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 o
f P

o
n
d

O
u
tle
t a
t E

p
c
o
t C

e
n
ter

,

O
r
la
n
d
o
, F

L

R
e
-b
u
ild

in
g
 P
o
n
d
 (R

e
-sh

a
p
in
g
 a
n
d
 D
r
e
d
g
in
g
), M

o
sc
o
w
, R

u
ssia

B
erm

 L
o
ca
ted

 in
 P
o
n
d
 to
 M

in
im

ize S
h
o
rt-C

ircu
itin

g
, 

G
u
lfp

o
rt, M

S



2
1

D
esig

n
 S
u
g
g
estio

n
s to

 E
n
h
a
n
ce P

o
llu

ta
n
t 

C
o
n
tro

l a
n
d
 to
 M

in
im
ize P

ro
b
lem

s
C
o
m
p
o
site list fro

m
 litera

tu
re a

n
d
 ex

p
erien

ce

•
L
o
cate an

d
 size p

o
n
d
s to
 m
in
im
ize h

y
d
rau
lic 

in
terferen

ces.

•
K
eep
 p
o
n
d
 sh
ap
e sim

p
le to
 m
in
im
ize sh

o
rt-circu

itin
g
.

•
S
lo
p
e g
ro
u
n
d
 lead

in
g
 to
 p
o
n
d
 b
etw
een
 5
 an
d
 2
5
%
.

•
U
se sh

allo
w
 p
erim
eter sh

elf as a safety
 led
g
e.

•
P
lan
t d
en
se em

erg
en
t v
eg
etatio

n
 o
n
 sh
elf.

•
P
lan
t th
ick
 v
eg
etatio

n
 b
arrier aro

u
n
d
 p
o
n
d
 p
erim
eter.

•
P
ro
v
id
e at least 3

 ft. o
f p
erm
an
en
t p
o
o
l d
ep
th
 fo
r sco

u
r 

p
ro
tectio

n
.

•
P
ro
v
id
e at least 2

 m
o
re feet as sacrificial sto

rag
e.

D
esig

n
 S
u
g
g
estio

n
s (co

n
t.)

•
U
se su

b
-su
rface o

u
tlets to

 m
in
im
ize clo

g
g
in
g
 an
d
 to
 

retain
 flo
atab
les.

•
D
isco
u
rag
e w
ater co

n
tact recreatio

n
 an
d
 co
n
su
m
p
tiv
e 

fish
in
g
.

•
S
to
ck
 m
o
sq
u
ito
 eatin

g
 fish
.

•
M
in
im
ize w

ater lev
el flu

ctu
atio
n
s to
 red
u
ce m

o
sq
u
ito
 

p
ro
b
lem
s.

•
P
lace ro

ck
s at in

let an
d
 o
u
tlet areas to

 m
in
im
ize sco

u
r.

•
U
se an

ti-seep
 co
llars aro

u
n
d
 o
u
tlet p

ip
es to
 m
in
im
ize 

p
ip
in
g
.

•
P
ro
v
id
e trash

 an
d
 safety

 rack
s, p
lu
s b
affles o

n
 o
u
tlets.

•
P
ro
v
id
e em

erg
en
cy
 sp
illw
ay
.

U
se o

f S
ed
im
en
ta
tio
n
 in
 

C
o
n
ju
n
ctio

n
 w
ith

 o
th
er C

o
n
tro

ls

•
E
fflu
en
t can

 b
e d
irected

 to
 in
filtratio

n
 o
r 

w
etlan

d
 area.

•
S
ed
im
en
tatio
n
 is a co

m
m
o
n
 p
re-treatm

en
t 

o
p
tio
n
 fo
r filtratio

n
 an
d
 ch
em
ical 

treatm
en
t

•
S
ed
im
en
tatio
n
 can
 b
etter h

an
d
le larg

e 
flo
w
s an
d
 serv

es to
 p
ro
tect d

o
w
n
stream

 
m
o
re “frag

ile”
d
ev
ices, su

ch
 as w

etlan
d
s 

o
r in
filtratio

n
 areas.

In
filtr

a
tio
n
 S
w
a
le
 in
 

O
ffice

 P
a
r
k
 A
re
a
, 

D
o
w
n
str

e
a
m
 o
f W

e
t P

o
n
d
, 

L
a
k
e
 O
sw

e
g
o
, O

R
, P

a
r
t

o
f T

r
e
a
tm

e
n
t T

r
a
in
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W
e
t P

o
n
d
 a
fter

 O
il a

n
d
 G
r
e
a
se
 T
r
a
p
 a
n
d
 S
te
p
 A
er
a
to
r
, A

u
stin

, T
X

S
ettlin

g
 P
o
n
d
 a
fter A

lu
m
 In

jec
tio
n
, O

rla
n
d
o
, F
L

D
ry
 P
o
n
d
 to
 E
q
u
a
lize

F
lo
w
s b

efo
re S

a
n
d
 F
ilter,

A
u
stin

, T
X

E
q
u
a
lizin

g
 D
ry
 P
o
n
d
 to
 C
o
n
tro

l S
S
O
 P
ro
b
lem

s, M
o
o
d
y
, A

L
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3

D
e
v
e
lo
p
m
e
n
t o
f o
th
e
r 

C
o
n
tro
l D
e
v
ic
e
s

•
M
u
ltip
le
 tre
a
tm
e
n
t p
ro
c
e
s
s
e
s
 c
a
n
 b
e
 

in
c
o
rp
o
ra
te
d
 in
to
 o
th
e
r s
to
rm
w
a
te
r 

tre
a
tm
e
n
t u
n
its
 s
iz
e
d
 fo
r v
a
rio
u
s
 

a
p
p
lic
a
tio
n
s
.

–
G
ro
s
s
 s
o
lid
s
 a
n
d
 flo
a
ta
b
le
s
 c
o
n
tro
l 

(s
c
re
e
n
in
g
)

–
C
a
p
tu
re
 o
f fin
e
 s
o
lid
s
 (s
e
ttlin
g
 o
r filtra

tio
n
)

–
C
o
n
tro
l o
f ta
rg
e
te
d
 d
is
s
o
lv
e
d
 p
o
llu
ta
n
ts
 

(s
o
rp
tio
n
/io
n
 e
x
c
h
a
n
g
e
)

P
ilo
t-S

ca
le T

rea
tm

en
t T

ests u
sin

g
 F
iltra

tio
n
, 

C
a
rb
o
n
 A
d
so
rp
tio
n
,U
V
 D
isin

fectio
n
, a
n
d
 A
era

tio
n

L
a
b
 a
n
d
 p
ilo
t-sca

le filters a
n
d
 m
u
lti-

ch
a
m
b
ered

 trea
tm

e
n
t tra

in
 (M

C
T
T
)

P
ilo
t-sca

le filters 

ex
a
m
in
in
g
 m
a
n
y
 

d
ifferen

t m
ed
ia
.
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M
u
lti-C

h
a
m
b
e
re
d
 T
re
a
tm
e
n
t T
ra
in
 (M

C
T
T
)

d
e
v
e
lo
p
e
d
 d
u
rin
g
 E
P
A
 re
s
e
a
rc
h
 to
 p
ro
te
c
t 

g
ro
u
n
d
w
a
te
r d
u
rin
g
 in
filtra

tio
n
, (P

itt, e
t a
l.
1
9
9
9
)

M
in
o
c
q
u
a
, W

I, M
C
T
T
 (2
.5
 a
c
re
 c
o
m
m
e
rc
ia
l p
a
rk
in
g
)

M
ilw
a
u
k
e
e
, W

I, R
u
b
y
 G
a
ra
g
e
 P
u
b
lic
 W
o
rk
s
 

M
a
in
te
n
a
n
c
e
 Y
a
rd
 (0
.2
5
 a
c
re
)

W
is
c
o
n
s
in
 F
u
ll-S

c
a
le
 M
C
T
T
 T
e
s
t R
e
s
u
lts

>
7
5
 (<
0
.2
 µ
g
/L
)

