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C
hapter

1

IN
T

R
O

D
U

C
T

IO
N

1.1
R

esearch
O

bjectives
and

E
xperim

entalA
pproach

The
prim

ary
objective

o
fthe

research
w

as
to

quanti~
the

perform
ance

o
fthe

double
can

and
drop

inletsedim
entretention

devices
installed

on
the

N
evada

side
o

fLalce

Tahoe.
The

second
objective

w
as

to
identify

costeffective
m

ethods
to

im
prove

the

design
and/or

operationalm
aintenance

procedures
thatcould

be
im

plem
ented

to
enhance

the
perform

ance
o

fthe
traps.

S
pecific

taslcs
for

the
research

began
w

ith
a

literature
search,follow

ed
by

construction
o

ffhll-scale
m

odels
o

fthe
double

can
and

drop
inletsedim

enttraps
in

the

laboratory.
W

inter
road

sand
and

decom
posed

granite
w

as
introduced

into
the

traps
at

tw
o

differentflow
and

feed
rates,

creating
com

binations
o

ffour
different

concentrations.

Testing
o

feach
individualflow

and
feed

rate
condition

w
as

repeated
severaltim

es
w

ith

the
intentto

reduce
the

error
and

find
an

average.
A

continuous
stream

o
feffluentfrom

the
sedim

enttraps
w

as
diverted

through
a

particle
counter

and
a

flow
through

turbidim
eter.

G
rab

sam
ples

w
ere

also
taken

and
tested

for
turbidity,

totalsuspended

solids,pH
,and

electrical
conductivity.

The
influentand

effluent
grab

sam
ples

w
ere

analyzed
to

determ
ine

how
efficiently

the
traps

rem
oved

the
particles.

Sieve
analyses

w
ere

also
perfonted.

R
epresentative

sieve
sam

ples
o

fthe
road

sand
w

ere
talcen

before

being
introduced

to
the

w
ater,

and
also

from
the

settled
accum

ulation
inside

the
traps.

A
nother

specific
task

w
as

to
m

odi~’the
design

ofthe
existing

sedim
enttrapping

devices
to

increase
the

particle
rem

ovalefficiency.
Initially,

som
e

o
fthe

effluentflow



7

from
the

sedim
enttraps

w
as

passed
through

a
sm

all-scale
sand

filter
and

then
sand

filter

colum
ns

using
various

filter
loading

rates.
Later,

the
flow

w
as

passed
through

a
single

layero
ffilter

fabric
before

exiting
from

each
sedim

enttrap.
Then,

the
effluentflow

w
as

passed
through

m
ultiple

layers
o

ffilter
fabric

before
exiting

from
each

sedim
enttrap.

The
perform

ance
o

fa
full-scale

m
edia

filter
w

as
then

evaluated,
follow

ed
by

the

perform
ance

o
fthe

sedim
enttraps

arranged
in

series.
F

inally,
the

perform
ance

o
f

m
ultiple

layers
o

ffilter
fabric

installed
w

ithin
each

ofthe
sedim

enttraps
arranged

in

series
w

as
evaluated.
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C
hapter

2

L
IT

E
R

A
T

U
R

E
R

E
V

IE
W

2.1
P

article
C

haracteristics

It
is

im
portantto

understand
the

various
characteristics

o
fparticles

in
order

to
find

how
they

w
illreactin

the
w

ater.
Im

portantcharacteristics
o

fparticles
in

w
ater

include

the
particle

size,particle
shape,particle

num
ber

and
distribution,

and
how

cohesive
they

are
(S

haw
1966).

2.1.1
P

article
Size

A
n

im
portantparticle

property
o

finterestis
particle

size,though
natural

sedim
ents

are
irregular

in
size,m

aking
finding

o
fan

exactsize
difficult.

There
are

three

term
s

for
diam

eters
as

presented
by

Lane
(1947).

They
are

the
sieve

diam
eter,

sedim
ent

diam
eter,

and
the

nom
inaldiam

eter.
The

sieve
diam

eter
is

the
opening

size
ofa

square

m
esh

in
w

hich
a

particle
w

illjustpass.
The

sedim
entdiam

eter
is

the
diam

eter
o

fa

m
anufactured

sphere
o

fsam
e

specific
w

eightand
term

inalsettling
velocity

as
a

particle

in
the

sam
e

fluid.
The

nom
inaldiam

eter
is

the
diam

eter
o

fa
§phere

o
fthe

sam
e

volum
e

as
the

particle.
It

is
com

m
on

to
use

sieve
diam

eters,
and

place
the

sedim
ents

into
size

classes,or
grades

(A
S

C
E

1975).
The

grade
chartfor

com
paring

sedim
ents

to
class

can
be

seen
in

Table
2.1,

as
given

by
Lane

(1947).
The

sedim
ent

grain
diam

eter
determ

ined
by

sieve
analysis

is
typically

sm
aller

than
the

diam
eter

o
fan

“equivalent-volum
e”

sphere,

w
here

C
leasby

and
W

oods
(1975)

did
size

com
parisons

o
fsand

to
equivalent

volum
e

spheres
and

found
thatthe

sand
w

as
five

to
ten

percent
larger.
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H

—
a

-4

C,)
a
C.

I

‘Jr

.~-

Approximate Sieve Mesh
Size Range Openings per inch

Millimeters . United States

Class name Microns Inches Tyler standard
(1) (2) — (3) (4) (5) (6) (7)

Very ]arge boulders 4,096-2,048 160-80
Large boulders 2,048—1,024 80—40
Medium boulders 1,024-512 40-20
Small boulders 512-256 20-10
Large cobbles 256—128 10-5
Small cobbles i 28—64 5—2.5

Very coarse gravel 64—32 2.5—1.3
Coarse grave] 32—16 1.3—0.6
Medium gravel I 6—8 0.6—0.3 2—1/2
rine gravel 3_4 03-0.16 5 5
Very fine gravel 4—2 0.16-0.08 9 10

Very coarse sand 2—I 2.000-1.000 2,000-1,000 ‘ 16 j 18
Coarse sand I -l/2 1.000-0.500 1,000-500 32 35
Medium sand 1/2—1/4 0.500-0.250 500-250 60 60
Finesand 1/4—1/8 0.250-0.125 250—125 115 120
Very fine sand 1/8-1/16 0.125—0.062 125—62 250 230

Coarse silt l/16—l/J2 0.062-0.031 62-31
Medium silt 1/32—1/64 0.031—0.016 31-lb

Pine silt r-J iSflrCA 1/64—1/128 0.016-0.008 16—8
Very fine silt 1/128-1/256 0.008-0.004 8-4

Coarse clay 1/256—1/5 12 0.004—0.0020 4-2
Medium clay 1/SI 2-1/1,024 0.0020-0.0010 21
Fine cLay 1/1,024—1/2,048 0.OOlO-0.0005 1-0.5
Very fine clay 1/2,048—1/4,096 . 0.0005-0.00024 0.5-0.24 — —



5

W
hen

looking
atgradation,

aggregates
can

have
various

characteristics
o

f

distribution,such
as

one
sized,

open,
gap,

and
dense

(M
am

louk
and

Zaniew
ski

1999).
In

one-sized
distribution,

the
m

ajority
o

faggregates
passing

one
sieve

are
being

retained
on

the
nextsm

aller
sieve.

In
this

case,the
aggregates

have
the

m
ajority’o

fthe
sam

e

diam
eter

and
create

good
perm

eability.
G

ap-graded
aggregates

are
m

issing
one

or
m

ore

sizes
ofm

aterial.
O

pen
graded

aggregates
are

m
issing

sm
allaggregate

sizes
thatw

ould

block
the

voids
betw

een
the

larger
aggregates

(A
dm

inistration
1988).

2.1.2
P

article
S

hape

P
article

shape
is

also
an

im
portantparticle

property
and

is
im

portant
forhelping

to
determ

ine
particle

m
ovem

entin
a

liquid.
S

chulz
etal.

(1954)
has

exam
ined

particle

shape
factors,

concluding
w

ith
the

equation:=
(ab)U

2
(2-I)

W
here

‘a’
is

the
longestm

utually
perpendicular

axes
through

the
particle,

‘b’
is

the

interm
ediate,

and
‘c’

is
the

shortest.
N

aturally
w

orn
quartz

particles
have

an
average

shape
factor

o
f0.7.

2.1.3
C

ohesive
S

edim
ents

C
ohesive

sedim
ents,

as
given

by
A

S
C

E
(1975)

are
as

the
narne

sounds,fine

particles
thatcohere

orjo
in

together
(e.g.,

siltand
clay).

The
rate

o
ferosion

depends
on

the
bond

betw
een

the
particles,

w
here

the
stronger

bond
prevents

erosion,requiring
a

high
velocity

for
initialm

ovem
ent.

The
resisting

bonds
o

fthe
particles

m
ay

be
m

uch

greaterthan
individualparticle

characteristics,
and

therefore
m

ay
dom

inate
particle

m
ovem

ent.
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2.1.4
N

oncohesive
S

edim
ents

A
S

C
E

(1975)
describes

noncohesive
sedim

ents
as

discrete
particles

(e.g.,
sand

and
gravel).

The
erosion

and
settling

o
fthese

particles
depends

on
properties

such
as

size,
shape,

and
density

o
fthe

individualparticles.
The

m
ovem

ento
fnoncohesive

sedim
ents

also
depends

on
the

relative
position

o
fthe

particle
w

ith
respectto

the
position

ofsurrounding
particles.

2.2
M

ovem
ento

fN
oncohesive

S
edim

ents

S
edim

entation
involves

the
processes

o
ferosion,

entrainm
ent,transportation,

deposition,
and

the
com

paction
o

fsedim
entthrough

geologicaltim
e.

The
entrainm

ent,

transportation,
and

deposition
o

fsedim
entdepend

on
both

the
flow

and
the

particle

properties
(A

S
C

E
1975).

The
process

oferosion
begins

w
ith

the
initialm

ovem
ento

fthe

particles,
and

therefore
initialm

ovem
entm

ustbe
considered.

2.2.1
Incipient

M
otion

Incipientm
otion

is
im

portantto
understand

since
the

concept
o

fparticle

m
ovem

ent is
based

o
ffo

fthe
idea

thatthe
sedim

entw
as

originally
put

into
m

otion
at

particular
flow

conditions
and

w
ater

characteristics.
M

ost
incipientm

otion
criteria

are

based
o

ffo
fthe

shear
stress

or
fluid

velocity
(Y

ang
2003).

The
follow

ing
forces

are

those
acting

on
a

grain
o

fsedim
entlying

in
a

bed
o

fsim
ilar

grains
over

w
hich

a
fluid

is

flow
ing.

Seen
in

Figure
2.1,

they
are

the
gravity

forces
o

fw
eight

and
buoyancy,

hydrodynam
ic

lift
norm

alto
the

bed,
drag

parallelto
the

bed
(Y

ang
2003),and

resistance

force
o

fthe
bed

(A
S

C
E

1975).
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13

F
igure

2.1
Forces

acting
on

a
sedim

entparticle
(m

odified
from

(Y
ang

2003))

A
s

seen
from

the
free

body
diagram

o
fFigure

2.1,the
particle

is
atthe

point
o

f

incipientm
otion

w
hen

it
is

atthree
certain

states.
Y

ang
(2003)

explains
thatthe

first
is

w
hen

the
lift

force
(F

L
)

is
equalto

the
subm

erged
w

eight(W
s).

The
second

is
w

hen
the

drag
force

(FD
)

is
equalto

the
resistance

force
(FR

).
The

third
is

w
hen

the
overturning

m
om

ent(com
posed

o
fthe

drag
and

resistantforces),
is

equalto
the

resisting
m

om
ent

(com
posed

o
fthe

lift
and

subm
erged

w
eight).

2.2.2
C

ritica
l

S
hear

S
tress

W
hen

initial
m

ovem
ent

is
aboutto

occur,the
particle

is
atits

criticalbed
shear

stress
(re).

S
hields

(1936)
applied

dim
ensional

analysis
to

establish
the

equation
for

incipient
m

otion.
The

im
portant

factors
thatare

applied
are

the
shear

stress
(re),

sedim
ent

(p
j

and
fluid

(pj)
densities,

diam
eter

o
fthe

particle
(d),

kinem
atic

viscosity
(v).and

F
1~
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gravitationalacceleration
(g).

These
quantities

produce
the

follow
ing

dim
ensionless

quantities:

d
~

’1
~

=
f~

i
(2-2)

=
(2-3)

d(p5
—

p
j)g

dy[(p3
/p1)—

l]

The
relationship

betw
een

the
param

eters
in

E
quations

2-2
and

2-3
are

then

determ
ined

experim
entally.

The
relation

ofthe
experim

entaldata
by

S
hields

and
other

investigators
is

displayed
in

the
S

hields
diagram

(Y
ang

2003).
Laterresearch

cam
e

up

w
ith

equations
to

find
the

critical
shearstress.

M
ille

r
etal.

(1977)
developed

a
shear

stress
equation

for
quartz

sedim
entparticles

thathave
diam

eters
greaterthan

1,000
gm

and
thatbehave

in
a

cohesionless
m

anner:

r~
=

4
.l4

d
(2-4)

W
here

(d)
is

the
diam

eter
o

fthe
non-cohesive

particles,
and

(ta
)is

the
shear

stress

acting
on

the
particles.

This
is

also
true

for
particles

ranging
from

400
to

1,000
i’m

.

P
articles

thatare
betw

een
40

and
400

jim
erode

differently
due

to
cohesive

characteristics,
and

the
equation

is:

=
2

.7
5

d
°4

(2-5)

2.2.3
C

ritica
lV

elocity

The
first

observations
o

fcritical
conditions

pertaining
to

sedim
ent

particles
in

w
ater

are
reported

in
term

s
o

fvelocity.
In

recentyears,though,
velocity

has
been

abandoned
for

shearstresses
to

obtain
m

ore
satisfactory

quantities
(A

S
C

E
1975).

M
avis
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and
Laushey

(1966)
show

ed
thatthe

criticalbottom
velocity

(u0~)
for

sands
can

be

calculated
by:

=
O

.5
(~

~
_

l)u
2

d
~

9
(2-6)

I

W
here

(d3)
is

the
m

ean
size

o
fthe

sedim
ent

in
m

illim
eters,

(y~)
is

the
specific

w
eight

ofthe
sedim

ent,(y)
is

the
specific

w
eight

o
fthe

liquid,
and

(u0~)is
in

feetper

second
and

w
as

developed
by

fitting
a

curve
to

observed
data.

2.3
T

ransport
ofS

edim
entin

W
ater

A
tvery

low
velocities

no
sedim

entw
ill

m
ove,

butafter
incipientm

otion
has

begun,
grains

w
illrolland

slide
interm

ittently
along

the
bed.

A
s

the
velocity

and

turbulence
o

fthe
fluid

increases,
som

e
grains

w
ill

m
ake

shortjum
ps

and
leave

the
bed

for

a
shorttim

e
and

return
to

the
bed.

Ifflow
velocity

is
increased

even
m

ore,
som

e

sedim
entw

illbe
sw

eptinto
the

m
ain

body
offlo

w
and

turbulence
w

ill
cause

the
sedim

ent

to
rem

ain
suspended

for
a

considerable
length

o
ftim

e
(A

S
C

E
1975).

2.3.1
B

ed-Load
T

ra
n

sp
o

rt

Ifthe
sedim

entparticles
are

rolling,
sliding,

orjum
ping

shortdistances
along

the

bed,the
process

is
called

bed-load
transport.

Looking
atthe

shearstress
approach,

Shields
(1936)

extended
flow

condition
relationships

to
obtain

the
flow

condition

corresponding
to

incipientm
otion.

This
produced

the
equation:

qbrS
=10

(2-7)
qyS

(r~
n

d
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W
here

(q
~

)
is

the
bed-load,

(q)
is

the
w

ater
discharge

per
unit

channelw
idth,

(ci)
is

the
sedim

entparticle
diam

eter,
(‘ce)can

be
obtained

from
Shields

diagram
,

(5)
is

the

slope,(3’s)is
the

specific
w

eight
ofthe

sedim
ent,

(,‘)
is

the
specific

w
eight

o
fthe

liquid,

and
(r)

is
the

producto
fspecific

w
eight,w

ater
depth,

and
slope

o
fthe

channel.

2.3.2
S

uspended
Load

Suspended
load

refers
to

sedim
entparticles

thatbecom
e

suspended
and

rem
ain

suspended
for

a
greatam

ounto
ftim

e
due

to
turbulent

conditions.
Lane

and
K

alinske

(1941)
provided

an
equation

to
find

the
suspended

load,
(q.c~j):

ISw
a

=
qC~P~

exp(U
D

~
(2-8)

W
here

(q)
is

the
w

ater
discharge

and
(C

a)
is

the
suspended

sedim
ent

concentration

atdistance
(a)

above
the

bed.
PL

is
the

depth-integrated
average

sedim
ent

concentration

per
sedim

entconcentration
atdistance

(a)
as

seen
in

Figure
2.2.

(w
)

is
the

fallvelocity

corresponding
to

(4o),
(D

)
is

the
w

ater
depth,and

(5)
is

the
slope

for
the

shearvelocity:

U
.

=
(gD

S
)”2

(2-9)



11

R
elative

velocity
0/U

.

F
igure

2.2
R

elationship
betw

een
suspended

load
coefficients

(Lane
and

K
alinske

1941)

2.3.3
P

article
S

ettling

In
order

for
a

particle
to

settle,its
velocity

dow
nw

ard
m

ustovercom
e

the
effects

o
fthe

w
ater.

F
allvelocity

is
a

fIrnction
o

fthe
size,

shape,surface
roughness,

and
specific

gravity
o

fthe
particle,

as
w

ellas
the

viscosity
o

fthe
fluid

(Y
ang

2003).
The

types
of

settling
are

separated
into

classes,and
equations

are
presentto

representparticle
settling

based
o

ffo
fsphericalparticles.

As
explained

in
M

W
H

(2005),by
using

N
ew

ton’s
law

the
forces

acting
on

a
particle

as
it

settles
in

a
flu

id
can

be
evaluated

and
a

m
om

entum

balance
on

the
particle

done.
A

positive
settling

velocity
m

eans
thatthe

particle
settles

and
a

negative
settling

velocity
m

eans
the

particle
w

illrise
since

it
is

less
dense

than

w
ater.

2.3.4
P

article
C

lasses

P
articles

are
separated

into
four

classifications
based

on
their

concentration
and

m
orphology.

Type
Iparticles

are
discrete

and
settle

w
ithoutinfluencing

otherparticles

a,C)C)

$

~1.1j

=
0.10

=
0.20

=
0.50

0.01
0.1

1.0
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Type
I

Particles
settling

Type
II

D
ifferential

D
iscrete

w
ithoutinfluencing

Flocculant
flow

paths
particle

other
particles

settling
~

-
.
-
-
~

~
settling#

4
t~

f
L~,~?t’~!t~

~
Flocculant

~
particles

D
iscrete

Flocculant

Particle
m

orphology

F
igure

2.3
P

article
classifications

(M
W

H
2005)

since
the

concentration
is

low
and

they
do

notflocculate
(M

W
H

2005).
The

classifications
can

be
seen

in
Figure

2.3.

In
Type

II
settling,particles

flocculate
either

by
velocity

gradients
in

the

sedim
entation

basin
or

by
differential

settling.
A

t
very

high
concentrations,

Type
III,

or

hindered
settling

can
occur

by
creating

a
blanket

ofparticles
thattraps

particles
below

it

as
it

settles.
The

blanketsettling
velocity

depends
on

the
suspended

solids
concentration,

w
ith

velocity
decreasing

w
ith

increasing
concentration

(M
W

H
2005).

M
W

H
2005

also

describes
Type

IV
as

com
pression

settling
w

here
w

ateris
displaced

as
particles

com
press,resulting

in
increased

particle
com

paction.

§
W

ater
displaced

Type
IV

‘7
I
~

Irorn
pores

asparU
cles

~
Type

Ill
H

indered
or-zone
settling

0C000)

t
oJ

C
t

0~



1
,

Ii

Ifthere
are

only
a

few
closely

spaced
coarse

particles
in

a
fluid,

they
w

illfallin
a

group
ata

higher
velocity

than
thato

fa
single

particle.
In

contrast,
ifthe

particles
are

dispersed
throughoutthe

fluid,
then

their
fallvelocity

w
illexperience

hindered
settling

(M
cN

ow
n

and
Lin

1952).
H

aushild
etaL

(1961)
explained

thatthe
increase

offine

particles
into

the
w

ater
could

increase
the

characteristics
o

fthe
liquid

m
edium

m
ixture,

and
m

ostim
portantly

the
viscosity

and
specific

w
eight.

Therefore,
increasing

fine

sedim
entdoncentration

could
in

turn
increase

the
rate

o
fsedim

enttransport.

2.3.5
S

tokes’
Law

Stokes’
law

is
for

settling
o

fparticles
in

quiescentconditions.
It

is
based

o
ffo

f

the
conceptthata

sedim
entparticle

is
spherical,

w
hich

is
not

the
case

in
the

realw
orld.

The
equation

is
stillused,though,for

a
representation.

S
tokes’

(1851)
equation

can
be

used
for

a
sphere

w
ith

diam
eter

(d)
and

specific
w

eight
0’s)

w
ith

the
specific

w
eightof

w
ater

(y)
to

find
velocity

(w
):

(2-10)
3CD

7

R
eynolds

num
ber

(R
e),

w
ith

kinem
atic

viscosity
(i’)

as:

(2-11)

The
fallvelocity

o
fparticles

in
lam

inar
flow

,
having

a
R

eynolds
num

ber
less

than
1.0

can

be
represented

using
the

equation
for

the
coefficient

o
fdrag,

(C
D

):

N
CD

(2-12)
R

e
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The
coefficiento

fdrag
for

turbulent
flow

observed
after

C
am

p
(1946),

having
a

R
eynolds

num
berbetw

een
1.0

and
10,000

can
be

expressed
as

given
by

M
W

H
(2005):

24
3

CD
=

—
+

+0.34
(2

-li)
R

e
J
~

Figure
2.4

can
also

be
used

to
find

the
drag

coefficient
by

using
the

value
obtained

by
the

relation
o

fR
ouse

(1938):

W
here

(W
s)

is
the

subm
erged

w
eighto

fthe
sphericalsedim

ent
given

by:

to’

102z
tJ

z
tZ

\L
_

~

(2-14)

(2-15)

UC0aUan

I.

S
M

ien:
paraffin

spheres
in

aniline
~

A
llen:

airbubbles
in

water
i

x
A

llen:
am

ber
and

sced
spheres

in
w

ater
•

A
rnold:

rose
m

etal
spheres

in
rape

oil
I

~
Liebster:

steelspheres
in

w
ater

•
S

chiniedel;
gold.silver,

and
lead

discs
in

water
—

Lunnon:
steel,bronze,and

lead
spheres

in
‘~ater

•
S

im
m

ons
and

D
ew

ey:
discs

in
w

ind
tunnel

s
W

ieselberger,spheres
in

w
ind

tunnel
•

W
ieseiberger:disks

in
w

ind
tunnel

l0~
10’

l0~
l0~

l0~
10’

IO~
tO~

Lola
,

_
_

_
_

~
‘calueofnç

fln
ld

\
‘

t
H1

1
N

~
o

~
iP

V
Ii\

\
H

’jT
:

~
44

.~.L..f~
I..~

.
i\
H

)
~

s
c
s
I

~
I

:
,

It
H

Spheres

0-Il0-~’
l0~

i0
’

IC
10

0’
l0~

lo~
106

R
eynolds

num
ber

R
e

F
igure

2.4
D

rag
coefficient

as
a

function
ofR

eynolds
num

ber
(R

ouse
1938)
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2.3.6
S

ettling
in

T
urbulent

C
onditions

A
s

described
in

M
W

H
(2005),turbulence

can
be

considered
as

a
cascade

o
f

energy
from

large
eddies

to
sm

alleddies.
This

is
done

after
kinetic

energy
is

given
to

the

w
ater

through
physicalm

eans.
The

structure
ofw

ater
is

such
thatas

the
large

eddies

m
ove

around,
the

energy
is

transferred
to

sm
aller

eddies
untilinertialforces

are
overcom

e

by
the

viscous
nature

o
fw

aterto
becom

e
no

sm
aller.

Field
(1968)

and
H

oughton
(1968)

m
ade

theoretical
studies

on
sphericalparticles

in
oscillating

fluids
to

find
the

effects
on

fallvelocity.
Field

(1968)
confirm

ed
by

experim
entthatparticles

settled
m

ore
slow

ly
in

a
fluid

oscillating
in

the
verticaldirection

than
one

atrest.
B

oth
agreed

thatthe
reduction

in
fallvelocity

w
as

a
resulto

fnonlinear
relation

betw
een

drag
on

the
particles

and
their

velocity
relative

to
the

fluid.

2.3.7
P

article
Size

and
S

ettling
V

elocity

The
sedim

entation
o

fa
particle

w
ill

vary
w

ith
specific

w
eight,

density,and

viscosiiy
o

fthe
fluid.

This
has

led
to

the
introduction

o
fthe

definition
o

fstandard
fall

velocity
and

diam
eter

as
defined

by
the

Interagency
C

om
m

ittee
(1957).

The
standard

fall

velocity
is

the
average

rate
o

ffallthata
particle

w
ould

attain
iffalling

alone
in

distilled

w
ater

o
finfinite

extentata
tem

perature
o

f24°C
.

The
standard

falldiam
eter

o
fa

particle

is
the

diam
eter

o
fa

sphere
thathas

the
sam

e
specific

w
eight

and
has

the
sam

e
standard

fallvelocity
as

the
given

particle.

2.4
P

article
S

ettling
in

a
B

asin

The
volum

e
o

fsedim
entdeposited

in
a

reservoir,
or

sedim
entation

basin
depends

on
the

efficiency
o

fthe
trapping

device,
fa

llvelocity
o

fthe
particles,

size
and

shape
o

f
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the
reservoir,

and
flow

through
the

reservoir.
The

trap
efficiency

o
fa

reservoir
is

the
ratio

o
fthe

quantity
o

fdeposited
sedim

entto
the

totalsedim
entinflow

(Y
ang

2003).

2.4.1
S

ettling
Zones

C
am

p
(1946)

developed
the

rationaltheory
for

the
rem

oval
o

fdiscrete,
or

Type
I

particles
in

a
sedim

entation
basin

by
dividing

a
basin

into
four

zones.
These

zones
are

the
inlet,

sludge,
settling,

and
outletzones,

as
seen

in
Figure

2.5.

