i on ,  has as i t s  goa l  
t h e  deve lopment  o f  a computer  s i m u l a t i o n  model f o r  complex l a k e  b a s i n  
ecosys tems.  As such,  a  g r e a t  q u a n t i t y  o f  ground t r u t h  i s  gene ra ted  by  
c o n v e n t i o n a l  ground based measurements. The a c q u i s i t i o n  o f  t h e  ground 
t r u t h  i n f o r m a t i o n  was p r i m a r i l y  funded by  t h e  Lake Wingra Program. 
NASA funds were used t o  supplement t h e s e  measurements, o b t a i n  t h e  
r e q u i r e d  remote s e n s i n g  d a t a ,  and p r o v i d e d  f o r  t h e  a n a l y s i s  o f  t h e  
remote s e n s i n g  d a t a  as t h e y  a p p l i e d  t o  l a k e  ecosystem mode l i ng .  



I n s t i t u t e  f o r  Env i ronmen ta l  S t u d i e s  

I n  January  o f  1970 t h e  I n s t i t u t e  f o r  Env i ronmen ta l  S t u d i e s  ( IES) 
was a d m i n i s t r a t i v e l y  r e s t r u c t u r e d  and s t a f f e d  t o  p r o v i d e  improved 
l e a d e r s h i p  and impetus  t o  t h e  U n i v e r s i t y  o f  W i s c o n s i n ' s  r e s e a r c h  and 
t e a c h i n g  e f f o r t s  i n  t h e  e n v i r o n m e n t a l  s t u d i e s  a r e a .  IES p r o v i d e s  
l e a d e r s h i p  i n  i n t e r d i s c i p l i n a r y  e n v i r o n m e n t a l  r e s e a r c h  by i n i t i a t i n g  
new and c o o r d i n a t i n g  e x i s t i n g  r e s e a r c h  programs. Thus, I E S  has p r o -  
v i d e d  t h e  a d m i n i s t r a t i v e  o r g a n i z a t i o n  f o r  t h e  Remote Sens ing  Program. 

The m u l t i d i s c i p l i n a r y  n a t u r e  o f  t h e  Remote Sens ing  Program can 
e a s i l y  be a s c e r t a i n e d  f r o m  t h e  p r e c e d i n g  o r g a n i z a t i o n a l  o v e r v i e w .  
The complex n a t u r e  o f  e n v i r o n m e n t a l  ground t r u t h  and t h e  h i g h  c o s t  o f  
a c q u i r i n g  and a n a l y z i n g  remote s e n s i n g  d a t a  r e q u i r e  t h a t  a  c o o r d i n a t e d  
i n t e r d i s c i p l i n a r y  e f f o r t  be made t o  i n s u r e  t h a t  each d a t a  g a t h e r i n g  
f l i g h t  and s u p p o r t i n g  ground t r u t h  a c q u i s i t i o n  be u t i l i z e d  t o  t h e  
f u l l e s t .  Fu r the rmore ,  inasmuch as i n f o r m a t i o n  ga ined  i n  one p o r t i o n  
o f  t h e  r e s e a r c h  i s  l i k e l y  t o  have s i g n i f i c a n t  i n f l u e n c e  upon o t h e r  
e f f o r t s ,  a  c o o r d i n a t e d  o r g a n i z a t i o n  i s  e s s e n t i a l .  P r i n c i p a l  i n v e s t i -  
g a t o r s  f r o m  each s u b - p r o j e c t  a r e  r e p r e s e n t e d  on t h e  remote s e n s i n g  
s t e e r i n g  commi t tee  w h i c h  se rves  as t h e  c o o r d i n a t i o n  and i n f o r m a t i o n  
d i s t r i b u t i o n  e lement  o f  t h e  program. A t  t h e  p r e s e n t  t i m e  t h e  Remote 
Sens ing  Program employs some f i f t e e n  f a c u l t y  members and a p p r o x i m a t e l y  
f o r t y  s t u d e n t s  f r o m  t w e l v e  d i f f e r e n t  depar tments  and/or  programs. 

WATER RESOURCES PROBLEMS 

Because remote s e n s i n g  techn iques  o f f e r  t h e  c a p a b i l i t y  o f  
c o v e r i n g  l a r g e  areas  i n  a  r e a l  t i m e  s c a l e  t h e y  can be a p p l i e d  d i r e c t l y  
t o  t h e  c h a r a c t e r i z a t i o n  and m o n i t o r i n g  o f  e n v i r o n m e n t a l  p o l l u t a n t s  -- 
e s p e c i a l l y  t hose  e n t e r i n g  a  body o f  w a t e r .  A l t h o u g h  a l l  w a t e r  r e l a t e d  
remote s e n s i n g  r e s e a r c h  c a r r i e d  on a t  t h e  U n i v e r s i t y  o f  W iscons in  can 
be  c l a s s i f i e d  under t h e  h e a d i n g  o f  a p p l i c a t i o n s  o f  remote s e n s i n g  t o  
" w a t e r  r e s o u r c e  prob lems"  t h e  d i r e c t i o n  o f  each i n d i v i d u a l  resear-ch 
p r o j e c t  can be b e s t  d e l i n e a t e d  i f  t h e y  a r e  e x p l a i n e d  s e p a r a t e l y .  

WATER QUALITY RESEARCH;? 

D u r i n g  t h e  p e r i o d  1965-1967, Remote Sens ing  r e s e a r c h  a t  t h e  U n i v e r s i t y  

;?Dr. James P. Scherz,  P r i n c i p a l  I n v e s t i g a t o r ,  Department  o f  C i v i l  and 
Env i ronmen ta l  E n g i n e e r i n g  and I r ~ s t i t u t e  o f  Env i ronmen ta l  S t u d i e s .  



o f  Wisconsin i n  c o n j u n c t i o n  w i t h  t he  S t a t e  Department o f  Na tu ra l  Resources 
concluded t h a t  r e f l e c t a n c e  c h a r a c t e r i s t i c s  o f  water  a r e  caused by suspended 
p a r t i c u l a t e  ma t t e r  and t h a t  these c h a r a c t e r i s t i c s  vary ,  depending upon 
t he  e f f l u e n t  and t he  r e c e i v i n g  water .  Work done a t  Wisconsin under t h e  
NASA M u l t i d i s c i p l i n a r y  Grant,  d u r i n g  t h e  pe r i od  1967-1971, concluded 
t h a t  the  r e f l e c t a n c e  c h a r a c t e r i s t i c s  o f  a  p o l l u t a n t  can be p o s i t i v e l y  
c o r r e l a t e d  t o  suspended s o l i d s  and t h a t  t h e o r e t i c a l l y  t h e  s o l i d s  con ten t  
can be determined by Remote Sensing technology. Since t he  s o l i d s  
con ten t  and o t h e r  wa te r  q u a l i t y  parameters a re  a t  t imes p o s i t i v e l y  
c o r r e l a t e d ,  i t  may be p o s s i b l e  t o  determine p o l l u t a n t  load i n  general  
f rom the  concen t ra t i ons  o f  s o l i d s  -- prov ided  t he  c h a r a c t e r i s t i c s  o f  an 
e f f l u e n t  from a  p a r t i c u l a r  p l a n t  a re  known. 

The present  research work and t h a t  conducted d u r i n g  t he  summer and 
f a l l  o f  1971 i s  d i r e c t e d  towards t he  es tab l i shment  o f  a  s t a t i s t i c a l  
c o r r e l a t i o n  between remote sens ing responses and ac tua l  water  c o n d i t i o n s .  
From t h e  use o f  spectrophotometers and ground sampl i n g  i n  c o n j u n c t i o n  
w i t h  a e r i a l  photography, i t  has been e s t a b l i s h e d  t h a t  i n  t h e  photographic  
p a r t  o f  the  energy spectrum, the  remote sens ing response i s  p r i m a r i l y  
c o r r e l a t e d  w i t h  t h e  s o l i d s  i n  t he  water  (see F igu re  1 ) .  There i s  an 
impor tan t  depth p e n e t r a t i o n  c o n s i d e r a t i o n  thatrnust a l s o  be cons idered 
i n  t h a t  d i f f e r e n t  wavelengths o f  energy pene t ra te  t o  d i f f e r e n t  depths 
i n t o  t h e  water .  The research work d u r i n g  t he  summer o f  1971 d e a l t  w i t h :  
(a) e s t a b l i s h i n g  a r e l i a b l e  c o r r e l a t i o n  between remote sens ing images 
( r e f l e c t a n c e )  and t he  c o n c e n t r a t i o n  o f  s o l i d s  i n  o u t f a l l s  f rom severa l  
i n d u s t r i a l  p l a n t s  on the  Wisconsin R i ve r  (see F igu re  2 ) ,  and (b) 
i n v e s t i g a t i n g  the  depth pene t ' ra t ion  c h a r a c t e r i s t i c s  o f  c o l o r  and c o l o r  
i n f r a r e d  f i l m  i n  r e l a t i o n  t o  lakes,  r i v e r s ,  and i n d u s t r i a l  p o l l ' u t i o n .  
o u t f a l l s .  The r e s u l t s  o f  t he  above research should  b r i d g e  t he  gap 
between a e r i a l  remote sens ing images and t h e  ac tua l  ground c o n d i t i o n s  
on ma t t e r s  r e l a t i n g  t o  water  q u a l i t y ;  o r  i n  o t h e r  words, t h e  r e s u l t s  
should  determine what i s  be ing  sensed on t h e  remote sens ing ima,ges i n  
regard  t o  wa te r  q u a l i t y .  

