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SUMMARY 


A remote s e n s i n g  experiment was conducted a t  an ocean acid-waste dump s i t e  
o f f  t h e  c o a s t  o f  Delaware. R e s u l t s  are p resen ted  which show t h a t  a mult ispec
t r a l  scanne r  on an a i r p l a n e  p l a t fo rm flown a t  an a l t i t u d e  o f  914 m can be used 
t o  q u a n t i f y  and map an  acid-waste dump i n  terms o f  its p a r t i c u l a t e  i r o n  concen
t r a t i o n .  The same d a t a ,  however, could no t  be used t o  map t h e  dump i n  terms o f  
t o t a l  suspended s o l i d s ,  o r g a n i c  suspended s o l i d s ,  o r  i n o r g a n i c  suspended s o l i d s  
c o n c e n t r a t i o n s .  A two-step approach was used t o  map t h e  acid-waste dump. The 
first s t e p  was t o  a p p l y  a c l a s s i f i c a t i o n  t echn ique  t o  d i f f e r e n t i a t e  between 
s p e c t r a l  s i g n a t u r e  changes t o  t h e  background ocean water caused by t h e  a c i d  and 
those  caused by Sun g l i t t e r .  The second s t e p  was t o  q u a n t i f y  t h e  i r o n  concen
t r a t i o n  i n  t h e  acid-waste dump by u s e  o f  a s i n g l e - v a r i a b l e  equa t ion  u s i n g  t h e  
r a t i o  o f  band 2 (440 t o  490 nm) r a d i a n c e  to .band  4 (540 t o  580 nm) r a d i a n c e .  
P a r t i c u l a t e  i r o n  c o n c e n t r a t i o n s  i n  t h e  a c i d  waste were found t o  range up t o  
1.1 mg/Q a t  a depth o f  0.46 m .  The acid-waste dump which was q u a n t i t a t i v e l y  

1 
mapped v a r i e d  i n  age from f r e s h l y  dumped t o  3- h r .  
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INTRODUCTION 


The oceans have been used as a d i s p o s a l  s i t e  f o r  v a s t  q u a n t i t i e s  o f  dredged 

material, municipal  wastes, and i n d u s t r i a l  wastes f o r  many y e a r s ,  with l i t t l e  

known about  t h e  impact of t h i s  dumping on t h e  ocean environment. I n  1972, t h e  

Nat iona l  Oceanic and Atmospheric Admin i s t r a t ion  (NOAA), i n  c o o r d i n a t i o n  wi th  

t h e  U . S .  Coast Guard (USCG), and t h e  Environmental  P r o t e c t i o n  Agency (EPA) were 

ass igned  t h e  r e s p o n s i b i l i t y  under t h e  Marine P r o t e c t i o n ,  Research, and Sanctu 

ar ies  A c t  o f  e s t a b l i s h i n g  a comprehensive program o f  monitor ing and r e s e a r c h  t o  

determine t h e  e f fec ts  o f  ocean dumped materials on t h e  marine environment 

( r e f .  1 ) .  Both NOAA and EPA have r eques t ed  t h a t  t h e  Na t iona l  Aeronaut ics  and 

Space Admin i s t r a t ion  (NASA) j o i n  wi th  them i n  c o o p e r a t i v e  programs t o  assess 

t h e  r o l e  o f  remote s e n s i n g  i n  meeting t h e i r  monitor ing and r e s e a r c h  needs.  


Two o f  t h e  major ocean dumped materials are municipal  sewage s ludge  and 

i n d u s t r i a l  a c i d  waste. Both o f  t h e s e  have been d e t e c t e d  by a i r c ra f t  and satel 

l i t e  remote s e n s o r s  ( r e f s .  2 t o  5 ) .  Q u a n t i f i c a t i o n  and mapping o f  suspended 

s o l i d s  i n  municipal  sewage s ludge  dumps have been demonstrated by use  of air 

p lane  remote s e n s i n g  d a t a  ( r e f .  6 ) .  L i t t l e  has  been done, however, t o  q u a n t i f y  

and map acid-waste dumps wi th  t h e  use  o f  remote s e n s i n g  d a t a .  


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  r e l a t i n g  remotely sensed s p e c t r a l  

s i g n a t u r e s  t o  acid-waste c o n c e n t r a t i o n s ,  t h e  NASA Langley Research Cen te r ,  i n  

con junc t ion  wi th  t h e  U n i v e r s i t y  o f  Delaware, conducted an experiment a t  an  

ocean acid-waste dump s i t e  o f f  t h e  c o a s t  o f  Delaware on August 28, 1975. I n  

s i t u  water samples and measurements, a long  wi th  concur ren t  remotely sensed 

d a t a ,  were ob ta ined  a t  t h e  dump s i te .  T h i s  paper  summarizes t h e  r e s u l t s  o f  
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the a n a l y s e s  f o r  q u a n t i f y i n g  and mapping the  acid-waste plume i n  terms of  i ts 

p a r t i c u l a t e  i r o n  c o n c e n t r a t i o n  and its suspended s o l i d s  concen t r a t ion .  


EXPERIMENT 


The acid waste i n  t h i s  experiment was the  waste product  from a t i t a n i u m  

d iox ide  process ing  p l a n t  a t  Edgemoor, Delaware. The waste was a hydroch lo r i c  

acid s o l u t i o n  con ta in ing  a number of metal i m p u r i t i e s ,  among which i r o n  was the 

major one. When t h e  waste was dumped i n t o  t h e  ocean,  the  hydroch lo r i c  acid 

was n e u t r a l i z e d  and the i r o n  reacted wi th  the ocean water t o  produce a f e r r i c  

hydroxide precipi ta te .  The acid-waste d i s p o s a l  s i t e  was l o c a t e d  approximately 

70 km sou theas t  of Cape May, New J e r s e y .  (See f ig .  1 . )  The s i t e  was a 9.3 by 

14.8 km r e c t a n g u l a r  area bounded by 38O30' and 38O35' n o r t h  l a t i t u d e s  and by 

74O15' and 74O25' west long i tudes .  The waste was carried t o  the  s i t e  by barge, 

t hen  dumped w h i l e  t h e  barge t r a v e l e d  i n  a bow-tie p a t t e r n  a t  a speed of  around 

8 k n o t s ;  approximately 1 m i l l i o n  g a l l o n s  of waste were dumped i n  about  4 h r .  