There
w

ere
five

assum
ptions

for
C

am
p’s

(1946)
theory.

The
firstw

as
to

consider

plug
flow

conditions
in

the
settling

zone.
The

second
w

as
to

assum
e

uniform
horizontal

velocity
in

the
settling

zone.
The

third
w

as
to

assum
e

there
is

uniform
concentration

o
f

allsize
particles

across
a

verticalplane
atthe

inlet
end

o
fthe

settling
zone.

The
fourth

w
as

to
assum

e
particles

are
rem

oved
once

they
reach

the
bottom

o
fthe

settling
zone.

A
nd

the
fifth

w
as

to
assum

e
thatparticles

settle
discretely

w
ithout

interference
from

other

particles
atany

depth.

There
are

tw
o

com
ponents

to
particle

trajectories
in

the
settling

zone
ofa

sedim
entation

basin.
This

includes
the

settling
velocity

o
fthe

particles
(a)

and
the

fluid

velocity
(w1)as

seen
in

Figure
2.6

o
fa

rectangular
sedim

entation
basin.

U
Influent

Flow
rate,

0
C)

C)
—

C
0

0N
—

Settling
—

N
—~

zone
0~

C
—

—
D

—
C

-
Sludge

zone

IL

E
ffluent

ofa
sedim

entation
basin

(M
W

H
2005)

F
igure

2.5
S

ettling
zones
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A
,

Zone

F
igure

2.6
P

article
trajectories

in
the

settling
zone

o
fa

sedim
entation

basin
(m

odified
from

(M
W

H
2005))

C
am

p
(1946)

also
described

thata
particle

from
the

inlet
zone

enters
atthe

top
o

f

the
sedim

entation
basin

and
settles

ata
constantrate

to
the

sludge
zone.

W
hen

this

happens
justbefore

the
outlet

itis
referred

to
as

the
critical

settling
velocity,

or
(we)

given

by
the

equation:

U
IC

=
k
=

S
O

R
=

2
_

(2-16)
6

A~

W
here

SO
R

is
the

surface
overflow

rate,
(h0)

is
the

depth,
(6)

is
the

hydraulic

detention
tim

e,(Q)
is

the
flow

rate,
and

(As)
is

the
surface

area
o

fthe
sedim

entation

basin,as
seen

in
Figure

2.6.
C

am
p

(1946)
also

gave
thatparticle

trajectories
are

linear.

Because
ofthis,

particles
entering

the
settling

zone
atany

height(h)
above

the
tank

floor,

w
ith

settling
velocities

(w
)

greater
than

the
critical

settling
velocities

w
illbe

rem
oved

because
o

ftheir
trajectories.

The
fraction

o
fparticles

rem
oved

(R2)
can

be
found

by:

cn
h

I
f

Ih

oi~
h0

(2-17)
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P
articles

w
ith

settling
velocities

less
than

the
criticalvelocity

m
ay

still
be

rem
oved

depending
on

theirposition
atthe

inletand
the

height
ofentrance.

2.5
R

apid
M

edia
F

iltra
tio

n

U
sing

rapid
m

edia
filtration

is
anotherw

ay
in

w
hich

particles
m

ay
be

rem
oved

from
the

w
ater.

Itis
im

portantto
understand

the
com

position
o

fthe
m

edia,the
process

o
f

filtration,
and

the
m

echanism
s

o
fparticle

rem
oval.

2.5.1
F

ilte
r

M
edia

M
W

H
(2005)

described
thatnaturally

occurring
granularm

inerals
are

used
for

filter
m

edia.
These

include
sand,

anthracite
coal,

and
garnetand

are
described

in

A
N

S
IJA

W
W

A
B

100-01
Standard

for
F

iltering
M

aterial(A
W

W
A

2001a).
The

size

distribution
is

determ
ined

by
sieve

analysis
(A

S
T

M
2001a)

through
calibrated

sieves

(A
S

T
M

2001b),w
here

the
w

eighto
fm

aterialretained
on

each
sieve

is
m

easured,
and

the

cum
ulative

w
eightretained

is
plotted

as
a

function
o

fsieve
size.

M
edia

uniform
ity

allow
s

the
filters

to
operate

ata
higher

hydraulic
loading

rate

w
ith

low
erhead

loss.
Because

o
fthis,

the
size

distribution
o

fnaturally
occurring

m
aterial

is
broaderthan

desirable
for

filter
m

edia.
A

s
a

result,
filter

m
aterials

are
processed

to

rem
ove

the
largest(by

sieving)
and

sm
allest

(by
w

ashing)
grain

sizes,producing
a

narrow
er

size
distribution,

as
seen

in
Figure

2.7
(M

W
H

2005).



2.5.1.1
U

n
ifo

rm
ity

C
oefficient

Because
filter

m
edia

stratifies
during

backw
ash,

a
low

uniform
ity

coefficient

(U
C

)
is

an
im

portantfactor
in

the
design

o
frapid

m
edia

filters
(M

W
H

2005).
A

s

described
by

R
eynolds

(1996),the
effective

size,
ord70

is
the

sieve
size

thatw
illpass

ten

percentby
w

eighto
fthe

m
edia.

The
uniform

ity
coefficientis

com
posed

o
f4~,

w
hich

is

the
sieve

size
passing

sixty
percent.

The
uniform

ity
coefficient

is
defined

as:

U
C

=
4

(2-18) 19

•
N

aturally
occurring

sand
•

Processed
filtersand

101

SSci)
ci)EVa)C)(‘3

0~

I
I

I
I

I
I

I

I
I

I
I

I
I

I
I

01
.01

Figure
2.7

Size

1
5

10
20

30
50

70
80

90
95

P
ercent

o
f

m
edia

w
ith

sm
a

lle
r

d
ia

m
e

te
r

d
istrib

u
tio

n
ofm

edia
filte

r
sand

(M
W

H
2005)

99
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Fair
eraL

(1971)
explained

thatthe
hydraulic

resistance
o

fan
unstratified

granular
bed

tends
to

be
unaffected

by
size

variation
as

long
as

the
effective

size
rem

ains
constant.

2.5.2
F

iltration
Processes

Filter
effluentturbidity

during
the

filter
run

follow
s

a
pattern

thatincludes
three

distinctsegm
ents

w
hich

are
ripening,

effective
filtration,

and
failure

(M
W

H
2005).

R
ipening

is
a

process
ofm

edia
conditioning

and
occurs

as
the

clean
m

edia
captures

particles.
B

y
catching

m
ore

particles,
they

becom
e

m
ore

efficientatcollecting
additional

particles.
Som

e
investigators

have
show

n
thatninety

percento
fthe

particles
thatpass

through
a

w
ell-operating

filter
do

so
during

the
initialstages

o
ffiltration

(A
m

irtharajah

1988).
E

ffective
filtration

is
the

tim
e

duration
in

w
hich

optim
alparticle

rem
ovalis

occurring.
Failure

can
be

caused
tw

o
w

ays,
by

breakthrough
or

excessive
head

loss.

B
reakthrough

occurs
w

hen
the

tilter
contains

so
m

any
particles

thatitno
longer

filters

effectively
and

there
is

a
rise

in
the

effluentparticle
concentration.

The
head

loss
can

increase
beyond

the
point

o
favailable

designed
head,

atw
hich

pointthe
filter

fails

(M
W

H
2005).

This
is

show
n

in
Figure

2.8,
w

here
the

filter
design

is
optim

um
w

hen
both

the
breakthrough

and
head

loss
events

occur
sim

ultaneously
(R

eynolds
and

R
ichards

1996).

C
a

H
ead

E
fflu

e
n

t
Loss.

T
u

rb
id

ity.

T
im

e
—

i.-
ta

F
igure

2.8
H

ead
loss

and
effluenttu

rb
id

ity
vs.

tim
e

in
m

edia
filtra

tio
n

(R
eynolds

and
R

ichards
1996) A
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2.5.3
P

article
R

em
ovalM

echanism
s

Filters
rem

ove
particles

from
w

ater
through

a
variety

o
fm

echanism
s.

W
hen

particles
are

larger
than

the
void

spaces
in

the
filter,

they
are

rem
oved

by
straining

(M
W

H
2005).

W
hen

particles
are

sm
aller

than
the

voids,
they

can
be

rem
oved

ifthey
are

transported
to

the
filter

m
edia

to
contactand

stick
(Y

ao,
H

abibian,
and

O
M

elia
1971).

Transportto
the

m
edia

surface
occurs

by
interception,

diffusion,
inertialforces,

and

gravitationalforces.
A

ttachm
entthen

occurs
by

attractive
close-range

m
olecular

forces

such
as

van
der

w
aals

forces
(M

W
H

2005).

2.5.3.1
S

training

W
hen

particles
are

larger
than

the
void

spaces
in

the
filter,

they
are

rem
oved

by

straining.
This

causes
a

cake
to

form
atthe

surface
ofthe

filter
bed

that
can

im
prove

particle
rem

ovalefficiency,
butalso

increases
head

loss
across

the
filter

(M
W

H
2005).

Figure
2.9

show
s

a
representation

o
fstraining.

F
ilter

M
edia

G
rains

P
article

F
igure

2.9
P

article
straining

during
m

edia
filtra

tio
n

(m
odified

from
M

W
H

2005)
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A
bed

o
fgranular

m
edia

can
strain

particles
sm

aller
than

the
filter

m
edia

grain

size.
For

sphericalm
edia,

a
close-packed

arrangem
entw

illcause
straining

w
hen

the
ratio

o
fparticle

diam
eters

is
greatçr

than
0.15.

P
articles

thatare
sm

allerthan
this

can
pass

through
the

m
edia,

m
aking

straining
insignificant

for
particles

sm
aller

than
aboutthirty

to

eighty
m

icrom
eters

for
m

any
cases

(M
W

H
2005).

2.5.3.2
F

iltra
tio

n
M

odel

H
aving

m
edia

uniform
ity

in
a

filter
bed

creates
void

spaces
significantly

larger

than
the

particles
being

filtered,
w

hich
in

turn
results

in
straining

notbeing
the

dom
inant

rem
ovalm

echanism
.

Instead,particles
are

rem
oved

w
hen

they
adhere

to
the

filter
grains

orpreviously
deposited

particles
(M

W
H

2005).
For

w
atertreatm

entapplications,
Y

ao
et

al.
(1971)

have
presented

a
m

odelw
ith

a
theory

based
on

the
accum

ulation
o

fparticles
on

a
single

filter
grain,

or
collector.

The
accum

ulation
on

a
single

collector
is

defined
as

the

rate
atw

hich
particles

enterthe
region

o
finfluence

o
fthe

collectorm
ultiplied

by

transportand
attachm

entefficiency
factors.

The
particles

m
ustcom

e
in

contactw
ith

the
collectors,

and
the

m
odes

for

transporting
particles

to
the

collector
surface

are
interception,

sedim
entation,

and

diffhsion
(Y

ao,
H

abibian,
and

O
’M

elia
1971).

For
lam

inar
flow

,
sphericalparticles,

and

sphericalcollectors,
Y

ao
etal.

(1971)
gave

the
equation

for
particle

transport
by

interception,
(t~

j):

[
c
i]
2

(2-19)



fin

W
here

(4
)

is
the

particle
diam

eter,
and

(tic)
is

the
collector

diam
eter.

Yao
etaL

(1971)
also

gave
thatthe

collector
efficiency

due
to

sedim
entation

(gravity),
or

(tic)
is

found
to

be
the

ratio
o

fStokes
settling

velocity
to

the
superficialvelocity,

show
n

by:

g(p3
—

p~)d~
=

(2-20)
18pv1

W
here

(vj)
is

the
filtration

rate,
or

superficialvelocity.
P

articles
are

influenced
by

B
row

nian
m

otion
and

w
illdeviate

from
the

fluid
stream

lines
due

to
diffusion.

The

transport
efficiency

by
diffusion,

(tiD
)

is
given

by
Levich

(1962)
as:

=
4Fe213

(2-21)

W
here

(Fe)
is

the
Pecletnum

ber,
w

hich
after

using
S

tokes-E
instein

equation
is

found
to

be
(C

lark
1996):

Fe
=

3~pd~d~v~
(2-22)

kB
T

W
here

(kB
)

is
B

oltzm
ann

constant,
1.381

x
10.23

JfK
and

(I)
is

the
absolute

tem
perature

in
K

elvin.
Yao

etaL
(1971)

assum
ed

thatthe
transportm

echanism
s

are

additive,
giving

the
equation:

Q
T
~

li
+17~

~
~

7
D

(2-23)

The
effecto

fparticle
diam

eter
on

each
m

echanism
is

show
n

in
Figure

2.10.

Figure
2.10

predicts
thatthe

low
estrem

ovalefficiency
occurs

for
particles

atabout
I

jim

in
size

and
has

been
verified

experim
entally

(Y
ao,

H
abibian,

and
O

M
elia

1971).



24

io
°

10.1

>~C
’

-
C•0)C

,

j
10~

~
io

~

10~

10.6io
~

io
~

io
6

io
~

io~
?article

diam
eter,

m

F
igure

2.10
P

article
size

vs.
transport

efficiency
(d~

=
0.5

m
m

,
v

=
5

rn/h,T
=

25°C
)

(M
W

H
2005)

2.6
P

late
S

ettlers

Plate
settlers

w
ere

developed
to

im
prove

the
efficiency

o
fconventional

rectangularsettling
basins

by
relying

on
settling

area
rather

than
detention

tim
e.

The

plates
are

designed
to

keep
the

w
ater

velocity
sm

aller
than

the
settling

velocity
o

fthe

particles
(A

W
W

A
and

A
S

C
E

1990).
This

allow
s

the
particles

to
settle

onto
and

slide
o

ff

o
fthe

plate
surfaces

to
accum

ulate
on

the
basin

floor.
P

roblem
s

do
arise,though,

because

o
fscouring

action
re-suspending

particles
if

the
w

atertravels
ata

high
velocity

(A
W

W
A

and
A

S
C

E
1990).

P
erform

ance
o

fthe
plate

settlers
can

also
be

greatly
reduced

due
to

conditions
such

as
poor

flocculation,
poor

inlet
flow

distribution,
scaling,

and
algal

grow
th

(M
W

H
2005).
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There
are

three
different

w
ays

in
w

hich
to

design
plate

settlers
in

a
basin:

1)

cross-flow
,

2)
co-current,

and
3)

countercurrent.
Forcountercurrent

settlers,
assum

ing
a

uniform
velocity,

the
equation

for
the

fluid
velocity

in
the

channel,
(vm

)
is:

=
(2-24)

~°
N

cIW

W
here

(‘0
is

the
distance

perpendicularly
betw

een
tw

o
parallelplates,(Q)

is
the

flow
rate,

(A’)
is

the
num

ber
o

fchannels,
and

(IV)
is

the
w

idth
o

fthe
channels

(M
W

H

2005).
A

s
stated

above,the
w

ater
velocity

needs
to

be
sm

aller
than

the
particle

settling

velocity.
Therefore,

for
design

purposes
it

is
desirable

to
find

the
point

atw
hich

the

settling
tim

e
is

equalto
the

tim
e

the
particle

is
in

the
plates,

given
by:

v
d

°~
(2-25)

L,,
co

sB
+

d
sin

o

W
here

(a~)
is

the
particle

settling
velocity,

(Lp)
is

the
length

o
fthe

plate,
and

(i9)

is
the

inclination
angle

in
degrees

o
fthe

plates
from

the
horizon.

The
particles

w
ith

settling
velocities

equalto
or

larger
than

the
right

side
o

fE
quation

2-25
w

ill
be

rem
oved

from
the

w
ater

(M
W

H
2005).

2.7
P

revious
Investigations

in
the

T
ahoe

B
asin

O
therresearch

has
been

done
in

the
Tahoe

B
asin

in
order

to
try

to
turn

back
the

declining
rate

o
fclarity

in
Lake

Tahoe.
S

tudies
pertaining

to
the

geology
o

fthe

surrounding
area

w
illgive

som
e

insightinto
the

naturalm
aterials

around
the

lake.
The

C
alifornia

D
epartm

ent
o

fTransportation
(C

altrans)
has

also
supported

research.
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2.7.1
G

eologicalInvestigations

The
lay

o
fthe

land,
orthe

relief,
in

the
Tahoe

B
asin

influences
soilform

ation

through
its

effect
on

drainage
and

erosion.
M

ost
o

fthe
slopes

in
the

basin
are

steep,

favoring
rapid

runoff,
good

to
excessive

drainage,
and

a
high

erosion
potential.

The
soils

ofthe
flood

plains
are

low
lying

and
subjectto

poor
drainage

conditions
(R

ogers
1972).

The
natural

sedim
ents

originally
cam

e
from

m
any

parentm
aterials,

form
ed

in
m

aterial

w
eathered

from
granitic,m

etam
orphic,

and
basic

igneous
rock,

glacialdeposits
and

outw
ash,

and
in

alluvium
o

fm
ixed

sources
(R

ogers
1972).

2.7.2
C

altrans
S

tudies
in

the
Tahoe

B
asin

C
altrans

m
aintains

over
68

m
iles

o
froadw

ays
in

the
Tahoe

B
asin

as
w

ellas

severalm
aintenance

and
m

aterialstorage
yards

(C
altrans

2000).
Because

the
storm

w
ater

runoffand
snow

m
anagem

entactivities
from

these
facilities

need
to

be
w

atched
and

m
aintained,

C
altrans

has
undergone

testing
in

orderto
understand

the
characteristics

o
f

the
storm

w
ater

in
the

Tahoe
B

asin
(C

altrans
2001).

2.7.2.1
Tahoe

B
asin

S
torm

w
ater

M
o

n
ito

rin
g

The
Tahoe

B
asin

S
torm

w
ater

M
onitoring

P
rogram

w
as

initiated
due

to
various

problem
s

in
the

Tahoe
Basin.

The
reportis

given
during

the
period

o
fJuly

2000
to

A
pril

2001
(C

altrans
2001).

A
ccording

to
C

altrans
(2001),

the
three

different
runoffconditions

in
the

Tahoe
B

asin
are

sum
m

erthunderstorm
s,

w
inter/spring

snow
m

elt,
and

transitional

conditions
w

ith
snow

/rain
m

ix.
Forthe

runoffconditions,
precipitation

w
ater

quality

sam
ples

w
ere

collected
attw

o-highw
ay

runoffm
onitoring

stations
during

events.
A

long
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w
ith

the
testing

o
fprecipitation

w
as

the
collection

o
fstorm

w
ater

runoffto
identify

and

characterize
sedim

ents
and

other
pollutants

found
in

highw
ay

nm
off.

A
ccording

to
C

altrans
(2001),

the
listofanalyticalconstituents

for
precipitation

w
ater

quality
m

onitoring
w

as
determ

ined
from

the
constituents

o
fthe

runoffsam
ples.

These
pollutants

in
the

precipitation
w

ere
analyzed

by
priority,

in
w

hich
conductivity,

pH
,

and
others

w
ere

included.
Table

2.2
includes

som
e

o
fthe

analyticaldata
taken

from

runofffrom
sum

m
erthunderstorm

s,
rain

orm
ixed

rainlsnow
,

and
snow

m
elt,

and
the

C
altrans

data
analysis

tool
(D

A
T

)
w

as
applied

to
generate

the
statisticalvalues

listed

(C
altrans

2001).

The
w

ater
quality

data
generated

from
the

sum
m

er
thunderstorm

season
provided

exam
ples

o
frunoffquality

w
ithout

the
im

pacto
fthe

sand
and

salt.
This

is
show

n
in

Table
2.3,

show
ing

conductivity
and

TSS
w

ere
low

er
(C

altrans
2001).

The
State

ofC
alifornia

R
egionalW

ater
Q

uality
C

ontrolB
oard

has
established

w
ater

quality
lim

its
for

allstorm
w

ater
discharges

to
surface

w
aters

and
infiltration

system
s

in
the

Tahoe
B

asin
(C

altrans
2001).

Forturbidity
o

fsurface
discharges,the

storm
w

ater
lim

it
is

20
N

T
U

,
and

for
infiltration

system
s

is
200

N
T

U
(R

egion
1994).

T
able

2.2
R

elated
ru

n
o

ffw
ater

quality
data

from
the

Tahoe
B

asin
(m

odified
from

C
altrans,

2001)

R
ange

C
onstituent~

U
nits

R
eporting

S
am

ple
M

ean
M

edian
5t~~

P
aram

eter
L

im
it

S
ize

Mm
M

ax
D

ev.

pH
pH

0.1
22

5.6
8.5

7.3
7.3

0.8
E

C
um

hos/cm
1

22
39

16200
2400

1026
4027

TS
S

m
g/L

1
22

25
5100

989
608

1334
T

urbidity
N

T
U

0.05
19

8
8

575
493

644
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Table
2.3

S
um

m
er

thunderstorm
data

(m
odified

from
C

altrans,
2001)

S
um

m
er

Thunderstorm
s

C
onstituent/

u
S

tation
S

tation
S

tation
P

aram
eter

m
~

3-202
3-203

3-203
8/03/00

8/03/00
8/30/00

pH
pH

6.6
6.34

5.6
E

C
um

hos/cm
39

55
169

TSS
m

g/L
48

263
25

T
urbidity

N
T

U
39

138
66

2.7.2.1.1
D

ouble
B

a
rre

lS
edim

entT
rap

The
double

barrelsedim
enttraps

w
ere

also
tested

during
the

Tahoe
B

asin

S
torm

w
ater

M
onitoring

S
tudy

(C
altrans

2001).
The

characteristics
w

ere
evaluated

by

com
paring

the
m

ass
o

fm
aterialcollected

in
the

traps
to

the
particle

size
distribution

of

the
sedim

ent,
and

identifying
the

chem
icalcontento

fvarious
particle

size
fractions

(C
altrans

2001).

Filter
fabric

bags
and

sheets
w

ere
installed

in
the

double
barrelsedim

enttraps
and

used
as

a
passive

filtration
collection

system
to

collect
sedim

ents
for

characterization
o

f

particle
size

distribution,
chem

icalcom
position,

and
m

ass.
A

ny
m

aterialthat
settled

to

the
bottom

w
ould

fallinto
the

bag.
The

filter
sheets

w
ere

installed
in

a
stacked

filter
box

thatreceived
the

outflow
from

the
sedim

enttraps.
M

ass
w

as
calculated

for
dry

w
eight

and
A

S
T

M
D

422
w

as
used

to
determ

ine
the

particle
size

distribution,
show

n
in

Figure

2.11
(C

altrans
2001).
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In
general,results

indicate
thatm

osto
fthe

totalsedim
entm

ass
is

retained
in

the
sand

traps.
The

results
from

the
sites

w
ith

sedim
enttraps

indicate
thatthe

larger
sedim

ents

ranging
betw

een
about0.07

—
5.0

m
m

w
ere

retained
by

the
up

gradientbarrels
during

both
m

onitoring
periods

(C
altrans

2001).

2.7.2.2
H

ighw
ay

267
F

ilte
r

F
abric

S
and

T
ra

p
P

ilot
S

tudy

C
altrans

(2006)
installed

filter
fabric

sand
traps

along
H

ighw
ay

267
thatused

a

tw
o-stage

treatm
entprocess

thatconsisted
o

fsettling
follow

ed
by

filtration
through

filter

fabrics.
The

m
ain

goalo
fthe

study
w

as
to

evaluate
the

treatm
ent

effectiveness
oftw

o

sand
traps

for
reducing

totalsuspended
solids

(TSS)
and

turbidity
from

storm
w

ater

runoff.
A

nother
goalw

as
to

assess
operation

and
m

aintenance
requirem

ents
atthe

tw
o

sand
traps

under
the

various
environm

ental
conditions

thatoccur
in

the
Tahoe

Basin.

A
ccording

to
C

altrans
(2006),the

first
sand

trap
w

as
setup

w
here

the
runoff

flow
ed

into
a

sedim
entation

cham
ber

w
here

itw
as

detained
for

a
shortperiod

to
allow

the

F
igure

2.11
G

rain
size

distribution
(C

altrans
2001)



coarse
sedim

ents
to

settle
out.

A
fter

the
sedim

entation
cham

berfilled
w

ith
w

ater
it

overflow
ed

into
the

filter
cham

ber.
The

filter
cham

ber
w

as
lined

w
ith

a
triple

layer
o

f

non-w
oven

geotextile.
The

runoffpassed
through

the
fabric

and
w

as
collected

in
an

underdrain
piping

beneath.
The

effluentw
as

then
discharged

to
the

surface
as

show
n

in

Figure
2.12.

The
second

sand
trap

w
as

sim
ilarto

the
firstuntilitentered

the
filter

cham
ber.

A
tthatpointthere

w
ere

then
tw

o
perforated

riserpipes
covered

w
ith

a
triple

layer
o

fnon-w
oven

geotextile.
The

runoffpassed
through

the
fabric

and
w

as
then

collected
in

the
underdrain

piping
system

beneath.
The

effluentw
as

then
discharged

to

the
surface,

as
show

n
in

Figure
2.13.

A
utom

atic
sam

plers
w

ere
em

ployed
to

collect

representative
sam

ples
o

fthe
influent

and
effluent.

The
apparentopening

size
o

fthe

filter
m

aterialfor
both

traps
w

as
0.150

m
m

,
and

the
flow

rate
for

the
m

aterialw
as

2,037

L/m
in!m

2.Inifuent
P

ipe

E
m

er~anc~
cve

rio
w

w
e

ir

Figure
2.12

D
raw

ing
ofS

and
T

rap
1

(C
altrans

2006)



3

IiifluentPh

E
m

ergency
overflow

w
eir

F
igure

2.13
D

raw
ing

ofS
and

T
rap

2
(C

altrans
2006)

M
ost

o
fthe

sedim
entaccum

ulation
w

as
in

the
sedim

entation
cham

ber,
as

found

by
visualobservation

and
representative

m
easurem

ents.
S

edim
entaccum

ulation
w

as
also

observed
in

the
filtration

cham
ber,

butnot
ata

m
easurable

depth
(C

altrans
2006).

R
esults

w
ere

com
piled

to
determ

ine
the

quality
o

finfluent
and

effluentatthe
sites

and
to

evaluate
the

perform
ance

o
feach

sand
trap.

Table
2.4

show
s

m
ean

concentrations
o

f

influent
constituents

and
percentrem

oval(C
altrans

2006).
The

findings
ofthe

study
w

ere

thatthe
filter

fabric
did

notclog
and

that
sand

traps
w

ere
m

ore
effective

attreating
higher

influentTSS
concentrations

(C
altrans

2006).



