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i i i . eu ( F C C ) .  n ,  ob 3 .~ Iv  u l  I . e . . Li .h ,  l u  to (“ ;: : ‘ ~~;i t .e 0i1~i ‘pI O t

he r to i ’ne upe ct rorad iomot cr  r. .dt is~ ec tra l  ;iata t o  ;r n n ; .i rutt; w at e r
eLI ty  ~n t a  .ien ts ob ta ined  i ri hake F ewel  , U t a h  , Ion  in 1 ’ Cune I~/~’ 5.
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• a o a; ’ t e e n ; t  were taken of per cent age o~’ t r a n s m i t t a n c e , ur f a c e  .‘mj e n i t l o r e
p u ;a d  ~ccn ~ d i oh ~~~ t o .  i 1S0 , l iu r I ’I r i t . I L I o f t r ’ inu r n i  t ’ u .  e was neat ; ’drI  I
i n  toe I o i n ; t u r y  fur ‘ater . - ‘tm ; .I e n .  ~~ ‘td iit ion , e l ec tn r . ti  r n i r .’ r ’n ’ ,” r ’ ti h ; ;

0 0  ~ et ;~~~~~~ o ed i m e n t  c, . . 1 . o e r t n i i . i on  , 1s 1 t 0 were b t ; t i r i . j  u l ’ 50 1CC’ L I I  w~;~ ‘ ‘1 ’ ‘I
n ainpi ’ ’o lo cat ed  a ’ F { i t o  Fo’id 1.’~ F. N ; i e  .L ’( F  ) .  t~~I e  1(1 , t’ i  ~ 15 0 ar .I
hay  (~‘i l e  .L ...2 ) .  A l  r’ . r ;e  ;j eio :’~ ’x’a diu rne t . un  i3pect~’o W i t : ’ O f t i I.ii ’ t I ”,I Wh~~~~ u i

‘ r i d  ;te d to tiu~ h i L t ’ h n i i g t ’  ( N i l e  1( 1) . I . e i611 , “ ; 150 and hu I I t ’ z” .c
l ay  ( N i l -  l .~~~) t e s t

Ana lysi s  of t l t .  l a t a  . a~~’ ~ o h~ ~~~. I O i W ;  a :  ‘ . r : ’J s l ur ; ; ; : (~ ) i t O  L i e

~eCt ’h I l i s a  ‘Jul to  :‘. ‘nO .j i”;r’ . i t  ) f  1. ‘h’ e Y L i i ; c ’ t  ~ c ; r ,  .1p ot ’ n-’ ..~ ’d , i t .~ r e t ’ . uL’ t I’ J
rad . : t i;ce  mea~~;~~’r : I  l v  t i t ’  :.t l r L o x ’ x i r ’ ’.’ ; r ’ ;: ’ ; ’ . r ’ ’ ; I  iLo , r ’t , ’r’ 1 i , ;’ n e ;t o e l  ; ( b )  i t ; ;

the per o ci tage of t. n ;u tn t i . i  Lane e o l’~~~ hr w~t ’  or ;tcrq lea d i ’ r e i t oed  , t i e
reflected radiance incr ~u i : u d ;  ( e )  i t o  t . ” i r ; n ’ ’ l ’ F I e  par t  ‘ ‘j i a to  c n ” r ’ r i t i ’ O t  i c r .
(mg/ i) r ioreased , t h e  re: . or ’ ~ u i  r ’ ’ i F i a r c € ’  i ’ ; on ’r i : e d , I t t  l east  F r ;  t h e  I— ’ ” ’’
n i p/ i  r an g e ;  ( d )  t h e  r ’e i’ ’. ’ c t e d  “ tLai ;’e i i ;  ‘ F r ’  near i a t ’r ’ n i ’ r ’d r e g i o n
(0 . 16—0 .  P I p )  always Incr e a sed  a;; t he  In s o l u b l e  part i cu late mat ter  c u r i e ’ ’  r. —
t rat ion ( r ~~~,” ~) inn  r o an  i; ii .

~~ 
(t  ) w ;  ‘1 Ii o l u r  t i nt l p eak 0cc ii’ rod i ,  a

wavelenpti; ot ’ 0. 58p , the oak re t ’le’t  n l  i a  F i a n c e  var i ed w i t h  the  1r i ; ; c i o t ” i ~~’
;intrticulate matter c o n c en t r a t i o n  as i ’. l  . . ‘we :

- 

Peak reflected radianc e or;oont t’:tt l ’~~
( m W /c r ~(7 sr) (mg/I)

0.0001 — 0.0027 1 — S
0.0027 — O .0 0 14’( — 1, 14
0.00 147 — 0.00 60 1414 — ‘TI

l i  i n . .o; ’j ’ r it ion  of the  lu te Bridge ( M i l e  171), F i l i l . c i60 ‘;r ~ i t ’ i l e  150
aircraft s...~ ctra indicated a similar rnineralogic sour  ‘e due to  t I ; . ’
u cnur r e n c o  of a 0. 58p spectral peak and O.614 u  shoulder .  ‘Id e .FY .’Y ’ .rI. ’ I,’
r ’f ir ct e d  radiance throughout the vis ib le  and near i n f ’ rar’ r . ’ .i i ’ r i o n ;  I ’
t h e  t . r c o ’ sites correspond s to a q u a n t i tat i ve  decrease of : u n 1 , ’ O , i r ’ . ;

seU.mer concent ra t ion  from 11.2 mp/ l  to 141.1 mg/i to 5. ) a g/ i , er i e

t ively .
A ririLri s of LIo n I ‘c r a f t  spooF  r n  rhow s t h a t  q ur t n t i t ’ ; o : t t . i u n  ~ f

t ur l i d i ty  in W I F e  liodier  i s  f e as i b le . The technique is en i e ci a l i y
‘f ’ f e c t i v e  when the turbid F ty in t ho water  is d e r i v e d  !‘ror ,. the nam e

sou rce ’ L~ was + he ‘aOl in  the Ri~ I ’ T e l .  F iT O ( M i  I I  17 1), M i l e l t d  O~~I i Ni
150 s i te n ~ W Ft ic ’h ‘r e  all I eu a t e d  aT ung hI ’ main  Co l o r a do  R ive r  d ianne I
‘rhII ir u ant i  l ic a t i on  ore; i n  to ; in  j iot t i  t i p  F r ’  measured sp ec t ra l  r c fl c  t OO
r a t  I a n ’ n ’ , ‘it t h e  he ,. w’ .‘ : n gt .h n  u t ’ ° . iP t j  , O. 6 14p and 0 .79p , w i t h  I hI

~ I O i ’ f l t  c a L l ’  r 0 ” p~i r L i c I e n  i n  I he water . ‘ l i e  r esu ,ld t a g
cr ’ n b’ a i r , ;  ‘ ci 1 , t U ” t h ’. i t  t . i V e  niea ;Iu ; ’e o f  p a r t i c h  cc ’r ;L i ’ i ; t  t F i r ’o u t - i ; in l

t i n  r i o . ‘ F ,  I’ h i ’  :r ’u , I .  R ive t ’  ;— h a r a ’ l  , as ‘tong an th~ r p i ’ct ~i’a I p ’ a k  at
0. hp a o l  , ‘ , ui ;ler ‘it ‘~ . t’ i i p are p r en en t , !n ~ m a t i ng  a s i m i l a r  m i r e t ’
ni once .

I’);. .’ r ’e 1~ t t l u r , ; i i i i T ;  ,,, h i ’t i i d  be L e n t i l  I i ’  Ufll I I i l  i i t .’ss ‘lad t’c’~’r’odu , ’~~ ’ l i t , ’
o .‘crripl ete i t ; .  s t u d ,” el  the p r i n t .  t i n t .  ye t .i’t ’,;lnesn of ret ’ i’c t  . . 1 r ;u F i a n ’c~’

in  nort i t . e ’ in g  Wa Li i’ pet  I i t .y . A r’ i ~ i F ,  i i ; .  i t  i a oF’ I b r ’o r ’ et  F ‘a 1 n,’: r  k ~r i ;
i F .  ‘ t i ’  I . n v  i c  “ en t r o l l  i ’d I II’  l i i  t’Y p1 i’ a un t s  WI a id  pr ov i  dt ’  a s i  i l  “ on ‘ ; I I on
I i ’  I’ cr th er  i i I ” v I ’ l u t 1 r  0 t  ‘ ‘1 remote 5I ’; r l f ;j f l (  nc.  tn 
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Dur ing  the past , t h ree  :Tear ;; toere has been a renewed in te res t  in
the niethodology and procedure,:. used to moni tor  water  quality in fresh
and salt water reg imes. riowever , tnere still exists a need to calculate
quantitatively the amount of surface turbidity by remote sensing methods
to provide rapid and synoptic water iuality surveys.

Marty studies have been ar com’t ’lished that concern only the extr”,oticn
of qualitative information ‘Oil l ,urtidity derived from analysis of multi—
spectral data. ‘ However , rece;~tly a 500—channel airborne spectroradian:,otrr
which may provide a quantitative means ~f comparing high resolution
muitispectral data to water quality parameters has been designed at the
FIASA Goddard institute for Space Studies (GISS). Also , theoretical
models are being examined that will predict spectral response curves
based on varying the size , optical properties and density of particulate
matter in the water and atmospheric conditions (Hansen , 1976). A more
extensive treatment of the theoretical optical properties of water and
previous rnultispectral analysis for water quality ‘Ian be found in
Appendix A. The primary objective of this study was to correlate arid
quantify airborne spectrorad iometer multi spectral data with ground
truth water—turbidity measurements obtained at Lake Powell, Utah , during
June 1975.

AIRBORNE SPECTR0R DI0F~ 1T~~ INSTRU~~~NT

The 500—channel airborne spectroradiometer measures ground reflec-
tance in terms of radiance, mW/cm2 sr*,~~from about 0.142—1 .Oi.t and u ri c a
spectral resolution of approximately l14A . The aircraft instrumer ;F, ,p,i ; . ’

comprises a Princeton Applied Research Optical Multichannel Anal ,’zer
(OMA), which drives a silicon vidicon detector coupled to a Jarrel—P,sh
0.33—rn spectrometer , and a computer compatible tape recorder (Collins
1976).

Collecting optics image a ground target on an entrance siit of the
spectrometer . The radiation is collimated through the entrance Slit ,
dispersed by a grating and refocused on the silicon vidicon; detector .
The vidicon detector samples the spectral data in 500—wavelengt} in-
tervals at the rat,e of 614p seconds per channel and 32 milliseconds pu ’

frame. Each scan line is amplified , dig itized and stored on talc.
The parallel digital data output is transmitted to a computer formatted
eight track magnetic tape recorder for subsequent computer pr~ cessing
of the multispectral data. An i n t e r f a ce mon itors  these  dat a f a r  r,rran’:
and triggers a ground t ru th  photographic camera on every tenth spect.run .
The aircraft measureii;ents are calibrated against a stan.,Iard tungsten ltuu i
Also , frequency calibration is accomplirhed ly use of a krypton lu’rl’ to
determine the instrument spectral channel wiuth nc I waveler pth scale.
Further details on the  spectroradiometer i:nstrument can be obtaii,”d front
the re fe rence  by Collins (1 97 6) .

