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A
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ST
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C

T
: 

A
s part 

of 
an effort 

to 
assess 

the 
feasibility 

of 
applying 

em
pirical 

eutrophication 
m

odels 
to 

reservoirs, 
relation

ships 
am

ong chlorophyll-a, 
phosphorus, 

nitrogen, 
and 

transparency 
are 

em
pirically 

exam
ined. 

T
he data 

base 
is 

derived 
from

 
480 

w
ater 

quality 
m

onitoring 
stations 

located 
in 

118 U
.S. 

A
rm

y C
orps 

of 
E

ngineer 
reservoirs 

distributed 
throughout 

the 
U

nited 
States. 

E
xisting 

m
odels 

assum
e 

a direct 
relationship 

betw
een 

seasonally 
averaged 

tdtal 
phosphorus 

and 
chlorophyll-a 

concentrations. 
It 

is 
difficult 

to 
identify 

sets 
of 

conditions 
under 

w
hich 

chlor
ophyll 

is 
an exclusive 

function 
of 

total 
phosphorus 

in 
these 

reservoirs. 
T

he phosphorus/chlorophyll 
relationship 

derived 
from

 
stations 

w
ith 

average 
inorganic 

N
 / 

ortho 
P

 ratios 
greater 

than 
10 and 

non-algal 
turbidities 

less 
than 

.37 
nr* 

(in 
units 

of 
in

verse 
Secchi 

depth, 
corrected 

for 
light 

absorption 
by 

chlorophyll-
related 

substances) 
is 

found 
to 

be 
sim

ilar 
to 

phosphorus/chlor
ophyll 

relationships 
derived 

from
 

P
-lim

ited 
northern 

lakes. 
N

itrogen 
effects 

on chlorophyll-a 
are 

found 
to 

be 
significant 

in 
about 

22%
 of 

the 
station-years 

exam
ined, 

and 
turbidity 

effects, 
in 

about 
69%

. 
M

odifications 
of 

existing 
em

pirical 
m

odels 
to 

include 
nitrogen 

and 
turbidity 

as 
regulating 

factors 
are 

needed 
if 

they 
are 

to 
be 

valid 
and useful 

over 
the 

spectrum
 

of 
physical 

and 
chem

ical 
environm

ents 
found 

in 
reservoirs. 

R
E

SU
M

E
: L

'eutrophisation 
est 

un processus 
qui 

influence 
plusieurs 

aspects 
de 

I'ecologie 
et 

de 
la 

qualite 
de 

I'eau 
des 

reservoirs. 
D

es etudes 
antirieures 

sur 
les 

donnies 
recueillies 

dans 
les 

lacs 
naturels 

ont 
dem

ontre 
qu'une 

relation 
em

pirique 
existait 

entre 
les 

concentrations 
de 

substances 
nutritives, 

la 
m

orphom
etrie, 

I 
hydrologie 

et 
les 

indicateurs 
de 

V
etat 

trophique. 
Q

uoique 
ces 

m
odeless aient 

ete 
utilises 

pour 
la 

planification 
de 

la 
qualitS 

de 
I 'eau 

des 
lacs 

avec 
un 

succes 
m

itige, 
ils 

ne peuvent 
itre 

I
n
t
e
r
n
a
t
i
o
n
a
l
 
S
y
m
p
o
s
i
u
m
 
o
n
 R
e
s
e
r
v
o
i
r
 
E
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o
l
o
g
y
 
a
n
d
 M
a
n
a
g
e
m
e
n
t
,
 

U
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,
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e
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c
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e
,
 1
9
8
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utilises 
a grande 

echelle 
pour 

planifier 
ou girer 

des 
reservoirs 

a 
cause 

des 
differences 

existant 
entre 

les 
diverses 

caract&
ris-

tiques 
des 

lacs 
et 

des 
reservoirs, 

caracteristiqv.es 
qui 

ont 
un 

im
pact 

sur 
la 

concentration 
des 

substances 
nutritives, 

notam
m

ent 
I'hydrodynam

ique, 
la 

m
orphom

etrie 
et 

la 
sedim

entation. 
II 

senile 
cependant 

possible 
que 

I'approche 
des 

m
odeles 

puisse 
etre 

adoptee 
pour 

itre 
utilisee 

sur 
certains 

types 
de plans 

d'eau 
construits 

par 
I'hom

m
e a 

condition 
toutefois 

que 
ces 

m
odeles 

subissent 
certaines 

m
odifications. 