Table
2.4

S
and

trap
rem

ovaleffectiveness
(C

altrans
2006)

M
ean

Iniluent
M

ean
E

ffluent
C

oncentration
C

oncentration
Percent

R
em

oval
Sand

Sand
U

nits
3-301

3-304
3-302

3-305
Trap

#1
Trap

#2
Turbidity

N
T

U
773

823
251

306
68

63
TotalSuspended

S
olids

m
g/L

397
768

160
171

60
78

2.7.2.3
G

eotextile
F

abric
F

ilte
r

Laboratory
T

esting

C
altrans

conducted
laboratory

testing
ofgeotextile

filter
fabrics.

This
w

as
in

order
to

evaluate
the

ability
o

fvarious
geotextiles

and
cloth

fabrics
for

the
rem

oval
of

turbidity
and

totalsuspended
solids

(TSS)
from

synthetic
storm

w
ater,

also
taking

into

accounthead
loss

(C
altrans

2004).

The
filter

fabrics
w

ere
installed

inside
four

inch
diam

eter
filter

colum
ns

atvertical

and
horizontalorientations

and
w

ere
continuously

loaded
w

ith
roughly

2.2
gpm

!fl2
of

synthetic
stoim

w
ater.

The
fabrics

w
ere

selected
based

on
apparent

size
opening,

m
aterialtype,

cost,availability,
and

m
anufacturer.

The
apparentopening

size
(A

O
S

)

ranged
from

0.010m
m

in
som

e
o

fthe
cloth-based

fabrics
up

to
0.60m

m
for

som
e

ofthe

w
oven

m
aterial.

Fabrics
w

ere
tested

based
prim

arily
on

A
O

S
and

thickness
(C

altrans

2004).

The
synthetic

storm
w

ater
w

as
m

ade
to

representtypicalTahoe
B

asin
runoff,

w
here

turbidity
and

TS
S

are
tw

o
m

a]or
determ

inants.
The

targetvalues
w

ere
to

have
a

TSS
o

f500
m

g/L
and

a
turbidity

o
f450

N
T

U
,

having
a

ratio
o

fTSS
to

turbidity
equalto

1.1
(C

altrans
2004).

A
ccording

to
C

altrans
(2004),

m
any

filter
fabrics

w
ere

tested,butthe
BP

A
m

oco

4510
and

4516
w

illbe
described

in
this

review
.

Itw
as

concluded
from

the
graphs

that

32



5-3

horizontalfilters
perform

ed
better

than
verticalfilters

w
hen

A
m

oco
4516

w
as

used.

W
hen

A
m

oco
4510

w
as

used,
som

etim
es

the
horizontalfilter

w
as

better,
som

etim
es

the

vertical,
som

etim
es

they
w

ere
equal.

A
s

observed
w

ith
turbidity

rem
oval,

the
fabrics

tested
did

not
alw

ays
perform

the
sam

e
in

each
run.

A
s

forhydraulic
perform

ance,
the

filters
tested

had
head

losses
exceeding

the
m

axim
um

during
a

representation
o

fa
one

inch
storm

event.
This

m
eans

thatthe
filters

cartnotgetclose
to

operating
for

one
year

of

flill-scale
operation

w
ithouthydraulic

failure.
The

relationship
o

fturbidity
versus

tim
e

can
be

seen
in

Figure
2.14.

R
ate

o
fhead

loss
buildup

w
as

faster
for

horizontally-oriented
filters

than
for

vertically-oriented
filters

for
A

m
oco

4516.
For

A
m

oco
4510,there

w
as

no
significant

difference
in

head
loss

buildup
for

horizontaland
verticalunits,

the
verticalheadbuildup

is
show

n
in

Figure
2.15

(C
altrans

2004).
To

sim
ulate

reallife
scenarios

upon
the

fabrics,

they
w

ere
w

ashed
or

scraped
and

re-tested
(C

altrans
2004).

—
*—

---Influent
—

O
-—

—
4510

N
ew

S
-a

-
-4510

W
ashed

—
O

---—
4516

N
ew

S
.

0-
-

-4616
W

ashed

T
u

rb
id

ity
vs

T
im

e
N

ew
vs

W
ashed

4510
&

4516
F

ilters
(V

ertical)
-8127104

A
M

&
PM

500

400
DI.Z

300

~0.~
200

zI—
1000

0.0
3.0

Tim
e

(hr)

0.5
1.0

1.5
2.0

2.5

F
igure

2.14
F

ilte
r

fabric
analysis

oftu
rb

id
ity

vs.
tim

e
(C

altrans
2004)



~1.5

As
show

n
in

Figure
2.14

and
Figure

2.15,
the

used
and

w
ashed

fabrics
had

a
higher

rate

ofhead
loss

buildup,
buthad

betterturbidity
rem

ovalthan
the

new
fabrics.

H
ead

vs
T

im
e

N
ew

vs
W

ashed
4510

&
4516

F
ilte

rs
(V

ertical)
-8127104

A
M

&
P

M

807060

0
50

0~0(00)
30

a:
20100

/
/

.
~

0.0
0.5

1.0
1.5

2.0
2.5

T
im

e
(hr)

—
D

—
-—

4510
N

e
w

-
-
0

-4510
W

ashed
—

O
—

-—
4516

N
ew

-
-

O
~

-4616
W

ashed

3.0

F
igure

2.15
F

ilte
r

fabric
analysis

ofhead
vs.

tim
e

(C
altrans

2004)
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C
hapter

3

E
X

P
E

R
IM

E
N

T
A

L
M

A
T

E
R

IA
L

S
A

N
D

M
E

T
H

O
D

S

3.1
O

verview

The
experim

entalm
ethods

are
given

in
this

chapterto
show

how
the

sedim
entand

traps
w

ere
prepared

for
each

test,
as

w
ellas

how
the

tests
w

ere
run.

The
m

ethods
also

explain
how

the
flow

and
feed

rates
w

ere
determ

ined,how
the

sedim
enttraps

w
ere

setup

in
the

laboratory,
and

how
they

w
ere

enhanced.

3.2
T

esting
M

ethods

Testing
in

the
laboratory

allow
ed

fortests
to

be
repeated

underthe
sam

e

conditions,
and

allow
ed

for
changes

w
hile

constraining
existing

properties
(e.g.,keeping

flow
constantw

hile
changing

sedim
ent

concentration).
E

ach
testw

as
repeated

atleast

three
tim

es
underthe

sam
e

conditions
to

obtain
an

average
and

standard
deviations.

E
ach

testincluded
the

follow
ing

steps.

•
Trap

C
leaning

and
P

reparation

•
S

edim
entP

reparation

•
30

M
inute

Trap
Test

•
D

ata
C

ollection
and

S
am

ple
A

nalysis

•
T

urbidity

•
P

article
C

ounting

•
pET

and
E

lectrical
C

onductivity

•
TotalSuspended

S
olids

Test
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Sieve
A

nalysis

3.2.1
S

edim
entP

reparation

The
sedim

ents
w

ere
prepared

to
ensure

constantfeed
rates

into
the

traps
by

funnels
w

ithouthindrance.
B

oth
the

decom
posed

granite
and

the
road

sand
w

ere

prepared
prior

to
testing

using
a

tw
o

step
process.

They
w

ere
firstair

dried
to

a
visual

dryness.
They

w
ere

then
sieved

through
a

quarter
inch

screen
to

rem
ove

large
particles

or

agglom
erations

o
fsedim

entor
saltcrystals.

For
the

m
ixed

sedim
ent,

the
m

ixture
w

as

75%
road

sand
and

25%
decom

posed
granite.

For
this,

three
buckets

ofroad
sand

w
ere

com
bined

w
ith

one
bucketo

fdecom
posed

granite
and

m
ixed

w
ith

a
shovelto

visual

consistency.

3.2.2
T

rap
C

leaning
and

P
reparation

For
consistency,

each
trap

w
as

prepared
before

testing
to

iceep
the

initialvolum
es

and
enhancem

ents
sim

ilar
for

repetitive
testing.

S
edim

ents
deposited

during
testing

w
ere

rem
oved

from
the

traps,
and

filters
w

ere
replaced

or
cleaned

w
hen

necessary.

3.2.3
T

h
irty

M
inute

T
est

Testing
ofthe

sedim
enttraps

involved
a

constantinflow
o

fa
suspension

o
f

concentrated
sedim

entover
a

thirty
m

inute
tim

e
interval.

S
edim

entfeed
began

atthe
five

m
inute

m
ark

w
hich

gave
tim

e
for

the
influentflow

to
stabilize.

A
subm

ersible
pum

p

(P
B

-i
Series,Little

G
iant,

O
klahom

a
C

ity,
O

klahom
a)

located
atthe

outleto
feach

trap

enabled
the

w
aterto

be
continuously

fed
to

a
H

ach
2200

PCX
P

article
C

ounter
and

a

H
ach

SC
100

1720E
Low

R
ange

Turbidim
eter.

E
very

five
m

inutes
the

flow
through
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turbidity
and

tem
perature

w
ere

recorded.
G

rab
sam

ples
o

fthe
influent

and
effluentw

ater

w
ere

collected
in

glass
jars

after
ten

m
inutes

had
elapsed.

This
allow

ed
sufficienttim

e

for
the

traps
to

fillw
ith

w
ater

and
startflow

ing
atthe

outlet.
G

rab
sam

ples
w

ere
also

taken
atthe

beginning,
m

iddle,
and

end
ofthe

thirty
m

inute
testata

location
o

fthe
pipe

before
the

trap
influent.

This
w

as
to

obtain
background

w
ater

inform
ation

to
know

the

contam
ination

o
fthe

stored
w

ater.
Sam

ples
o

fdried
sedim

entfor
sieve

analyses
w

ere

taken
before

it
w

as
introduced

into
the

traps,
and

from
inside

the
traps

after
the

end
o

f

each
thirty

m
inute

test.
The

sam
ples

w
ere

placed
in

one
gallon

plastic
bags

and
labeled

accordingly.

3.2.4
D

ata
C

ollection
and

S
am

ple
A

nalysis

F
ollow

ing
each

thirty
m

inute
test,the

turbidity
ofthe

grab
sam

ples
w

ere

m
edsured

using
a

H
ach

2
lO

O
N

T
urbidim

eter
(Loveland,

C
O

).
Then

the
electrical

conductivity
and

pH
o

feach
sam

ple
w

as
m

easured
using

a
Fisher

S
cientific

A
ccum

et

M
odel20

pH
/conductivity

m
eter

(D
enver,

C
O

).
A

totalsuspended
solids

testw
as

done

according
to

Section
2540

D
o

fS
tandard

M
ethods

(A
ssociation

etal,
1998).

The
jars

w
ere

inverted
eighttim

es
before

testing
to

allow
for

consistentresuspension.
S

edim
ent

from
the

traps
w

ere
dried

in
an

oven
at

103°C
in

accordance
w

ith
A

S
T

M
C

136,
and

sieve

analyses
w

ere
also

done
on

the
dried

sedim
entsam

ples
according

to
A

S
T

M
C

136

(M
am

louk
and

Zaniew
ski

1999).

3.3
T

esting
Flow

s

H
ydrographs

from
C

altrans
(2003)

w
ere

analyzed
in

locations
closestto

N
evada,

w
ith

the
locations

indicated
in

Figure
3.1

as
S

now
C

reek
atS

tation
#3-219

and
Tahoe
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M
eadow

s
at

S
tation

#3-201.
Testing

o
fthe

sedim
enttraps

w
as

perform
ed

attw
o

different
flow

rates.
Because

ofthe
volum

e
o

fthe
traps

and
the

thirty
m

inute
duration

o
f

the
tests,the

low
flow

w
as

chosen
to

ensure
a

definite
effluentflow

w
ithin

ten
m

inutes
o

f

elapsed
tim

e.

A
s

seen
from

the
hydrograph

for
Tahoe

M
eadow

s
in

Figure
3.2,

som
e

peak
flow

s

can
be

represented
by

675
liters

per
m

inute
(L/m

in),
w

hich
is

roughly
175

gallons
per

m
inute

(gpm
).

Som
e

low
flow

s
can

be
represented

at475
Llm

in
(roughly

125
gpm

),
as

seen
in

Figures
3.2

and
3.3.

C
onsidering

the
storage

capacity
ofthe

sum
p

in
the

laboratory,
the

capacity
o

fthe
pum

p
supplying

w
ater,

and
the

trap
capacities,the

flow
s

chosen
w

ere
675

L/m
in

and
475

L/m
in

for
the

high
and

low
flow

s,
respectively.

S
now

C
reek

S
tation

#3-219

Tahoe
M

eadow
s

S
tation

#3-201

F
igure

3.1
Lake

Tahoe
testing

stations
(m

odified
from

C
altrans,2003)
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3.4
T

esting
C

oncentrations

R
oad

sand
or

decom
posed

granite
w

as
introduced

into
the

w
ater

feeding
the

sedim
enttraps

through
tw

o
funnels

o
fdifferentsizes.

The
resulting

suspended
solids

concentrations
o

fboth
the

road
sand

and
decom

posed
granite

are
show

n
in

Table
3.1.

The
testing

w
as

perform
ed

to
the

m
atrix

in
Table

3.2.

T
able

3.1
S

uspended
solids

concentrations
ofsedim

ents

R
oad

Sand
C

oncentration
D

ecom
posed

G
ranite

C
oncentration

(lcg/niin)
(kg/m

m
)

H
igh

S
edim

ent
Low

S
edim

ent
H

igh
Sedim

ent
Low

S
edim

ent
Feed

R
ate

Feed
R

ate
Feed

R
ate

Feed
R

ate
475

L/m
in

6.8
475

L/m
in

4.4
475

L/rnin
5.6

475
L/m

in
3.3

675
L/m

in
6.8

675
L/m

in
4.4

675
L/m

in
5.6

675
L/m

in
3.3

M
ixed

S
edim

ent
C

oncentration
(kg/m

m
)

H
igh

S
edim

entFeed
R

ate
475

L/m
in

4.0

T
able

3.2
T

esting
m

atrix

675
L/m

in
475

L
/m

in

H
igh

S
edim

ent
675

L/m
in,

H
igh

475
L/m

in,
H

igh
Feed

R
ate,R

oad
S

edim
entFeed

S
edim

entFeed
S

and
(R

S)
R

ate,R
S

R
ate,R

S

Low
S

edim
entFeed

675
L/m

in,
Low

475
L/m

in,
Low

R
ate,R

oad
S

and
S

edim
entFeed

S
edim

entFeed
(R

S)
R

ate,R
S

R
ate,

R
S

H
igh

S
edim

ent
675

L/m
in,

H
igh

475
L/m

in,
H

igh
Feed

R
ate,

S
edim

entFeed
S

edim
entFeed

D
ecom

posed
R

ate,D
G

R
ate,D

G
G

ranite_(D
G

j
Low

S
edim

entFeed
675

L/m
in,

H
igh

475
L/m

in,
H

igh
R

ate,D
ecom

posed
S

edim
entFeed

S
edim

entFeed
G

ranite
(D

G
)

R
ate,

D
G

R
ate,

D
G
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A
m

ix
o

fthree
pails

ofroad
sand

to
one

partofdecom
posed

granite
w

as
used

for

som
e

testing
to

m
ore

appropriately
sim

ulate
field

conditions.
The

m
ixed

sedim
entw

as

introduced
ata

suspended
solids

concentration
m

easured
to

be
4.0

kg/m
m

.
Testing

w
as

also
perform

ed
w

ith
a

high
sedim

entfeed
rate

and
a

low
w

ater
flow

resulting
in

the

highestconcentrations
o

fsuspended
solids

in
the

influent,
as

seen
in

Table
3.2

(475

L/m
in

w
ith

6.8
kg/m

m
road

sand,475
L/rnin

w
ith

5.6
lcglm

in
decom

posed
granite,

475

L/m
in

w
ith

4.0
kg/m

m
m

ixed
sedim

ent).

3.5
Sieve

A
nalyses

Sieve
analyses

w
ere

used
to

quantify
the

size
fractions

o
fthe

sedim
entbefore

it

w
as

introduced
into

the
system

(feed)
and

o
fthe

sedim
entretained

w
ithin

the
traps

(retained).
The

gradation
curves

are
particle

size
distribution

curves
thatquantify

the

particle
sizes

entering,
exiting,

and
rem

aining
in

the
trap.

Sieve
analyses

w
ere

perform
ed

only
for

the
road

sand.
The

m
ore

cohesive
nature

ofthe
decom

posed
granite

resulted
in

the
form

ation
ofsm

allclum
ps

thatw
ere

difficultto
sieve

and
resulted

in
inconsistent

size

fractions.
The

flow
and

feed
rate

for
the

field
sam

ples
is

unknow
n.

The
flow

for
the

laboratory
tests

given
w

as
475

L/m
in,

and
the

sedim
entfeed

rate
w

as
6.8

kg/m
m

.

3.5.1
Sieve

S
am

ple
F

ield
D

ata

The
sieve

analyses
o

fsam
ples

taken
from

w
ithin

the
sedim

enttraps
used

in
the

laboratory
are

com
pared

in
Figure

3.4
to

sieve
analyses

offield
sam

ples
collected

from

sedim
enttraps

located
along

U
.S.

H
ighw

ay
50

(U
S

50)
and

N
evada

State
R

oute
28

(SR

28).
Forthe

field
sam

ples,
Sam

ple
1

w
as

collected
from

a
single

drop
inlet

sedim
enttrap

along
U

S
50

going
northbound

near
B

orens
M

eadow
.

Sam
ple

2
w

as
collected

from
a
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ple
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fo
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~
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0

0
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V
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eq
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(475
L

fm
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,
and

6.8
kg/m

m
road

sand
fo

r
laboratory

sam
ples)
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double
drop

inlet
sedim

enttrap
along

U
S

50
going

northbound
nearBorens

M
eadow

.

Sam
ple

3
w

as
talcen

from
a

double
can

sedim
enttrap

along
SR

28
going

southbound.

For
Field

S
am

ple
1,the

percentage
o

fparticles
passing

1.00
m

illim
eter

(m
m

)
in

diam
eter

w
as

about73%
,

w
here

the
percentage

o
fparticles

passing
0.10m

m
in

diam
eter

w
as

about
8%

.
For

Field
S

am
ple

2,the
percentage

o
fparticles

passing
1.00

m
m

in

diam
eterw

as
about78%

,
w

here
the

percentage
o

fparticles
passing

0.10
m

m
in

diam
eter

w
as

about
15%

.
Field

S
am

ple
2

for
the

double
drop

inletw
as

finerthan
Field

Sam
ple

2

forthe
drop

inlet.
For

Field
Sam

ple
3,the

percentage
o

fparticles
passing

1.00m
m

in

diam
eterw

as
atabout55%

and
the

percentage
o

fparticles
passing

0.10
m

m
in

diam
eter

w
as

about5%
.

Thus,
Field

S
am

ple
2

was
the

finest
sedim

ent
sam

ple
collected

w
hile

Field
Sam

ple
3

w
as

the
coarsest.

The
finestparticles

for
the

laboratory
testing

o
fthe

feed

standard
sedim

enttraps
w

ere
retained

in
the

standard
drop

inletsedim
enttrap

w
here

the

percentage
o

fparticles
passing

1.00
m

m
in

diam
eter

w
as

about52%
and

the
percentage

ofparticles
passing

0.10
m

m
in

diam
eterw

as
about4%

.

3.5.2
Sieve

A
nalyses

ofS
edim

entS
am

ples
fro

m
L

a
b

o
ra

to
ry

Testing

Sieve
analyses

w
ere

perform
ed

on
representative

sam
ples

ofthe
sedim

entthat

w
as

fed
into

the
sedim

enttraps
and

on
sedim

entretained
w

ithin
the

sedim
enttraps.

G
radation

curves
for

sam
ples

o
fthe

road
sand

thatw
as

used
during

typicaltests
in

the

standard
sedim

enttraps,
sedim

enttraps
w

ith
single

filter
fabrics,

and
sedim

enttraps
w

ith

m
ultiple

filter
fabrics

are
com

pared
in

Figure
3.5.

In
each

o
fthese

sam
ples,the

percentage
o

fparticles
passing

1.00
m

m
in

diam
eter

w
as

about40%
to

50%
and

the

percentage
o

fparticles
passing

0.10m
m

in
diam

eter
w

as
about2%

to
5%

.
Ideally,

the
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Sieve

analyses
offeed

sedim
ent

used
fo

r
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in
the

double
can

and
drop

CCCCC

C
C

C
C

C
C

C
C

C
C

C
0

C
O

N
G

O
~

~
ro

e~1
—

inlet
sedim

enttraps
(475

L/m
in,

and
6.8

kg/m
m

road
sand)
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6.8
kg/m

m
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gradation
curves

for
tile

various
sam

ples
o

froad
sand

should
have

been
identicalsince

tile
sedim

entsource
and

preparation
techniques

w
ere

identical.
H

ow
ever,

differences

w
ere

m
ostlikely

due
to

variations
in

the
lack

o
fsedim

entuniform
ity

and
varied

slightly

overthe
course

o
ftesting.

Figure
3.6

show
s

a
representative

gradation
o

fthe
sedim

ents
thatw

ere
retained

w
ithin

the
sedim

enttraps
during

a
typicaltest.

Forthe
double

can
sedim

enttrap
w

ith

m
ultiple

filter
fabrics,

the
percentage

ofparticles
passing

1.00
m

m
in

diam
eter

w
as

about

40%
w

hile
the

percentage
o

fparticles
passing

1.00m
m

in
diam

eter
for

the
drop

inlet
w

ith

m
ultiple

fabrics
w

as
about36%

.
This

w
as

less
than

in
the

tests
w

ith
a

single
layer

o
f

filter
fabric,m

aking
the

m
ultiple

fabric
sedim

ent
sam

ples
coarser.

The
gaps

betw
een

the

m
ultiple

and
single

fabrics
for

both
traps

decreases
as

the
particle

diam
eters

decrease.
A

t

a
particle

diam
eter

o
f0.10

rm
n,the

percent
passing

varies
little

atabout3%
passing.

The

range
o

fdata
at

1.0
m

m
o

fparticle
diam

eter
is

about35%
to

45%
.

3.6
Laboratory

S
etup

The
laboratory

installation
w

as
setup

to
allow

for
the

m
osteffective

placem
entof

the
full-scale

sedim
enttraps,as

seen
in

Figure
3.7.

The
laboratory

had
tw

o
five-footdeep

by
four-footw

ide
sum

ps.
O

ne
sum

p
w

as
drained

to
allow

placem
ento

fthe
traps

and
the

othersum
p

used
w

as
to

store
w

ater
for

testing.
The

w
ater

w
as

pum
ped

by
a

subm
efsible

pum
p

(G
oulds

P
um

ps,
Seneca

Falls,N
ew

Y
ork)

atthe
desired

flow
rates

through
a

fo
u

r

inch
polyvinylchloride

pipe
(P

V
C

)
regulated

by
gate

valves.
The

dry
sedim

entw
as

fed

through
a

funnelinto
the

piping
system

.
The

resulting
suspension

w
as

discharged
onto

ram
ps

thatem
ptied

into
the

sedim
enttraps.

The
ram

ps
sim

ulated
the

pavem
entfrom

the
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4”
pipe

from
w

ater
supply

pum
p

vC
ont~~olV

alves
(Typ.)

[>1
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S
edim
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_
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_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

Feed
P

oint
R

eturn
P

um
ping

(Typ.)

A
HWHH

r
[

1
I

-
D

roplnlet
4’

C
~

_
_

_
_

_
_

_
_

_
Sum

p

0

S
edim

entFeed
P

oint

F
igure

3.7
L

a
b

o
ra

to
ry

setup
ofthe

double
can

and
drop

inletsedim
ent

traps

roadw
ay

gutters
entering

the
sedim

enttraps.
E

ffluent
from

the
sedim

enttraps
w

as

pum
ped

back
to

the
w

ater
storage

sum
p..

3.6.1
D

rop
In

le
t

S
edim

entT
rap

The
drop

inlet
sedim

enttrap
w

as
m

odeled
after

a
four-foot

(122
cm

)
by

four-foot

square
by

76-inch
(193

cm
)

deep
reinforced

concrete
drop

inlet.
The

drop
inlet

sedim
ent

trap
thatw

as
constructed

w
as

48”
x

46”
x

76”
deep,

w
hich

w
as

required
to

fitinside
the

48”
w

ide
sum

p.
The

trap
w

as
constructed

out
o

fw
ater

sealed
plyw

ood
thatw

as
lined

on

the
inside

w
ith

concrete.
The

w
ater

exited
the

trap
through

a
six

inch
PVC

pipe,w
hich

w
as

also
the

location
from

w
hich

w
aterw

as
continuously

pum
ped

to
the

turbidim
eter

and

particle
counter

instrum
ents

and
w

here
grab

sam
ples

w
ere

collected.
A

standard
grate

provided
by

N
D

O
T

w
as

placed
over

the
top

ofthe
trap.

The
drop

inletsedim
enttrap

can

be
seen

in
Figure

3.8.
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E
ffluent

Flow

ttttttttttttttttt
G

rab
Sam

ple
InfluentF

low

F
igure

3.8
P

lan
view

(left)
ofdrop

inletsedim
enttrap,

photograph
(rig

h
t)

ofdrop
inletsedim

ent
trap

w
ith

no
grating

3.6.2
D

ouble
C

an
S

edim
entT

rap

The
double

can
sedim

enttrap
consisted

o
ftw

o
36”

diam
eter

vertically
oriented

corrugated
m

etalpipes
(C

M
P

s)
provided

by
C

O
N

TE
C

H
C

onstruction
P

roducts,

Incorporated.
A

n
18”

diam
eter

C
M

P
thatw

as
eightfeetlong

spanned
perpendicularly

from
the

one
36”

C
M

P
to

the
other.

The
invert

o
fthe

18”
C

M
P

w
as

5
feet

above
the

bottom
o

fthe
36”

pipe.
The

w
ater

entered
from

a
ram

p
through

the
grating

into
the

first

36”
C

M
P

.
The

w
aterthen

progressed
to

the
second

36”
C

M
P

by
passing

through
the

18”

C
M

P
and

discharged
through

a
notch

cutinto
the

sidew
allo

fthe
36”

C
M

P
,

creating
a

W
ater

P
um

ped
to

Instrum
ents
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w
eir

effect.
The

w
ater

exited
the

trap
tlnough

the
notch,

w
hich

w
as

also
the

location

from
w

hich
the

w
ater

w
as

continuously
pum

ped
to

the
turbidim

eter
and

particle
counter

instrum
ents,

and
also

w
here

grab
sam

ples
w

ere
collected.