Suspended Sol i d s  

The amount o f  r e f l e c t a n c e  i s  d i r e c t l y  c o r r e l a t e d  w i t h  t he  amount o f  
suspended s o l i d s  b u t  i t  has been concluded t h a t  t h e  l a b o r a t o r y  a n a l y s i s  8 

o f  such wastes a t  b e s t  leaves much t o  be d e s i r e d  because o f  t he  bottom 
r e f l e c t i o n  e f f e c t s  o f  t h e  l a b o r a t o r y  sample tube. Actua l  c o r r e l a t i o n '  
o f  suspended s o l i d s  w i t h  images on a e r i a l  photographs must be made i n  
t h e  f i e l d  r a t h e r  than i n  t he  l ab ,  and proper  al lowance must a l s o  be made 
f o r  bot tom e f f e c t s .  

Bottom E f f e c t s  

There i s  always some r e f l e c t a n c e  coming from the  bottom o f  t h e  



W a v e l e n g t h ,  M i c r o n s  

Figure 1.- Change in reflectance of sulfite 
liquor from Nekoosa, Wisconsin, as a function 
of concentration of solids. 
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sample t u b e  t h a t  can make i t  i m p o s s i b l e  t o  e x a c t l y  e x t r a p o l a t e  t h e  
l a b o r a t o r y  d a t a  t o  p r e d i c t  what w i l l  show up on t h e  image w i t h o u t  t a k i n g  
i n t o  account  t h e  bo t tom e f f e c t s  o f  b o t h  t h e  sample t u b e  and t h e  w a t e r  
s i t e  i t s e l f .  Not enough i s  now known about  these  b o t t o m  e f f e c t s  t o  
a c c u r a t e l y  make t h e  c o r r e l a t i o n  between l a b o r a t o r y  and t h e  f i e l d .  
A d d i t i o n a l  work  must  be done hand i n  hand between f i e l d  i n v e s t i g a t o r s  
and l a b o r a t o r y  r e s e a r c h e r s  i n  o r d e r  t o  unders tand  t h e s e  b o t t o m  e f f e c t s  
and how t o  dea l  w i t h  them. 

R e s u l t s  t o  d a t e  however have shown t h a t  one can cance l  o u t  t h e  
bo t tom e f f e c t s  by  p i c k i n g  t h e  c o r r e c t  p a r t  o f  t h e  spect rum e i t h e r  w i t h  
f i l t e r s  b e f o r e  t a k i n g  t h e  pho to  o r  by  p r o p e r  c h o i c e  o f  wave lengths  when 
w o r k i n g  w i t h  t h e  microdens i tometer -spect rophotometer  appara tus  d u r i n g  
a n a l y s i s  o f  t h e  c o l o r  and c o l o r  I R  f i l m .  To d a t e  i t  can be conc luded 
t h a t  t h e  UV wave lengths  r e f l e c t  o n l y  f rom t h e  s u r f a c e  o f  t h e  w a t e r  
w i t h o u t  p e n e t r a t i o n  and t h a t  t h e  I R  i s  absorbed b y  t h e  w a t e r  and shows 
no d e p t h  e f f e c t s  and t h a t  t h e  b lue -g reen  wave lengths  p e n e t r a t e  and show 
t h e  unwanted b o t t o m  e f f e c t s .  I t  appears t h a t  by  s e l e c t i n g  t h e  p r o p e r  
wave lengths  one can h a n d l e  t h e  bo t tom e f f e c t  p rob lem and t h a t  an 
u n d e r s t a n d i n g  o f  b o t t o m  e f f e c t s  i s  a b s o l u t e l y  necessary  i f  one i s  t o  
l o o k  a t  o n l y  t h e  d e s i r e d  w a t e r  b e i n g  m o n i t o r e d .  

197 1 SUMMER RESEARCH 

The summer e f f o r t s  f o r  1971 c o n s i s t e d  o f  mass ive  c o r r e l a t i o n  e f f o r t s  
between ground t r u t h  and s imu l taneous  f l i g h t s  w i t h  c o l o r  and c o l o r  I R  
m i c r o f i l m  a t  f o u r  s i t e s  on t w e l v e  s e p a r a t e  days.  Ground samp l ing  has 
been conducted f o r  t u r b i d i t y , - s o l i d s ,  l i g h t  p e n e t r a t i o n  and c o l o r  o f  
t h e  i n d u s t r i a l  waste.  The samples have been ana lyzed  a t  t h e  I n s t i t u t e  
o f  Paper Chemis t r y  a t  App le ton ,  W iscons in ,  and a t  t h e  C i v i l  E n g i n e e r i n g  
S a n i t a r y  L a b o r a t o r y  a t  t h e  U n i v e r s i t y  o f  Wiscons in ,  Madison. Severa l  
I n d u s t r i a l  and M u n i c i p a l  sewage sources on t h e  Fox and Wiscons in  R i v e r s  
have been photographed and sampled d u r i n g  t h e  summer i n  o r d e r  t o  o b t a i n  
enough d a t a  t o  g e t  a  s t a t i s t i c a l  c o r r e l a t i o n  between t h e  a c t u a l  p o l l u t i o n  
and t h e  remote s e n s i n g  imagery .  P r imary  emphasis was p l a c e d  on  c o r r e -  
l a t i o n  o f  suspended s o l i d s  and t h e  d e n s i t y  o f  t h e  image as o b t a i n e d  i n  
r e l a t i o n  t o  t h a t  o f  a  s t a n d a r d  s t y r a f o a m  r e f l e c t a n c e  pane l .  Secondary 
emphasis was on s e e i n g  t o  what e x t e n t  t h e  suspended s o l i d s  i s  a  r e a l  
measure o f  w a t e r  p o l l u t i o n  as i n d i c a t e d  by  c o n v e n t i o n a l  p o l l u t i o n  
parameters .  F i g u r e  3 i n d i c a t e s  ( i n  p r e l i m i n a r y  a n a l y s i s  a t  .610 m i c r o n s )  
a  d e f i n i t e  c o r r e l a t i o n  between t h e  imagery and suspended s o l i d s .  T h i s  
wou ld  i n d i c a t e ,  i n  f a c t ,  t h a t  t h e  suspended s o l i d s  can be de te rm ined  
f rom a  photograph.  F u r t h e r  a n a l y s i s  i s  i n  p rog ress  t o  d e t e r m i n e  t h e  
r e l i a b i l i t y  and accu racy  o f  t h i s  c o r r e l a t i o n .  



S k e t c h  o f  P a p e r  M i l l  P l u m e  

+ =  S a m p l e  P o i n t  

P E R C E N T  T R A I J S M I T T A N C E  T H R O U G H  N O R M A L  
C O L O R  P H O T O G R A P I ~  A T  0 6 1 n  M I C R O N  

F i g u r e  3.- Graph o f  suspended s o l i d s  vs .  p e r c e n t  
t r a n s m i t t a n c e  showing c o r r e l a t i o n  between 
imagery  and suspended s o l i d s .  



APPLICATION TO MIXING ZONE MONITORING" 

The m i x i n g  zone i s  d e f i n e d  as t h a t  p a r t  o f  t h e  w a t e r  r e g i o n  i n  
wh ich  p o l l u t a n t s ,  i f  they  a r e  i n t r o d u c e d ,  a r e  t r a n s p o r t e d  and d i s p e r s e d  
t o  c o n c e n t r a t i o n s  o b t a i n a b l e  by  t o t a l  m i x i n g .  The m i x i n g  zone i s  a  
dynamic r e g i o n ,  chang ing  c o n t i n u o u s l y  i n  s i z e  and shape i n  response t o  
e f f l u e n t  and w a t e r  body c o n d i t i o n s .  The d i l u t i o n  process w i t h i n  t h e  
m i x i n g  zone i s  a  two-s tage process,  as shown on t h e  Schemat ic Diagram 
( F i g u r e  4 ) .  The c e n t r a l  o b j e c t i v e  o f  o u r  p r o j e c t  i s  t h e  s t u d y  o f  t h e  
mechanisms o f  t r a n s p o r t  and d i l u t i o n  i n  t h e  m i x i n g  zone and t h e  deve lop -  
ment o f  a  r e l a t i o n s h i p  f o r  t h e  e x t e n t  o f  t h e  m i x i n g  zone as a  f u n c t i o n  
o f  e f f l u e n t ,  o u t f a l l  and w a t e r  body c h a r a c t e r i s t i c s .  T h i s  r e l a t i o n s h i p  
may be used: ( 1 )  i n  t h e  e s t a b l i s h m e n t  o f  d e f i n i t e  and r a t i o n a l  w a t e r  
q u a l i t y  g u i d e l i n e s ;  ( 2 )  i n  t h e  development o f  a  samp l ing  and r e g u l a t i o n  
program by governmental  agenc ies ;  and ( 3 )  i n  t h e  d e s i g n  and l o c a t i o n  o f  
o u t f a l l s  by i n d u s t r i e s  and m u n i c i p a l i t i e s .  I n  o r d e r  t o  accomp l i sh  t h i s  
g o a l ,  an i n t e g r a t e d  program o f  ma themat i ca l  and l a b o r a t o r y  m o d e l l i n g  
and f i e l d  t e s t i n g  i s  b e i n g  c a r r i e d  o u t .  