9
8
 (<
0
.0
5
 µ
g
/L
)

P
y
re
n
e

>
6
5
 (<
0
.2
 µ
g
/L
)

9
9
 (<
0
.0
5
 µ
g
/L
)

P
h
e
n
a
n
th
re
n
e

>
7
5
 <
0
.1
 µ
g
/L
)

>
9
5
 (<
0
.1
 µ
g
/L
)

B
e
n
z
o
 (b
) flu

o
ra
n
th
e
n
e

9
0
 (1
5
 µ
g
/L
)

9
1
 (<
2
0
 µ
g
/L
)

Z
in
c

n
d
 (<
3
 µ
g
/L
)

9
6
 (1
.8
 µ
g
/L
)

L
e
a
d

6
5
 (1
5
 µ
g
/L
)

9
0
 (3
 µ
g
/L
)

C
o
p
p
e
r

>
8
0
 (<
0
.1
 m
g
/L
)

8
8
 (0
.0
2
 m
g
/L
)

P
h
o
s
p
h
o
ru
s

8
5
 (1
0
 m
g
/L
)

9
8
 (<
5
 m
g
/L
)

P
a
rtic
u
la
te
 S
o
lid
s

M
in
o
c
q
u
a
 (7
 

e
v
e
n
ts
)

M
ilw
a
u
k
e
e
 (1
5
 

e
v
e
n
ts
)

(m
e
d
ia
n
 %
 re
d
u
c
tio
n
s
 

a
n
d
 m
e
d
ia
n
 e
fflu
e
n
t 

q
u
a
lity
)
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M
a
in
 fe
a
tu
re
s
 o
f th
e
 

M
C
T
T
 c
a
n
 b
e
 u
s
e
d
 in
 

s
m
a
lle
r u
n
its
.

T
h
e
 U
p
flo
w
 F
ilte
r
T
M
u
s
e
s
 

s
e
d
im
e
n
ta
tio
n
 (2
2
), g
ro
s
s
 

s
o
lid
s
 a
n
d
 flo
a
ta
b
le
s
  

s
c
re
e
n
in
g
 (2
8
), m

o
d
e
ra
te
 

to
 fin
e
 s
o
lid
s
 c
a
p
tu
re
 (3
4
 

a
n
d
 2
4
), a
n
d
 s
o
rp
tio
n
/io
n
 

e
x
c
h
a
n
g
e
 o
f ta
rg
e
te
d
 

p
o
llu
ta
n
ts
 (2
4
 a
n
d
 2
6
). 

U
p
flo
w
 filte

r in
s
e
rt 

fo
r c
a
tc
h
b
a
s
in
s

U
p
flo

w
 F
ilter

T
M

p
a
te
n
te
d

S
u
c
c
e
s
s
fu
l flo

w
 te
s
ts
 u
s
in
g
 p
ro
to
ty
p
e
 u
n
it a

n
d
 m
ix
e
d
 

m
e
d
ia
 a
s
 p
a
rt o

f E
P
A
 S
B
IR
 p
h
a
s
e
 1
 p
ro
je
c
t. P

h
a
s
e
 2
 te
s
ts
 

a
re
 b
e
in
g
 c
u
rre
n
tly
 c
o
n
d
u
c
te
d
, in

c
lu
d
in
g
 E
T
V
.

1
5
 to
 2
0
 g
p
m
/ft

2

o
b
ta
in
e
d
 fo
r 

m
o
st m

e
d
ia
 

te
ste

d

0
.0

1
0
.0

2
0
.0

3
0
.0

4
0
.0

5
0
.0

6
0
.0

7
0
.0

8
0
.0

9
0
.0

1
0
0
.0

0
2

4
6

8
1
0

1
2

1
4

R
e
sid
e
n
c
e
 T
im
e
, m

in
u
te
s

% Removal

S
e
rie
s
1

S
e
rie
s
2

S
e
rie
s
3

8
0
 to
 9
0
%
 r
e
m
o
v
a
l o
f 

d
isso

lv
e
d
 z
in
c
 u
sin

g
 

sa
n
d
/p
e
a
t u

p
flo

w
 

filtr
a
tio
n

R
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 0
.9
7
1
4

0 5

1
0

1
5

2
0

2
5

0
5

1
0

1
5

2
0

H
e
a
d
lo
s
s
 (in

c
h
e
s
)

Flow (gpm)

U
p
F
lo
w
F
ilter™

C
o
m
p
o
n
en
ts:

1
.
A
ccess P

o
rt

2
.
F
ilter M

o
d
u
le C
ap

3
.
F
ilter M

o
d
u
le

4
.
M
o
d
u
le S
u
p
p
o
rt

5
.
C
o
arse S

creen

6
.
O
u
tlet M

o
d
u
le

7
.
F
lo
atab
les 

B
affle/B

y
p
ass

1

3 24
5

7

6

U
p
flo
w
 F
ilter 

C
o
m
p
o
n
en
ts

1
.
M
o
d
u
le C
ap
/M
ed
ia 

R
estrain

t an
d
 U
p
p
er 

F
lo
w
 C
o
llectio

n
 

C
h
am
b
er

2
.
C
o
n
v
ey
an
ce S
lo
t

3
.
F
lo
w
-d
istrib

u
tin
g
 

M
ed
ia

4
.
F
ilter M

ed
ia

5
.
C
o
arse S

creen

6
.
F
ilter M

o
d
u
le

1

6

3

4

5

2

3
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H
y
d
ra
u
lic C

h
a
ra
cteriz

a
tio
n

A
sse

m
b
lin

g
 U
p
flo

w
 

F
ilte

r m
o
d
u
le
s fo

r la
b
 

te
sts

In
itia

l C
F
D
 

M
o
d
e
l 

R
e
su
lts

H
ig
h
 

flo
w
 

te
sts

E
P
A
-fu

n
d
ed
 S
B
IR
2
 F
ield

 T
est S
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p
, 

T
u
sca

lo
o
sa
, A

L

m
g
/
L

Percent

8
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6
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4
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2
0

0
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0

9
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9
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9
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8
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7
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6
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2
0

1
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M
e
a
n

0
.0

1
1

1
.2

5
9

0
.3

8
5
4

1
2

0
.3

1
1

0
.5

0
7

S
tD

e
v

N
A

D
P

2
7
.3

4
2
2
.2

1
1
2

0
.9

4
2

V
a
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b
le

In
flu

e
n
t (m

g
/L

)_
5

E
fflu

e
n
t (m

g
/L

)_
5

N
o
rm

a
l 

P
ro
b
a
b
ility
 P
lo
t o
f C
o
n
c
e
n
tra
tio
n
 fo
r P
a
rtic
le
 R
a
n
g
e
 3
0
-6
0
 u
m

mg/L

E
fflu

e
n
t (m

g
/L)

In
flu

e
n
t (m

g
/L)

4
0

3
0

2
0

1
00

B
o
x
p
lo
t o
f C
o
n
c
e
n
tra
tio
n
 fo
r th
e
 P
a
rtic
le
 R
a
n
g
e
 3
-1
2
 u
m

V
e
r
y
 h
ig
h
 le
v
els o

f 

c
o
n
tr
o
l, e

v
e
n
 fo
r v

ery
 

sm
a
ll p

a
r
tic
le
s.

U
se o

f C
h
e
m
ica

l-A
ssisted

 S
ed
im
en
ta
tio

n

A
u
c
k
la
n
d
 R
e
g
io
n
a
l C

o
u
n
c
il, N

e
w
 Z
e
a
la
n
d
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P
o
ly
alu
m
in
u
m
C
h
lo
rid
e (P
A
C
) w
as a m

o
re su

itab
le ch

o
ice, 

esp
ecially

 fo
r cla
y
e
y
 so
il co
n
d
itio
n
s, th
an
 alu
m
 an
d
 o
th
er tested

 

co
ag
u
lan
ts.