The
double

can
sedim

enttrap

can
be

seen
in

Figure
3.9.

E
ffluentF

low

F
igure

3.9
P

lan
view

(above)
ofthe

double
can

sedim
enttrap,

photograph
(below

)
offirst

can

W
aterP

um
ped

to
Instrum

ents

G
rab

S
am

ple

InfluentF
lows

G
rab

Sam
ple

4144144
11111141



51

3.7
E

nhancem
ents

A
num

ber
ofpotentialenhancem

ents
to

im
prove

the
effectiveness

ofthe
drop

inlet

and
double

can
sedim

enttraps
w

ere
considered.

Each
enhancem

entw
as

tested
in

both

traps
to

determ
ine

the
effectiveness.

The
configuration

varied
slightly

based
on

the
tw

o

types
o

fsedim
enttraps.

The
specific

enhancem
ents

w
hich

w
ere

tested
included

the

installation
o

ffilter
fabric,the

construction
o

fa
rapid

m
edia

filter,
and

the
installation

of

plate
settlers.

Som
e

testing
w

as
done

w
ith

the
use

ofan
additionalcan

or
drop

inlet

arranged
in

series
to

find
how

variations
in

the
detention

tim
e

influenced
particle

rem
oval

efficiency.
A

s
extra

testing,
filter

fabrics
w

ere
also

evaluated
w

ithoutbeing
changed

betw
een

tests
to

find
how

they
w

ould
perform

underrepetitive
testing.

The
tw

o
types

of

filter
fabrics

w
ere

also
com

pared
to

one
another.

A
nother

concern
w

as
the

perform
ance

o
fthe

traps
w

hen
they

w
ere

notm
aintained

in
the

field.
To

evaluate
the

perform
ance

of

this,
sedim

entw
as

added
to

both
traps

until4
inches

below
the

effluentto
be

tested
at

nearfill
conditions.

3.7.1
F

ilte
r

F
abric

F
iltra

tio
n

The
use

o
fvarious

geotextile
filter

fabrics
to

enhance
the

efficiency
ofparticle

rem
oval w

as
evaluated.

The
filter

fabrics
w

ere
tested

in
verticaland

generally

perpendicular
orientations

w
ith

respectto
the

path
ofthe

w
ater.

T
his

required
allo

fthe

w
ater

to
travelthrough

the
fabric

to
exitthe

trap,
filtering

outparticles
largerthan

the

fabric
apparentopening

size
(A

O
S

).
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3.7.1.1
F

ilte
r

F
abric

In
fo

rm
a

tio
n

The
filter

fabrics
used

in
the

project
w

ere
selected

based
on

a
literature

search

described
in

S
ection

2.7.2.3.
The

fabrics
w

ere
distributed

by
A

C
F

W
estInc.,

G
eosynthetic

P
roducts.

The
fabrics

w
hich

w
ere

evaluated
w

ere
P

ropex
4516

and
4510,

polypropylene
nonw

oven
needle

punched
fabrics.

The
fabrics

w
ere

non-biodegradable

and
able

to
resistultraviolet

degradation,m
ildew

,
insects,

and
pH

conditions
below

tw
o

and
above

thirteen
(A

m
oco,

2004).
S

pecifications
for

P
ropex

4516
and

4510
the

fabrics

are
sum

m
arized

in
Table

3.3
and

Table
3.4,

respectively.
W

hen
com

paring
the

apparent

Table
3.3

P
ropex

4516
specifications

(m
odified

from
A

m
oco,

2004)

M
inim

um
M

inim
um

P
roperty

TestM
ethod

A
verage

R
oll

A
verage

R
oll

V
alue

(E
nglish)

V
alue

(M
etric)

U
nitW

eight
A

S
TM

-D
-5261

16
ozlyd2

542
g/m

2
U

V
R

esistance
A

S
T

M
-D

-4355
70%

at500
his

70%
at500

his
A

O
S

A
S

TM
-D

-4751
100

Sieve
0.15

m
m

P
erm

ittivity
A

S
TM

-D
-4491

0.7
se&

’
0.7

sec1

F
low

R
ate

A
S

T
M

-D
-4492

50
gpm

/ft2
2035

L/m
in/m

2
C

oefficiento
fP

enneability
A

S
T

M
-D

-4493
0.08

in/sec
0.20

cm
/sec

Thickness
A

S
T

M
-D

-5199
115

m
ils

2.90m
m

T
able

3.4
P

ropex
4510

specifications
(m

odified
from

A
m

oco,
2004)

M
inim

um
M

inim
um

P
roperty

TestM
ethod

A
verage

R
oll

A
verage

R
oll

V
alue

(E
nglish)

V
alue

(M
etric)

U
nitW

eight
A

S
TM

-D
-5261

10
oz/yd2

339
g/m

2
IJV

R
esistance

A
S

T
M

-D
-4355

70%
at500

his
70%

at500
hrs

A
O

S
A

S
TM

-D
-4751

100
Sieve

0.15
m

m
P

erm
ittivity

A
S

T
M

-D
-449

1
1.2

sec1
1.2

sec1

Flow
R

ate
A

S
T

M
-D

-4492
85

gpnilft2
3460

L/m
in/m

2

C
oefficiento

fP
erm

eability
A

S
TM

-D
-4493

0.08
in/sec

0.20
cm

/sec
Thickness

A
S

T
M

-D
-5

199
85

m
ils

2.15
m

m
~



opening
size

(A
O

S
)

o
f0.15

m
m

for
the

fabrics
to

the
finestgradation

curve
in

Figure
3.4

(Field
Sam

ple
2),the

corresponding
diam

eter
has

a
percentpassing

o
froughly

20%
.

This

suggests
that

80%
or

m
ore

o
fthe

particles
should

be
retained

behind
the

fabric.

3.7.1.2
F

ilte
r

F
abric

F
ram

e
D

esign

Tw
o

design
configurations

o
fthe

filter
fabric

fram
es

w
ere

considered.
For

the

firstdesign,
one

layer
o

ffilter
fabric

w
as

firm
ly

attached
to

an
alum

inum
fram

e
and

placed
in

the
trap.

The
fram

e
w

as
com

posed
o

ftw
o

verticalone
inch

square
alum

inum

colum
ns

connected
by

alum
inum

cross
bracings

thatform
ed

a
rectangular

fram
e.

The

/
A

lum
inum

Fram
e

“
(T

yp.)

—
F

ilter
Fabri

A
lum

inum
C

ross
B

racing
(Typ.)

—
A

lum
inum

Plates
S

crew
ed

To
Fram

e
(to

attach
fabric)

—
Fabric

T
ail

A
)

Side
V

iew
_

_
_

_
_

_
_

_
_

_
_

_

F
igure

3.10
D

esign
1

fo
r

filte
r

fabric
fram

e
(left),

photograph
offilte

r
fabric

fram
e

D
esign

1
(right).

B
)

FrontV
iew



54

filter
fabric

w
as

cutto
fit

each
fI-arne,extruding

one
inch

extra
on

each
o

fthe
sides

and

six
inches

on
the

bottom
.

O
ne

inch
w

ide
by

1/8”
thick

plates
w

ere
placed

overthe
fabric

to
hold

it
in

place,
as

seen
in

Figure
3.10.

A
second

filter
fabric

fram
e

design
involved

tw
o,

tw
o-inch

deep
“L

’s”
screw

ed

together
to

form
a

verticalchannel.
This

w
as

attached
to

another
by

one-inch
square

tube

cross
bracings

attw
o-foot

intervals.
The

fabric
w

as
w

rapped
around

the
fram

e
and

attached
w

ith
one

inch
w

ide
by

1/8”
thick

alum
inum

plates
thatw

ere
screw

ed
ontop.

This
allow

ed
for

a
rectangular

box
setup

thatw
as

placed
back-to-back

w
ith

another
filter,

allow
ing

for
three

distinctlayers
offilter

fabric
(w

ith
one

doubled
up)

as
seen

in
Figure

3.11.

Flow

1
/

vj_-~
T

w
o

A
ttached

M
etal

~
5

”

~
1”

Square
C

ross
B

racing
P

lan
V

iew

F
igure

3.11
D

esign
2

fo
r

filte
r

fabric
fram

e

3.7.1.3
F

ilte
r

F
abric

Installation

The
perform

ance
o

fthe
filter

fabrics
w

as
evaluated

in
three

differentphases
for

each
trap.

Phase
1

for
the

double
can,

as
seen

in
Figure

3.12,
allow

ed
for

the
attachm

ent

o
fsm

allalum
inum

“L
’s”

to
the

side
o

fthe
C

M
P

pipe.
The

C
M

P
ribs

w
ere

filled
w

ith
a

foam
sealantto

prevent
shortcircuiting

ofthe
flow

.
O

ne
fram

e
containing

one
sheeto

f

fabric
thatw

as
35”

w
ide

by
80”

tallw
as

placed
in

the
second

can.
The

configuration

W
rapped

F
ilte

rK
Fabric

2
Fram

es
B

ack
to

B
ack
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resulted
in

the
placem

ento
f5

filter
fabrics.

D
uring

Phase
2

the
sam

e
alum

inum
“L

”

fram
e

and
sealantw

ere
used,

and
tw

o
D

esign
2

fram
es

w
ere

placed
back-to-back

w
ithin

the
second

can,
and

a
D

esign
1

w
as

placed
in

the
first

can,
as

show
n

in
Figure

3.13.

Phase
3

evaluated
the

perform
ance

w
ith

the
addition

o
fa

third
can.

In
this

configuration,
there

w
ere

tw
o

D
esign

2
fram

es
in

the
third

can,
as

in
Phase

2,
butthere

w
as

also
one

D
esign

2
fram

e
placed

in
the

second
can,

and
one

D
esign

1
fram

e
placed

in

the
firstcan.

The
configuration

resulted
in

the
placem

ent
o

f?
filter

fabrics.
The

second

can
w

as
a

high
density

polyethylene
(H

D
P

E
)

can
thathad

no
ribs

on
the

inside,m
aking

for
a

better
sealon

the
edges

o
fthe

fram
e.

A
Phase

3
sedim

entcan
be

seen
in

Figure

3.14.

ForPhase
1

o
fthe

drop
inletsedim

enttrap
tw

o,
tw

o-inch
w

ide
“L

’s”
w

ere

screw
ed

into
each

side
o

fthe
drop

inletto
position

the
fram

e.
O

ne
D

esign
1

fram
e

w
as

placed
into

the
trap,

as
seen

in
Figure

3.15.
For

Phase
2,tw

o
D

esign
2

fram
es

w
ere

placed
in

the
trap

back-to-back
againstthe

“L
’s”,

allow
ing

for
three

distinctlayers
o

f

filter
fabric

as
seen

in
Figure

3.16.
The

configuration
resulted

in
the

placem
ento

f4
filter

fabrics.
D

uring
Phase

3
o

fthe
evaluation

o
ftw

o
drop

inlet
sedim

enttraps
arranged

in

series,tw
o

D
esign

2
fabric

fram
es

w
ere

placed
into

the
second

drop
inlet

as
in

Phase
2.

O
ne

D
esign

1
fabric

fram
e

w
as

placed
in

the
first,

as
seen

in
Figure

3.1?.
The

configuration
resulted

in
the

placem
entof5

filter
fabrics.
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InfluentF
low

C
M

P
R

ibs
Filled

W
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F
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D
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D
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u
ltip

le
fabrics



57

C
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ith
Foam
Sealant

F
ilter

Fabric
Fram

e
Fram

es

F
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~

G
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F
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S
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E
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_
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3.7.2
R

apid
M

edia
F

iltra
tio

n

The
perform

ance
o

fa
rapid

m
edia

filtration
device

w
as

evaluated
as

another

technique
to

enhance
trap

efficiency.
The

prim
ary

m
edia

w
as

silica
sand,w

here
a

sub

base
o

fpea
gravelw

as
used

in
the

initialfilter
testing.

The
gradation

o
fthe

silica
sand

is

show
n

in
Figure

3.18.
The

gradation
was

found
according

to
A

S
T

M
C

136
(M

am
louk

and
Zaniew

ski
1999).

S
im

ilar
to

the
filter

fabric
evaluation,the

evaluation
o

fthe
rapid

m
edia

filtration

included
three

distinctphases:
1)

initialfilter
testing;

2)
filter

colum
n

testing;
3)

fill-scale

filter
testing.

3.7.2.1
Phase

1:
In

itia
l

F
ilte

r
T

esting

Phase
1

o
fthe

filter
testing

w
as

perform
ed

to
determ

ine
w

hether
rapid

m
edia

filtration
w

as
feasible.

A
bench-scale

filter
w

as
evaluated

ata
loading

rate
o

f

approxim
ately

48
L/m

iulm
2,w

hich
colTesponded

to
the

m
axim

um
filter

influentflow
a

Little
G

iant3E
series

subm
ersible

pum
p

w
ould

discharge.
Forthe

setup,tw
o

layers
o

f

filter
fabric

w
ere

placed
betw

een
four

inches
o

fsilica
sand.

The
silica

sand
w

as
sitting

on

tw
o

m
ore

layers
o

ffilter
fabric

and
three

to
four

inches
o

fquarter-inch
pea

gravel.
A

perforated
underdrain

pipe
w

rapped
w

ith
a

1/16”
square

opening
fine

m
esh

screen
w

as

placed
in

the
gravelfor

the
system

effluent.
In

orderto
clean

the
filter,

the
system

w
as

backw
ashed

w
ith

tap
w

ater
ata

rate
o

f408
L/m

iiilm
2

follow
ing

each
test.

The
backw

ash

w
ater

flow
ed

over
a

w
eir.

A
schem

atic
ofthe

bench-scale
m

edia
filter

is
show

n
in

Figure

‘13
.
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B
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n
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B
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W
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F
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n
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G
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S
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F
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3.7.2.2
Phase

2:
F

ilte
r

C
olum

n
T

esting

D
uring

Phase
2,the

perform
ance

o
frapid

m
edia

filtration
w

as
evaluated

using

tw
o

differentfilter
loading

rates
w

ith
tw

o
different

m
edia

depths.
F

ilter
influentw

ater

w
as

pum
ped

by
a

Little
G

iant
3E

series
subm

ersible
pum

p
through

a
rubberhose

and

distributed
am

ong
four

2”
diam

eter
clearplastic

filter
colum

ns.
The

influentflow
to

each

filter
w

as
controlled

using
a

flow
m

eter
(either

0
to

19
liters

per
hour

(Llhr)
or

0
to

38

L/hr)
and

the
tw

o
loading

rates
w

ere
80

L/inin/m
2

and
160

L/rninlm
2.

Tw
o

o
fthe

filter

colum
ns

w
ere

filled
w

ith
8

inches
o

fsilica
sand

and
the

othertw
o

w
ere

filled
w

ith
16

inches
o

fsilica
sand.

A
schem

atic
o

fthe
filte

r
colum

ns
is

show
n

in
Figure

3.20.
The

w
ater

levelw
ithin

each
filter

w
as

m
aintained

aboutone
inch

above
the

m
edia

surface

using
a

needle
valve.

F
ollow

ing
each

test,
each

colum
n

w
as

backw
ashed

w
ith

408

L/m
inim

2
o

fw
ater

untilthe
backw

ash
w

aterw
as

visibly
clean.

F
ilter

Loading
R

ate
(Llm

in/rn2)

80
160

80
160

t
W

S
E

W
S

E
16”

8”

j
j

Valves
(Typ.)

(Typ.)

G
rab

S
am

ples

F
igure

3.20
Phase

2:
F

ilte
r

colum
ns
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3.7.2.3
P

hase
3:

Full-scale
filte

r

D
uring

Phase
3

ofthe
evaluation

ofrapid
m

edia
filtration,

a
full-scale

filter
w

as

tested
ata

loading
rate

of
159

L/rnin’m
2

for
the

475
L/m

in
flow

rate.
The

setup
ofthe

system
w

as
a

w
ood

box
thatw

as
eightfeetw

ide
by

four
feetdeep,having

sides
thatw

ere

tw
enty-four

inches
tall.

Inside
the

box
w

as
a

netw
ork

o
ffour

inch
diam

eter
perforated

pipes
w

ith
three

1/2”
diam

eterholes
atfour

inch
spacing

on
the

underside
o

fthe
pipes.

A

schem
atic

o
fthe

piping
system

is
show

n
in

Figure
3.21.

A
1/16”

screen
w

as
w

rapped

around
the

pipes
to

keep
the

m
edia

from
being

flushed
out.

The
m

edia
w

as
roughly

eight

inches
deep

from
the

floor
o

fthe
box

and
w

as
com

posed
o

fsilica
sand.

The
pipes

discharged
to

the
sam

e
location,

w
here

grab
sam

ples
w

ere
taken

and
the

Little
G

iant

pum
p

w
as

located
to

pum
p

the
w

aterto
the

flow
through

turbidim
eter

and
particle

counter.
G

rab
sam

ples
w

ere
also

taken
atthe

effluent
o

fthe
traps

and
the

filter
for

U
nderdrain

E
ffluent

Flow

~
‘

F
igure

3.21
P

hase
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r

~
\
\

—
_

_
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_
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G
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and
W
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P
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_
_

_
_

_
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—
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F

low
4
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U
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influentand
effluentm

easurem
ents.

B
etw

een
tests,the

top
layer

o
fthe

filter
w

as

rem
oved

and
w

ashed
ifnecessary

to
rem

ove
the

fine
top

layer
buildup.

3.7.3
P

late
S

ettlers

A
plate

settlerw
as

tested
in

orderto
find

its
potentialfor

particle
rem

oval.
The

settlerw
as

a
countercm

Tentsetup
and

w
as

created
outo

falum
inum

bracing
and

zinc

coated
sheetm

etal.
Because

o
fthe

w
ay

the
plate

settler
w

as
required

to
fit

into
the

existing
traps,the

plate
lengths

varied
and

w
ere

averaged
to

find
a

representative
rem

oval

velocity.
The

num
bers

given
in

Table
3.5

are
for

the
drop

inletplate
settler

and
the

double
can

plate
settler.

P
articles

w
ith

settling
velocities

greaterthan
or

equalto
those

given
in

the
tables

w
ould

theoretically
settle

onto
the

plates
and

slum
p

o
ffto

the
bottom

o
fthe

traps.

Table
3.5

D
rop

In
le

t
plate

settler
(left),

double
can

plate
settler

(right)

Plate
Length

(if)
2.2

Plate
W

idth
(if)

2.5
N

um
ber

o
fPlates

20
S

ettling
V

elocity
R

em
oval(ft/s)

0.00665

Plate
Length

(if)
2

Plate
W

idth
(if)

3.7
N

um
ber

o
fPlates

21
S

ettling
V

elocity
R

em
oval(fi/s)

0.00472
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C
hapter

4

R
E

S
U

LT
S

A
N

D
D

IS
C

U
S

S
IO

N

4.1
O

verview

The
overallobjectives

o
fthis

research
w

ere:
1)to

quantify
the

efficiency
o

f

particle
rem

ovalin
the

standard
double

can
sedim

enttrap
and

the
standard

drop
inlet

sedim
enttrap

and
2)

to
m

odify
the

traps
in

an
econom

icalm
anner

in
orderto

enhance

particle
rem

oval.
The

perform
ance

o
fthe

traps
w

as
tested

for
tw

o
types

o
fsedim

ents:
1)

decom
posed

granite
and

2)
sand

applied
to

the
roadw

ays
around

Lake
Tahoe

by
the

N
evada

D
epartm

ento
fTransportation

~N
D

O
T)

during
w

inter
m

onths.
The

sedim
ent

traps
w

ere
tested

under
tw

o
flow

conditions
(475

L/m
in

and
675

L/rnin)
attw

o
different

concentrations
o

ftotalsuspended
solids

for
both

sedim
ents.

The
perform

ance
w

as
also

tested
w

hen
tw

o
traps

w
ere

arranged
in

series.In
an

attem
ptto

enhance
the

perform
ance

o
fthe

sedim
enttraps,the

effects
ofvarious

m
odifications

w
ere

evaluated.
Som

e
o

fthe

m
odifications

included
the

installation
ofplate

settlers
and

various
filter

fabrics.
In

addition,
the

effluent
flow

from
the

traps
w

as
passed

through
a

rapid
sand

filter.

Param
eters

thatw
ere

routinely
m

onitored
during

the
experim

ents
included

total

suspended
solids,turbidity,

particle
counts,

and
sieve

analyses.
The

perform
ance

o
fthe

traps
w

as
quantified

based
on

the
rem

ovalefficiency
o

fparticles
w

hich
w

as
determ

ined

from
:

E
fficiency

C1~
C0~

*100
(4.l)

cm
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w
here

CD,and
Cola

representtile
influentand

effluent
concentrations

o
fparticles

entering

and
exiting

tile
traps,

respectively.

The
average

values
o

fthe
various

param
eters

thatw
ere

m
onitored

in
the

background
w

ater,
the

influentflow
,

and
the

effluentflow
are

given
in

Table
4.1

to
Table

4.3.
The

background
data

w
ere

m
onitored

since
the

trap
effluentw

aterw
as

stored
in

the

laboratory
sum

p
and

recycled
as

influentw
ater

during
m

ultiple
tests

before
being

replaced.

Table
4.1

T
ypicalbackground

w
ater

q
u

a
lity

(ii
=

468)

S
tandard

B
ackground

P
aram

eter
M

inim
um

M
axim

um
A

verage
D

eviation
pH

8.2
11.9

tO
.0

0.2
C

onductivity
Q

iS
Icm

)
.

1.1
286.0

20.4
1.5

T
u

rb
id

ity
(N

T
U

)
7

177
63

7.9
T

S
S

(m
g/L)

3
287

55
14.8

S
tandard

In
flu

e
n

t
P

aram
eter

M
inim

um
M

axim
um

A
verage

D
eviation

pH
8.7

12.1
10.2

0.1
C

onductivity
(pS

/cm
)

1.1
305.0

24.0
1.6

T
u

rb
id

ity
(N

T
U

)
2

246
104

8.67
TSS

(m
gIL)

50
765

220
29.95

T
em

perature
(°C

)
11

19
16

0.70

S
tandard

E
fflu

e
n

tP
aram

eter
M

inim
um

M
axim

um
A

verage
D

eviation
pH

8.6
11.9

10.2
.0.1

C
onductivity

(pS
/cm

)
1.0

296.0
23.1

1.1
T

u
rb

id
ity

(N
T

U
)

13
216

93
7.3

TS
S

(m
g/L)

25
884

157
22.6

T
able

4.2
T

ypical
influentw

ater
quality

(ii
=

468)

T
able

4.3
T

ypical
effluentw

ater
quality

(it
=

468)
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4.2
E

valuation
ofthe

R
em

ovalofT
otalS

uspended
S

olids

The
rem

ovalo
ftotalsuspended

solids
(TS

S
)

w
ithin

the
sedim

enttraps
w

as

m
onitored.

R
esults

for
the

standard
sedim

enttraps
are

discussed
first,

follow
ed

by
the

results
forthe

enhanced
sedim

enttraps.

4.2.1
R

em
ovalofT

otalS
uspended

S
olids

w
ith

in
the

S
tandard

D
ouble

C
an

S
edim

entT
rap

The
results

oftesting
for

the
rem

ovalo
fTSS

in
the

standard
double

can
sedim

ent

trap
are

sum
m

arized
in

Table
4.4.

In
general,the

concentrations
o

fTSS
increased

gradually
w

ith
elapsed

run
tim

e,
w

hich
can

be
attributed

to
changes

in
the

background

w
ater

quality.
For

exam
ple,

the
tests

using
road

sand
ata

flow
o

f475
L/m

in
and

a

sedim
entfeed

rate
o

f4.4
kg/m

m
,

the
average

concentrations
o

fTSS
in

the
background

w
ater

increased
from

23
m

g/L
to

44
m

g/L
during

the
tests.

W
aterused

to
perform

the

tests
w

as
stored

in
a

sum
p.

The
increase

in
concentration

w
as

expected
since

w
ater

w
as

recirculated
back

to
the

storage
sum

p
after

passing
through

the
sedim

enttraps.
In

addition,particles
thatsettled

in
the

storage
sum

p
betw

een
tests

w
ere

also
resuspended

as

the
w

ater
levels

in
the

sum
p

fluctuated
during

testing.

D
uring

the
standard

thirty-m
inute

run
tim

e
for

each
test,the

average
influentTS

S

concentrations
for

every
test

w
ere

greaterthan
the

effluentTSS.
W

hen
testing

road
sand

ata
flow

o
f475

L/m
in

and
a

sedim
entfeed

rate
o

f4.4
kg/m

m
,

the
average

influentTSS

concentration
w

as
102

m
g/L,

and
the

effluentw
as

90
m

g/L,
as

sum
m

arized
in

Table
4.4.

Thus,
the

average
rem

ovalefficiency
for

TSS
w

as
approxim

ately
10%

±9%
,

as

sum
m

arized
in

Table
4.5.

The
highest

average
influentTS

S
concentration

w
as

167
m

g/L
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w
hich

occurred
for

the
tests

using
road

sand
ata

flo
w

o
f475

L/m
in

ata
sedim

entfeed

rate
of6.8

kg/m
m

.
In

contrast,the
low

estaverage
influentTSS

concentration
w

as
89

rng/L
w

hich
occurred

for
the

tests
using

road
sand

ata
flow

o
f675

L/m
in

ata
sedim

ent

feed
rate

o
f4.4

kg/m
m

.
The

concentrations
ofT

S
S

w
ere

greater
for

the
decom

posed

granite
tests,w

here
the

highestconcentration
w

as
385

m
g/L

w
hich

w
as

achieved
w

hen

the
flow

w
as

475
L/m

in
ata

sedim
entfeed

rate
o

f3.3
kg/m

m
.

A
s

expected,the
highestinfluentconcentration

ofTSS
corresponded

w
ith

the

low
estflow

rate
and

the
highestsedim

entfeed
rate.

S
im

ilarly,the
low

est
influent

concentration
o

fTSS
corresponded

w
ith

the
highestflow

rate
and

the
low

est
sedim

ent

feed
rate.

Since
the

w
ater

used
during

testing
w

as
recirculated

during
the

tests,the

concentration
o

fTSS
in

the
background

gradually
increased

overthe
elapsed

run
tim

e.

Little
settling

occurred
w

ithin
the

storage
sum

p
w

hile
testing

w
as

being
conducted

since

the
w

ater
w

as
continually

being
recirculated.