The s t u d y  now i n v o l v e s  t h e  c o r r e l a t i o n  o f  p h y s i c a l  c h a r a c t e r i s t i c s  
o f  p o l l u t i o n  as measured on t h e  ground (suspended s o l i d s ,  t o t a l  s o l i d s ,  
d i s s o l v e d  s o l i d s ,  t e m p e r a t u r e  and c o l o r )  w i t h  r e m o t e l y  sensed measure- 
ments as r e f l e c t a n c e  ( u s i n g  f i l m  d e n s i t o m e t e r ) ,  e m i t t e d  r a d i a t i o n  ( u s i n g  
a  PRT-5) and thermal  scann ing.  A  r e l a t e d  prob lem i s  t h e  d e t e r m i n a t i o n  
o f  a  3-dim. p i c t u r e  ( b a s i c a l l y  v e r t i c a l  s t r u c t u r e )  f rom such ( p r i m a r i l y )  
s u r f a c e  (2-dim.) i n d i c a t o r s .  If such c o r r e l a t i o n s  can be deve loped,  i t  
w i l l  be p o s s i b l e  t o  use remote s e n s i n g  techn iques ,  t o g e t h e r  w i t h  t h e  
e s t a b l i s h e d  ground techn iques ,  f o r  q u a n t i t a t i v e  measurement o f  t h e  
temporal  and s p a t i a l  presence,  c h a r a c t e r ,  and c o n c e n t r a t i o n s  o f  p o l l u t a n t s  
i n  s u r f a c e  w a t e r s .  I n  t h i s  way t h e  ground and a e r i a l  work  i s  complementary 
and thus  p e r m i t s  more e f f e c t i v e  and a c c u r a t e  m o n i t o r i n g ,  d i s c o v e r y  and 
c h a r a c t e r i z a t i o n .  

F i e 1  d  Research 

F i g u r e  5 i s  a  g r a p h i c  r e p r e s e n t a t i o n  o f  t h e  m i x i n g  zone c h a r a c t e r -  
i s t i c s  a t  t h e  Weston Power P l a n t  near  R o t h s c h i l d  on 26 August  1970. The 
h i g h  r a t e  o f  f l o w  on t h i s  d a t e  (1800 CFS) caused t h e  plume t o  hug t h e  
sho re  f o r  a  l o n g  d i s t a n c e .  Accompanying s t r o n g  w inds  induced s t r o n g  
v e r t i c a l  m i x i n g  wh ich  i n  t u r n  caused a  s l o w e r  l a t e r a l  m i x i n g .  On t h i s  
p a r t i c u l a r  d a t e  a  good c o r r e l a t i o n  between t h e  boundary o f  t h e  m i x i n g  
zone as de te rm ined  by  t h e  a e r i a l  photographs and ground samp l ing  i s  
e v i d e n t .  D i f f e r e n t  f l o w  c o n d i t i o n s  however may cause a  v a r i a t i o n  i n  
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t h i s  c o r r e l a t i o n .  Recent thermal  imagery o f  t h i s  l o c a t i o n  has been 
l i n e a r i z e d  and processed f o r  enhanc ing w a t e r  tempera tu re  v a r i a t i o n s .  
A n a l y s i s  o f  t h i s  imagery i s  c u r r e n t l y  i n  p rog ress .  

LEGAL ASPECTS OF WATER POLLUTION DETECTION 

THROUGH REMOTE SENSING;'; 

One obv ious  domes t i c  use f o r  remote s e n s i n g  dev i ces  i s  as an a i d  i n  
w a t e r  p o l l u t i o n  d e t e c t i o n .  For  t h e  p a s t  two and a  h a l f  yea rs  t h e  
U n i v e r s i t y  o f  W i s c o n s i n ' s  Remote Sens ing Program o f  t h e  I n s t i t u t e  f o r  
Env i ronmenta l  S tud ies  has been c o n d u c t i n g  research  on t h e  remote s e n s i n g  
o f  w a t e r  p o l l u t i o n .  As p a r t  o f  t h i s  s t u d y ,  a e r i a l  s u r v e i l l a n c e  o f  a 
number o f  i n d u s t r i a l  f i r m s  h e a v i l y  p o l l u t i n g  Wiscons in ' s  r i v e r s  has been 
under taken ,  f r e q u e n t l y  supplemented w i t h  ground samples. 

S tand ing  a lone ,  however, such e f f o r t s  a r e  l a r g e l y  s e l f - c o n t a i n e d .  
They do n o t  l e a d  t o  t h e  abatement o f  p o l l u t i o n  n o r  do t h e y  c o n s t i t u t e  
p r o o f ,  i n  a  s t r i c t  l e g a l  sense, o f  p o l l u t i o n .  I t  was because o f  t h i s  
aspec t  o f  t h e  Remote Sensing Program t h a t  P r o f e s s o r  Scherz 0,f t h e  C i v i l  
E n g i n e e r i n g  School suggested t h a t  remote s e n s i n g  ev idence  be t e s t e d  i n  
a  c o u r t  o f  law. 

Through t h e  c o o p e r a t i o n  o f  t h e  U n i t e d  S t a t e s  A t t o r n e y  f o r  t h e  
Western D i s t r i c t  o f  W iscons in  and t h e  Department o f  N a t u r a l  Resources 
remote s e n s i n g  d a t a  was used i n  t h e  s p r i n g  o f  1971 i n  an a c t u a l  c r i m i n a l  
case a g a i n s t  a  creamery p o l l u t i n g  a  m a j o r  t r i b u t a r y  o f  t h e  Wiscons in  
R i v e r  ( u n i t e d  S t a t e s  vs .   isc cons in ~ a i r i e s  Coopera t i ve ,  71  C r .  56, W.D. 
Wisc.;  f i l e d  14 A p r i l  1971). S ince  t h e  case ended w i t h  a p l e a  o f  n o l o  
contendere ,  an admiss ion  o f  g u i l t  f o r  t h e  purposes o f  t h e  case,  t h e  d a t a  
ga the red  was n o t  a c t u a l l y  used i n  c o u r t .  Other cases,  however, a r e  
c u r r e n t l y  b e i n g  deve loped.  I t  i s  expec ted  t h a t  t hey  w i l l  r e s u l t  i n  
remote sensed d a t a  b e i n g  used i n  a  d i s p u t e d  case so  t h a t  i t s  r e l i a b i l i t y  
w i l l  be j u d i c i a l l y  e s t a b l i s h e d .  

REFLECTANCE AND TRANSMITTANCE CHARACTERISTICS 

OF SELECTED GREEN AND BLUE-GREEN UNIALGAE* 

The t w o - f o l d  purpose o f  t hese  s e t s  o f  exper imen ts  was t o  e v a l u a t e  
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t h e  f e a s i b i l i t y  o f  u s i n g  t h e  r e f l e c t a n c e  and t r a n s m i t t a n c e  c h a r a c t e r -  
i s t i c s  o f  u n i a l g a e  t o  d i f f e r e n t i a t e  between green and b l u e - g r e e n  a l g a e  
and t o  f o r m u l a t e  e u t r o p h i c a t i o n  i n d i c e s  f r o m  t h e  d e r i v e d  d a t a .  Two 
t y p e s  o f  g reen a l g a e ,  Se lenas t rum and C h l o r e l l a ,  and two t ypes  o f  b l u e -  
g reen a l g a e ,  M i c r o c y s t i s  and Anabaena, were e v a l u a t e d  i n  t h i s  s t u d y .  
The r e f l e c t a n c e  and t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  t hese  a l g a e  were 
reco rded  between .375  and . 8  m i c r o n s .  

Expe r imen ta l  Des ign  and R e s u l t s  

A  t w o - l e v e l ,  f o u r  f a c t o r  f a c t o r i a l  d e s i g n  f o r  each o f  t h e  . f o u r  
a l g a l  c u l t u r e s w a s  pe r fo rmed .  The dependent  v a r i a b l e s  were t r a n s m i t t a n c e  
and r e f l e c t a n c e  p r o p e r t i e s  o f  t h e  suspens ions .  Independent  v a r i a b l e s  
f o r  each u n i a l g a l  suspens ion  i n c l u d e d  a l g a l  c o n c e n t r a t i o n ,  suspens ion  
d e p t h ,  S i 0 2  c o n c e n t r a t i o n ,  and t h e  l e n g t h  o f  t h e  e x p e r i m e n t a l  chamber. 

The r e s u l t s  o f  o u r  e x p e r i m e n t s  can be summarized by  c o n s i d e r i n g  
f o u r  gene ra l  a reas :  ( 1 )  a l g a l  s p e c i e s  d i f f e r e n t i a t i o n ,  ( 2 )  a l g a l  
c o n c e n t r a t i o n  e s t i m a t i o n ,  (3 )  e f f e c t s  o f  p a r t i c u l a t e  i n t e r f e r e n c e ,  
and (4) e f f e c t s  o f  phosphorous d e f i c i e n c y  on t h e  r e f l e c t a n c e  measurements. 