~~ il1iwatts per square cent imeto;  per r i t y ’ ,niian .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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~ ~~~~~~~~~~~~ ‘ - ‘ ‘
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.;urin: p t n :  i t  i’ O i ” I I  I, u ’~ r ’ r l ’ 1 ’ ;~’l , t  ot ’ ‘ h ’  r ;  ‘ ‘ ‘ ‘~~r r r , ; :- ’~ ’r. ~n tt. r ’n’ ;: a , : ’ n ’ , ’ .
we t~ taker, I’r’on:, F tc’ h I  rio , n r p j  nt a a’’ h F e  I i  i ’ ’ ,i’k Can: y. ini ‘~c.~~ ot
P o w e l l  ( F l ’ . 1) .  1 1 0 1 1  c’rcl’ ’’i’ ’’.’ an ’ ’’ , tn ic i  j’ll viii icc w, ’i’ e also ri ’ .’ ‘r ’ .lr ’ .i

(b o n e] Ic , F

t n t ’  W a L i ’ n ’ 2 t i ’ t ’uu ’ ’ w i t’  :i~~’ ’n,  In ‘t i n it . L’nn , w ;n d
ii ;  “ “ ‘ .1 “ l t t t a  i t n : I  ,~ t :n .t t t t  ‘ I  ~‘~‘~~ i t ; ~~S i f  u t t i ’ ;  ‘ y n i h n ’r i c  c o n d i t  j o in s  i j , ~~ ; a:: ‘j o ’ ;.;
o ’er  ‘int l a i r  t t ’!tp’el’: ’ f l i r t ’  wi re ;, i L i  0 . :‘.erchi disk lop ’ m i ’ n l : ’u ri ’i ;;t ’ii ts
W er e  t ’t ke ;;  ~Icnri n g t h e  tiE-I d t r i p .

e r c e u 0 2 ~~~d ce l ; p r ; L  t. u’ n i na’ ’ - . V’ t I , n ~’ . ; ,oI’ ‘e nt’ u’ n , t ut; ’” cF h a
t i - t i  ‘~~; I t a r:~ i’, a c i t  , : r ,  i ’~ ’ of no ; I t ’ r 1 a r ’ l ’ i  0 j t v , were ‘n’ u t  i r a ’  I n n  I h i ’ t ’ i i ’
; ; O i , :, ’ a tt lil ; ’.’ l ;  . ‘ ; n l i en, , t ,  M i  nl I iii .’t’i ’ PG i ’ ; ’ r ’a ,ea ’ . “ I i i ’ , , ’  v :, i i ’ ’ , ; w i ’ ,’ cli ~’t’ 2~’u
in t h e  ltr ,r ’ nii , ’i’y i:; l n ;~’ a C o T ’ ’r ; : a r :  M o d el  114 Haivir sal ;‘ j ’ io~’t n’et’n ’l on: “F C: ’ .
Tb ’ do l enaui 1~i :.ipt ”.’t,i”i’hot’Oat F.ci’ ;t~~io w; ,‘eItfl’t,Ic ’it of’ u t  ,‘F ~~p io w ’t ’.’ r ” , ,, ’ n j o : i ;

; ,f l , ’c nl ; e ; L , ;t1t’ t ’ r n t C n t S .  l ot ’ this ~~; ut’ ,’ 1 v i’,’, ’  It -n ot Inc  F ’ ’  ‘ w e ’ ’ ,

‘ c u  0 . I i , 1t ,,~ w e t ’ ,” t n r t ’~i . °hotc ’r”~ ’t , r ’  F r  r: , ’m r t i r ’ n n n l r ” n : ’ i i  c a n e  f ’ I  n’ : ’t w i t h
ii i’ Sri’ . ‘ ‘i . ’ ’ ’ : i . ’U : f ’  10 a n , . t i , ’~1 w ‘ I uLz ;  r ,ni’  c t , ’ ‘to r ” i “ p j u r , ’, ’ , F i n n  t l i e  1

I” ttl ’,) c f li t ’  two lrtt ,i ”ti : ’. i ; y  v :iLit, ”s i n ;  a r ; :t ”no ’. I r ” ’  et ’  t in ’ n’ t ,l a t . F v c
t,~’’ic~~r’’, i t  I t - i ; ’ , ’ of’ (hi~~ : : u ;’ ’ ’ I , ’ a :~ l ’ t ’t ’ I  f l ’  W : l \ a ’ 1 e I ;~’t l ; .  ‘i l  1 1111 :11 . i ’ F \

o ( 1 or, di ‘tm e 1 i c  ) u t  1 F l i t, .; 1 1 ‘ . 1 no I e n ’ WIt; ‘t o o l no Flit .’ r” ‘Ie’n’i.’no ’c . ‘ , t o

‘i ’t ,e m y t , t t e ’l of t ! t,  L i ~ ’F ~ t I r i  r n ’ n ”  i ’ tar’t’ c ”t ’;jn ’ ,”ii,”n ,l th orn F i t . ’ 2 F ’ t ’ i ’ ’ . i’ . -

F’l~~tc;’ i ’FY .1’ 1;; t 1 I i ;t n’ni t ’ ’d in. l”ign~i’e . . The Ii t’I’i ’r ’ ’ ’ti ~~’~ i n  ‘ ‘ ‘‘ ,~ ‘ ,~ ‘S n’’ ’ F
i-ti F v t , ’ ’ t l:e n’’ ‘ r ’ ‘i t , , ’ e ‘ n u n d  F l i t - a u ; : ’  i t ’ F~ i ’  to i ’ :  O n ; t  l ’\’ :ut i ’ i n c u r , ’  I nip F I , , ’

iv o  I at  ‘r,: ’j ’ . t f ’ i i  , “ i t t ’ t ’,~ I “ ‘i; (iF), f t  ‘ u t  w i ’  I n t h e  rn ’fen ’ ’n :~’e i n ;
I h i ;  w i ’  P I t ; , - ;; ‘ ,,nut~’ F c ’  i i i  i n n  i~ i n ,  ( i ’’ ’ I i  mciii  I n ; :t . n ’ n u u n ’ t t s . l i i  o) . it  t h i ; ;

n ’’  t F t  F a 1 . —n n ‘ ;‘ ~‘ F :i cx i t ‘usc I’ . ’,’ i ’ € ’ u i : ’  ‘‘0 1’ ron ,  I in to  on’ , p F anti
vain  0 ‘‘ it , ” to ni , ‘ w i ’  ‘,‘ u t l i o ’  “ 1 0 ” n ’ t ’ ’ u n n tc e  ~ I i ” ’ ‘ e rr , ; ’ it l e n t t in in; t i n
, nki; wn~ ::‘onl p ‘c. Tint ’ t rntn; -nr’’ i I t  ‘1.1 , nC v’tl~~’’ i i I a n m ’ ’ - : ’ ; n n ’ , ’  , i i ’ I t i e  d i
ic -:uno’en;t rat ian ; , ;:o ’ t i n e  it t ’*. f l n t l r ’  . • ‘on ’ ’ ’ i ; t  ; ‘ it ion , k r ’ wo en the r i - t or ,  n ; ’ ’

‘u - p Ii’ of’ Ii nut. 1111’ ,; w’’n ’, e~’ in:’] I I’ , : ; c ,n i o w ’n ; ‘‘uni t le. An ; in r e ; uu 1, F , lie
l . rtr n ;ciu ; j t t ;n’nre nu;e’t , ;;

~r’i’ ;nri’nnL I n ;  l i ” j ’ o i ; . i r ’ : 0, 011 F y on t , ;t e  ci F u n , ’  and ;Un;t’un ’,t i f ’

I F e  r .~: 1’ ’’ , ‘i _ , i , ’u I it nO - a ,  I i n  I i t ’ w’ O ‘1’

t o ,  ‘ P 1 , 1  j’s~: j o n  ‘ I  ‘ O a t  a .  ‘i t ’ ’ ‘na ‘c ta l ;i  i’ ’ ~~~i - I i t  i n ;  up  t h e  B -~~~ ii
t i j i ‘ t ’~~0 den ;’ . ‘‘ r ’ u u , ’ : : t  in  was to ,~‘F~;’, ’ovt ’  F b i ’  I j I l t  R I  W l l l c ’ll a w i ; i t t ’ cin ’cuj :nr

1 j nnk irIn ; ” n ” r i , F en v’in ’ I “ i i i ;  t i te  Wa ’ ‘r t n u r l ’n t , ’ t ’  U t I  , i l , ; : t I , p n ’ ; ; r ’ ’u “- n  v j t ’ w
; I l n n t c j i i t . ; . i t :  . 0’ ) The m’.’;’hj Ii : . ‘, l r ’ j ’ t  I t  I ; ;  ‘r i  l v  a d u n n . F i t  i v ’  n u n: ’ I” ,’—

- a n ’ :  i~I i~~ ‘‘ ‘- F - H ap ‘t ~~’ j ’ ’ ’ n ; i : ; ; ’ t t ’  lit O , rrnni t i - i ,  ‘ nt ’ - ’u t W u t i i ’ n ’ ‘,‘ F u .ri t v .
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n n i : ’ t; ’’sju ,€ ’Ii t cnn1 1D1’ ’. n ’,~~Ofi of n,F,o ‘ ‘,h r, r:nt’t r ’1.’..’c ’, n ’’an ’; c i 1 . ’ ; ; , t ’ ’U ’; d’ sn ,;  c lonic

on t~ e Ia ’n-cr’atc’ry before  the i n , ’o t runn ; - ’n ; ’, w’;: i. r, ’ , ;i. ;n J l i . n on thc ,’ a, no r” tt ’t
‘a:;,; ;n ’ain aft or it n’etui’ninc d . Al ::o , t ine  re  r ’.ice ;;s in p  -.‘f the digi Un_ i  d a ta