T
h
e o
v
erall su

sp
en
d
ed
 so
lid
s treatm

en
t efficien

c
y
 o
f P
A
C
-

treated
 p
o
n
d
s h
as b
een
 b
etw
een
 9
0
 –
9
9
 %
 fo
r p
o
n
d
s h
av
in
g
 

g
o
o
d
 p
h
y
sical d

esig
n
s. L
o
w
er treatm

en
t efficien

cies h
av
e 

o
ccu
rred
 w
h
ere th

ere h
av
e b
een
 p
ro
b
lem
s w
ith
 d
ecan
ts n
o
t 

o
p
eratin

g
 p
ro
p
erly
, o
r p
h
y
sical p

ro
b
lem
s su
ch
 as m

u
ltip
le in
flo
w

p
o
in
ts, h
ig
h
 in
flo
w
 en
erg
y
, an
d
 p
o
o
r sep

aratio
n
 o
f in
lets an

d
 

o
u
tlets. 

9
9
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5
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3
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1
6
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0
0
 

0
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B
1
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u
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0
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4
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0
0
 

0
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9
9
 

6
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1
8
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3
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0
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9
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9
6
6
 

6
 

1
4
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0
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3
8
0
0
E
 

9
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5
6
 

2
 

7
4
9
 

2
 

O
V
R
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9
6
 

5
1
 

8
 

1
,6
3
9
 

1
5
 

O
V
R
 E
 

9
9
.2
 

4
0
 

2
 

5
,1
0
0
 

2
 

M
a
s
o
n
’s
 R
d
 

9
9
.4
 

1
4
4
 

3
 

2
6
,3
0
0
 

3
 

M
a
s
o
n
’s
 R
d
 

(%
)

S
S
 

(m
g
/L
)

F
lo
w
 

(L
/s
e
c
)

S
S
 

(m
g
/L
)

F
lo
w
 

(L
/s
e
c
)

S
S
 R
e
d
u
c
tio
n

O
u
tflo

w
In
flo
w

P
o
n
d

E
x
a
m
p
le
 P
e
r
fo
r
m
a
n
c
e
 D
a
ta
 fo
r
 P
A
C
-a
ssiste

d
 S
e
ttlin

g
F
lo
w
-B
a
la
n
cin

g
 M

eth
o
d
 (F

B
M
)

•
D
ev
elo
p
ed
 b
y
 K
arl D

u
n
k
ers, T

ab
y
, S
w
ed
en

•
S
ed
im
en
tatio
n
 facility

 p
laced

 d
irectly

 in
 

w
ater.

•
U
su
ally
 fo
r p
u
m
p
b
ack
sy
stem
s to
 treatm

en
t 

facilities
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D
r
a
w
in
g
 o
f F

B
M
 in
 P
la
c
e (K

a
r
l D

u
n
k
e
r
, T

a
b
y
, S
w
e
d
e
n
)

F
B
M
 C
h
a
m
b
e
r
 a
t L

a
k
e
 R
o
n
n
in
g
e
sjo

n
, T

a
b
y
 S
w
e
d
e
n
 (K

a
r
l D

u
n
k
e
r
)

F
e
r
r
ic
 C
h
lo
rid

e
 T
r
e
a
tm

e
n
t U

n
it a

t L
a
k
e
R
o
n
n
in
g
e
sjo

n
, 

T
a
b
y
S
w
e
d
e
n
 (K

a
r
l D

u
n
k
e
r
)
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P
erco

la
tio

n
 P
o
n
d
s

•
C
an
 in
co
rp
o
rate sed

im
en
tatio
n
 w
ith
 

in
filtratio

n

•
U
su
ally
 in
 areas o

f sh
allo
w
 g
ro
u
n
d
w
ater

•
C
o
n
cern
 ab
o
u
t p
o
ssib
le g
ro
u
n
d
w
ater 

co
n
tam
in
atio
n
, esp
ecially

 in
 in
d
u
strial areas

W
a
te
r
ta
b
le P

e
rc
o
la
tio
n
 P
o
n
d
, B

e
r
lin
, G

er
m
a
n
y

W
a
te
r
ta
b
le P

e
rc
o
la
tio
n
 P
o
n
d
, M

a
d
iso

n
, W

I



3
0

S
p
ecia

l S
to
rm

w
a
ter C

o
n
tro

l 

C
o
n
sid

era
tio
n
s in

 A
rea

s h
a
v
in
g
 

H
a
rsh

 W
in
ters

•
S
n
o
w
m
elt can

 co
n
trib
u
te th
e m
ajo
rity
 o
f th
e 

an
n
u
al p
o
llu
tan
t lo
ad
s fro
m
 u
rb
an
 areas

•
S
u
m
m
er ru
n
o
ff is ty

p
ically

 o
n
ly
 co
n
sid
ered
 

in
 th
e d
esig
n
 o
f sto
rm
w
ater co

n
tro
ls

•
C
o
ld
 w
eath
er h
in
d
ers all sto

rm
w
ater co

n
tro
l 

p
ro
cesses (su

ch
 as in

filtratio
n
, settlin

g
, an
d
 

p
lan
t u
p
tak
e)

•
D
eicin

g
 salts are a sp

ecial th
reat to

 u
rb
an
 

g
ro
u
n
d
w
ater q

u
ality

S
to
rm

w
a
ter D

esig
n
 C
o
n
sid

era
tio
n
s fo

r 

C
o
ld
 C
lim

a
tes

•
“O
v
ersize”

w
et p
o
n
d
s to
 acco

m
m
o
d
ate red

u
ced
 

settlin
g
 rates (can

 b
e o
n
e-h
alf o
f th
e su
m
m
er rates)

•
P
ro
tect sed

im
en
t fro
m
 sco
u
r d
u
rin
g
 sn
o
w
m
elt

•
“O
v
ersize”

in
filtratio

n
 areas d

u
e to
 red
u
ced
 so
il 

in
filtratio

n
 rates, b

u
t su
b
stan
tial in

filtratio
n
 d
o
es 

o
ccu
r u
n
d
er sn

o
w
p
ack
s
d
u
rin
g
 lo
n
g
 w
in
ters

•
D
iv
ert sn

o
w
m
elt fro

m
 in
filtratio

n
 areas

•
D
o
 n
o
t rely

 o
n
 w
etlan

d
s an
d
 o
th
er co

n
tro
ls u
tilizin

g
 

p
lan
ts d
u
rin
g
 lo
n
g
 d
o
rm
an
t seaso

n

•
F
o
llo
w
 g
o
o
d
 sn
o
w
 rem
o
v
al p
ractices

•
R
ed
u
ce th

e u
se o
f d
eicin

g
 salts

•
P
rev
en
tio
n
 is esp

ecially
 im
p
o
rtan
t in
 d
esig
n
 o
f lan
d
 

d
ev
elo
p
m
en
t

C
o
st-B

e
n
e
fit A

n
a
ly
sis fo

r
 V
a
r
io
u
s S

to
r
m
w
a
te
r
 C
o
n
tr
o
ls, S

L
A
M
M

A
p
p
r
o
p
r
ia
te
 C
o
m
b
in
a
tio

n
s o

f C
o
n
tr
o
ls

•
N
o
 sin
g
le co

n
tro
l is ad

eq
u
ate fo

r all p
ro
b
lem
s

•
O
n
ly
 in
filtratio

n
 red
u
ces w

ater flo
w
s, alo

n
g
 w
ith
 so
lu
b
le 

an
d
 p
articu

late p
o
llu
tan
ts. O

n
ly
 ap
p
licab

le in
 co
n
d
itio
n
s 

h
av
in
g
 m
in
im
al g
ro
u
n
d
w
ater co

n
tam
in
atio
n
 p
o
ten
tial.

•
W
et d
eten
tio
n
 p
o
n
d
s red

u
ce p
articu

late p
o
llu
tan
ts an
d
 

m
ay
 h
elp
 co
n
tro
l d
ry
 w
eath
er flo

w
s. T
h
ey
 d
o
 n
o
t 

co
n
sisten

tly
 red
u
ce co

n
cen
tratio

n
s o
f so
lu
b
le p
o
llu
tan
ts, 

n
o
r d
o
 th
ey
 g
en
erally

 so
lv
e reg

io
n
al d
rain
ag
e an
d
 

flo
o
d
in
g
 p
ro
b
lem
s.

