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E
X

E
C

U
T

IV
E

S
U

M
M

A
R

Y

A
diffuser

perform
ance

study
w

as
conducted

on
O

ctober
25,

2005
for

the
new

m
ultiport

diffuser
installed

for
N

oveon,
Inc.

T
he

average
river

flow
during

the
study

w
as

4,155
cfs,

w
hich

is
below

the
harm

onic
m

ean
standard

of
9,870

cfs.
A

G
PS

unit
w

as
utilized

w
ith

a
fluorom

eter
to

m
easure

the
dye

plum
e

in
real

tim
e.

A
dditionally,

stationary
locations

w
ere

m
easured

w
ithin

the
dye

plum
e.

T
he

w
ater

quality
standard

for
total

dissolved
solids

and
the

acute
standard

for
total

am
m

onia
w

ere
m

et
in

less
than

20
feet

from
the

diffuser.
T

he
chronic

standard
for

am
m

onia
w

as
projected

to
be

m
et

at
less

than
300

feet
from

the
diffuser.

T
he

flux
average

dispersion
at

553
feet

dow
nstream

from
the

diffuser
w

as
239.2:1.

T
he

flux
average

dispersion
at

1,000
feet

dow
nstream

from
the

diffuser
w

as
299.9:1.

T
he

plum
e

achieved
full

vertical
m

ixing
w

ithin
90

feet
from

the
diffuser.

N
o

significant
restratification

due
to

total
dissolved

solids
(negative

buoyancy)
or

tem
perature

(positive
buoyancy)

w
as

encountered.
A

plan
view

ofthe
plum

e
in

the
R

iver
is

presented
in

Figure
E-1.

T
he

diffuser
is

perform
ing

as
itw

as
designed.

A
ll

w
ater

quality
standards

are
m

et
at

less
than

300
feetfrom

the
diffuser

under
the

m
axim

um
am

m
onia

discharge
lim

it.
The

m
ixing

zone
is

very
narrow

.
T

he
flux

average
plum

e
w

idth
ranged

from
approxim

ately
10

feet
atthe

diffuserto
54

feetat273
feet

dow
nstream

from
the

diffuser.

A
com

parison
betw

een
the

m
easured

dispersion
and

the
C

O
R

M
IX

predicted
dispersion

is
presented

in
T

able
E

-1.
T

he
flux

average
dispersions

and
the

flux
average

plum
e

w
idths

m
easured

during
the

O
ctober

field
study

are
presented

in
T

able
E

-2.
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S
E

C
T

IO
N

1

IN
T

R
O

D
U

C
T

IO
N

N
oveon,

Inc.
(N

oveon)
has

recently
installed

a
m

ultiport
diffuser

to
discharge

its

treated
effluent

into
the

Illinois
R

iver.
H

istorically,
N

oveon
discharged

their
effluent

through
a

single
port

diffuser
located

approxim
ately

38
feet

offshore
at

a
w

ater
surface

elevation
of

442
feet

above
the

N
ational

G
eodetic

V
ertical

D
atum

of
1929

(ft
N

G
V

D

1929).

T
he

Illinois
Pollution

C
ontrol

B
oard

(IPC
B

)
granted

N
oveon

an
A

djusted

A
m

m
onia

Standard
on

N
ovem

ber
4,

2004
and

also
ruled

that
N

oveon
is

providing
the

B
est D

egree
of T

reatm
ent, w

hich
w

ould
allow

them
to

apply
for

a
m

ixing
zone

under
the

illinois
E

nvironm
ental

Protection
A

gency
(IE

PA
).

T
he

[E
PA

subsequently
granted

N
oveon

a
m

ixing
zone.

In
order

to
m

eet
the

requirem
ents

of
the

A
djusted

A
m

m
onia

standard
setby

the
IPC

B
and

the
m

ixing
zone

requirem
ents, N

oveon
installed

a
m

ultiport

diffuser.

S
IT

E
L

O
C

A
T

IO
N

N
oveon

ow
ns

and
operates

a
m

anufacturing
facility

located
in

H
enry,

Illinois,
as

presented
in

Figures
1-1

and
1-2,

w
hich

produces
specialty

chem
icals

for
the

rubber

industry.
T

his
location

em
ploys

approxim
ately

120
people.

In
addition

to
the

N
oveon

m
anufacturing

facilities,
PolyO

ne
operates

a
PV

C
m

anufacturing
facility

at
the

site.

Process
w

astew
aters

from
both

plants
are

treated
in

the
on-site

industrial
w

astew
ater

treatm
ent

system
s,

and
the

effluent
is

discharged
to

the
Illinois

R
iver

at
approxim

ately

Illinois
R

iver
m

ile
(IR

M
)

198.
PolyO

ne
operates

a
pretreatm

ent
system

that
pretreats

som
e

of
its

w
astew

ater
prior

to
sending

it
to

N
oveon’s

treatm
ent

facility.
N

oveon
ow

ns

and
m

anages
the

treatm
ent

facilities,
including

pretreatm
ent

and
equalization

at
the

site.

T
he

C
ity

of
H

enry
Publicly

O
w

ned
T

reatm
ent

W
orks

(PO
T

W
)

discharges
its

treated

effluent
to

the
N

oveon
river

control
structure,

w
here

it
m

ixes
w

ith
N

oveon’ s
treated

effluentprior
to

being
discharged

to
the

m
ultiport

diffuser.
Prior

to
the

installation
of the

m
ultiport

diffuser,
both

effluents
w

ere
discharged

through
a

single
port

diffuser.
T

he

1-I
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single
port

diffuser
w

as
retained

as
an

em
ergency

overflow
in

order
to

handle
excessive

storm
w

ater
flow

from
both

the
C

ity
of

H
enry

PO
T

W
discharge

and
the

N
oveon

discharge.

R
IV

E
R

D
E

S
C

R
IP

T
IO

N

T
he

Illinois
R

iver
is

form
ed

at
the

junction
of

the
K

ankakee
and

D
es

Plaines

R
ivers

near
Joliet,

Illinois
and

runs
273

m
iles

w
est,

southw
est

and
south

to
the

M
ississippi

R
iver

near
G

raflon,
Illinois,

a
few

m
iles

upstream
from

St.
L

ouis.
T

he

N
oveon

plant
site

is
located

on
the

right
edge

of
w

ater
(R

E
W

—
w

hen
looking

dow
nstream

)
betw

een
IR

M
198

and
199, as

show
n

previously
in

Figure
1-2.

T
he

Illinois
R

iver
at

H
enry,

Illinois
has

a
drainage

area
of

approxim
ately

13,543

square
m

iles.
T

he
U

nited
States

G
eological

Survey
(U

SG
S)

has
operated

a
gaging

station

at
H

enry
since

O
ctober

1981.
T

he
gage

is
located

on
the

U
.S.

H
ighw

ay
18

B
ridge,

dow
nstream

from
the

N
oveon

plant
site.

T
he

harm
onic

m
ean

flow
has

been
provided

by

the
IE

PA
as

9,870
cfs

(M
osher, 2005).

B
ackground

C
onditions

A
quA

eT
er

previously
reported

(A
quA

eT
er,

1994)
the

tem
perature

and
am

m
onia

based
on

the
nearest upstream

gage,
w

hich
is

at H
ennepin.

T
em

perature
values

w
ere

split

into
tw

o
seasons,

ranked,
and

the
75thpercentile

ranked
value

w
as

chosen.
T

he
sum

m
er

and
w

inter
tem

perature
values

selected
are

26
°C

and
6.5

°C
,

respectively.
L

ikew
ise,

total
am

m
onia

w
as

ranked
seasonally,

and
the

long
term

average
(L

T
A

)
com

puted
as

a

m
athem

atical
average

of
the

data
points.

T
he

sum
m

er
and

w
inter

background
total

am
m

onia
concentrations

are
0.297

m
g/L

and
0.8

m
g/L

, respectively.

A
quA

eT
er

also
reported

on
the

appropriate
pH

to
use

as
a

background

(A
quA

eT
er,

1994).
T

he
value

that
w

as
reported

w
as

7.77
standard

units
(S.U

.)
for

the

sum
m

er
tim

e
period

and
7.63

S.U
.

for
the

w
inter

tim
e

period.

A
quA

eT
er

collected
tw

o
background

sam
ples

for
total

dissolved
solids

(T
D

S)

analysis.
O

ne
sam

ple
w

as
collected

during
the

previous
study

in
D

ecem
ber

2004
and

the

1-4



second
w

as
collected

during
this

study
on

O
ctober

25,
2005.

A
concentration

of
420

m
illigram

s
per

liter
(m

g/L
)

w
as

m
easured

in
D

ecem
ber

2004.
A

concentration
of

480

m
g/L

w
as

m
easured

in
O

ctober2005.

D
IF

F
U

S
E

R
D

E
S

C
R

IP
T

IO
N

T
he

diffuser
is

21
feet

in
length

and
has

six
ports

spaced
3.0

feet
apart.

T
he

diffuser
w

as
designed

to
allow

m
ore

future
grow

th
by

either
of

the
dischargers.

C
urrently,

four
ports

are
o
p
e
n

and
tw

o
ports

are
closed.

T
he

length
ofthe

diffuser
thatis

currently
in

operation
is

15
feet.

T
he

portinside
diam

eter
is

3.0
inches

for
each

port
and

the
ports

are
a
t

a
45°

angle
to

the
horizontal.

T
he

num
ber

of
ports

and
p
o
rt

diam
eters

w
ere

sized
to

give
a

velocity
of

close
to

10
feet

per
second

(ft/see)
exit

velocity
at

an

effluent
flow

rate
of

1.3
m

illion
gallons

per
day

(m
gd).

T
he

overflow
,

w
hich

flow
s

through
the

single
port

diffuser,
is

designed
so

that
the

m
axim

um
velocity

out
of

the

m
ultiport

diffuser
is

18
ft/sec.

T
his

velocity
is

equivalentto
a

discharge
flow

rate
of 2.28

m
g
i

D
uring

the
diffuser

perform
ance

study,
the

daily
effluent

flow
rate

from
the

PO
T

W
averaged

263
gallons

per
m

inute
(gpm

),
or

0.379
m

gd,
and

the
daily

average
flow

rate
from

N
oveon

w
as

635.9
gpm

,
or

0.916
m

gd.
T

he
com

bined
effluent

flow
rate

w
as

898.9
gpm

,or
1.29

m
gd.

A
tthe

tim
e

ofthe
study,

a
sm

all
am

ountof splash
over

from
the

PO
T

W
’s

discharge
w

as
flow

ing
through

the
overflow

to
the

single
port

diffuser.
T

he

flow
thatw

as
diverted

w
as

visually
estim

ated
at 3

to
5

gpm
.

T
he

splash
over

problem
has

since
been

elim
inated,

so
that

all
ofthe

flow
from

the
PO

T
W

flow
s

through
the

m
ultiport

diffuser
during

norm
al

conditions.
T

he
first

open
port

is
approxim

ately
125

ft
offshore

(from
R

E
W

)
and

the
last

port
is

at
about

140
ft

offshore.
T

he
diffuser

is
anchored

to
the

bottom
and

the
bottom

of
the

header
pipe

is
approxim

ately
1

ft
above

the
bottom

.
T

he

end
of

each
port

is
approxim

ately
2

ft
8

inches
from

the
river

bed,
depending

on
the

variability
in

the
river

bed.
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W
A

T
E

R
Q

U
A

L
IT

Y
ST

A
N

D
A

R
D

S

T
otal

D
issolved

Solids
S

tandard

N
oveon’s

effluent
m

ust
m

eet
standards

for
T

D
S.

T
he

standard
for

T
D

S
can

be

found
in

Illinois
A

dm
inistrative

C
ode

(IA
C

)
T

itle
35,

Subtitle
C

,
C

hapter
II,

Part
302,

Section
302.208.

T
he

standard
required

atthe
edge

of the
m

ixing
zone

for
T

D
S

is
1,000

m
g/L

.
A

24-hour
com

posite
of N

oveon’s
effluent

w
as

collected
by

N
oveon’s

em
ployees

as
part

of their
norm

al
sam

ple
routine

and
sentto

PD
C

L
aboratories

to
be

analyzed.
T

he

concentration
of

the
T

D
S

in
the

effluent
for

O
ctober

25,
2005

w
as

m
easured

as
5,200

m
gIL

.

T
otal A

m
m

onia
S

tandards

T
he

standards
for

total
am

m
onia

can
be

found
in

Section
302.2

12
in

the
sam

e
part

listed
for

T
D

S.
T

otal
am

m
onia

concentrations
m

ust
not

exceed
15

m
g/L

at
any

tim
e

outside
of

the
zone

of
initial

dilution
(Z

ID
).

In
addition

to
this

requirem
ent,

there
are

acute
and

chronic
standards

thatm
ust

also
be

m
et.

T
he

acute
standard

is
the

concentration
that

m
ust

be
m

et
at

the
edge

of
the

Z
ID

.

T
he

acute
standard

is
independent

of
tem

perature
or

tim
e

of
year.

T
he

acute
standard

(A
S)

can
be

calculated
using

the
follow

ing
equation:

A
S

=
0.411

+
58.4

(1)
I
+

1
0

7
2

0
4

p
H

1
1
0

P
I_7.2o4

T
he

acute
standard

that
m

ust
be

m
et

is
based

on
the

background
pH

value

reported
above

of
7.77.

T
he

acute
standard

is
then

calculated
by

plugging
a

pH
of

7.77

into
E

quation
1.

A
S

=
0.411

+
58.4

1
+

107204_777
+

A
S

=
0.411

+
58.4

1+
0.272

1+
3.681

A
S

=
0.323

+
12.476

A
S

12.80
rng/L1-6



T
he

chronic
standard

(C
S)

is
the

concentration
that m

ust be
m

et
atthe

edge
ofthe

m
ixing

zone.
T

he
chronic

standard
is

dependent
on

the
tim

e
of

the
year

and
on

the

tem
perature.

T
he

IA
C

defines
the

E
arly

L
ife

Stage
Present

as
occurring

from
M

arch

through
O

ctober.
A

ll
other

tim
es

are
defm

ed
as

E
arly

L
ife

Stage
A

bsent.
H

ow
ever,

if

early
life

stages
are

present
at

tim
es

outside
ofthe

M
arch

through
O

ctober
tim

e
period,

the
m

ore
stringent

standard
of

E
arly

L
ife

S
tage

Present
is

applicable.
T

here
are

tw
o

equations
for

calculating
the

chronic
standard

for
the

E
arly

L
ife

Stage
Present

period.

T
hey

are
as

follow
s:

For
conditions

w
hen

the
w

ater tem
perature

is
less

than
or

equal to
14.51

°C
:

1
0.0577

2.487
C

S
=

.
+

*
2

8
5

(2)
I.

J
+

lo
P

h
l—

7
6

8
8

J

For
conditions

w
hen

w
ater tem

perature
is

above
14.51

°C
:

c
s

‘
0.0577

+
2.487

l
x

(
l

4s
*
lo

0
.0

2
8
2
5
—

T
))

(3)
l+

lO
’
-
”

i+
i0

1
7

688

T
he

sum
m

er
tem

perature
is

26
°C

and
the

pH
is

7.77
S.U

.
T

he
chronic

standard

for
the

early
life

stage
present

is
then

calculated
by

plugging
these

values
into

E
quation

3

as
presented

below
:c

s
=

0.0577
+

2.487
*(

45
*

1 0002825_26))
( 1

+
107688777

1
+

1
0

7
7

7
1

6
8

8

=T
0.0577

+
2.487

*
(i•45

*
0.938)

1
+

0
.9

7
3

1+
1.208J

C
s

=
{o.o29+

1.126}*(1.36o)

C
s

=
1.57

in
g
iL

D
JS

P
E

R
S

IO
N

R
E

Q
U

IR
E

D

A
m

ore
detailed

description
of

m
ixing

zone
theory

is
provided

in
A

ppendix
1.

T
he

am
ount

of
dispersion

required
is

dependent
upon

the
standard

that
is

required.
T

he

dispersion
for

all
standards

can
be

calculated
using

the
follow

ing
equation:
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(S
1)*

C
nv,.

+
(i)*

Cejiiuen
= (s)*

C
T

O
1a
1

(4)

w
here:

S
=

dispersion
required

(
_
:

1, dim
ensionless);

Criver
=

background
concentration

in
river

(m
g/L

,
orm

ass/volum
e);

C
euent

=
effluentconcentration

(m
g/L

,or
m

ass/volum
e);

and
C

T
O

t
=

desired
concentration

(rng/L
,or

m
ass/volum

e).

B
y

solving
for

S,and
rearranging,E

quation
4

becom
es:

s
=

Ceffluent
—

Criver
(5)

C0
1
1

—
Criver

B
y

plugging
in

the
T

D
S

values
given

above
into

E
quation

5,the
dispersion

can
be

calculated
as:

(S
—

I)
*

480
+

(i)
*

5,200
=(s)*

1,000

S
—

L
i

D
ispersion

o
f8.1

:1

A
chieving

a
dispersion

of
9:1

in
the

m
ixing

zone
w

ill
m

eetthe
standard

for
T

D
S

of
1,000

m
g/L

.

T
he

total
am

m
onia

concentration
from

the
N

oveon
Plant

is
155

m
g/L

at
a

flow
of

1
m

gd.
T

he
total

am
m

onia
concentration

from
the

C
ity

of
H

enry
PO

T
W

is
estim

ated
at

30
m

g/L
ata

flow
of

0.3
m

gd.
T

he
total

am
m

onia
concentration

in
the

com
bined

effluent

can
be

calculated
using

the
follow

ing
equation:

Q
N

aveon
*

C
N

O
V

eO
n

+
Q

*c0
1

(Q
N

ovecrn
+

)*
C

otai
(6)

Inserting
the

values
given

above
and

rearranging
E

quation
6

to
solve

for
C

Tatal

gives
the

follow
ing:

1*
155+

0.3*
30

C0
1
1

1+
0.3

C
oai

126
p
p
m

T
he

dispersion
required

for
the

total
am

m
onia

acute
standard

is
calculated

by

inserting
the

values
into

E
quation

5.

1-8



(S
_1)*0297+(1)*

126
(s)*1280

S
=

10.1
D

ispersion
of10.1

:1

A
chieving

a
dispersion

of
11:1

in
the

Z
ID

w
ill

m
eet

the
acute

standard
of

12.8

m
g/L

.

T
he

dispersion
required

for
the

total
am

m
onia

chronic
standard

is
calculated

by

inserting
the

values
into

E
quation

5.

(S
_1)*0.297+

(1)*126
=(s)*1.57

S
=

9
8

.7

D
ispersion

of98.7
:1

A
chieving

a
dispersion

of
99:1

in
the

total
m

ixing
zone

w
ill

m
eet

the
chronic

standard
of

1.57
m

g!L
for

thatpH
.

ST
U

D
Y

O
B

JE
C

T
IV

E

Several
discharge

designs
(single-port

diffuser
and

m
ultiport

diffuser)
w

ere

previously
investigated

to
determ

ine
the

best
engineering

technology
for

dispersion
ofthe

com
bined

effluent
into

the
Illinois

R
iver.

A
m

bient
R

iver
characteristics,

including
flow

analyses,
bathym

etry,
w

ater
velocities,

and
background

and
effluent

densities,
w

ere

gathered
during

a
field

study
conducted

in
D

ecem
ber

2004.
Follow

ing
the

com
pletion

of

the
field

w
ork

and
the

subsequentpredictive
m

odeling
efforts,

a
JointA

pplication
Perm

it

w
as

subm
itted

to
the

U
nited

States
A

nny
C

orps
of

E
ngineers

(U
SA

C
E

),
the

IE
PA

,
and

the
Illinois

D
epartm

ent
o
fN

atural
R

esources
(ID

N
R

).
A

copy
of

the
perm

it
is

provided

in
A

ppendix
2.

A
quA

eT
er,

Inc.
(A

quA
eT

er)
provided

the
conceptual

diffuser
design

to

H
om

er
&

Shifrm
n,

Inc.
(H

om
er

&
Shifrm

n),
located

in
St.

L
ouis,

M
issouri.

H
om

er
&

Shifrin
designed

the
diffuser

and
M

assrnan
C

onstruction
C

om
pany

(M
assm

an),
located

in

St.
L

ouis,
M

issouri,
installed

the
m

ultiport
diffuser.