A
fin 

de 
tester 

ces 
m

ethodes 
de planification 

potentielles, 
on a 

cree 
une 

base 
de 

donnees 
decrivant 

300 reservoirs 
exploitSs 

par 
le 

C
orps 

des 
Ingenieurs 

de 
I'A

rm
ee 

A
m

Sricaine. 
C

ette 
base 

de 
donnees 

fournit 
des 

renseignem
ents 

sur 
I'em

placem
ent, 

la 
m

or
phom

etrie, 
I'hydrologie, 

la 
sedim

entation 
et 

la 
qualitS 

de 
I 

'eau. 
E

lle 
est 

actuellem
ent 

utilisee 
pour 

tester 
system

atiquem
ent 

des 
m

odeles 
de 

deux 
types 

gSnSraux: 
(1) 

la 
relation 

entre 
les 

indic
ateurs 

de 
I'Stat 

trophique 
observSe 

dans 
les 

reservoirs 
(com

-
prenant 

les 
substances 

nutritives, 
la 

chlorophylle-a, 
la 

trans
parence 

et 
le 

bilan 
d'oxygene 

dans 
I'hypolim

nion); 
(2) 

les 
m

odeles 
qui 

com
parent 

les 
apports 

externes 
du phosphore 

et 
d'autres 

fac-
teurs 

determ
inants, 

aux 
indicateurs 

m
entionnSs 

ci-dessus. 

D
es 

Studes 
prSlim

inaires 
m

ontrent 
I'itendue 

et 
I'im

portance 
des 

gradients 
spatiaux 

que 
I'on 

retrouve 
dans 

bon 
nom

bre de 
re

servoirs 
et 

qui 
sont 

causes 
par 

I'advection. 
L

es 
indicateurs 

de 
V

etat 
trophique 

se 
com

portent 
souvent 

de 
facon 

differente 
lors-

que 
les 

donnees 
des 

differents 
postes 

de 
m

esure 
d'un 

reservoir 
donne 

sont 
recueillies 

de 
I'am

ont 
vers 

I'aval. 
C

es 
tendances 

sont 
souvent 

la 
source 

de problem
es 

que 
I'on 

ne 
rencontre 

habituelle-
m

ent 
pas 

lors 
des 

analyses 
dans 

les 
lacs. 

P
ar exem

ple, 
la 

notion 
de 

la 
"m

oyenne" 
de 

la 
chlorophylle-a_ 

ou de 
la 

transparence 
n'a 

que 
tres 

peu 
de 

signification 
lorsque 

les 
niveaux 

varient 
d'un 

facteur 
de 

10 ou plus 
d'une 

extrem
ite 

d'un 
reservoir 

a 
I'autre. 

L
orsqu'on 

les 
transform

e 
en 

coordonnies 
de 

tem
ps de 

deplacem
ent, 

les 
variations 

tem
porelles 

m
ontrent 

des 
details 

sur 
les 

taux 
et 

les 
directions 

des 
processus 

contrdlant 
la 

qualite" 
de 

I'eau 
et 

la 
response 

trophique, 
com

prenant 
la 

croissance 
des 

algues, 
I 

'ori-
gine 

des 
substances 

nutritives, 
la 

sedim
entation 

et 
les 

processus 
d'adsorption/'desorption. 

D
ans cette 

presentation, 
on donne 

plusieurs 
exem

ples 
de 

var
iations 

spdtiales 
issues 

de 
differents 

types 
de reservoirs 

et 
on 

' 
traite 

de 
la 

possibility 
de 

les 
Stendre 

a d'autres 
reservoirs, 

en 
fonction 

des 
caracteristiques 

qui 
contrSlent 

ces 
variations, 

notam
m

ent 
le 

tem
ps 

de 
sejour 

de 
I'eau, 

la 
m

orphom
etrie 

et 
la 

sed
im

entation. 

caracteristiqv.es
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e
f
f
e
c
t
s
 
r
e
m
a
i
n
 w
i
t
h
i
n
 
e
a
c
h
 
g
r
o
u
p
,
 t
h
e
s
e
 
a
r
e
 
s
m
a
l
l
 
r
e
l
a
t
i
v
e
 
t
o
 t
h
e
 

b
e
t
w
e
e
n
-
g
r
o
u
p
 
d
i
f
f
e
r
e
n
c
e
s
.
 