A1 qa l  Spec ies  D i f f e r e n t i a t i o n  F i g u r e  6 shows t h e  r e f l e c t a n c e  
s p e c t r a  o f  t h e  f o u r  t y p e s  o f  a l g a e .  As can be seen i n  t h e  d iagram,  
t h e  green a l g a e  have a  c h a r a c t e r i s t i c  a b s o r p t i o n  a t  .650 m i c r o n s ,  
w h i l e  t h e  b l u e - g r e e n  a l g a e  do n o t .  From t h i s  we have been a b l e  t o  
f i n d  a  method o f  d i f f e r e n t i a t i n g  between t h e  two t ypes  o f  a l g a e  by 
measur ing  t h e  r a t i o  o f  t h e  r e f l e c t e d  l i g h t  a t  .650 m i c r o n s  t o  t h e  
i n t e n s i t y  a t  .625 m i c r o n s .  We have been a b l e  t o  conc lude  t h a t  t h e  
r a t i o  i s  g r e a t e r  t h a n  one f o r  t h e  b l u e - g r e e n  and l e s s  t h a n  one f o r  t h e  
green a l g a e .  

I n  o r d e r  t o  assess t h e  p o s s i b i l i t y  o f  d e t e r m i n i n g  a l g a l  suspens ion  
c o n c e n t r a t i o n s  u s i n g  c e r t a i n  wave leng ths  o r  r a t i o s  o f  wave leng ths ,  two  
o f  t h e  a l g a e ,  Se lenas t rum and Anabaena, were s t u d i e d  i n  d e t a i l  a t  
d i f f e r e n t  a l g a l  c o n c e n t r a t i o n s .  

A l q a l  C o n c e n t r a t i o n  E s t i m a t i o n  F i g u r e  7 d e p i c t s  c u r v e s  o f  t h e  
r e f l e c t a n c e  s p e c t r a  o f  t h e  a l g a l  Se lenast rum f o r  f o u r  d i f f e r e n t  con- 
c e n t r a t i o n s .  I n v e s t i g a t i o n s  of t h e  r e f l e c t a n c e s  i n d i c a t e  t h a t  f o r  
Se lenas t rum t h e  r e f l e c t a n c e  a t  .550 m, icrons was a p p r o x i m a t e l y  h a l v e d  
f o r  each d o u b l i n g  o f  t h e  c o n c e n t r a t i o n  o f  t h e  a l g a e .  The r e s u l t s  
f o r  Anabaena showed a  s i m i l a r  b u t  n o t  i d e n t i c a l  r e l a t i o n s h i p .  

E f f e c t s  o f  P a r t i c u l a t e  I n t e r f e r e n c e  I n  o r d e r  t o  s t u d y  t h e  e f f e c t s  
o f  t u r b i d i t y  o f  t h e  w a t e r  on t h e  r e f l e c t a n c e  s p e c t r a  o f  t h e s e  a l g a l ,  
an amount o f  f i n e  sand was added t o  t h e  e x p e r i m e n t a l  m i x t u r e s .  The 
c u r v e s  i n  F i g u r e  8 r e p r e s e n t  t h e  r e f l e c t a n c e  s p e c t r a  o f  Anabaena a t  



d i f f e r e n t  c o n c e n t r a t i o n s  w i t h  and w i t h o u t  t h e  S i02y  added. The r e s u l  t s  
were somewhat d i s c o u r a g i n g .  I t  was found t h a t  f o r  low c o n c e n t r a t i o n s  
o f  t h e  a l g a l  (4 mg/ l )  t h e  r e f l e c t e d  s i g n a l  decreased w i t h  t h e  a d d i t i o n  
o f  S i02,  b u t  t h e  converse was found f o r  t h e  h i g h e r  c o n c e n t r a t i o n .  The 
r e f l e c t e d  s i g n a l  was g r e a t e r  w i t h  t h e  a d d i t i o n  o f  t h e  S i O  f o r  t h e  
8 mg/l  c o n c e n t r a t i o n  o f  t h e  Anabaena. Thus, t h e  e f f e c t  o f  t u r b i d i t y  
c o u l d  cause f a l s e  r e f l e c t a n c e  measurements. 

Even though t h e  S i02 changed t h e  r e f l e c t a n c e  and t r a n s m i t t a n c e  
p r o p e r t i e s ,  i t  d i d  n o t  change t h e  c h a r a c t e r i s t i c  r a t i o  o f  t h e  i n t e n s i t i e s  
between t h e  green and b l u e - g r e e n  a l g a l .  Thus we can s t i l l  q u a l i t a -  
t i v e l y  d i s t i n g u i s h  between t h e  two t ypes  o f  a l g a l  independent  o f  
t u r b i d i t y .  

E f f e c t s  o f  Phosphorous D e f i c i e n c y  The remova 1 o f  phosphorous 
f r o m  t h e  qrowth  media had a  pronounced e f f e c t  on t h e  s p e c t r a l  r e f l e c -  - 
tance  p r o p e r t i e s  o f  t h e  e x p e r i m e n t a l  a l g a l  c u l t u r e s .  The graphs i n  
F i g u r e  9 d e p i c t  t h e  r e s u l t s  o f  t h i s  exper imen t .  I n  genera l  t h e  l i m i t e d  
phosphorous media r e s u l t e d  i n  i n c r e a s e d  i n t e n s i t y  o f  t h e  r e f l e c t a n c e  
s p e c t r a .  

AQUATIC MACROPHYTES AS EUTROPHICATION INDICATORS* 

A q u a t i c  macrophytes as w e l l  as a l g a e  can be used as e u t r o p h i c a t i o n  
i n d i c a t o r s .  E u t r o p h i c a t i o n  o f  t h e  Madison a r e a  lakes  i s  p r i m a r i l y  due 
t o  t h e  i n f u s i o n  o f  n u t r i e n t s  f rom many v i3r fed sources i n c l u d i n g  a g r i -  

- c u l t u r a l  r u n o f f  and s t o r m  sewer d r a i n a g e .  

Background 

Lake Wingra, wh ich  i s  s i t u a t e d  w i t h i n  t h e  Madison c i t y  l i m i t s ,  i s  
t h e  s i t e  o f  s e v e r a l  i n t e n s i v e  ecosystem s t u d i e s  as p a r t  o f  t h e  I n t e r -  
n a t i o n a l  B i o l o g i c a l  Program (IBP) . The p r i m a r y  p r o d u c t i v i t y  o f  t h e  
a q u a t i c  macrophytes  i s  one component o f  t h i s  systems s t u d y  wh ich  i s  b e i n g  
ana lyzed  by  biomass samp l ing  and n e t  p h o t o s y n t h e s i s  s t u d i e s .  The 
p o s s i b i l i t i e s  o f  u s i n g  remote s e n s i n g  techn iques  t o  save t i m e  and e f f o r t  
i n  t h e  biomass s t u d i e s  a r e  o f  p a r t i c u l a r  i n t e r e s t  t o  i n v e s t i g a t o r s  i n  
t h e  remote s e n s i n g  program and i n  t h e  b i o l o g i c a l  systems study.. These 
p o s s i b i l i t i e s  a r e  b e i n g  examined a t  t h e  p r e s e n t  t i m e  by  compar ing t h e  
c o l  l e c t e d  ground d a t a  and a e r i a l  photographs t a k e n  d u r i n g  t h e  p a s t  
sum;ner. T h i s  j o i n t  e f f o r t  has been f r u i t f u l  i n  i n c r e a s i n g  t h e  e f f i c i e n c y  
o f  f u t u r e  p r o d u c t i o n  e s t i m a t e s ,  i n  p r o v i d i n g  d a t a  n o t  r e a d i l y  a v a i l a b l e  
f rom more t r a d i t i o n a l  methods, and i n  p r o v i d i n g  f o r  t h e  u l t i m a t e  m o d e l i n g  
o f  t h i s  a q u a t i c  ecosystem. 

*Dr. M ichae l  S. Adams, P r i n c i p a l  I n v e s t i g a t o r ,  Department o f  Botany.  











Figure 10.- IR Aerial photograph of west end of 
L. Wingra taken in August, 1971. 
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Figure 11.- Community map of a portion of west end of 
Lake Wingra. Md= myriophylum, GA= green algae over
growth, MB= marl. 



A p p l i c a t i o n s  o f  Remote Sensing 

The c o l o r  and i n f r a r e d  s l i d e s  taken d u r i n g  t h e  summer o f  1971 have 
r e v e a l e d  s e v e r a l  v a l u a b l e  uses f ~ r  remote s e n s i n g  o f  t h e  l a k e  and suggest  
f u r t h e r  research .  C o l o r  I R  photographs a r e  v a l u a b l e  i n  d e t e r m i n i n g  t h e  
p h y s i o l o g i c a l  s t a t e  o f  a q u a t i c  p l a n t s .  The entrustment o f  p l a n t  leaves 
w i t h  ca rbona tes ,  t h e  senescense o f  p l a n t  t i s s u e  and t h e  l i f e  c y c l e  
s tages a r e  e a s i l y  d i s c e r n i b l e .  