;t :;’oinj-I i sF;ed at NASA H t S P .  ‘Pt ;e individ ’s u,t i. spec t ra l  data pa in t s
(6;’~~~s’~— n ” ’.) Croci the a i rc r a ft. f’ .L ., ‘itt lines were lo, ’ctt ed an 9x 9— i n c h
pF.i : topu ’aphs no imp the 35 m m  p,d ’our ; ’: t.ruti; Ci lic c-hon. . i ’r ’ ;~- tp. ’ takr ;- rt at the
tu ,n:e of UI:- :  a~:~cruift Pi .;ght and t n c  ; rc;  n’ - i - u e ~a a ing cn.-n ; ;; u U ’~r data outpu t,
as n” :F ’ en ’ en ic e .  Pitt ’  a i rcraf t  spet.’ on’ ’ t ’sei’ - , di opl ;ty”vF on ; a ‘I’ek t ron ix  14Cl L
C~ ’i’ F erns ; x m l  .~ ,;ir;, ’ the IISS ClIP t (;‘

~~~v~ “s o ’, ~c inc t J . f~,i’nntuti ,Tob i ’.ntr’,’)
u’ ,: ‘a ’ er ~uropr’tu’nt . l r . U e r ’ -nc t i ~e a;’ “ u :; s t o  t o e  115; ’ com tn uter f ac i l i ty

( HIM 31.c ,/05) was ulcc,jct n .L ished ov-:r a ,i ir ect  l ine  telephone to GISS.
A Tektronix 14632 video copy unit ;‘i’o~’idcid a means to obtain hard copy
riots fron: ; the Tektronix Li012 pral  t i t u s  I .nni’ u;ninal .

The aircraf t spect ra F ’ rod uc r ’;i a’er” ‘ i t  c’;rx’t ’oti ;l for effects such

as sun i.Iiint , atmospiiec ’ic a t t ” ,n , u n t l . : o n  or a ’ i n ; u  ~~ “ed .  h owever , ~‘r e c a u ti on a
wotoC t,ctt~ini ’1 to m inimize these effects ,k:;.r ’ ini ~’ t lie ‘ i F  n n n l ’t , au ; , cct r on~ i 5 o u n r e t e r ~
fl iph ts.  These include-I ob ta in ir e ’ n~n.i n’i’ runt ’t :te~u tnot Pu’ tn t ’ the early
nrt’ornii rtp on a clear clay with little w i a ’ .I ‘~ :; . F wlu;’u: u~.nn; iplin t. w it ;’; not
cionisisered a problem . ‘l’ r:nan’et’ore , the ci F’ n ’ cn’ei ,~’~~,: j r  the ;;rectra between
v :nr iou s  toca t ions  in Lake Powell shoud -a r eF’n’ r ’- aen t  mainly variations lit
t u r b i dit y  and not atmospheric efft. cts .

RESULTS AlP .’ L IPCUVSI I )N

l iter tn ’ onsn-~tttanc e data

~u~i,Jes B T I  and Bill (App B) p,i’ie t ;-bul ’nt ion s  of the  i i  p,ht ti”tn ,, :u’ .h F - ant

data ;‘:tatne- J in the field and .tn ’bor ’ 1tor y for ‘ n i l  b i t ”  P .’ikr:’ Powell w’~t-;c
c (see “ip. i). These values were obtained usin ’:i: the s1’u;ctn’nt a’ F , ‘.~ ; (

r I ’ s -  ; ‘:.,i ’s.n ’; ‘:..:;cr it’d previously . In additioiu , secchi diok oi n-~- t h , t b  m d
“on -‘ “~ t nrc  n’ .eao~~ ’exr~ey i t s  taken u r in o  : in-a field reconnaissance ;tt I, ’;ke

1 ;“sn’t , ‘ tv’: ‘ a. ‘an in Table BI (App P). Sec chi di sk dn.’;’t h measur ”tn; i,- n l t

1’ .o ;i.ttor., ’tre also ;‘l ;ow ~i in F”i ’;nr n; 5.

,ll:n”op hay (Pile 122), 0 : ,:, 150 , PI le  luG ‘~n;d b ite ‘ru], ”, ’
1 areas were selected to rt .’ I n ’ i:n ;’t’r, I. low , it t .  ,‘noa’d I it , - n n n d  I ;  h o t .

respec tively (Vii ’. 3) . Iii 1.1 ; ‘tS ;i ]  v s  i s  it,, is i n n : ar t  nat
‘ : ~ , ‘ , r 0 ‘, I, u i t Hit ’  ~iirection ot’ ; ‘t r ’ , ’co; , ‘ l w  is “ n ’onn : ~~~~~ Hite l t r i d n ’e ( M i l e

~ ;‘l) Ut , ‘I;l e 168 to F ile 150 and i . ’t:t t:ie’ Iluil:’r’ i. ” n ’ ann:: (Mile 122)
‘n o :  ‘“i” area.

I ’ u j ; i,t’ II u;k;ows ti l t ”  ‘i’ ;- ’ u i ’ j  F,n ’ uF Ft F ’n t . a  of t u r : n r ’~ ] r ’ , ’n p ’d ‘suit or snunnF’lcs.

P ’ , : . . ’ h a n  i n C l n u - i n ’ d :;n~; ;’1 . e Lc ; .’ a t i o n i  ‘a n t the nn ;; . n j  ( S e c  F t p , .  i )  , t ’ F i , ;;ut’ I”tc’n’

‘. e m n . e n ” ~ ’t ’, n , ’ ’ t i u  o r su - ch i  fisk d e ot h  Pita.

PIe ,‘i’-aun ,’i truth data d~n n t - F . :0’ . w - :  re F u ti le 11 ‘ ti - i ’  cnt i .’e;; in n i l ,
n t ’, ‘. 11 values wer” above 8. 0 1 uu i l  i n ’ u ’; i n ip  a P n ’. l Jy  basi c  w u n t  cc r ‘]‘i V i n’i
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‘j’ ;tuio’ II. f u ’ ouni .l t r u t h J nn ’.a 0 ::, . . n n  o t t ’ S  a”. ’ ~‘ ‘ t~r i .I a t t i c

. ‘ n i u ’ t l : .’ ,, (J uno ~7 ,  ) -

Locat ion  - n’ F ’ aoc
_______________ 

on ‘ann u n .  :i. ’~”, :- ’ F i t

Hit ~~i’.n’
(M ile  3,, ~l 

) 3 14. P i t t  0.16

F - t i P - 166 9 14 . 5  .18 0. 3u

I.1~ j u  150 1,5 I’i . t ’ Li i  0. “ 5

b~~lj. brc.~
’

(F.tiIe laP) ~‘6 8.6 2~

‘h oe  t, cs;. :’o~’ !ntcuro ‘,‘ ;c .lOn,J w~-n ’ c ru -j u t  iV”~~ aan’ut, ‘J;tr’; I n,: ‘c, ‘ nu .  1:’ . : 1 ’ ( ( 1 4  .14 °F )
to P 3 . 0 °F’ h ’(3. 14°F). ‘ n ie  sr ;’.’;’ahi disk dct”.t , lat a  v ’ n c i - ; d  ‘ n t ’ n -  c c ’ 1:0
the U’. 52 :,ni’eas . :‘ ltiteupii this meas’.n’cnt.ernt is anti’; :a’ I i t t ’. i v -  ‘ n -  Va

Ores pive a su°, i r :ctivi ‘ ‘iii t~~rminat  Ion -I ’ water t.::ci : l it ,: . P’l~ t ~ri I 1:
in the water uec~’-:’n ’;.;ed ‘con : very turbid c o n d i t i o n s  ‘P. i l i n . e ’  i’ . i ’ I ’ F; ’i’
(0.18 no to clean’ conditions ;nt t ’’ .nilt’roE ’ l:,tn’,’ (14 .50 Ic)

Table III shows the surface t.urtidity da ta  of ‘. i ’  “ O n’ ‘ , , u a,

‘ :x’ L-a;u - ‘ I i  . 1000 ‘l atu ’n included r e o’ c entu t p ,e  c-f t rt,,nisr. i t t ‘ t n t , ’ r ’  ; , , ‘ u : : ’ ;,“ - ‘ n ’ - ’ n .  -

‘c- I tcn. i nuo ’I  in F L ,  ‘: f j . ’ I j :.uid laboratory . The ~‘€‘1’ e “:0. ‘ n a  0 ’ ‘. u ’ ,:::. I. ’ : n . . ’-
n orm :, icr’ ,; In F L u -  .Irmb o ; ’.’itr,u’y showed higher value;; 1 L a m ,  ‘ L i ’ ft ‘ ‘ l  n~~ t a ,
however , thu ..;an:,e ‘ rondo occurred with F ; o t . h  .u u - F , ; O F ’ n u , , ”~ , ur n’ ‘ n : ’ a .  A u
;;h-ci n’ ter w’tve,Lenn~’th :.’ , lower transmittcnnnce ‘,“niu’’:: -o ’ - ‘ ‘ ; u ’ c, ’ 1 F - ‘ ‘ ‘ t ’. ; ; ’ tc of  n itO ;
ccat r., i n ’ i x n p ,  ‘ it  short war elengths .

Tuttle I i i .  hn ,ur f n i c e  t u l ’ i d i t y  dat a n ’n’ n ),-: . : ; c ; i  o t  - 1  L ’ t k -~ ‘ w -
wa te r  samples (,T un s. l i t’S).

‘I ’ i ’cni ’i ;;I:t t t a u n ’ce r l rt u ., ; ~ n,t : ‘. F  ; n ~c t ’  P’ u ’ a n . . n ; l ‘ ‘ t i n ’ ’ ’

( fi e l d)  ( I’d ri tut’v ) :‘ :c in : ; n ’ , , : ’, ”. ’; ;, ’ “. - n ’ I
______ ______ ______ 

‘41

~~J3t ~~~~~

b itt ‘n ’. i, ’ ’
(P i l e  L i it  i3 .,5 3i) .~~ 

~~~~~~ 
t , .  3

‘‘11 ic 168 ;, I i ‘(7 ‘
‘ 1i .1 ( 11 . i ., i L  . I

M i L e  150 ‘71’) cnF3 b it . 7 fP , t . I - t i  _ 1 t 3

‘;j”’ ’n’o ’ ‘‘ny

( 1  F le 111, ’) 0(3 tb ‘ - ‘ . 14 ‘ i i . t , - ‘ i i

1)

-. 
‘



‘.ini . ’ n’ a,: ,.i, 1~ . ’O Lot ’  iiUt ” :;’ ’,,n - c c  li ’.’t ’~ ’ . t , ’x’, r , i .  f i ’ oo u j t , ’ .j ,‘,u .i..orator”,:
:n:u’asou’”,’n:,ernts C m i  t . . -.’ att n’~~L~~c e,1 U ’ . t’.:C I r ,o1 ,c ”u :, i ,’ntat .  coo as t.w-.i dc  i t o . ”€ .’r ; ’.
k : m ; . f ; ’  a :’ ic. ;t ;‘JJ’.eni ’.;; were sue I . T n t  ado I t - r . , ‘u s’nn~~1’: w’i h  c amp ~ntoI 1
part isles wi tI; a i ’al’o _ t. ’.’cal s’oo’fa ce  ‘ rca wca0h ~~ n ’ ecu ~~’. i n .  a 1’ w a ’ per—

cienta, ’, s of ‘. :‘ . .a,si, L t t ; u u . c e  c i n c h  a: nn ’, ’:’m;; i , .i] in La- : ~~~ ~~ - r ’d..e Jc~~~’n ic u l  ‘ate
‘u t a t t - ~r j r , ‘ I ’ , - ’ ‘s’n ,~’r nn .;ti ’ u l a v - ’  n ’ ,’,. .cicul’ n ’ . 1 t i. ‘.n,C tt~~c th e  a’a t .n ’n’  stu-;.t’lu-
Sn:: ‘ “ . ,1 ’ ;, u, ir .t o  t h e  lab -c ’ ‘~ t ‘: 14, - A .c a i n s t i l’ ,, t n e  c u S, , e a.’ttem ’ S’i~i’ F”I’:

now a . ‘u,er t e n or :  t t ,t ’C a:’ F : ’n n a n ; m n i t t . tfli” ’ br; ’u ’nuci u ‘t hio ‘ 
~w’:. r li m p e r —

Si:” I n u n  . Is,, ’:: wi t h less :c’Su ’ .“,~ue,’ it,t’en; a’- ‘.:.l ’ n ai . ’aw a r -r e  li;’tF. to r’ass
no ’ . ‘so :, t~~nC’ S t i .j . r.c .