T
he

new
discharge

structure
w

as

com
m

issioned
in

O
ctober

2005,
and

treated
effluents

w
ere

discharged
directly

to
the

Illinois
R

iver
through

the
new

m
ultiport

diffuser
atthattim

e.
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A
quA

eT
er

of
B

rentw
ood,

T
ennessee,

w
as

contracted
to

delineate
the

effluent/R
iver

m
ixing

zone
dow

nstream
from

the
diffuser

during
a

condition
at

or
below

harm
onic

m
ean

R
iver

flow
,

and
thereby

evaluate
the

perform
ance

of
the

diffuser.
T

he

harm
onic

m
ean

flow
for

the
Illinois

R
iver

atthe
U

SG
S

H
enry

gage
(#055583

00)
is

9,870

cfs
(M

osher,
2005).

T
he

specific
objectives

ofthe
presentstudy

w
ere

to:
1)

define
the

in-

stream
location

of
the

discharge
plum

e
center

line;
and

2)
m

easure
the

degree
of vertical

and
lateral

effluent
dispersion

in
the

Illinois
R

iver.
T

he
study

objectives
w

ere

accom
plished

by
injecting

a
fluorescent

dye
into

the
effluent,

and
subsequently

determ
ining

dye
concentrations

in
the

illinois
R

iver
m

ixing
zone

area.
T

he
degree

ofdye

concentration
reduction

in
the

R
iver

provided
a

direct
m

easure
of

diffuser
and

am
bient

R
iver

dispersive
forces.
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S
E

C
T

IO
N

2

ST
U

D
Y

M
E

T
H

O
D

O
L

O
G

Y

S
T

U
D

Y
P

E
R

IO
D

A
N

D
A

R
E

A

T
he

IE
PA

requires
that

a
dye

dispersion
study

be
perform

ed
w

hen
R

iver
flow

is

at,
or

below
,

the
harm

onic
m

ean
flow

.
A

cceptable
flow

conditions
for

the
study

w
ere

defm
ed

by
the

IE
PA

as
9,870

cfs
or

less
for

the
illinois

R
iver

at
H

enry,
illinois.

T
he

U
SG

S
has

reported
the

average
flow

for
the

m
onth

of
O

ctober
as

9,144
cfs,

based
on

23

years
of

record.
T

he
flow

s
on

the
river

w
ere

m
onitored

for
tw

o
w

eeks
prior

to
the

study

and
the

study
w

as
scheduled

for
the

w
eek

ofO
ctober

24,
2005.

T
he

dye
dispersion

study

w
as

conducted
from

0714
hrs

to
1549

hrs
on

O
ctober

25,
2005

and
the

average
flow

during
this

tim
e

w
as

4,155
cfs, w

ith
a

range
from

3,120
cfs

to
5,600

cfs.

B
ackground

dye
readings

w
ere

m
easured

approxim
ately

30
feet

upstream
from

the
diffuser.

A
G

lobal
positioning

satellite
(G

PS)
device

w
as

utilized
to

record
the

position
of

all
m

easurem
ents

m
ade.

Follow
ing

this,
eleven

lateral
transects

w
ere

m
ade

that
ranged

from
60

feet
dow

nstream
to

approxim
ately

1,000
feet

dow
nstream

from
the

diffuser,
as

show
n

in
Figure

2-1.
A

dditionally,
seven

runs
w

ere
m

ade
longitudinally,

as

show
n

in
Figure

2-2.
A

ll
points

w
ere

recorded
w

ith
a

dye
concentration

and
position

coordinates.

F
IE

L
D

P
R

O
C

E
D

U
R

E
S

D
ye

Injection

D
uring

the
study

period,
a

2
x

1
0

8
tg!L

R
hodam

ine
W

I
dye

solution
(20%

solution)
w

as
continuously

injected
into

the
N

oveon
effluent

at the
final

practical
access

point
(after

N
oveon’s

O
utfall

001
w

eir,
prior

to
flow

ing
into

the
pipe

to
the

river
control

structure).
T

he
effluent

travels
approxim

ately
1,300

feet
through

the
pipeline

prior
to

flow
ing

into
the

river
control

structure, w
here

it is
joined

by
the

PO
T

W
’s

effluent prior
to

flow
ing

out
to

the
diffuser

for
discharge

into
the

Illinois
R

iver,
resulting

in
com

plete

m
ixing

of
the

dye
w

ith
the

effluents.
T

he
dye

w
as

pum
ped

into
the

effluent
w

ith
a

2-1
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M
asterfiex

console
drive

6-600
revolutions

per
m

inute
(rpm

)
peristaltic

pum
p.

T
he

dye

injection
w

as
initially

begun
at

0528
hrs,

but
w

as
turned

off
follow

ing
equipm

ent

problem
s

w
ith

the
G

PS
unit

on
the

boat.
T

he
com

puter
w

as
utilized

to
interface

w
ith

the

G
PS

unit
to

get
a

usable
output,

w
hich

fixed
the

equipm
ent

problem
.

T
he

dye
w

as

restarted
at

0713
hrs.

T
he

dye
w

as
turned

off
at

1532
hrs.

A
total

of
11

pounds
of

R
hodam

ine
W

T
dye

w
as

pum
ped

through
the

diffuser
during

the
study

at
a

flow
rate

of

10
m

L
lm

in.
T

he
dye

pum
p

rate
w

as
calibrated

by
determ

ining
the

flow
follow

ing
one

m
inute

of pum
ping.

T
he

pum
p

rate
w

as
calibrated

at A
quA

eT
er’s

office
in

B
rentw

ood,

T
ennessee

prior
to

the
study,

then
checked

follow
ing

setup
of

the
pum

p
on

M
onday,

O
ctober

24,and
fm

ally
itw

as
checked

at
startup

ofthe
dye

injection
and

m
idw

ay
through

the
dye

injection.
T

he
dye

flow
rate

w
as

com
puted

such
that

a
concentration

atthe
edge

of the
zone

of
initial

dispersion
w

ould
be

25
parts

per
billion

(ppb),
based

on
theoretical

dispersion.

F
luorom

etric
P

rocedures

A
T

urner
D

esigns
M

odel
1O

A
U

Fluorom
eter

w
as

used
w

ith
a

flow
-through

cell.

T
he

fluorom
eter

w
as

linked
to

the
com

puter
w

ith
a

G
PS

receiver.
T

he
equipm

ent
set-up

is
presented

in
Figure

2-3.
T

w
o

different
pum

ps
w

ere
used

depending
upon

the
m

ethod.

A
n

in-line
centrifugal pum

p
w

as
utilized

w
hile

m
otoring

around
the

river.
A

subm
ersible

pum
p

w
as

used
at

stationary
locations.

Fluorom
eter

calibration
curves

w
ere

m
ade

prior

to
the

study
in

order
to

convert
fluorom

eter
readings

into
dye

concentrations.
T

he

calibration
data

and
the

resultant
linear

relationships
w

hich
correlate

fluorom
eter

reading

w
ith

dye
concentration

are
contained

in
A

ppendix
3.

T
he

fluorom
eter

w
as

blanked
upstream

from
the

diffuser.
A

n
in-line

centrifugal

pum
p

w
as

used
to

pum
p

w
ater

from
approxim

ately
1

foot below
the

w
ater

surface.
W

hile

the
pum

p
w

as
in

operation,
the

boat w
as

driven
across

the
river

in
lateral

transects
and

up

and
dow

n
the

river
in

longitudinal
runs.

W
hile

m
otoring

the
boat,

the
com

puter
recorded

G
PS

position
and

fluorom
eter

reading
approxim

ately
each

second,
although

the
output

from
the

fluorom
eter

is
an

integrated
3

second
interval

(i.e.,
average

of
previous

3

seconds).
A

total
of

11
lateraltransects

and
7

longitudinal
runs

w
ere

com
pleted.
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T
he

second
m

ethod
involved

a
spotter

on-shore
directing

the
boat

via
cell-phone

to
the

visible
dye

cloud.
R

hodam
ine

W
T

is
norm

ally
visible

at
around

20
ppb

O
nce

anchored
at

the
location

of
m

axim
um

visible
concentration,

a
subm

ersible
pum

p
w

as

low
ered

and
fluorom

eter
readings

w
ere

m
ade

at
1

foot
increm

ents
dow

n
to

the
depth

m
easured

by
the

depth
finder

on
the

boat.
T

hree
locations

w
ere

chosen
based

on
the

visible
dye

plum
e.

T
w

o
additional

locations
w

ere
chosen

dow
nstream

based
on

driving

through
the

plum
e

untilit w
as

located.

W
ater

Q
uality

M
easurem

ents

In
situ

w
ater

quality
m

easurem
ents

w
ere

collected
as

“secondary”,
or

surrogate,

param
eters

to
assist

in
effluent

dispersion
and

field
plum

e
location

determ
ination.

R
iver

tem
perature,

pH
,

specific
conductance,

and
dissolved

oxygen
(D

O
)

w
ere

m
easured

at

various
locations

including
each

stationary
location.

A
H

ydrolab
Q

uanta
(Q

uanta)
w

as

low
ered

to
m

easure
param

eters
at

tw
o

foot
increm

ents
starting

at
1

foot
below

w
ater

surface.
T

he
Q

uanta
w

as
calibrated

the
night before

the
study

and
again

the
day

after
the

study
w

as
com

pleted.
Specific

conductance
w

as
calibrated

using
1,413

j2
/cm

standard

solution.
T

he
pH

w
as

calibrated
using

standard
pH

buffers
of

7.0
S.U

.
and

10.0
S.U

.
D

O

w
as

calibrated
using

an
air

calibration
m

ethod.

A
sam

ple
of

the
N

oveon
effluent

w
as

shipped
to

A
quA

eT
er’s

B
rentw

ood

laboratory
for

testing
of

com
patibility

of the
dye

w
ith

the
effluent.

A
t that tim

e,a
density

w
as

also
m

easured
using

a
N

ational
B

ureau
of

Standards
(N

B
S)

calibrated
hydrom

eter.

W
hile

conducting
the

study,
a

river
w

ater
sam

ple
w

as
collected

for
a

total
dissolved

solids
(T

D
S)

analysis
that

w
as

sent
in

by
N

oveon.
T

he
rem

aining
w

ater
that

w
as

collected
w

as
brought

back
to

A
quA

eT
er’s

B
rentw

ood
laboratory

for
a

density

m
easurem

ent
using

a
N

B
S

calibrated
hydrom

eter.
T

he
density

m
easurem

ents
provide

an

indication
of plum

e
buoyancy;

that
is,

w
hether

the
plum

e
can

be
expected

to
dem

onstrate

negative
buoyancy

(sink),positive
buoyancy

(float), or
neutralbuoyancy.

W
ater

V
elocity

M
easurem

ents

W
ater

velocity
m

easurem
ents

at
various

stations
w

ere
m

ade
in

accordance
w

ith

U
SG

S
discharge

m
easurem

ent
techniques

(B
uchanan

and
Som

ers,
1969;

Sm
oot

and
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N
ovak,

1968),
using

a
Scientific

A
m

erican
Price

A
A

C
urrentM

eter
and

reel
m

ounted
on

a
bridge

board.
T

he
m

eter
w

as
suspended

in
the

current
w

ith
a

35—
pound

bom
b

connected
to

the
reel

w
ith

a
steel

cable.
A

t
each

station, m
easurem

ents
w

ere
m

ade
at

0.2,

0.6,
and

0.8
total

depth
representing

m
axim

um
,

average,
and

m
inim

um
velocities,

respectively.
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S
E

C
T

I
O

N
3

F
L

O
W

C
O

N
D

I
T

I
O

N
S

R
E

S
U

L
T

S

T
he

Illinois
R

iver
flow

,
as

m
easured

at
the

U
SG

S
gage

at
H

enry,
ranged

from

3,120
cfs

to
5,600

cfs
during

the
study,

w
ith

an
average

flow
of 4,155

cfs.
T

his
flow

rate

w
as

in
the

acceptable
range

for
the

IE
PA

flow
requirem

ents
of

less
than

or
equal to

9,870

cfs
at the

H
enry

gage
for

conducting
the

study.
T

he
average

daily
flow

s
and

stage
at the

H
enry

gage
prior

to
the

study,
during

the
study,

and
follow

ing
the

study
are

presented
in

T
able

3-1.
T

he
stage,

flow
,

and
velocity

for
the

H
enry

gage
that w

as
recorded

during
the

study
are

presented
in

T
able

3-2.
T

he
velocities

m
easured

by
A

quA
eT

er
are

presented
in

T
able

3-3.
A

ll field
m

easurem
ents

m
ade

by
A

quA
eT

er
presented

in
A

ppendix
4.

T
A

B
L

E
3-1.

G
A

G
E

M
E

A
S

U
R

E
M

E
N

T
S

A
T

H
E

N
R

Y

D
A

T
E

S
T

A
G

E
A

V
E

R
A

G
E

(ft
N

G
V

D
)
*

D
A

IL
Y

F
L

O
W

(cfs)

T
hursday,

O
ctober

20,2005
440.51

3,728

Friday,
O

ctober
21,2005

440.45
3,423

Saturday,
O

ctober
22, 2005

440.31
4,196

Sunday,
O

ctober23,
2005

440.18
4,178

M
onday,

O
ctober

24,2005
440.15

4,803

T
uesday,

O
ctober

25,2005
440.20

4,665

W
ednesday,

O
ctober

26,2005
440.23

3,769

T
hursday,

O
ctober

27,
2005

440.25
4,395

*
G

age
0

=
425.88

feet above
the

N
ational

G
eodetic

V
ertical

D
atum

of
1929

(ftN
G

V
D

)
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T
A

B
L

E
3-2.

G
A

G
E

M
E

A
S

U
R

E
M

E
N

T
S

A
T

IL
E

M
Y

1M
JR

IN
G

ST
U

D
Y

D
A

T
E

&
T

IM
E

V
E

L
O

C
IT

Y
S

T
A

G
E

F
L

O
W

(ftlsec)
(ft N

G
V

D
)*

(cfs)

10/25/2005
5:00

0.573
440.20

4,690
10/25/2005

6:00
0.735

440.18
6,000

10/25/2005
7:00

0.624
440.20

5,110
10/25/2005

8:00
0.684

440.21
5,600

10/25/2005
9:00

0.684
440.22

5,600
10/25/2005

10:00
0.582

440.19
4,750

10/25/2005
11:00

0.429
440.13

3,480
10/25/2005

12:00
0.386

440.08
3,120

10/25/2005
13:00

0.429
440.08

3,470
10/25/2005

14:00
0.437

440.14
3,560

10/25/2005
15:00

0.412
440.16

3,350
10/25/2005

16:00
0.429

440.20
3,510

*
G

age
0

=
425.88

feet
above

the
N

ational
G

eodetic
V

ertical D
atum

of
1929

(ftN
G

V
D

)

T
he

daily
average

flow
rate

for
N

oveon
w

as
635.9

gpm
.

T
he

average
flow

rate

for
the

PO
T

W
w

as
262

gpm
in

the
afternoon

and
264

gpm
in

the
m

orning.
A

quA
eT

er

assum
ed

an
average

flow
rate

of
263

gpm
from

the
PO

T
W

.
T

he
com

bined
flow

rate
of

both
effluents

is
898.9

gpm
.

D
uring

the
study,

splashing
from

the
PO

T
W

discharge
w

as

spilling
into

the
overflow

.
A

quA
eT

er
has

estim
ated

this
flow

to
be

approxim
ately

3
to

5

gpm
or

negligible
com

pared
to

the
overall

flow
rate, based

upon
video

docum
entation.

F
IE

L
D

A
N

D
L

A
B

O
R

A
T

O
R

Y
D

A
T

A

D
ye

D
ataA

ll
fluorom

eter
readings

w
ere

m
easured

and
recorded

in
the

field
using

a
T

urner

D
esigns

M
odel

1O
A

U
Field

Fluorom
eter

w
ith

a
flow

-through
cell.

Fluorom
eter

readings

w
ere

converted
to

ppb
units

based
on

calibration
relationships

developed
previously

in

the
laboratory

and
based

on
background

m
easurem

ents.
C

alibration
data

and
the

resulting
calibration

com
putations

for
the

fluorom
eter

are
presented

in
A

ppendix
3.
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T
he

R
hodaniine

W
T

dye
w

as
introduced

into
the

effluent
at

a
rate

of
10

m
L

/m
in

using
a

M
asterfiex

pum
p.

U
sing

the
estim

ated
effluent

flow
rate

of
898.9

gpm

(—
3,402,336.5

m
L

/m
in),

and
assum

ing
com

plete
m

ixing
of

the
dye

and
effluent

by
the

end
ofthe

pipeline,
the

dye
concentration

is
calculated

as
follow

s:

*
()

.1C
*
n

e
f
f
e
f
f

d
y

e
d

y
e

‘eff+
dye

-

e
f
f

dye

w
here:

Ceff+dye
dye

concentration
in

effluent discharged
to

the
Illinois

R
iver

(ppb)
C

eff
=

background
dye

concentration
in

effluent(ppb)
C

dye
=

concentration
of

dye
(ppb)

Q
dye

dye
flow

rate
(m

L
/m

in)
Q

=
effluentflow

rate
(m

L
/m

in)

C
—

O
p
p
b
*
3
,4

0
2
,3

3
6
.5

m
L

l,n
in

+
2

x
lO

8p
p
b
*
l
O

r
n
L

/
m

i
n

then:
3,402,336.5

rnL
1mm

+
I O

m
L

!mm

=
587

ppb

T
he

fluorom
eter

readings
are

presented
in

A
ppendix

4.
T

he
m

axim
um

and

average
concentrations

w
ith

depth
at the

stationary
locations

are
presented

in
T

able
3-4.

T
he

average
concentrations

w
ere

calculated
by

averaging
the

concentration
m

easured

w
ithin

the
plum

e
height.

T
he

plum
e

w
as

m
ixed

top
to

bottom
by

the
tim

e
it

had
reached

92
feet,

so
the

average
w

ould
be

across
the

entire
vertical

w
ater

colum
n.

A
tthe

first tw
o

stations
dow

nstream
from

the
diffuser,the

plum
e

occupied
the

top
5

feet
and

8
feet ofthe

w
ater

colum
n,

respectively.
Including

the
concentrations

m
easured

outside
of

the
plum

e

artificially
m

inim
izes

the
average

plum
e

concentration,
w

hich
in

turn
iri±lates

the

dispersion
achieved.

T
he

plum
e

surfaced
at

approxim
ately

20.5
feet

from
the

diffuser.

A
tthatlocation,

the
plum

e
w

as
spread

from
the

surface
to

5
feet below

w
ater

surface.
A

t

the
next

station
dow

nstream
,

37.3
feet

from
the

diffuser,
the

plum
e

w
as

spread
from

1
to

8
feet

below
w

ater
surface,

w
ith

som
e

traces
of

the
plum

e
at

9
and

10
feet

below
w

ater

surface.
A

t
92.3

feetfrom
the

diffuser, the
plum

e
w

as
m

ixed
top

to
bottom

.
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T
A

B
L

E
3-4.

S
T

A
T

IO
N

A
R

Y
L

O
C

A
T

IO
N

D
Y

E
M

E
A

S
U

R
E

M
E

N
T

S

D
A

T
E

T
iM

E
D

IS
T

A
N

C
E

D
E

P
T

H
*

D
Y

E
F

R
O

M
C

O
N

C
E

N
T

R
A

T
IO

N
D

IF
F

U
S

E
R

M
A

X
A

V
E

R
A

G
E

(ft)
(it)

(ppb)
(ppb)

10/25/2005
13:19

2
0
5

2
19.77

19.73
10/25/2005

12:37
37.3

3
19.72

19.68
10/25/2005

14:03
92.3

1
19.74

16.37
10/25/2005

14:40
553

8
4.90

3.10
10/25/2005

15:19
1,090

8
2.84

1.29
10/25/2005

15:37
1,094

8
3.29

1.79
10/25/2005

15:49
—

1,090
9

3.81
2.48

N
ote:

*
D

epth
represents

the
depth

atw
hich

the
m

axim
um

dye
concentration

w
as

m
easureci.