The appearance o f  t h e  M y r i o p h y l l u m  sp ica tum I. communi t ies i s  v e r y  
pronounced i n  t h e  a e r i a l  photographs.  F i g u r e  10 i s  a  c o l o r  I R  a e r i a l  
pho to  o f  t h e  west  end o f  Lake Wingra taken  i n  August o f  1971. W i t h  t h e  
a i d  o f  v e r t i c a l  photographs taken  t h i s  season, t h e  v a r i o u s  communi t ies  
have been mapped. A  p o r t i o n  o f  t h e  August map showing M y r i o p h y l l u m  and 
w a t e r  l i l y  communi t ies w i t h  mat o f  green a l g a e  i s  shown as F i g u r e  1 1 .  
I n f o r m a t i o n  f rom t h e  a n a l y s i s  o f  t hese  maps can be used t o  make biomass 
and p r o d u c t i v i t y  e s t i m a t e s  when used i n  c o n j u n c t i o n  w i t h  o t h e r  b i o l o g i c a l  
da ta .  The a e r i a l  photographs w i l l  a l s o  be c o r r e l a t e d  w i t h  t h e  annual 
c y c l e  o f  p l a n t  g rowth  and community development.  The i n f r a r e d  f i l m  i s  
p a r t i c u l a r l y  e f f e c t i v e  i n  d i f f e r e n t i a t i n g  t h e  mar l  b o t t o m  f rom v e g e t a t i o n .  
Mar l  i s  c a l c i u m  c a r b o n a t e  wh ich  i s  p r e c i p i t a t e d  o u t  i n  h a r d  w a t e r  l akes .  
I n  r e g u l a r  c o l o r  f i l m  t h e  mar l  appears green b u t  appears w h i t e  i n  c o l o r  
i n f r a r e d ,  t h e r e b y  d i s t i n g u i s h i n g  i t  f rom v e g e t a t i o n .  D u r i n g  t h e  g row ing  
season t h e  M y r i o p h y l l u m  becomes p r o g r e s s i v e l y  e n c r u s t e d  w i t h  d ia toms as 
w e l l  as c a l c i u m  ca rbona te .  I n  t h e  i n f r a r e d  photographs t h e  weed beds 
appear l i g h t e r  due t o  t h i s ,  and t h u s  t h e  accumu la t i ons  can be m o n i t o r e d .  
Thermal imagery shows some a p p l i c a t i o n  t o  t h e  macrophyte  s t u d y  and i s  
c u r r e n t l y  undergo ing  a n a l y s i s .  

The m a j o r  e f f o r t  o f  t h i s  p a s t  summer has been t o  c o r r e l a t e  t h e  
biomass measurements taken  l a s t  y e a r  w i t h  t h e  v e r t i c a l  photographs,  
u s i n g  b o t h  mapping techn iques  and i n t e n s i v e  gro3nd samp l ing .  Remote 
s e n s i n g  techn iques  a r e  d e f i n i t e l y  a p p l i c a b l e  t o  t h e  s t u d y  o f  a q u a t i c  
macrophytes and f u t u r e  work  w i l l  be under taken  t o  f u r t h e r  c o r r e l a t e  
imagery d a t a  w i t h  l a k e  e u t r o p h i c  s t a t e .  

SURFACE PARAMETERS OF LARGE BODIES OF WATER;'; 

The a p p l i c a t i o n  o f  Remote Sensing t o  t h e  measurement o f  t h e  Sur face  
Parameters o f  l a r g e  w a t e r  bod ies  i s  a  m u l t i d i s c i p l i n a r y  e f f o r t  suppor ted  
b y  t h e  N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  program and t h e  
U n i v e r s i t y  o f  W iscons in  Sea Grant  Program i n  c o n j u n c t i o n  w i t h  t h e  
U n i v e r s i t y  o f  W iscons in  Mar ine  S tud ies  Cen te r .  D u r i n g  t h e  p a s t  year  t h e  

2kDt-s. Theodore Green I11 and Rober t  A. Rago tzk ie ,  Co-Pr i  n c i  p a l  
I n v e s t i g a t o r s ,  Mar ine  S t u d i e s  Center .  



d i r e c t i o n  o f  t h i s  p r o j e c t  has been toward  d a t a  a c q u i s i t i o n  d u r i n g  t h e  
summer and p r e l i m i n a r y  ana lyses o f  t h i s  d a t a  d u r i n g  t h e  p a s t  f a l l .  

The two geograph ica l  a reas s t u d i e d  t h i s  p a s t  y e a r  were t h e  Southern  
Lake S u p e r i o r  c o a s t  a l o n g  t h e  Keweenaw Pen insu la  and t h e  Western Coas ta l  
Zone o f  Lake M i c h i g a n  w i t h  s p e c i a l  emphasis p laced  upon a  n u c l e a r  power 
p l a n t  nea r  Mani towoc,  W iscons in  ( F i g u r e  12) .  Thermal scanner d a t a  were 
a c q u i r e d  a t  5 o t h e r  power p l a n t s  a l o n g  t h e  c o a s t  i n  c o n j u n c t i o n  w i t h  t h e  
Wiscons in  Department o f  N a t u r a l  Resources.  

Lake Superior-Keweenaw C u r r e n t  Study 

The Keweenaw C u r r e n t  i s  t h e  dominant  ' f e a t u r e  o f  t h e  w a t e r  c i r c u l a t i o n  
i n  Lake S u p e r i o r .  T h i s  c u r r e n t  i s  analagous t o  t h e  G u l f  Stream i n  t h e  
A t l a n t i c  Ocean; a l t h o u g h  i t  v a r i e s  c o n s i d e r a b l y  i n  s t r e n g t h ,  i t  i s  
s t r o n g e s t  i n  t h e  l a t t e r  p a r t  o f  J u l y  and e a r l y  August .  From t h i s  s t u d y  
we hope t o - g e n e r a t e  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  m i x i n g  processes o f  
near  sho re  c u r r e n t s  i n  l a r g e  b o d i e s  o f  w a t e r .  T h i s  p r o j e c t  p r o v i d e s  a  
u n i q u e  o p p o r t u n i t y  t o  d e v e l o p  methodology t o  s t u d y  a  m a j o r  c u r r e n t  o f  
v a r y i n g  magni tude w i t h  an emphasis upon t h e  c o a s t a l  w a t e r s  m i x i n g  i n t o  
t h e  l ake .  A  tho rough  u n d e r s t a n d i n g  o f  t h i s  m i x i n g  process i s  i m p e r a t i v e  
f o r  mak ing reasoned d e c i s i o n s  r e g a r d i n g  t h e  f u t u r e  l o c a t i o n  and d e s i g n  
o f  waste  p r o d u c t  o u t f a l l s ,  i n c l u d i n g  those  o f  a  thermal  n a t u r e .  To 
p r e s e r v e  t h e  p u r i t y  o f  o u r  c o a s t a l  w a t e r s ,  i t  i s  i m p o r t a n t  t h a t  waste  
p r o d u c t s  dumped i n t o  l a k e s  and oceans a r e  s p e e d i l y  d i l u t e d  t o  a  s a f e  
c o n c e n t r a t i o n .  

Exper iment  and R e s u l t s . -  I n  t h e  p a s t  t h i s  c u r r e n t  has been s t u d i e d  
u s i n g  a i r b o r n e  r a d i o m e t r i c  methods. I n  o u r  exper imen ts  t h i s  p a s t  summer 
we have used a  thermal  l i n e  scanner t o  map t h e  c u r r e n t  t empera tu re  and 
e x t e n t ,  and photogrammetr ic  t echn iques  t o  p r e c i s e l y  measure t h e  s u r f a c e  
v e l o c i t y  s t r u c t u r e  near  Eag le  Harbor ,  M ich igan .  F i g u r e  13  i s  a g r a p h i c  
r e p r e s e n t a t i o n  o f  t hese  r e s u l t s .  To measure t h e  v e l o c i t y ,  d r i f t  ca rds  
were d i s t r i b u t e d  i n  t h e  w a t e r  i n  l i n e s  p e r p e n d i c u l a r  t o  t h e  c o a s t .  
These were photographed f r o m  an a i r c r a f t  u s i n g  a  p r e c i s i o n  a e r i a l  mapping 
camera a p p r o x i m a t e l y  e v e r y  8 m inu tes  f o r  s e v e r a l  hou rs .  The measured 
pho to  c o o r d i n a t e s  were e n t e r e d  i n t o  a  computer and t h e  a c t u a l  ground 
c o o r d i n a t e s  as a  f u n c t i o n  o f  t i m e  were then  c a l c u l a t e d  f o r  t h e  d r i f t  
ca rds  u s i n g  photogrammetr ic  mode l i ng  techn iques .  The v e l o c i t y  s t r u c t u r e  
o f  t h e  c u r r e n t  was then  ca l cu la ted .  

The s imu l taneous  r a d i o m e t r i c  and thermal  l i n e  scann ing  used t o  map 
tempera tu re  d i s t r i b u t i o n s  and t h e  e x t e n t  o f  t h e  Keweenaw C u r r e n t  p r o v i d e  
a  measurement o f  r e l e v a n t  sma l l  s c a l e  parameters  wh ich  a r e  n o t  a v a i l a b l e  
by o t h e r  means and a r e  v i t a l  t o  t h e  i n v e s t i g a t i o n  o f  t h e  dynamic s t r u c t u r e  
o f .  l a k e  c u r r e n t s .  
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LAKE MICHIGAN COASTAL ZONE+: 

.The rma l  l i n e  scanner imagery  o f  a  p o r t i o n  o f  t h e  Western Coas ta l  
zone o f  Lake M i c h i g a n  was s c q u i r e d  i n  September 1971 on f o u r  c o n s e c u t i v e  
days .  We were m a i n l y  i n t e r e s t e d  i n  t h e  nea rsho re  c i r c u l a t i o n  and t h e  
s u r f a c e  d e t a i l s  o f  t h e  t h e r m a l  d i s c h a r g e s  o f  power p l a n t s  i n t o  t h e  l a k e .  