C
h
l
o
r
o
p
h
y
l
l
 
l
e
v
e
l
s
 
a
r
e
 m
u
c
h
 m
o
r
e
 
s
e
n
s
i
t
i
v
e
 
t
o
 n
u
t
r
i
e
n
t
 c
o
n


c
e
n
t
r
a
t
i
o
n
s
 
a
t
 
l
o
w
-
t
u
r
b
i
d
i
t
y
 
s
t
a
t
i
o
n
s
.
 
M
o
d
e
l
 
R
-
S
q
u
a
r
e
d
 
v
a
l
u
e
s
 

a
r
e
 
.84

 and
 
.49

 
f
o
r
 
t
h
e
 
l
o
w
-
t
u
r
b
i
d
i
t
y
 
a
n
d
 
h
i
g
h
-
t
u
r
b
i
d
i
t
y
 
s
t
a
t
i
o
n
s
,
 

r
e
s
p
e
c
t
i
v
e
l
y
.
 
I
n
 F
i
g
u
r
e
 
3
,
 r
e
g
i
o
n
s
 
o
f
 
p
h
o
s
p
h
o
r
u
s
-
 a
n
d
 
n
i
t
r
o
g
e
n
-

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

r
e
s
p
e
c
t
i
v
e
l
y
.
 
A
 
c
o
n
t
o
u
r
 
a
n
g
l
e
 
o
f
 
4
5
 d
e
g
r
e
e
s
 
r
e
f
l
e
c
t
 
e
q
u
a
l
 s
e
n


s
i
t
i
v
i
t
y
 
t
o
 n
i
t
r
o
g
e
n
 a
n
d
 
p
h
o
s
p
h
o
r
u
s
 
a
n
d
 
o
c
c
u
r
s
 
a
t
 
a
 
t
o
t
a
l
 N
/
P
 
r
a
t
i
o
 

o
f
 
a
b
o
u
t
 
2
0
 
(
F
i
g
u
r
e
 
3
)
. 

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

p
h
y
s
i
o
l
o
g
i
c
 
r
a
t
i
o
.
(
a
b
o
u
t
 
7
)
, 
a
n
d
 
a
g
r
e
e
s
 
q
u
a
l
i
t
a
t
i
v
e
l
y
 
w
i
t
h
 the

 
r
e
s
u
l
t
s
 
o
f
 
S
m
i
t
h
 
(
1
9
8
0
)
.
 
I
n
 t
h
e
 h
i
g
h
 
t
u
r
b
i
d
i
t
y
 
g
r
o
u
p
 
(
F
i
g
u
r
e
 4
)
,
 

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


g
e
n
 
l
i
m
i
t
a
t
i
o
n
 a
r
e
 
l
e
s
s
 e
v
i
d
e
n
t
.
 

F
i
g
u
r
e
 5
 
d
e
p
i
c
t
s
 
t
h
e
 
r
e
s
p
o
n
s
e
 
o
f
 
c
h
l
o
r
o
p
h
y
l
l
 
t
o
 
t
u
r
b
i
d
i
t
y
 

and
 
p
h
o
s
p
h
o
r
u
s
 
f
o
r
 
s
t
a
t
i
o
n
s
 w
i
t
h
 
i
n
o
r
g
a
n
i
c
 
N
 
/
 o
r
t
h
o
-
P
 
r
a
t
i
o
s
 

e
x
c
e
e
d
i
n
g
 
1
0
 
(
R
-
S
q
u
a
r
e
d
=
.
7
1
)
.
 
