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Purpose:  Review the design, function, 
layout, and operation of the RO
system.

Process:  30 -40 minute presentation. 

Payoff:    Gain a better understanding of 
the RO system            
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But First, What is RO?

RO:  Reverse Osmosis
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REVERSE OSMOSIS
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WHY RO at Nippon?

Old Boiler:  225 PSIG
Zeolite Softened Water
No Turbine
Paper Mill Steam Use

Cogen Boiler:  900 PSIG
20 MW Turbine
Steam Extraction + Condensing
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Why An RO and Not a DEMIN

ü ACID and CAUSTIC Regen.  Safety Concern
ü Potential for silica, hardness breakthrough
ü Potential for acid excursions
ü Wide Range of flow rates

DEMINS:

× Consistent Permeate Quality
× No acid or caustic regen system

ROôs:
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Booster Pump

ÅMill water pressure variations
ÅToo low, RO kick out.
ÅProtect high pressure pump.
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High Efficiency Filters
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High Efficiency Filters

Purpose:
ÅRemove un -dissolved solids
ÅParticles larger than 0.5 microns

Process:
Pass water through a high efficiency filter

Payoff:
Å Produce water of SDI less than 5
Å Minimize RO Fouling
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Standard Multi-Media Filter
UltraSand Plus

High Efficiency Filter 



16

0.0001

1.0

0.1

0.01

0.001

m
ic

ro
n

s

Io
n

s

P
ro

te
in

s

V
ir
u

s
e
s

B
a

c
te

ri
a

S
a

n
d

10+ Std. Filtration

Microfiltration

Ultrafiltration

Nanofiltration

Reverse Osmosis

B
a

c
te

ri
a

S
a

n
d

Coagulant

Addition

Coagulant added to increase

'application envelope'...

0.5 HE Filtration

0.0001

1.0

0.1

0.01

0.001

m
ic

ro
n

s

Io
n

s

P
ro

te
in

s

V
ir
u

s
e
s

B
a

c
te

ri
a

S
a

n
d

10+ Std. Filtration

Microfiltration

Ultrafiltration

Nanofiltration

Reverse Osmosis

B
a

c
te

ri
a

S
a

n
d

Coagulant

Addition

Coagulant added to increase

'application envelope'...

0.5 HE Filtration



17

Top Over Bottom (TOB):

y Feed water enters and creates an area of 
turbulence over the bed and a tangential force 
that scrubs particles off the bed surface. 

y The tangential force carries particles back 
toward the filter inlet. At the same time, this 
tangential force also pushes sand towards the 
filter inlet, creating a ñcamel hump.ò

y Behind this ñhumpòis an area of low 
turbulence that allows for deposition of 
particles that have been scrubbed off of the 
sand.

y This low-turbulence area keeps filling with 
particles until spilling over the ñhumpòinto the 
high-turbulence area of the filter.
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Top Over Bottom (TOB):

y As particles begin to collect on the 
turbulent-side of the ñhumpôadds to the 
particle loading of the influent water.

y When the loading of solids in the feed water 
exceeds the capacity of the water to hold 
them, the particles begin to drop out on the 
filter bed, 

y This increases the differential pressure 
through the bed, signaling time to backwash 
the filter. 

y Filters are backwashed when the differential 
pressure reaches 15 psig.

Ref: Pg. 12
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This is all great, 
but the mill has a filter plant
Why does it need a High Efficiency Filter

SDI

SILT DENSITY INDEX
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SDI Tester
Pressure Gauge Filter Holder,

0.45 micron, 47 mm
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Silt Density Index

üMeasures Fouling potential of RO 
membranes with suspended solids.

üHigher the number, the greater the 
potential.

üMost membrane manufactures 
require an SDI below 5 for warranty.
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SDI =
1 ï(t i/ t f) x 100

T

Where: t i = initial time to fill to 500 ml
t f = time after T to fill to 500 ml
T  = Time, usually 15 minutes.
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BASELINE DATA COLLECTION

From October 2010 to September 2012

SDI were ran 14 times.

Values ranged from 18 - 90

Far too high for an RO
Need to a high efficiency filter
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PARTICLE SIZE DISTRIBUTION

Sample sent to a lab, analyze for particle 
counts and volumes with proscribed micron 
ranges.

From October 2010 to October 2012, 20 
samples sent in to establish baseline.
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