The experiment  was performed on August 28, 1975. The barge started dumping 

a t  0650 EDT and f i n i s h e d  dumping around 1100 EDT. I n  s i t u  water samples were 

c o l l e c t e d  by s h i p  a t  10 l o c a t i o n s  between t h e  hours  of 0944 EDT and 1326 EDT, 

with  sampling s t a t i o n s  s e l e c t e d  t o  o b t a i n  a wide v a r i a t i o n  i n  plume age. Nine 

of these s t a t i o n s  were l o c a t e d  i n  t h e  acid plume, w i t h  the  t e n t h  s t a t i o n  being 

l o c a t e d  o u t s i d e  the  plume as a c o n t r o l .  (See f i g .  2 . )  A t  seven of the sta 

t i o n s ,  water samples were taken  a t  depths  of 0.46, 4 ,  and 8 m w i t h  5-R Niskin 
b o t t l e s ;  Secchi d i sc  depth  and pH measurements were made a t  these s t a t i o n s .  A t  
t h e  o t h e r  three sample s t a t i o n s ,  on ly  bucket  s u r f a c e  samples were taken .  Mea
surements  of  pH were made on these s u r f a c e  samples, b u t  Secchi d i s c  depths  were 
n o t  measured. The s t a t i o n  numbers ( i n d i c a t e d  i n  f i g .  21,  time of sampling,  Sun 
e l e v a t i o n  and azimuth angles, plume age, Secchi  d i sc  depth ,  sampling d e p t h ,  
suspended s o l i d s  c o n c e n t r a t i o n s ,  and p a r t i c u l a t e  i r o n  c o n c e n t r a t i o n s  are l i s t e d  
i n  table I. 

The m u l t i s p e c t r a l  scanner  was flown over  t h e  dump s i t e  i n  a twin-engine 

a i r p l a n e  a t  an  a l t i t u d e  of  914 m. F l i g h t  l i n e s  were flown such  t h a t  s p e c t r a l  

r a d i a n c e  data were c o l l e c t e d  concur ren t ly  w i t h  i n  s i t u  water sampling a t  n ine  

of the  s t a t i o n s  and 35 min a f t e r  sampling f o r  s t a t i o n  4-2. The m u l t i s p e c t r a l  

scanner  is  an  11-band ins t rumen t ,  w i t h  10 bands i n  the  v i s i b l e  and n e a r  i n f r a r e d  

and one i n  the  thermal band range.  The spectral  and spa t ia l  characterist ics of 

the  in s t rumen t  are g iven  i n  table 11. 


The rad iance  data were obta ined  i n  the form of  n ine- t rack  800-bpi computer 
compat ible  tapes. Screening imagery (film-reader product )  of band 5 (580 t o  
620 nm) was a l s o  obta ined  and aided i n  determining areas of i n t e r e s t .  Use of  
i n - f l i  h t  c a l i b r a t i o n  data converted t h e  d i g i t a l  counts  t o  r a d i a n c e  va lues  
(mW/cm 9-sr-band) . The high n o i s e  l e v e l  i n  band 1 (380 t o  440 nm) precluded the  
use of  t h a t  band f o r  data a n a l y s i s .  A t  the  914-m a l t i t u d e ,  t h e  l e v e l  of r a d i 
ance recorded i n  band 10 (970 t o  1060 nm) was e s s e n t i a l l y  z e r o ;  consequent ly ,  
t h a t  band was omi t ted  from the  a n a l y s i s .  More detai led d i s c u s s i o n s  of t h i s  
experiment are g iven  i n  r e f e r e n c e s  7 and 8. 
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DATA ANALYSIS, RESULTS, AND DISCUSSION 


I n  S i t u  Water Sample Analys is  


Sampling times and l o c a t i o n  of  data s t a t i o n s  were such tha t  the  age o f  t h e  


1 
sampled plume s e c t i o n s  ranged between 1- h r  and 4 h r .  The p a r t i c u l a t e  i r o n  

2 
concen t r a t ion  ranged from 0.21 t o  2.32 mg/R  i n  the  plume. T o t a l  suspended 

s o l i d s  ranged from 2.1 t o  15.1 m g / R ,  i no rgan ic  suspended s o l i d s  were measured 

up t o  5.6 m g / R ,  and o rgan ic  suspended s o l i d s  were measured up t o  9.5 m g / R  i n  

t h e  acid plume. For t he  c o n t r o l  s t a t i o n  1-2, t he  p a r t i c u l a t e  i r o n  concentra 

t i o n  was less  than  0.05 m g / R  a t  a l l  three dep ths ,  and t h e  t o t a l  suspended 

s o l i d s  concen t r a t ion  ranged from 1.1 t o  8.1 mg/R .  


A decreas ing  concen t r a t ion  w i t h  i n c r e a s i n g  depth was ev iden t  f o r  both par 
t i c u l a t e  i r o n  and suspended s o l i d s  i n  the plume between t h e  bucket  s u r f a c e  sam
p l e s  and t h e  0.46-m depth samples. Because of the  magnitude o f  t h e  concentra
t i o n  d i f f e r e n c e  between t h e  s u r f a c e  and 0.46-m depth samples, it w a s  decided 
t h a t  t h e  three bucket s u r f a c e  sample s t a t i o n s  ( s t a t i o n s  2-2, 2-3, and 4-31 
should be l e f t  out  of t he  a n a l y s i s .  With t h i s  d e l e t i o n ,  t he  number of  i n  s i t u  
sample s t a t i o n s  was reduced t o  seven ( s i x  i n  t h e  plume and one c o n t r o l ) .  

The average  Secchi d i s c  d e p t h  measurement i n  t he  plume was 3 m. A t  t he  

c o n t r o l  s t a t i o n ,  the  Secchi  d i s c  depth  was 4.25 m.  L i t t l e ,  i f  any,  r ad iance  

rece ived  by the  remote senso r  is thought t o  o r i g i n a t e  from water depths  below 

t h e  Secchi  d i s c  d e p t h ;  t h e r e f o r e ,  c o r r e l a t i o n  between t h e  4- and 8-m d e p t h  

sample concen t r a t ions  and scanner  r ad iance  va lues  was thought  t o  be  poor .  

Subsequent r e g r e s s i o n  a n a l y s i s  proved t h a t  assumption t o  be c o r r e c t .  Only 

t h e  r eg res s ion -ana lys i s  r e s u l t s  between the remotely sensed r ad iance  data 

and t h e  0.46-m depth c o n c e n t r a t i o n s  are d i scussed  here. 