•
A
 co
m
b
in
atio
n
 o
f b
io
filtratio

n
 an
d
 sed
im
en
tatio
n
 

p
ractices is u

su
ally
 n
eed
ed
, at b

o
th
 critical so

u
rce areas 

an
d
 at critical o

u
tfalls.



3
1

C
o
n
clu
sio
n
s –
relativ

e effectiv
en
ess o

f co
n
tro
ls

U
su
a
lly
 h
ig
h

M
o
d
. T

o
 h
ig
h

W
et d

eten
tio

n
 p
o
n
d
s

?
?
?
?
?

L
o
w
 to
 m
o
d
. 

P
u
b
lic ed

u
ca
tio
n

M
o
d
e
r
a
te to

 h
ig
h

L
o
w
 to
 m
o
d
. 

L
o
w
 im

p
a
ct d

ev
elo

p
m
en
t

L
o
w
 to
 h
ig
h

H
ig
h

C
ritica

l so
u
rce co

n
tro

l

V
e
r
y
 lo
w

M
o
d
e
r
a
te

O
il&

w
a
ter sep

a
ra
to
rs

L
o
w
 to
 h
ig
h

L
o
w
 to
 m
o
d
. 

F
lo
a
ta
b
le a

n
d
 litter co

n
tro

l

L
o
w
 to
 m
o
d
e
r
a
te

L
o
w
 to
 m
o
d
.

E
ro
sio

n
 co

n
tro

l

H
ig
h

L
o
w

In
a
p
p
ro
p
ria

te d
isch

a
rg
e

E
ffec

tiv
e
n
e
ss

C
o
st

D
e
sig

n
 o
f W

e
t D

e
te
n
tio
n
 P
o
n
d
s

1
. T
h
e w
et p
o
n
d
 sh
o
u
ld
 h
av
e a m

in
im
u
m
 su
rface co

rresp
o
n
d
in
g
 to
 

lan
d
 u
se an

d
 d
esired

 p
o
llu
tan
t co
n
tro
l. T
h
e fo
llo
w
in
g
 is an

 

ex
am
p
le o
f h
o
w
 in
itial size g

u
id
an
ce v
alu
es can

 b
e u
sed
:

0
.4
5
5

3
2
.0

T
o
tal:

0
.4
1
4

1
.5
%

2
7
.6

C
o
n
stru
ctio
n
 

area

0
.0
2
3

0
.6
%

3
.8

U
n
d
ev
elo
p
ed
 

area

0
.0
1
8

3
%

0
.6

P
av
ed
 area

R
esu
ltin
g
 P
o
n
d
 

S
u
rface A

rea (acres)

P
o
n
d
 S
ize 

F
acto
r

L
an
d
 A
rea 

(acres)

E
x
a
m
p
le site

D
esig

n
 o
f W

et D
eten

tio
n
 P
o
n
d
s (co

n
t.)

2
. T
h
e p
o
n
d
 freeb

o
ard
 sto
rag
e sh
o
u
ld
 b
e eq
u
al to
 th
e ru
n
o
ff 

asso
ciated

 w
ith
 1
.2
5
 in
ch
es rain

 fo
r th
e lan

d
 u
se an

d
 

d
ev
elo
p
m
en
t ty
p
e. T
h
e fo
llo
w
in
g
 is an

 ex
am
p
le:

1
8
.3
6
 ac-in

 

(1
.5
3
 ac-ft)

3
2
.0

T
o
tal

1
6
.5
6

0
.6

2
7
.6

C
o
n
stru
ctio
n
 site 

(cla
y
e
y
 so
ils)

1
.1
4

0
.3

3
.8

U
n
d
ev
elo
p
ed
 area 

(cla
y
e
y
 so
ils)

0
.6
6
 ac-in

1
.1
 in
ch
es

0
.6

P
av
ed
 area

P
o
n
d
 W
Q
 

V
o
lu
m
e

P
o
n
d
 W
Q
 

V
o
lu
m
e F
acto
r

L
an
d
 A
rea 

(acres)

E
x
am
p
le site



3
2

3
. T
h
e “d
ead
”
sto
rag
e is n

eed
ed
 to
 p
rev
en
t sco
u
r o
f p
rev
io
u
sly
 

d
ep
o
sited

 m
aterial an

d
 sh
o
u
ld
 b
e at least 3

 ft d
eep
 o
v
er th
e 

sed
im
en
t. S
ed
im
en
t sto
rag
e v
o
lu
m
e is also

 n
eed
ed
 an
d
 can
 b
e 

estim
ated
 u
sin
g
 R
U
S
L
E
 fo
r th
e co
n
stru
ctio
n
 site.

1
0

1
8

6
0

7
.7

1
4

4
4

6

6
.6

9
.6

3
8

4
.9

7
.2

2
8

5

3
.8

4
.4

2
2

2
.8

3
.3

1
6

4

1
.8

1
.6

1
1

1
.4

1
.2

7
.8

3

0
.7

0
.3

3
.8

0
.5

0
.3

2
.8

2

0
.3

0
.2

1
.9

0
.2

0
.1

1
.4

1
.5

0
.1

0
.0
5

0
.7

0
.1

0
.0
3

0
.5

1

0
.0
2

<
0
.0
1

0
.1

0
.0
1

<
0
.0
1

0
.1

0
.5

R
e
q
d
. 

a
re
a
 

(a
c
re
s
)

3
0
°°° °

S
to
ra
g
e
 

(a
c
-ft)

F
lo
w

(c
fs
)

R
e
q
d
. 

a
re
a
 

(a
c
re
s
)

2
2
.5
°°° °

S
to
ra
g
e
 

(a
c
-ft)

F
lo
w

(c
fs
)

H
e
a
d
 

(ft) S
electio

n
 o
f O

u
tlet C

o
n
tro

l D
ev
ice (th

is ex
a
m
p
le 

fo
r tw

o
 sm

a
ll V

-n
o
tch

 w
eirs)



3
3

S
C
S
 T
R
-5
5
 p
lo
t u

sed
 to
 size a

d
d
itio

n
a
l freeb

o
a
rd
 

n
eed

ed
 fo
r e

m
erg

en
cy
 sp

illw
a
y

V
s =

 1
.5
3
 a
cre-ft

V
r
=
 7
.5
 a
cre-ft

a
n
d
 V
s/V

r
=
 0
.2
0

fo
r ty

p
e II o

r III ra
in
 ca

teg
o
ries:

q
o
/q
i
=
 0
.7
2

if th
e ca

lcu
la
ted

 p
ea
k
 d
isch

a
rg
e ra

te en
terin

g
 th

e 

p
o
n
d
 (q

i) =
 8
.7
 cfs, th

e resu
ltin

g
 p
ea
k
 d
isch

a
rg
e ra

te 

lea
v
in
g
 th

e p
o
n
d
, q
o
, (th

ro
u
g
h
 th

e w
a
ter q

u
a
lity

 

p
rim

a
ry
 o
u
tlet p

lu
s th

e e
m
erg

en
cy
 sp

illw
a
y
) is 

th
erefo

re: 0
.7
2
 (8
.7
) =

 6
.3
 cfs 

R
ain
 an
d
 w
atersh

ed
 ch
aracteristics fo

r th
e em

erg
en
cy
 

sp
illw
a
y
 d
esig
n
: 

P
 =
 8
 in
ch
es

C
N
 =
 8
6
; th
erefo

re th
e Ia
=
 0
.0
3
6
6

Q
 =
 6
.2
 in
ch
es an

d
 Ia/P
 =
 0
.0
4
1

A
rea (A

m
) =
 0
.0
2
1
 m
i 2
(1
3
.2
 acres)

T
c
=
 2
0
 m
in
 (0
.3
 h
r)

T
h
e p
eak
 u
n
it d
isch
arg
e rate fro

m
 th
e tab

u
lar h
y
d
ro
g
rap
h
 

m
eth
o
d
 is 4
9
8
 csm
/in
, an
d
 th
e p
eak
 d
isch
arg
e is th

erefo
re: 

Q
p
eak
=
 (4
9
8
 csm
/in
)(0
.0
2
1
 m
i 2)(6
.2
 in
) =
 6
3
.7
 ft 3/sec

A
lso
, th
e v
o
lu
m
e o
f ru
n
o
ff fo
r th
is ev
en
t is: 

V
r
=
 [(6
.2
 in
)(1
3
.2
 ac)]/1

2
 in
/ft =
 6
.8
2
 ac-ft 

T
h
e m
ax
im
u
m
 d
esired

 d
isch
arg
e rate fo

r th
is p
o
n
d
 

(fo
r b
o
th
 th
e w
ater q

u
ality
 o
u
tlet p

lu
s th
e em

erg
en
c
y
 

sp
illw
a
y
) is g

iv
en
 as 4
6
.5
 ft3
/sec. 