cm’s-a , ’ ‘s~ , C of .r’~r :;u.~.; F t;,r:~ e ’ .1um t .’m co;’r’ u-lctte’l well with other
; ‘ ,x’f’:ce t;.ut. iIiF.i ’ . l ’o t~i r ; , : ,0 f l  r~ la “Sic 1975 w}Hcr L inijicated ttn ’ sanu,r:

t a: ’L.i u t ’  (, T~~~ j j ;c
~~~t; c n ’

~~ M er r i t t , lp ’75 ) .  T h . ’:-” do ’ ;; Wt: I ’C

‘ a ,i l y  , ; : Fn t ” ’,. F. ’’ ’ i;’ ’. ..j c’; ’ o’:iuct nm ‘, n ’ :nn ,s :  l n . :o , u :u t, ,” r ’s’n ; i c n ~ was , oW ’ri ’ t ’;  m oo.-
the ~~~~~~~~~~~~~~ (‘L.nbl’; III) . -, l i e  i i ; s tr  s;:erm t, is rat iL .r at .ed t o  P r .

‘i n . t o L ’ ,ee va~~s- “j f ‘~ I”~, n , .e °.j ce ~r;d a ;‘ t e m ’  on ’ . : uI ,  measuremen t OSIOp ,  a I
bu -’~ :: asurce. F air e.\ ’inn ;pII e , F r ’ t h e  ins t r’uxnent  reads 10Q~ in water , ‘.n ,is
~n ’n i c u t e s  ver .’ clean water due to the refractive ir;”Iex properties Letw’acr:
wa ’, e~’ and, a i r .

The u - r c en~tap ,e  ot ’ t r au i n c x : . it t an c e  ‘la ta taker;  in the field ‘.t,’,i ‘i , ,ir ’ c n ’r , ’. . d r

corre 1at~’ w i t h  the secehi disk d e n - n P ; and transmiso..’n’cet.er :.en:;nn’-.’u; , :r,to
and show that toe percentage of t ransmit tance , secah i  d I s k  l o n ’ t t i  u,: I
transx :’  I sson ’netcr  ‘,‘al’sea I nocrea :; ~.i f ’ ror. ‘.I~c v e ry  turl:i ’i  Hi te  ~ r i ’t ,~~’ ’~ i ’ -’ a,
to the re la t ively  clear t ’:I t :’ccs: hop tnr ea  ( Tables IT , 111). ‘lIe. ;,,  1 ’ n ” : no:
truth uata indicate cii t’t”:renc’es in, m ’s ;’ “ace tur ’i..i ‘lit ,’ fcc t;,c fu u i ’  - c i ’’

sito: which should be refoet”tel 1n t .i,i” a i r c r a f t  s ’t ’ n ” c t r n n .

A i i ’t-orr .e sj Iect,r ;r adiometei ’  iot a

Time n o r b o r m e  spect; ‘,; ‘ani i ‘ c;oter -iun ’ . ’ : .  t a c O  for ‘la d ,,, :; Is a’i’r - ’ a ‘ a F
f rom the  “c’ L :” ..’l r m , ’ f I l l, : linac (se’. Fj’~. ‘4): C’ — ”l ( t ~u 1 ’j +” :’cn, - 

~~‘ -. p) ,
I aol iA çG~~HI nb j.e’ , . -  a n no  +A ( C r ~:m. ie  I s t . ’ . t ’) ,  ‘

~ ~~~~~~~~ 6 lI’ h”.. P - 0’~’il )
‘in;, ; Q (ttun’n’oa ~~’”~rr ,~am ). F’ tp,urn, (. , : I ,  a’s ‘; h n’an ’rin ‘. 0 :-co t n ’ , ce le’ ’t r . .”.i c ”o;,
these : . ipint i t tit ’S  a~r,d l ives m’e p r c ’n . -..’r; t : n t  I ’ ,”: tl’ ; n a ; . t  he a’iS . . ” Stt .I~ lea
o t t ’i ,P ’:ci a’, t h e  Lit ’~ F’~’id ” nc (F’Fj lc I ’.’u ) ,  ~~~~ i t -h , “ ]50 an. .n
l’a’j (t’File TSP) lo c at i o n , . . Pu n t , l o  . , shows ‘he I i n ” .” .0’ J u t I , ’ , ,iO ’ c ’  : a , ; ,

an, ’5 ,n i .’i,: ’,’ ’o t i c i n n  na ’nrn c”u at€ ’J, ‘w i th  t ’a ch  u ’ . ln cin ’:P’t 
~ 1

Tat.,le FV. hin ~’ -, ,t ’ ‘l a ,  , .lt o t r ’ ’~r ,d ‘cmi, ~t l t t ’ j. n o l c ’,’;tt i ’ .’ :,  ‘ , : , . t c iu’ i r P , e ’~ a P t  -
‘

se l-o .t ed  T .,ake l o w - t i  a i : ’ .’n”  t °t , :~ ‘ec t cux  tP ,,i;u - i t u ’ ,’ b)  -

, ii; :tnif . r u  - , I ‘ “v i i
1, ~

, , : ‘ a  ~~~~~ .“ ap~t 
h a L t ;

b i t t .  in r i dpe
( M , l e  171 - 1to50 o3 ,~u n, ,

I I I  lIe F 0005 03 :~~~~
‘, - .

141 l lnIi t3: ~. L I  . J ; ; n , ’ .’ ‘-I . ’.

Buil t’ :’ .: ito’ ,
( M i l e  1.2 , . - )  o,05 i i  - T oun ~

I 1.
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I F  n ’  n ; ;’’ , t . r’ t ,j ‘n ’ :, ‘tn ’ .’ : ‘ ;. a : ‘ i’ . n .  ‘ S i , ’ ’ ‘‘~,,‘ n l  i n  ‘ i o n ’,, n,:; n i t ’ , :
it - l i ’ : nP . — o r  is ‘~n , .t -‘ - ‘U . ‘“‘ ‘ c-.I ]‘n n I i  ‘0’ ’ ’’ i i i  m A  ‘ ‘n t:’ n o r  u i - I , ,  ‘ :. - ‘  ‘ —

~~~~
‘ 1’S.

a : ,  v i i i ’: a ’’ :. a ‘ ‘ n  . n ; i ’  I ci ‘,. . cf  ; - ‘ a a’ ’ n ’ : H “ ‘ ‘ I n u r e ’ , : j ; ’ - : ’ ’n ’ n ’  ‘ a ‘ ,. ‘ ‘ S
ii I :t ‘ , t , ’ ; 1 ,  ‘ I a c a :  .. . - ‘  P n : .  , ‘ i, ’ : ’ ’ ’ . ‘ ‘ ‘ ‘ , n F ’ ” n ’ ‘ U - ‘ ‘ ‘ i ’ ’ u ’’ , i ~~~~~~~~~ ma

, : .‘~ ‘ ,j ii.; . t a cu. : n n ’ — ’ . ’ } n : ’n  n ,  1 .  : . ~ ‘ ‘a’. ’ ’, ‘ n ’ , I F . ’ ’ ; . . ho i t  ‘ t . ’ :‘ ‘ ‘ u ’ : ’ i  t .  n t ’

u P s  u ’u ’ : r - n ’ t  t l : u ’ r i ” i e ~’ n e . i  0’ l i ’ t : i , ’ n ’ ’~ i 1 F  H ’  r ’ : ’ .~ - : ’ . , ’.: :~~ n l n .  “ ,, , ,; , ‘ n u ”  n o n ’  c i i .
t t i c  c I ‘a - ~iOi a :‘. u ,  a ’ ; ; ; : ,  - ‘ .1 t “ i o ; l: . i ’

A t ’ , u - : , ’’ t F  p c ’ r t .  t an : , , . . ‘ a t  ‘ .~~., n  .0 ’ ‘ , , t ; l  , , : ; v ~~ n ,‘ . :‘ ~~ ; ‘ , n ’ o o , u , or c-OS
‘ n n . : t n n n ; - ’ . a . ’ ’ . ’ ; i j  ‘I n” ~~~~ n. - :  y 1 14 — v i ’ .:: I ; .  ‘ l i n t . ’ : ’ “ “ i - ’ ’ ’  ‘ ‘ : - ‘a I F  ‘ a ; ’ . ‘ i. ’ ’ . ’ i i  ;,

‘ ‘ 0 . 1 ’ ;n r.olni na’r’ ‘ t : ” , i  .“ t ” . . ’i . i”- n ;  U n ’ t ’ : nn  ‘ ‘H- , ~t ~~~~ “F  F n~ i , . m a t ’ ’ , ; 0.00 1. . Tin ’ ’
‘.1 ‘ - .‘ ‘ a” P r ep  i o n i c  n ’ ‘. n ” ’ a , o ’.  i - i  .‘.‘ ‘,l’, i’ i r n ’ ;; ‘ , - ‘ ‘ i n ’:’. ‘ , ,‘ - ‘ I . ‘ ‘ ‘ c  ‘ : i n ~ ‘ ‘

v l : n l L ” F, e c’ ,v ’ ’ , .’: o . u ; .  n ” - . ’ , n ,  f :~ n 0. l4 _ i . i . ’ ñ : o;. i ’ . , ’ n . , ” - ” j r n ’ u” , ’ , ’ ’. t ” ’ ’~ a
“i’,.’: 0. ’ ;’ — 1 . 5 ~i . ‘ I F . - - oI’: ’ t n’n ’ n r , , n ’ : ’ i :~ Hit’ S ‘- ‘‘ rH ‘ ‘a ’s ,n ‘ i : ’ : ’ : ’  ‘

‘ m: a,’ rn ‘I i  o t t  n ‘ c i  i .t  . ‘ ‘ ,‘ : ‘ ‘ . ‘ F 1” .’ “ l i e :’ ;’ c’ nr’ : :i... ’ , o’ co ‘ :‘ a- - ca ‘ ,‘. ,  . ‘ ; .  i t .
: i t . : ’,, .r : ;  l uau ’ a n , m , n a , ‘ :u a ’i ’ c’ ,, ’ ’ n i t  • ‘ at, pci’ . ‘n ; ’ ’ - c- i’ ;P ’ ’ n ’ sn ; i i o ’ ‘ n ’ .1 1  :,~-n; I n ,

- n;. ’ . ‘c. l ,i n’ i n t ’ l  i i  ‘n i t  c: i n ~ ’ i - i n . For’ i ’ , ‘a’ . : I i ” . a ‘ c t  r n ’ ’ , i ’ : ’ ’ . u ‘ i - rn a : . ;
oco ’. m” : at 0 , ’ ( i i o m l : l ’ - , :i n ,  ‘ ‘ I  ‘ i i . ,

. F ;o n ’ ; t u ; .  , o ;  u ’ ’ “ ; ~ , ‘ u  i ’ ,l  ‘‘ i ;  i i i , ’ 0 c a  F i i .  F t .  - u ‘ ‘ . , . ‘ n ’ . ,‘ I a .  (‘4111 -’
o t t ’ - ; ’  St ’e i ’ ’ i” . i t ’ . a” - , : I a c ; . ’ ’ n t  c u n ; : F ’ ; : ’ -’ ’ . ’l a n t I :  t , F . ’ ’  l I P ’ -  ‘ri .: ” ’ (“ Iii ’

l’;’l), 1 1 t h ’  ‘1 ; ”” nir :.l M il e’ 1 ’ ,- , ; ; “ , ‘ ‘H’ui ‘ . 0 ;’ , m ~~’ ; . ~~ : , n  u b ,  u n P i n’ - ’ , ., , F_ i 0. ’ ; .
tat ’,’’ I u ’na ’ F, n ’ r - ,’ii ’ :i I” I a .  o)  . ‘ F ; ’  F t ’ i ’ . ’ i ’ i i ’ ‘np - n i t ’  t ‘ ‘ , i i : n n . ’ ‘ in n. ’ ’,” u t  i i ;

c I n P)  w a  . n Ii . , F ;  ( o F . . ‘4 ) an i ru it ii - I ‘ i ‘ . u  ‘ 1 ‘ ‘5, ‘ ; ‘ ; r ” ’c ’  - I - r a,,: ‘n ‘,‘ , n ’ .
l.. w t ; : ’ i . i , l io . ’ 1:nl ;.~ t 1 1 ) ~ ‘ T h i s  mcm i . ; ‘ ;‘ It ’ F c’..~ Ic ’ ‘ t i  t i , ’ , ’ l , i ..i ’, : ; r : ; .  - ,

on n , of  ., . nn , ( T i l l ’ - I i ) ~ Iti , ’ li a:’: tIc ’ u , ’, ’ : ’ , - s t .  n , :  - F; ‘ I i
exti r:”t .i ; r n ; In i, t , k ’. ’ I ’  ‘ ‘ m c , ’ 11 t ‘ ; t ;  . 0 ’ ’ . . 1 ’ ’ .  ‘ t  i n ’  F I ’ ri -’, ’ P 1 ‘. u ’ a : ’.  - 0