A
verage

is
calculated

by
the

average
concentration

overthe
plum

e
depth,nottotal

w
ater depth.

T
he

plum
e

w
as

very
narrow

in
the

w
ater

colum
n.

A
t

one
point,

the
A

quA
eT

er

field
crew

w
as

anchored
above

the
diffuser,

and
no

dye
w

as
detected

atthis
location.

A
t

20.5
feet

from
the

diffuser,
any

m
ovem

ent
of

the
boat

in
the

current
caused

variation
in

the
fluorom

eter
reading.

W
hen

this
happened,

a
m

inim
um

and
m

axim
um

w
ere

recorded.

T
he

m
axim

um
concentrations

m
easured

w
ere

used
for

all
calculations.

T
he

m
easurem

ent

at
92

ftbest represents
the

Z
ID

concentration.

B
ulk

D
ispersion

Steady-state
conditions

are
assum

ed
in

river
analyses.

T
herefore,

flow
,

m
ass,

or

concentration
can

be
used

in
place

ofvolum
e

In
this

definition
of

dispersion.
T

he
m

ixing

that
occurs

in
the

JM
Z

(near-field)
can

be
crudely

estim
ated

by
a

bulk
dispersion

analysis

of
a

one-second
snap-shot

of
the

system
.

D
uring

the
one-second

interval
being

studied,

the
effluent

m
ixes

w
ith

only
the

volum
e

of
w

ater
that

passes
over

the
discharge

w
ith

no

jet
entrainm

ent
included

in
the

calculation.
D

ispersion,
S,is

defined
as:

total volum
e

of
the

sam
ple

(8
volum

e
of

effluentin
sam

ple
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Substituting
values

from
the

data
collected

into
E

quation
8

yields
an

estim
ate

of

dispersion
in

the
JM

Z
,

given
by

the
follow

ing
equation:

Q
eff

w
here:

Qriy
river

flow
(
f
t

3/s
e
c
,

or
volum

e/tim
e);

and
Q

eff
=

effluent flow
(
f
t

3/s
e
c
,

or
volum

e/tim
e).

T
he

river
flow

in
the

area
of the

diffuser
is

calculated
by

the
follow

ing
equation:

Q
r
iv

=
jD

*
1*
U

(10)

w
here:

LD
effective

length
ofthe

diffuser
(ii,

or
distance);

D
=

river
depth,

(ft,or
height);

and
u

=
river

velocity
(ft/sec, or

lengthltim
e).

T
he

effective
length

of
the

diffuser
is

defined
as

the
num

ber
of

ports
tim

es
the

port
spacing

plus
one-half port

spacing
on

each
end.

T
he

diffuser
effective

length
is

15

feet.
T

he
depth

of the
river

in
the

area
ofthe

diffuser
during

the
study

w
as

11
feet.

T
he

average
velocity

m
easured

at
0.6

of
depth,

w
hich

the
U

SG
S

defines
as

the
average

river

velocity,
w

as
0.47

feet
per

second.
Plugging

these
values

into
E

quation
11

gives
the

follow
ing:

Q
rjw

=
15*11*0.47

Q
r,v

=
77.55

cfs

T
he

effluent
flow

during
the

study
w

as
1.29

m
gd,

or
2.00

cfs.
Plugging

these

values
into

E
quation

10
yields:

s
—

77.55+
2.00

2.00
S

=
39.78

D
ispersion

of
39.7

:1

T
he

dispersion,
S,

in
this

calculation
is

a
theoretical

m
axim

um
dispersion

if
the

full
depth

of
the

river
is

used.
T

his
analysis

assum
es

com
plete

m
ixing

and
ignores

entrainm
ent of w

ater
from

the
side

and
from

behind
the

diffuser.
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T
he

bulk
dispersion

analysis
presented

above
is

an
oversim

plification
of

a
quite

com
plex

plum
e

developm
ent

and
m

ixing
process.

H
ow

ever,
it

is
a

“back
of

the

envelope”
m

ethod
to

estim
ate

the
order

of m
agnitude

of
achievable

dispersion.
A

ctually,

diffuser
effluent

flow
-induced

entrainm
ent

of
additional

w
aters

can
typically

increase

dispersion,
dependent

on
river

velocity,
by

10%
to

30%
,

or
m

ore,
over

the
dispersion

available
due

to
river

w
ater

passing
directly

over
the

diffuser.

F
lux

A
verage

D
ispersion

For
a

m
ore

detailed
explanation

of
dispersion,

refer
to

A
ppendix

1.
T

he
flux

average
dispersion

is
defm

ed
as

the
average

dispersion
across

the
plum

e
face.

T
his

is

defined
in

the
jet

m
om

entum
zone

(JM
Z

)
as

74.81%
ofthe

m
axim

um
concentration.

T
he

FA
D

for
each

stationary
location

is
presented

in
T

able
3-5.

T
he

m
axim

um
concentration

m
easured

at
the

stationary
locations

presented

previously
in

T
able

3-4
represent

the
location

of
m

inim
um

dispersion,
as

presented
in

T
able

3-6.
T

he
FA

D
is

also
presented.

B
ased

on
the

fluorom
eter

readings
m

easured
at

the
stationary

locations
during

the
study,

the
chronic

standard
of

1.57
m

g/L
w

as
m

et

betw
een

92
feet

and
553

feet
dow

nstream
.

T
he

acute
standard

of
12.8

m
g/L

w
as

m
et

w
ithin

20
feet from

the
diffuser.

L
ateral

T
ransects

A
ll

of
the

lateral
transects

show
ed

a
w

ell
defined

G
aussian

plum
e.

T
he

lateral

transects
show

ed
good

agreem
ent

w
ith

the
stationary

locations
in

the
far-field.

T
he

transects
that

w
ere

closer
to

the
diffuser

do
not

show
very

good
agreem

ent
w

ith
the

stationary
m

easurem
ents,

even
though

their
plum

e
profile

looks
good.

T
he

reason
for

this
is

the
w

ay
the

fluorom
eter

outputs
a

value.
T

he
fluorom

eter
averages

its
readings

over
a

three
second

period.
B

ecause
the

boatis
m

oving
about

5
to

6
feet

per
second,

this

m
eans

that
anyw

here
from

15
to

18
feet pass

over
the

course
of one

reading.
A

t distances

farther
dow

nstream
,

w
here

the
plum

e
is

>100
feet

w
ide,

this
error

is
m

inim
ized.

H
ow

ever,
as

one
gets

closer
to

the
diffuser,

the
plum

e
becom

es
narrow

er.
A

t
narrow

er

parts
ofthe

plum
e,

the
plum

e
peak

(m
axim

um
concentration)

or
even

the
plum

e
itself can

pass
through

the
fluorom

eter
and

be
averaged

outw
ith

background
values

or
plum

e
edge
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TABLE 3-5. STATIONARY LOCATION DYE MEASUREMENTS

DATE TIME DISTANCE DYE

FROM CONCENTRATION

DIFFUSER MAX AVERAGE AVG. FAD

(ft) (ppS) (ppb) (ppb)

10/25/2005 13:19 20.5 19.77 19.73 -
14.76

10/25/2005 12:37 37.3 19.72 19.68 14.72

10/25/2005 14:03 92.3 19.74 16.37 12.25

10/25/2005 14:40 553 4.90 3.10 2.45

10/25/2005 15:19 1,090 2.84 1.29 1.02

10/25/2005 15:37 1,094 3.29 1.79 1.41

10/25/2005 15:49 —1,090 3.81 2.48 1.96

Note: Average represents average concentration over plume height.

Maximum concentration represents maximum dye concentration in

vertical water column.
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concentrations.
A

djustm
ents

w
ere

m
ade

based
on

the
stationary

locations
to

the

concentrations
for

the
lateraltransects

closer
to

the
diffuser.

T
he

plum
e

m
easured

during

the
lateral transects

is
show

n
in

Figure
3-1.

T
he

plum
e

w
idths

m
easured

by
the

lateral
transects

are
presented

in
T

able
3-7.

T
he

total
plum

e
w

idths
are

provided,
as

w
ell

as
the

flux
average

plum
e

w
idths.

A
plan

view
of the

plum
e

is
presented

in
Figure

3-2.
T

he
plum

e
dim

ensions
are

m
easured

from

the
lateral transects.

T
he

lateral
transects

w
ere

adjusted
to

account
for

the
lag

tim
e

in
the

m
easurem

ents.
A

plan
view

ofthe
plum

e
as

it
occurs

in
the

river
is

presented
in

Figure

3-3.

W
ater

O
ualitv

T
he

w
ater

quality
m

easurem
ents

collected
during

the
field

sm
dy

are
provided

in

A
ppendix

4.
T

he
m

easurem
ents

w
ith

depth
show

ed
thatthe

river
w

as
com

pletely
m

ixed

from
top

to
bottom

.

T
A

B
L

E
3-7.

P
L

U
M

E
D

IM
E

N
S

IO
N

S
M

E
A

S
U

R
E

])
B

Y
L

A
T

E
R

A
L

T
R

A
N

S
E

C
1

D
IS

T
A

N
C

E
P

L
U

M
E

P
L

U
M

E
FA

D
D

O
W

N
S

T
R

E
A

M
W

ID
T

H
U

A
L

F
-W

ID
T

F
W

ID
T

H
(ft)

(It)
(ft)

(ft)

L
at3

*
60

95
-

52
L

at4
*

97
-
.

45
-

L
at5

151
90

-
48

L
at6

193
-

38
-

L
at7

*
*

273
161

-
54

L
at8

354
136

-
66

L
at9

463
131

-
70

L
atlO

508
129

-
54

L
ath

658
181

-
70

L
at2

1,058
-

105
L

ati
1,146

239
-

112
*

-A
cute

Standards
M

et
*
*

-
C

hronic
Standards

M
et
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P
R

E
D

IC
T

IV
E

M
O

D
E

L
IN

G

Initial
m

odeling
ofthe

N
oveon

diffuser
w

as
based

on
an

effluent
flow

rate
of

1.3

m
gd

and
an

Illinois
R

iver
7Q

10
low

flow
.

T
he

diffuser
perfom

iance
evaluation

w
as

conducted
w

hen
the

com
bined

effluent
flow

w
as

at
898.9

gpm
(1.3

m
gd),

and
the

M
ississippi

R
iver

flow
varied

from
a

low
of

3,120
cfs

to
a

m
axim

um
of

5,200
cfs.

T
he

com
puter

m
odels

w
ere

updated
to

account
for

these
conditions,

and
new

dispersion

projections
w

ere
developed.

A
com

parison
of

the
m

easured
dispersions

as
com

pared
to

the
C

O
R

M
IX

predicted
dispersions

is
presented

in
T

able
3-9.

O
verall,

the
C

O
R

M
IX

predicted
dispersion

is
in

general
agreem

ent
w

ith
the

dispersion
m

easured
during

the
field

study.

T
A

B
L

E
3-8.

C
O

R
M

IX
C

O
M

P
A

R
IS

O
N

D
IS

T
A

N
C

E
C

O
R

M
IX

A
V

E
R

A
G

E
FA

D
M

E
A

S
U

R
E

M
E

N
T

D
O

W
N

S
T

R
E

A
M

P
R

E
D

IC
T

E
D

D
IS

P
E

R
S

IO
N

D
IS

P
E

R
S

IO
N

A
C

R
O

S
S

P
L

U
M

E
IN

W
A

T
E

R
C

O
L

U
M

N
(ft)

C
.:1)

U
i)

U
i)

20
39.7

66.0
30

45.2
37

39.8
53.3

78
52.2

92
47.9

47.9
102

55.1
553

151.5
151.5

558
146.2

1087
430.9

1090
299.9

299.9
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A
P

P
E

N
D

IX
1

M
IX

IN
G

Z
O

N
E

A
N

D
D

IS
P

E
R

S
IO

N
T

H
E

O
R

Y

M
IX

IN
G

Z
O

N
E

T
H

E
O

R
Y

R
egardless

of
bow

an
effluent

is
discharged,

the
effluent

w
ilT

be
m

ixed
w

ith
the

receiving
stream

in
several

distincthydraulic
m

ixing
zones,

as
illustrated

in
Figure

A
l-4.

T
hese

zones
can

be
described

as
follow

s:

1.
Jet

M
om

entum
or

E
ntrainm

ent
Z

one
(JM

Z
)

—
m

ixing
occurs

alm
ost

exclusively
due

to
the

energy
or

initial
m

om
entum

of
the

effluent

discharge;

1A
.

R
estratification

Z
one

—
the

plum
e

restratisfies
due

to
residual

density

differences
(seldom

occurs);

2.
B

uoyantor
D

ensity
Spreading

Z
one

(B
SZ

)
—

transition
zone

w
here

m
ixing

occurs
due

to
residual

excess
effluent

energy
(m

om
entum

),
density

gradient
betw

een
the

effluent
and

the
river,

and
am

bient
river

diffusion;

and

3.
Far-Field

Z
one

—
longitudinal,

lateral,
and

vertical
m

ixing
due

to
am

bient

river
diffusion

alone.

1.
JetM

om
entum

Z
one

In
regulatory

language,
the

JM
Z

is
com

m
only

referred
to

as
the

Z
one

of
Initial

D
ilution

(Z
ID

),
or

the
zone

of
rapid

and
im

m
ediate

m
ixing.

T
he

liD
,

or
JM

Z
,

is
w

here

the
m

axim
um

reduction
in

effluent
concentration

occurs.
T

he
size

ofthe
JM

Z
is

directly

related
to

the
difference

betw
een

the
initial

effluent
velocity

and
the

am
bient

river

velocity
(in

the
discharge

area),
the

geom
etry

of
the

discharge
structure,

the
initial

densim
etric

Froude
num

ber,
and

the
initial

density
gradient

betw
een

the
effluent

and
the

river.
L

ee
and

Jirka
(1980)

define
this

near-field
m

ixing
zone

as
occurring

w
ithin

a

A
l-i



distance
described

by
them

as
“of order

ofthe
diffuser

length”
(i.e.,m

eaning
w

ithin
V2

to

1
‘/

diffuser
length)

dow
nstream

from
the

discharge
structure,

for
low

to
stagnant

am
bient

currents.
H

igher
am

bient
velocities

can
extend

the
near-field

m
ixing

zone
to

distances

greater
than

one
diffuser

length.

1A
.

R
estratification

Z
one

O
nce

the
effluent

plum
e

has
lost

its
jet

m
om

entum
into

the
receiving

stream
,

the

rem
aining

density
differences

betw
een

the
plum

e
and

the
river

can
cause

the
plum

e
to

restratisfy
or

form
a

density
w

edge.
T

his
can

occur
for

strongly
positively

or
negatively

buoyant
plum

es,
but

generally
not

for
plum

es
that

are
essentially

neutral
in

density

follow
ing

the
JM

Z
.

T
he

effect
of restratification

is
to

restrict
the

exchange
ofnew

w
ater

w
ith

the
plum

e
through

physical density
gradients.

2.
B

uoyantS
preading

Z
one

D
ispersion

processes
in

the
B

SZ
arise

due
to

the
buoyant

forces
caused

by
the

density
difference

of
the

m
ixed

flow
relative

to
the

am
bient

density
(Fickian

diffusion).

B
uoyant

spreading,
defined

as
“the

horizontally
transverse

spreading
of

the
m

ixed

effluent
flow

w
hile

it
is

being
advected

dow
nstream

by
the

am
bient

current”
(D

oneker

and
Jirka,

1990), w
ill

norm
ally

not
occur

in
the

eases
of

w
eakly-buoyant

or
non-buoyant

plum
es.

T
he

buoyant
spreading

region
occurs

betw
een

the
JM

Z
or

restratification
zone

and
the

far-field
zone,

and
is

a
difficult to

define
zone

of transition.

3.
Far-field

Z
one

Far-field
dispersion

is
totally

dependent
upon,

and
driven

by,
am

bient
river

diffusion.
Param

eters
such

as
river

velocity,
m

orphology,
and

lateral
and

vertical

dispersion
coefficients,

determ
ine

the
rate

and
extent

of
am

bient
diffusion.

E
ventually,

the
effluent

w
ill

becom
e

com
pletely

m
ixed

laterally
and

vertically
across

the
river

by
the

far-field
dispersive

forces.
T

he
distance

to
total

m
ixing

w
ith

the
river

is
usually

m
easured

in
m

iles,
rather

than
in

feet.
T

he
total

regulatory
m

ixing
zone

encom
passes

a

portion
of

the
total

far-field
m

ixing
zone.

B
ased

on
this

study,
the

N
oveon

regulatory

total
m

ixing
zone

extends
som

ew
here

betw
een

553
feet

and
1,090

feet
dow

nstream
from

the
diffuser.

A
1-2



A
N

A
L

Y
T

IC
A

L
A

P
P

R
O

A
C

H
E

S
T

O
M

IX
IN

G
Z

O
N

E
T

H
E

O
R

Y
P

R
O

JE
C

T
IO

N
S

O
F

P
L

U
M

E
D

IS
P

E
R

S
IO

N

In
general,

there
are

tw
o

broad
approaches

to
analyzing

diffuser
dispersion

perform
ance:

1)
Independent

A
nalysis

of
each

zone,
calibrating

against
field

data,
and

applying
best engineering

judgm
ent, theory,

and
experience

on
a

case-by-case
basis;

or
2)

em
ploying

an
“E

xpert
System

”
approach,

such
as

C
O

R
M

IX
2.

T
he

analytical
processes

ofboth
approaches

are
illustrated

in
Figures

A
l-2

and
A

1-3.

In
the

“Independent
A

nalysis”
approach,

presented
in

Figure
A

1-2,
w

ell

established
theoretical

and
experim

ental
hydraulic

principles
are

used
to

evaluate
the

im
pacts

on
dispersion

of
each

zone
(w

here
applicable).

T
his

approach
perm

its

correlation
of

theory
w

ith
“the

real
w

orld,”
by

allow
ing

calibration
of

m
odules

to
site-

specific
field

conditions.
E

ssentially,
if

theory
predicts

“oranges,”
but

one
observes

“apples”
in

the
field, then

allow
ance

m
ust

be
m

ade
for

the
im

pacts
of

field
conditions

on

the
predictions.

M
odels

and
theory

are
functions

of
idealized

conditions,
and

cannot

account
for

all
possible

actual
conditions.

C
alibration

and
interpretation,

using

experience
and

engineering
judgem

ent,
becom

e
necessary

at
each

step
in

the
analytical

process.U
sing

the
E

xpert
System

approach,
as

in
Figure

A
l-3,

appears
to

sim
plify

the

process
considerably.

U
nfortunately,

all
calculations

and
theory

are
locked

inside
the

m
odel,

and
calibration

to
field

conditions
is

m
ade

virtually
im

possible.
If

situations

approaching
ideal

conditions
are

encountered,
the

expert
system

can
be

a
reliable

tool.

H
ow

ever,
the

further
a

site
departs

from
“ideal”

conditions,
then

the
less

reliable
and

accurate
the

results
obtained

from
the

E
xpert

System
approach

w
ill

be.

In
the

follow
ing

pages,
the

approaches
to

analyzing
diffuser

perform
ance

illustrated
in

Figures
A

l-2
and

A
l-3

are
explored

in
greater

detail
and

evaluated
for

the

appropriateness
for

the
N

oveon
site.

A
n

approach
is

selected
and

then
used

for
m

odel

calibration
and

m
odelprojections

ata
critical condition.

A
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IN
D

E
P

E
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D
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N
T

A
N

A
L

Y
S

IS
A

P
P

R
O

A
C

H

N
ear-Field

B
ulk

D
ispersion

E
stim

ate

T
he

near-field
bulk

dispersion
estim

ate
provides

a
reality

check
to

com
pare

w
ith

results
from

various
other

analyses,
such

as
the

“E
xpert

System
”

approach.

D
ispersion,

S,also
called

m
ixing, is

defm
ed

as:

total
volum

e
o
f

the
sam

ple
(A

l-i)
volum

e
of

effluent
in

sam
ple

Steady-state
conditions

are
assum

ed
in

river
analyses,

hence
flow

,
m

ass,
or

concentration
can

be
used

in
place

of volum
e

in
this

definition
ofdispersion.