A  p rominen t  f e a t u r e  o f  t h e  t h e r m a l  imagery o f  t h e  c o a s t a l  zone i s  
t h e  r e l a t i v e l y  s h a r p  d e m a r c a t i o n  between t h e  c o l d  n e a r s h o r e  w a t e r  and 
t h e  warmer o f f s h o r e  w a t e r  (see F i g u r e  14 ) .  From s u p p o r t i n g  c o l o r  and 
c o l o r  I R  photography o f  t h e  c o a s t  ( f l o w n  b y  a  NASA RB 57  a t  60,000 f e e t ) ,  
we suspec t  t h a t  t h e r e  i s  n o t  o n l y  a  s h a r p  the rma l  g r a d i e n t  b u t  a l s o  a  
sha rp  d i s c o n t i n u i t y  i n  t h e  c o n c e n t r a t i o n s  o f  suspended s o l i d s  i n  t h e  
o f f s h o r e  w a t e r s  as i l l u s t r a t e d  i n  F i g u r e  15. Concu r ren t  w ind  d a t a  suggest  
t h a t  t h e s e  c o n t r a s t s  a r e  due t o  u p w e l l i n g ,  and t h a t  t h e  scanner  may be 
used t o  i n v e s t i g a t e  c o a s t a l  u p w e l l i n g  i n  l a k e s .  F i g u r e  16 d e p i c t s  t h e  
the rma l  imagery  o f  a  p o r t i o n  o f  t h e  c o a s t  f o r  t h e  t h r e e  s u c c e s s i v e  dsys .  
F u r t h e r  expe r imen ts  a r e  p lanned  t h i s  s p r i n g  and summer t o  c l o s e l y  m o n i t o r  
t h e  changes i n  t he rma l  s t r u c t u r e .  We p l a n  t o  measure t h i s  c o a s t a l  t he rma l  
s t r u c t u r e  e v e r y  few hou rs  t o  d e t e r m i n e  t h e  t i m e  s c a l e  o f  t h e  u p w e l l i n g  
and i t s  s e n s i t i v i t y  t o  t h e  w i n d  speed and d i r e c t i o n .  

Thermal imagery  o f  t h e  power p l a n t  d i s c h a r g e s  a l o n g  t h e  w e s t e r n  
c o a s t  o f  Lake M i c h i g a n  was o b t a i n e d  d u r i n g  t h e  same e x p e r i m e n t .  Emphasis 
was p l a c e d  on s t u d y i n g  t h e  P o i n t  Beach Nuc lea r  Power P l a n t  plume i n  
d e t a i l .  T h i s  p l a n t  i s  l o c a t e d  on Lake M i c h i g a n  a p p r o x i m a t e l y  f i v e  m i l e s  
n o r t h  o f  Two R i v e r s ,  W iscons in ,  and produces 500 megawatts o f  power 
w h i l e  o p e r a t i n g  a t  h a l f  c a p a c i t y .  A  t o t a l  o f  350,000 g a l l o n s  o f  hea ted  
w a t e r  i s  d i s c h a r g e d  each m i n u t e  i n t o  t h e  l a k e  nea r  sho re .  We a t t e m p t e d  
t o  measure b o t h  t h e  t h e r m a l  and v e l o c i t y  s t r u c t u r e s  o f  t h i s  p lume. 

Us ing  p r e c i s e  a n a l y t i c a l  pho tog rammet r i c  t e c h n i q u e s ,  t h e  p o s i t i o n s  
o f  many drogues a t  v a r i o u s  t imes  s e t  f o r  d i f f e r e n t  dep ths  were c a l c u l a t e d .  
F i g u r e  17  shows t h e  r e s u . l t s  o f  a n a l y z i n g  one o f  t h e  s e v e r a l  e x p e r i m e n t a l  
runs  o v e r  t h i s  plume. 

F i g u r e  18 shows a the rma l  l i n e  scanner  image o f  t h e  P o i n t  Beach 
Power P l a n t  t he rma l  plume. To us, t h e  most i n t e r e s t i n g  f e a t u r e s  o f  t h i s  
t he rma l  p i c t u r e  a r e  t h e  the rma l  f r o n t s  mov ing c o n c e n t r i c a l l y  ou tward  f r o m  
t h e  o u t f a l l  i n  a  w a v e - l i k e  f a s h i o n .  S ince  we have t h e r m a l  p i c t u r e s  o f  
t h e  plume e v e r y  f i v e  m i n u t e s ,  we can  f o l l o w  each o f  t h e  f r o n t s  as i t  
moves ou tward .  From t h i s  ( n e g l e c t i n g  t u r b u l l e n t  m i x i n g )  we may e s t i m a t e  
t h e  v e l o c i t y  s t r u c t u r e  o f  t h e  plume. 

$:Drs. Theodore Green 111, Rober t  A. R a g o t z k i e ,  and Paul R .  Wo l f ,  
Co- P r i n c i  pa 1 I n v e s t i g a t o r s  , M a r i n e  S t u d i e s  Cen te r  and Dept .  o f  C i v i  1 
and Env i ronmen ta l  E n g i n e e r i n g .  
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Figure 17.- Graphic representation of drogue positions 
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F i g u r e  19 shows a  schemat ic  o f  t h e  plume v e l o c i t y  s t r u c t u r e .  T h i s  
i s  a  p r e l i m i n a r y  a n a l y s i s  based upon t r a c i n g s  o f  s u c c e s s i v e  thermal  
f r o n t s  f rom p r o j e c t i o n s  o f  t h e  thermal  imagery .  D i g i t i z e d  i n f o r m a t i o n  
f rom t h i s  thermal  imagery  has been ana lyzed  and F i g u r e  20 i l l u s t r a t e s  
t h e  tempera tu re  c o n t o u r s  o f  t h i s  plume a t  t h e  same t i m e  as t h e  v e l o c i t y  
s t r u c t u r e  shown i n  F i g u r e  19. 

F i g u r e  21 shows t h e  same plume, b u t  was f l o w n  a t  5000 f e e t .  Wave- 
l i k e  thermal  f r o n t s  e x t e n d  s e v e r a l  m i l e s  s o u t h  o f  t h e  p l a n t  b u t  a r e  b y  
no means u n i q u e  t o  t h e  P o i n t  Beach power p l a n t .  F i g u r e  22 shows a  
s i m i l a r  s t r u c t u r e  a t  t h e  power p l a n t  near  Sheboygan, Wiscons in .  We have 
reason t o  suspec t  t h a t  t h e s e  thermal  f r o n t s  a r e  n o t  j u s t  s u r f a c e  
phenomena. F i g u r e  23 d e p i c t s  a  r e c o r d i n g  o f  t h e  tempera tu re  a t  a  f i x e d  
p o i n t  i n  t h e  m i d d l e  o f  t h e  P o i n t  Beach plume a t  a  d e p t h  o f  6 f e e t .  The 
p e r i o d i c  v a r i a t i o n  o f  2 t o  ~ O C  may i n d i c a t e  t h e  passage o f  a  the rma l  
f r o n t .  Plans a r e  now underway t o  e r e c t  a  permanent p l a t f o r m  i n  t h e  plume 
w i t h  t h e  c a p a b i l i t y  o f  r e c o r d i n g  t h e  tempera tu re  a t  many dep ths  as w e l l  
as t h e  v e l o c i t y  o f  t h e  c u r r e n t .  

ADDITIONAL RELATED RESEARCH 

APPLICATION OF REMOTE SENSING TO HYDROGEOLOGY* 

I n  c o n t i n u a t i o n  o f  o u r  r e s e a r c h  on t h e  a p p l i c a t i o n  o f  remote s e n s i n g  
i n  t h e  e v a l u a t i o n  o f  s h a l l o w  ground w a t e r  f l o w  systems, two l a n d f i l l  
s i t e s  i n  t h e  c i t y  o f  Madison, Wiscons in ,  were o v e r f l o w n  w i t h  a  Daedalus 
thermal  scanner and PRT-5 (8-14y) a t  a l t i t u d e s  between 1600-1800 f e e t .  
S i m u l t a n e o u s l y  w i t h  t h e  the rma l  f 1 i g h t s ,  ground t r u t h  i n f o r m a t i o n  was 
ga the red  and t h e  d a t a  o b t a i n e d  a r e  now b e i n g  c o r r e l a t e d  w i t h  t h e  imagery  
o b t a i n e d  by  t h e  the rma l  sensor .  An a n a l y s i s  i s  b e i n g  made o f  such 
mask ing e f f e c t s  as :  . v e g e t a t i o n  and c o l o r  o f  s o i l s ;  d e p t h  t o  t h e  w a t e r  
t a b l e ;  topography;  d i u r n a l  s o i l  t empera tu re  v a r i a t i o n s ;  h e a t  c o n d u c t i o n  
o r i g i n a t e d  by  t h e  decompos i t i on  o f  t h e  r e f u s e .  E x t e n s i v e  ground w a t e r  
f l o w  system e v a l u a t i o n s ,  b o t h  p h y s i c a l  and chemica l ,  had a l r e a d y  been 
accompl ished a t  t hese  two s i t e s  u s i n g  c o n v e n t i o n a l  ground based techn iques .  

