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Phosphorus fractions

Total Phosphorus
(TP)

0.45um filter

Soluble Particulate
Phosphorus Phosphorus

(sP) (pP)

Wherever there’s water, there’s Clean Water.




Phosphorus fractions

Soluble Phosphorus
Dissolved + Colloidal

Persulfate
Digestion

v

Phosphate = Orthophosphate (OP)
= Reactive Phosphorus (RP)= PO,3
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Polyphosphate, Organic
Metaphosphate Phosphorus

Wherever there’s water, there’s Clean Water.

Soluble Non Reactive
Phosphorus

(sNRP)




Phosphorus fractions

Particulate
Phosphorus

Particulate Reactive Phosphorus

(PRP)

Chemical Precipitant

Particulate Non Reactive
Phosphorus

(pNRP)
Polyphosphate, Metaphosphate
Organic Phosphorus

Contained in Biomass; cells and
floc

Wherever there’s water, there’s Clean Water.




Phosphorus fractions

Total Phosphorus
(TP)

Soluble
Reactive
Phosphorus

(SRP)

Soluble Non
Reactive
Phosphorus
(sNRP)

Particulate
Reactive
Phosphorus

(PRP)

Particulate
Non Reactive
Phosphorus
(pNRP)

Wherever there’s water, there’s Clean Water.




Removing the Fractions

React with something to make a particle,
or react with a particle

Adsorption to a particle (Sticks to the
particle surface without a chemical
reaction)

Reaction with other particles, adsorption,
coagulation, flocculation

Adsorption, coagulation, flocculation

Wherever there’s water, there’s Clean Water. Cl W Lter Servic&s




Alum

Alum is Al,(SO,); * 14 H,0 (Dry Alum)
Usually supplied as 48.5% wt/wt
11.15 Ibs/gal

The aqueous Aluminum ion is trivalent,
A|3+

Wherever there’s water, there’s Clean Water.



Alum reactions in Secondary
Effluent

Direct Precipitation
AR+ + PO < AIPO, (s)
Formation of Aluminum Hydroxides
A3+ 4+ 30H- < AI(OH); (s)

Charge Neutralization of particles and
colloids

Wherever there’s water, there’s Clean Water.



Alum reactions in Secondary
Effluent

Forget about Direct Precipitation

Consider Co-Precipitation and
Complexation with the aluminum

hydroxide floc

Adsorption of non reactive P and
colloids to the floc surface

Wherever there’s water, there’s Clean Water.



What is Complexation?
Well...it's complex

Adsorption via
van der Waals
forces or
electrostatic
attraction

Amorphous, initially
no crystal' e

Wherever there’s water, there’s Clean Water.
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What's in

Soluble Salts,
Minerals, Metals
and Ions

Colloids: 1
nanometer to
1 micrometer

Bacteria: A few
micrometers

Particles: 1
micrometer to 1
millimeter (or
larger)

Secondary Effluent?
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Colloids

dispersed microscopic insoluble particles
To qualify as a colloid, the mixture must

be one that does not settle or would
take a very long time to settle
appreciably.

Milk is a colloidal suspension

Wherever there’s water, there’s Clean Water.



Why didn't the colloids and particles
settle out in the secondary clarifier?

T
T
T

ney are to small
ney are to light

ney are stabilized by all having the same charge

(mostly negative), and repel each other

4
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Coagulation by Charge
Neutralization

Neutralize the negative charges so the
particles can contact each other.

Al3+ =

[ -

Wherever there’s water, there’s Clean Water.



The colloids or particles can
now stick together

A+ = AT _

ever there’s water, there’s Clean Water.



Step 2: Flocculation

We now have a few colloidal particles
stuck together, still only a few
micrometers in diameter

Needs to grow to a few millimeters to
settle

Stick a bunch of coagulated solids
together

Use polymer as the glue

Wherever there’s water, there’s Clean Water.



Flocculation: Adsorption and
Interparticle bridges




Mixing
Coagulation — Rapid Mix

Need the alum to bump into the colloids so
they can interact

If all the things are going around at the
same speed, will they ever collide?

Need "“differential” mixing: G, velocity
gradient

Flocculation — Slow mix

Need the particles to stick to the poly
backbone, but can’t break the back

Wherever there’s water, there’s Clean Water.