( i ” i F l .~~) .  I n . i t i n ’~~1’ .’ , i l ; ’  r’r ”UL’ .’ I , . i  ‘ ,“. , i i u : n . , ’ , ’  v i i  ‘ ‘ c t . : . 1 . 0 010 n’ . 4,~;”. ” ;’n ’

:it . tnt i f l i t i u n i .;:u’; F ’ln n t p  w ’,v’ lenn) ’ t ’ t ‘ ; ‘ 0. lt2~i . n ’ . , t , F n ’ ’n ” ” ,: i ” i  t o  a F ’ , : ’. :
at ’ i i .  (3Ql’( nn ; h ’ cn n t’ T or o e ’ ~ ‘ ‘ “ ‘ ,: ;c ’ . 0 .  t ’ . t~~ . ‘I i : - ’ ro le’,’ u n c: I F n . e

\‘:t .; t O m  t hen ;  on ’ uu -h ; : ;  2 1 ’ ,’ ‘ F - ’ ’ r i o. ; ‘ d  I. ~ :t  c i  I t t ’ ’  o ; ’ 0. 0PF ’i .L -“, ‘, , on ’ , ‘ :: n ’ ’ P i ’ . ,“

‘ m u . ’ ‘Tile 1. 0 i n ’ . ‘ ‘ ‘ , f t  : : j ’ r : i r ’, , ’ ,nt . cc ’; : ’. ‘c ‘un:t ’;’,,’ ;, ’t ’ ‘ n i  ‘ ‘ ‘‘ ‘ i ’ ’ . 1. i n  ‘ i t ’ ’ :,; ‘ i a : ’
“ n -n’ tt ne .i ’ .iF .L l’n’ ,; , :“,‘: ( ‘ t I c ’  1 02 )  n u : ’ , ’i ’ t ”;:” H’ • ° , - ) .  i i  i ’ , i ’i l  ‘ C-

U; ’ - ’ ’ :  ‘ ‘ ‘ n t ’ ,:; ’ ’ \‘ ‘ t I t i ’ ’  ,, ‘ i . u 0. ; ’ .O ’ tc -  :0 /’ ” . ’ - cm , :it a ‘a’ ’,’ - lo:.,’tF of 0. ” ; . ; :
I :  . ‘ ;‘, ‘ ‘ c s ’ ’  r i’~ 1 ’  ‘i i ) , ’ ’ ,

‘ ‘ k/  . ‘‘u , ’ 
- i a ’ ‘ ; c v -  - ‘ n : , ’ ‘ u ’ )~ . ‘ a . IT :u  a ‘ i i

m l  n :  h i m , F - ‘ i ’  ‘ ‘ ‘ ‘ t i ; ’  ‘u: I :0 ‘ I . . ; ; t  ; , ‘ a n ’~ ’ t~: i , ~ i ’d ‘ ‘ ‘ , I ‘ ; :  a ’ - ’ V t  L , : o  t

1) . 00 .1 ‘( n ;: ’,’.’/ o : ’ . a’ . m o o  h i  F i : u c h r  ‘ n I .;: n’ ,’ ’’ u n o o n ’ - ’n’ . ’ ‘ t . ‘ :.‘ ‘ : ~ a ’  - ; O nP 7’ ’ u- 1 ,  —

‘ I ’  ‘a : : ’ ’ i nn .1- u u }; r’tncn t ‘‘ i ‘ . le nt “u - - n  ~~,; 1 - “ :“ ‘ a:i ’,’ I I I  I - - 2 . 1 4 ’ )  t - - ‘ ‘  I I c  F in )
‘F i i  . ‘ I . F’ ; ; , ’  ‘on ’ - - u n :  ‘ ; , ‘ , ‘  i “ I I . ‘ ; ,  ‘ ‘ ‘ ‘ . 1  - : :“  i t ‘ n o , ’ u i . I , i , ‘ ‘ n’: t :  - . F - ci ,

value s-f “ 19 .70 in tnPv M F 1 e  15-’. s’ ,t ’ : ie  ( ‘;a :’ le I I I ).  tIe ‘l Ie  150 n u n  e. ’ ”  -
,

, ‘ u n ; ’ , ; ’ u , . ;t  t o  t h e  F ’ ; , l  I I’ :’ ,mp I” t ,’; Cu l t i~ ’o)  ; , ‘ ‘ t ; ’ ’ ; ’  . ‘ ‘ ; ,  a ’ . . n . j  F ; ’  n ’ n ’ , —

“ It’ .’ I . , ’ ; r ’ . I F  nn n. ,’ - ’ v u ~ L i: - . ‘ ‘ F ;  ‘ ‘ u a ’ n ’ i n , ‘I t t  i - n i t ’ i ‘ t i  0.  ‘ 1 ’— ) . ’~
i n  I ; o u n n . F n i t ’  ‘ i o u  h, b i t - ’ ‘I tO n : n i , n ’ I u  I , ’ , ‘ , i n d u i  ii , ’ .’,i t :;, r’~ I ‘ , ; ‘ l i . : i n ’ . - ,

‘
, ‘ F : ’ . ’

‘ - F  n t t  ‘ ‘ i l l  “ “ , j i u ~ ’; ( I’l i 1 . . . ’

; l .~ F i b  :‘ n ’ , ’ , ’ t , n  i ~~ ‘ , ,: , i r n n i l ’ , ” i n n s l ; ’ i ; . ’ - , Ii- ’ l I l t ’  I

n , t ,~ , n i ,  i t ” ’  ‘ ‘a ’ ’ V ’ ’ Ii I F t  ‘:‘ ,. ‘:n:’ ’,l o F t . , ’ I i  ‘ ‘. ‘ ‘ ~~~~~ ‘ ‘~ 
‘ n i l  l u, ,’- ’

‘.“, I t ’ . 1 1 - h’. r ) .  ‘ Iii ’ ; ‘ , t ’ n . i - n i n c ’ t .  I t ’  ‘li l t ’ I t o ‘. ‘ t ’”  : ‘ ‘.u!~F I , ’ ;~ . ;
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and t emperatur e 1;, l,inke Poweci, ( ‘ust .~ ., U,) increase downstream (Reynolds ,
i~ 7 6 ) .  Also , dui’ .ln~ June 1973 the sc’.iimer,t load was at a romax tmuir. at
the Mite Bridge area (Mi le  173) doe to  spring rur,’af 0 conditions and the
turbidity decreased downstrean;.

It is SU~’tZt ~5 ’tCd ; ha ”; t ,h rn  r a r tm i -nates arid sIjjm :- ’,. am, materials r e F l e c t
d i f fe ren tly in the vi sib le s5’mctm ’ t~ :: tin’S ‘,. r, .is tr .ix t in”:’ a )’ t w o  k inds ‘a) ’
part iculate mal ,ter is  t h e  ‘caun .’e oF ’ t h e  ‘, w ‘ spec t ral  :‘e.,turea-— U m e  0. SOc
peak Lnd the shoulder not 0. 6L, ij .._ ’ t , ’, c t a”.: ; ’ e obser’~ ~ai a rm che a i r c r a f t
spectra. The lmti .Llfr’op i’iuy 5/ , le 122) w at e r  is ~‘r’..’er:”r to the eye ,
sugu5estiflg the g,”n’m.t e” can’bc’rm’m I.e serPent . Also , tIme salinity arid tt’nn:r.ern—
ture were the :,i . g l ;u.’r t  In ;  n U ’  ; ‘ ,i1l I’ru~ l a y  area water  suggest ing a
greater caabon ; a t e  c , . n a . ‘o ust (~‘t~~, :;‘o’Iti c , .2 )  ( 6 ) .  Therel’cr ’’ . the  n.toc’..’tral
peak at 0.58i,t may be .;n so .;i’nted wi th  the  carbonate or green lean in the
spectral curve.

The spectr’~2 cu:’vto at 011lo~ i. s ‘~ n . o ,.’r, ’,, in the  E’.ullt’rop Bay ( M i l e
122) sample. The eY F ’i ’.ur,’tti’ .in m far thi,; is l:rob’orIY the U’,.at n 1 ” ;.mt very
little siliceous l.ai’tic’.ilate r.,atser “c’ se ’I im nmen t ’i s n. ; ’csent in h a i l f ’o’ .:t’
Bay (M i l e  122).  Tt.e r ’ n u t ”m i ; . i a, : thr e e  ‘o’ , n r ”  ‘m a u i n j ” l . - r  are cor ’.[’o;;eJ 0!’ t o t ; ;
the carbonate arm ,]. si .11 c”oua mn ”. I , :  ‘5,-p e rn,a t ter  an-i , therefore , the
spectral t.’ur’,- co b’n a ”w l:oth  -~ s: ‘- . ° ‘

i”  :: ‘ak at 0. SOt: and ,‘ho ,: .der  at 0.’. t~~.

Comparison w it :~ u.,’, ‘ F . ” ..n ” t L ;  , 0 ,  n : ‘ a ’l

To obtaon ~‘a’ t;, ’ a ‘ ‘.5 ‘ ‘.‘ ‘ ‘ t, i’t, n ’;;. ’~I 1, -ru F ’rc rr, I n c  a i r c ra f t  :“ .Uec ’t n ’ 5
spectral data n I the r ’ ’ ,. ,, ‘-I ” :;. :. tin . U :) . 5’.71i an .ot ‘.1. Edo. a”’;’ e can;,:-t . ;”
with  resuitno r~ ..:r., a u , - ‘ ,,“, i ca , c p a  ;la t i c  r, of wn ~1cn S m ,, .tc t ,’:u carrie,
at the 2FAOA ‘/12;” t.1- ‘fru ’ ’.- m . r, ar,. ’. : ’~:,, en ( 197 6 ) .  For t h I n . ;  :00::’ ,i ’ j , Si, l ,  t i .u ”\

had, to assum e a fr~t’l; 
‘ ‘ ‘U  ‘ar~ . ‘:nc-n ,t ( n ’2ill c , .n ’~66) i n .  a n . m u t i t i c r m  I . :  atl .’,lc .c:

particles to n a , t t c F n  :‘. u u u ’, ’ :rc - e un- i, ;t~~p : , i t n .,ae of the a) r’:r’utFt ;:pectr”~F c: : n ’v :
(Travis  and Hansen , i-’t .’~’ ),

“he part ic le  si . ’ ’ ‘ i n , . : n - n t  i d e  .‘c’ :; cen ;  ratS,, :;, ‘i’ ’’, - . ruut i u;’. F p. :n;:a’,n .
electron microsco:.y ( : 1 7  .L:;t; -.;,’lmi t . enn , 107 6)  art,] . ‘4 :” t ’ i :t ” . ’ t n .,~~a;i , ~ , ‘ n ’ : a ; :, , -
used in the tl:u,orou.icai t n t - u i  ci. In  n - l i t  I t i on , the :;;c’itai ttarau;.,T’ .i a n o’’. i cl.

refractive ind ex of 1.2 ‘ h u t  is . i ’j~ t nuh ’ .je ;‘;.tr cIn~,
’ ‘,n , t,et ’I “ils n,,’’ ,‘ u- ,i i rn n ’ ‘ .0

standard text),o ._.ic ;: (F t .’;’;’ , 195) ; h a 5:. et :5,. , ~05~ ~: ‘i’3 < ntt,uc,m ’:it jar,

coeffi c len t of the ‘i t o - a l e - ’ , vU cli  wn’ta’ unk inown , W I .’. ,ICI. n :tted i’F~’ 1’a~~i S

and Hansen to secure  ‘
~ r’ e ’on ,et’, u. w i t h  Ut” aircraft -‘F 5CI’V’,tiO flS at !j ’, t t ”

i t r idge  (Mile i - T i ) .