Our r e s e a r c h  s o  f a r  has l e d  t o  t h e  c o n c l u s i o n  t h a t  remote sensed 
thermal  imagery (8-14p) can be a  v a l u a b l e  t o o l  i n  r a p i d  reconna issance  
o f  ground w a t e r  d i s c h a r g e  i n t o  s u r f a c e  w a t e r  b o d i e s .  I n  p a r t i c u l a r ,  
t h e  c o l o r  s e p a r a t i o n  p r o c e s s i n g  o f  o r i g i n a l  a n a l o g  d a t a  f rom magne t i c  
tape  c o r r e s p o n d i n g  t o  the rma l  l e v e l s  has shown i t s e l f  t o  be e s p e c i a l l y  
u s e f u l .  D e s p i t e  t h e  abundance o f  mask ing e f f e c t s ,  p r i n c i p a l l y  v e g e t a t i o n ,  

!?Dr. Dav id  A. Stephenson, P r i n c i p a l  I n v e s t i g a t o r ,  A s s o c i a t e  P r o f e s s o r  o f  
Geology and Geophysics,  Chairman - Water Resources Management Program. 
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s p r i n g s  d i s c h a r g i n g  i n t o  Wingra Creek, wh ich  b o r d e r s  t h e  O l i n  Avenue 
l a n d f i l l  s i t e ,  were d e t e c t e d  i n  t h e  " c o l o r  separa ted"  imagery .  The 
"normal b l a c k  and w h i t e  the rma l  image" f a i l s  t o  r e v e a l  t o  t h e  naked 
eye these  s p r i n g s .  They c o u l d  o n l y  be d e t e c t e d  w i t h  t h e  t ime-consuming 
use o f  a  scann ing  d e n s i t o m e t e r .  

Whether thermal  sensors  (8-14b) can h e l p  i n  l o c a t i n g  ground w a t e r  
d i s c h a r g e  zones w i l l  depend p r i n c i p a l l y  on t h e  t y p e  o r  absence o f  
v e g e t a t i v e  c o v e r ,  and on t h e  t i m e  o f  t h e  y e a r .  F r o m . t h e  p o i n t  o f  v iew  
o f  r e d u c i n g  t h e  mask ing e f f e c t s  o f  v e g e t a t i o n ,  e a r l y  s p r i n g ,  o r  whenever 
t h e  s p r i n g  thaw occu rs ,  seems t o  be t h e  b e s t  p e r i o d  o f  t h e  y e a r .  The 
r e d u c t i o n  i n  v e g e t a t i v e  cove r  e f f e c t s  w i l l  p r o b a b l y  compensate f o r  t h e  
f a c t  t h a t  t h e  c o n t r a s t  between s u r f a c e  and ground w a t e r  tempera tu res  
i s  s m a l l e r  t han  i n  t h e  summer o r  w i n t e r .  

The p o s s i b i l i t y  t h a t  t h e  remote sensors  i n v e s t i g a t e d  -- the rma l  IR, 
c o l o r  and i n f r a r e d  c o l o r  f i l m  --  can be used f o r  t h e  e v a l u a t i o n  o f  
d i f f e r e n t  q u a l i t y  qround w a t e r  d i s c h a r q e s  i n t o  s u r f a c e  w a t e r  bod ies '  i s  
v e r y  s m a l l .  I n  t h e  two l a n d f i l l  s i t e s  s t u d i e d ,  t h e  w a t e r  t h a t  i n f i l t r a t e s  
i n t o  t h e  r e f u s e  and i s  l a t e r  d i s c h a r g e d  i n t o  a d j a c e n t  s u r f a c e  w a t e r  
bod ies  i s  t o o  d i l u t e d  t o  be d e t e c t a b l e  by  p r e s e n t  a v a i l a b l e  remote 
sensors ;  i n  f a c t ,  i t  i s  even d i f f i c u l t  t o  d e t e c t  u s i n g  c o n v e n t i o n a l  
ground based i n s t r u m e n t s .  The p o s s i b i l i t y  t h a t  t h e  w a t e r  t h a t  i n f i l -  
t r a t e s  i n t o  t h e  r e f u s e  becomes warmer and would  t h e r e f o r e  be d e t e c t a b l e  
when d i s c h a r g e d  i n t o  a  s u r f a c e  w a t e r  body seems t o  be r a t h e r  l i m i t e d ,  
s i n c e  much o f  t h e  h e a t  conducted by  t h e  ground w a t e r  a l o n g  i t s  " f l o w  
l i n e 1 '  has p r o b a b l y  been d i s s i p a t e d  b y  t h e  t i m e  i t  i s  d i s c h a r g e d  i n t o  
a  s u r f a c e  w a t e r  body. 

DETERMINATION OF OIL FILM THICKNESSES 

USING REMOTE SENSING TECHNIQUES" 

The purpose o f  t h e  s t u d y  was t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  
measur ing  t h e  d e p t h  o f  an o i l  s l i c k  by emp loy ing  Remote Sensing t e c h -  
n i q u e s .  A  c o n s t r a i n t  imposed was: t h a t  t h e  m a t e r i a l s  and equipment 
used be e a s i l y  o b t a i n a b l e ,  i n e x p e n s i v e  and f a i r l y  s i m p l e  t o  use.  
Because o f  t h i s  c o n s t r a i n t  t h e  p h o t o g r a p h i c  p o r t i o n ,  0.375 m ic rons  t o  
0.800 m ic rons ,  o f  t h e  e l e c t r o m a g n e t i c  spect rum was chosen f o r  use i n  
t h e  s t u d y .  A  t h r e e  camera bank was u t i l i z e d  so  t h a t  s imu l taneous  
photographs c o u l d  be made w i t h  t h e  t h r e e  f i l m  and f i l t e r  comb ina t ions  
s e l e c t e d  f o r  s t u d y .  Agfachrome CT--18, no f i l t e r ;  Kodak Ektachrome-X, 
exposed t h r o u g h  a  p o l a r i z i n g  f i l t e r  t u r n e d  t o  maximum p o l a r i z a t i o n ;  and 

;:-Dr. James P. Scherz, P r i n c i p a l  I n v e s t i g a t o r ,  D e ~ a r t m ~ n t  o f  C i v i  1 and 
Env i ronmenta l  E n g i n e e r i n g  and I n s t i t u t e  f o r  -Env i ronmenta l  S t u d i e s .  



Kodak I n f r a r e d  Aero  F i l m ,  Type 8443, exposed t h r o u g h  a  #15 Wra t ten  
f i l t e r ,  were t h e  comb ina t i ons  chosen.  

Photographs were taken  on a  b r i g h t ,  c l e a r  day and on a  c l o u d y ,  
o v e r c a s t  day t o  see what a f f e c t  t hese  c o n d i t i o n s  wou ld  have on t h e  
f i n a l  r e s u l t s  and t o  a l s o  see i f  t h e  p rocedure  had an a l l  weather  c a p a b i l -  
i t y .  A  hoop was f l o a t e d  on t h e  s u r f a c e  o f  Lake Monona i n  Madison and 
f i l l e d  w i t h  v a r y i n g  amounts o f  o i l .  Each s u c c e s s i v e  d e p t h  o f  o i l  was 
t h e n  photographed u s i n g  t h e  t h r e e  camera bank.  The hoop was used as 
t h e  r e f l e c t a n c e  s t a n d a r d  a g a i n s t  w h i c h  r e f l e c t a n c e  va lues  f o r  t h e  
i n c r e a s i n g  dep ths  o f  o i l  were compared. T h i s  gave a  p e r c e n t  r e f l e c -  
t a n c e  v a l u e  w h i c h  c o u l d  be p l o t t e d  a g a i n s t  wave leng th  f o r  each d i f f e r -  
e n t  d e p t h  o f  o i l .  The p e r c e n t  r e f l e c t a n c e  r e a d i n g s  were o b t a i n e d  by  
a n a l y z i n g  t h e  t r a n s p a r e n c i e s  deve loped f r o m  t h e  t h r e e  f i l m s .  The 
equipment u t i l i z e d  was a  Gamma Scann ing M i c r o d e n s i t o m e t e r  Assembly 
Model 700-10-80 and a  Gamma S c i e n t i f i c  Model 2020 Spec t ropho tomete r .  
I t  was hoped t h a t  a  c o r r e l a t i o n  between p e r c e n t  r e f l e c t a n c e  and o i l  
d e p t h  c o u l d  be found t h a t  wou ld  e n a b l e  an i n t e r p r e t e r  t o  a c c u r a t e l y  
e s t i m a t e  t h e  d e p t h  o f  an o i l  s l i c k .  