T
he

m
ixing

that
occurs

in
the

JM
Z

(near-field)
can

be
crudely

estim
ated

by
a

bulk
dispersion

analysis

of
a

one-second
snap-shot

of
the

system
,

as
show

n
in

Figure
A

l-4.
D

uring
the

one-

second
interval

being
studied,

the
effluent

m
ixes

w
ith

the
volum

e
of

w
ater

that
passes

over
the

discharge.
C

hanging
E

quation
A

6- 1
into

a
usable

form
at

w
ith

variables
yields

the
follow

ing
equation:

(A
1-2)

Qeff

w
here:

S
=

D
ispersion

(
:

1,dim
ensionless)

Q
river

flow
(ft

/sec, or
volum

e/tim
e)

Q
’

=
effluentflow

(
f
t

3/s
e
c
,

or
volum

e/tim
e.)

B
y

plugging
values

m
easured

in
the

field
into

equation
A

l-2,
an

estim
ated

bulk

dispersion
in

the
JM

Z
can

be
calculated.

A
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(D
jffuser

lengthX
R

iver
H

eightX
R

iver V
elocity)

+
I .29m

gd
*

1
m

gd

1
.2

9
m

g
d

*
1

.5
4

7
_

_
rngd

=
(12fiX

i’ ftXO.45
ft/see) -t-1.9956cfs

1.9956
ef

59.4
cfs+

1.9956cfs

1.9956cfs

S
=

30.77

:.S
=

3
0
.8

:1

T
his

analysis
assum

es
com

plete
m

ixing
and

ignores
entrainm

ent
ofw

ater
from

the

side
and

from
behind

the
diffuser.

In
actuality,

the
relatively

high
velocity

ofthe
effluent

exiting
the

diffuser
(com

pared
to

am
bient

velocity)
creates

a
“vacuum

”
and

entrains,
or

pulls,
w

ater
into

the
plum

e
from

bordering
w

aters,
as

illustrated
in

Figure
A

1-5.
T

his

entrained
w

ater
has

the
effect

of
increasing

dispersion,
as

m
ore

w
ater

is
m

ade
available

for
the

effluentto
m

ix
w

ith.

T
he

bulk
dispersion

analysis
presented

above
is

an
oversim

plification
of

a
quite

com
plex

plum
e

developm
ent

and
m

ixing
process.

H
ow

ever,
it

is
a

“back
of

the

envelope”
m

ethod
to

estim
ate

the
order

ofm
agnitude

of
achievable

dispersion.
A

ctually,

diffuser
effluent

flow
induced

entrainm
ent

of
additional

w
aters

can
typically

increase

dispersion
10%

to
30%

,
or

m
ore,

over
the

dispersion
available

due
to

river
w

ater
passing

directly
over

the
diffuser.

T
he

initial
plum

e
behavior,

and
hence

the
resultant

JM
Z

dispersion,
is

dependent
upon

the
stability

of
the

plum
e

in
the

receiving
body

of
w

ater.

T
w

o
general

m
ethods

of
solving

for
dispersion

(that
account

for
entrainm

ent)
exist

for
a

m
ultiport diffuser

w
ith

a
flow

ing
am

bient current:

1.
U

nstable
discharge

dom
ain

(shallow
-w

ater
conditions)

w
here

flow

recirculation
and

breakdow
n

occur;
and

2.
Stable

discharge
dom

ain
(deep-w

ater
conditions).

In
order

to
detennine

w
hether

an
unstable

plum
e

analysis
or

a
stable

plum
e

analysis
technique

is
appropriate

for
determ

ining
effluent

dispersion,
the

plum
e

stability

m
ust

firstbe
determ

ined.

A
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Plum
e

Stability
A

nalyses

D
ischarge

flow
patterns

in
the

im
m

ediate
diffuser

vicinity
are

strongly
dependent

upon
a

com
bination

of
am

bient
conditions,

discharge
characteristics,

and
diffuser

geom
etry.

T
he

purpose
of

plum
e

stability
analysis

is
to

predict
under

w
hat

com
bination

of
conditions

the
effluent

plum
e

w
ill

exhibit
stable

or
unstable

characteristics.
T

he

stability
classification,

w
hen

com
pared

to
observed

field
plum

e
behavior,

can
give

credence
to,

or
disqualify

from
application,the

various
predictive

dispersion
equations

or

com
puter

m
odels

available.

T
he

definitions
of

stability
and

instability
given

by
Jirka

(1982)
illustrate

tw
o

broad
classes

of
expected

flow
behavior,

depending
on

the
com

bination
of

factors
as

m
entioned

above:

A
stable

near
field

is
defined

as
one

in
w

hich
a

buoyant
surface

layer
is

form
ed

w
hich

does
not

com
m

unicate
w

ith
the

initial
buoyant

jet
zone.. .T

he
near

field
is

defined
as

unstable
w

henever
the

layered
flow

structure
breaks

dow
n

in
the

discharge
vicinity,

resulting
in

recirculating
zones

or m
ixing

over
the

entire
w

ater
depth.

.

In
sim

ple
term

s,
a

stable
plum

e
is

one
w

hich
propagates

dow
nstream

in
a

w
ell-

defined
conical

fashion,
grow

ing
in

size
untilthe

effluentis
m

ixed
top-to-bottom

over
the

entire
w

ater
colum

n.
A

stable
plum

e
is

typically
described

by
a

G
aussian

profile,
as

illustrated
in

Figure
A

l-6.
A

n
unstable

plum
e,

on
the

other
hand,

w
ill

dem
onstrate

a

turbulent,
and

som
etim

es
oscillatory,

centerline
trajectory

w
ith

a
tendency

to
m

ix
top-to-

bottom
w

ithin
a

very
short

distance
(on

the
order

of
one

diffuser
length)

dow
nstream

from
the

diffuser.
A

n
unstable

plum
e

m
ay

appear
as

in
Figure

A
1-6.

V
lachos

has
used

the
analogy

of
a

garden
hose

discharging
into

a
sw

im
m

ing
pool

(stable
plum

e,
slow

ly

m
ixing),

or
into

a
one-gallon

bucket
(unstable

plum
e,

rapid
and

turbulent
com

plete

m
ixing)

to
illustrate

the
concept

ofplum
e

stability.
T

he
various

m
athem

atical
equations

that
have

been
proposed

to
calculate

bulk
dispersion

rely
on

know
ledge

of
plum

e

stability.
T

he
A

dam
s

(1982)
equation

for
bulk

dispersion,
for

instance,
is

valid
for

shallow
w

ater
plum

es
w

hich
are

m
ixed

top-to-bottom
.

B
y

extension
to

the
definition

of

stability,
the

A
dam

s
bulk

dispersion
analysis

is
applicable

only
to

unstable
plum

e

situations.
C

O
R

M
IX

2
incorporates

a
rigorous

flow
classification

schem
e,

categorizing

A
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the
flow

into
one

of
31

classes,
depending

on
plum

e
m

om
entum

and
buoyancy

as
w

ell
as

am
bient

velocity
and

depth.
Ifthe

plum
e

is
stable,

dispersion
is

calculated
by

sim
ulating

the
plum

e
as

a
tw

o-dim
ensional

w
alljet

(plane
source).

Ifthe
plum

e
is

unstable
(and

the

diffuser
is

unidirectionally
co-flow

ing),
C

O
R

M
IX

2
calculates

bulk
dispersion

based
on

the
equations

developed
by

A
dam

s
(1982).

D
K

H
W

alw
ays

assum
es

a
stable

plum
e,and

approxim
ates

a
G

aussian
distribution

forprojecting
the

effluent
dispersion.

H
olley

and
Jirka

have
described

a
stable

plum
e

as
presented

in
Figure

A
l-7.

T
he

longitudinal
cross-section

that
is

presented
in

Figure
A

1-7
is

fairly
representative

of
the

plum
e

from
N

oveon’s
diffuser.

T
he

plum
e

during
the

field
study

w
as

fully
m

ixed
in

the

w
ater

colum
n

at
the

end
of

the
jet

m
ixing/buoyant

spreading
zone

before
the

far
field

m
ixing

zone.

E
arly

w
ork

in
dispersion

m
odeling

dealt
prim

arily
w

ith
positively

buoyant

plum
es,

such
as

those
em

anating
from

cooling
w

ater
discharges.

A
stability

criterion

reported
by

Jirka
(1982)

during
this

early
w

ork,and
stillw

idely
used

is:

m
,

+
m

f
b

+
1

f
b

*
C

0
o

=
0.54

(A
l-3)

p2
1
3

*
H

p
Z

’
3*

H

w
here:

m
=

discharge
m

om
entum

flux
m

a
=

am
bientm

om
entum

flux
Pa

=
buoyancy

flux
H

=
w

ater
depth

00
=

discharge
angle

If
the

left
hand

side
(L

H
S)

ofequation
A

l -3
is

greater
than

or
equal

to
0.54,

then

the
plum

e
is

said
to

be
unstable.

A
closer

exam
ination

ofE
quation

A
1-3

show
s

thatboth

the
discharge

m
om

entum
flux

and
any

am
bient

m
om

entum
flux

act
as

destabilizing

agents.
T

he
tendency

to
instability

is
further

increased
if

the
discharge

m
om

entum
also

has
a

horizontal
com

ponent (
m
0*
c
o
s

G
e).

A
slightly

different
form

of
E

quation
A

l-3
is

used
by

A
dam

s
(1982)

and
Jirka

(1973,
1982).

A
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m
o
*
(1

+
c
o
s2

U
o
)+

m
a

=
0
5
4

(A
l-4)

p2
1

3
J
J

A
gain,the

criterion
for

instability
is

ifthe
L

H
S

of
E

quation
A

l -4
is

greater
than

or
equal

to
0.54.T

he
C

O
R

M
IX

2
com

puter
m

odel,
developed

by
A

kar
and

Jirka
(1991),

uses

m
odified

form
s

ofE
quation

A
l-4

in
their

rigorous
flow

classification
schem

e,
depending

on
plum

e
buoyancy.

A
s

stated
previously,

m
ost

early
w

ork
dealt

only
w

ith
positively

buoyant
plum

es.
In

the
case

of
positively

buoyant
plum

es,
an

am
bient

current

m
om

entum
flux

(m
a)

w
ill

tend
to

accelerate
the

spreading
of

the
plum

e,
and

prom
ote

rapid
top-to-bottom

m
ixing.

In
this

sense,
am

bient
m

om
entum

flux
does

play
a

destabilizing
role,

and
thus

m
a

is
added

to
the

L
H

S
of

E
quations

A
l-3

and
A

1-4.
In

the

case
of

negatively
buoyant

plum
es,

how
ever,

an
am

bient
current

w
ill

act
m

ore
in

a

stabilizing
role;

that
is,

an
am

bient
currentw

ill
m

oderate
the

tendency
ofthe

jet
plum

e
to

oscillate
and

m
ix

rapidly
top-to-bottom

.
T

he
follow

ing
stability

criterion
from

C
O

R
M

IX
2

accounts
for

the
difference

in
plum

e
and

am
bient

densities,
as

w
ell

as
the

height
of the

diffuser
from

the
w

ater
body

floor:

rn0
*
(i÷

c
o
s2

)
2

+
m

a
_

O
.I*

h
0

PO
SIT

fV
E

:
=

0.54
(A

l-5)
p02
1
3

N
E

G
A

T
IV

E
:

m
*(1+

C
os

o
)
2

—
=

O
.5

4
(A

l-6)
p

2
I3

*
H

w
here:

h0
=

elevation
ofdischarge

port
above

bottom

T
he

significant
difference

betw
een

E
quation

A
l-4

and
E

quations
A

1-5
and

A
I-6

is
the

role
played

by
the

am
bient

m
om

entum
flux

(m
a):

that
is,

w
hether

m
a

is
stabilizing

(+m
a)

or
destabilizing

(-m
a).

It
is

instructional
to

determ
ine

the
theoretical

stability
of the

N
oveon

plum
e,

as
it

existed
during

the
O

ctober
field

study.
T

he
effluentplum

e
did

not
im

m
ediately

m
ix

top-

to-bottom
,

as
w

ould
have

been
expected

if
the

plum
e

had
been

unstable.
R

ather,

dispersion
w

as
accom

plished
gradually,

w
ith

the
effluentplum

e
surfacing

approxim
ately

A
l-8



20
feet

dow
nstream

from
the

diffuser.
T

he
plum

e
w

as
m

ixed
top

to
bottom

w
ithin

100

feet
dow

nstream
of

the
diffuser,

how
ever.

T
he

plum
e

appears
to

have
been

stable,

especially
if

one
considers

the
am

bient
w

ater
depth,

the
river

current
and

the
discharge

exit
velocity.

It
is

interesting
to

com
pare

this
intuitive

plum
e

classification
to

the

theoretical
classification

com
puted

by
E

quation
A

l-6.

m
*

(
i+

c
o

s
2

O
_

m
‘<

0.54
unstable,

0.54
=

stable
p
3
l*

H

m
a

=
am

bientm
om

entum
f
l
u

x

u
H

=
(0.45

ft/s
e
c
)

2*
(
l

I
if)

=
2.2275

f
t

3/s
e
c

2
U

a
=

am
bientcurrentvelocity

H
w

ater
depth

g0’
=

initialbuoyant acceleration
=

g
(p

a
-p

o
)/

Pa
32.2

ft/sec
2

*
(62.36-62.77)!

62.36
-0.212

ft/sec
2

Pa,
Po

=
am

bient,discharge
density

m0
discharge

m
om

entum
f
l
u
x

=
q0u0

=
(0.133)*(10.24)

=
1.36
f
t

3/s
e
c

2
q0

=
discharge

portexitvelocity,
fl/sec q0

=
volum

e
flux

=
Q

O
!L

D
=

(2.00
f
t

3/sec)(1
5

if)
=

0.133
f
t

2/s
e
c

diffuser
length

Q0
=

total
discharge

flow
g

=
acceleration

of gravity

Po
=

buoyancy
flux

=
q0g0’

=(0. 133)*(_0.212)
-0.028

f
t

3/s
e
c

2

1.36
*

(i
+

c
o

s
2

45)2_2.2275
<

0.54
=

stable,
0.54

=
unstable

l_0.0282131
*11

1.36
*

(i
+

co
s

2
45)2

—
2.2275

0.8325

_0.0282t3I*11
1.0)2

1.36*(1+
cos245)2

—
2.2275

=
0.82

F
0.0282/31*11

0.82
0.54

Plum
e

is
unstable

w
here:

therefore:

1.36
*(i

+
c
o

s
2

4
5
)2

—
2.2275

I—
0.0282/31

*
LI

1.36
*

+
0.5)2

—
2.2275

0.092j*
11

A
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Since
the

L
H

S
of

E
quation

A
1-6

is
greater

than
the

criterion
of

0.54,
theory

predicts
that

the
plum

e
is

unstable.
H

ow
ever,

the
field

m
easurem

ents
show

ed
that

the

plum
e

had
m

ore
of

a
stable

plum
e

geom
etry

atthe
firsttw

o
stations

dow
nstream

,
20

and

37
feet.

T
he

discrepancy
w

ith
the

theoretical
calculation

is
in

part
because

the
LH

S
of

E
quation

A
1-6,

although
greater

than
0.54,

w
as

on
the

sam
e

order
of

m
agnitude

as
0.54.

R
eal

w
orld

plum
es

behave
m

ore
like

the
theoretical

calculation
w

hen
the

num
bers

are

orders
ofm

agnitude
apart.

A
dditionally,

the
effects

of am
bient

and
effluent tem

peratures

have
not

been
accounted

for
here

w
hich

w
ould

tend
to

bring
the

effluent
and

R
iver

densitiescioser.

JM
Z

Stable
Plum

e
A

nalysis

A
dam

s
(1982),

Jirka
(1982),

and
H

olley
and

Jirka
(1986)

present
analyses

based

on
A

dam
s’s

(1982)
w

ork,
that

takes
the

sim
ple

bulk
dispersion

a
step

further
by

accounting
for

back
entrainm

ent.
T

he
H

olley
and

Jirka
equation

is:

If
sO

.5
I

lj
2

2
in

H
I

s=—
v+—

v
+

°2
C

0
S

O
(A

1-7)
2

2
q0

}

w
here:

S
=

bulk
dispersion

(
:

1,dim
ensionless);

V
=

volum
e

flux
ratio,

or
am

bientm
ixing

due
to

am
bientcurrent;

uaH
/qo

H
w

ater
depth

(fi);
q0

discharge
flux

per
unit length

(
t
1

2/
s
e
c

2)
;

u0a0I
L

,
rn0

m
om

entum
flux
(
f
t

3/
s
e
c

2)
;

=

L
=

port
spacing

(ft);
a0

=
portarea;

u3
=

portexitvelocity
(ftlsec);

and
=

portdischarge
angle.

It
should

be
noted

that
A

dam
s

calculates
the

discharge
m

om
entum

flux
as

a

function
of

the
total

diffuser
length,

w
hereas

H
olley

and
Jirka

define
this

discharge

m
om

entum
flux

as
a

function
ofport

spacing.
For

long
diffusers,these

tw
o

m
ethods

give

sim
ilar

results.
T

he
N

oveon
diffuser

is
not

a
long

diffuser,
how

ever,
so

care
should

be

taken
w

hen
calculating

w
ith

this
equation.

T
he

port
spacing

is
3

feet,
and

the
effective

A
l-lO



diffuser
length

is
12

feet.
T

he
dispersion

predicted
by

this
equation

during
the

study
is

calculated
by

plugging
values

into
E

quation
A

1-7.

f
\O

.5
1

11
2

2
m

H
S

=
—

V
+

—
rV

+
°

cosO
2

2
q

lu
*
H

1
1u

*
H

?
s
=

_
a

_
j

a

2
q0

2
q0

)

2

5=
!
u

a
*

H
+

!
U

O
*H

2
u0a0

2
i
t
a

L
L

0.5
2

10.1652*0.049

s—
i

0,45*11
1

0.45*11
2

11

210.165*0.049
10.165*0.049

+
(1

o
.i6

5
*
o

.o
4
9

2
cos

3
3

3
J

0.5
2

1
0
.1

6
5
2
*

0
.0

4
9

1
0.45*11

1
0.45*11

2
11

10
165*0049

+
10.165*0.049

+
(1

0
.i6

5
*
0

.0
4
9

2
cos45

3
3

3
)

f
\0.S

1
4.95

ii
(

4.95
‘2

2*1.6877*11
S

=
—

+—
II—

—
-—

—
I

+
cos45

2
0.166

2
0
.1

6
6
)

(0.166)2

S
=

14.91
+

0.5(889.189
+

1347.4oos
4
5
)0

5

S
=

14.91+
0.5(1841.94)°

S
=

14.91+
0.5*42.92

S
36.37

T
he

actual
dispersion

achieved
during

the
diffuser

perform
ance

study
w

as
39.8:1,

w
hich

is
an

increase
of

approxim
ately

a
9%

increase
over

the
dispersion

predicted
by

E
quation

A
l-7.

T
his

slight
increase

over
the

predicted
dispersion

is
in

keeping
w

ith

previous
diffuser

perform
ance

studies.

T
he

E
quation

thatw
as

developed
by

A
dam

s,
w

hich
is

not included
here,

results
in

a
dispersion

of
36.31.

T
hus,

according
to

the
H

olley
and

Jirka
m

odel,
a

dispersion
of

36.37
could

have
been

achieved
w

ithin
about

the
first

12
to

18
ft

(1
to

1.5
diffuser

lengths)
dow

nstream
from

the
diffuser.

T
his

dispersion
is

approxim
ately

a
15%

increase

A
l-il



in
the

dispersion
predicted

by
E

quation
A

l-2.
T

he
15%

increase
in

dispersion
is

the

result
of

entrainm
ent

of
additional

w
ater

by
the

plum
e.

A
s

am
bient

river
velocity

decreases,
the

effect
of

entrainm
ent

is
m

agnified,
and

can
approach

100%
of

the

dispersion
atzero

river
velocities.

T
he

m
easured

values
show

ed
a

dispersion
of39.8

w
as

achieved
at20.5

feet
dow

nstream
from

the
diffuser.

T
his

is
approxim

ately
a

9%
increase

overthe
value

predicted
by

E
quation

A
1-7.