T
h
i
s
 
c
r
i
t
e
r
i
o
n
 h
a
s
 
b
e
e
n
 u
s
e
d
 
to
 

d
i
s
t
i
n
g
u
i
s
h
 N
-
l
i
m
i
t
e
d
 
f
r
o
m
 P
-
l
i
m
i
t
e
d
 
s
t
a
t
i
o
n
s
 
b
e
c
a
u
s
e
,
 a
s
 d
e
m
o
n


s
t
r
a
t
e
d
 
a
b
o
v
e
,
 u
s
e
 
o
f
 
a
 
s
i
n
g
l
e
 
t
o
t
a
l
 N
/
P
 
r
a
t
i
o
 
t
o
 
a
s
s
e
s
s
 
l
i
m
i
t
i
n
g
 

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

T
h
e
 
s
l
o
p
e
s
 
o
f
 
t
h
e
 
c
o
n
t
o
u
r
s
 
i
n
d
i
c
a
t
e
 
t
h
a
t
 
i
t
 
i
s
 
d
i
f
f
i
c
u
l
t
 
to
 s
e
p
-

a
r
a
g
e
 t
h
e
 e
f
f
e
c
t
s
 
o
f
 
p
h
o
s
p
h
o
r
u
s
 
f
r
o
m
 
t
h
o
s
e
 
o
f
 
t
u
r
b
i
d
i
t
y
 
o
r
 to

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

is
 c
o
n
t
r
o
l
l
i
n
g
.
 
T
u
r
b
i
d
i
t
y
 
s
e
e
m
s
 
t
o
 h
a
v
e
 
l
e
s
s
 
e
f
f
e
c
t
 
a
t
 
l
o
w
e
r
 

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

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

w
i
t
h
 h
i
g
h
 p
h
o
s
p
h
o
r
u
s
 
a
n
d
 
l
o
w
 t
u
r
b
i
d
i
t
y
.
 
S
o
m
e
 
o
f
 
t
h
e
 
a
p
p
a
r
e
n
t
 
t
u
r


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

a
r
e
 n
o
t
 e
s
t
i
m
a
t
e
d
 
i
n
d
e
p
e
n
d
e
n
t
l
y
 
o
f
 
c
h
l
o
r
o
p
h
y
l
l
-
a
 
(see

 
e
q
u
a
t
i
o
n
 

(
2
)
)
;
 h
o
w
e
v
e
r
,
 t
u
r
b
i
d
i
t
y
 
is
 m
o
r
e
 
s
t
r
o
n
g
l
y
 
c
o
r
r
e
l
a
t
e
d
 
w
i
t
h
 t
r
a
n
s


p
a
r
e
n
c
y
 
(
r
=
-
.
8
9
)
 
t
h
a
n
 w
i
t
h
 
c
h
l
o
r
o
p
h
y
l
l
-
a
 
(
r
=
.
1
6
)
.
 

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


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


p
h
o
r
u
s
 
a
v
a
i
l
a
b
i
l
i
t
y
 
a
n
d
/
o
r
 
l
i
g
h
t
 p
e
n
e
t
r
a
t
i
o
n
.
 
B
o
t
h
 
F
i
g
u
r
e
s
 
3
 and

 
5
 
i
n
d
i
c
a
t
e
 
t
h
a
t
 
t
h
e
 
s
l
o
p
e
 o
f
 
c
h
l
o
r
o
p
h
y
l
l
 w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 p
h
o
s
p
h
o
r


u
s
 
is
 a
b
o
u
t
 
1.4

 
a
t
 h
i
g
h
 N
/
P
 
r
a
t
i
o
s
 
a
n
d
 
l
o
w
 
t
u
r
b
i
d
i
t
y
.
 
T
h
i
s
 

s
l
o
p
e
 a
g
r
e
e
s
 
w
i
t
h
 
p
h
o
s
p
h
o
r
u
s
/
c
h
l
o
r
o
p
h
y
l
l
 
r
e
g
r
e
s
s
i
o
n
s
 
d
e
r
i
v
e
d
 
f
r
o
m
 

P
-
l
i
m
i
t
e
d
 
n
a
t
u
r
a
l
 
l
a
k
e
s
 
(
D
i
l
l
o
n
 a
n
d
 
R
i
g
l
e
r
,
 1
9
7
5
,
 J
o
n
e
s
 
a
n
d
 

B
a
c
h
m
a
n
,
 1
9
7
6
,
 C
a
r
l
s
o
n
,
 1
9
7
7
,
 W
a
l
k
e
r
,
 
1
9
7
9
)
.
 