T
h
e ratio

 o
f th
e o
u
tlet to

 th
e in
let flo

w
 rate is 

th
erefo

re: 
q
o /q
i =
 4
6
.5
/6
3
.7
 =
 0
.7
3

T
h
e ratio

 o
f th
e sto
rag
e v
o
lu
m
e (V

s ) to
 th
e ru
n
o
ff 

v
o
lu
m
e (V

r ), fo
r T
y
p
e II rain

s is 0
.2
, fo
r th
is ratio

 o
f 

o
u
tlet to

 in
let p
eak
 flo
w
 rates.

T
h
erefo

re th
e sto
rag
e fo
r 

th
e p
o
n
d
 to
 m
eet th

is p
eak
 d
isch
arg
e rate g

o
al is:

V
s
=
  0
.2
 (6
.8
2
 acre-ft) =

 1
.3
4
 acre-ft



3
4

T
h
e len

g
th
 (L
W
 in
 feet) o

f a rectan
g
u
lar w

eir, fo
r a 

g
iv
en
 stag
e (H
W
 in
 feet) an

d
 d
esired

 o
u
tflo
w
 rate 

(q
o
in
 ft 3/sec) can

 b
e ex
p
ressed

 as: 

5.
1

2.
3

w

o
w

H q
L

=

T
h
e d
esired

 q
o
fo
r th
e rectan

g
u
lar w

eir is 4
6
.5
 –
2
.2
 =
 

4
4
.3
 ft 3/sec. If th

e m
ax
im
u
m
 stag
e fo
r th
e em

erg
en
cy
 

sp
illw
a
y
 is 1
 ft, th

en
 len
g
th
 fo
r th
e em

erg
en
cy
 

sp
illw
a
y
 is:

(
)

ft
ft

ft

H q
L

w

o
w

8.
1
3

1
2.
3

sec
/

4
4

2.
3

5.
1

3

5.
1

=
=

=

E
x
a
m
p
le S

izin
g
 o
f W

et D
eten

tio
n
 P
o
n
d

••• •
th
e b

a
sic p

o
n
d
 a
rea

, 

••• •
th
e “

liv
e”

sto
ra
g
e v

o
lu
m
e,

••• •
th
e p

o
n
d
 sid

e slo
p
es, to

p
 su

rfa
ce a

rea
, a
n
d
 “
d
ea
d

sto
ra
g
e”

v
o
lu
m
e, 

••• •
th
e selectio

n
 o
f th

e p
rim

a
ry
 d
isch

a
rg
e d

ev
ice, 

•
th
e a

d
d
itio

n
a
l sto

ra
g
e v

o
lu
m
e n

eed
ed
 fo
r th

e 

em
erg

en
cy
 sp

illw
a
y
, 

••• •
th
e sizin

g
 o
f th

e em
erg

en
cy
 sp

illw
a
y
, a
n
d
 

•
th
e sa

crificia
l sto

ra
g
e v

o
lu
m
e fo

r sed
im
en
t

a
ccu

m
u
la
tio
n
.

th
e b

a
sic p

o
n
d
 a
rea

 a
n
d
 “
liv
e”

sto
ra
g
e v

o
lu
m
e

T
h
e fo
llo
w
in
g
 are th

e areas asso
ciated

 w
ith
 each

 su
rface in

 th
e 

d
rain
ag
e area:

-
p
av
ed
 areas: 0

.2
 acres

-
u
n
d
ev
elo
p
ed
 areas: 1

.2
 acres

-
co
n
stru
ctio
n
 area: 3

2
 acres

-
to
tal site area: 3

3
.4
 acres 

1
9
.8
 a
c
-in
 =
 1
.6
5
 a
c
-ft

0
.4
9
 a
c
re
s

T
o
ta
l:

0
.6
 in
c
h
e
s
 x
 3
2
 a
c
re
s
 =
 

1
9
.2
 a
c
-in

1
.5
%
 o
f 3
2
 a
c
re
s
 =
 

0
.4
8
 a
c
re
s

c
o
n
s
tru
c
tio
n
 a
re
a
 

(3
2
 a
c
re
s
)

0
.3
 in
c
h
e
s
 x
 1
.2
 a
c
re
s
 =
 

0
.3
6
 a
c
-in

0
.6
%
 o
f 1
.2
 a
c
re
s
 =
 

0
.0
0
7
 a
c
re
s

u
n
d
e
v
e
lo
p
e
d
 a
re
a
 

(1
.2
 a
c
re
s
)

1
.1
 in
c
h
e
s
 x
 0
.2
 a
c
re
s
 =
 

0
.2
2
 a
c
-in

3
%
 o
f 0
.2
 a
c
re
s
 =
 

0
.0
0
6
 a
c
re
s

p
a
v
e
d
 a
re
a
 

(0
.2
 a
c
re
s
)

P
o
n
d
 “
L
iv
e
”
V
o
lu
m
e
, ru

n
o
ff 

fro
m
 1
.2
5
 in
c
h
e
s
 o
f ra

in
 fa
ll 

(a
c
re
-
in
c
h
e
s
 o
f ru

n
o
ff)

P
o
n
d
 S
u
rfa
c
e
 A
re
a
 

(a
c
re
s
)

S
ite
 S
u
b
a
re
a

p
o
n
d
 sid

e slo
p
es, to

p
 su

rfa
ce a

rea
, a
n
d
 “
d
ea
d
 sto

ra
g
e”

v
o
lu
m
e1
) If 3

 ft d
eep
:

T
o
p
 area:

(
)

ft
a
c

ft
X

a
cres

−
=

+
6
5
.
1

2

3
4
9
.
0

a
cres

X
6
1
.
0

=

at 0
.6
1
 acres:

2
2

5
7
0

,
2
6

ft
r
=

π
r =
 9
2
 ft 

at 0
.4
9
 acres:

2
2

3
4
0

,
2
1

ft
r
=

π
r =
 8
2
 ft

sid
e slo
p
e =
 3
 ft/(9

2
-8
2
 ft) =

 

3
 ft/1
0
 ft =
 0
.3
 =
 3
0
%
    to
o
 steep

 



3
5

T
h
erefo

re try
 d
ifferen

t p
o
n
d
 d
ep
th
s an
d
 calcu

late 

d
iam
eters an

d
 slo
p
es:

If 1
 ft d
eep
; to
p
 area =

 2
.8
1
 acres an

d
 r =
 1
9
7
 ft an

d
 

sid
e slo
p
e =
 1
.2
%
    to
o
 sh
allo
w

If 2
 ft d
eep
; to
p
 area =

 1
.1
6
 acres an

d
 r =
 1
2
6
 ft an

d
 

sid
e slo
p
e =
 4
.5
%
    su
itab
le, b
u
t o
n
 th
e lo
w
 sid
e

etc…
..