The
TSS

rem
ovalefficiencies

w
ithin

the
standard

double
can

sedim
enttrap

for
the

various
testconditions

arc
sum

m
arized

in
Table

4.5.
The

results
can

be
used

to
evaluate

the
effectiveness

o
fthe

standard
double

can
sedim

enttrap
for

the
rem

oval
o

froad
sand

and
decom

posed
granite

undervarious
flow

s
and

sedim
entfeed

rates.
In

general,
it

can

also
be

seen
from

Table
4.5

thatthe
m

ostefficient
road

sand
testw

as
observed

for
the

high
flow

and
low

sedim
entfeed

rate
(675

L/m
in,

4.4
kg/ruin)

at2l%
±

lO
%

.
The

least

efficientroad
sand

testw
as

observed
to

be
IO

%
±9%

ata
flow

rate
of475

L/m
in

and
a

sedim
entfeed

rate
o

f4.4
kg/m

m
.

R
em

oval
effectiveness

ofthe
decom

posed
granite

is

greaterthan
that

o
fthe

road
sand.

The
highest

decom
posed

granite
rem

ovalefficiency

w
as

36%
±7%

for
a

flow
o

f675
L/m

in
and

a
feed

rate
o

f5.6
kg/m

i
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Table
4.4

V
a

ria
tio

n
o

fTSS
w

ith
elapsed

run
tim

e
in

the
standard

double
can

sedim
enttrap

fo
r

road
sand

(S
and)

and
decom

posed
granite

(D
G

)

A
veraged

TS
S

(m
gfL)

for
F

low
and

S
edim

entFeed
E

lapsed
475

675
475

675
475

675
S

am
ple

R
un

L/rnin
L/m

in
L/rnin

L/m
in

L/rnin
L

A
tin

Location
T

im
e

4.4
4.4

6.8
6.8

3.3
5.6

(w
in

)
kg/m

m
kg/m

m
kg/m

m
kg/m

m
kg/m

m
kg/m

m
(Sand)

(S
and)

(Sand)
(Sand)

(D
O

)
(D

O
)

1
23

32
37

15
54

77
17

34
24

23
39

44
86

B
ackground

32
44

32
45

56
132

134

A
verage:

34
29

35
37

77
99

11
76

77
152

102
400

288
16

95
93

164
115

380
346

21
98

92
175

122
315

439
In

flu
e

n
t

26
106

85
169

147
383

350

31
133

99
173

146
449

399
A

verage:
102

89
167

126
385

364
10

73
75

140
98

214
259

15
82

68
131

93
256

246
20

99
69

138
109

225
259

E
fflu

e
n

t
25

92
68

146
112

264
294

30
104

71
144

143
271

315
A

verage:
90

70
140

111
246

275

Table
4.5

TS
S

rem
ovalefficiency

w
ith

elapsed
run

tim
e

in
the

standard
double

can
sedim

ent
trap

fo
r

road
sand

(S
and)

and
decom

posed
granite

(D
G

)

E
lapsed

R
un

T
im

e
(m

m
)

S
td.

Test
C

onditions
11

16
21

26
31

A
vg.

D
ev.

475
L

In
t,

4.4
kg/m

m
(Sand)

4%
14%

-2%
13%

22%
10%

9%
675

L/m
in,

4.4
k
g

/n
t

(Sand)
3%

27%
25%

20%
28%

21%
10%

475L/m
in,6.8lcg/m

in(S
and)

8%
20%

21%
14%

17%
16%

5%
675

L/m
in,

6.8
lcg/m

in
(Sand)

4%
19%

10%
24%

3%
12%

9%
475L/rnin,3.3kg/m

in(D
G

)
10%

29%
41%

16%
21%

23%
12%

675
L/m

in,
5.6

kg/m
m

(D
O

)
47%

33%
29%

31%
40%

36%
7%
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4.2.2
R

em
ovalofT

otalS
uspended

S
olids

w
ith

in
the

S
tandard

D
rop

In
le

t
S

edim
ent

T
rap

The
results

oftesting
for

the
rem

ovalo
fTSS

in
the

standard
drop

inlet
sedim

ent

trap
are

sum
m

arized
in

Table
4.6.

In
general,the

concentrations
o

fTSS
increased

gradually
w

ith
elapsed

run
tim

e,
w

hich
can

be
attributed

to
changes

in
the

background

w
ater

quality.
This

w
as

explained
in

m
ore

detailearlier
in

S
ection

4.2.1.

D
uring

the
standard

thirty-m
inute

run
tim

e
for

each
test,the

average
influentTS

S

concentrations
for

every
testw

ere
greaterthan

the
effluent

TS
S

concentrations.
W

hen

testing
road

sand
ata

flow
o

f675
L/m

in
and

a
sedim

entfeed
rate

o
f4.4

kg/m
m

,
the

average
influent

TSS
concentration

w
as

96
m

gIL,
and

the
effluentw

as
80

m
g/L.

Thus,

the
average

rem
ovalefficiency

for
TSS

w
as

approxim
ately

I6%
±7%

,
as

sum
m

arized
in

Table
4.7.

The
highest

average
influentroad

sand
TSS

concentration
w

as
167

m
g/L

w
hich

occurred
for

the
tests

using
road

sand
ata

flow
o

f475
L/m

in
and

a
sedim

ent
feed

rate
o

f6.8
kg/m

m
.

In
contrast,the

low
estaverage

influentTSS
concentration

w
as

96

m
g/L

w
hich

occurred
for

the
tests

using
road

sand
ata

flow
o

f675
L/m

in
and

a
sedim

ent

feed
rate

o
f4.4

kg/m
m

.
The

concentrations
ofTSS

w
ere

greater
for

the
decom

posed

granite
tests,

w
here

the
highest

concentration
w

as
499

nig/L
w

hich
w

as
achieved

w
hen

the
flow

w
as

475
L/rnin

ata
sedim

entfeed
rate

o
f3.3

kg/m
m

.

A
s

exp~cted,the
highestinfluentconcentration

o
fTSS

corresponded
w

ith
the

low
estflow

rate
and

the
highest

sedim
entfeed

rate.
S

im
ilarly,the

low
estinfluent

concentration
o

fTSS
corresponded

w
ith

the
highestflow

rate
and

the
low

estsedim
ent

feed
rate.

Since
the

w
ater

used
during

testing
w

as
recirculated

during
the

tests,the
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A
veraged

TS
S

(m
g/C

)
for

F
low

and
S

edim
entFeed

E
lapsed

475
675

475
675

475
675

S
am

ple
R

un
L/rnin

L/m
in

L/rnin
L/m

in
L/m

in
L/m

in
Location

T
im

e
4.4

4.4
6.8

6.8
3.3

5.6
(m

m
)

kg/m
m

kg/m
m

kg/m
m

kg/m
m

kg/m
m

kg/m
m

(S
and)

(S
and)

(Sand)
(Sand)

(D
O

)
(D

O
)

1
48

19
32

33
175

74
17

52
43

26
45

89
101

B
ackground

32
67

45
41

57
120

162

A
verage:

56
36

33
45

128
112

11
117

84
194

130
464

491
16

103
97

133
124

455
475

21
133

92
162

131
529

541
In

flu
e

n
t

26
127

97
174

130
552

374

31
117

110
173

139
495

565
A

verage:
119

96
167

131
499

489
10

102
75

115
93

432
316

15
107

76
123

95
371

421
20

121
85

149
104

426
374

E
fflu

e
n

t
25

121
81

136
119

372
389

30
104

82
119

113
413

413
A

verage:
111

80
128

105
403

383

background
w

as
m

onitored
during

each
test.

Little
settling

occurred
w

ithin
the

storage
sum

p
w

hile
testing

w
as

being
conducted

since
the

w
ater

was

continually
being

recirculated.

The
TS

S
rem

ovalefficiencies
w

ithin
the

standard
drop

inletsedim
enttrap

for
the

varous
test

conditions
are

sum
m

arized
in

Table
4.7.

The
results

can
be

used
to

evaluate

the
effectiveness

o
fthe

standard
drop

inlet
sedim

enttrap
for

the
rem

ovalo
froad

sand
and

decom
posed

granite
undervarious

flow
s

and
sedim

entfeed
rates.

In
general,

it
can

also

be
seen

from
Table

4.7
thatthe

m
ostefficientroad

sand
testw

as
observed

forthe
low

Table
4.6

V
ariation

ofTSS
w

ith
elapsed

run
tim

e
in

the
standard

drop
inlet

sedim
enttra

p
fo

r
road

sand
(S

and)
and

decom
posed

granite
(D

C
)

concentration
o

fT
S

S
inthe
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E
lapsed

R
un

T
im

e
(m

m
)

S
ki.

Test
C

onditions
11

16
21

26
31

A
vg.

D
ev.

475
L/rnin,

4.4
k
g

/n
t

(Sand)
13%

-4%
9%

5%
11%

7%
7%

675
L/m

in,
4.4

k
g

/n
t

(S
and)

11%
22%

8%
16%

25%
16%

7%
475L/rnin,6.8kg/m

in(S
and)

41%
7%

8%
22%

31%
22%

15%
675

L/m
in,

6.8
k
g

/n
t

(S
and)

29%
24%

20%
8%

19%
20%

8%
475

L/m
in,

3.3
k
g

/n
t

(D
O

)
7%

18%
20%

33%
17%

19%
9%

675L/rnin,5.6kg/m
in(D

G
)

36%
11%

31%
1%

27%
21%

14%

flow
and

high
sedim

entfeed
rate

(475
L/m

in,
6.8

kg/m
m

)
at22%

*15%
,

m
eaning

thatthe

greatestefficiency
w

as
during

the
greatestexpected

concentration.
The

leastefficient

road
sand

testw
as

observed
to

be
7%

±7%
ata

flow
rate

o
f475

L/m
in

and
a

sedim
ent

feed
rate

o
f4.4

kg/m
m

.
The

greatestrem
ovaleffectiveness

o
fthe

decom
posed

granite

efficiency
w

as
2l%

±
14%

for
a

flow
of675

L/m
in

and
a

feed
rate

o
f5.6

kg/m
m

.

4.2.3
R

em
ovalofT

otalS
uspended

S
olids

w
ithin

the
E

nhanced
D

ouble
C

an

S
edim

ent
T

raps

A
s

described
in

C
hapter

3,
Section

7,
various

enhancem
ents

w
ere

m
ade

to
both

the
standard

double
can

and
the

standard
drop

inletsedim
enttraps

in
an

effortto
im

prove

the
rem

ovaloftotalsuspended
solids

(TSS).
Initially,

som
e

o
fthe

effluentflow
from

the

sedim
enttraps

w
as

passed
through

a
sm

all-scale
sand

filter
or

sand
filter

colum
ns

using

various
filter

loading
rates.

Later,the
flow

w
as

passed
through

a
single

layer
offilter

fabric
before

exiting
from

each
sedim

enttrap.
Then,the

effluentflow
w

as
passed

through
m

ultiple
layers

o
ffilter

fabric
before

exiting
from

each
sedim

enttrap.
The

perform
ance

ofa
flill-scale

m
edia

filter
w

as
then

evaluated,
follow

ed
by

the
perform

ance

T
able

4.7
TSS

rem
ovalefficiency

w
ith

elapsed
run

tim
e

in
the

standard
drop

inlet
sedim

enttrap
fo

r
road

sand
(S

and)
and

decom
posed

granite
(D

G
)
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ofth~
sedim

enttraps
arranged

in
series.

F
inally,

the
perform

ance
o

fm
ultiple

layers
of

filter
fabric

installed
w

ithin
each

o
fthe

sedim
enttraps

arranged
in

series
w

as
evaluated.

The
results

obtained
w

hen
testing

the
enhanced

double
can

sedim
enttrap

w
ith

road
sand

ata
flow

of475
L/m

in
and

a
sedim

entfeed
rate

o
f6.8

kg/m
m

are
sum

m
arized

in
Table

4.8
and

Figure
4.1.

This
com

bination
o

fflow
and

sedim
ent

feed
rate

resulted
in

the
highestTSS

concentration
thatw

as
tested.

These
results

are
com

pared
to

those

obtained
for

the
standard

double
can

sedim
enttrap

w
ith

no
enhancem

ents.
S

im
ilar

to
the

standard
sedim

enttrap,
each

value
analyzed

is
the

average
TSS

concentrations
for

a

thirty-m
inute

testas
a

w
hole.

The
low

est
overallrem

ovalefficiency
o

fTSS
w

as
achieved

in
the

standard
double

can
sedim

enttrap
at

16%
±5%

.
The

nextlow
estaverage

rem
ovalefficiency

ofTSS
was

achieved
w

ith
the

single
filter

fabric
at24%

±13%
,

w
hile

the
efficiency

ofm
ultiple

filter

fabrics
w

as
54%

±15%
,

roughly
doubling

the
average

efficiency
o

fthe
single

fabric.

A
nalysis

o
fthe

efficiencies
forthe

fabrics
overtim

e
suggests

thatthe
m

ultiple
filter

fabrics
are

superior
to

single
filter

fabrics
atrem

oving
particles.

T
able

4.8
TS

S
rem

ovalefficiency
w

ith
elapsed

run
tim

e
fo

r
the

enhanced
double

can
sedim

ent
trap

(475
L/m

in,
6.8

kg/m
m

road
sand)

E
lapsed

R
un

T
im

e
(m

m
)

Std.
Test

C
onditions

11
16

21
26

31
A

vg.
D

cv.
2

C
a

n
/N

o
Enhancem

ents
8%

20%
21%

14%
17%

16%
5%

3
C

a
n

/N
o

F
ilter

35%
19%

28%
36%

34%
30%

7%
2

C
an

/M
edia

Filter
42%

46%
32%

47%
43%

42%
6%

2
C

an
/

S
ingle

Filter
Fabric

45%
24%

12%
12%

24%
24%

13%
2

C
a

n
/M

u
ltip

le
Fabrics

63%
63%

57%
58%

28%
54%

15%
3

C
an

/M
ultiple

Fabrcs
63%

63%
66%

63%
62%

63%
2%

12C
an/P

late5ettler
38%

15%
32%

20%
31%

27%
10%
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The
m

ultiple
layers

o
ffilte

r
fabric

w
ere

tested
to

determ
ine

w
hether

increased

surface
area

offabric
w

ould
continue

to
retain

particles
and

also
provide

for
a

backup

w
hen

the
initial

layer
o

ffilter
fabric

becam
e

clogged
and

began
to

overflow
.

M
ultiple

layers
for

the
tw

o
cans

alw
ays

involved
a

totalo
ffive

layers
o

ffabric,
w

here
tw

o
layers

w
ere

back-to-back.
M

ultiple
layers

for
the

three
cans

alw
ays

involved
seven

layers
o

f

fabric,
w

here
tw

o
layers

w
ere

also
back-to-back.

The
filter

fabrics
used

w
ere

P
ropex

4516
for

filters
w

ith
a

single
layer

o
ffilter

fabric
and

P
ropex

4510
for

filters
w

ith

m
ultiple

layers
o

ffabric.
C

om
parison

testing
o

fP
ropex

4516
revealed

m
inim

al

perform
ance

difference
from

P
ropex

4510.
Therefore,

P
ropex

4510
w

as
used

for

econom
ic

reasons.
M

ore
inform

ation
on

the
life

and
extended

use
ofthe

filter
fabrics

can

be
found

in
Section

4.4.1.

A
s

seen
in

Figure
4.2,

for
the

elapsed
run

tim
e

as
a

w
hole,

the
TSS

rem
oval

efficiency
o

fthe
three

can
sedim

enttrap
w

ith
m

ultiple
fabrics

did
notexperience

breakthrough
before

the
testended,having

a
rem

ovalthatw
as

consistently
around

60%

to
70%

.
The

rem
ovalefficiency

o
fthe

double
can

sedim
enttrap

w
ith

m
ultiple

fabrics

decreased
during

the
overallrun

tim
e

from
an

efficiency
o

f63%
to

28%
.

Y
et,rem

oval

w
as

consistently
around

55%
to

60%
untilit

began
to

drop
atroughly

25
m

inutes
o

f

elapsed
run

tim
e.

The
decrease

w
as

also
observed

from
the

beginning
o

fthe
testing

for

the
single

filter
fabric,

w
here

the
overallefficiency

decreased
during

run
tim

e
from

45%

to
24%

.
This

decrease
w

as
attributed

to
clogging

o
fthe

pore
spaces

ofthe
fabric

w
hich

gradually
increased

head
loss

and
eventually

resulted
in

failure
w

here
the

w
ater

flow
ed

overthe
top

o
fthe

filter
fabric

layers.
Because

o
fthis,

ifthe
filter

fabrics
w

ere
to

be

installed
in

existing
sedim

entcans,they
w

ould
need

to
be

routinely
checked

and
chai~ged
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to
m

aintain
m

axim
um

effectiveness,
O

fthe
other

enhancem
ents

tested,the
plate

settler

had
the

second
low

estefficiency
at27%

±lO
%

.
The

high
costofconstruction

coupled

w
ith

its
lack

o
feffectiveness

due
to

the
turbulentm

ixing
environm

entw
ithin

the

sedim
enttrap

m
ade

the
plate

settleruneconom
ical

and
less

desirable
foruse.

The
frill-

scale
silica

sand
filter

had
an

efficiency
of42%

±6%
for

a
loading

rate
of

159
L/m

inlm
2

(4

gpm
lfl2).

T
ypically,

the
head

loss
was

roughly
12

inches
over

25
m

inutes
o

ftim
e.

The

efficiency
could

potentially
be

increased
further

by
reducing

the
filter

loading
rate

and

increasing
m

edia
depth.

M
ore

inform
ation

on
m

edia
filter

testing
is

included
in

Section

4.4.4.

The
can

sedim
enttrap

having
three

cans
arranged

in
series

w
as

m
ore

effective
at

TSS
rem

ovalby
increasing

the
rem

ovalefficiency
o

fthe
standard

double
can

from

16%
±5%

to
30%

±7%
.

The
addition

ofm
ultiple

fabrics
into

the
three-can

sedim
enttrap

resulted
in

a
TSS

rem
ovalefficiency

of63%
±2%

.
This

result
can

be
com

pared
to

Table

2.4
for

the
rem

ovalo
fTSS

by
C

altrans
(2003)

for
both

sand
trap

types.

80

~
7

0

1:ES
2010

R
im

Tim
e

(nun)

F
igure

4.2
TS

S
rem

ovalefficiency
w

ith
elapsed

ru
n

tim
e

fo
r

the
double

can
sedim

ent
trap

w
ith

filte
r

fabrics
(475

L/m
in,

6.8
kg/m

m
road

sand)

—
-
—

Single
Filter

Fabric

—
*
-
—

M
ultiple

FilterFabrics

—
A

-
-
-3

C
an

/M
ultiple

Fabrics

10
20

30
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The
results

obtained
w

hen
testing

the
enhanced

double
can

sedim
enttrap

w
ith

a

flow
o

f475
L/m

in
and

a
sedim

entm
ixture

w
ith

a
feed

rate
o

f4.0
kg/m

m
are

sum
m

arized

in
Table

4.9.
The

m
ixture

w
as

o
fone

parto
fdecom

posed
granite

and
three

parts
o

froad

sand
m

ixture,
w

hich
is

expected
to

be
m

ore
realistic

in
its

representation
as

runoff

constituents
during

w
inter

m
onths.

The
low

estTSS
rem

ovalefficiency
for

the
double

can
sedim

enttrap

enhancem
ents

w
as

by
the

single
filter

fabric
at28%

±6%
.

H
aving

m
ultiple

filter
fabrics

increased
this

to
47%

±l7%
.

The
perform

ance
o

fthe
m

ultiple
fabrics

w
as

sim
ilar

to
the

rem
ovalefficiency

o
fthe

traps
in

series
w

ithout
filter

fabrics
having

an
efficiency

o
f

46%
*8%

.
The

highestrem
ovalefficiency

w
as

by
the

m
ultiple

fabrics
in

the
traps

in

series
at

66%
±lO

%
.

In
com

parison
w

ith
Table

4.8,Table
4.9

reveals
thatthe

enhancem
ents

perform
ed

sim
ilarly

w
ith

regard
to

the
rem

ovalcapabilities
for

road
sand

and
the

sedim
entm

ixture.
W

here
the

efficiency
from

Table
4.8

for
road

sand
ofthe

three

cans
in

series
w

ith
m

ultiple
filter

fabrics
w

as
63%

±2%
,and

the
sedim

entm
ixture

in

Table
4.9

is
66%

*l0%
.

The
greatestdifference

betw
een

road
sand

and
the

sedim
ent

m
ixture

is
for

the
three

cans
in

series
having

an
efficiency

o
f66%

±
10%

for
road

sand
in

Table
4.8,and

46%
±8%

in
Table

4.9
for

the
sedim

entm
ixture.
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T
able

4.9
TS

S
rem

ovalefficiency
w

ith
elapsed

run
tim

e
fo

r
the

enhanced
double

can
sedim

ent
trap

(475
L/m

in,
4.0

kg/m
m

m
ixture

ofdecom
posed

granite
and

road
sand)

E
lapsed

R
un

T
im

e
(m

m
)

S
td.

Test
C

onditions
11

16
21

26
31

A
vg.

D
ev.

3
C

an/N
o

Filters
53%

49%
53%

36%
39%

46%
8%

2
C

an/M
edia

F
ilter

44%
54%

56%
46%

53%
51%

5%
2

C
an!

Single
F

ilter
Fabric

18%
27%

29%
32%

33%
28%

6%
2

C
an!M

ultiple
Fabrics

71%
56%

45%
27%

36%
47%

17%
3

C
an/M

ultiple
Fabrics

76%
76%

64%
57%

57%
66%

10%

4.2.4
R

em
ovalo

fT
otalS

uspended
S

olids
w

ith
in

the
E

nhanced
D

rop
Inlet

S
edim

ent
T

raps

The
results

obtained
w

hen
testing

the
enhanced

drop
inletsedim

enttrap
w

ith
road

sand
ata

flow
o

f475
L/m

in
and

a
sedim

entfeed
rate

o
f6.8

kg/m
m

are
sum

m
arized

in

Table
4.10

and
Figure

4.3.
This

com
bination

o
fflow

and
sedim

entfeed
rate

resulted
in

the
highestTSS

concentration
thatw

as
tested.

These
results

are
com

pared
to

those

obtained
for

the
single

standard
drop

inletsedim
enttrap

w
ith

no
enhancem

ents.
S

im
ilar

to
the

standard
sedim

enttrap,
each

value
analyzed

is
the

average
TSS

concentrations
for

a
thirty-m

inute
test

as
a

w
hole.

The
low

estoverallrem
ovalefficiency

o
fTSS

w
as

achieved
in

the
single

standard

drop
inlet

sedim
enttrap

at22%
±15%

.
The

next
low

est
average

rem
ovalefficiency

o
f

TSS
w

as
achieved

w
ith

the
plate

settler
at23%

±7%
.

The
high

costo
fconstruction

coupled
w

ith
its

lack
o

feffectiveness
due

to
the

turbulentm
ixing

environm
entw

ithin
the

sedim
enttrap

m
ade

the
plate

settler
uneconom

icaland
less

desirable
for

use.



78

T
able

4.10
TS

S
rem

oval
efficiency

w
ith

elapsed
ru

n
tim

e
for

the
inlet

sedim
enttrap

(475
L

/m
in

,
6.8

kg/m
m

road
sand)

enhanced
drop

E
lapsed

R
un

T
im

e
(m

m
)

S
td.

Test
C

onditions
11

16
21

26
31

A
vg.

D
cv.

1
D

I/N
o

Enhancem
ents

41%
7%

8%
22%

31%
22%

15%
2

D
1

/N
o

F
ilte

r
44%

33%
23%

23%
31%

31%
9%

1
D

I/M
e

d
ia

F
ilte

r
35%

15%
26%

29%
20%

25%
8%

1
D

I
/Single

Filter
Fabric

50%
36%

35%
39%

16%
35%

12%
1
D

I!
M

ultiple
Fabrics

60%
45%

45%
58%

53%
52%

7%
2

D
I

/M
ultiple

Fabrics
58%

58%
49%

48%
39%

51%
8%

1
D

I/P
la

te
S

ettler
29%

23%
23%

11%
28%

23%
7%

M
ultiple

layers
o

ffilter
fabric

w
ere

tested
to

determ
ine

w
hether

the
increased

sm
face

area
o

ffabric
w

ould
continue

to
retain

particles
and

also
provide

for
a

backup

w
hen

the
initiallayer

o
ffilter

fabric
becam

e
clogged

and
began

to
overflow

.
M

ultiple

fabric
layers

for
a

single
drop

inlet
included

a
totalo

ffour
layers

o
ffabric

arranged
in

series,w
here

tw
o

layers
w

ere
placed

back-to-back.
M

ultiple
fabric

layers
fortw

o
drop

inlets
in

series
involved

five
layers

o
ffabric

arranged
in

series,
w

here
tw

o
layers

w
ere

also
placed

back-to-back.
The

filter
fabrics

used
w

ere
P

ropex
4516

for
filters

w
ith

a

single
layer

o
ffilter

fabric
and

P
ropex

4510
for

filters
w

ith
m

ultiple
layers

offabric

arranged
in

series.
C

om
parison

testing
ofP

ropex
4516

revealed
m

inim
alperform

ance

difference
from

P
ropex

4510.
Therefore,P

ropex
4510

w
as

used
for

econom
ic

reasons.

M
ore

inform
ation

on
the

life
and

extended
use

o
fthe

filter
fabrics

can
be

found
in

S
ection

4.4.1.
The

rem
oval

efficiency
for

m
ultiple

filter
fabrics

w
as

52%
±7%

,
increasing

from

the
single

filter
fabric

at35%
±12%

.
The

second
highestrem

ovalefficiency
w

as
found
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w
hile

using
the

tw
o

drop
inletsedim

enttraps
w

ith
m

ultiple
fabrics,

w
here

the
efficiency

w
as

5l%
±8%

.

A
s

seen
in

Figure
4.4,w

hen
using

road
sand

the
rem

ovalefficiency
o

fTSS
for

the

filter
fabrics

generally
decreased

as
elapsed

run
tim

e
increased.

The
rem

ovalefficiency

ofthe
single

trap
w

ith
m

ultiple
fabrics

decreased
untilroughly

18
m

inutes
o

felapsed
run

tim
e

w
here

itthen
increased

before
decreasing

a
second

tim
e.

The
overallefficiency

decreased
during

the
elapsed

run
tim

e
from

60%
to

53%
.