T
his

is
a

resultofm
ore

w
ater

being
entrained

than
is

predicted
by

this
m

odel.
R

educing
am

bientflow
to

zero
in

E
quation

A
l-7

reduces

the
volum

e
flux

ratio,
V

,
also

to
zero.

T
hus,the

dispersion
that

occurs
atthis

condition
is

entirely
dependentupon

entrainm
ent,as

show
n

by
the

follow
ing

equation:

(A
l-8)

2
q0

0
.5

1
2

m
0H

cosO
2

q

0.5

210.165
*
0
0
4
9

cos45
2

(1
O

1
6
5
*
Q

O
4
9
2

3
)

1
(2

*
1
.6

8
8
*
1
1

..0.5

S
=

—
I

eos45
2
k

0.1662

S
=

s
=

S
_

!*
3

0
8

7
2

S
15.44

S
i

A
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T
he

unstable
plum

e
analysis

for
high

am
bient

currents
gives

results
close

to
the

sim
ple

bulk
dispersion

analysis
because

entrainm
ent

becom
es

a
m

inor
percentage

ofthe

w
ater

in
the

TM
Z,

in
com

parison
to

the
total

volum
e

of
w

ater
crossing

directly
over

the

diffuser.

JM
Z

Stable
Plum

e
D

ispersion
A

nalysis

T
here

are
tw

o
separate

com
puter

m
odels

that
can

be
used

to
predict

stable
plum

e

dispersion:
1)

D
K

}IW
(Frick,

etal.,
199);

and
2)

C
O

R
M

IX
2.

D
K

H
W

projects
the

stable

plum
e

as
increasing

G
aussian

cones
until

plum
es

m
erge,

w
hence

it
reverts

to
a

pow
er

profile
analysis.

C
O

R
M

IX
2

projects
the

plum
es

as
a

series
of

m
erged

rectangular
area

source
thatw

idens
vertically

through
the

entire
w

ater
depth.

D
K

H
W

com
putes

a
plum

e
centerline

m
axim

um
concentration

as
w

ell
as

a
flux

average
dispersion

(FA
D

).
In

the
JM

Z
,

the
FA

D
is

the
average

dispersion
across

the

plum
e

face.
T

he
plum

e
face

can
be

defined
as

the
w

idth
of

the
diffuser

plus
one

w
ater

depth,
at

the
distance

w
here

plum
e

height
equals

w
ater

depth.
Shirazi

and
D

avis
(1974)

and
Prych

(1977)
suggested

thatthe
average

concentration
across

a
G

aussian
plum

e
can

be
estim

ated
using

(2
)a

(1.41a)
for

plum
e

boundaries
(i.e.,

plum
e

extending
1.41

standard
deviations).

T
his

is
equivalentto

approxim
ately

84%
ofthe

plum
e

area
(m

ass)

in
the

Y
M

Z
(near-field).

O
nce

the
plum

e
has

established
its

approxim
ate

G
aussian

profile,
the

FA
D

com
puted

by
D

K
H

W
is

approxim
ately

75%
of

the
centerline

concentration
w

here
plum

e
height

equals
w

ater
depth.

Prior
to

this
point,

the
centerline

concentration
in

D
K

H
W

can
be

200%
to

400%
less

than
the

FA
D

.
T

herefore,the
use

of

1.41
a

provides
a

very
conservative

estim
ate

for
converting

the
observed

centerline

concentration
to

FA
D

concentrations
for

com
parison

w
ith

D
K

}IW
results.

A
norm

al
G

aussian
distribution

is
illustrated

in
Figure

A
l-8,

and
is

m
athem

atically
defined

by
the

follow
ing

expression:

f(x
)=

—
e

2
A

1-9
u

2

A
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w
here:

f(x)
=

value
ofthe

norm
al

distribution
at any

point;
standard

deviation;
x

==
m

ean.

T
ransform

ing
the

equation
yields:

1
0
2

2
A

l-lO

A
n

exam
ple

of
a

norm
al

distribution
w

ith
a

m
ean

of
0

and
a

variance
of

1
is

presented
in

Figure
A

1-.8.
T

he
m

axim
um

value
of

f(z)
occurs

at
z

=
0,

or
at

the

centerline.
T

his
corresponds

w
ith

the
peak

plum
e

concentration:

1
0

z
=

0
f
(
z
)
i=

=
e

f(0
)

=
0.3989

T
his

value
thus

represents
100%

of the
m

axim
um

value
of

f(z).
A

s
stated

earlier,

several
researchers

have
defm

ed
the

G
aussian

effluentplum
e

in
the

JM
Z

as
extending

to

2
a

(z
=

±1.41,or
at

1.41
standard

deviations):

z=
1.41

f(z)=
-T

=
=

e
2

2,r
f(1.41)=

0J476

T
he

value
of

the
norm

al
distribution

at
the

edge
of

plum
e

is
at

f(1.41),
w

hich

represents
37%

of the
m

axim
um

value
as

calculated
by:

ff1.41)
0
.1

4
7
6
0

3
7

f(0
)

0.3989
—

T
he

FA
D

is
calculated

by
recognizing

that
the

area
under

the
curve

for
z

=
±1.41

accounts
for

84.14%
of

the
total

area
of

the
standard

norm
al

distribution
flz)

(from

standard
norm

al
distribution

tables).
T

herefore,the
norm

al
distribution

m
ass

(area
under

the
curve)

represented
by

the
area

of
±

1.41a
can

be
approxim

ated
as

a
rectangular

of

equivalentarea, w
ith

a
w

idth
of

±
1.41

a
and

a
height

calculated
as

follow
s:

A
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H
eight

A
rea

FA
D

W
idth

w
here:

A
rea

defined
from

norm
al

distribution
tables

for
2a;

and
W

idth
2

(i.e.,2
*

1.41)

FA
D

=
0.8414

0.2984
2(1.41)

C
onsequently,

in
this

case
the

FA
D

corresponds
to

the
average

height
of

f(z)

betw
een

z
±

1.41.

T
he

concept
of

FA
D

and
“equivalent

area”
and

“average
box

height”
are

illustrated
in

Figure
A

l-9.

T
he

FA
D

represents
74.8

1%
ofthe

m
axim

um
centerline

value
(0.2984

/
0.3989

0.7481).
T

herefore,
the

m
axim

um
centerline

concentration
(or

m
inim

um
centerline

dispersion)
divided

by
0.7481

gives
the

FA
D

across
the

plum
e

face.
T

he
dispersion

at

the
edge

ofthe
plum

e
is

calculated
as

the
m

inim
um

centerline
dispersion

divided
by

0.37.

T
his

analysis
allow

s
translation

betw
een

observed
m

axim
um

centerline
concentrations

to

finite
edge

of
plum

e
lim

its
and

to
a

flux
average

concentration
in

the
m

ain
body

of
the

plum
e.

R
estratification

O
nce

the
effluent

plum
e

has
lost

its
jet

m
om

entum
into

the
receiving

stream
,

the

rem
aining

density
differences

betw
een

the
plum

e
and

the
river

can
cause

the
plum

e
to

restratify,
w

hich
w

ould
cause

slow
er

dispersion
in

the
field.

T
his

could
occur

for

strongly
positively

or
negatively

buoyant plum
es.

H
olley

and
Jirka

(1986)
and

A
kar

and

Jirka
(1991)

give
equations

for
determ

ining
if

restratification
w

ill
occur.

From
H

olley

and
Jirka,

restratification
w

ill
occur

if
the

densim
etric

Froude
num

ber
is

less
than

a

criticalvalue
as

follow
s:

<
0.6toO

.7
(A

l-li)

A
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w
here:

u2
=

am
bientvelocity

(ft/see);
Ig’I

=
buoyantacceleration

(ft/se
e

2)
;

igA
p/pal;

‘‘P
H

P
aP

IJS
Pa

=
am

bient
density;

g
=

acceleration
due

to
gravity

(ft/sec
2)

32.2
ft/see
2;

S
=

dispersion
atthe

end
ofthe

JM
Z

,
adjusted

by
FA

D
;

S
=

S
3/O

.7
4

8
1

H
=

w
ater

depth
(ft).

H
ence,

for
E

quation
A

l-li:

L
H

S—
U

a

L
H

S
=

L
H

S
=

U0

1j1g
*

((Pa
—

p
)is)i p0H

L
H

S
0.45

—
!f32.2

*
((0.999—

1.0055)1(36.37
I0.7481))I0.99911

L
ffS

=
0.45

3
2

.2
*

(_
1

.3
3

8
*

1
0

4
1

1

L
H

S—
0.45

—
/0.00431*11

L
H

S
-
-
-
-

0.2
18

L
H

S
=

2.06

2.06
>

0.6

N
o

restrat/Icatioi

Since
the

densim
etric

Froude
num

ber
is

greater
than

the
criterion,

no

restratification
is

expected
and

none
w

as
observed

during
the

study.
B

ecause
the

plum
e

com
es

to
the

surface
before

beginning
to

fall,
this

ensures
adequate

m
ixing

top-to-bottom

w
ithin

the
w

ater
colum

n,
w

hich
helps

m
inim

ize
the

chance
of restratification.

B
uoyant Spreading

Z
one

or
T

ransition
Z

one

O
nce

the
plum

e
has

lost
the

m
ajority

of
its

jet
m

om
entum

(outside
the

near-field

m
ixing

zone), the
residual

buoyancy
outside

the
near-field

m
ixing

zone
can

induce
lateral

A
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spreading
perpendicular

to
the

am
bient

flow
.

A
dam

s
(1982)

and
L

ee
and

Jirka
(1980)

discuss
the

shape
ofthe

plum
e

at
the

end
of

the
JM

Z
.

A
t

low
to

stagnant
currents,

the

effluent
plum

e
w

ill
contract

due
to

side
entrainm

ent
of

the
receiving

w
ater

into
the

plum
e,

as
show

n
previously

in
Figure

A
l-5,

to
a

w
idth

equivalent
to

about
one-half

the

diffuser
length.

A
t

higher
am

bient
velocities,

this
entrainm

ent
becom

es
negligible

and

the
plum

e
w

idth
atthe

end
ofthe

JM
Z

is
on

the
order

ofone
diffuser length.

A
t

the
end

of
the

JM
Z

,
the

plum
e

m
aintains

som
e

excess
velocity

over
the

am
bient

river
velocity.

In
this

interm
ediate

zone,
the

excess
velocity

and
the

slight

buoyancy
differences

betw
een

the
plum

e
and

the
am

bient
w

aters
cause

the
plum

e
to

spread
laterally.

A
s

the
plum

e
slow

s
to

am
bientvelocities

(e.g.,
due

to
boundary

friction

w
ith

the
bottom

),
passive

am
bient

diffusion
or

far-field
m

ixing
becom

es
the

dom
inant

m
ixing

force.
L

ee
and

Jirka
(1980)

developed
an

analysis
to

com
pute

buoyant
spreading

in
this

transition
zone

betw
een

the
JM

Z
and

the
far-field.

T
he

residual
plum

e
velocity

at
the

end
of

the
JIvIZ

can
be

calculated
by

the

follow
ing

equation:

=
2

S
1Q

e
(A

l-12)
L

D
H

w
here:

u1
=

plum
e

velocity
atthe

end
of the

JM
Z

(ft/see);
Si

=
D

ispersion
atthe

end
ofthe

jet
m

om
entum

zone;
Q

E
ffluent flow

in
(
f
t

3/s
e
c
);

LD
=

D
iffuser

length
(ft);

H
=

L
ocal

w
ater

depth
(fi).

T
hus,the

plum
e

velocity
atthe

end
ofthe

JM
Z

during
the

O
ctober

field
study

can

be
calculated

using
the

follow
ing

conditions:

S1
=

36.37/0.7481
=

48.62;
Q

e
=

l.2
9
m

g
d
2
.O

O
cfs

LD
15

ft;
H

=
11

ft.

2
*
4
8
6
2
*
2
0
0

U
I

=
15*11

u,
=

1
1
7
9
fl/sec

A
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For
com

parison,the
am

bientcurrent
w

as
0.45

fl/sec
and

the
port

exitvelocity
w

as

10.165
filsec.

T
hus,

the
plum

e
had

slow
ed

from
its

exitvelocity
to

about
1.179

ft/sec
at

the
edge

ofthe
JM

Z
.

C
O

R
M

IX
2

predicts
that the

edge
ofthe

JM
Z

is
6

feet
dow

nstream

from
the

diffuser
(i.e.,arbitrarily

setat
1/2diffuser

length).

T
he

L
ee

and
Jirka

equations
are

for
low

to
stagnantam

bient
velocities,w

hich
can

be
considered

as
around

0.25
fl/sec

to
0.30

fl/sec
(typical

low
er

range
for

m
easuring

velocity
using

a
pygm

y
or

Price
A

A
current

m
eter).

C
alculations

from
these

equations

for
river

conditions
w

ith
greater

am
bient

velocities
are

considered
an

approxim
ation,

but

the
results

are
consistent

w
ith

the
interm

ediate
zone

decreasing
in

aerial
extent

or
not

existing
at

higher
am

bient
velocities

(river
turbulence

becom
es

m
ore

of
a

dom
inant

factor.)
For

the
conditions

existing
during

the
O

ctober
field

study,
a

buoyant
spreading

region
w

ould
be

expected,
since

the
am

bient
velocity

in
the

area
is

approaching
the

m
inim

um
velocity.

T
he

plum
e

velocity,
plum

e
w

idth,
and

plum
e

dispersion
can

be

calculated
according

to
the

L
ee

and
Jirka

equations.

Interm
ediate

zone
m

ixing
is

driven
by

excess
plum

e
velocity

and
frictional

interaction.
A

realistic
m

eans
ofdefining

the
end

ofthe
interm

ediate
zone

is
to

determ
ine

the
distance

at
w

hich
the

plum
e

velocity
has

been
reduced

to
approxim

ately
the

am
bient

velocity.
A

value
of

w
ithin

±5%
of

the
am

bient
velocity,

based
on

U
SG

S
discharge

m
easurem

ent
techniques,

is
used

to
define

the
end

of
this

interm
ediate

zone.
T

hat
is,

velocity
m

easurem
ents

and
subsequent

flow
calculations

using
a

Price
A

A
current

m
eter

can
be

m
ade

to
±2%

to
10%

accuracy
w

ith
5%

being
typical.

For
instance,

the
average

am
bient

velocity
on

O
ctober

25
w

as
about

0.45
ft/see,

and
therefore

the
end

of
the

interm
ediate

zone
has

been
set

at
the

distance
w

here
the

plum
e

velocity
is

1.05
*

0.45

ft/see,or
0.47

ft/sec.

T
he

follow
ing

equation
is

used
to

determ
ine

the
plum

e
velocity

at
the

end
ofthe

buoyant
spreading

regions:

=
+

p
[i_.

(A
l-13)

A
1-18



w
here:

u
velocity

atthe
end

ofthe
B

SZ
(ft/see);

=
velocity

atthe
end

ofthe
JM

Z
(ft/see);

4)
=

f
0/(8

F
1
);

=
M

oody
friction

factor
=

0.03
5;

H
=

L
ocalw

ater
depth;

4)
=

0
.0

3
5
1
(8

*
1
1
);

4)
0
.0

0
0
3
9
7
7
ff

1;
x

=
distance

dow
nstream

from
x1;

=
distance

atend
ofJM

Z
(ft);

p
=

2
a

21
(
1

3b14
)
)
;

a2
=

entrainm
entcoefficient

=
0.068;

=
h

c
/2

;
b1

=
0.S

L
D

;
LD

=
diffuser

length
15

ft.

T
he

objective
is

to
determ

ine
the

distance
x

w
hen

u
is

w
ithin

5%
of

the
am

bient

river
velocity.

E
quation

A
1-13

w
as

im
plem

ented
on

an
E

xcel®
spreadsheet,

and
through

an
iterative

process,x
w

as
found

to
be

222
feetdow

nstream
from

the
edge

ofthe
JM

Z
,

or

228
feetdow

nstream
from

the
diffuser.

T
he

plum
e

w
idth

at
the

end
of

an
interm

ediate
zone

are
calculated

according
to

the
follow

ing
equation:

b
=

b
i[e_

x
1
)*

(1
+

p
)_

/3
j

(A
l-14)

w
here:

b
plum

e
w

idth
atend

ofB
SZ

(ft);
=

plum
e

w
idth

atthe
end

ofthe
JM

Z
(ft).

T
he

dispersion
at

the
end

of
the

B
SZ

can
be

calculated
using

the
follow

ing

equation:

s
(A

l-15)

w
here:

S
=

dispersion
atend

ofB
SZ

;
b

=
dispersion

atthe
end

ofthe
JM

Z
.

C
O

R
M

IX
2

predicted
a

plum
e

w
idth

of
9.777

feet
at

the
end

of
the

JM
Z

.

Substituting
this

into
E

quation
A

1-14,
yields

a
plum

e
w

idth
at

the
end

of
the

B
SZ

of
45

feet.
U

sing
the

calculated
FA

D
atthe

end
ofthe

JM
Z

of48.62
in

E
quation

A
l-15

yields

a
dispersion

of
100:1

atthe
end

ofthe
B

SZ
,228

feetdow
nstream

from
the

JM
Z

.

A
1-19



T
he

dispersion
required

w
ithin

the
m

ixing
zone

w
as

99:1,
w

hich
is

show
n

to
be

reached
atthe

end
ofthe

buoyantspreading
zone

by
this

equation.

A
12O
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I
air.

earth

215
Jam

estow
n

P
ark,

S
uite

100
B

rentw
ood,

TN
37027

‘
P

h
o
n
e

(615)
373-8532

F
ax

(615)
373-8512

June
20,

2006
051415

D
ave

G
iffin

E
m

erald
P

erform
ance

M
aterials

L
L

C
1550

C
ounty

R
oad

1450N
H

enry,
Illinois

61537-9706

R
E

:
Q

uarterly
M

onitoring
for

N
itrogen

D
ear

M
r.

G
iffin:

O
n

June
15,

2006,
M

r.
M

ike
C

orn
of

A
q

u
A

eT
er

contacted
M

r.
B

ob
M

osher
of

the
Illinois

E
P

A
in

regards
to

quarterly
sam

pling
for

nitrogen.
T

he
current

ruling
by

the
Illinois

P
ollution

C
ontrol

B
oard

(IPC
B

)
states

“N
oveon

m
ust

m
onitor

anunonia
nitrogen

in
the

Illinois
R

iver
on

a
quarterly

basis
to

dem
onstrate

com
pliance

w
ith

the
applicable

am
m

onia
w

ater
quality

standards...”.

M
r.

M
osher

has
agreed

that
a

serial
dilution

of
the

discharge
w

ith
the

background
river

w
ater

from
the

Illinois
R

iver
w

ill
be

acceptable
for

the
quarterly

m
onitoring.

A
sam

ple
of

the
com

bined
effluent

should
be

taken
from

the
outfall

structure
at

the
R

iver
prior

to
its

discharge
to

the
diffuser.

A
dditionally,

a
sam

ple
of

river
w

ater
from

upstream
from

the
discharge

point
should

be
collected.

B
oth

sam
ples

should
be

chilled
to

4
°C

and
shipped

to
the

testing
laboratory

the
sam

e
day

it
is

sam
pled.

B
oth

sam
ples

should
be

analyzed
for

am
m

onia
and

total
dissolved

solids
concentrations.

T
he

testing
laboratory

w
ill

need
to

filter
the

background
river

w
ater

to
ensure

that
there

is
no

interference
from

biota
in

the
w

ater
colum

n.
T

he
testing

laboratory
w

ill
tell

you
how

m
uch

w
ater

they
need

in
order

to
perform

the
test.

For
instance,

m
ore

effluent
w

ill
be

needed
if the

test
is

required
to

run
for

96-hours.

T
he

diffuser
perform

ance
testing

show
ed

that
w

here
the

plum
e

w
as

fully
m

ixed
at

the
edge

o
f

the
Z

ID
,

a
dispersion

of
47.9:1

w
as

achieved
Q—

2%
effluent).

A
dispersion

of
299.9:1

(0.3%
)

w
as

show
n

atthe
edge

ofthe
m

ixing
zone.

T
he

toxicity
test

procedure
calls

for
at

least
five

serial
dilutions,

w
ith

a
recom

m
ended

dilution
factor

of
?0.5

effluent.
O

ne
of

the
serial

dilutions
needs

to
be

equivalent
to

the
dilution

at
the

edge
of

the
Z

ID
.