The r esu l t s , si:’,a’rt in Fipu.i’’, F [t ’ t ‘ t t . l i1.tt ’ , i t t : ‘:utt,’ uu . u mj o r  ‘Fin ’ ;,

merits i’ c twom n ‘.:m ~ al a’’; ‘ ft m~ n.ntnt’ n’nneniF.s and the - n ,  ‘a ‘ I ,.‘‘t m ‘ e n d  , 1:-
both st” n.:amt arid n m t i p n m i  I j , ; ’ of  Us ’  ‘!;mi’ ’~,u0 • 

F’ ‘n’ refi cot ‘ , ‘ I ;‘ n~~ F i  ‘ - n - a -a I ’ ’ - - : , : ‘i l v
vs .  - ‘‘ ‘ : ‘ ‘ ‘ n;tr’’iI. ’ .,’n . ‘[he nt;’t’eeme:t ’ a’ l ; i’~~ ’ I n  I~~t ’  ( i n  : ‘ ‘  171) i n  a ’n. to
ut l~ e; ‘.t’ ’~r; ‘.. 01’ he ‘ti lt , sIt. i - ‘r; ~:oe ; , 0 i t  ‘ n ,  - , a n  I tiS Cl )  t~ iI ‘~ so v e , ‘,n ;i o j q ;

S ipn ’ifn.car’ t. I f  a t, 111 ; ’d - ‘o n:, :’ tt ’ . :.t, .‘or;:; is t ini: o? rnn .i ” l  te r ,u irt ,icin. :a we :”’
assumeci in the in ‘.~ h’’i , i n  .‘t’~.;j Lion t . o n i l )  a ’ - ~~,,: u n n . . n O i l tIPo ff ’ COnfl i’, n mn ’n : l.I m

--, ‘ -‘. ‘~~~~ ‘.-‘~~ 
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a closer f i t  between he ieo r ” IPe ’. tl i t t , : n i l rena)’’ ;: - ‘ ‘ ‘ :“ m :’ ’a’.5
obtained . H . i w e i c n ’ , l i t tl e  or no j :5’” :’n. n , ’. i - ’ r ,  .0 ,  ; n ’ ’ ; ’ , . I ’S urn , ‘. F , i
tI~’r e,.- :u , ’ o n m t  be ’- a- .t ce  the n ;u m n ~c.’n’ i t ) ’  a)  (‘us . ’. ’ ; .  1’~’ a ‘ us ’ ’ LO. ’;’ ‘ ‘ n ’ a , -i  F - ‘n0 i - t n : : ’.

as great as the number of data p c - l o u t s .  Iii: an , ’! cat’ ’:, a :int p1,.’ tl,’.” .i’e t see F

model in which the  major oo nu .pc .nmc ’n ’ c,’ ’ r , : n i s t s  cf si/Fcc-con clay particSer
cannot describe the aircraft s lt c ot r a l  net a s . jr e naer ; tn .

Analysis of toe water spec t.ra at -t ’i inie I f r  u:;. L !  - ‘ n . ; ’ I ’ -  :‘rn ’ , : ‘.j  - ‘Un ’-.-—
radiometer shows tha t  rt -n ,ot ’a sensing t e ch nj  :~ue5 oar: F a ~ ,n.’) ’ ,, n :, ’.t n n ;;

of turbidity in water bodies. Valuable ~ u a n ’i t - i ’,.’~ ) n U . n ’ u ’ .aI i c r ,  “or, n o

obtained by comparing the Lake Powell wader s p ect r a  t (  :;~ i ” r ’ , Ur ea .
other water bodies . The spectral peak cen te red  n u t .  G . ”, ’c ;tSt 5 5, ; ’F ‘n i ’,

the presence of ca lc i te  which is a measure of lake salinJ ” j’ (:‘ , :u, . ,

1976) . Therefore, detec tion oS t his spectral T’~’:,i’n F r , ‘ ) , € ‘5 v - u t ’ ; ’