A n a l y s i s  o f  t h e  t r a n s p a r e n c i e s  o b t a i n e d  showed, t h a t  f o r  t h e  o i l  
used, M o b i l  O i l ,  20W, and a c c u r a t e  e s t i m a t i o n  o f  a  s l i c k ' s  d e p t h  can 
be made. The two f i l m  and f i l t e r  c o m b i n a t i o n  w i l l  enab le  an i n v e s t i g a t o r  
t o  s e c u r e  r e l i a b l e  r e s u l t s  no  m a t t e r  what  t h e  sky  c o n d i t i o n s  a r e  a t  t h e  
s i t e  o f  t h e  s p i l l .  G e n e r a l l y ,  on a  b r i g h t  day,  Agfachrome CT-18 f i l m s ,  
no  f i l t e r ,  w i l l  p r o v e  t h e  most  u s e f u l  f o r  d e t e c t i n g  and d e l i n e a t i n g  t h e  
s l i c k  v i s u a l l y .  Ektachrome-X f i l m ,  exposed t h r o u g h  a  p o l a r i z i n g  f i l t e r  
d i d  n o t  y i e l d  m e a n i n g f u l  r e s u l t s .  Kodak I n f r a r e d  Aero  F i l m ,  Type 8443, 
w i l l  p r o v i d e  t h e  b e s t  c o r r e l a t i o n  between r e f l e c t a n c e  r e a d i n g s  and o i l  
dep ths  d u r i n g  t h e  machine a n a l y s i s  o f  t h e  t r a n s p a r e n c i e s .  On a  c l o u d y  
day,  a l l  t h r e e  f i l m s  w i l l  s h a r p l y  d e l i n e a t e  t h e  e x t e n t  o f  t h e  s p i l l  
v i s u a l l y .  The i n f r a r e d  f i l m  w i l l  a g a i n  be t h e  b e s t  f i l m  f o r  p r o v i d i n g  
t h e  c o r r e l a t i o n  between p e r c e n t  r e f l e c t a n c e  and t h e  d e p t h  o f  t h e  o i l  
s p i l l  d u r i n g  machine a n a l y s i s .  The agfachrome f i l m  can p r o v i d e  a  
check  on t h e  d e p t h  o f  t h i n  o i l  f i l m s .  The Ektachrome-X p roved  t o  be 
o f  l i t t l e  v a l u e .  

USE OF REMOTE SENSING TO IDENTIFY 

HYDROLOGICALLY ACTIVE SOURCE AREAS+< 

Hydro logy ,  by t h e  most  accepted d e f i n i t i o n ,  i s  a  d i s c i p l i n e  d e a l i n g  
w i t h  t h e  o r i g i n ,  p r o p e r t i e s ,  movement and d i s t r i b u t i o n  o f  w a t e r  on and 
benea th  t h e  s u r f a c e  o f  t h e  e a r t h .  A p p l i c a t i o n  o f  remote s e n s i n g  t e c h -  

Wr. Dafe D .  H u f f ,  P r i n c i p a l  I n v e s t i g a t o r ,  Department  o f  C i v i l  and 
Env i ronmen ta l  E n g i n e e r i n g .  



niques t o  hydro logy  shou ld  t h e r e f o r e  be a  process by which c h a r a c t e r i s -  
t i c s  o f  o b j e c t s  connected w i t h  t he  o r i g i n ,  p r o p e r t i e s ,  movement and 
d i s t r i b u t i o n  o f  wa te r  on and beneath t he  su r f ace  o f  t h e  e a r t h  a r e  
ob ta ined  w i t h o u t  p h y s i c a l l y  touch ing  them. 

A rev iew o f  t h e  a v a i l a b l e  l i t e r a t u r e  i n d i c a t e s  t h a t  i n f r a r e d  photo- 
graphy and thermal imagery have been used f a i r l y  e x t e n s i v e l y  i n  ground 
water  e x p l o r a t i o n s  and water  q u a l i t y  s t ud ies .  A t  t he  p resen t  t ime ,  
however, t h e r e  has been l i t t l e  o r  no e f f o r t  made t o  determine parameters 
o f  t h e  h y d r o l o g i c a l  c y c l e  u s i n g  remote sens ing techniques. 

I n  t h e  recen t  pas t  a  new idea c a l l e d  t he  "source area concept"  has 
been added t o  t h e  s tudy  o f  r u n o f f  hydro logy.  Proposed by Hew le t t  i n  
1961 as a  b e t t e r  way t o  i n t e r p r e t  and e x p l a i n  s torm and base f l ows  f rom 
f o r e s t e d  watersheds, t h i s  concept has now gained some headway through 
t he  e f f o r t s  o f  many engineers  ,and h y d r o l o g i s t s  i n  a p p l y i n g  i t  t o  l o c a l  
s i t u a t i o n s .  Whi le  o u t l i n i n g  t h i s  concept as i t  i s  known today, t h i s  
research i s  ana l yz i ng  the  p o s s i b i l i t y  o f  u s i n g  remote sens ing techniques 
f o r  l o c a t i n g  such source areas. 

Successful  i d e n t i f i c a t i o n  o f  these h y d r o l o g i c a l l y  " ac t i ve "  areas 
by means o f  remote sens ing techniques w i l l  no t  o n l y  h e l p  i n  deve lop ing  
a  more accu ra te  " r u n o f f  gene ra t i on  model" bu t  w i l l  a l s o  have numerous 
uses i n  t h e  f o l l o w i n g  f i e l d s  o f  s t u d i e s :  ( I )  Water q u a l i t y ;  (2)  Water 
and land management; and ( 3 )  Eros i o n  and so i  l conserva t ion .  

CONCLUSIONS 

Based upon t h e  r e s u l t s  o f  t he  pas t  years '  research e f f o r t  by t h e  
U n i v e r s i t y  o f  Wiscons in 's  Remote Sensing Program, t h e  f o l l o w i n g  con- 
c l u s i o n s  were reached concern ing  t h e  a p p l i c a t i o n s  o f  remote sens ing 
t o  wa te r  resources problems. 

1 .  Remote sens ing methods p r o v i d e  t he  most p r a c t i c a l  method o f  
o b t a i n i n g  da ta  f o r  many wate r  resources problems. 

2.  E f f e c t i v e  use o f  remote sens ing research funds can be ach ieved 
by. coope ra t i ve  e f f o r t s  w i t h  o the r  env i ronmenta l  research e f f o r t s  
and agencies.  

3. The m u l t i - d i s c i p l i n a r y  approach i s  e s s e n t i a l  t o  t h e  e f f e c t i v e  
a p p l i c a t i o n  o f  remote sens ing t o  water  resource problems. 

4. There i s  a  c o r r e l a t i o n  between the  amount o f  suspended s o l i d s  i n  
an e f f l u e n t  d ischarged  i n t o  a  wa te r  body and r e f l e c t e d  energy. 
However, bo t tom e f f e c t s  may mask t h e  s i g n a l  i f  no t  p r o p e r l y  
accounted f o r .  

5 .  Remote sens ing p rov ides  f o r  more e f f e c t i v e  and accu ra te  mon i t o r -  
ing,  d i s cove ry  and c h a r a c t e r i z a t i o n  o f  t he  m i x i n g  zone o f  
e f f l u e n t  d ischarged i n t o  a  r e c e i v i n g  wate r  body. 

6. I t  i s  p o s s i b l e  t o  d i f f e r e n t i a t e  between b l u e  and b lue-green a lgae  



by compar ing t h e  r a t i o s  o f  r e f l e c t e d  l i g h t  a t  0.650 m ic rons  and 
0.6250 m i c r o n s .  

7 .  The r e f l e c t a n c e  a t  0.550 m ic rons  i s  a p p r o x i m a t e l y  h a l v e d  f o r  each 
d o u b l i n g  o f  a l g a e  Se lenast rum and Anabaena c o n c e n t r a t i o n .  However, 
t h i s  e f f e c t  i s  masked by t u r b i d i t y .  

8. M u l t i b a n d  photography p r o v i d e s  f o r  r a p i d  mapping o f  a q u a t i c  
macrophytes . 

9. S imul taneous r a d i o m e t r i c ,  photogrammetr ic ,  and thermal  l i n e  
scann ing  can be used t o  p r o v i d e  measurement o f  r e l e v a n t  parameters  
w h i c h  a r e  n o t  a v a i l a b l e  by  o t h e r  means and a r e  v i t a l  t o  t h e  i n -  
v e s t i g a t i o n  o f  t h e  dynamic s t r u c t u r e  o f  l a k e  c u r r e n t s .  

10. The v e l o c i t y  s t r u c t u r e  o f  some thermal  plumes may be o b t a i n e d  
f rom s e q u e n t i a l  t he rma l  imagery b y  t r a c i n g  t h e  p r o p a g a t i o n  o f  
t he rma l  f r o n t s  i n  t h e  plume. 

1 1 .  I t  i s  u n l i k e l y  t h a t  photography o r  t he rma l  I R  can be used t o  
e v a l u a t e  t h e  q u a l i t y  o f  ground w a t e r  d i s c h a r g e s  i n t o  s u r f a c e  w a t e r  
b o d i e s  . 

12. Kodak I n f r a r e d  Aero  F i l m ,  Type 3443 can be used t o  o b t a i n  
a c c u r a t e  e s t i m a t e s  o f  o i l  s l i c k  d e p t h  f o r  M o b i l  O i l ,  20W. 