T
hat

m
eans

that
one

dilution
needs

to
be

at
2%

com
bined

effluent.
A

suggestion
for

the
serial

dilutions
w

ould
be

64%
com

bined
effluent,

32%
com

bined
effluent,

16%
com

bined
effluent,

8%
com

bined
effluent,

4%
com

bined
effluent,

2%
com

bined
effluent,

1%
com

bined
effluent,

and
0%

com
bined

effluent
(all

river
w

ater).
If

the
toxicity

test
show

s
no

effects
visible

at
1%

or
greater,

then
there

is
no

need
to

add
additional

dilutions
for

the
chronic



value.
If

the
dilution

at
1%

show
s

som
e

effects,
then

an
additional

dilution
should

be
added

of
0.3%

com
bined

effluent.

In
short,

here
are

your
directions:

1.
C

ollect
a

sam
ple

of
river

w
ater

from
upstream

of
your

discharge
point

(your
lab

w
ill

tell
you

how
m

uch
you

need
to

provide);
2.

C
ollect

a
sam

ple
at

your
com

bined
effluent

from
the

outfall
structure

at
the

R
iver

(your
lab

w
ill

tell
you

how
m

uch
you

need
to

provide);
3.

S
ubm

it
both

sam
ples

to
the

testing
laboratory

for
the

follow
ing

procedures:
a.

T
oxicity

testing;
b.

A
nalytical

analysis
on

the
background

R
iver

w
ater

and
the

com
bined

effluent
for:

i.
A

m
m

onia;
ii.

T
D

S;
4.

T
he

laboratory
should

run
both

the
acute

and
chronic

toxicity
testing

at
the

follow
ing

serial
dilutions:

a.
100%

E
ffluent;

b.
64%

E
ffluent,

36%
R

iver
W

ater;
c.

32%
E

ffluent,
68%

R
iver

W
ater;

d.
8%

E
ffluent,

92%
R

iver
W

ater;
e.

2%
E

ffluent,
98%

R
iver

W
ater;

i.
T

his
num

ber
show

s
com

pliance
atthe

edge
ofthe

Z
ID

;
f.

0.5%
E

ffluent,
99.5%

R
iver

W
ater;

and
g.

0%
E

ffluent,
100%

R
iver

W
ater

(C
ontrol)

5.
If

there
is

an
effect

at
the

0.5%
effluent,

then
at

least
one

additional
serial

dilution
should

be
added

at
0.3%

E
ffluent,

90.7%
R

iver
w

ater
(for

com
pliance

at
the

edge
ofthe

m
ixing

zone).

Sam
ples

should
be

subm
itted

on
a

quarterly
basis,

as
per

your
perm

it
requirem

ents.

If
you

have
questions

or
com

m
ents

pertaining
to

this
letter,

please
contact

us
by

telephone
at

(615)
373-8532,

by
F

A
X

at
(615)

373-8512,
or

by
e-m

ail
atim

com
caquaeter.com

or
m

com
(,aguaeter.com

.
W

e
appreciate

the
opportunity

to
assist

you
on

this
project.

Sincerely,

A
quA

eT
er,

Inc.

a
John

M
ichael

C
orn,

E
.I.T

.
M

ichael
R

.
C

orn,
P.E

.
(IL

)
P

roject
E

ngineer
P

resident
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L
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O
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:
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R
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P
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e
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w
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P
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N
PD

E
S

PE
R

M
IT

N
O

.
1L

0001392
Special

C
ondition

18
Sam

pling
Plan

T
A

B
L

E
O

F
C

O
N

T
E

N
T

S

T
A

B
L

E
O

F
C

O
N

T
E

N
T

S
ii

SA
M

PL
IN

G
P

R
O

C
E

D
U

R
E

S
FO

R
Q

U
A

R
T

E
R

L
Y

SA
M

PL
IN

G

1.
P

U
R

P
O

S
E

2.
A

P
P

L
IC

A
B

IL
IT

Y

3.
R

E
Q

U
IR

E
M

E
N

T
S

I

4.
SA

FE
T

Y
1

5.
E

Q
U

IP
M

E
N

T
A

N
D

M
A

T
E

R
iA

L
S

2

6.
P

R
O

C
E

D
U

R
E

3

6.1
Sam

ple
L

ocation
and

C
ollection

3

6.2
T

em
perature

M
easurem

ent
5

6.3
pH

M
easurem

ent
5

11



N
P

D
E

S
P

E
R

M
IT

N
O

.
1L

0001392
Special

C
ondition

18
Sam

pling
Plan

S
A

M
P

L
IN

G
P

R
O

C
E

D
U

R
E

S
F

O
R

Q
U

A
R

T
E

R
L

Y
S

A
M

P
L

IN
G

1.
P

U
R

P
O

S
E

T
his

docum
ent

contains
the

procedure
for

collecting
in

situ
sam

ples
for

the

analysis
o

f
am

m
onia

at
the

edge
of

the
zone

of
initial

dilution
(Z

ID
)

in
order

to
m

eet
the

requirem
ents

set
forth

in
N

PD
E

S
P

erm
it

N
o.

IL
000

1392
(Perm

it).
T

his
procedure

also

presents
operational,

calibration,
and

m
aintenance

procedures
for

on-site
param

eter

m
easurem

ents
of

pH
and

tem
perature

of
aqueous

sam
ples.

2.
A

P
P

L
IC

A
B

IL
IT

Y

T
his

procedure
should

be
follow

ed
w

henever
quarterly

sam
ples

are
collected

to

dem
onstrate

com
pliance

w
ith

the
am

m
onia

w
ater

quality
standard.

A
n

am
m

onia
sam

ple

w
ill

be
collected

and
sent

to
a

certified
laboratory

for
analysis.

M
easurem

ents
of

pH
,

tem
perature,

and
conductivity

w
ill

be
collected

and
recorded

in
the

field.

3.
R

E
Q

U
IR

E
M

E
N

T
S

A
s

specified
in

the
Perm

it,
sam

ples
are

to
be

collected
in

M
arch,

June,
Septem

ber,

and
D

ecem
ber

and
reported

annually.
T

he
sam

pling
equipm

ent
should

be
operated

and

calibrated
according

to
m

anufacturer
specifications.

C
alibration

should
be

perform
ed

prior
to

use,
after

use,
and

according
to

the
m

anufacturers’
suggested

frequency.

C
alibration

should
also

be
perform

ed
ifthe

instrum
ent

begins
to

respond
erratically.

4.
S

A
F

E
T

Y

A
H

ealth
and

Safety
Plan

should
be

prepared
and

follow
ed

for
the

sam
pling

effort.
T

here
w

ill
be

no
sam

pling
if

the
R

iver
is

iced
over

or
if

there
are

ice
flow

s
due

to

endangerm
ent

of
the

sam
pling

crew
.

T
here

w
ill

be
no

sam
pling

during
periods

of
high

river
flow

that
pose

safety
concerns

to
the

crew
.

R
iver

flow
inform

ation
can

be
obtained

from
the

U
S

G
S

gage
at

H
enry,

IL
.

P
roper

safety
precautions

should
be

follow
ed

w
hile

on-board
the

sam
pling

boat.
P

roper
safety

precautions
should

be
follow

ed
to

ensure
that

1



N
P

D
E

S
PE

R
M

IT
N

O
.

1L
0001392

Special
C

ondition
18

S
am

pling
Plan

unnecessary
exposure

to
calibration

fluids
is

avoided.
F

urtherm
ore,

none
of

the

equipm
ent

should
be

used
in

a
m

anner
other

than
its

specified
purpose.

5.
E

Q
U

IP
M

E
N

T
A

N
D

M
A

T
E

R
IA

L
S

T
he

follow
ing

equipm
ent

is
required

to
collect

a
sam

ple
and

to
m

easure
pH

,

conductivity,
and

tem
perature

in
the

field.

M
arine

E
quipm

ent:

•
B

oat
w

ith
capacity

to
hold

2
—

3
people

plus
equipm

ent;

•
Fire

E
xtinguishers;

•
P

ersonal
flotation

devices
(PFD

),
one

of
the

follow
ing

types
for

each

person
present

on
the

boat:
o

T
ype

I,
som

etim
es

called
an

offshore
life

jacket;
o

T
ype

II,
som

etim
es

called
a

near-shore
buoyant

vests
o

T
ype

III,
som

etim
es

called
flotation

aids;
o

T
ype

V
,

or
special

use
devices

(necessary
for

w
orking

in
cold

w
eather

conditions);

•
T

hrow
able

flotation
devices,

coast
guard

rated
T

ype
IV

PFD
;

•
Sound

producing
devices

capable
of

a
four

second
blast;

+
V

isual
distress

signals;

•
Paddle(s);

•
A

nchors,
tw

o
w

ill
be

required;

•
R

ope;

•
T

ools
and

Spare
P

arts
should

be
on-board;

Sam
pling

E
quipm

ent
for

collecting
am

m
onia

sam
ple:

•
O

PS
w

ith
real-tim

e
D

G
PS

capable
of

sub-m
eter

accuracy;

•
N

itrile
(or

equivalent)
gloves

for
handling

the
sam

ple
bottle

w
hile

collecting
the

sam
ples;

•
Sam

ple
item

s:

B
ottle(s)

provided
by

the
laboratory;

2
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Plan

o
C

hain
ofcustody,

should
be

provided
by

the
laboratory;

o
C

ooler
w

ith
ice

for
sam

ple
storage;

•
F

ield
m

easuring
equipm

ent:

•
pH

m
eter;

•
C

lean
glass

or
plastic

container;

•
therm

om
eter,

should
be

included
w

ith
the

pH
m

eter
previously

listed;

•
B

ack-up
batteries

for
the

instrum
ent;

•
C

alibration
standards

•
N

ational
Institute

of
Standards

and
T

echnology
—

Standard
R

eference

M
aterials

(N
IS

T
-S

R
M

s)
certificate

of
traceability,

standard
solutions

for

pH
calibration,

such
as

pH
values

of4.0,
7.0,or

10.0;

•
D

istilled
or

de-ionized
w

ater;

•
C

lean
polypropylene

or
glass

container(s),
large

enough
to

fill
the

am
m

onia

sam
ple

w
ith

enough
left

over
to

adequately
cover

the
pH

probe;

•
Field

book.

A
ll

sam
pling

equipm
ent

and
m

aterials
m

ust
be

properly
decontam

inated
as

described
in

the
decontam

ination
section

of
this

docum
ent.

S
am

pling
equipm

ent
w

ill
not

require
decontam

ination
if

provided
in

the
original

packaging
from

the
m

anufacturer
and

certified
to

be
free

o
f

contam
inants.

6.
P

R
O

C
E

D
U

R
E

6.1
S

am
ple

L
ocation

and
C

ollection

6.1.1
C

alculation
of

Sam
ple

L
ocation

T
he

P
erm

it
specifies

that
the

sam
ple

should
be

collected
from

the
Illinois

R
iver.

T
he

sam
ple

location
w

ill
be

chosen
to

be
approxim

ately
22

feet
dow

nstream
from

the

center
o

f
the

diffuser.
T

his
procedure

specifies
sam

pling
at

a
location

22
feet

perpendicularly
dow

nstream
from

the
center

of
the

diffuser
and

w
ithin

the
sub-m

eter

accuracy
of

the
G

PS
device

(±3.28
feet).

A
n

as-built
survey

w
as

not
perform

ed,
so

construction
coordinates

for
the

diffuser
w

ill
be

used.
T

he
center

of
the

outfall
structure

3
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is
given

co-ordinates
of

N
1626919.53,

E
2525716.45.

T
he

end
of

the
diffuser

is
given

coordinates
ofN

1626919.53,
E

2525948.45.
B

oth
of

these
coordinates

are
in

the
Illinois

State
Plane

W
est

Z
one.

For
navigation

purposes
using

a
G

PS
unit,

the
coordinates

m
ust

be
in

either
U

T
M

or
latitude/longitude.

T
he

m
ultiport

diffuser
w

as
designed

to
be

10
feet

long,
so

the
center

of
the

diffuser
should

be
5

feet
from

the
end

of
the

diffuser
structure.

T
he

U
T

M
Z

one
16N

coordinates
for

the
center

of
the

diffuser
are

304081.68E
and

4555903.15N
,

both
in

m
eters.

T
he

river
runs

alm
ost

directly
south

at
the

diffuser

location.
T

he
sam

ple
location

is
22

feet
dow

nstream
from

the
center

of
the

diffuser.

T
herefore,

the
coordinates

ofthe
sam

ple
location

are
304081.68E

and
4555896.40N

.

6.1.2
M

ethod
for

M
aneuvering

to
the

Sam
ple

L
ocation

D
ue

to
the

current
of

the
river,

m
aneuvering

to
the

exact
specifications

set
forth

by
the

P
erm

it
m

ust
be

done
very

carefully.
T

he
sam

ple
should

be
collected

w
hile

the

boat
is

being
m

aneuvered
to

stay
at

the
coordinates

listed
above.

A
nchoring

m
ay

be

possible
at

low
er

flow
s,

but
the

potential
for

an
anchor

to
dam

age
the

m
ultiport

diffuser
is

not
w

orth
the

risk.
A

t
higher

river
flow

s,
anchoring

is
unlikely

to
be

successful
due

to
the

current
of

the
river.

In
order

to
do

this,
the

follow
ing

steps,
illustrated

in
Figure

1,
should

be
follow

ed:1.
Starting

dow
nstream

from
the

diffuser,
orient

the
boat

on
the

approxim
ate

easting
specified

so
that

it
is

facing
upstream

on
a

perpendicular
line

to
the

diffuser;

2.
M

otor
upstream

until
the

specified
northing

is
reached;

N
O

T
E

:
C

are
should

be
taken

in
the

event
of

other
boat

traffic
on

the
river.

It
is

suggested
that

the
sam

pling
crew

do
their

best
to

avoid
sam

pling
w

hen
the

w
ake

from

a
passing

boat
or

barge
is

rolling
the

boat.
In

other
w

ords,
it

is
m

uch
safer

for
the

sam
pling

crew
to

sam
ple

from
the

river
w

hen
the

river
is

calm
.

4
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6.1.3
Suggested

Sam
ple

E
quipm

ent
Setup

T
he

G
PS

receiver
(antenna)

should
be

positioned
directly

above
the

location
on

the
w

ater
from

w
hich

the
sam

ple
w

ill
be

collected.
T

he
sam

pler
can

hold
the

receiver

above
the

w
ater

until
the

sam
ple

locale
is

reached.
T

hen,
bringing

the
receiver

back
onto

the
boat,

the
sam

pler
can

use
his/her

other
hand

to
collect

the
sam

ple
from

the
R

iver.
T

he

sam
pler

should
take

care
so

that
his/her

body
is

not
overextended

over
the

river.

6.1.4
Sam

ple
C

ollection

T
he

sam
ple

w
ill

be
collected

in
the

follow
ing

m
anner:

1.
Identify

the
sam

ple
location;

2.
C

ollect
one

liter
of

w
ater

from
the

surface
in

a
clean

glass
or

plastic

(nalgene)
container;

3.
T

he
am

m
onia

sam
ple

w
ill

be
collected

from
this

sam
ple

as
soon

as

possible;

4.
A

fter
the

am
m

onia
sam

ple
is

collected,
a

m
easurem

ent
of

pH
and

tem
perature

shall
be

m
ade

from
the

sam
ple

rem
aining

in
the

glass
or

plastic
container;

and

5.
T

he
rem

aining
sam

ple
can

then
be

discarded.

6.2
T

em
p

eratu
re

M
easu

rem
en

t

T
em

perature
readings

are
m

ade
by

a
N

IS
T

-traceable
therm

om
eter

or
an

electronic

tem
perature

m
eter.

T
he

m
eter’s

tem
perature

probe
attachm

ent
is

plugged
into

the
input

socket,
if

not
already

attached,
and

the
probe

is
placed

into
the

sam
ple.

T
he

digital

reading
displays

tem
perature

in
degrees

C
elsius

or
degrees

F
ahrenheit.

T
he

value
and

units
w

ill
be

recorded
on

the
sam

pling
record.

6.3
pH

M
easurem

ent

T
he

pH
m

easurem
ent

device
w

ill
generally

be
a

stand-alone
device,

although
a

m
ulti-probe

instrum
ent

m
ay

also
be

used.
T

he
m

anufacturer’s
instructions

w
ill

be

follow
ed

for
the

use
and

care
o

f
the

pH
m

easurem
ent

device.
C

heck
the

calibration
prior

5
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to
each

day
o

f
use

w
ith

tw
o

know
n

standards.
R

ecord
the

date
and

tim
e

of
calibration

in

the
perm

anent
sam

pling
record

or
field

book.

6.3.1
O

peration

S
tandalone

instrum
ents

are
generally

pow
ered

by
9-volt

dry
cell

batteries,
w

hile

m
ulti-probe

instrum
ents

are
pow

ered
by

m
ultiple

dry
cell

batteries.
T

o
use

the

instrum
ent,

connect
the

cell
to

the
input

socket
on

the
instrum

ent,
if

not
already

attached,

and
place

the
cell

in
the

sam
ple.

T
he

pH
of

a
sam

ple
is

determ
ined

by
m

easuring
the

current
betw

een
a

pH
reference

potential
electrode

and
a

glass
electrode

in
the

sam
ple.

T
he

display
reading

is
the

pH
value

of
the

solution.
A

fter
the

reading
has

stabilized,

record
the

m
eter

type,
reading,

and
standard

units
(SU

)
of

m
easurem

ent
on

the
sam

pling

form
.

6.3.2
C

alibration

C
alibration

should
be

done
in

a
controlled

environm
ent

prior
to

use
in

the
field.

T
his

procedure
assum

es
that

the
instrum

ent
being

used
requires

a
tw

o-point
calibration.

R
efer

to
the

instrum
ent

m
anual

for
calibration

procedures
if

questions
arise

during

instrum
ent

calibration.
Standard

buffer
solutions

of
pH

4.0,
7.0,

or
10.0

w
ill

be
used

for

instrum
ent

calibration.
B

ased
upon

U
SG

S
m

easurem
ents

at
the

H
enry

gage
and

tw
o

gages
upstream

,
the

river
is

on
average

slightly
basic,

so
the

tw
o

point
calibration

w
ill

use

pH
7.0

and
pH

10.0
buffer

solutions.
C

onnect
the

cell
to

the
input

socket
on

the
side

of

the
instrum

ent,
if

not
already

attached,
and

place
it

in
a

buffer
standard

solution
of

7.0

SU
.

T
he

pH
7.00

standard
solution

is
poured

into
a

sm
all

beaker
to

a
sufficient

depth
to

cover
the

cell.
A

llow
the

reading
to

stabilize;
then,

using
the

cell
constant

adjustm
ent,

set

the
reading

to
the

value
of

the
calibration

solution.
T

he
instrum

ent
should

now
prom

pt

the
user

for
the

second
solution.

D
iscard

the
first

buffer
solution

and
rinse

the
cell

w
ith

distilled
w

ater.
If

another
clean

glass
or

polypropylene
container

is
available,

pour
the

pH
10.00

buffer
solution

into
it.

If
there

is
not

a
clean

glass
or

polypropylene
container,

rinse
the

container
used

for
the

first
buffer

solution
w

ith
distilled

w
ater

three
to

four
tim

es

before
pouring

the
second

buffer
solution

into
the

container
to

a
depth

that
w

ill
cover

the

cell.
Place

the
cell

in
the

pH
10.00

buffer
solution

and
com

plete
the

instrum
ent

6
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calibration.
R

em
ove

the
cell,

rinse
w

ith
distilled

w
ater,

and
discard

the
used

buffer

solution.
R

ecord
the

initial
and

final
readings

for
each

of
the

buffer
solutions

in
the

field

notes.

6.3.3
Sam

ple
M

easurem
ent

A
fter

the
am

m
onia

sam
ple

is
collected,

pour
a

portion
of the

collected
sam

ple
into

the
laboratory

provided
sam

ple
bottle

for
am

m
onia.