Q u a n t i t a t i v e  Analys is  


For a l l  sampling s t a t i o n s  except  s t a t i o n  4-2, t h e  b o a t ' s  p o s i t i o n  w a s  

l o c a t e d  i n  t he  remotely sensed data. The boa t  l o c a t i o n  of  s t a t i o n  4-4 was used 

t o  approximate t h e  l o c a t i o n  of s t a t i o n  4-2 i n  t h e  remotely sensed data. Each 

s t a t i o n  was l o c a t e d  a t  or nea r  t he  n a d i r  p o s i t i o n  i n  t h e  scanner  data. For a l l  

sampling s t a t i o n s ,  an  a d j a c e n t  3-by-4 p i x e l  area w a s  chosen as r e p r e s e n t a t i v e  

of the  s p e c t r a l  s i g n a t u r e  f o r  t h a t  s t a t i o n .  The 3-by-4 p i x e l  area was used t o  

approximate a squa re  f o o t p r i n t .  Subsequent a n a l y s i s  showed a 3-by-4 p i x e l  area 

t o  be s u f f i c i e n t  t o  average out  spectral  and s p a t i a l  n o i s e  e r r o r s .  A t  914 m ,  

the  in s t an taneous  p i x e l  s i z e  w a s  a s u r f a c e  2 .3  m on a s i d e .  


Q u a n t i t a t i v e  mapping of the acid waste was a t tempted  i n  terms of  both t h e  
p a r t i c u l a t e  i r o n  concen t r a t ion  and t h e  suspended s o l i d s  c o n c e n t r a t i o n .  The 
p a r t i c u l a t e  i r o n  concen t r a t ion  w a s  chosen as a parameter because l a b o r a t o r y  
r e s u l t s  ( L e w i s  and C o l l i n s ,  r e f .  8 )  have shown t h a t  t h e  amount of  p a r t i c u l a t e  
i r o n  has  a major i n f l u e n c e  on t h e  s p e c t r a l  s i g n a t u r e  of t h e  acid waste. Because 
t o t a l  suspended s o l i d s  concen t r a t ion  has  been found t o  c o r r e l a t e  w e l l  w i t h  spec
tral  data from a sewage s ludge  ocean dump ( re f .  61, it was a l s o  cons idered .  
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For the  a n a l y s i s ,  a l i n e a r  r e l a t i o n s h i p  was used between t h e  measured 

r ad iance  v a l u e s  (or r ad iance  f u n c t i o n s )  and the  i n  s i t u  parameter  concent ra  

t i o n .  Under t h i s  c o n d i t i o n ,  


where R i p  are r a d i a n c e  f u n c t i o n s ,  de f ined  as t h e  o r i g i n a l  single band radi
ance va lues  R o r  any r ad iance  parameter  v a l u e s  t h a t  are de r ived  from the  
t r ans fo rma t ion  t echn iques  used t o  reduce t h e  effect  of  Sun e l e v a t i o n  ang le .  I n  
equa t ion  ( I ) ,  C is c o n c e n t r a t i o n  of t h e  i n  s i t u  parameter ,  ao, a i ,  . . ., an 
are c o e f f i c i e n t s ,  and e is e r r o r .  

F a c t o r s  t ha t  could affect  the  a b s o l u t e  magnitude of  t h e  i n d i v i d u a l  band 

r ad iance  v a l u e s  are  d i scussed  i n  t h e  fo l lowing  paragraphs .  


Ins t rument  no i se :  Ins t rument  n o i s e  was reduced i n  the  set of  r ad iance  

v a l u e s  corresponding t o  t h e  seven data s t a t i o n s  by ave rag ing  a 3-by-4 p i x e l  

area. 


Atmospheric b a c k s c a t t e r :  Analys is  of r ad iance  data c o l l e c t e d  from n a d i r  

t o  f4OO over  background ocean water showed no a p p r e c i a b l e  change i n  t h e  magni

t ude  of  t h e  r ad iance  l e v e l s ;  t h e r e f o r e ,  i t  was assumed t h a t  t he re  was no atmo

s p h e r i c  effect  from i n c r e a s e s  i n  a tmospher ic  pa th  l e n g t h  due t o  scan  a n g l e .  


Sun e l e v a t i o n  ang le :  The Sun e l e v a t i o n  a n g l e  v a r i e d  between 390 and 620 
(see table I) dur ing  the time span  of t he  experiment .  The o r i g i n a l  unadjus ted  
r a d i a n c e  v a l u e s  a s s igned  t o  t h e  seven s t a t i o n s  ( s i x  plumes and one c o n t r o l )  and 
background-water v a l u e s  i n  the  v i c i n i t y  of  each plume s t a t i o n  are p resen ted  i n  
t a b l e  111. These r ad iance  v a l u e s  show a g e n e r a l  t r e n d  o f  i n c r e a s i n g  magnitude 
w i t h  i n c r e a s i n g  Sun angle. For t h e  purpose of  reducing  t h e  effect  of Sun a n g l e  
changes on t h e  r a d i a n c e  data and t h u s  t h e  deg ree  o f  e r r o r  a t t r i b u t e d  t o  t h i s  
f a c t o r ,  a number of  data t r ans fo rma t ions  were performed on t h e  o r i g i n a l  unad
j u s t e d  r ad iance  va lues .  The fo l lowing  t echn iques  were tested on t h e  r a d i a n c e  
va lues  : 

(1) A l l  p o s s i b l e  r a t i o s  between i n d i v i d u a l  band r a d i a n c e  va lues  were 
c a l c u l a t e d .  

( 2 )  A t  each s t a t i o n ,  t h e  r a d i a n c e  v a l u e s  i n  each band were d iv ided  by t h e  

sum t o t a l  r ad iance  of  the e i g h t  bands. The number a s s igned  t o  each band was 

t h u s  t h e  percentage  of  t h e  t o t a l  r a d i a n c e  c o n t r i b u t e d  by t h a t  band. 


(3)  The background-water r ad iance  v a l u e s  i n  t h e  v i c i n i t y  of  each plume 

s t a t i o n  were s u b t r a c t e d  from t h e  plume-stat ion r a d i a n c e  v a l u e s .  For t h e  con

t r o l  s t a t i o n  1-2, t h e  r e s u l t a n t  r ad iance  va lue  was z e r o  f o r  each band. 


( 4 )  A t  each s t a t i o n ,  t he  r a d i a n c e  v a l u e s  were d iv ided  by t h e  c o s i n e  of the  

Sun z e n i t h  angle. 