T
h
e “

p
o
n
d
 sizer”

sp
rea

d
sh
eet d

o
es th

is (a
n
d
 

ev
a
lu
a
tes d

ifferen
t o
u
tlet d

ev
ices) fo

r y
o
u
.

th
e selectio

n
 o
f th

e p
rim

a
ry
 d
isch

a
rg
e d

ev
ice

A
t th
e to
p
 o
f th
e liv
e sto
rag
e v
o
lu
m
e, th
is p
o
n
d
 w
ill h
av
e 

2
 ft o
f stag

e an
d
 1
.1
6
 acres m

ax
im
u
m
 p
o
n
d
 area:

4
5
o
V
-n
o
tch
 w
eir req

u
ires at least 1

.0
 acres o

f 

p
o
n
d
 su
rface at 2

 feet o
f stag

e in
 o
rd
er to
 p
ro
v
id
e ab
o
u
t 

9
0
%
 co
n
tro
l o
f sed

im
en
t. 

3
0
o
V
-n
o
tch
 w
eir w

o
u
ld
 req
u
ire o
n
ly
 0
.7
 acres, 

6
0
o
V
-n
o
tch
 w
eir w

o
u
ld
 req
u
ire 1
.4
 acres. 

N
o
n
e o
f th
e rectan

g
u
lar w

eirs w
o
u
ld
 b
e su
itab
le, 

as th
e sm
allest 2

 ft w
eir req

u
ires at least 2

.6
 acres at 2

 

feet o
f stag

e. 

T
h
e 4
5
o
w
eir is clo

sest to
 th
e area av

ailab
le an

d
 is 

th
erefo

re selected
 fo
r th
is p
o
n
d
. 

A
n
o
th
er su

itab
le o
u
tlet stru

ctu
re w
o
u
ld
 b
e an
 1
8
”

d
ro
p
 tu
b
e stru

ctu
re w
h
ich
 req
u
ires at least 1

.1
 acres. 

th
e sa

crificia
l sto

ra
g
e v

o
lu
m
e fo

r sed
im

en
t 

a
ccu

m
u
la
tio

n
U
sin
g
 R
U
S
L
E
, calcu

late th
e sed

im
en
t lo
ss fo
r th
e co
m
p
lete 

co
n
stru
ctio
n
 p
erio
d
 fo
r th
e site area d

rain
in
g
 to
 th
e p
o
n
d
: 

R
 =
 3
5
0

L
S
 =
 1
.2
8
 (b
ased
 o
n
 ty
p
ical slo

p
e len

g
th
s o
f 3
0
0
 ft at 5

%
 slo
p
e)

k
 =
 0
.2
8

C
 =
 0
.2
4
 (assu

m
in
g
 th
at 5
 o
f th
e 3
2
 acres o

f th
e co
n
stru
ctio
n
 area 

is b
ein
g
 activ

ely
 w
o
rk
ed
 w
ith
 a C
=
1
, an
d
 th
e o
th
er 2
7
 acres o

f 

th
e co
n
stru
ctio
n
 area is effectiv

ely
 p
ro
tected

 w
ith
 a C
=
0
.1
) 

A
 =
 (3
5
0
)(1
.2
8
)(0
.2
8
)(0
.2
4
) =
 3
0
 to
n
s p
er acre p

er y
ear. 

S
in
ce th

e co
n
stru
ctio
n
 p
erio
d
 is fo

r o
n
e y
ear an

d
 th
e activ

e 

co
n
stru
ctio
n
 area is 3

2
 acres, th

e to
tal sed

im
en
t lo
ss is estim

ated
 to
 

b
e ab
o
u
t 9
6
0
 to
n
s. F
o
r a lo

am
 so
il, th
is sed

im
en
t v
o
lu
m
e is ab

o
u
t 

9
8
0
 y
d
3, o
r 0
.8
 acre-ft. A

t least 1
 o
r 2
 ft sh

o
u
ld
 b
e u
sed
 fo
r 

stab
ilized

 areas.

T
h
e p
o
n
d
 w
ater su

rface is ab
o
u
t 0
.5
 acres. W

ith
 a th
ree feet d

eep
 

d
ead
 sto
rag
e d
ep
th
 to
 m
in
im
ize sco

u
r, th
e su
rface area at th

e 

b
o
tto
m
 o
f th
is 3
 ft sco

u
r p
ro
tectio

n
 zo
n
e (an

d
 th
e to
p
 o
f th
e 

sed
im
en
t sto
rag
e zo
n
e), can

 b
e ab
o
u
t 0
.3
5
 acres (ab

o
u
t 2
5
%
 

u
n
d
erw
ater slo

p
e). 

T
h
e sacrificial sto

rag
e zo
n
e can

 b
e ab
o
u
t 3
 ft d
eep
 also
, an
d
 th
e 

b
o
tto
m
 p
o
n
d
 area w

o
u
ld
 b
e ab
o
u
t 0
.1
8
 acre, as sh

o
w
n
 in
 th
e 

fo
llo
w
in
g
 calcu

latio
n
s: 

T
o
p
 o
f sacrificial sto

rag
e area is 0

.3
5
 acres, 

at 0
.3
5
 acres: 

2
2

2
5
0

,
1
5

ft
r
=

π
r =
 7
0
 ft
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a
cres

X
1
8
.
0

=

T
h
erefo

re, th
e area o

f th
e b
o
tto
m
 o
f th
e sacrificial sto

rag
e area 

n
eed
ed
 to
 p
ro
v
id
e 0
.8
 acre-ft o

f sto
ra
g
e, if 3

 feet d
eep
 can
 b
e 

ap
p
ro
x
im
ated
 b
y
: 

(
)

ft
a
c

ft
X

a
cres

−
=

+
8.
0

2

3
3
5
.
0at 0
.1
8
 acres, r =

 5
0
 ft

sid
e slo
p
e =
 3
 ft/(7

0
-5
0
 ft) =

 3
 ft/2
0
 ft =
 0
.1
5
 =
 1
5
%
 

th
e a

d
d
itio

n
a
l sto

ra
g
e v

o
lu
m
e n

e
ed
ed
 fo
r th

e 

e
m
erg

en
cy
 sp

illw
a
y

T
h
erefo

re, th
is ex
am
p
le w
ill o
n
ly
 c
o
n
sid
er th
e cap

acity
 o
f th
e 

em
erg
en
c
y
 sp
illw
a
y
 to
 m
eet th

e d
esig
n
 sto
rm
 flo
w
 rate, th

e 2
5
-

y
ear ev

en
t. O
th
er w
atersh

ed
 ch
aracteristics are: 

•
w
atersh

ed
 area: co

n
stru
ctio
n
 area (3

2
 acres), p

av
ed
 area (0

.2
 

acres), an
d
 u
n
d
ev
elo
p
ed
 area (1

.2
 acres) =

 3
3
.4
 acres =

 0
.0
5
2
 m
i 2

•
cla
y
e
y
 (h
y
d
ro
lo
g
ic so
il g
ro
u
p
 D
) so
ils (w

eig
h
ted
 cu
rv
e n
u
m
b
er 

=
 9
4
)

•
tim
e o
f co
n
cen
tratio

n
 (T
c): 1
2
 m
in
u
tes (0

.2
 h
o
u
rs). S

in
ce th

e 

p
o
n
d
 is at th

e b
o
tto
m
 o
f th
is w
atersh

ed
, th
ere is n

o
 “trav

el tim
e”

th
ro
u
g
h
 d
o
w
n
-g
rad
ien
t su
b
w
atersh

ed
 areas. 

•
rain
 in
ten
sity
 fo
r a “2

5
-y
ear”

rain
 fo
r th
e B
irm
in
g
h
am
, A
L
, 

area, w
ith
 a 1
5
 m
in
u
te tim

e o
f co
n
cen
tratio

n
 (fro
m
 th
e lo
cal ID

F
 

cu
rv
e): 6
.6
 in
ch
es/h
o
u
r (ty
p
e III rain

) 

-
Ia
fo
r th
is cu
rv
e n
u
m
b
er is 0

.1
2
8
 in
ch
es. 