If
the

rem
aining

sam
ple

does
not

provide
an

adequate
depth

to
cover

the
pH

probe,
pour

the
rem

aining
sam

ple
into

a

sm
aller

container
that

w
ill

allow
the

sam
ple

volum
e

to
cover

the
pH

probe.
M

easure
and

record
the

pH
of the

am
m

onia
sam

ple
collected.

6.3.4
M

aintenance

T
he

cell
w

ill
be

rinsed
w

ith
distilled

w
ater

after
m

easuring
each

sam
ple

and

gently
cleaned

w
ith

distilled
w

ater
at

the
end

of
the

day.
If

the
m

eter
starts

giving

inconsistent
readings

and
this

problem
is

not
elim

inated
by

recalibration,
the

m
anual

w
ill

be
consulted

or
the

m
anufacturer

w
ill

be
contacted

for
further

instructions.

7



o
p

tim
iz

in
g

e
n

v
iro

n
m

e
n
ta

l
reso

u
rces

j
w

ater,
air,

earth

215
Jam

esto
w

n
P

ark,
S

uite
100

B
rentw

ood,
TN

37027
P

hone
(615)

373-8532
F

ax
(615)

373-8512

June
20,

2006
051415

D
ave

G
iffin

E
m

erald
P

erform
ance

M
aterials

L
L

C
1550

C
ounty

R
oad

1450N
H

enry,
Illinois

61537-9706

R
E

:
Q

uarterly
M

onitoring
for

N
itrogen

D
ear

M
r.

G
iffin:

O
n

June
15,

2006,
M

r.
M

ike
C

orn
of

A
q
u
A

eT
er

contacted
M

r.
B

ob
M

osher
of

the
Illinois

E
P

A
in

regards
to

quarterly
sam

pling
for

nitrogen.
T

he
current

ruling
by

the
Illinois

P
ollution

C
ontrol

B
oard

(IPC
B

)
states

“N
oveon

m
ust

m
onitor

am
m

onia
nitrogen

in
the

Illinois
R

ive
on

a
quarterly

basis
to

dem
onstrate

com
pliance

w
ith

the
applicable

am
m

onia
w

ater
quality

standards..
“
.

M
r.

M
osher

has
agreed

that
a

serial
dilution

of
the

discharge
w

ith
the

background
river

w
ater

from
the

Illinois
R

iver
w

ill
be

acceptable
for

the
quarterly

m
onitoring.

A
sam

ple
of

the
com

bined
effluent

should
be

taken
from

the
outfall

structure
at

the
R

iver
prior

to
its

discharge
to

the
diffuser.

A
dditionally,

a
sam

ple
of

river
w

ater
from

upstream
from

the
discharge

point
should

be
collected.

B
oth

sam
ples

should
be

chilled
to

4
°C

and
shipped

to
the

testing
laboratory

the
sam

e
day

it
is

sam
pled.

B
oth

sam
ples

should
be

analyzed
for

am
m

onia
and

total
dissolved

solids
concentrations.

T
he

testing
laboratory

w
ill

need
to

filter
the

background
river

w
ater

to
ensu:e

that
there

is
no

interference
from

biota
in

the
w

ater
colum

n.
T

he
testing

laboratory
w

ill
tell

you
how

m
uch

w
ater

they
need

in
order

to
perform

the
test.

For
instance,

m
ore

effluent
w

ill
be

nceded
ifthe

test
is

required
to

run
for

96-hours.

T
he

diffuser
perform

ance
testing

show
ed

that
w

here
the

plum
e

w
as

fully
m

ixed
at

the
edge

o
f

the
Z

ID
,

a
dispersion

of
47.9:1

w
as

achieved
(-2%

effluent).
A

dispersion
of

299.9:1
(0.3%

)
w

as
show

n
at the

edge
of the

m
ixing

zone.

T
he

toxicity
test

procedure
calls

for
at

least
five

serial
dilutions,

w
ith

a
recom

m
ended

dilution
factor

of
?0.5

effluent.
O

ne
of

the
serial

dilutions
needs

to
be

equivalent
to

the
dilution

at
th

edge
of

the
Z

ID
.

T
hat

m
eans

that
one

dilution
needs

to
be

at
2%

com
bined

effluent.
A

suggostion
for

the
serial

dilutions
w

ould
be

64%
com

bined
effluent,

32%
com

bined
effluent,

16%
com

bined
effluent,

8%
com

bined
effluent,

4%
com

bined
effluent,

2%
com

bined
effluent.

1%
uom

bined
effluent,

and
0%

com
bined

effluent
(all

river
w

ater).
If

the
toxicity

test
show

s
no

effec:s
visible

at
1%

or
greater,

then
there

is
no

need
to

add
additional

dilutions
for

the
chronic

q
u

A
cT



va1u.
If

the
dilution

at
1%

show
s

som
e

effects,
then

an
additional

dilution
should

be
added

of
0.3%

com
bined

effluent.

In
short, here

are
your

directions:
1.

C
ollect

a
sam

ple
of

river
w

ater
from

upstream
of

your
discharge

point
(your

lab
w

ill
tellyou

how
m

uch
you

need
to

provide);
2.

C
ollect

a
sam

ple
at

your
com

bined
effluent

from
the

outfall
structure

atthe
R

iver
(your

lab
w

illtellyou
how

m
uch

you
need

to
provide);

3.
Subm

itboth
sam

ples
to

the
testing

laboratory
for

the
follow

ing
procedures:

a.
T

oxicity
testing;

b.
A

nalytical
analysis

on
the

background
R

iver
w

ater
and

the
com

bined
effluentfor:

i.
A

m
m

onia;
ii.

T
D

S;
4.

T
he

laboratory
should

run
both

the
acute

and
chronic

toxicity
testing

at
the

follow
ing

serial
dilutions:

a.
100%

E
ffluent;

b.
64%

E
ffluent,

36%
R

iver
W

ater;
c.

32%
E

ffluent,
68%

R
iver

W
ater;

d.
8%

E
ffluent,

92%
R

iver
W

ater;
e.

2%
E

ffluent,
98%

R
iver

W
ater;

i.
T

his
num

ber
show

s
com

pliance
atthe

edge
ofthe

Z
ID

;
f.

0.5%
E

ffluent,
99.5%

R
iver

W
ater;

and
g.

0%
E

ffluent,
100%

R
iver

W
ater

(C
ontrol)

5.
Ifthere

is
an

effect
atthe

0.5%
effluent,then

at
least

one
additional

serial
dilution

should
be

added
at

0.3%
E

ffluent,
90.7%

R
iver

w
ater

(for
com

pliance
at

the
edge

of the
m

ixing
zone).

Sam
ples

should
be

subm
itted

on
a

quarterly
basis,

as
per

your
perm

it
requirem

ents.

If
you

have
questions

or
com

m
ents

pertaining
to

this
letter,

please
contact

us
by

telephone
at

(615)
373-8532,

by
F

A
X

at
(615)

373-8512,
or

by
e-m

ail
at

im
corn@

aguaeter.com
or

m
com

(iaquaeter. corn.
W

e
appreciate

the
opportunity

to
assist

you
on

this
project.

Sincerely,

A
piA

eT
er,

Inc.

j4
a

.

Johi
M

ichael
C

orn,E
.I.T

.
M

ichaelR
.

C
orn,P.E

.
(IL)

ProjectE
ngineer
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P
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T
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P

R
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S
A

M
P

L
IN

G
P

R
O

C
E

D
U

R
E

S
F

O
R

Q
U

A
R

T
E

R
L

Y
S

A
M

P
L

IN
G

1.
P

U
R

P
O

S
E

T
his

docum
ent

contains
the

procedure
for

collecting
in

situ
sam

ples
for

the
analysis

of
am

m
onia

at
the

edge
of

the
zone

of
initial

dilution
(Z

ID
)

in
order

to
m

eet
the

requirem
ents

set
forth

in
N

PD
E

S
Perm

it
N

o.
1L

0001392
(Perm

it).
T

his
procedure

also

presents
operational,

calibration,
and

m
aintenance

procedures
for

on-site
param

eter

m
easurem

ents
ofpH

and
tem

perature
ofaqueous

sam
ples.

2.
A

P
P

L
IC

A
B

IL
IT

Y

T
his

procedure
should

be
follow

ed
w

henever
quarterly

sam
ples

are
collected

to

dem
onstrate

com
pliance

w
ith

the
am

m
onia

w
ater

quality
standard.

A
n

am
m

onia
sam

ple

w
ill

be
collected

and
sent

to
a

certified
laboratory

for
analysis.

M
easurem

ents
of

pH
,

tem
perature,

and
conductivity

w
ill

be
collected

and
recorded

in
the

field.

3.
R

E
Q

U
IR

E
M

E
N

T
S

A
s

specified
in

the
Perm

it,
sam

ples
are

to
be

collected
in

M
arch,

June,
Septem

ber,

and
D

ecem
ber

and
reported

annually.
T

he
sam

pling
equipm

ent
should

be
operated

and
calibrated

according
to

m
anufacturer

specifications.
C

alibration
should

be
perform

ed

prior
to

use,
after

use,
and

according
to

the
m

anufacturers’
suggested

frequency.

C
alibration

should
also

be
perform

ed
ifthe

instrum
ent

begins
to

respond
erratically.

4
S

A
F

E
T

Y

A
H

ealth
and

Safety
Plan

should
be

prepared
and

follow
ed

for
the

sam
pling

effort.
T

here
w

ill
be

no
sam

pling
ifthe

R
iver

is
iced

over
or

ifthere
are

ice
flow

s
due

to

endangerm
ent

of
the

sam
pling

crew
.

T
here

w
ill

be
no

sam
pling

during
periods

of
high

river
flow

that
pose

safety
concerns

to
the

crew
.

R
iver

flow
inform

ation
can

be
obtained

from
the

U
SG

S
gage

at
H

enry,
IL.

Proper
safety

precautions
should

be
follow

ed
w

hile

on-board
the

sam
pling

boat.
Proper

safety
precautions

should
be

follow
ed

to
ensure

that

1
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unnecessary
exposure

to
calibration

fluids
is

avoided.
F

urtherm
ore,

none
of

the

equipm
ent

should
be

used
in

a
m

anner
other

than
its

specified
purpose.

5.
E

Q
U

IP
M

E
N

T
A

N
D

M
A

T
E

R
IA

L
S

T
he

follow
ing

equipm
ent

is
required

to
collect

a
sam

ple
and

to
m

easure
pH

,

conductivity,
and

tem
perature

in
the

field.

M
arine

E
quipm

ent:

•
B

oat
w

ith
capacity

to
hold

2
—

3
people

plus
equipm

ent;

•
Fire

E
xtinguishers;

•
Personal

flotation
devices

(PFD
),

one
of

the
follow

ing
types

for
each

person
present

on
the

boat:

o
T

ype
I,

som
etim

es
called

an
offshore

life
jacket;

o
T

ype
II,

som
etim

es
called

a
near-shore

buoyant
vests

o
T

ype
III,

som
etim

es
called

flotation
aids;

O
T

ype
V

,
or

special
use

devices
(necessary

for
w

orking
in

cold
w

eather

conditions);

•
T

hrow
able

flotation
devices,

coast
guard

rated
T

ype
IV

PFD
;

•
Sound

producing
devices

capable
ofa

four
second

blast;

•
V

isual
distress

signals;

•
Paddle(s);

+
A

nchors,
tw

o
w

ill
be

required;

•
R

ope;

+
T

ools
and

Spare
P

arts
should

be
on-board;

Sam
pling

E
quipm

ent
for

collecting
am

m
onia

sam
ple:

•
G

PS
w

ith
real-tim

e
D

O
PS

capable
of

sub-m
eter

accuracy;

+
N

itrile
(or

equivalent)
gloves

for
handling

the
sam

ple
bottle

w
hile

collecting
the

sam
ples;

•
Sam

ple
item

s:

O
B

ottle(s)
provided

by
the

laboratory;

2
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o
C

hain
of

custody,
should

be
provided

by
the

laboratory;
o

C
ooler

w
ith

ice
for

sam
ple

storage;

•
F

ield
m

easuring
equipm

ent:

•
pH

m
eter;

•
C

lean
glass

or
plastic

container;

•
therm

om
eter,

should
be

included
w

ith
the

pH
m

eter
previously

listed;

•
B

ack-up
batteries

for
the

instrum
ent;

•
C

alibration
standards

•
N

ational
Institute

of
Standards

and
T

echnology
—

Standard
R

eference

M
aterials

(N
IS

T
-S

R
M

s)
certificate

of
traceability,

standard
solutions

for

pH
calibration,

such
as

pH
values

of4.0,
7.0,

or
10.0;

•
D

istilled
or

de-ionized
w

ater;

•
C

lean
polypropylene

or
glass

container(s),
large

enough
to

fill
the

am
m

onia

sam
ple

w
ith

enough
left

over
to

adequately
cover

the
pH

probe;

•
Field

book.

A
ll

sam
pling

equipm
ent

and
m

aterials
m

ust
be

properly
decontam

inated
as

described
in

the
decontam

ination
section

ofthis
docum

ent.
S

am
pling

equipm
ent

w
ill

not

require
decontam

ination
if

provided
in

the
original

packaging
from

the
m

anufacturer
and

certified
to

be
free

of
contam

inants.

6.
P

R
O

C
E

D
U

R
E

6.1
S

am
ple

L
ocation

and
C

ollection

6.1.1
C

alculation
o

f
S

am
ple

L
ocation

T
he

P
erm

it
specifies

that
the

sam
ple

should
be

collected
from

the
Illinois

R
iver.

T
he

sam
ple

location
w

ill
be

chosen
to

be
approxim

ately
22

feet
dow

nstream
from

the

center
o

f
the

dif[hser.
T

his
procedure

specifies
sam

pling
at

a
location

22
feet

perpendicularly
dow

nstream
from

the
center

of
the

diffuser
and

w
ithin

the
sub-m

eter

accuracy
of

the
O

PS
device

(+
3.28

feet).
A

n
as-built

survey
w

as
not

perform
ed,

so

construction
coordinates

for
the

diffuser
w

ill
be

used.
T

he
center

of
the

outfall
structure

3
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is
given

co-ordinates
of

N
1626919.53,

E
2525716.45.

T
he

end
of

the
diffuser

is
given

coordinates
ofN

1626919.53,
E

2525948.45.
B

oth
of

these
coordinates

are
in

the
Illinois

State
Plane

W
est

Z
one.

For
navigation

purposes
using

a
G

PS
unit,

the
coordinates

m
ust

be
in

either
U

T
M

or
latitude/longitude.

T
he

m
ultiport

diffuser
w

as
designed

to
be

10
feet

long,
so

the
center

of
the

diffuser
should

be
5

feet
from

the
end

of
the

diffuser
structure.

T
he

U
T

M
Z

one
16N

coordinates
for

the
center

of
the

diffuser
are

304081
.68E

and

4555903.15N
,

both
in

m
eters.

T
he

river
runs

alm
ost

directly
south

at
the

diffuser

location.
T

he
sam

ple
location

is
22

feet
dow

nstream
from

the
center

of
the

diffuser.

T
herefore,

the
coordinates

of the
sam

ple
location

are
304081

.68E
and

4555
896.40N

.

6.1.2
M

ethod
for

M
aneuvering

to
the

Sam
ple

L
ocation

D
ue

to
the

current
of

the
river,

m
aneuvering

to
the

exact
specifications

set
forth

b
j

the
P

erm
it

m
ust

be
done

very
carefully.

T
he

sam
ple

should
be

collected
w

hile
the

boat
is

being
m

aneuvered
to

stay
at

the
coordinates

listed
above.

A
nchoring

m
ay

be

possible
at

low
er

flow
s,

but the
potential

for
an

anchor
to

dam
age

the
m

ultiport
diffuser

is

not
w

orth
the

risk.
A

t
higher

river
flow

s,
anchoring

is
unlikely

to
be

successful
due

to
the

current
of

the
river.

In
order

to
do

this,
the

follow
ing

steps,
illustrated

in
Figure

1,
should

be
follow

ed:1.
Starting

dow
nstream

from
the

diffuser,
orient

the
boat

on
the

approxim
ate

easting
specified

so
that

itis
facing

upstream
on

a
perpendicular

line
to

the

diffuser;

2.
M

otor
upstream

until
the

specified
northing

is
reached;

N
O

T
E

:
C

are
should

be
taken

in
the

event
of

other
boat

traffic
on

the
river.

It
is

suggested
that

the
sam

pling
crew

do
their

best
to

avoid
sam

pling
w

hen
the

w
ake

from

a
passing

boat
or

barge
is

rolling
the

boat.
In

other
w

ords,
it

is
m

uch
safer

for
the

sam
pling

crew
to

sam
ple

from
the

river
w

hen
the

river
is

calm
.

4
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6.1.3
Suggested

Sam
ple

E
quipm

ent
Setup

T
he

G
PS

receiver
(antenna)

should
be

positioned
directly

above
the

location
on

the
w

ater
from

w
hich

the
sam

ple
w

ill
be

collected.
The

sam
pler

can
hold

the
receiver

above
the

w
ater

until
the

sam
ple

locale
is

reached.
T

hen,
bringing

the
receiver

back
onto

the
boat, the

sam
pler

can
use

his/her
other

hand
to

collectthe
sam

ple
from

the
R

iver.
T

he

sam
pler

should
take

care
so

that
his/her

body
is

not
overextended

over
the

river.

6.1.4
Sam

ple
C

ollection

T
he

sam
ple

w
ill

be
collected

in
the

follow
ing

m
anner:

1.
Identify

the
sam

ple
location;

2.
C

ollect
one

liter
of

w
ater

from
the

surface
in

a
clean

glass
or

plastic

(nalgene)
container;

3.
T

he
am

m
onia

sam
ple

w
ill

be
collected,

from
this

sam
ple

as
soon

as

possible;

4.
A

fter
the

am
m

onia
sam

ple
is

collected,
a

m
easurem

ent
of

pH
and

tem
perature

shall
be

m
ade

from
the

sam
ple

rem
aining

in
the

glass
or

plastic
container;

and

5.
T

he
rem

aining
sam

ple
can

then
be

discarded.

6.2
T

em
p
eratu

re
M

easu
rem

en
t

T
em

perature
readings

are
m

ade
by

a
N

IST
-traceable

therm
om

eter
or

an
electronic

tem
perature

m
eter.

T
he

m
eter’s

tem
perature

probe
attachm

ent
is

plugged
into

the
input

socket,
if

not
already

attached,
and

the
probe

is
placed

into
the

sam
ple.

T
he

digital

reading
displays

tem
perature

in
degrees

C
elsius

or
degrees

Fahrenheit.
T

he
value

and

units
w

ill
be

recorded
on

the
sam

pling
record.

6.3
pH

M
easurem

ent

T
he

pH
m

easurem
ent

device
w

ill
generally

be
a

stand-alone
device,

although
a

m
ulti-probe

instrum
ent

m
ay

also
be

used.
The

m
anufacturer’s

instructions
w

ill
be

follow
ed

for
the

use
and

care
of

the
pH

m
easurem

ent
device.

C
heck

the
calibration

prior

5
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to
each

day
o

f
use

w
ith

tw
o

know
n

standards.
R

ecord
the

date
and

tim
e

of
calibration

in

the
perm

anent
sam

pling
record

or
field

book.

6.3.1
O

peration

Standalone
instrum

ents
are

generally
pow

ered
by

9-volt
dry

cell
batteries,

w
hile

m
ulti-probe

instrum
ents

are
pow

ered
by

m
ultiple

dry
cell

batteries.
T

o
use

the

instm
m

ent,
connect

the
cell

to
the

input
socket

on
the

instrum
ent,

if
not

already
attached,

1n
d

place
the

cell
in

the
sam

ple.
T

he
pH

of
a

sam
ple

is
determ

ined
by

m
easuring

the

current
betw

een
a

pH
reference

potential
electrode

and
a

glass
electrode

in
the

sam
ple.

‘Ihe
display

reading
is

the
pH

value
of

the
solution.

A
fter

the
reading

has
stabilized,

it.cord
the

m
eter

type,
reading,

and
standard

units
(SU

)
o

f
m

easurem
ent

on
the

sam
pling

form
.

6.3.2
C

alibration

C
alibration

should
be

done
in

a
controlled

environm
ent

prior
to

use
in

the
field.

‘This
procedure

assum
es

that
the

instrum
ent

being
used

requires
a

tw
o-point

calibration.