Sun g l i t t e r :  Sun g l i t t e r  is t h e  d i rec t  s p e c u l a r  r e f l e c t i o n  of t h e  i n c i 
d e n t  l i g h t  o f f  t h e  water s u r f a c e  i n t o  t h e  senso r .  Sun g l i t t e r  was encountered 
du r ing  some of  t h e  o v e r f l i g h t s ,  and i t  caused t h e  r ad iance  l e v e l s  measured a t  
t h e  remote senso r  t o  be h i g h e r  t han  normally expected f o r  background ocean 
water areas. From examinat ion o f  t he  r a d i a n c e  data,  t h e  acid-plume areas also 
had h i g h e r  r ad iance  l e v e l s  than  t h e  sur rounding  background water. The first 
s t e p  l e a d i n g  t o  a n  a c c u r a t e  q u a n t i f i c a t i o n  was t o  d i f f e r e n t i a t e  between high
rad iance - l eve l  s p e c t r a l  s i g n a t u r e s  caused by t h e  acid and those  r e s u l t i n g  from 
Sun g l i t t e r .  A c l a s s i f i c a t i o n  t echn ique  was de r ived  t o  s e p a r a t e  t h e s e  s igna
t u r e s .  A s h o r t  d i s c u s s i o n  of t h e  technique  is g iven  i n  the appendix,  and t h e  
d e r i v a t i o n  o f  i t  is descr ibed  by G i l b e r t  S. Bahn i n  r e f e r e n c e  9 .  F igure  3 
shows a b lack  and whi t e  image o f  band 4 r ad iance  f o r  t h e  remotely sensed data 
c o l l e c t e d  du r ing  t h e  s e n s o r  overpass  o f  t h e  c o n t r o l  s t a t i o n  1-2. The d e l i n e a t 
ing  r ad iance  va lue  (0.106 mW/cm2-sr-band) was somewhat a r b i t r a r y .  The chosen 
v a l u e  was s u b j e c t i v e l y  p r e f e r a b l e  i n  p i c t o r i a l  terms t o  h e l p  demonstrate  use o f  
t he  c l a s s i f i c a t i o n  technique .  The a c i d  waste wi th  its h ighe r  r ad iance  l e v e l  i s  
w h i t e ,  wh i l e  most of the  background water is b lack .  The r igh t -hand t h i r d  of  
t h e  photograph is  predominately whi te  i n  c o l o r ,  which might i n h e r e n t l y  imply 
t h a t  t h e  area was p a r t  of t h e  acid plume. The c l a s s i f i c a t i o n  scheme i d e n t i f i e d  
most of  t h e  p i x e l s  i n  t h e  r ight-hand t h i r d  of  t he  photograph t o  be  affected by 
Sun g l i t t e r .  (See f i g .  4 ( a ) . )  I n  f i g u r e  4 ( b ) ,  t h e  ac id  waste is  w h i t e ,  w h i l e  
t h e  S u n - g l i t t e r  and background-water classes are shown i n  black.  

L inea r  r e g r e s s i o n  a n a l y s i s ,  s t epwise  r e g r e s s i o n  a n a l y s i s ,  and m u l t i p l e  

r e g r e s s i o n  a n a l y s i s  techniques  were examined i n  a t t e m p t s  t o  relate t h e  s p e c t r a l  

s i g n a t u r e s  t o  t h e  i r o n  and suspended s o l i d s  c o n c e n t r a t i o n s .  Regression a n a l y s i s  

was first performed us ing  t h e  o r i g i n a l  unadjus ted  scanner  r ad iance  data. The 

t ransformed r a d i a n c e  data c a l c u l a t e d  from each of  the  t r ans fo rme t ion  t echn iques  

d i scussed  p r e v i o u s l y  were subsequent ly  examined. 


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

between the  s p e c t r a l  s i g n a t u r e s  and i r o n  c o n c e n t r a t i o n s .  Q u a n t i t a t i v e  mapping 

o f  t h e  plume and sur rounding  backgrou.nd water was obta ined  from each o f  t h e  

e q u a t i o n s  de r ived  i n  t he  a n a l y s i s .  An examinat ion of c o r r e l a t i o n  c o e f f i c i e n t s  

and s u b j e c t i v e  a n a l y s i s  of  p i c t o r i a l  d i s p l a y s  of t h e  v a r i o u s  q u a n t i t a t i v e  map

p ings  l e d  t o  t he  cho ice  o f  a s i n g l e - v a r i a b l e  equa t ion  t h a t  used a band r a t i o  as 

t h e  independent  v a r i a b l e .  The r a t i o  chosen was t h a t  o f  band 2 (440 t o  490 nm) 

r ad iance  t o  band 4 (540 t o  580 nm) r ad iance .  The c o r r e l a t i o n  c o e f f i c i e n t s  

between p a r t i c u l a t e  i r o n  and a l l  p o s s i b l e  band r a t i o s  are p resen ted  i n  table  I V .  

Although a number of  r a t i o s  had h igh  c o r r e l a t i o n s  w i t h  i r o n ,  s u b j e c t i v e  a n a l y s i s  

of p i c t o r i a l  q u a n t i t a t i v e  mappings l e d  t o  t h e  cho ice  o f  t h e  band 2 t o  band 4 

ra t io .  The equa t ion  developed f o r  i r o n  c o n c e n t r a t i o n ,  i n  m g / R ,  was 


where R2 and R4 are the  o r i g i n a l  unadjus ted  r a d i a n c e s  o f  band 2 and band 4, 
r e s p e c t i v e l y .  A p l o t  of p a r t i c u l a t e  i r o n  c o n c e n t r a t i o n  as a f u n c t i o n  of t h e  
r a t i o  is shown i n  f i g u r e  5. The d o t t e d  l i n e  r e p r e s e n t s  t h e  l i n e a r  least-
s q u a r e s  equa t ion  t h a t  f i ts  t h e  data. (See eq.  (21 . )  The c o r r e l a t i o n  coeffi

5 


I l l  




I l l  . . . 

c i e n t  between t h e  r a t i o  and the p a r t i c u l a t e  i r o n  c o n c e n t r a t i o n  was -0.95. The 

s t a n d a r d  e r r o r  o f  estimate was 0.1 mg/k, and the  v a l u e  of t h e  F - r a t i o  was 45.4. 