would be a means of cl a ss ify i ng  lakes ( hard arid s o f t)  ‘ m s i r u , ’ n o n ’ . . I ’ :
sensing techniques. Also , the shoulder at U.6~~ i i n: i~ ’ot. ’ m1 .,~ d .:~ . ’ ‘

~~~

sil iceous par t ic les  and can be taken as a q u a l i tat i v e  ,“n ”~,::~re 5’ ‘ n i ’ ’
presence of these particles.

The i’enn , ’ot c- sensing technique also :n lu cwo ç~n onu . ; :;e - F’ l ’ ’ m : . d  an ,  ‘5’”-
t i ve  quan , t i ta t. i 1) e method . The q u a n t i fi c a t i o n  . ‘o n n i t ; ’. .’ i r. c~ rn&.i’n ’.ir~. ’
the measured spectral reflected radianc e , at  some tn ’ ’1, ’ w : , v e S e n , ”.I ’ . or
wavelengths , wi th  the measured concent ra t ion  of p a r t  i sl e, ;  inn ti. ’ ’~’,’ en’ .
Ideally , the correlation could be tented by measu rinit- f l;0 r ’cf ’Ie- ’ n .. c .i
radianices -‘at one site in the lake and nit several ‘j i F ’U , ’t ”.-rt t t i n :” s  ma” t n ’ .
year when the water has a d i f f e r e n t  par t ic le  c o n ten t .  A n : l” ti I , Of tk:’.’
p ar t ic l e  c-c:;c ’.’ nt r a t i o n  vs. the reflected radiance at some “sltal-.’:o
cho:;n’;t w n m v e l e r m g t h  would then cive a quant i ta t ive  r-: i:’mt i o n t n h i j ’ t h a t
cc’ull 1€ ’ used to deternmine particle concentration nit , any c’tl,em ’ ti:;.t:
solely by the nneasuremerp, of the re f lec ted  radiances w i u . L ut . pn ’ m ’ u:’ , I
tr,ttF; verification .

Th i a  prcu ,~ect ;~€‘i’noitted only c-i t -a a i r c r a f t  f li ,- :nt . a ; m i l  an ‘ax an. , r , ; u t , i n j n :
of ru.c”iaur’Iments at different times nf the year over t n ; t ’  s ;m. nu nt- ~ltc U ’ ; ’

r :- . t f o u r .  i n  n . However , some p e r t i nen t  i n f o r m a t i o n  could he oh t tm I ;u ’i
fr:,.’:: Lh~’ n;,e:,to ’,;rements taken at, the  sam e tin: ,c- , L m t .  at I i U U ” - n ’ -.’ n i ’ s it ,.-;:
‘ill orn~: the :~-,ler’ ado River channel. The ai rc;’nu)’f in t er ~ n n t f l ’ e n n ’,i .’ i it S  ire  :‘d ,owr ;

in Figur e .10 ari l di:t~’Iay the same n;; ’:,(or spectral )‘i’un m ; , t m r ’ ta-; ’ — — ; ,  p en uk it
til t a ;;h’ ui ten at 0 . 6 h t m — — f m ’ n ’  t h r ee  :;ites , n t n ’mn ’ i ’ - I I :  n u t : i - i S n ’ t ’

(~~ i Se  171), i-i : . ‘ 1f ’ 4 a n m  i -F il e 150. This  nu,.t’;’ests (all,;motm 1 ’F, it doe;; a

~n - “ c ) t , :, .’;t the c -ar t ,  I d c  content, ‘ m it t m in en’a lo u ”y a rt .’ ;; i :u t  I F  ‘in m t. the three
s It es .  -

- h er of o r e  , I he t a;’: Ic 1’- roncentrn it ion v s .  r e  UI mum ’ U - n  n ai l I n m ,  0

- . 1- ’ - t ,  t .m’ ..F for key w’mvi’.’ I en ’c~ t . F ; : ;  : r : m  nun 0. 58~i , 0.m ~~ mI 1 ; , F  0 .7  “c ) ‘ n i
t F;c ;:e ‘ra p hn can be un;~’tI as thn” q u a n t it .u i t i v m: n ’ t e n t , ; ’ m n ’ ’ ’  of ;: ,n I i d , - c ’ ’ : ; t ’ ’ n , ’,
in his n’e’tch -f’ F u t -  t ’’’tjc’r .’ttlo River channel an , I e t ,, ’n’: : ; i n i - i F  i -~,’ n ’ n ’ :;, , . at - ‘

sen ; ; i i t ; :  t echn iques .

-‘-
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‘li m o ;‘tsluit i- utah ):’ 1:’, : 1 - h  in i’’L’’i u’ - ‘) .‘,;, ‘ ‘ ‘ , .l F ’ ’ ’  t ‘ ,; ‘o - I  U:.in ’  t i r ; i . u ’ m e —
l eSs and :‘~‘: “it,1U ~ ii ’ 11 ,  I t , ’ 

~ a . ; on . ;  ‘ .1 .t c th e  ~; t~.’l, ’ of U he v u:,.ntitat i’ie tin ; c—
)‘u.. :mess o t’ ;‘c’:’lect.  ed ra i l  i - i n c  es l it  rn, ~n~l n ,u ; ’/ no ’ 01’ w t : t , . r qua l i ty . Such
tests w ’l l l  requi~’e aaixitic .nual i”lit ’hts at dif ;’crent tlxn;es of t he year
‘ur ,~l also over ciffei’ent ,suS’.es. The results  -nU t  a l : .  ~‘l in the present
m n . ’Ieoti~ n~.tion -r e nu ; t’.mc ic -n m t .la enm:n-usrai’irm ., I . .’ j : nt i  F”,’ such  f l iu ~hts  if
r n - s o urces  can be nn ; ;t ml , : availab .te.

Ur . - other useful  l~ iii. ~ U ros- ii ’ o h  t ’cr  1 1 , ’’ f u tu r e  would be n ian n i ; ;u : ” ’ —
in - n, ’ in tu ;de r ‘a :~ti’ ,. ’ I . 1. n ’,i ~‘ . - u i d i t i o n ,; ~, j i m l : ; F m - r : u t c ’ u ” ,’ Ia;it: t e s t s  iU  F ’c-o ; :iF ’ l , : ,
nunmu 1: ’ ;iOt , t;,enu i n  cai’e:’u l i ly  en,’ i t ’ S) ’” ’ ; ;c’ - ,l i ca- ~‘n ’ v u ;; ,:r in :~tn~’ :‘i 0 1 , - ; .  I U
t tine,’, tents are F etus i - It : , known C -ni - n en; ti’at, ‘mo nm: ; mu F ’ various t .ypec c - U
a r t  ‘I c  u l  ‘it t ,; n;iaittcr ‘ ‘m ul l F-c ‘Ii . pe:’set i  i rm water’ tu,r;k:’ ’;;i ’.I u tte - -ot ra  ‘i ’s  1 ‘ . 1

be . :l-taii,cd u;:ing l;e airborne spoct;’ -;‘udiuiaeter . I liysical nr o : ’en’t . ie : ’
of ‘du o I art:1.o ’.mlttte matter , such an t-ar’tlcle size , number and distn’ i F. t ;t i m n i
a: a :pt icai l proper t ies  ust’ the la rt i dl e s  , ~‘u :ul- J be e’ r ’ n - v i o u s ;.;ll,’ deterr :; ; :ie-I
The ; ‘n’ lu t . t o- n n: n . F ;n  of these r’-a n ’n u u ; i - t  em to the ‘hut :-, ’ and i n t e n s i ty  01’ tb .-
wa to” sj-e: u U r n  ‘~ - u ,mld then he analy zed and a l s o  cor nmpar tud with r e s ult s  I ron ;:

;‘ t tj ~, al richeS a of the gcattenjrmt~ of’ r;,’F s-it i - u n : r - en ie t l ’ : it lng  t l m s ’ o u ~~} t

“ ‘ u n ’ U ! m I  water . This c . :- inu t l r ia t ion  of thc - m , n ’~ ’t i , ’u : m F  work arid laboratory or
control led fj  ol.j ex ; - on ’  jrnonut,s Wi . i ; t ’ l  ; ‘u’ .-v F it: a solid t’ouridat ion  fu r  F ’un’~ h en
development of ro~ote sensin ,’- as a n-r’ n ic’ ti .~~n , 1  tool in the  moni to r ing  oF’
water quali ty .
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L 1TFRA TURE REV I

Optical  p rop er t i e s  - at ’ wn t t e n ’

Cc - n i s i d e r a l - l t ’  r i ’ao t ’n n ~’i’h I n - , c ~‘ ‘ 0 . t  ¶ n ” n i  a u a n  ~i i ; n n , : n ’ - , : ; l F i t  i i .  nt u ,’: , ’ n’ - ’ : ; . ’
n i r t  ‘mal e s v - n ; tLn ~ O pt l c ’n i l  n ’ r o I - t - r ’ t .  , t ’ ; ’. . ) ! w’ n t . ,’ r.  ,~- m : i t ’:cL I ’i ’ n : i n , ’ , ‘ . ‘ , i L n ’ j  t~. m t  i~~n;
i,’ t C  ‘m - ;’en : C ted .I ni wlm i n ,nh t i m e  d e t ’ i n t i t  101;, ; F r  n i l  t u ’ n m s m I , ii) !! , n n ; ’ n o , : n ’ l ’ t i o n m  I n n , .;
;;,‘ :,t t - ’t ’ l r ; , ’ were  ::i;ntl;cn n;nutically c - - c - oil Ii :; : 1 ; t ’ fe i i  )w ; n n ’ r e l a t i t - n ~ ( , l u ’ ; ’ I -o c
I ‘)‘( ~)

= s  + 1 -  (1)

= ,‘n f t 0)  ;; i n  R ’ . t n ~ ( 1 5 )

wht ;‘e: , ‘ = nit , ; c m ; , , ’ u ’ m o n t  a-  ‘ t t e ’j’ nO .
= i t - ac - r n I j t ~m c c - i -  f t ’ic - n- n i t
= tot ‘el :c - ’ ; i t t t ’ n ’ t r; ; a t  F’ f i aj ’ n ; F

~‘ 1 ( i 3 1 =  vuluj int ’ s c att i’:’i r c ,’ ~:m; ; t no - n

I n ‘ma ~v1de:;t Ci ’, ’;:, 1 0 - ’ ion  ( i )  t i ; n ; :  n u t ’ c- icc- I.’:; c - F ’ wa leS ~ S d~’i’iv eiI t ’ r - ’ n n ,
t ot _ nm ,; c n i t :  t o r i  i;g arid ‘nha~’n ’l F ic-n . SF n - n ’ ; ; 1,  :; Pa: ;  - ‘ I  n - ‘ n. hen -n: Ii :  u- it in .:’. to ; . n
oi ’ ni t , ’ n.’;ms’ttjon t e c : o ; c - , ’ .; c n , t t  -.‘rj n :t’ i n; net_h a i l -it ’ ,‘~un ;: p n u n ’ t -P t ,- ’t F- :t , - :’’. ti -n-
i e ee ot_ n i l w’nn ~~ ’ 1 e n i t a t t i  n ;pu - ,.’ t x  me :; , e’ X c - u ’ I  in the ’ O. l i_ 0 .  ‘ - tn ;;i ’ n ’, ’ t . n ’ n t l  ¶ ‘ ,‘,‘ i ’ i ;;

t im e nul ’so’ ~‘t l ’n t - n ’ n i t ;  t ’ nm ’ , m n , t .  i - n :  c ’, ’, ’ ’Sl ’i s i n - n i t  is n n t i n t i n ’ i n u l  ( , I u ’n ’ l e ’, , I ‘~ i . ) .

Tb t ’- ’ ’ a -  t ter i rig of 1 i c -F i t ,  i n  • :; n ’)- ‘ i i  w n u t  en’ j ;n pr I ni : ,  ‘1  lv .‘n t i , . ’ ‘ad
r ’  Il n - a t ion n ina _ i di fIre , ’ F ion o I t I t t ’ iImc ldi’nt 1 1 c- l it t-y a;tcn n - -n d,’,; p i n 0 1, - i t ’ , ;
in ‘ he w’nl  - T  t . ,n , . t . l . c- ,  i c - t O) .  Slat’ sm n n I)](’nt ~c- n n t . t t ’ i ’ i n n - ,‘,‘,‘ ,;n ’ :: at I . e
‘ - ‘ : , c t ’n ;tn ’n ul ,  ,L o; m: n when  t .j ; t ’ n ; I ,;o c - F ’ I i t ’ : ; c in ;- e n m d e d  ‘art  el’ i t .’ : -  i 0 :5:, ‘~ i - a-

I ’ ,)  I I n s  ni . - ’ : : ; m ;i ” , ’ ,j  w n ; v n ’j - - n m , ’ t  h .  ‘ l i m e  ‘ ‘ n i l  t . t- n ’ i 1 ; ~’ an; ’ l i g h t ,  I m i  .n ; ;e  ,~~) ~ 1 t I ’ ’t , ’t  i t S ’
F ’- ’ il -wa H n iy l - ’ i , a :m ’ ;n law ~Ray i t ’  i t -h , 18(1) w l i i a l i  a t . n t t  e:n t F i n n :  t i . t ’ m’ t ’ , F , m i ’ —

t i o ni - n ; t h e  ~ntei;:; m tv c- i’ th e iri s i c - ,’t ml t n - l i t  in ; in ivon’ n ; n - l y  ! n ’o l - i - n ’ t i ’ , - n : ’ m I  l a
t h e  f ou r t h  n -i -w on ’ c-I’ the w n i v e l e t m , ~ t . I i  ( k~

el m) j e t ’ F
_
i _ i _ I  o c n u ; .il ’ :; w tt - ni t’t.’nun; c-F ’ 1 i, ’h t .  n ’ : m n ;  .;i ng . I : ,;‘ ‘ . . ‘ I .

t li’l 1 .1  w: , , t cr’ i l l ,un i n m : t I  en ; the n n t i , ’~ -ci ;i n n ’,l ! n : m n ’ t  i, ’ I t - : : . S I t u ’  i I, ,l t m n n f n ‘ i n  1 - - n :  j ; n

i.u , n - ’-F by ‘ e l i  i- c t ion a nt  . ;cn u t t e i ’ i,nig of  t h e  j i t c i d e t i l  l i~P , F  . f t ; t -  ‘ ‘ “ n ,  I ’m , 1
i t t _ i t t  i , ’ ’ , i a i : n h  i i i  t o M - n ’  ‘ i t  s i m o n - F  - i ’  w n i ’ ,’ c l t  n : - ’ t  m m :  t ’e, ’ n i t ; : ’- , ;  l i t _ l i t  ; , t  I a _ c
w ’;v i ’l - n m 1 ’t  I t s  i -s , : ‘t r o n i , ’ iy  , ; c n u t t i:i~~~F .  ‘ ‘ i t  I n n  ‘ i i t , - n i - ’ nnt i ’ n ; o n ;  I t n i n t  t ’ t ’t’ni  t l : ;n - ,j  ( .~

ex~ - . n n L i n  t h e  blue’ color t n t ’ :‘n i ’ ; n t  i n n P l j n ’ l t t .  i n  I’ t m t ’ u~ wet u’S  ;; m ice ¶ I n ’  e M  ‘ n ’
nnej e cncl  n , .; were t t i n ’  s c at t t ,’i’ m 11t_ p ; m n ’ t  i i ’ i l _ n ”  •
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Ct.ibsequent i.y , it , we,, fc. .,, : ;,i t ic -ta SilOS Ccit t_ I en ; r~~ , oF’ t h e  water
nau.-Iea-slea could not occur ‘m’u’ - ’n u ;;s( ’ F t w rit c-I’ intulecult’s wt ’n ’ - .’ ’oa g . r - ’ a e t ” u

.-c -m~i the . l i s t c u n a c o  between the r n ; c . l e , ’ t m I c , n’, enoa a t - my  ;on ;t’nl l r e l a t i v e  to  t h u .
- I i  ;u n t t ’t e x ’  ( C e  t ’eui i r, , ~ O ri l, ) . Later , ‘ ho ft ‘s” ~. oat i - - n ;  tF : i ” J I’y ( Cmolu c F ; c w ; ’.y, i

a. t , n u t  n d  t l m a t .  a rn ’ f ’ t_s  F i r  n iol e cu j ’Lr  m~ , v u ’ n : t e n m t n m  g ave n ’ ic - e  10 an ‘ aj i t i  cn e l
i ;;n ;o ;n : .-gu. ’n i e  i t.v (or Schi i n  r ’t:: n a t ,  a- - m i t ’ ’ OF ’ ye  ‘7 smal.] u i n ; ,L ’ n n  I c-nc - ) ci; I ci. Ca.;

n’ c ’ : ; n ’ .c - n ms ible  t’c-r tin’ n n ’at t e r i  rio of I Ic -lit .

P”t r nut ,Lt’ F 1i 1’ht r -:i . a: l ; ; ~’ ; - ; e n t  u.’n ’i a wnat -an’ :m n r t ’ace w ill. m t  p art  1-u-
n” .’t ’ tu ’c ted n u t  i in ¶ ‘an ’t. on , ’ t -r  the ‘d e t e r ~t M’ . A l ) .  Ti ,e :c ni F ’, ;e of n’ t ’ f i c ’I . j i ’t,

will  equal th e  n eng ‘me of inc  ; -Ic -nec , C u t  t i m e  r e t _ i  c~: : 1  t h e  i r t t - c - Ia ;  i t i es  of
the Inc i ‘l en t .  nir:d r e t ’ t cat ’-; I i , ’’n ;t w i l l  be c10 1 - e nm - .l - : -n ; t  c-n ;  the n c -n t _ h e  of’
i nn s  i -i c-nat ’  en 1; - ~tn; V.’ui ’V h e t w o  -n.  c)— ’)’c° . hi c-FM, whirl : en te r s  t in t ’  w. ’ m t  i l l ’  w i l l
t ’ har ; c-u ’ , i I i ’cc t ion en pass jug t;. ’’t mi t _ i t F , - ”  w’at , i ’m’ ::tu ’ f n i o c ’  arm_ I tim e a lit ’ 1 e c-F ’

the refracted bear : a s  n’u.’:;a’esentn’ -d F , ,‘ Pt -  t ’o l , l e w i n t ’ equa t ion ;  ( : ‘r i ol  I ‘s lc - tw )

= ii
c - ir; r

where: i = anal e of incidenc e
= ant_ ins  o t ’ r e f l e c t i o n

n = rel’a’a ,.n t i v e  1 t i dex

I’ , ’n’ t o ] ;’ n i n I  ~- ‘-s.”e ca t-a r , mm d l i . F - n .’ a;-~-m”c-:i i n: n ut. n ,~lO’ t ’~~’Wt I to ‘1
(Jer lov , L )€-I5 )  . A l igh t  ray a t n ’j k t r , g  t i m e water  our f a c e  v e r a  ia n:] .ty C:’, :: ,
b e l o w  s-a -nt  i r,’ec- s let c-  the a i . r alcc-t 1’ t hem santie pa th .  I :’ t i t , .’ p a th  l e v i  etc ’ s
from the vertical ,, thu .’ l i s, ht  ray is refracted front the i ’ e rt a n ~i i c i m 1  n un ’  it
the :nua ’f . ’ u c e .  ~her; an un it _ t o ~~~;

‘ 1, 8 5 0 In c-r n ; the ver t ica l  is reached ,
li ght ray will  pass along the  su r face .  For any an- ’ ic  (ru - n i t _ c r  I i ;.-i; ; tOe
c r i t i c a l  angle of 148. 50 , the l igh t  i s  re f lec ted  downward ar i d , t i :c i ’e l ’a ’n’ o ,
the 1, 5 5

0 is called the c r i t i ca l  angle for  total r e f l e c t i o n .  The c n ’ i t i .’nM ,

angle is det ermined t-y f l i t . ’  ratio of’ the velocity of lIght in the two ’ -
medium s (or  r e f r ac t i ve  i n d e x ) .

Scat  t er ing  ot l i gh t  is the r e n ;u .lt of three p17:7 1 a nd  l- }ier ;or n :e ’ ;~a ~ h l c I t
are (Jerlov , 1968):

1) liRht that is deviated front rectilinear l’ i’o i -nu .-aam ti o rm ( d i F ’ t ’i’n ; c—
t ion ) by the n uc t ion of a p a r t ic l e .

2 )  lic-ht  that w i l l  ;-em- t . n ’n i tc  a p a r t i c le  na ni d  c ;n n i n- r ~’e w i t h  or w i t h o u t
one or Sic -Si ’ i n t e rn a l  n’c ’f lect ionis  ( r e f n ’ a c t i o n) .

3)  l l- ’Iit t ha t  is c-nJ , y ;‘eF ’it -cto-i externa l ly (sel l c a t i o n )

n u n ’ S  id ’: no F ;;e is tIm - ’ m m m i  - ;  a c - n ; t l  - ‘t in - n i t .  of ‘I i g t m t .  s c a t t e r  I i i , ’. For I nun’ ,- ,’
part i-sies the scatter i n c -  i S  e I n t , . t a t  i i m i l m m ; ’ n ’ n t ’ t e n t  of tie ’ wno v e ’l e n t c ’t , l ,  ‘t n i , i
d e m e r i t s  F r i n n ;’ t r I Lv on that,  part,  of ’ Linen t o t  rid surfac e nan’ ,, ’; of the p i  n ’t  I c i m ’
influenc ed by F F t c’ l i t _ l i t .  Therefore’ , n ’ : c n et t o’r i n ig  by l ar t ’t ’ n - a r t i c l e s  is r ic -I



c:-~ on select iv ,. Sif t r ’act i on  a l l  - rat ; : ’ i n .  o. ’ ’ ta r:  (er ;~, of a t - :  a - a r t i c l e ’ s
c: ’nnrisos i t ion , whereas r i - f r ’ n a c t i - n m ali t r e f l e c ti on  a re  ;e t e m m n i r ’ m ed l’y t i n e
n-e ;:’,,tctjve ~r;.;ex t ,t’ t}, - .,~~~ an ’ t i; .n ,m ,e’ (Cu.’r’;ov , i9(~-) .

In c o n t r a s t  to i n ay l e it_ b ,  Seat  I ~‘rjr c- , t t m e  F - t i e  t i e - c r y  of a na  t o r i  no, ’

~ccu n’s t ’or a n i-an d system compost ’s of’ ax”. id es w i t h  a r iven  ret ’r’- m: a let-
;n : ,it:~. ar,~ lu r e  ‘noat ,er I’t e , lea ’ ). Ci - ‘c- , u ;1 :’ snouI . f ” .’r- ’.l light nac time

n u n ; - ; W n u V O i  - c - in c - t i m as thu.- i rm cl d e-r ;t . l i n t .  It ’: th i s  ‘ z,~ c.-r’- the n ‘;:“,i a l - :::
:-t , e ;- icaIt n.u :d ’ ,;’m , -,, .n ’ th arm 5 ” . , : ,  u, ‘in ; , ,: 5’,C.i t’or ioa’,’lej c-i’, sc’a tt ea ’i eg wi  t n :

t r m e  ‘.1 I s t an c e  bet’a-:’ern t .i~-’ no; nm : ’ .’,, bcirg at  i ’.-an ; t F tc -u.-:’ t imes t l m r ’  x ’ad ’s:,-
Al no ’ . ’, rn ~-.~l tIp ie  s ’s :mt ’.~~r i  ~ic- does r io t  o c c ur .  ‘I’I’ ,e r - - f ’ - - n’ -’, , the total  SC’itteI’iIa ’
L a i ’r ap ort iona l  to t h m  n ta ~- .ber o:’ ci;’’ inn l cc

‘c - ; ’m’ slat j a r !  c i ’  n : , n n l t i s o e - -~ t r a I n  dat a . ‘ W a t o l ’  5 l ,n t ,

i m U n n , d X ’ J t m C  int’ e r t , ;oat ’ , i’t : i ,aV’. ’  S ’i t i i u . ’ii n , n , -.’ r ’ m ’ I, r ’ ,m no n : . Of co .n ’cele tirc-’
spectral roeasua’ c’a:’. -n ; t s  w it h  sci.; , ’er an ’.~t s, ’ .I j nn , em r ; n , an- .1 ~~~~~~ cc-nc unttrat~~onS
(B la r ~c rme ;’d and ;,eann ;er , 11(3; Bowkn. ’-r to ’ ;tl . , j O  ~3; ,]r anrcr,s and :;oyle , 10( 1 ;
Grew , lp 73 ;  Jarrett et ci.  , 191’.:,; I l a’jj. a r i d  -dca ’d u , .i) ’ i’3 , 111(5; Cc-l ay :;
ccc’: ‘~y z e : u g a , 1(73; ‘-‘n: ’i, ’t ey and, hc -n ’ nc’, 111(14) . Generally , these exper ’i n n e n m t ; :
.;S i liz e  n r e t i n ir i c- tecLn i que be; . we erm broad spectral bands in the 0. 7—1 .lti
a’egisn. This Is accomplished to measure and distir ;iauia.h between sus—
pended sediment and algae concentrations and surface area]. distribution
wh i ch  is a q u a l i t at i v e  measur e of tu r b i d i t y . It is difficult S-a, .a t ,t:clm
quantitative informati-.-rm a-ri maten’i als in the eaten’ b e c a us e  the color
meuis’srem n”r ,t s  of late observed radt’trm :’-a’ result front a connibination of  ,t -jj’I ’ n, ’,”
ref lec t ion, atmospheric scafteri:;- ’ and lit_i tt scattering within the eater
body ( Lad s et al., 1916). Techniques which can separate the cormtri’r’oc-H - n:,:
to the observed radlances from these d I f f e r e n t  mechanisms would be t ; c - c t M m ].
Cci’ improving remote sensing capabilities (Lacis et a].., 1pi6).

Ia: addition t;. aircraft ser~u ui’s , satellite sensors have l eer, U . i C .
to monitor ester quality. -Inc of the latest sensor develon”noennt:.; has i. ’ . - n ,
t h e  oult ispectral  s ca nn e r  (1420 ) :iboai’ -i Landsat , a ‘molar  o r b i t i nt - sat  c i  I t t _ i .
The m’sltispectral scanner comprises four channels ; 1532 14 (0 .5—0 .mc - .).
MSS 5 (0.6—O.Tio), Mt_ S 6 (Ii .7—0.8u) and F.ISS 7 ( C . O— i .l p ) .  The g i ’our , .(
coverage of a Landsat scene is 100 naut ical miles on a side (155 kr,~’ w it _ i ,
a pixel resolution of 1.1 acres (5 1w ’ ,’o m ) .  The satel l i te  orbits t : m t n
earth in 103 minutes , cor:pThtinmt II; orbits a day . Coverage of ’ a 1’ i v cn
area occurs every 18 days at t.l;€ same local tin n :t I’ . The nmiultlmo;’eetral .,1a’~a
are ‘i ’;ant icc ’i’i onboard t ime sa te l l It e -  (128 tray levels for 11CC 14 , 5, -
(14 for F . II ’~’. 7) .~nd relayed in a digital 1. it sfreann to a c - i ’o lmnmc ’m at ’s - V m n n m ’
s t mj t i o n .  An ‘c-scIllatinc- .  mi r ro r  system r e f l ec t s  u~’w n ’l l i n g  r a d i a t i o n  fn ’ cm:n
the e a r t h  into six detectors for each channel so t h at  six Sc - am ; l ines are
obsai’vao, a. imm~~ taneo;.iel y ( NA SA , lc-1l

£ ‘ , .L ’lirhed r e sult s  i n d I c a t e  t i t - ,t for Lanidsat - ‘ ‘a nm d 5 ( 0 . n _
h i gh  densi ties of’ suspended m ’.r ’ , F I t m ; - , ;t  correspond i - c -  c-ic-I ; water r e t ’ I ect ’ u n , c - .’

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
__ —°--.--