-2
4
-h
o
u
r, 2
5
-y
ear rain

 h
as a to

tal rain
 d
ep
th
 (P
) o
f 6
.9
 in
ch
es. 

-Ia/P
 ratio

 is th
erefo

re: 0
.1
2
8
/6
.9
 =
 0
.0
1
9
, w
h
ich
 is m

u
ch
 less th

an
 0
.1
. 

T
h
erefo

re th
e tab

u
lar h
y
d
ro
g
rap
h
 tab
le to
 b
e u
sed
 w
o
u
ld
 b
e E
x
h
ib
it 

III, co
rresp

o
n
d
in
g
 to
 a T
c
o
f 0
.2
 h
o
u
r. T
h
e to
p
 seg
m
en
t o
f “csm

/in
”

(cu
b
ic feet p

er seco
n
d
 p
er sq

u
are m

ile o
f w
atersh

ed
 p
er in
ch
 o
f d
irect 

ru
n
o
ff) v
alu
es are th

erefo
re u
sed
, co
rresp

o
n
d
in
g
 to
 Ia/P
 v
alu
es o
f 0
.1
, 

o
r less. T

h
e to
p
 ro
w
 is also

 selected
 as th

ere is n
o
 trav
el tim

e
th
ro
u
g
h
 

d
o
w
n
stream

 su
b
w
atersh

ed
s. E
x
am
in
in
g
 th
is ro
w
, th
e larg

est v
alu
e is 

5
6
5
 csm
/in
, o
ccu
rrin
g
 at 1
2
.3
 h
o
u
rs. T
h
e am

o
u
n
t o
f d
irect ru

n
o
ff fo
r a 

site h
av
in
g
 a C
N
 o
f 9
4
 an
d
 a 2
4
-h
r rain

 d
ep
th
 o
f 6
.9
 in
ch
es is 6

.2
 

in
ch
es. T

h
e A
m
Q
v
alu
e (area in

 sq
u
are m

iles tim
es th
e d
irect ru

n
o
ff in
 

in
ch
es) fo

r th
is site is: (0

.0
5
2
 m
i 2)(6
.2
 in
ch
es) =

 0
.3
2
 m
i 2-in
. T
h
is 

v
alu
e is m

u
ltip
lied
 b
y
 th
e csm

v
alu
e to
 o
b
tain
 th
e p
eak
 ru
n
o
ff rate fo

r 

th
is d
esig
n
 sto
rm
: (0
.3
2
 m
i2
-in
)( 5
6
5
 csm
/in
) =
 1
8
2
 ft 3/sec. 

T
h
e first trial fo

r an
 em
erg
en
c
y
 sp
illw
a
y
 w
ill b
e a rectan

g
u
lar 

w
eir, w

ith
 o
n
e fo
o
t o
f m
ax
im
u
m
 stag
e. A
t th
e o
n
e fo
o
t o
f stag

e o
n
 

th
is w
eir, th

e 4
5
o
V
-n
o
tch
 w
eir w

ill h
av
e 3
 feet o

f stag
e. T
h
e V
-

n
o
tch
 w
eir w

ill d
isch
arg
e 1
6
 ft 3/sec at th

is stag
e. T
h
erefo

re, th
e 

rectan
g
u
lar w

eir w
ill n
eed
 to
 h
an
d
le: 1
8
2
 –
1
6
 ft 3/sec =

 1
6
6
 

ft 3/sec. T
h
e rectan

g
u
lar w

eir can
 b
e sized

 fro
m
 th
e rectan

g
u
lar 

w
eir eq

u
atio
n
 : 

(
)(

)
(

)(
)

ft
ft

H q
L

w

o
w

5
2

1
2.
3

sec
/

1
6
6

2.
3

5.
1

3

5.
1

=
=

=

T
h
is m
a
y
 b
e larg

e fo
r th
is p
o
n
d
, so
 an
o
th
er altern

ativ
e is to

 try
 fo
r 

a rectan
g
u
lar w

eir h
av
in
g
 2
 ft o
f m
ax
im
u
m
 stag
e. 
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A
n
o
th
er altern

ativ
e is to

 try
 fo
r a rectan

g
u
lar w

eir h
av
in
g
 2
 ft
o
f 

m
ax
im
u
m
 stag
e. A
t th
is elev

atio
n
 (4
 ft to
tal), th

e 4
5
o
V
-n
o
tch
 

w
eir w

ill d
isch
arg
e 3
3
 ft 3/sec. T

h
erefo

re, th
e rectan

g
u
lar w

eir 

w
ill n
eed
 to
 h
an
d
le: 1
8
2
 –
3
3
 ft 3/sec =

 1
4
9
 ft 3/sec. T

h
e 

rectan
g
u
lar w

eir can
 b
e sized

 fro
m
 th
e rectan

g
u
lar w

eir 

eq
u
atio
n
: 

(
)(

)
(

)(
)

ft
ft

H q
L

w

o
w

1
6

2
2.
3

sec
/

1
4
9

2.
3

5.
1

3

5.
1

=
=

=

T
h
is is a su

itab
le len

g
th
, b
u
t d
o
es resu

lt in
 an
 ad
d
itio
n
al fo
o
t
o
f 

p
o
n
d
 d
ep
th
. F
o
r th
is ex
am
p
le, th

e 5
2
 fo
o
t lo
n
g
 w
eir is selected

.

F
in
a
l p
o
n
d
 p
ro
file a

n
d
 ex

p
ected

 p
erfo

r
m
a
n
ce

th
is
 is
 th
e
 b
o
tto
m
 o
f th
e
 “d
e
a
d
”
s
to
ra
g
e
 

a
re
a
, a
t le
a
s
t 3
 fe
e
t a
b
o
v
e
 th
e
 p
o
n
d
 b
o
tto
m
 

(th
is
 is
 6
 fe
e
t a
b
o
v
e
 th
e
 a
b
s
o
lu
te
 b
o
tto
m
, 

b
u
t is
 3
 fe
e
t a
b
o
v
e
 th
e
 to
p
 o
f th
e
 m
a
x
im
u
m
 

s
e
d
im
e
n
t a
c
c
u
m
u
la
tio
n
 d
e
p
th
)

4
.5
%

2
.0

0
.4
9

6

th
is
 is
 th
e
 to
p
 o
f th
e
 s
a
c
rific
ia
l s
to
ra
g
e
 a
re
a
 

fo
r th
e
 s
e
d
im
e
n
t

2
5
%

0
.8

0
.3
5

3

th
e
 a
re
a
 c
lo
s
e
 to
 th
e
 b
o
tto
m
 c
a
n
 b
e
 th
e
 

c
a
lc
u
la
te
d
/d
e
s
ire
d
 p
o
n
d
 b
o
tto
m
 a
re
a
. T
h
is
 

is
 th
e
 b
o
tto
m
 o
f th
e
 s
a
c
rific
ia
l s
to
ra
g
e
 a
re
a
 

fo
r th
e
 s
e
d
im
e
n
t

1
5
%

-
0
.1
8

0
.1

th
e
 p
o
n
d
 b
o
tto
m
 (d
a
tu
m
) m
u
s
t b
e
 0
 a
c
re
s
 

fo
r th
e
 ro
u
tin
g
 c
a
lc
u
la
tio
n
s

-
0

0
0

n
o
te
s

P
o
n
d
 s
lo
p
e
 

b
e
tw
e
e
n
 

th
is
 

e
le
v
a
tio
n
 

a
n
d
 n
e
x
t 

h
ig
h
e
s
t 

n
o
te
d
 

e
le
v
a
tio
n

P
o
n
d
 

S
to
ra
g
e
 

b
e
lo
w
 

E
le
v
a
tio
n
 

(c
a
lc
u
la
te

d
 b
y
 

D
e
tp
o
n
d
) 

(a
c
re
-ft)

S
u
rfa
c
e
 

A
re
a
 a
t 

D
e
p
th
 

(a
c
re
s
)