1 

Three s e c t i o n s  o f  t h e  plume ranging i n  age from f r e s h l y  dumped t o  3- h r  


2 

were selected f o r  q u a n t i f i c a t i o n  mapping of i r o n  c o n c e n t r a t i o n .  Two o f  t h e s e  
plume s e c t i o n s  were covered by the  f l i g h t  l i n e  ove r  t h e  c o n t r o l  s t a t i o n  1-2. 
The corresponding s p e c t r a l  d a t a  were first passed through t h e  c l a s s i f i c a t i o n  
a l g o r i t h m  and then were q u a n t i t a t i v e l y  mapped accord ing  t o  e q u a t i o n  ( 2 )  on a 
p i x e l  by p i x e l  b a s i s .  Any p i x e l  t h a t  was c lass i f ied  as a S u n - g l i t t e r  p i x e l  was 
a s s igned  a c o n c e n t r a t i o n  o f  z e r o .  F igu re  6 shows the r e s u l t a n t  q u a n t i f i c a t i o n  
map f o r  plume p i x e l s .  Calculated i r o n  c o n c e n t r a t i o n s  i n  excess of  0.25 mg/Q 
are shown. The squa re  box seen i n  t h e  photograph e n c l o s e s  t he  dumping barge. 
The s e c t i o n  o f  acid-waste plume t r a i l i ng  behind the  barge is approximately 
20 min o l d  a t  t h e  right-hand edge o f  f i g u r e  6 .  The ac id  waste goes through 
a series o f  chemical r e a c t i o n s  a f t e r  c o n t a c t  w i t h  the  ocean water, and i r o n  
hydroxide p r e c i p i t a t e s  o u t .  A mixing zone can be picked o u t  immediately 
behind t h e  barge. T h i s  is an  area o f  low i r o n  c o n c e n t r a t i o n  c a l c u l a t e d  t o  be 
from 0.45 t o  0.75 mg/Q. More complete mixing of  t h e  waste is  i n d i c a t e d  by the  
sudden i n c r e a s e  i n  c a l c u l a t e d  i r o n  c o n c e n t r a t i o n  up t o  1.10 mg/Q.  Behind t h e  
mixing zone,  t h e  i r o n  c o n c e n t r a t i o n s  are c a l c u l a t e d  t o  be f a i r l y  c o n s t a n t ,  w i t h  
c o n c e n t r a t i o n s  ranging from 1 . I O  mg/Q a t  the  c e n t e r  t o  abou t  0.75 mg/Q a t  the  
edges. The w i d t h  o f  t h i s  fresh s e c t i o n  is approximately 50 m. 

The plume shown on t h e  l e f t  s i d e  o f  f i g u r e  6 h a s  been i n  t h e  water on the  

1 


average o f  3- h r .  The h ighes t  c o n c e n t r a t i o n s  o f  t h e  c e n t e r  are now c a l c u l a t e d  

2 


t o  be  0.65 mg/Q. Concentrat ions decrease t o  0.25 mg/R  a t  t h e  edges. These 

lower c o n c e n t r a t i o n s  would be expected s i n c e  t h e  i r o n  hydroxide h a s  had time 

t o  se t t le  and the  plume has been d i s p e r s e d .  The wind was from the n o r t h e a s t  on 

t h e  day o f  t he  experiment ,  and t h i s  plume s e c t i o n  h a s  undergone c o n s i d e r a b l e  

d i s p e r s i o n  downwind. The acid waste has undergone less d i s p e r s i o n  p e r p e n d i c u l a r  

t o  t he  wind d i r e c t i o n ,  as i n d i c a t e d  by t h e  many s h a r p  p r o j e c t i o n s  t h a t  are 

sti l l  d i f f e r e n t i a b l e .  I n  the  d i r e c t i o n  of the  wind, c e r t a i n  areas o f  t he  

plume have spread o u t  t o  about  250 m w ide .  


The t h i r d  s e c t i o n  o f  t h e  plume t h a t  h a s  been q u a n t i t a t i v e l y  mapped is 

1 


shown i n  f i g u r e  7. The acid had been i n  the  water approximately 1- h r  when 

3 


t he  remotely sensed data were c o l l e c t e d .  The c a l c u l a t e d  i r o n  c o n c e n t r a t i o n  

i n  t he  c e n t e r  o f  t he  plume i n  t h e  lower right-hand c o r n e r  is between 0.95 and 

1.10 mg/Q. I n  o t h e r  p a r t s  of  t h i s  photograph, the  c e n t e r  c o n c e n t r a t i o n  is cal

c u l a t e d  t o  be somewhat lower (between 0.65 and 0.85 mg/Q). A s  t h e  plume d i s  

p e r s e d ,  t h e  i r o n  c o n c e n t r a t i o n s  decreased t o  about  0.45 mg/Q a t  t h e  plume 

edges. 


The s p e c t r a l  data i n  f i g u r e  7 were taken s imul t aneous ly  w i t h  sample co l 
l e c t i o n  a t  s t a t i o n  3-1. The c a l c u l a t e d  i r o n  c o n c e n t r a t i o n  a t  t h i s  s t a t i o n  was 
0.77 m g / R  and the measured c o n c e n t r a t i o n  was 0.78 mg/Q.  The wind d i r e c t i o n  was 

6 



I 


s t i l l  from t h e  n o r t h e a s t  when the  s p e c t r a l  data were t aken .  The q u a n t i f i c a t i o n  

map is c o n s i s t e n t  i n  t ha t  t he  w i d t h  o f  t h e  0.45 mg/R  plume edge is more exten 

s i v e  i n  the  n o r t h e a s t  d i r e c t i o n .  I n  t h e  upper p o r t i o n  o f  f i g u r e  7 ,  t h e  plume 

has d i s p e r s e d  t o  about  190-m width,  which is less than  the  250-m width for the  


1 

3--hr o l d  s e c t i o n  shown i n  f i g u r e  6 .  

2 


The sample taken a t  the  c o n t r o l  s t a t i o n  1-2 had a l a b o r a t o r y  measured par 

t i c u l a t e  i r o n  c o n c e n t r a t i o n  o f  0.05 m g / R .  F i f t y  p e r c e n t  o f  t h e  background-water 

area i n  both f i g u r e s  6 and 7 una f fec t ed  by Sun g l i t t e r  was c a l c u l a t e d  t o  have 

z e r o  i r o n  c o n c e n t r a t i o n  and n i n e t y  p e r c e n t  was c a l c u l a t e d  t o  have less t h a n  

0.25 m g / R  of i r o n  hydroxide.  The higher c o n c e n t r a t i o n s  o f  t h e  o t h e r  10 p e r c e n t  

was a t t r i b u t e d  t o  i n s t r u m e n t  n o i s e .  


Suspended s o l i d s . - Q u a n t i f i c a t i o n  and mapping o f  t he  acid waste was a l s o  

a t t e m p t e d ~using the  suspended s o l i d s  data .  The c o n c e n t r a t i o n  o f  t o t a l  suspended 

s o l i d s  and its two components ( o r g a n i c  suspended s o l i d s  and i n o r g a n i c  suspended 

s o l i d s )  were a l l  i n d i v i d u a l l y  c o r r e l a t e d  t o  t h e  remotely sensed r a d i a n c e  data. 