This
w

as
sim

ilar
for

the
single

filter
fabric,

w
here

the
overallefficiency

for
the

single
filter

fabric
decreased

during
the

elapsed
run

tim
e

from
50%

to
16%

.
This

decrease
w

as
attributed

to
clogging

o
fthe

pore

spaces
o

fthe
fabric

w
hich

gradually
increased

head
loss

and
eventually

resulted
in

failure

w
hen

the
w

ater
flow

ed
overthe

top
o

fthe
filte

r
fabric

layers.
Because

o
fthis,

ifthe
filter

fabrics
w

ere
to

be
installed

in
existing

sedim
entcans,they

w
ould

need
to

be
routinely

checked
and

changed
to

m
aintain

m
axim

um
effectiveness.
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-
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L/m
in,

6.8
kg/m

m
road

sand)
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O
fthe

other
enhancem

ents
tested

and
sum

m
arized

in
Table

4.10
and

Figure
4.3,

the
tw

o
drop

inlets
arranged

in
series

w
ith

no
filter

fabrics
w

ere
m

ore
effective

atTSS

rem
ovalby

increasing
the

rem
ovalefficiency

o
fthe

standard
drop

inlet
sedim

enttrap

from
22%

±15%
to

31%
±9%

.
The

full-scale
silica

sand
filter

had
an

efficiency
of

25%
±8%

for
a

loading
rate

o
f159

L/m
inlm

2.
T

ypically,the
head

loss
w

as
roughly

12

inches
over

25
m

inutes
oftim

e.
The

efficiency
could

potentially
be

increased
furtherby

reducing
the

filter
loading

rate
and

increasing
m

edia
depth.

M
ore

inform
ation

on
m

edia

filter
testing

is
included

in
Section

4.4.4.

The
results

obtained
w

hen
testing

the
enhanced

drop
inletsedim

enttrap
w

ith
a

flow
o

f475
L/m

in
and

a
sedim

entm
ixture

w
ith

a
feed

rate
o

f4.0
kg/m

m
are

sum
m

arized

in
Table

4.11.
The

m
ixture

w
as

o
fone

part
o

fdecom
posed

granite
and

three
parts

ofroad

sand
m

ixture,w
hich

is
expected

to
be

m
ore

realistic
in

its
representation

as
runoff

constituents
during

w
inter

m
onths.

The
low

estrem
ovalefficiency

o
fTSS

for
the

enhancem
ents

o
fthe

drop
inlet

sedim
enttrap

w
as

by
the

tw
o

drop
inlets

w
ithout

filters
at

i5%
±5~4.

The
efficiency

of

the
single

filter
fabric

w
as

22%
±17%

.
The

perform
ance

ofthe
m

ultiple
fabrics

at

29%
±25%

did
notincrease

in
efficiency

greatly
from

the
single

fabrics.
The

highest

rem
ovalefficiency

w
as

by
the

m
ultiple

fabrics
in

the
traps

in
series

at52%
±15%

.
In

com
parison

w
ith

Table
4.10,

Table
4.11

reveals
thatthe

enhancem
ents

w
ere

m
ore

effective
atrem

oving
the

road
sand

than
the

sedim
entm

ixture.
The

traps
in

series
w

ith

m
ultiple

fabrics
w

ere
sim

ilar
for

both
sedim

enttypes,having
51

%
±8%

from
Table

4.10

for
the

road
sand

and
52%

±15%
from

Table
4.11

for
the

sedim
entm

ixture.
The

m
edia
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T
able

4.11
TSS

rem
ovalefficiency

w
ith

elapsed
run

tim
e

fo
r

the
enhanced

drop
inletsedim

enttrap
(475

L
/m

in
,

4.0
kg/m

m
m

ixture
ofdecom

posed
granite

and
road

sand)

E
lapsed

R
un

T
im

e
(m

m
)

S
td.

Test
C

onditions
11

16
21

26
31

A
vg.

D
ev.

2
D

1
/N

o
F

ilte
rs

21%
17%

14%
14%

8%
15%

5%
1

D
I

/M
edia

Filter
25%

21%
23%

28%
27%

25%
3%

1
D

I/S
in

g
le

Filter
Fabric

47%
31%

18%
14%

1%
22%

17%
1

D
I/M

u
ltip

le
Fabrics

73%
17%

23%
19%

11%
29%

25%
2

D
I!

M
ultiple

Fabrics
65%

62%
51%

54%
28%

52%
15%

filter
also

has
sim

ilarvalues
for

both
sedim

enttypes,
w

here
allothers

w
ere

less
effective

on
the

sedim
entm

ixture
than

road
sand.

4.3
E

valuation
ofthe

R
eduction

ofT
u

rb
id

ity

The
perform

ance
o

fthe
sedim

enttraps
w

ith
respectto

turbidity
reduction

w
as

m
onitored.

R
esults

forthe
standard

sedim
enttraps

w
ith

no
enhancem

ents
are

discussed

firstfollow
ed

by
the

results
for

the
enhanced

sedim
enttraps.

The
background,

influent,

and
effluentturbidity

readings
overthe

totalelapsed
run

tim
e

for
the

testing
are

sum
m

arized
in

the
tables.

4.3.1
R

eduction
ofT

u
rb

id
ity

w
ith

in
the

S
tandard

D
ouble

C
an

S
edim

entT
rap

The
results

oftesting
for

the
rem

ovalofturbidity
in

the
standard

double
can

sedim
enttrap

are
sum

m
arized

in
Table

4.12.
Typically,

the
turbidity

increased
gradually

w
ith

elapsed
run

tim
e,

w
hich

w
as

attributed
to

changes
in

the
background

w
ater

quality.

For
exam

ple,the
tests

using
road

sand
ata

flow
o

f675
L!m

in
and

a
sedim

entfeed
rate

o
f

6.8
kg/m

m
,

the
average

turbidity
in

the
background

w
ater

increased
from

24
N

T
U

to
47

N
T

U
during

the
tests.

Since
the

w
ater

used
to

perform
the

tests
w

as
stored

in
a

sum
p,

an
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increase
in

turbidity
w

as
expected

since
the

w
ater

w
as

recirculated
back

to
the

storage

sum
p

afterpassing
through

the
sedim

enttraps.
In

addition,
particles

thatsettled
in

the

storage
sum

p
betw

een
tests

w
ere

also
resuspended

as
the

w
ater

levels
in

the
sum

p

fluctuated
during

testing.

D
uring

the
standard

thirty-m
inute

run
tim

e
for

each
test,the

average
influent

turbidity
for

every
testw

as
greaterthan

the
effluentturbidity.

The
perform

ance
o

fthe

sedim
enttraps

w
ith

respectto
the

reduction
o

fturbidity
is

determ
ined

by
com

paring
the

influentturbidity
to

the
effluentturbidity.

T
able

4.12
V

ariations
oftu

rb
id

ity
w

ith
elapsed

run
tim

e
in

the
standard

double
can

sedim
enttraps

fo
r

road
sand

(S
and)

and
decom

posed
granite

(D
G

)

A
verage

T
u

rb
id

ity
(N

T
U

)
fo

r
F

low
and

S
edim

entFeed
E

lapsed
475

675
475

675
475

675
S

am
ple

R
un

L/m
in

L/m
in

L/m
in

L/m
in

L/m
in

L/m
in

Location
T

im
e

4.4
4.4

6.8
6.8

3.3
5.6

(m
m

)
lcg/m

in
kg/m

m
kg/m

m
kg/m

m
kg/m

m
kg/m

m
(Sand)

(Sand)
(Sand)

(Sand)
(D

G
)

(D
G

)
1

73
24

28
24

106
63

17
56

25
24

35
104

78
B

ackground
32

64
35

40
47

131
102

A
verage:

64
28

31
35

114
81

11
74

39
78

53
161

121
16

77
43

79
59

172
141

21
85

47
82

69
176

155
Influent

26
84

47
86

73
178

139

31
93

52
90

81
200

159
A

verage:
83

46
83

67
178

143
•

10
82

46
81

59
162

129
15

76
41

77
57

161
118

20
77

42
78

64
150

122
E

ffluent
25

80
44

81
67

163
141

30
84

47
91

74
175

141
A

verage:
80

44
81

64
162

130
A

T
u

rb
id

ity
3

2
2

3
15

13
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A
s

indicated
in

Table
4.12,

for
the

tests
perform

ed
using

road
sand

(R
S)

the

changes
in

turbidity
for

allflow
and

sedim
entfeed

rates
perfonned

sim
ilarly

ata
change

o
froughly

2
N

T
U

to
3

N
T

U
.

The
tests

w
ith

decom
posed

granite
(D

O
)

perform
ed

ata

m
uch

higherrate,
w

here
the

change
in

turbidity
for

the
475

L/m
in

flow
w

ith
a

feed
rate

o
f

3.3
kg/m

m
had

the
greatestturbidity

reduction
at

15
N

T
U

.
The

675
L/m

in
flow

rate
w

ith

5.6
kg/m

m
o

fdecom
posed

granite
reduced

in
turbidity

by
13

N
T

U
.

O
verall,the

results

indicated
thatthe

standard
double

can
sedim

enttrap
perform

ed
poorly

w
ith

respectto
the

reduction
o

fturbidity.

4.3.2
R

eduction
ofT

u
rb

id
ity

w
ith

in
the

S
tandard

D
rop

In
le

t
S

edim
entT

rap

The
results

oftesting
for

turbidity
reduction

in
the

standard
drop

inletsedim
ent

trap
are

sum
m

arized
in

Table
4.13.

S
im

ilar
to

the
results

for
the

testing
o

fthe
double

can

sedim
enttrap,the

turbidity
typically

increased
gradually

w
ith

elapsed
run

tim
e,w

hich

w
as

attributed
to

changes
in

the
background

w
ater

quality.

D
u

rn
g

the
standard

thirty-m
inute

run
tim

e
for

each
test,the

average
influent

turbidity
for

every
testw

as
greaterthan

the
effluentturbidity.

The
perform

ance
ofthe

sedim
enttraps

w
ith

respectto
turbidity

reduction
is

determ
ined

by
com

paring
the

influent

turbidity
to

the
effluentturbidity.

A
s

indicated
in

Table
4.13,

for
the

tests
perform

ed

using
road

sand
(R

S)
the

changes
in

turbidity
for

allflow
and

sedim
entfeed

rates

perform
ed

sim
ilarly

ata
change

o
froughly

3
N

T
U

to
8

N
T

U
.

The
greatestreduction

in

turbidity
w

as
8

N
T

U
,

w
hich

occurred
w

hen
the

flow
w

as
675

L/m
in

and
the

sedim
ent

feed
rate

w
as

6.8
kg/m

m
.

The
tests

w
ith

decom
posed

granite
(D

O
)

perform
ed

sim
ilarly,

w
here

the
change

in
turbidity

for
the

475
L/m

in
flow

w
ith

a
feed

rate
of3.3

Icg/m
in

had
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the
greatestturbidity

reduction
at

18
N

TU
.

The
675

L/m
in

flow
rate

w
ith

5.6
kg/m

m
of

decom
posed

granite
reduced

in
turbidity

by
17

N
T

U
.

O
verall,

the
results

indicated
that

the
standard

drop
inlet

sedim
enttrap

perform
ed

poorly
w

ith
respectto

the
reduction

o
f

turbidity.

Table
4.13

V
ariation

o
ftu

rb
id

ity
w

ith
elapsed

run
tim

e
in

the
standard

drop
inlet

sedim
enttraps

fo
r

road
sand

(S
and)

and
decom

posed
granite

(D
G

)

A
verage

T
u

rb
id

ity
(N

T
U

)
fo

r
F

low
and

S
edim

ent
Feed

E
lapsed

475
675

475
675

475
675

S
am

ple
R

un
L/m

in
L/m

in
L/m

in
L/m

in
L/m

in
L/m

in
Location

T
im

e
4.4

4.4
6.8

6.8
3.3

5.6
(m

m
)

kg/m
m

kg/m
m

lcg/m
in

kg/m
m

kg/m
m

kg/m
m

(S
and)

(Sand)
(Sand)

(Sand)
(D

O
)

(D
O

)

~
1

55
22

13
47

110
95

17
58

42
16

49
78

122
B

ackground
32

64
48

24
54

101
147

4verage:
59

37
17

50
97

121
11

75
59

47
70

151
174

16
71

65
42

70
153

173
21

81
60

46
77

165
195

Influent
26

74
62

51
74

166
201

31
82

63
50

78
168

210
4verage:

76
62

47
74

161
191

10
68

53
35

59
133

149
15

68
56

41
64

135
165

20
74

57
44

67
139

179
E

ffluent
25

77
59

48
70

151
185

30
75

61
52

70
155

192
4verage:

72
57

44
66

143
174

A
T

u
rb

id
ity

4
5

3
8

18
17



86

4.3.3
R

eduction
ofT

u
rb

id
ity

w
ith

in
the

E
nhanced

D
ouble

C
an

S
edim

entT
rap

A
s

described
in

C
hapter

3,
S

ection
7,

various
enhancem

ents
w

ere
m

ade
to

the

standard
double

can
sedim

entfrap
in

an
effortto

im
prove

the
reduction

ofturbidity.
The

results
obtained

w
hen

testing
the

enhanced
double

can
sedim

enttrap
w

ith
road

sand
ata

flow
o

f475
L/m

in
and

a
sedim

entfeed
rate

o
f6.8

lcg/m
in

are
sum

m
arized

in
Table

4.14.

This
com

bination
o

fflow
and

sedim
entfeed

rate
resulted

in
the

highestinfluentturbidity

thatw
as

tested.
These

results
are

com
pared

to
those

obtained
for

the
standard

(no

enhancem
ents)

double
can

sedim
enttrap.

D
uring

the
typicalthirty-m

inute
run

tim
e

for
each

test,
the

average
influent

turbidity
w

as
greaterthan

the
effluentturbidity,

as
seen

in
Table

4.14.
W

hen
com

paring

the
perform

ance
o

fthe
standard

trap
to

the
various

enhancem
ents,the

results
indicated

thatthe
enhanced

traps
w

ere
m

ore
effective

atreducing
turbidity

than
the

standard
traps.

The
highestreduction

in
turbidity

w
as

observed
for

the
can

sedim
enttrap

w
ith

three
cans

arranged
in

series
w

ith
m

ultiple
filter

fabrics.
The

influentturbidity
o

fthis
enhancem

ent

w
as

74
N

T
U

,
and

the
effluentturbidity

w
as

reduced
to

34
N

T
U

,
m

aking
the

change
in

turbidity
40

N
T

U
.

The
m

edia
filter

perform
ed

second
best,having

a
change

in
turbidity

o
f36

N
T

U
.

The
nextbestperform

ing
enhancem

entw
as

the
double

can
sedim

enttrap

w
ith

no
filter

fabrics,
w

hich
w

as
sim

ilar
in

turbidity
reduction

to
the

three
cans

in
series

w
ith

no
filter

fabrics.
The

change
in

turbidity
for

both
enhancem

ents
was

18
N

TU
.

For

the
various

enhancem
ents

thatw
ere

tested,the
leasteffective

enhancem
entw

as
the

plate

settler
w

ith
a

reduction
o

fonly
5

N
T

U
.

The
high

costo
fconstruction

coupled
w

ith
its

lack
o

feffectiveness
due

to
the

turbulentm
ixing

environm
entw

ithin
the

sedim
enttrap

m
ade

the
plate

settler
uneconom

ical
and

less
desirable

for
use.
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Table
4.14

R
eduction

o
ftu

rb
id

ity
w

ithin
the

enhanced
double

can
sedim

ent
trap

for
tests

w
ith

road
sand

at
a

flow
of475

L
/m

in
and

a
sedim

entfeed
rate

of6.8
kg/m

m

E
lapsed

A
verage

T
u

rb
id

ity
(N

T
U

)
fo

r
F

low
and

S
edim

entFeed
R

ate
S

am
ple

R
un

2
C

a
n

/
2

C
a

n
/

2
C

a
n

/
2C

an/
3

C
a

n
/

2
C

a
n

/
Location

T
im

e
Standard

3
C

an
I

M
edia

S
ingle

M
ultiple

M
ultiple

Plate
(m

iii)
Trap

N
o

Filter
F

ilter
Fabric

Fabrics
Fabrics

S
ettler

‘~
1

28
42

91
28

19
33

16
~

17
24

45
84

31
18

30
17

~
32

40
52

89
44

24
34

31
~

A
verage:

31
46

88
34

20
32

21
11

78
77

132
60

41
68

56

16
79

77
132

61
49

72
57

~
21

82
75

130
67

57
80

60

~
26

86
83

143
70

44
76

69
31

90
85

138
72

46
76

72

A
verage:

83
79

135
66

47
74

63

10
81

58
107

42
20

34
50

15
77

61
99

49
25

27
53

~
20

78
61

98
57

29
34

60
~

25
81

63
99

63
32

36
61

30
91

63
93

64
39

40
68

A
verage:

81
61

99
55

29
~

,
34

58
A

T
u

rb
id

ity
2

18
36

11
18

40
5

The
results

obtained
w

hen
testing

the
enhanced

double
can

sedim
enttrap

w
ith

a

flow
of475

L/m
in

and
a

sedim
entm

ixture
w

ith
a

feed
rate

o
f4.0

lcg/m
in

are
sum

m
arized

in
Table

4.15.
The

m
ixture

w
as

ofone
part

decom
posed

granite
and

three
parts

road
sand

m
ixture,

w
hich

is
expected

to
be

m
ore

realistic
in

its
representation

as
runoffconstituents

during
w

inter
m

onths.

D
uring

the
typicalthirty-m

inute
run

tim
e

for
each

test,the
average

influent

turbidity
w

as
greaterthan

the
effluentturbidity,

as
seen

in
Table

4.15.
The

results

indicated
thatthe

enhancem
ents

w
ere

effective
atreducing

turbidity.
The

highest
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reduction
w

as
observed

w
ith

the
can

sedim
enttrap

w
ith

three
cans

arranged
in

series
w

ith

m
ultiple

filter
fabrics.

The
influentturbidity

o
fthis

enhancem
entw

as
94

N
T

U
,

and
the

effluentturbidity
w

as
reduced

to
51

N
T

U
,

m
aking

the
change

in
turbidity

43
N

TU
.

The

second
highestreduction

in
turbidity

w
as

observed
for

the
m

edia
filter,

w
ith

a
change

in

turbidity
o

f35
N

T
U

.
The

nextbestperform
ing

enhancem
entw

as
the

double
can

sedim
enttrap

w
ith

m
ultiple

filter
fabrics,

having
a

change
in

turbidity
o

f20
N

T
U

.

T
able

4.15
T

u
rb

id
ity

rem
ovalefficiency

w
ith

elapsed
ru

n
tim

e
fo

r
the

enhanced
double

can
sedim

enttrap
(475

L/m
in,

4.0
kg/m

m
decom

posed
granite

and
road

sand
sedim

entm
ixture)

E
lapsed

A
verage

T
u

rb
id

ity
(N

T
U

)
fo

r
F

low
and

S
edim

ent
Feed

R
ate

S
am

ple
R

un
-

2
C

an!’
2

C
aft!

3
C

an!
Location

T
im

e
3

C
an

/N
o

2
C

an!
S

ingle
M

ultiple
M

ultiple
(m

m
)

F
ilter

M
edia

F
ilter

Fabric
Fabrics

Fabrics

‘~
1

61
17

118
36

37
~

17
65

23
140

37
35

.
32

72
30

166
48

41

~
A

verage:
66

23
141

40
38

11
131

73
182

68
95

16
133

85
208

73
102

~
21

94
74

216
74

86

~
26

123
74

214
77

96

31
116

80
238

85
92

•
A

verage:
119

77
212

75
94

10
100

47
171

41
44

15
99

42
176

46
50

~
20

98
42

194
52

48

~
25

96
39

216
63

55

~
30

106
42

218
72

56

A
verage:

100
42

195
55

51
A

T
u

rb
id

ity
19

35
17

20
43
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Forthe
various

enhancem
ents

thatw
ere

tested,the
leasteffective

enhancem
entw

as
the

single
filter

fabric
w

ith
a

reduction
o

fonly
17

N
T

U
.

4.3.4
R

em
ovalo

fT
u

rb
id

ity
w

ith
in

the
E

nhanced
D

rop
Inlet

S
edim

entT
ra

p

A
s

described
in

C
hapter

3,
Section

7,
various

enhancem
ents

w
ere

m
ade

to
the

standard
drop

inlet
sedim

enttrap
in

an
effortto

im
prove

the
reduction

o
fturbidity.

The

results
obtained

w
hen

testing
the

enhanced
drop

inlet
sedim

enttrap
w

ith
road

sand
ata

flow
of475

L/m
in

and
a

sedim
entfeed

rate
o

f6.8
kg/m

m
are

sum
m

arized
in

Table
4.16.

This
com

bination
o

fflow
and

sedim
entfeed

rate
resulted

in
the

highest
influentturbidity

thatw
as

tested.
These

results
are

com
pared

to
those

obtained
forthe

standard
(no

enhancem
ents)

drop
inlet

sedim
enttrap.

D
uring

the
typicalthirty-m

inute
run

tim
e

for
each

test,the
average

influent

turbidity
w

as
greaterthan

the
effluentturbidity,

as
seen

in
Table

4.16.
W

hen
com

paring

the
perform

ance
o

fthe
standard

trap
to

the
various

enhancem
ents,

the
results

indicated

thatthe
enhancem

ents
w

ere
m

ore
effective

atreducing
turbidity

than
the

standard
traps.

The
highestreduction

in
turbidity

w
as

observed
w

ith
the

addition
of’the

m
edia

filter.
The

influentturbidity
o

fthis
enhancem

entw
as

140
N

T
U

,
and

the
effluentturbidity

w
as

reduced
to

113
N

T
U

,
m

aking
the

change
in

turbidity
27

N
TU

.
The

tw
o

drop
inlets

w
ith

m
ultiple

filter
fabrics

perform
ed

second
best,having

a
change

in
turbidity

b
f

16
N

TU
.

For
the

various
enhancem

ents
thatw

ere
tested,the

leasteffective
enhancem

entw
as

the

plate
settler

w
ith

a
reduction

o
fonly

1
N

T
U

.
The

high
costofconstruction

coupled
w

ith

its
lack

o
feffectiveness

due
to

the
turbulentm

ixing
environm

entw
ithin

the
sedim

enttrap

m
ade

the
plate

settler
uneconom

icaland
less

desirable
for

use.
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The
results

obtained
w

hen
testing

the
enhanced

double
can

sedim
enttrap

w
ith

a

flow
o

f475
L/niin

and
a

sedim
entm

ixture
w

ith
a

feed
rate

o
f4.0

lcg/m
in

are
sum

m
arized

in
Table

4.17.
The

m
ixture

w
as

o
fone

part
decom

posed
granite

and
three

parts
road

sand

m
ixture,w

hich
is

expected
to

be
m

ore
realistic

in
its

representation
as

runoffconstituents

during
w

inter
m

onths.

Table
4.16

T
u

rb
id

ity
rem

ovalefficiency
w

ith
elapsed

run
tim

e
fo

r
the

enhanced
drop

inlet
sedim

enttrap
(475

L
/m

in
,

6.8
kg/m

m
road

sand)

E
lapsed

A
verage

T
u

rb
id

ity
(N

T
U

)
for

F
low

and
S

edim
entFeed

R
ate

S
am

ple
R

un
lD

I/
1

D
I!

1
D

I/
1

D
I!

2
D

1
/

1
D

I/
Location

T
im

e
Standard

2
D

I/
M

edia
S

ingle
M

ultiple
M

ultiple
Plate

(m
m

)
Trap

N
o

F
ilter

F
ilter

F
abrc

Fabrics
Fabrics

Settler

~
1

13
53

103
49

46
34

29
~

17
16

40
102

49
33

27
30

~
32

24
51

106
52

38
36

39
~

A
verage:

17
48

104
50

39
33

33

11
47

93
148

75
56

65
78

16
42

68
126

68
56

63
69

~
21

46
71

145
67

62
62

74

~
26

51
73

141
66

64
66

72

31
50

79
140

72
66

63
73

A
verage:

47
77

140
69

61
64

73

10
35

74
116

54
38

45
71

15
41

71
109

63
40

43
71

~
20

44
61

113
60

46
47

73

~
25

48
62

114
61

49
52

74

30
52

61
113

61
63

53
71

A
verage:

44
66

113
60

47
48

72
A

lu
rb

id
ity

3
11

27
.

.9
14

16
1
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D
uring

the
typicalthirty-m

inute
run

tim
e

for
each

test,
the

average
influent

turbidity
w

as
greaterthan

the
effluentturbidity,

as
seen

in
Table

4.17.
The

results

indicated
thatthe

enhancem
ents

w
ere

effective
atreducing

turbidity.
The

highest

reduction
w

as
observed

w
ith

the
addition

o
fthe

m
edia

filter.
The

influentturbidity
o

f

this
enhancem

entw
as

87
N

T
U

,
and

the
effluentturbidity

w
as

reduced
to

59
N

T
U

,

m
aking

the
change

in
turbidity

28
N

TU
.

The
second

highestreduction
in

turbidity
w

as

observed
for

the
can

sedim
enttrap

w
ith

three
cans

arranged
in

series
w

ith
m

ultiple
filter

Table
4.17

T
u

rb
id

ity
rem

ovalefficiency
w

ith
elapsed

run
tim

e
fo

r
the

enhanced
drop

inlet
sedim

ent
tra

p
(475

L/m
in,

4.0
kg/m

m
decom

posed
granite

and
road

sand
sedim

ent
m

ixture)

E
lapsed

A
verage

T
u

rb
id

ity
(N

T
U

)
fo

r
F

low
and

S
edim

entFeed
R

ate
S

am
ple

R
un

I
D

I!
2

D
1

/
Location

T
im

e
2

D
IIN

o
1

D
I/M

edia
1

D
I/S

ingle
M

ultiple
M

ultiple
(m

m
)

Filter
F

ilter
Fabric

Fabrics
Fabrics

~
1

41
44

153
60

33
~

17
34

48
152

43
29

.
~

32
45

52
180

59
37

~
A

verage:
40

48
162

54
33

11
72

81
197

78
70

16
67

79
207

80
73

~
21

65
97

229
93

83

~
26

67
95

246
91

84

31
76

80
252

89
62

•
A

verage:
69

87
226

86
74

10
67

58
198

55
46

15
66

57
187

85
47

~
20

65
61

198
92

55

~
25

67
60

214
83

52

30
69

59
222

88
61

A
verage:

67
59

204
81

52
A

T
u

rb
id

ity
3

28
22

5
22
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fabrics,
w

hich
w

as
sim

ilar
to

the
trap

w
ith

the
single

filter
fabric.

The
change

in
turbidity

for
these

w
as

22
N

TU
.