P
o
n
d
 

D
e
p
th
 (ft 

fro
m
 

b
o
tto
m
 

o
f p
o
n
d
, 

th
e
 

d
a
tu
m
)

F
in
a
l p
o
n
d
 p
ro
file (co

n
tin

u
ed
)

1
 fo
o
t o
f fre

e
b
o
a
rd
 a
b
o
v
e
 m
a
x
im
u
m
 

e
x
p
e
c
te
d
 w
a
te
r d
e
p
th
, th
e
 to
p
 o
f th
e
 

p
o
n
d

-
6
.7

1
.8

1
0

th
is
 is
 th
e
 to
p
 o
f liv
e
 s
to
ra
g
e
 v
o
lu
m
e
, 

a
n
d
 th
e
 b
o
tto
m
 o
f th
e
 e
m
e
rg
e
n
c
y
 

s
p
illw
a
y
, a
 5
2
 ft lo

n
g
 re
c
ta
n
g
u
la
r w
e
ir

4
.5
%

5
.0

1
.5

9

th
is
 is
 th
e
 b
o
tto
m
 (in
v
e
rt) o

f th
e
 w
a
te
r 

q
u
a
lity
 o
u
tle
t s
tru
c
tu
re
 (a
n
d
 liv
e
 

s
to
ra
g
e
 v
o
lu
m
e
), a
 4
5
o
V
-n
o
tc
h
 w
e
ir

4
.5
%

3
.7

1
.1
6

8

n
o
te
s

P
o
n
d
 s
lo
p
e
 

b
e
tw
e
e
n
 

th
is
 

e
le
v
a
tio
n
 

a
n
d
 n
e
x
t 

h
ig
h
e
s
t 

n
o
te
d
 

e
le
v
a
tio
n

P
o
n
d
 

S
to
ra
g
e
 

b
e
lo
w
 

E
le
v
a
tio
n
 

(c
a
lc
u
la
te

d
 b
y
 

D
e
tp
o
n
d
) 

(a
c
re
-ft)

S
u
rfa
c
e
 

A
re
a
 a
t 

D
e
p
th
 

(a
c
re
s
)

P
o
n
d
 

D
e
p
th
 (ft 

fro
m
 

b
o
tto
m
 

o
f p
o
n
d
, 

th
e
 

d
a
tu
m
)
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0
.0
1
9

1
.1

5
.1

5
.1

0
.0
3
5

C
O
V

1
.9

0
.5
7

0
.2
6

0
.5
4

0
.2
2

S
ta
n
d
a
rd
 D
e
v
ia
tio
n

9
9
.6

0
.3
9

0
.0
0
5
7

0
.0
1
2

6
.1

M
e
d
ia
n

9
2

2
.6

1
.4

n
/a

n
/a

F
lo
w
-w
e
ig
h
te
d
 

A
v
e
ra
g
e

n
/a

n
/a

0
.0
5

0
.1
0

6
.2

A
v
e
ra
g
e

1
0
0

6
.8

1
1

2
3

8
.1

M
a
x
im
u
m

P
a
rtic

.

S
o
lid
s

R
e
m
o
v
e
d

(%
)

F
lo
w
-

w
e
ig
h
te
d

P
a
rtic

le

S
iz
e
 (µ
m
)

E
v
e
n
t

F
lu
s
h
in
g

R
a
tio

E
v
e
n
t

In
flo
w

V
o
lu
m
e

(a
c
-ft)

M
a
x
.

P
o
n
d

S
ta
g
e

(ft)

T
h
e p
o
n
d
 p
erfo
rm
an
ce fo

r a 3
0
 y
ear p

erio
d
 o
f rain

 (3
,3
4
6
 ev
en
ts,

ran
g
in
g
 fro
m
 0
.0
1
 to
 1
3
.6
 in
ch
es) w

as calcu
lated

 u
sin
g
 D
etp
o
n
d
. 

D
u
rin
g
 th
ese 3

0
 y
ears, th

e ex
p
ected

 m
ax
im
u
m
 p
o
n
d
 stag
e is 

slig
h
tly
 m
o
re 8
 ft. T

h
e em

erg
en
cy
 sp
illw
a
y
 w
as u
sed
 a to
tal o
f 

fo
u
r tim

es in
 th
is p
erio
d
. T
h
e flo
w
-w
eig
h
ted
 p
articu

late so
lid
s 

rem
o
v
al rate w

as ab
o
u
t 9
2
%
.

T
h
erefo

re, th
is p
o
n
d
 is lik

ely
 o
v
er-d
esig
n
ed
 fo
r th
ese co

n
d
itio
n
s an
d
 

co
u
ld
 b
e so
m
ew
h
at red

u
ced
 in
 area an

d
 d
ep
th
.

•
E
n
terin

g
 W

et D
eten

tio
n
 

P
o
n
d
 D
a
ta
 in
to
 th

e 

W
in
S
L
A
M
M

M
o
d
el

•
M
o
d
el O

u
tp
u
t

• •N
U
R
P
 (1
9
8
3
) fo
u
n
d
 p
a
rtic
u
la
te
s
 re
d
u
c
e
d
 b
y
 

N
U
R
P
 (1
9
8
3
) fo
u
n
d
 p
a
rtic
u
la
te
s
 re
d
u
c
e
d
 b
y
 

b
e
tw
e
e
n
 0
%
 (fo
r s
m
a
ll p
o
n
d
s
 a
n
d
 la
rg
e
 

b
e
tw
e
e
n
 0
%
 (fo
r s
m
a
ll p
o
n
d
s
 a
n
d
 la
rg
e
 

d
ra
in
a
g
e
 a
re
a
s
) a
n
d
 9
0
+
%
 fo
r la
rg
e
 p
o
n
d
s
.  

d
ra
in
a
g
e
 a
re
a
s
) a
n
d
 9
0
+
%
 fo
r la
rg
e
 p
o
n
d
s
.  

F
o
r w
e
ll d
e
s
ig
n
e
d
 p
o
n
d
s
 B
O
D
 a
n
d
 C
O
D
 

F
o
r w
e
ll d
e
s
ig
n
e
d
 p
o
n
d
s
 B
O
D
 a
n
d
 C
O
D
 

re
m
o
v
a
ls
 w
e
re
 7
0
%
, a
n
d
 h
e
a
v
y
 m
e
ta
ls
 

re
m
o
v
a
ls
 w
e
re
 7
0
%
, a
n
d
 h
e
a
v
y
 m
e
ta
ls
 

b
e
tw
e
e
n
 6
0
 

b
e
tw
e
e
n
 6
0
 – –
9
5
%
.

9
5
%
.

• •O
liv
e
r (1
9
8
1
) re
p
o
rte
d
 8
8
%
 re
d
u
c
tio
n
s
 in
 S
S
 

O
liv
e
r (1
9
8
1
) re
p
o
rte
d
 8
8
%
 re
d
u
c
tio
n
s
 in
 S
S
 

a
n
d
 5
4
%
 a
n
d
 6
0
%
 re
d
u
c
tio
n
s
 fo
r C
O
D
 a
n
d
 

a
n
d
 5
4
%
 a
n
d
 6
0
%
 re
d
u
c
tio
n
s
 fo
r C
O
D
 a
n
d
 

to
ta
l p
h
o
s
p
h
o
ru
s
.

to
ta
l p
h
o
s
p
h
o
ru
s
.

• •Y
o
u
s
e
f

Y
o
u
s
e
f
(1
9
8
6
) fo
u
n
d
 8
5
%
 re
m
o
v
a
l o
f s
o
lu
b
le
 

(1
9
8
6
) fo
u
n
d
 8
5
%
 re
m
o
v
a
l o
f s
o
lu
b
le
 

n
u
trie
n
ts
 d
u
e
 to
 p
la
n
t u
p
ta
k
e
.

n
u
trie
n
ts
 d
u
e
 to
 p
la
n
t u
p
ta
k
e
.
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