The best c o r r e l a t i o n s  were c a l c u l a t e d  w i t h  t h e  u s e  o f  t he  radiance-data  t r a n s  

formation t echn ique  d i s c u s s e d  p r e v i o u s l y  whereby t h e  clear-water r a d i a n c e  va l  

ues were s u b t r a c t e d  from t h e  plume rad iance  va lues .  The r e s u l t a n t  l i n e a r  least- 

s q u a r e s  e q u a t i o n s  f o r  suspended s o l i d s ,  i n  m g / R ,  were as fo l lows :  


T o t a l  suspended s o l i d s  = 3.09 + 153.91R8' ( r  = 0.824) (3)  

Organic suspended s o l i d s  = 1.33 + 111.76R8' ( r  0.872) (4) 

Ino rgan ic  suspended s o l i d s  = 1.56 + O.OlR4' ( r  0.716) ( 5 )  

where R4' and R 8 '  are t h e  plume v a l u e s  minus clear-water r a d i a n c e  v a l u e s  f o r  
band 4 and band 8 ,  r e s p e c t i v e l y .  Equat ions ( 3 )  t o  ( 5 )  were a p p l i e d  t o  t h e  same 
two scenes  of r a d i a n c e  data as was t h e  i r o n  e q u a t i o n .  P i c t o r i a l  d i s p l a y s  of t h e  
c a l c u l a t e d  c o n c e n t r a t i o n  maps o f  a l l  three suspended s o l i d s  parameters were such 
t h a t  t h e  plume could n o t  be d i s t i n g u i s h e d  from t h e  su r round ing  water. One o f  
the r easons  f o r  t he  lack o f  s e p a r a t i o n  was t h a t  t he  c o n c e n t r a t i o n  of suspended 
material a t  t h e  c o n t r o l  s t a t i o n  was h ighe r  a t  t h e  0.46-m d e p t h  than  t h a t  a t  two 
of t he  plume s t a t i o n s .  It was concluded t h a t  i n  t h i s  data set the  acid-waste 
plume could n o t  be a c c u r a t e l y  q u a n t i f i e d  and mapped i n  terms o f  t o t a l  suspended 
s o l i d s ,  o rgan ic  suspended s o l i d s ,  o r  i n o r g a n i c  suspended s o l i d s .  

The a b i l i t y  t o  q u a n t i f y  and map the  ocean acid dump i n  terms o f  p a r t i c u l a t e  

i r o n  c o n c e n t r a t i o n ,  b u t  no t  w i t h  t o t a l  suspended s o l i d s  parameters, is i n  agree

ment w i t h  l a b o r a t o r y  s t u d i e s  ( r e f .  8 )  t h a t  have i n d i c a t e d  t h e  c o n c e n t r a t i o n  of 

p a r t i c u l a t e  i r o n  i n  t h e  form of i r o n  hydroxide t o  be the major f a c t o r  which d i c  

tates t h e  spectral  s i g n a t u r e  o f  t h e  acid waste i n  t h e  ocean. 


CONCLUDING REMARKS 


R e s u l t s  from t h i s  a n a l y s i s  show t h a t  a i r p l a n e  remotely sensed spectral  data 

can be used t o  q u a n t i f y  and map an acid-waste dump. A r e l a t i o n s h i p  has been 
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found between the  remotely sensed s p e c t r a l  s i g n a t u r e s  and t h e  p a r t i c u l a t e  i r o n  

c o n c e n t r a t i o n s  i n  the acid waste.  This  r e l a t i o n s h i p  has  l e d  t o  t h e  q u a n t i f i c a  

t i o n  and mapping o f  t h e  acid dump i n  terms of t h e  i r o n  c o n c e n t r a t i o n .  A l i n e a r  

l e a s t - s q u a r e s - f i t  equa t ion  employing the  r a t i o  of  band 2 (440 t o  490 nm) radi

ance  t o  band 4 (540 t o  580 nm) r a d i a n c e  was used t o  c a l c u l a t e  i r o n  concen t r a t ion .  

Particulate i r o n  c o n c e n t r a t i o n s  i n  the plume were found t o  range up t o  1 .1  mg/& 

a t  a depth of  0.46 m. 


A c l a s s i f i c a t i o n  technique  was developed t o  i d e n t i f y  S u n - g l i t t e r  affected 

p i x e l s  i n  t h e  background-water data. Appl ica t ion  of t h i s  technique  leads t o  

more a c c u r a t e  q u a n t i t a t i v e  mapping. 


Langley Research Center  

Nat iona l  Aeronaut ics  and Space Adminis t ra t ion  

Hampton, VA 23665 

August 24, 1978 


8 




APPENDIX 


CLASSIFICATION TECHNIQUE 


A c l a s s i f i c a t i o n  t echn ique  used t o  i d e n t i f y  Sun-g l i t t e r  p i x e l s  is  p resen ted  
i n  t h i s  appendix.  

I n i t i a l  a n a l y s i s  had shown t h a t  t h e  r a t i o  o f  band 2 r a d i a n c e  (R2) t o  band 4 

r a d i a n c e  (R4) would d i s c r i m i n a t e  t h e  a c i d  waste from t h e  normal background ocean 

water, b u t  R2/R4 was n o t  always adequate  t o  s e p a r a t e  t h e  waste from background 

areas a f f e c t e d  by Sun g l i t t e r .  Various parameters  were t r i e d  i n  o r d e r  t o  s o r t  

p i x e l s  i n t o  t h r e e  d i f f e r e n t  classes ( a c i d  waste, Sun g l i t t e r ,  and normal back

ground wa te r ) .  Even tua l ly ,  two parameters  evolved t h a t  could be used to  sepa 

ra te  t h e  a c i d  waste from t h e  S u n - g l i t t e r  a f f e c t e d  p i x e l s  when used i n  conjunc 

t i o n  with t h e  o r i g i n a l  band 4 r a d i a n c e  (R4). 