~~~~

~4



~ a ’~ ,etimSit~ ec c , m I ’ I ’ r ’: 4- ’os t o  , 0 - , f € - r m’ - t i e .; ’ - m n , - ’ a~~; t i , e m r I : ’ t ’;, - m ’ -,: , ~‘rc- ,’ n n
‘i ran dlI’S:;It.t a nti ;-an , terns c ur: 1 n,’ cic’ i i l iC’u t O j  n m ’  large- ‘ a 9 t _” r  ~, ( j i r ’ s

( : ‘ Imiekw ’e] .] .  ari d ‘no l a n , ; , l ) ’I~~; ~~~~~~~~~ 1953 , iS - ’- .; }‘ilen mx :; et r u n .  * 1973,
~9’’~; Krltikns et a].., IT ’ d ; ‘nosc~~, e m S  ‘ i n . ,  19 , 5; ~I”her ’z et al., 19.’~~;:‘ r ’’,g , 1 ) 1 ~.;  ‘~ i l] . i a n ’, ,~c;n ,mns  ir ata ’,i , 10(3;  Ye.r,c-er et al. , 1 9 73 ) .  Ac- a i r ; ,

0 k v  ,ium.iI,t at i / ;:  ir,t ’c-x’neit i-or; ;nis ‘n -- on ; .i rj ’v e - l  r ant , t h e se  Landsat rt ,u~ t a —
ect r a l  ‘ui.al; :;es.
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