Forthe
various

enhancem
ents

thatw
ere

tested,the
leasteffective

enhancem
entw

ere
the

m
ultiple

filter
fabrics

w
ith

a
reduction

ofonly
5

N
T

U
.

3.5
P

article
C

ountTrends

A
particle

counter
w

as
used

to
categorize

trends
in

the
sizes

o
fthe

particles
in

the

effluent
from

the
sedim

enttraps.
R

em
oval

efficiencies
w

ere
not

determ
ined

since
a

particle
counter

w
as

notavailable
to

m
onitor

the
influentflow

to
the

sedim
enttraps.

The

particle
countdata

provides
the

num
ber

ofparticles
perm

illilite
r

for
various

ranges
ofbin

sizes
over

an
elapsed

run
tim

e
for

each
test.

The
bin

size
ranges

w
ere

>2-3
m

icrons
(jim

),

>3-5
jim

,
>5-7

jim
,

>7-10
jim

,>10-15
jim

and
greaterthan

15
jim

.
The

num
ber

o
f

particles
in

each
size

range
w

as
recorded.

P
article

m
onitoring

began
after

ten
m

inutes
of

elapsed
run

tim
e

since
thatw

as
the

typicaltithe
required

for
the

sedim
enttraps

to
fillw

ith

w
ater

and
begin

having
an

effluentflow
.

The
particle

countdata
w

ere
collected

for
tests

in
both

the
standard

sedim
enttraps

and
the

enhanced
sedim

enttraps.
Tests

using
road

sand
w

ere
perform

ed
ata

flow
o

f475
L/m

in
and

a
sedim

entfeed
rate

o
f6.8

kg/m
m

.
Tests

using
the

m
ixed

sedim
ent(i.e.,three

parts
road

sand
and

one
partdecom

posed
granite)

w
ere

perform
ed

ata
flow

o
f475

L/m
in

and
a

sedim
entfeed

rate
o

f4.0
kg/m

m
.

4.3.5
P

article
C

ountT
rends

fo
r

the
D

ouble
C

an
S

edim
entT

ra
p

The
average

ofcum
ulative

particle
counts

fortests
on

the
standard

and
enhanced

double
can

sedim
enttraps

are
sum

m
arized

in
Figure

4.5
and

Table
4.18.

The
data

forthe

averages
and

standard
deviations

are
given

for
each

bin
size

over
the

elapsed
run

tim
e

of
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F
igure

4.5
A

verage
ofcum

ulative
particle

counts
fo

r
the

double
can

sedim
enttrap

(475
L/m

in,
6.8

kg/m
m

road
sand)
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Table
4.18

A
verage

ofcum
ulative

particle
counts

for
the

double
can

sedim
ent

trap
(475

L
fm

in
,

6.8
kg/m

m
road

sand)Average
ofC

um
m

ulative
P

article
C

ounts
(1000

counts/m
L)

per
B

in
Size

TestC
onditions

>2
-

3pm
>3

-5pm
>

5
-

7pm
>7

-
10pm

>10
-

]S
pm

>15
pm

2C
an/N

o
Enhancem

ents
60

228
132

394
721

1,244
S

td,D
ev.

15
53

30
88

150
219

2
Can

ISingle
Filter

Fabric
119

407
224

607
795

606
S

td.D
ev.

40
114

56
110

45
347

2
Can

IM
ultiple

Fabrics
125

436
248

693
835

448
S

td,D
ev,

41
127

68
156

68
221

3
C

an!N
o

F
ilter

65
254

150
466

859
1,000

StcL
D

cv.
3

10
7

24
47

95
3

C
an!M

ultiple
Fabrics

132
446

247
652

734
560

Std.D
cv.

42
102

40
42

209
230

2
Can

/M
edia

Filter
71

260
151

448
795

1,083
Std.D

cv.
11

40
23

69
84

274
2

C
an!P

late
Settler

83
299

170
490

792
939

Std.D
cv.

16
49

26
64

58
90

The
greatestvariation

o
fcum

ulative

size
for

particles
>15

jim
,

as
seen

in
Figure

4.5.
The

m
ain

flinction
o

fthe
traps

and

enhancem
ents

w
as

for
discrete

particle
settling.

W
hen

referring
to

Table
2.1,particles

near
15

p.m
in

size
are

classified
as

fine
silts.

Therefore,particles
sm

aller
than

15
p.m

w
ould

notbe
expected

to
settle

readily
in

the
sedim

enttraps.
A

s
a

result,
the

bin
size

for

particles
>15

p.m
is

the
m

ain
focus

ofthe
particle

countdata.
It

is
noted

thatparticles
in

the
sm

allestfive
bin

sizes
include

finer
silts

and
clays

w
hich

undoubtedly
have

very

significantim
pacts

on
w

ater
quality.

Therefore,further
research

needs
to

be
done

to

enhance
the

rem
ovalo

fthe
sm

aller
particle

sizes.

10
to

30
m

inutes.
particle

counts
occurred

in
the

bin
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In
Table

4.1
8,the

tests
in

the
standard

double
can

sedim
enttrap

w
ith

no

enhancem
ents

had
the

highestcum
ulative

num
ber

o
fparticles

>15
im

atapproxim
ately

1,244,000
counts/m

L.
The

nexthighestcum
ulative

particle
counto

fapproxim
ately

1,083,000
counts/m

L
w

as
in

the
effluentfrom

the
m

edia
filter.

The
low

estparticle

counts
in

the
larger

than
15

p.m
range

w
as

the
m

ultiple
filter

fabrics
atabout448,000

counts/m
L.

Thus,
the

num
ber

ofparticles
larger

than
15

p.m
w

as
reduced

by
m

ore
than

60%
w

hen
m

ultiple
filter

fabrics
w

ere
used.

S
im

ilar
reductions

w
ere

observed
w

hen

looking
atthe

TSS
data.

In
Figure

4.6,the
average

o
fcum

ulative
particle

counts
in

the
>15

p.m
bin

size
for

the
typicaltests

in
the

double
can

sedim
enttrap

using
road

sand
and

the
m

ixed
sedim

ent

are
com

pared.
The

results
indicate

thatthe
cum

ulative
particle

counts
in

the
standard

double
can

sedim
enttrap

w
ere

over
1.2

m
illion

counts/m
L

for
tests

using
road

sand
and

over
1.4

m
illion

counts/m
L

for
tests

using
the

m
ixed

sedim
ent.

The
decom

posed
granite

m
arkedly

increased
the

num
ber

ofparticles.
This

suggests
thatcontrolling

the
source

of

decom
posed

granite
through

w
atershed

protection
and

erosion
controlm

easures
is

im
portant.

The
sedim

enttraps
using

m
ultiple

filter
fabrics

perform
ed

bestfor
both

the

road
sand

and
the

sedim
entm

ixture,
having

betw
een

425,000
and

600,000
counts/m

L,

respectively.
The

m
edia

filter
w

as
m

ore
effective

atrem
oving

the
m

ixed
sedim

ent

particles
than

the
road

sand
particles.

This
w

as
potentially

due
to

the
greaternum

ber
o

f

particles
in

the
effluentcausing

a
cake

to
form

on
top

o
fthe

filter
m

edia,resulting
in

an

im
proved

particle
rem

ovalby
straining.

Fortests
using

a
single

layer
offilter

fabric,
the

results
indicated

thatthe
road

sand
w

as
m

uch
m

ore
effectively

rem
oved
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1600000

1400000

1200000

1000000

800000

600000

400000

E
2000000

>
l5

jim
(R

S
)

>
l5

jim
(M

S
)

S
edim

entType

F
igure

4.6
C

om
parison

ofaverage
cum

ulative
particle

counts
>15

jim
fo

r
typical

tests
using

road
sand

and
m

ixed
sedim

entin
the

double
can

sedim
ent

trap
(475

L/m
in,

6.8
kg/m

m
road

sand
(R

S
)

and
475

L/m
in,

4.0
kg/m

m
m

ixed
sedim

ent
(M

S
))

than
the

sedim
entm

ixture.
The

particles
m

ay
potentially

be
clogging

the
filter

fabric
ata

higher
rate,

causing
the

reduced
perform

ance.

Increm
entaltrends

in
particle

counts
>15

jim
overthe

elapsed
run

tim
e

from
ten

m
inutes

to
thirty

m
inutes

are
com

pared
in

Figure
4.7.

O
verall,

the
results

indicated
that

the
filter

fabrics
effectively

rem
oved

road
sand

particles
>1

5
jim

throughoutthe
duration

o
fthe

elapsed
run

tim
e.

The
standard

double
can

sedim
enttrap

w
ith

no
enhancem

ents

consistently
had

the
highestparticle

countatabout8,000
counts/m

L.
A

fter
about

15

m
inutes

o
felapsed

run
tim

e,
the

triple
can

w
ith

m
ultiple

filter
fabrics

rem
oved

the

greatestnum
ber

o
fparticles.

Its
particle

countstarted
outhigh,

but
dropped

greatly
over

the
firstfifteen

m
inutes

o
fthe

testas
the

filter
fabric

ripened.
A

sim
ilar

trend
w

as

observed
for

the
m

edia
filter.

R
ipening

w
as

expected
for

allo
fthe

filter
fabrics

butwas

notobserved
prom

inently
in

every
case,m

eaning
thateither

ripening
did

not
occur

or

2
C

an
/N

o
Enhancem

ents

~
2

C
an

/Single
FilterFabric

~
2

C
an!M

ultiple
Fabrics

~
3

C
an/N

o
Filter

~
3

C
an

/M
ultiple

Fabrics
~

2
C

an
/M

edia
Filter
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occurred
before

ten
m

inutes
ofelapsed

run
tim

e
or

ata
sm

aller
scale.

S
pike

increases
in•

particles
w

ere
observed

in
the

data
and

m
ay

be
attributed

to
periodic

flushing
ofparticles

trapped
in

the
filter

fabrics
orto

flushing
o

fsettled
particles

w
ithin

the
traps.

Flushing
of

particles
from

the
filter

fabrics
m

ay
have

been
the

result
ofa

high
head

gradientacross

tw
o

sides
o

fthe
filter

fabrics,
w

hich
increase

as
a

layer
o

ffabric
becam

e
clogged

over

tune.

O
verall,the

filter
fabrics

achieved
higher

particle
rem

ovals
than

any
o

fthe
other

enhancem
ents

and
increasing

the
num

ber
o

ffilter
fabrics

further
im

proved
particle

rem
ovalin

general.
The

m
ultiple

filter
fabrics

in
the

double
can

sedim
enttrap

consistently
had

particle
counts

iiithe
range

o
f2,000

to
3,000

counts/m
L

w
hich

was
the

second
low

estparticle
counts

during
the

run
tim

e.
The

single
filter

fabric
had

the
third

sm
allesttrend

overthe
elapsed

run
tim

e.
A

fter
particle

brealcthrough,the
m

edia
filter

perform
ed

sim
ilarly

to
the

plate
settler

and
the

3
can

w
ith

no
filter

fabrics;
each

ofthese

w
as

in
the

range
o

f6,000
to

7,000
counts/m

L.

Increm
entaltrends

in
particle

counts
>15

j.tm
overthe

elapsed
run

tim
e

from
ten

m
inutes

to
thirty

m
inutes

are
com

pared
in

Figure
4.8

for
the

sedim
entm

ixture.
The

single
filter

fabric
consistently

had
the

highestparticle
countatabout

8,000
to

9,000

counts/m
L.

U
ntilabout20

m
inutes

o
felapsed

run
tim

e,
the

m
ultiple

filter
fabrics

rem
oved

the
greatestnum

ber
o

fparticles.
The

m
ultiple

filter
fabrics

and
the

m
edia

filter

w
ere

sim
ilar

thereafter.
The

increase
in

the
m

edia
filter

perform
ance

w
as

expected
due

to

ripening.
A

ll
o

fthe
fabrics

w
ere

expected
to

ripen,
yetthis

w
as

not
observed

prom
inently

in
every

case,m
eaning

thateither
ripening

did
not

occur
or

occurred
before

ten
m

inutes

ofelapsed
run

tim
e

or
ata

sm
aller

scale.
S

pike
increases

in
particles

occurred
in

the
data



o —.

et

I 9000

8000

rtP 2~ 7000

u.n
a 6000
‘S
—~ 5000

c~v t

~ 4000
~

~ C

z~ ~3000
~ S

C
~ Z 2000
(4, —

CC
1000

0
Ct 10 15
C
C.

Elapsed Run Time (mm)
Ct
Ct
0.~

—.-— 2 Can I No Enhancements

—a—3 Can/No Filter

—*— 2 Can! Single Filter Fabric

—~-— 2 Can! Multiple Fabrics

3 Can / Multiple Fabrics

—e-— 2 Can! Media Filter

---i——2 Can/Plate Settler

20 25 30

‘0
Go



ctct
ft

10000U
9000

-~ 8000

~ 7000
(lift Q

~ 6000
~ C?

F ~- ~ 3000
c~v c~

4000
C

=—, .~ 3000
~ S

2000z
C..-.

1000

0C..

10
C.
ft

Elapsed Run Time (miii)

ft
ft
C.

—a—-- 3 Can I No Filter

—a-— 2 Can / Single Filter Fabric

2 Can / Multiple Fabrics

3 Can / Multiple Fabrics

—~—2 Can/Media Filter

15 20 25 30

so
so



100

and
m

ay
be

attributed
to

periodic
flushing

o
fparticles

trapped
in

the
filter

fabrics
orto

flushing
o

fsettled
particles

w
ithin

the
traps.

Flushing
o

fparticles
from

the
filter

fabrics

m
ay

have
been

the
result

o
fa

high
head

gradientacross
both

sides
o

fthe
filter

fabrics,

w
hich

increased
as

a
layer

o
ffabric

becam
e

clogged
over

tim
e.

O
verall,

the
filter

fabrics
achieved

high
particle

rem
ovals

and
increasing

the

num
ber

o
ffilter

fabrics
generally

further
im

proved
particle

rem
oval.

The
m

edia
filter

perform
ed

w
ellw

hen
tested

w
ith

the
sedim

entm
ixture,

w
hich

w
as

potentially
due

to
the

caking
o

fthe
sedim

ent.

4.3.6
P

article
C

ountT
rends

for
the

D
rop

In
le

t
S

edim
entT

rap

The
average

o
fcum

ulative
particle

counts
for

tests
on

the
standard

and
enhanced

drop
inletsedim

enttraps
are

sum
m

arized
in

Figure
4.9

and
Table

4.19.
The

data
for

the

averages
and

standard
deviations

are
given

for
each

bin
size

over
the

elapsed
run

tim
e

of

10
to

30
m

inutes.
The

greatestvariation
ofcum

ulative
particle

counts
occurred

in
the

bin

size
for

particles
>15

~tm
,as

seen
in

Figure
4.9.

The
m

ain
function

ofthe
traps

and

enhancem
ents

w
as

for
discrete

particle
settling.

W
hen

referring
to

Table
2.1,particles

at

around
15

p.m
are

classified
as

fine
silts.

Therefore,particles
sm

aller
than

15
p.m

w
ould

notbe
expected

to
settle

readily
in

the
sedim

enttraps.
A

s
a

result,
the

bin
size

for

particles
>15

p.m
is

the
m

ain
focus

o
fthe

partide
countdata.

It
is

noted
thatparticles

in

the
sm

allestfive
bin

sizes
include

fm
er

silts
and

clays
w

hich
undoubtedly

have
very

significant
im

pacts
on

w
ater

quality.
Therefore,

further
research

needs
to

be
done

to

enhance
the

rem
ovalo

fthe
sm

aller
particle

sizes.
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In
Table

4.19,the
tests

in
the

standard
double

can
sedim

enttrap
w

ith
no

enhancem
ents

had
the

highestcum
ulative

num
ber

ofparticles
>15

jim
atapproxim

ately

1,426,000
counts/m

L.
The

nexthighestcum
ulative

particle
counto

fapproxim
ately

1,304,000
counts/m

L
w

as
in

the
effluentfrom

the
m

edia
filter.

The
low

estparticle

counts
in

the
larger

than
15

jaM
range

w
as

the
m

ultiple
filter

fabrics
and

the
traps

in
series

w
ith

m
ultiple

fabrics
atabout508,000

counts/m
L.

Thus,the
num

ber
o

fparticles
larger

than
15

jam
w

as
reduced

by
m

ore
than

60%
w

hen
m

ultiple
filter

fabrics
w

ere
used.

S
im

ilar
reductions

w
ere

observed
w

hen
looking

atthe
TSS

data.

In
Figure

4.10,the
average

o
fcum

ulative
particle

counts
in

the
>15

jam
bin

size

for
the

typicaltests
in

the
drop

inlet
sedim

enttrap
using

road
sand

and
the

m
ixed

sedim
entare

com
pared.

The
results

indicate
thatthe

cum
ulative

particle
counts

in
the

standard
drop

inlet
sedim

enttrap
w

ere
over

1.4
m

illion
counts/m

L
for

tests
using

road

sand
and

over
1.6

m
illion

counts/m
L

for
tests

using
the

m
ixed

sedim
ent.

The

decom
posed

granite
significantly

increased
the

num
ber

ofparticles.
This

suggests
that

controlling
th~

source
o

fdecom
posed

granite
through

w
atershed

protection
and

erosion

controlm
easures

is
im

portant.
The

sedim
enttraps

using
m

ultiple
filte

r
fabrics

perform
ed

bestfor
both

the
road

sand
and

the
sedim

entm
ixture,

having
betw

een
400,000

and

600,000
counts/m

L,
respectively.

The
m

edia
filter

w
as

m
ore

effective
atrem

oving
the

m
ixed

sedim
entparticles

than
the

road
sand

particles.
This

w
as

potentially
due

to
the

greater
num

ber
o

fparticles
in

the
effluentcausing

a
cake

to
form

on
top

o
fthe

filter

m
edia,resulting

in
an

im
proved

particle
rem

ovalby
straining.

For
tests

using
a

single

layer
o

ffilter
fabric,the

results
indicated

thatthe
road

sand
w

as
m

uch
m

ore
effectively

rem
oved

than
the

sedim
entm

ixture.
The

m
ixed

sedim
entparticles

m
ay

potentially
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4.9
A

verage
o

fcum
ulative

particle
counts

for
the

drop
inlet

sedim
enttrap

(475
L

/m
in

,
6.8

kg/m
m

road
sand)
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Average
o

fC
um

m
ulative

P
article

C
ounts

(1000
counts/m

b)
per

Bin
Size

TestC
onditions

>
2

-3
pin

>
3

-5
pm

>
5

-
7pm

>
7

-1
0

pm
>10

-
]S

p
m

>15~im
1

111/N
o

Enhancem
ents

119
420

239
684

999
1,426

S
td.D

ev.
30

100
57

163
158

214
1

D
l/Single

F
ilter

Fabric
147

509
283

768
958

584
Std.

D
cv.

35
111

57
123

16
210

1
D

I/M
ultiple

Fabrics
136

484
280

805
1,053

495
Std.

D
cv.

43
148

85
222

159
147

21111
N

o
F

ilter
181

566
316

881
1,023

585
Std.

D
cv.

9
49

29
82

101
10

2
D

I/M
ultiple

Fabrics
163

512
285

794
1,012

508
Std.

D
cv,

7
57

37
127

246
117

I
D

I/M
edia

F
ilter

75
281

165
496

936
1,304

Std.
D

cv.
$

31
19

59
110

111

1
D

I/P
late

S
ettler

101
365

209
607

1,003
967

SEctD
cv.

5
14

7
23

71
163

be
clogging

the
filter

fabric
ata

quickerrate,

Increm
entaltrends

in

m
inutes

to
thirty

m
inutes

are

causing
the

reduced
perform

ance.

the
filter

fabrics
effectively

rem
oved

road
sand

particles
>15

jim
throughoutthe

duration

ofthe
elapsed

run
tim

e.
The

standard
drop

inlet
sedim

enttrap
w

ith
no

enhancem
ents

consistently
had

the
highestparticle

countatabout
8,000

to
10,000

counts/m
L.

A
fter

about
15

m
inutes

o
felapsed

run
tim

e,the
double

drop
inletw

ith
m

ultiple
filter

fabrics

rem
oved

the
greatestnum

ber
o

fparticles.
Its

particle
countstarted

outhigh,
butdropped

greatly
overthe

firstfifteen
m

inutes
o

fthe
test

as
the

filter
ripened.

A
sim

ilar
trend

T
able

4.19
A

verage
ofcum

ulative
p

a
rticle

counts
for

the
drop

in
le

t
sedim

enttrap
(475

b
/m

m
,

6.8
kg/m

m
road

sand)

particle
counts

>15
jim

over
the

elapsed
run

tim
e

from
ten

com
pared

in
Figure

4.11.
O

verall,the
results

indicated
that



104

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

2000000

>
l5

R
m

(R
S

)
>

l5
p

rn
(M

S
)

S
edim

entType

F
igure

4.10
C

om
parison

o
faverage

cum
ulative

particle
counts

>15
gm

for
typical

tests
using

road
sand

and
m

ixed
sedim

entin
the

drop
in

le
t

sedim
enttrap

(475
L

/m
in

,
6.8

kg/m
m

road
sand

(R
S

)
and

475
L/m

in,
4.0

kg/m
m

m
ixed

sedim
ent(M

S
))

w
as

observed
for

the
m

edia
filter.

R
ipening

w
as

expected
for

allo
fthe

filter
fabrics

but

w
as

notobserved
prom

inently
in

every
case,m

eaning
thateither

ripening
did

notoccur
or

occurred
before

ten
m

inutes
o

felapsed
run

tim
e

or
ata

sm
aller

scale.
Spikes

w
hich

occurred
in

the
data

and
m

aybe
attributed

to
periodic

flushing
o

fparticles
trapped

in
the

filter
fabrics

orto
flushing

o
fsettled

particles
w

ithin
the

traps.
Flushing

ofparticles
from

the
filter

fabrics
m

ay
have

been
the

resulto
fa

high
head

gradient
across

tw
o

sides
o

fthe

filter
fabrics,w

hich
increases

as
a

layer
o

ffabric
becom

es
clogged

overtim
e.

O
verall,the

filter
fabrics

achieved
equalto

orhigher
particle

rem
ovals

than
any

of

the
other

enhancem
ents

and
increasing

the
num

ber
o

ffilter
fabrics

ftirther
im

proved

particle
rem

ovalin
general.

The
m

ultiple
filter

fabrics
in

the
single

drop
inletsedim

ent

trap
consistently

had
particle

counts
in

the
range

o
f2,000

to
4,000

counts/m
L.

A
fter

ripening,
the

m
edia

filter
perform

ed
in

a
range

of7,000
to

8,000
counts/m

L.

1
D

I/N
o

Enhancem
ents

U]]I
D

l/Single
Filter

Fabric

9
1

D
I/M

ultiple
FilterFabrics

~
2

D
I/N

o
Filter

~
2

D
I!

M
ultiple

Fabrics

~
1

D
I!

M
edia

Filter
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Increm
entaltrends

in
particle

counts
>15

im
over

the
elapsed

run
tim

e
from

ten

m
inutes

to
thirty

m
inutes

are
com

pared
in

Figure
4.12

for
the

sedim
entm

ixture.
The

single
filter

fabric
consistently

had
the

highestparticle
countatabout9,000

to
above

10,000
counts/m

L.
The

m
ultiple

filter
fabrics

in
the

traps
in

series
perform

ed

consistently
the

bestover
the

thirty
m

inutes
o

felapsed
run

tim
e.

The
m

edia
filter

exhibited
a

consistentdecrease
in

particle
counts

overtim
e

as
itripened.

A
llo

fthe

fabrics
w

ere
also

expected
to

ripen,yetthis
w

as
not

observed
noticeable

in
every

case,

m
eaning

thateitherripening
did

not
occur

or
occurred

before
ten

m
inutes

o
felapsed

run

tim
e

or
ata

sm
aller

scale.
Spikes

w
hich

occurred
in

the
data

and
m

ay
be

attributed
to

periodic
flushing

o
fparticles

trapped
in

the
filter

fabrics
or

to
flushing

o
fsettled

particles

w
ithin

the
traps.

Flushing
o

fparticles
from

the
filter

fabrics
m

ay
have

been
the

resulto
fa

high
head

gradientacross
tw

o
sides

o
fthe

filter
fabrics,

w
hich

increases
as

a
layer

o
f

fabric
becom

es
clogged

overtim
e.

O
verall,the

filter
fabrics

achieved
high

particle
rem

ovals
and

increasing
the

num
ber

o
ffilter

fabrics
further

im
proved

particle
rem

ovalin
general.

The
m

edia
filter

perform
ed

w
ellw

hen
tested

w
ith

the
sedim

entm
ixture,

w
hich

w
as

potentially
due

to
the

caking
o

fthe
sedim

ent.
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4.4
A

dditionalTesting

A
s

described
in

C
hapter

3,
S

ection
7,various

enhancem
ents

w
ere

m
ade

to
both

the
standard

double
can

and
the

standard
drop

inletsedim
enttraps

in
an

effortto
im

prove

the
rem

ovalo
fparticles.

A
dditionaltesting

w
as

com
pleted

to
evaluate

the
perform

ance

o
fthe

filter
fabric

enhancem
ents

under
conditions

ofextended
use.

The
sedim

enttraps

w
ere

also
tested

w
hen

filled
w

ith
sedim

entto
evaluate

how
poor

m
aintenance

practices

m
ightinfluence

particle
rem

oval.
The

perform
ance

o
fthe

filter
m

edia
colum

ns
w

as
also

com
pared

to
the

perform
ance

o
fthe

large-scale
filter

box.

4.4.1
R

em
ovalofT

otalS
uspended

S
olids

and
T

u
rb

id
ity

w
ith

in
the

S
edim

entTraps

w
ith

E
xtended

F
ilte

r
F

abric
U

se

Tests
using

a
single

layer
o

ffilter
fabric

w
ere

repeated
three

tim
es

in
a

row
using

the
sam

e
piece

o
ffilter

fabric
w

ithout
cleaning

betw
een

tests.
The

perform
ance

of

clogged
filter

fabrics
overtim

e
could

provide
valuable

inform
ation

aboutthe
particle

rem
ovalefficiency

and
the

projected
life

expectancy
o

fthe
filter

fabrics.
Though

the

fabrics
did

not
alw

ays
have

sufficienttim
e

to
dry

com
pletely,

the
w

ater
w

as
allow

ed
to

com
pletely

drain
from

the
trap

before
the

follow
ing

testin
order

to
sim

ulate
infrequent,

isolated
storm

eventactivity.