The first parameter  X I  was a f u n c t i o n  o f  t h e  a d j u s t e d  r a d i a n c e  v a l u e s  
R 3 * ,  R4*, and Rg* i n  band 3 ,  band 4 ,  and band 5 ,  r e s p e c t i v e l y .  The gecond 
parameter  X2 was a f u n c t i o n  o f  t h e  a d j u s t e d  r a d i a n c e  v a l u e s  R6*, R7 , and 
Rg* i n  band 6 ,  band 7 ,  and band 8, r e s p e c t i v e l y .  The a d j u s t e d  r a d i a n c e  v a l u e s  
are def ined i n  s t e p  4 o f  t h e  c l a s s i f i c a t i o n  scheme d i scussed  below. The two 
parameters  were as fo l lows : 

X i  = 1.7947R3* + 2.4857R4* + 2.1276R5" - 16.104 

X2 = 2.5391Rg* + 3.1290R~*+ 5.2304Rg* - 6.536 

Use o f  t h r e e  bands i n  each parameter  tended t o  minimize n o i s e  l e v e l s .  Both 
parameters  are nominal measures of t he  i n f l u e n c e  o f  t he  a c i d  waste i n  e l e v a t i n g  
t h e  background-water s p e c t r a l  s i g n a t u r e  l e v e l .  For v a l u e s  of X I  less than  or 
e q u a l  t o  z e r o ,  t he  p i x e l  was simply c l a s s i f i e d  as e i t h e r  a background-water 
p i x e l  o r  a S u n - g l i t t e r  affected p i x e l ,  depending on t h e  v a l u e  of R 4 .  A func
t i o n  Y(X1) was e m p i r i c a l l y  de r ived  t o  d i s t i n g u i s h  a boundary between a c i d -
waste p i x e l s  and a l l  o t h e r  p i x e l s  when X I  exceeded z e r o .  The equa t ion  of t h e  
boundary f u n c t i o n  f o r  X I  < 10.3 was 

Y = -0.009 + 0.2303X1 + o.0310X12 - 0.00123X13 + 0.0004015X14 

and f o r  X1 2 10.3 was 


Y = 2.8X1 - 20 

The boundary f u n c t i o n  Y and the  d i s t i n g u i s h i n g  va lue  o f  R 4  were developed 

s u b j e c t i v e l y  by making t r i a l  c a l c u l a t i o n s  and p i c t o r i a l l y  d i s p l a y i n g  t h e  r e s u l t s  

as f a l s e - c o l o r  images on a t e l e v i s i o n  screen. Because of n o i s e  i n  t h e  recorded 

d a t a ,  Y and R 4  are approximations f o r  t h e  d e f i n i t i v e  cri teria d e s i r e d .  The 

boundary v a l u e s  f o r  t h e  c l a s s i f i c a t i o n  technique are p resen ted  i n  t a b l e  A I .  
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APPENDIX 


TABLE AI.- BOUNDARY VALUES FOR CLASSIFICATION SCHEME 


- _ _  ~ - ___ 

Boundary va lues  

.._ 

Background water X1 S 0 or X2 - X 1  b Y ;  R 4  < 0.118 mW/cm2-sr-band 

Sun g l i t t e r  X I  6 0 or X2 - X 1  b Y ;  R4 1 0.118 mW/cm2-sr-bandI 
The c l a s s i f i c a t i o n  scheme proceeded i n  s i x  s t e p s  as fo l lows:  


( 1 )  I n i t i a l l y ,  X1  and X2 were computed from the  o r i g i n a l  r ad iance  

d a t a  f o r  each p i x e l .  


(2)  C l a s s i f i c a t i o n  was performed accord ing  t o  the  parameter l i m i t s  shown 

i n  t a b l e  A I  i n  o r d e r  t o  i d e n t i f y  acid-waste p i x e l s .  


(3) Vertical column average r ad iance  va lues  were computed f o r  each r a d i  

ance band us ing  only  those  p i x e l s  no t  ass igned  t o  t h e  acid-waste ca tegory .a  

The minimum average  va lue  i n  each band was ass igned  t o  be the  base va lue  f o r  

t h a t  band. 


(4 )  A l l  o f  t he  o r i g i n a l  r ad iance  d a t a  were then ad jus t ed  by s u b t r a c t i n g  
t h e  column average  background r ad iance  from t h e  i n d i v i d u a l  p i x e l  r ad iance  i n  
t h a t  column and adding t h e  d i f f e r e n c e  t o  the  ass igned  base va lue .  

( 5 )  Again, X 1  and X2 were c a l c u l a t e d  us ing  t h e  a d j u s t e d  r a d i a n c e s .  


( 6 )  C l a s s i f i c a t i o n  was performed accord ing  t o  the  parameter l i m i t s  shown 

i n  t a b l e  A I  i n  o r d e r  t o  i d e n t i f y  plume p i x e l s .  


Except for keeping t h e  ass igned  base va lues  c o n s t a n t ,  s t e p s  3 through 6 were 

r epea ted  as many times as r e q u i r e d  u n t i l  t h e r e  was no p r a c t i c a l  change i n  t h e  

t o t a l  number of acid-waste c l a s s i f i e d  p i x e l s .  It was found t h a t  two i t e r a t i o n s  

were s u f f i c i e n t  t o  c l a s s i f y  t h e  p i x e l s  i n  t h e  da t a  shown i n  f igure 4 whi le  t h r e e  

i t e r a t i o n s  were used on the  d a t a  shown i n  f igure 7. Although the  c o e f f i c i e n t s  

o f  X I ,  X2, and Y re la te  s p e c i f i c a l l y  t o  t h i s  experiment ,  t h e  g e n e r a l  form 

o f  these  equa t ions  may have wider a p p l i c a t i o n .  


a A s  i t e r a t i o n  proceeded, t he  column averages  were always c a l c u l a t e d  with 

t h e  o r i g i n a l  unadjus ted  r ad iance  va lues .  
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S t a t i o n  


1-1B 


1-2 


2-1 


2-2 


2-3 


3-1 


4-2 


4-3 


4-4 


4-5 


TABLE I.- I N  S I T U  STATION DATA AND CHEMICAL ANALYSIS OF WATER SAMPLES 


__ ~. I - -. .. . . .. __ 
Sampling Sun Sun Plume Secchi  Sampl Suspended solids P a r t i c u l a t  

t i m e ,  e l e v a t i o n  IZ imutl age 9 d i s c  d e p t h  ~ i r o n ,  

deg deg m mg/L mgI 
__- . ~ .. -

0944 39 108 3.25 0.46 3.1 1.5 0.62 
4 
8 

4 .O __-- 2.1 .67 
.42 

EDT a n g l e ,  m g l e ,  h r  : m i l  d e p t h ,  m r o t a l ,  3rgan mg In. 

- -. 

1000 43 112 4.25 	 0.46 3.7 1.6 50.05 

4 1.1 .3 5.05 

8 8.1 4.4 5.05 


_ _  
1040 48 122 1:37 2.75 0,46

4 
4.8 
2.8 

2.7 
1.2 

0 -93 
.55 

8 .51 
- -~ - .  