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

s
i
m
u
l
t
a
n
e
o
u
s
l
y
,
 
r
e
s
i
d
u
a
l
s
 
f
r
o
m
 
t
h
e
 D
i
l
l
o
n
-
R
i
g
l
e
r
 p
h
o
s
p
h
o
r
u
s
/
c
h
l
°
r"
 

o
p
h
y
l
l
 
r
e
g
r
e
s
s
i
o
n
(
s
e
e
 
T
a
b
l
e
 
1
)
 h
a
v
e
 b
e
e
n
 
t
e
s
t
e
d
 
a
g
a
i
n
s
t
 
t
u
r
b
i
d
i
t
y
 

F
i
g
u
r
e
 
5
 

C
h
l
o
r
o
p
h
y
l
l
 v
s
.
 T
o
t
a
l
 
P
 
a
n
d
 
T
u
r
b
i
d
i
t
y
 
f
o
r
 
S
t
a
t
i
o
n
s
 w
i
t
h
 

I
n
o
r
g
a
n
i
c
 
N
 
/
 O
r
t
h
o
 
P
 
>
 1
0
 

L
O
G
 

[
 
C
H
L
-
A
,
 

L
O
G
 

[
 
T
O
T
A
L
 
P
H
O
S
P
H
O
R
U
S
,
 
M
G
/
M
3
 
]
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a
n
d
 
n
i
t
r
o
g
e
n
 
t
o
 p
h
o
s
p
h
o
r
u
s
 
r
a
t
i
o
.
 
F
i
g
u
r
e
 
6
 d
i
s
p
l
a
y
s
 
t
h
e
 r
e
s
p
o
n
s
e
 

s
u
r
f
a
c
e
 u
s
i
n
g
 
a
n
 i
n
o
r
g
a
n
i
c
 N
/
P
 a
s
 t
h
e
 i
n
d
i
c
a
t
o
r
 
o
f
 l
i
m
i
t
i
n
g
 
n
u
t


r
i
e
n
t
;
 r
e
s
u
l
t
s
 u
s
i
n
g
 
t
o
t
a
l
 N
/
P
 a
r
e
 q
u
a
l
i
t
a
t
i
v
e
l
y
 
s
i
m
i
l
a
r
.
 
T
h
e
 

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

N
/
P
 
r
a
t
i
o
,
 i
s
 f
a
i
r
l
y
 
f
l
a
t
.
 
T
h
i
s
 
i
s
 t
h
e
 r
e
g
i
o
n
 
i
n
 w
h
i
c
h
 c
h
l
o
r
-

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

o
f
 n
i
t
r
o
g
e
n
 
l
i
m
i
t
a
t
i
o
n
 
(
i
n
d
i
c
a
t
e
d
 
b
y
 h
o
r
i
z
o
n
t
a
l
 
c
o
n
t
o
u
r
s
)
 b
e
c
o
m
e
 

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

f
o
r
 
t
h
e
 c
h
l
o
r
o
p
h
y
l
l
/
p
h
o
s
p
h
o
r
u
s
 
r
a
t
i
o
 
(
H
e
r
n
 et_

 al_., 
1
9
8
1
)
 a
r
e
 

s
i
m
i
l
a
r
 
i
n
 s
h
a
p
e
.
 

T
h
e
 r
e
s
p
o
n
s
e
 
s
u
r
f
a
c
e
s
 
d
e
s
c
r
i
b
e
d
 
a
b
o
v
e
 p
r
o
v
i
d
e
 
s
o
m
e
 
g
u
i
d
a
n
c
e
 

f
o
r
 
a
s
s
e
s
s
i
n
g
 
t
h
e
 e
f
f
e
c
t
s
 
o
f
 n
i
t
r
o
g
e
n
 a
n
d
 t
u
r
b
i
d
i
t
y
 
o
n
 p
h
o
s
p
h
o
r
u
s
/
 

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

w
h
i
c
h
 
t
h
e
s
e
 e
f
f
e
c
t
s
 
a
r
e
 n
e
g
l
i
g
i
b
l
e
 
i
n
 r
e
l
a
t
i
o
n
 
t
o
 e
r
r
o
r
s
 
i
n
h
e
r
e
n
t
 

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

 s
e
r
i
e
s
 
o
f
 p
h
o
s
p
h
o
r
u
s
/
 

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

s
t
a
t
i
o
n
s
 w
i
t
h
 
i
n
o
r
g
a
n
i
c
 
N
/
P
 r
a
t
i
o
s
 
e
x
c
e
e
d
i
n
g
 
1
6
 a
n
d
 t
u
r
b
i
d
i
t
y
 
l
e
v


e
l
s
 
l
e
s
s
 
t
h
a
n
 
.
2
 m
~
l
 (
t
h
e
 "
t
o
p
"
 o
f
 t
h
e
 r
e
s
p
o
n
s
e
 
s
u
r
f
a
c
e
 
i
n
 F
i
g
u
r
e
 

6). 
T
h
i
s
 m
o
d
e
l
 h
a
s
 b
e
e
n
 
a
p
p
l
i
e
d
 
t
o
 a
l
l
 t
h
e
 d
a
t
a
 a
n
d
 r
e
s
i
d
u
a
l
s
 

p
l
o
t
t
e
d
 
a
g
a
i
n
s
t
 
t
u
r
b
i
d
i
t
y
,
 
i
n
o
r
g
a
n
i
c
 
N
/
P
 r
a
t
i
o
 
a
n
d
 t
o
t
a
l
 
N
/
P
 r
a
t
i
o
.
 