R
efer

to
the

instrum
ent

m
anual

for
calibration

procedures
if

questions
arise

during

instrum
ent

calibration.
S

tandard
buffer

solutions
of

pH
4.0,

7.0,
or

10.0
w

ill
be

used
for

irstrum
ent

calibration.
B

ased
upon

U
SG

S
m

easurem
ents

at
the

H
enry

gage
and

tw
o

gages
upstream

,
the

river
is

on
average

slightly
basic,

so
the

tw
o

point
calibration

w
ill

use

pH
7.0

and
pH

10.0
buffer

solutions.
C

onnect
the

cell
to

the
input

socket
on

the
side

of

the
instrum

ent,
if

not
already

attached,
and

place
it

in
a

buffer
standard

solution
of

7.0
Sur.

T
he

pH
7.00

standard
solution

is
poured

into
a

sm
all

beaker
to

a
sufficient

depth
to

cover
the

cell.
A

llow
the

reading
to

stabilize;
then,

using
the

cell
constant

adjustm
ent,

set

the
readIng

to
the

value
of

the
calibration

solution.
T

he
instrum

ent
should

now
prom

pt

tle
user

for
the

second
solution.

D
iscard

the
first

buffer
solution

and
rinse

the
cell

w
ith

di stilled
w

ater.
If

another
clean

glass
or

polypropylene
container

is
available,

pour
the

pH
10.00

buffer
solution

into
it.

If
there

is
not

a
clean

glass
or

polypropylene
container,

rinse
the

container
used

for
the

first
buffer

solution
w

ith
distilled

w
ater

three
to

four
tim

es

before
pouring

the
second

buffer
solution

into
the

container
to

a
depth

that
w

ill
cover

the

cell.
Place

the
cell

in
the

pH
10.00

buffer
solution

and
com

plete
the

instrum
ent

6
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calibration.
R

em
ove

the
cell,

rinse
w

ith
distilled

w
ater,

and
discard

the
used

buffer

solution.
R

ecord
the

initial
and

final
readings

for
each

of
the

buffer
solutions

in
the

field

notes.

6.3.3
Sam

ple
M

easurem
ent

A
fter

the
am

m
onia

sam
ple

is
collected,pour

a
portion

ofthe
collected

sam
ple

into

the
laboratory

provided
sam

ple
bottle

for
am

m
onia.

If
the

rem
aining

sam
ple

does
not

provide
an

adequate
depth

to
cover

the
pH

probe,
pour

the
rem

aining
sam

ple
into

a

sinailer
container

thatw
ill

allow
the

sam
ple

volum
e

to
cover

the
pH

probe.
M

easure
and

record
the

pH
of the

am
m

onia
sam

ple
collected.

63.4
M

aintenance

T
he

cell
w

ill
be

rinsed
w

ith
distilled

w
ater

after
m

easuring
each

sam
ple

and

gently
cleaned

w
ith

distilled
w

ater
at

the
end

of
the

day.
If

the
m

eter
starts

giving

inconsistent
readings

and
this

problem
is

not
elim

inated
by

recalibration,
the

m
anual

w
ill

b;
consulted

or
the

m
anufacturer

w
ill

be
contacted

for
further

instructions.

7
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E
m

erald
Perform

ance
M

aterials
1550

C
ounty

R
oad

14S0
N

H
enry,

IllinoIs;
61537

309-364-23fl

Illinois
EPA

D
ivision

ofW
ater

PoihittotiC
ontrol

1021
N

orth
G

and
A

venue
E

ast
Pçst

O
ffice

B
x

19276
Springfield,Illinois

62794-9276

R
e:N

PD
E

S
A

nnual
Sum

m
ary

R
eport

-N
PD

IIS
Perm

itN
o.11.0001392

12/18/06
D

ear
Sits:E

m
erald

Perform
ance

M
aterials

Is
subm

itting
its

2006
N

PD
E

S
A

nim
al

Sum
m

ary
R

eportas
required

by
tti

PC
B

O
rder

ofA
S

02-5.
I.

T
he

H
enry

Plantcom
pleted

the
installation

of
a

21
foothigh-rate,m

ulti-port diffuser
into

the
Illinois

R
iver

on
10/4105.

A
quA

eT
er

Inc.
perform

ed
a

dispersion
study

on
10,25105

and
issued

a
reportn

th
e

eflicacy
ofthe

diffuserD
ecem

ber
2005.

T
his

reportw
as

subm
itted

to
the

R
egional(Jim

K
am

rnudllet)
and

State
(B

ob
M

oaher)
TEPA

offices
12/2

1105.
2.

The
H

enry
Plant

is
currently

w
orking

w
ith

the
perm

itsection
to

com
plete

the
final drafting

of
a

m
odified

N
PD

E
S

perm
itw

hich
includes

the
PC

B
O

rder ofA
S

02-5,
3.

.
.4onthly

D
M

R
’s

have
been

subm
itted

to
the

JE
PA

throughoutthe
yearw

ith
am

m
onia

m
onitoring

results
conducted

S
tim

es
perw

eek.
4.

A
n

annual
inspection

ofthe
facility

w
as

com
pleted

on
D

ecem
ber

13
2005

by
Tam

es
K

am
m

udller.
D

iffiseT
installation

w
as

review
ed

along
w

ith
the

plant’s
W

aste
T

reatm
ent

A
ccess

D
atabase

system
.

5.
T

he
plantparticipated

in
the

Pollution
Prevention

Program
in

2006
by

supporting
a

P2
intern.

A
dditionally,the

plantparticipated
in

ajointIE
PA

-IJSE
PA

P2
conference

by
presenting

P2
ro

jcct
thathave

been
conducted

and
com

pleted
atthe

plant.
6.

K
ey

P2
projects

that the
plantis

curm
ntly

w
orking

on
w

hich
have

the
potential

to
reduce

am
m

onia
generation

atthe
w

aste
treatm

ent
system

include
the

follow
ing:

a.
B

E
T

h
D

ust C
ollector

Systeili
b.

Im
proved

acetonilifle
cohm

m
efficiency

to
m

eetthe
M

iscellaneous
O

rganic
N

E
SH

A
P’s

(M
O

N
)

standard.

In
the

event
additional

inform
ation

is
needed,please

contactm
e

either
by

phone
(309)364-9411

or
by

em
ail

dave,gilIlieniera1dm
atcrIaJs.com

.Sincerely,

cc:
E

m
erald

:
Jeff

B
ren

n
er,

K
evin

Jones,
B

rian
D

en
iso

n
IE

P
A

:
Jam

es
K

am
m

ueller,
R

egion
O

ffice.
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M

E
m

erald
Per

rnence
M

aterials
1550

C
ounty

Itoad
1450

N
[tenry,

Zlilnoi
61537

309-364-231

C
E

R
T

IFIE
D

M
A

IL
:

illinois
E

PA
D

ivision
of!Iater

Pollution
C

ontrol
1021

N
oatiiçlrand

A
venue

E
ast

PostO
ffice

Io
x

19276
Springfield,

Illinois
62794-9276

C
E

R
T

IFIE
D

M
A

IL
:

M
r.Jim

K
artindller

IE
PA

R
egional O

u
e

5415
N

.lJuivcrsity
Peroia,]L

61614

R
e: N

PD
E

S
A

nnual
Sw

nxnary
R

eport-N
PD

E
S

Perm
itN

o.1L
0001392

12124/07
D

ear
Sirs:E

m
erald

Perform
ance

M
aterials

is
subm

itting
its

2007
N

PD
ES

A
nnuai

Sum
m

a!y
R

eportas
w

as
required

by
the

PC
B

O
rder

of A
S

02-5
and

now
by

its
N

PPE
S

pennit.
1.

T
he

IE
PA

issued
E

m
erald

Perform
ance

M
aterial’s

its
FinalN

t’D
E

S
Perm

it
on

February
9,

2007
to

be
effective

M
ay

1, 2007
w

hich
included

the
conditions

outlined
in

the
PC

B
O

rder
of

A
S

02-S.
2.

T
he

H
enry

Plantcontinues
to

use
the

21
foothigh-rate,

m
ulti-portdiffuser

that w
as

Installed
on

10/4/05
into

the
Illinois

R
iver.

Q
uarterly

sam
ples

of the
Iilinois

R
iver

forA
m

uaonia
N

itrogen
are

listed
below

:
a.

3128/07:
023m

g/i
b.

9/28/07:
0.20

m
g/I

c.
12/21/07:

R
esults

pending
analysis

3.
M

onthly
D

M
R

’e
have

been
subtnifled

to
the

IE
PA

throughoutthe
yearw

ith
am

m
onia

m
onitoring

results
conducted

5
tim

es
per

w
ecin

4.
A

n
annual

inspection
of the

facility
w

as
com

pleted
on

Septem
ber

11,2007
by

Jam
es

K
m

nrnucller.
D

iffuser installatlim
w

as
review

ed
along

w
ith

the
plant’s

W
aste

Treatm
ent

A
ccess

D
atabase

system
.

S.
T

he
plantparticipated

in
the

Pollution
Prevention

Program
in

2007
by

supporting
a

P2
intern.

6.
O

ne
m

ajorprojectthatw
as

com
pleted

during
the

year
w

as
the

rem
oval

of the
B

B
T

S
scrubber

w
hich

w
as

replaced
w

ith
a

dustcollector.
T

his
im

proved
overaflprocess

efficiencies
by

preventing
loss

of finished
B

B
T

S
product to

the
w

aste
w

ater.
7.

K
ey

projects
that

the
plant

continued
to

w
ork

on
during

2007
w

hich
have

the
potential

to
reduce

am
m

onia
generation

at the
w

aste
treatm

entsystem
include

the
follow

ing:
a.

Investigation
of a

sintered
filterm

edia
forthe

B
H

S
ifitera

thatw
ould

notbe
prone

to
tearing

end
loss

ofB
B

T
S

productto
the

w
aste

w
ater.

ir.
C

ontinued
efforts

to
im

prove
ecetonitrile

colum
n

efficiency
to

m
eetthe

M
iscellaneous

O
rganic

N
ESH

A
P’s

(M
O

N
)

standard.



c.
Investigation

ofa
new

processn
the

N
etherlands

called
the

A
nainsuox

(anuerobic
am

m
onia

oxidatlo)
process.

This
is

a
relatively

new
m

ethod
ofbeathg

high
I

concantrations
ofam

m
onia

anaerobically.
The

tint
com

m
ercialprocess

w
as

installed
2002

and
w

asfeatured
in

the
Januazy

2007
Issue

of
C

hem
icalEngineering.

B
ased

on
B

raw
n

and
C

aidw
ellE

nvirem
neutal

C
onsultants,the

bacteria
cultured

in
this

system
nsa

veiy
slow

grow
ing

and
sensitive.

T
he

inhibitors
in

the
E

m
erald

w
aste

stream
w

ould
tender

the
process

perform
ance

unstable,

In
the

event
additionalinform

ation
is

needed,please
contactm

e
either

by
phone

(309)364-9411
or

by
em

ail
davc.giinem

ersldm
naterials.cont.Sincerely,

D
avid

E
G

iffin
U

SE
M

anager

cc:
Em

orai&
JeffB

renner,B
rian

D
enison

IE
PA

:
Jam

es
K

am
m

ueller,R
egion

O
ffice.



M
ateiials

m
er,Id

Perform
ance

M
aterials

1550
C

ounty
R

oad
1450

N
H

enry,
IIllndls

&
1537

3
0
9
-3

6
4
-2

3
1
1

Illinois
E

PA
D

ivision
ofW

a
t

Poflution
C

o
n

o
l

1021
N

ozi) G
rand

A
venue

E
ast

PøstO
ffice

B
ox

19276
Springfield,

flhlnois
62794-9276

R
e: N

PD
E

S
A

nnual
Sum

m
aiy

R
eport

-N
1’D

ES
Petniit N

o.
JL

000]392
05i20/2010

D
ear Sirs:E

m
erald

Perform
ance

M
aterials

is
subm

itting
its

2008
N

PD
E

S
A

nnual
Sum

m
ary

R
eport

as
w

as
required

by
itsN

PD
ES•perm

it.
1.

T
he

IB
PA

issuedE
m

erald
Perform

ance
M

aterial’s
its

FinalN
PD

E
S

Perm
it

on
Febniazy

9,
2007

to
be

effective
M

ay
1

2007
w

hich
included

the
conditions

outlined
in

the
PC

B
O

rder
of

A
S

02-5.
2.

T
he

H
enry

Plantcontinues
to

use
the

21
foothigh-rate,m

uhi-portdiffuser
thatw

as
installed

on
10/4/05

into
the

illinois
R

iver.
Q

uarterly
sam

ples
ofthe

Illinois
R

iver
for

A
m

m
om

a
N

itrogen
are

listed
below

:
a.

3/14/08:
027m

g/I
b

6/19/08
<0.10

m
g/i

c.
9128/08:

<0.20
m

g/I
d

12/13/08
<

0
2
0

m
g/I

3.
M

onthly
D

M
R

’s
have

been
subm

itted
to

the
IE

PA
throughoutthe

year
w

ith
am

m
onia

m
onitoring

results
conducted

5
tim

es
pcr’w

eek.
4.

A
n

annual
inspection

ofthe
facility

w
as

com
pleted

on
Septem

ber
29,2008

by
Jam

es
K

sm
m

ueller.
5.

K
ey

projects
thatthe

plantcontinued
to

w
oth

on
during

2008
w

bich
have

the
potentialto

reduce
am

m
onia

generation
atthe

w
attC

treatm
entsystem

include
the

follow
ing;

a.
B

rdw
u

and
C

aidw
ellconducted

tm
ining

in
A

ugust w
ith

w
aste

w
atertreatm

ent
operators

to
optim

ize
the

W
W

l
system

.
b.

Initiated
study

on
the

effects
ofC

arbon
D

ioxide
forph

bu’ering.
c.

C
onducted

Fed
B

atch
R

eactortesting
to

quantify
any

bio-inhibitions
prC

sentin
the

system
.

hithe
event additional

infarm
ation

is
needed,

please
contactnrc

either
by

phone
(309)364-9411

or
by

em
ailm

ke.strab1eyetneraidm
atcrialscornSincerely,

M
ike

Strabley
H

S
E

M
anager

cc:
E

ucrald:
JeffL

eech,
B

rian
D

enison



o
n

a
n

E
m

erald
Perform

ance
M

aterials
1550

C
ounty

R
oad

1450
N

H
enry,
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61537

309-364-2311

C
E

R
T

IF
IL

)
M

A
IL

:
Illinois

E
PA

D
ivision

ofW
ater Pollution

C
ontrol

1023
N

orth
G

rand
A

venue
E

ast
PostO

ffice
B

ox
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Sprihgfleld,illinois
6274-9276

C
E

R
T

IFIE
D

M
A

IL
;

M
r. jim

K
ainueller

[EPA
R

egionalO
ffice

54
15

N
A

Jnivcrsity
P

eoda,IL
61614

R
e:N

PD
ES’A

IInU
SJ

Snm
m

aiy
R

eport
-N

PJ)E
S

Perm
itN

o,
IL

000
1392

12/22/09
D

ear
Sirs:E

m
erald

Perform
ance

M
aterials

is
subm

itting
its

2009
N

PD
E

S
A

nnual
Sum

m
ary

R
eport as

w
as

required
by

its
N

PD
E

S
perm

it.
1.

T
he

IE
PA

issued
E

m
erald

Perfonnance
M

aterial’s
its

FinalN
PD

E
S

Perm
it

on
February

9,
2007

to
be

effective
M

ay
1,2007

w
hich

included
the

onditions
outlined

in
the

PC
B

O
rder

of
A

S
02-5.

2.
T

he
H

enry
Plantcontinues

to
use

the
21

foot high-rate,m
ulti-portdiffuserthat w

as
installed

on
10/4/05

into
the

Illinois
R

iver.
Q

uSrterlt
sam

ples
ofthe

Illinois
R

iver
for

A
m

m
onia

N
itrogen

are
listed

below
:

L
3/26109:<0.20

m
g/I

b.
6/18/09

<0.20
m

g/I
c.

9/28/09:
<0.10m

g/I
d.

11/20/09<
020m

g/I
3.

M
onthly

D
M

k’s
have

been
subm

itted
to

the
JEPA

throughoutthe
y

w
ith

am
m

onia
•

m
onitoring

results
conductcd

5
tim

es
perw

edc.
•

4.
A

n
annual

inspection
ofthe

facility
w

as
com

pleted
on

Septem
ber22,2009

by
Jam

es
K

anim
ucller..

5.
K

ey
projects

thatthe
plant

continued
to

w
ork

on
during

2009
w

hich
have

the
potential

to
reduce

am
m

onia
generation

atthe
w

aste
treatm

entsystem
include

the
follow

ing:
a.

Im
provem

ents
to

the
T

ertiary
B

utyl A
m

ine
colum

n
increasing

the
recovery

of TB
A

resulting
in

less
am

ine
to

the
sew

er.
b.

U
tilization

ofcarbon
dioxide

fur
pH

adjustm
entreducing

overallloading
on

the
bioireaters,

T
he

use
ofC

O
2

reduces
the

slug
feeding

of caustic
in

the
system

atthe
prim

ary
clarii’Ier

adding
stability

throughoutthe
system

.

In
the

event additional
Inform

ation
is

necdv4
please

contaptm
e

either
by

phone
(309)364-9411

or
by

em
ail

m
lke.strableyem

eraJdm
aterials.com



Sinctrely,

M
ike

Strab1ey
H

SE
M

anager

cc:
E

m
erald:

JeffB
renner,B

rian
D

enison
IEPA

:Jam
es

R
axum

ueller,R
egion

O
ffice.
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PD
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Sum

m
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R
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-N
PD
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000
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D

ear
Sirs:E

m
erald

Perform
ance

M
aterials
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itting
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2010
N

PD
E

S
A

nnualSum
m

ary
R

eport as
w

as
required

by
Its

N
PD

E
S

perm
it.

1.
T

he
LEPA

issued
E

aterald
Perfolm

ence
M

aterial’s
its

FinalN
PD

E
S

Perm
iton

Febniw
y

9,
2007

to
be

effective
M

ay
1,2007

w
hIch

included
the

conditions
outlined

in
the

PC
B

O
rder

of
A

S
02-5.

2.
N

PD
B

S
perm

itw
as

m
odified

on
A

pril27,2010
listing

PolyO
ne

C
orporation

as
a

co-perm
itee.

3.
T

he
H

em
y

Plantcontinues
to

use
the

21
foothigh-rate, m

ulti-port
diffuser thatw

as
Installed

on
10/4/05

into
the

Illinois
R

iver.
Q

uarterly
sam

ples
ofthe

Illinois
R

iverfor
A

m
m

onia
N

itrogen
ere

listed
below

:
a.

3t31/10:<
O

2O
ingIl

1,.
6/30/10

<0.20
m

g/I
c.

9i23/I0:
<0.20m

g/I
d.

U
nable

to
sam

ple
in

D
ecem

ber
due

to
the

am
ountofice

on
the

river.
4.

M
onthly

D
M

R
’s

have
been

subm
itted

to
the

IE
PA

.throughout the
year

w
ith

am
m

onia
m

onitoring
results

conducted
5

tIm
es

per
w

eek.
5.

A
n

annual
inspection

ofthe
facility

w
as

com
pleted

on
Septeniber

23,
2010

by
Jam

es
K

m
iunueller.

6.
K

ey
projects

thatthe
plantcontinued

to
w

ork
on

during
2010

w
hIch

have
the

potential
to

reduce
am

m
onia

generation
atthe

w
aste

treatm
entsystem

include
the

follow
ing:

a.
lncotpoiate

am
m

onia
reduction

as
a

rneuic
in

the
em

ployee
gain

sharing
plan.

b.
C

onduct additional
testing

to
further

detenniuc
sources

ofam
m

onia
w

ithin
the

facility.

In
the

event additional
inform

ation
is

needed,please
contact m

e
either

by
phone

(309)364-9411
or

by
em

ailm
ike.strabley(ctneia1dm

aterla1s.comSincerely,

M
ike

Strabley
H

SE
M

anager

cc:
E

m
erald:

Jeff L
eech,B

rian
D

am
son,John

M
cK

inley
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