1045 50 125 1 :46 0 15.1 1.96 
- -.-. 

1050 50 126 1 :50 0 14.3 2.32 
~ .~ 

1100 52 127 1 :46 3.00 0.46 5.6 0.78 
4 4.7 1.06 
8 5.6 .88 

___ __ _ _  ~- .- - .  

1237 62 167 3:10 2.25 0.46 3.2 0.77 
4 2.1 .64 

- 8 
- .  

-32 - ~ _ _  

1258 62 180 3:32 0 7.9 1.08 
- ~~ 

182 3:34 3.00 0.46 7.4 1.08 

4 2.4 - 32 


.21
1305 1 62 
~. 

8 
.. - _ _ _  

194 4:OO 3.00 	 0.46 5.2 0.70 

4 3.8 .62 

8 4.8 .51 


- - 
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TABLE 11.- SPATIAL AND SPECTRAL CHARACTERISTICS OF MULTISPECTRAL SCANNER 


S p a t i a l  c h a r a c t e r i s t i c s :  
In s t an taneous  f i e l d  o f  view 2.5 mrad ( equ iva len t  t o  a f o o t p r i n t  of 2 .3  m 

on a s i d e  a t  914 m a l t i t u d e )  
Total  f i e l d  o f  view = 120° (1000 a c t i v e  scan  p l u s  20° f o r  roll compensation) 

pe rpend icu la r  t o  f l i g h t  pa th  


- .  

Band 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Thermal 

-

S p e c t r a l  c h a r a c t e r i s t i c s  


Range, nm 


380 t o  440 
440 t o  490 
495 t o  535 
540 t o  580 
580 t o  620 
620 t o  660 
660 t o  700 
700 t o  740 
760 t o  860 
970 t o  1 060 

8 000 t o  13 000 
_ _ _ _ _ _ ~  ~ 

Bandwidth , nm 

60 
50 
40 
40 
40 
40 
40 
40 

100 
90 

5000 
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TABLE 111.- ORIGINAL UNADJUSTED BAND R A D I A N C E S ~  

-. _ _  

I S t a t i o n  
Plume-stat ion r ad iance  v a l u e s ,  mW/cm2-sr-band, for band 

~.~ - .- __ ~

3 4 5 6 7 8 9 
.-- ~~L 

0.199 0.204 0.117 0.103 0.067 0.057 0.027 o-032 
.216 .I17 .IO9 .082 .078 .052 .087I 2-1 I .206 .244 .I73 .I96 .I41 .IO9 .043 .044 

3-1 .266 .I70 .I69 .IO8 .082 -039 .044I 4-2 .348 .231 .205 .I33 .IO5 .045 .054 
4-4 .398 .284 .247 .I71 .I31 .059 .059 

.333 .211 .200 .I33 .IO8 .059 .097 
__  - . ._. 

Background-water r ad iance  v a l u e s  i n  v i c i n i t y  

S t a t i o n  of each s t a t i o n  for band 
2 8 9 


- .  

0.022 0.027 
1-2 ( c o n t r o l )  .231 .216 .082 .052 .087 

.I82 .I74 .092 .072 .054 .025 .034 

.202 .I96 .IO4 .085 .059 .029 .039 

.282 .271 . I55 -128 .090 .086 .042 .069 

.252 .248 .I37 ,108 .081 .068 .038 .054 

.235 .223 .I22 * 102 .074 .066 .042 .058 
- ~ ~ _ _  .~ 

aValues are ave rages  of  3-by-4 p i x e l  sets. 
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TABLE 1V.- CORRELATION COEFFICIENTS BETWEEN PARTICULATE IRON 


AND ALL POSSIBLE RADIANCE R A T I O S ~  


Band used as numerator i n  r a t i o  


3 4 5 6 7 

0.925 0.930 0.776 0.664 0.478 

0 .911 .640 .456 .060 -a719 -.859 

- .926 0 . I57  -.080 -.586 -.886 


-.712 -. 115 0 - .441 -.a37 


-.473 . I29  .409 0 -.946 -.934 -.927 


-.020 .570 .796 .938 0 -.893 

.-~ 

.593 .826 .885 .896 .832 -.852 

.785 .880 .890 .878 .849 

-

a A s  an example, t h e  c o r r e l a t i o n  c o e f f i c i e n t s  between p a r t i c u l a t e  i r o n  and 

t h e  r ad iance  r a t i o  R2/Rg is 0.613. 
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Figure 1 . - Locat ion of acid-waste  dump s i t e  i n  A t l a n t i c  Ocean 

o f f  c o a s t  of Delaware Bay. 
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3-1 	 0 Regular sampl ing stat ion 

b Bucket sur face sample stat ion 

Figure  2.- Bow-tie pa th  of dump barge, w i t h  p o s i t i o n s  o f  i n  s i t u  sampling s t a t i o n s .  




L-78-118 
Figure  3.- Black and wh i t e  p r e s e n t a t i o n  of band 4 r ad iance  c o l l e c t e d  on f l i g h t  

l i n e  over s t a t i o n  1-2. (Data set  c o n s i s t s  of every  l i n e  and every o t h e r  
column. ) 



L-78- 119 

( a )  Sepa ra t ion  of S u n - g l i t t e r  class from data s e t .  


Figure 4.- I l l u s t r a t i o n  of c l a s s i f i c a t i o n  technique t o  c a t e g o r i z e  s p e c t r a l  data 

c o l l e c t e d  on f l i g h t  l i n e  over  s t a t i o n  1-2. (Data se t  c o n s i s t s  of eve ry  l i n e  

and every o t h e r  column.) 




Iu
0 

L-78- 120 
( b l  Separation of acid-wa3t.e class ~IWDIdatz s e t .  

Figure 4.- Concluded. 
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Figure  5.- Measured i r o n  c o n c e n t r a t i o n  as f u n c t i o n  of r ad iance  
r a t i o  of band 2 t o  band 4. 
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L-78- 121 
Figure  6.- P a r t i c u l a t e  i r o n  q u a n t i f i c a t d o n  map from spectral data c o l l e c t e d  an 

f l i g h t  l i n e  over s t a t i o n  1-2. (Data s e t  consists of every l i n e  and every  
o t h e r  column.) 




L-78- 722 

Figure  7.- P a r t i c u l a t e  i r o n  q u a n t i f i c a t i o n  map from s p e c t r a l  da ta  c o l l e c t e d  

on f l i g h t  l i n e  over  s t a t i o n  3-1. (Data set  c o n s i s t s  of eve ry  l i n e  and 
every column. 1 
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