The
results

obtained
w

hen
testing

the
enhanced

double
can

and
drop

inlet

sedim
enttraps

w
ith

road
sand

ata
flow

of475
L/m

in
and

a
sedim

entfeed
rate

o
f6.8

kg/m
m

are
sum

m
arized

in
Table

4.20.
The

TS
S

percentrem
ovalrepresents

the
average

o
fthe

TSS
rem

ovalfor
a

typicalthirty-m
inute

test,
and

allow
s

the
overallefficiencies

to

be
com

pared.
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The
results

revealed
a

decrease
in

the
efficiency

o
fTSS

rem
ovalfrom

the
initial

use
ofthe

filter
fabrics

to
the

othertrials
for

the
double

can
sedim

enttrap.
The

average

TSS
rem

ovalefficiency
declined

from
47%

±17%
during

the
firsttrialto

30%
±l2%

for

the
second

trialand
w

as
33%

±8%
for

the
third

trial.
S

im
ilar

results
w

ere
obtained

for

tests
perform

ed
in

the
drop

inletsedim
enttrap.

The
average

TSS
rem

ovalefficiency

declined
from

29%
±25%

during
the

firsttrialto
16%

±5%
for

the
second

trialand
w

as

l9%
±10%

for
the

third
trail.

For
both

the
double

can
and

the
drop

inletsedim
enttraps

the
slightincrease

in
efficiency

observed
fo

r
the

third
trialm

ay
be

the
resulto

ffilter

ripening
and

the
gradualaccum

ulation
offiner

particles
on

the
filter

fabrics.

The
variations

in
turbidity

during
a

typicalthifty-m
inute

testare
sum

m
arized

in

Table
4.21.

The
changes

betw
een

the
influentand

effluentturbidities
are

given
atthe

bottom
o

fthe
table.

The
results

indicated
thatthe

filter
fabrics

w
ere

less
effective

at

reducing
turbidity

during
successive

tests.
For

the
tests

in
the

double
can

sedim
enttrap

using
road

sand,the
reduction

in
turbidity

declined
gradually

from
20

N
T

U
during

the

firsttrial,
15

N
T

U
during

the
second

trial,
and

11
N

T
U

during
the

third
trial.

Table
4.20

V
a

ria
tio

n
o

fTS
S

rem
ovalefficiency

w
ith

elapsed
run

tim
e

during
extended

filte
r

fa
b

ric
use

(475
L/m

in,
6.8

kg/m
m

road
sand)

E
lapsed

R
un

T
im

e
(m

m
)

S
td.

Test
C

onditions
11

16
21

26
31

A
vg.

D
cv.

D
ouble

C
an

(T
rial

1)
71%

56%
45%

27%
36%

47%
17%

D
ouble

C
an

~Trial2)
48%

27%
26%

32%
16%

30%
12%

D
ouble

C
an

(T
rial3)

39%
42%

24%
24%

33%
33%

8%
D

rop
InJet(T

rial
1)

73%
17%

23%
19%

11%
29%

25%
D

rop
Inlet

(T
rial2)

19%
9%

13%
15%

23%
16%

5%
D

rop
Inlet

(T
rial3)

27%
24%

27%
14%

4%
19%

10%
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T
able

4.21
V

ariation
oftu

rb
id

ity
w

ith
elapsed

run
tim

e
fo

r
the

sedim
ent

traps
during

continualfilte
r

fabric
utilization

(475
Lfm

in,
6.8

kg/m
m

road
sand)

E
lapsed

A
verage

T
u

rb
id

ity
(NTTJ)

fo
r

F
low

and
S

edim
entFeed

R
ate

S
am

ple
R

un
D

ouble
D

ouble
D

ouble
Location

T
im

e
C

an
Can

C
an

D
rop

Inlet
D

rop
Inlet

D
rop

Inlet
(m

m
)

(T
rial

1)
(T

rial2)
(T

rial3)
(T

rial
1)

(T
rial2)

(T
rial3)

1
1

36
33

36
60

75
64

~
17

37
29

35
43

67
48

i
32

48
40

43
59

80
62

~
A

verage:
40

34
38

54
74

58

11
68

68
69

•78
102

74

16
73

74
72

80
110

89
~

21
74

78
75

93
107

104
~~

26
77

76
68

91
113

89

31
85

84
83

89
113

97

A
verage:

75
76

74
86

109
91

10
4

1
.

46
59

55
95

72

15
46

55
57

85
100

81

~
20

52
62

61
92

102
89

~
25

63
68

66
83

106
91

30
72

73
72

88
108

94

A
verage:

55
61

63
81

102
85

A
T

u
rb

id
ity

j
20

15
11

5
7

6

The
drop

inlet
sedim

enttrap
w

as
less

effective
atreducing

turbidity
than

the

double
can

sedim
enttrap.

The
reduction

in
turbidity

for
tests

on
the

drop
inletw

as

essentially
the

sam
e

for
each

trialrun,
5

N
T

U
for

the
firsttrial,

7
N

T
U

for
the

second

trial,
and

6
N

T
U

for
the

third
trial.

In
general,the

results
for

both
TSS

and
turbidity

dem
onstrated

thatthe

perform
ance

o
fthe

filter
fabrics

decreased
in

efficiency
during

subsequentuses.
A

s
a
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result,it
is

recom
m

ended
thatthe

filter
fabrics

be
routinely

replaced
in

order
to

m
aintain

effective
particle

rem
oval.

4.4.2
C

om
parison

ofP
ropex

4510
and

4516
F

ilte
r

F
abrics

A
dditionaltests

w
ere

conducted
in

order
to

com
pare

the
perform

ances
o

fthe

Propex
4510

and
the

P
ropex

4516
filter

fabrics.
Infonnation

on
the

properties
o

fthe

fabrics
w

as
sum

m
arized

in
Section

3.7.1.
P

ropex
4510

is
thinner

than
P

ropex
4516.

D
ue

to
its

thickness
and

w
eight,

Propex
4516

had
a

higher
costand

w
as

slightly
m

ore
difficult

to
w

ork
w

ith.
The

objective
o

ftesting
the

tw
o

filter
fabrics

in
the

enhanced
double

can

and
drop

inletsedim
enttraps

w
as

to
determ

ine
w

hich
fabric

w
as

m
osteffective

and

econom
icalbased

on
particle

rem
ovalefficiency

and
cost,respectively.

The
tests

w
ere

perform
ed

for
the

sedim
enttraps

arranged
in

series
using

m
ultiple

fabrics.
The

tests
w

ere

conducted
using

the
m

ixed
sedim

ent(one
partdecom

posed
granite

w
ith

three
parts

of

road
sand)

ata
flow

o
f475

L/m
in

and
a

sedim
entfeed

rate
o

f4.0
kg/m

m
.

The
fabrics

have
the

sam
e

apparentopening
size

(A
O

S
)

o
f0.15

m
m

,w
hich

w
ould

theoretically
trap

40%
or

less
o

fthe
particles

based
on

the
sieve

analyses
in

Section
3.5.

The
results

for
the

double
can

sedim
enttrap

sum
m

arized
in

Table
4.22

indicated

thatthe
average

rem
ovalefficiencies

o
fTSS

w
ere

40%
±7%

and
68%

±12%
for

the

P
ropex

4516
and

P
ropex

4510
products,respectively.

The
average

rem
ovalefficiency

of

TSS
for

the
drop

inlet
sedim

enttrap
w

ere
45%

*23
%

and
53%

±13%
for

P
ropex

4516
and

Propex
4510

fabrics,
respectively.
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T
able

4.22
V

ariation
ofTS

S
rem

ovalefficiency
w

ith
elapsed

run
tim

e
for

different
filte

r
fabrics

(475
L/m

in,
6.8

kg/m
m

road
sand)

E
lapsed

R
un

T
im

e
(m

m
)

Std.
Test

C
onditions

11
16

21
26

31
A

vg.
D

ev.
D

ouble
C

an
(P

ropex
4516)

70%
64%

56%
54%

56%
60%

7%
D

ouble
C

an
(P

ropex
4510)

79%
80%

68%
56%

55%
68%

12%
D

rop
Inlet

(P
ropex

4516)
61%

56%
56%

47%
5%

45%
23%

D
rop

Inlet
(P

ropex4S
lO

)
64%

65%
48%

53%
33%

53%
13%

The
variations

in
turbidity

during
a

typicalthirty-m
inute

test
are

sum
m

arized
in

Table
4.23.

The
changes

betw
een

the
influentand

effluentturbidities
are

given
atthe

bottom
o

fthe
table.

The
results

indicated
thatthe

filter
fabrics

w
ere

sim
ilar

in

perform
ance

atreducing
turbidity

during
com

parative
testing.

For
the

tests
in

the
double

can
sedim

enttrap
using

road
sand,the

reduction
in

turbidity
for

P
ropex

4516
w

as
37

N
T

U
,

w
hile

the
reduction

in
turbidity

for
P

ropex
4510

w
as

47
N

T
U

.
The

drop
inlet

sedim
enttrap

w
as

less
effective

atreducing
turbidity

than
the

double
can

sedim
enttrap.

The
reduction

in
turbidity

for
tests

on
the

drop
inletw

as
14

N
T

U
for

the
P

ropex
4516

and

26
N

T
U

for
P

ropex
4510.

In
general,the

results
for

both
TSS

and
turbidity

dem
onstrated

thatthe

perform
ance

o
fthe

filter
fabrics

w
ere

sim
ilar

during
testing,w

ith
P

ropex
4510

ata

greaterperform
ance.

Therefore,
it

is
recom

m
ended

thatP
ropex

4510
be

used
since

itis

equally
effective

atparticle
rem

ovalatless
cost.
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Table
4.23

V
ariation

o
ftu

rb
id

ity
w

ith
elapsed

run
tim

e
fo

r
different

filte
r

fabrics
(475

L/m
in,

6.8
kg/m

m
road

sand)

E
lapsed

A
verage

T
u

rb
id

ity
(N

T
U

)
fo

r
F

low
and

S
edim

ent
S

am
ple

R
un

Feed
R

ate
Location

T
im

e
D

ouble
C

an
D

ouble
C

an
D

rop
Inlet

D
rop

Inlet
(m

m
)

Propex
4516

P
ropex

4510
P

ropex
4516

Propex
4510

~
1

53
30

41
29

zzo
17

49
28

35
26

;-b
L

~
32

53
34

40
35

V~
A

verage:
52

31
39

30

11
96

95
69

70

16
107

100
74

72
1

~z~
21

93
82

88
81

:~:
26

111
89

72
90

~
-

31
109

83
69

59
A

verage:
103

90
75

74

10
61

35
57

41

15
65

43
59

41
—z~

20
63

40
54

55
z~

25
70

48
54

51
~

30
73

47
77

53

A
verage:

66
43

60
48

[
A

T
u

rb
id

ity
37

L
47

14
26

4.4.3
R

em
ovalo

fT
otalS

uspended
S

olids
and

T
u

rb
id

ity
w

ith
in

the
S

edim
entT

raps

w
ith

F
u

llT
raps

Tests
on

the
standard

drop
inletand

double
can

sedim
enttraps

w
ere

run
w

ith
the

traps
filled

w
ith

road
sand

sedim
entup

to
the

4
inches

below
the

trap
effluents.

B
oth

cans
in

the
double

can
sedim

enttraps
w

ere
filled.

The
objective

o
fthese

tests
w

as
to

sim
ulate

the
perform

ance
o

fthe
sedim

enttraps
w

hen
they

are
notproperly

m
aintained.
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The
results

obtained
w

hen
testing

the
double

can
and

drop
inlet

sedim
enttraps

w
ith

road
sand

ata
flow

o
f475

L/m
in

and
a

sedim
entfeed

rate
o

f6.8
kg/m

m
are

sum
m

arized
in

Table
4.24.

The
TSS

concentrations
representthe

average
o

fthe
TSS

concentrations
for

a
typicalthirty-m

inute
test,allow

s
the

overallefficiencies
to

be

com
pared.

The
results

indicated
a

decrease
in

efficiency
o

fTSS
rem

ovalin
the

double
can

sedim
enttrap

w
hen

the
trap

w
as

filled.
The

average
TSS

rem
ovalefficiency

w
as

16%
±5%

for
the

em
pty

trap,and
3%

±6%
w

hen
the

trap
w

as
filled.

The
results

indicated

an
increase

in
efficiency

o
fTSS

rem
ovalin

the
drop

inlet
sedim

enttrap
w

hen
the

trap

w
as

filled.
The

average
TSS

rem
ovalefficiency

w
as

22%
±15%

for
the

em
pty

trap,
and

34%
±2%

w
hen

the
trap

w
as

filled
due

to
less

distance
for

particles
to

travelto
settle

on

the
trap

floor.

The
variations

in
turbidity

during
a

typicalthirty-m
inute

testare
sum

m
arized

in

Table
4.25.

The
changes

betw
een

the
iniluent

and
effluentturbidities

are
given

atthe

bottom
o

fthe
table.

The
results

indicated
thatthe

standard
traps

w
ere

sim
ilarin

perform
ance

atreducing
turbidity

to
the

traps
thatw

ere
filled.

For
the

tests
in

the
double

can
sedim

enttrap
using

road
sand,the

reduction
in

turbidity
for

the
fulltrap

w
as

4
N

TU
,

and
w

as
2

N
T

U
for

the
standard

trap.
For

the
tests

in
the

drop
inletsedim

enttrap
using

road
sand,the

reduction
in

turbidity
for

the
fulltrap

w
as

9
N

T
U

,
and

w
as

3
N

T
U

for
the

standard
trap.
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T
able

4.24
TS

S
rem

ovalefficiency
w

ith
elapsed

run
tim

e
in

filled
sedim

enttraps
(475

L/m
in,

6.8
kg/m

m
road

sand)

E
lapsed

R
un

T
im

e
(m

m
)

S
td.

Test
C

onditions
11

16
21

26
31

A
vg.

D
ev.

S
tandardD

oubleC
an

8%
20%

21%
14%

17%
16%

5%
Fified

D
ouble

C
an

2%
-4%

6%
12%

1%
3%

6%
S

tandardD
roplnlet

41%
7%

8%
22%

31%
22%

15%
Filled

D
rop

Inlet
36%

33%
33%

36%
31%

34%
2%

T
able

4.25
T

u
rb

id
ity

quantities
w

ith
elapsed

run
tim

e
fo

r
the

sedim
enttraps

w
hile

fille
d

w
ith

sedim
ent

(475
L/m

in,
6.8

kg/nun
road

sand)

E
lapsed

A
verage

T
u

rb
id

ity
(N

T
U

)
fo

r
F

low
and

S
edim

ent
S

am
ple

R
un

Feed
R

ate
Location

T
im

e
Standard

F
illed

Standard
F

illed
D

rop
(m

m
)

D
ouble

C
an

D
ouble

C
an

D
rop

Inlet
Inlet

~
1

28
95

13
46

!
17

24
99

16
41

!
32

40
115

24
51

~
A

verage:
31

103
17

46

11
78

131
47

71
16

79
133

42
74

~
21

82
137

46
81

~
26

86
141

51
88

31
90

146
50

87
A

verage:
83

138
47

80

10
81

130
35

64
15

77
124

41
66

~
20

78
134

44
70

~
25

81
137

48
76

30
91

142
52

79
A

verage:
81

134
44

71
A

T
u

rb
id

ity
2

4
3

9
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In
general,the

changes
in

turbidity
w

ere
essentially

negligible,
w

hich
indicated

thatalm
ostno

reduction
w

as
achieved.

The
reduction

in
TSS

varied,yetit
is

recom
m

ended
thatthe

traps
be

properly
m

aintained
to

allow
storage

for
settled

sedim
ent.

4.4.4
R

em
ovalofT

u
rb

id
ity

w
ith

M
edia

F
iltra

tio
n

Initialm
edia

filtration
w

as
perform

ed
to

revealifthere
w

as
a

potentialfor

efficientparticle
rem

oval.
A

s
described

in
S

ection
3.7.2,

a
scaled

m
ixedm

edia
filter

was

used
ata

loading
rate

o
f48

L/m
in!m

2.
This

w
as

follow
ed

by
four

filter
colum

ns
attw

o

loading
rates

and
tw

o
filter

m
edia

depths,w
hich

w
as

concluded
w

ith
the

utilization
ofa

full-scale
m

edia
filter

w
ith

a
loading

rate
o

f
159

L/m
inlm

2.
E

ach
filter

setup
w

as
fed

effluentw
aterfrom

the
double

can
sedim

enttrap
effluentduring

the
thirty-m

inute
testof

road
sand

ata
flow

o
f475

L/m
in

and
a

sedim
entfeed

rate
o

f6.8
kg/m

m
.

The
turbidity

o
fthe

influent
and

effluento
feach

w
as

com
pared,

w
hich

is
show

n

in
Table

4.26.
The

baclcground,
influent,

and
effluentturbidity

readings
w

ere
taken

over

totalelapsed
run

tim
e.

The
changes

betw
een

the
influent

and
effluentvalues

ofturbidity

are
given

atthe
bottom

o
fthe

table.
A

nalysis
o

fthe
initialtesting

show
s

a
significant

drop
in

average
turbidity

from
the

influentat40
N

T
U

to
the

filter
effluentat

11
N

T
U

,
a

change
o

f29
N

TU
.

This
w

as
increased

greatly
for

the
colum

n
testing,

w
here

the
change

in
turbidity

w
as

the
greatestfor

the
low

estloading
(80

L/m
inlm

2)
and

the
deepestfilter

m
edia

depth
of

16
inches

(40
cm

)
at

110
N

T
U

.
The

change
in

turbidity
w

as
leastfor

the

highest
loading

(160
L/m

in/rn2)
and

the
shallow

filter
m

edia
depth

o
f8

inches
(20

cm
)

at

98
N

T
U

.
The

filter
colum

ns
perform

ed
extrem

ely
w

ell.
This

w
as

notthe
case

for
the

full-scale
m

edia
filter

having
a

change
in

average
turbidity

o
f27

N
T

U
ata

loading
rate

of
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160
L/m

inlm
2

and
8

inches
o

ffilter
m

edia.
Som

e
potentialreasons

for
this

w
ere

scouring

as
a

resulto
fthe

influentw
ater

and
localization

o
finfluentw

ater.
A

proper
frill-scale

filter
design

w
ould

include
som

e
type

ofinfluent
distribution

system
and/or

baffle
to

lim
it

localized
scouring

and
provide

uniform
distribution

over
the

surface
o

fthe
filter.

U
pon

analysis
o

fdata
in

Table
4.26

for
the

effluentturbidities,
brealcthrough

of

the
m

edia
filters

did
not

appearto
be

occurring
overthe

thirty-m
inute

testing
tim

es.

Problem
s

did
occur,

w
here

significantstorage
o

fthe
head

buildup
above

the
filter

m
edia

w
as

necessary.
Figure

4.13
reveals

the
head

increase
over

elapsed
run

tim
e

for
w

ater
of

sim
ilar

quality.
The

data
for

the
loading

rate
o

f
160

L/rninlm
2

and
8

inches
o

ffilter

m
edia

had
the

greatesthead
follow

ing
the

thirty
m

inutes
o

felapsed
run

tim
e

atabout2

inches
(5

cm
).

The
low

estw
as

the
80

L/m
inlm

2
w

ith
8

inches
o

ffilter
m

edia
atabout

0.75
inches

(2
cm

).
The

head
m

ay
potentially

increase
w

ith
the

addition
o

fdecom
posed

granite.
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T
able

4.26
T

u
rb

id
ity

quantities
w

ith
elapsed

run
tim

e
fo

r
the

m
edia

filters
(475

L/m
in,

6.8
kg/m

m
road

sand)A
verage

V
alues

fo
r

F
low

and
S

edim
entFeed

R
ate

E
lapsed

C
olum

n
Testing

S
am

ple
R

un
Type

T
im

e
Full

160
80

160
80

Initial
Scale

L/m
in!m

L/m
in/rn

L/m
inlm

L/m
inlm

(m
m

)
2

~
.

2
.

2
Testing

Testing
2,8

inch
o

inch
16

inch
16

inch
t~

1
23

103
19

19
19

19
zP

17
17

102
18

18
18

18
~~

32
28

106
24

24
24

24
U~~

A
verage:

23
104

20
20

20
20

10
35

148
20

20
20

20

15
31

126
25

25
25

25
.
-2~

20
39

145
29

29
29

29
DC~

25
44

141
32

32
32

32
—

30
49

140
39

39
39

39

A
verage:

40
140

124
124

124
124

10
10

116
47

37
25

24
—2~

15
8

109
22

31
16

19
2S

20
10

113
22

16
10

9
~~

-
25

12
114

20
14

12
8

G~
—

30
13

113
19

15
12

9
~

A
verage:

11
113

26
22

15
14

A
T

u
rb

id
ity

29
27

98
102

109
110
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C
hapter

5

C
O

N
C

LU
S

IO
N

S
A

N
D

R
E

C
O

M
M

E
N

D
A

T
IO

N
S

Based
on

the
results

o
fthis

research,
various

im
provem

ents
should

be

im
plem

ented
in

orderto
im

prove
perform

ances
o

fthe
drop

inlet
and

double
can

sedim
ent

traps.
The

installation
o

fvertically-oriented
layers

o
ffilter

fabrics
is

recom
m

ended
for

both
types

o
ftraps

since
testing

dem
onstrated

their
ability

to
greatly

enhance
the

rem
oval

o
fTSS

and
reduce

turbidity.
The

use
o

fm
ultiple

layers
o

ffilter
fabrics

w
ere

m
ost

effective
atparticle

rem
oval,resulting

in
m

ore
than

50%
rem

ovalo
fTSS

for
tests

using

both
road

sand
and

the
m

ixed
sedim

entin
both

the
double

can
and

drop
inletsedim

ent

traps.
C

om
parison

o
fTSS

to
particle

counts
show

ed
sim

ilar
results

in
particle

rem
oval.

Fortests
using

road
sand,the

use
o

fm
ultiple

layers
o

ffilter
fabrics

reduced
the

effluent•

turbidity
by

40
N

T
U

from
the

double
can

sedim
enttrap

and
by

16
N

T
U

from
the

drop

inlet
sedim

enttrap.
C

onsidering
the

tw
o

different
filter

fabrics
thatw

ere
evaluated

(P
ropex

4510
and

P
ropex

4516),the
use

o
fP

ropex
4510

is
recom

m
ended

since
it

is
m

ore

econom
icaland

has
greater

w
orkability

than
P

ropex
4516.

W
hen

sim
ulating

the

extended
use

o
ffilter

fabrics
over

severalconsecutive
storm

events,the
perform

ance
of

the
fabrics

decreased.
The

rem
ovalo

fTSS
in

the
double

can
sedim

enttrap
dropped

to

approxim
ately

30%
for

tests
using

road
sand

afterthree
consecutive

tests
using

the
sam

e

fabric
layers.

A
s

a
result,

it
is

recom
m

ended
thatthe

filter
fabrics

be
replaced

routinely
in

orderto
m

axim
ize

their
perform

ance.
The

arrangem
ento

fsedim
enttraps

in
series

contributed
to

greaterparticle
rem

ovals.
Fortests

using
road

sand,the
TSS

rem
ovalwas

increased
to

around
30%

for
both

types
o

fsedim
enttraps

com
pared

to
16%

to
22%

for



121

the
standard

sedim
enttraps.

The
m

edia
filters

perform
ed

very
w

ellin
the

sm
all-scale

colum
n

testing,
reducing

the
turbidity

by
98

N
T

U
for

the
largestloading

and
shallow

est

m
edia

depth,
and

up
to

110
N

T
U

for
the

sm
allest

loading
and

deepestm
edia

depth.
For

the
hill-scale

m
edia

filter,the
efficiency

o
fTSS

rem
ovalw

as
increased

to
over40%

for

the
double

can
sedim

enttrap,butonly
to

about25%
for

the
drop

inlet.
The

m
edia

filter

also
effectively

reduced
turbidity,w

ith
a

reduction
o

f36
N

T
U

for
the

double
can,and

27

N
T

U
forthe

drop
inlet.

The
m

edia
filter

provided
another

opportunity
to

slow
the

w
ater

and
allow

for
additionalparticle

settling.
C

aking
on

the
surface

o
fthe

filter
m

edia

occurred,
increasing

the
w

ater
l&velabove

the
filter

m
edia

by
approxim

ately
25

cm

during
a

typicaltest.
In

practice,
the

cake
layer

could
periodically

bc
scraped

off
but

should
be

routinely
m

onitored.

E
ven

though
the

perform
ance

o
fplate

settlers
w

as
evaluated,

they
are

not

recom
m

ended
for

use
in

the
sedim

enttraps
since

they
are

costly,
difficultto

place
in

the

traps,
and

w
ere

notvery
effective.

A
lso,

ifthe
levelo

fsedim
entw

ithin
the

traps
w

as

allow
ed

to
fillto

the
bottom

o
fthe

settlers,then
the

system
w

ould
fail.

W
hen

the
traps

w
ere

filled
w

ith
sedim

ent,the
changes

in
turbidity

w
ere

essentially
negligible.

The
rem

ovalefficiency
o

fTSS
w

entfrom
around

16%
dow

n
to

3%
for

the
double

can,
and

22%
up

to
34%

forthe
drop

inlet.
It

is
recom

m
ended

thatthe

traps
be

properly
m

aintained
to

provide
sufficient

storage
for

settled
sedim

ent.

P
relim

inary
costestim

ates
for

incorporating
som

e
o

fthe
recom

m
ended

enhancem
ents

(single
filter

fabric,
m

ultiple
filter

fabrics,
and

the
m

edia
filter)

are

sum
m

arized
in

Table
5.1,

Table
5.2,

and
Table

5.3,respectively.
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T
able

5.1
C

ost
estim

ate
fo

r
a

single
filte

r
fabric

fram
e

D
escription

C
ost

Fram
e

M
aterial

$125
F

ilter
Fabric

$10

Fabrication
$150

TotalC
ostP

erFram
e

$285

T
able

5.2
C

ost
estim

ate
fo

r
a

m
ultiple

filte
r

fabric
fram

e

D
escription

C
ost

Fram
e

M
aterial

$300

F
ilter

Fabric
$25

Fabrication
$200

TotalC
ostP

erFram
e

$525

T
able

5.3
C

ost
estim

ate
fo

r
a

m
u4tipt~7tiier

fabrie—
fraeis-—

~-—
---—

D
escription

C
ost

PrecastC
oncrete

F
ilter

B
ox

(192
ft3)

$2,600

U
nderdrain

$50

InfluentD
istribution

$50
W

ashed
S

ilica
Sand

$100
Fabrication

$500

TotalC
ostP

erF
ilter

$3,300
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