T
h
e
 b
o
u
n
d
s
 
o
f
 t
h
e
 d
a
t
a
 
s
e
t
 h
a
v
e
 
b
e
e
n
 e
x
p
a
n
d
e
d
 
u
n
t
i
l
 
s
i
g
n
i
f
i
c
a
n
t
 

d
e
v
i
a
t
i
o
n
s
 
(
a
b
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r
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.
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 d
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near-da.),
 station

 total
 depth

 (range
 2
 9
 -
 60

 g
.
 

g
^

J
^
 

depth
 (range

 3.2
 -
 23

 •). 
hydraulic

 
"

"
f

^
^

f
f

i
? 

years),
 or

 surface
 overflow

 rate
 (range

 2
 -
 305

 m/year,.
 

REGIONAL
 VARIATIONS

 

Table
 2
 classifies

 the
 Ration-year^,

 in
 the

 complete
 data

 
set

 based
 upon

 l
u
t
i
n
g
 
nutrient

 
turbxdxty

 level
 
and

 r
 g
^
 .,

 
defined

 by
 Corps

 of
 Engineer

 Division.
 
N
u
g
e
n
t
^
1
1
 

r^
S

S SSSScSi »"25 «
*

§
- 

-

D
ivisions 

are needed to provide a
b

e
tte

r 
b

«
x

«
£

o
r^

-«
e-sin

g 
regional 

effects. 
The low

-turbidity, 
phosphorus 

lim
ite

a
s 

account for 
24%

 of 
the 

to
tal 

N
ations-years 

^
J

^
B

%
v

e
c

. 
W

hile the response surfaces 
*

«
•

«
?

* 
f

0
*

^
*

^
p

L
x

L
d

e
ls 

are 

n
S

îM
^

 
?
6
%
 of

 the
 stations,

 which
 are

 influenced
 by

 nitrogen
 and/or

 
turbidity.

 

CONCLUSIONS
 

with
 less

 than
 about

 
.37

 .
"
1
 ̂

-
f
^
^
^
i
g
o
S
n
i
^
S
 
in-

eutrophication
 ̂

^
^

'
S

^
e

a
 

^
a
n
a
l
^
e
d
 S

o
v
A
-
d
 
sig-

are
 apparent

 in
 2
2
%
 of

 the
 station

 ye
 

, 
^
 

nificant
 turbidity

 effects,
 xn

 69%.
 
Mass

 balance
 

needed
 for

 these
 variables,

 as
 w
e
l
l
 a
s.
^
"
l
e
v
e
l
s
'
a
n
d
 
t
r
a
n
s
p
a
r-

permit
 prediction

 of
 «

"
™
«
 

^
^

J
1

^
}

' 
£
 
variables,

 
encies

 as
 functions

 of
 external

 loadings,
 hydrologic

 v
a
 

and
 morphometric

 variables.
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Table
 2
 

Regional
 Analysis

 of
 Factors

 Influencing
 Reservoir

 Chlorophyll
 Levi

 

Station
 -
 Years

 
Nutrient:

 *
 

N
 

N
 

P
 

P
 

Total
 

T
u
r
b
i
d
i
t
y
:
*
 

high
 

low
 
h
i
g
h
 
low

 Total
 Reservoirs

 

North
 Atlantic

 
South

 Atlantic
 

Ohio
 River

 
North

 Central
 

Lover
 Mississippi
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 Vest
 

Missouri
 River

 
North

 Pacific
 

South
 Pacific
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6
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3
 1
 

35
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2
 

0
 

0
 

0
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2
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9
 

7
 

3
 

43
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29
 

59
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0
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31
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11
 

0
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160
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7
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13
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Total
 

Percent
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280
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5
4
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2
4
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1
0
0
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 N
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p
o
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.
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c
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.
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