Sweep Floc

One other mechanism to be aware of,
may be important in the Claricone

Colloids and particles may be physically
trapped as they travel up through the
sludge blanket

In Actiflo, may be trapped as the floc
settles down over the particles

Wherever there’s water, there’s Clean Water.



Claricone — Practical Considerations

CleanWater
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The magic of Actiflo —
microsand!

Our amorphous Al-OH-PO, floc and
coagulated flocculated colloids and
particles can settle, but still have a
specific gravity of only about 1.2 — 1.3

Silica sand has specific gravity of 2.6, so
if we embed sand in the floc, it should
settle twice as fast

Wherever there’s water, there’s Clean Water.



Actiflo Turbo

Downflow axial
flow impeller
Recirculation Ring-shaped
perforated pipe
Jushidee Hydrocyclone Jpeyma Anti-vortex and
/ _ anti-bypass baffles

Clarified
effluent

Headloss
reducing

funnel

Flocculation tank,
equipped with a Turbomix™ Vertical draft-tube
used as flow guide

Coagulation tank

4
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Rapid Mix

Alum (Coagulant) Feed
System

Coagulation

S
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Design and Process Goals

P and TSS removal: 0.07 mg TP/L,
/ mg TSS/L

1. Nutrient Season P removal

2. Reduce solids loading on filters,
possibly direct discharge

3. Wet weather treatment

Wherever there’s water, there’s Clean Water.



Startup and Operation

Although technically a process control
variable, let’s ignore mixing intensity,
leaving three variables to resolve:

Polymer

How much, what kind, filter impacts?
Sand

How much, where will it end up?

Alum
How much?

Wherever there’s water, there’s Clean Water.




Startup Poly Dosing

—— Actiflo 1 EFf TSS Serendipitous Screw Up #1
—— Actiflo 2 Eff TSS Run out of Poly
= Alum Dose, mg/L

— Actiflo 1 Poly Dose, mg/L

—— Actiflo 2 Poly Dose, mg/L
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Actiflo Poly Test W Alum Dose, mg/L

Train 1 Cationic 15%, Train 2 Cationic 30% W Train 1TSS, me/L
W Train 2 TSS, mg/L
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15% or 30%
Other ConS|derat|ons

Wherever tf



15% or 30%
Other Considerations

Wherever there’s water, there’s Clean Water. Cl W Lter Servic&s



Filtration?
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Cationic Poly produces shorter filter runs

Rock Creek AWWTF
Filter Runtime

Anionic Cationic

Discharge 25% wj/o filtration

T

3/2 4/21 6/10 7/30 9/18

¢ Filter #5-9 Avg Run Time hours M Filter #10-14 Avg Run Time hours
w14 per. Mov. Avg. (Filter #5-S Avg Run Time hours) e===14 per. Mov. Avg. (Filter #10-14 Avg Run Time hours)




Rock Creek AWWTF - Actiflo
Influent and Effluent TSS

& Eff TSS

M InfTSS
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Wherever there’s water, there’s Clean Water.
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050.MOV

Rock Creek AWWTF - Actiflo

Sand Use 4 Actiflo 1 Sand Added, Ibs
120 ¢ Actiflo 2 Sand Added, Ibs
=7 per. Mov. Avg. (Actiflo 1 Sand, g/L)

71bs/MG

=7 per. Mov. Avg. (Actiflo 2 Sand, g/L)

800.0

Serendipitous Screw Up #2
Run out of Sand
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M Inf TP, mg/L
W Eff TP, mg/L
Alum Dose, mg/L
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Rock Creek AWWTF - Actiflo
TP Performance
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Alum Dose as Molar Ratio

A pair = 2, Dozen = 12,
Mol = 6.022x1023

About a quadrillionth of a mol of people
on earth

Flow pacing can lead to alum wasting
Feed to influent P

Wherever there’s water, there’s Clean Water.



Eff TP, mg/L
o
s

Actiflo

¢ Actiflo

y = 0.1813x0322
R?=0.216
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Summary

P fractions removed through different mechanisms,
some are very difficult or impossible to remove

Alum makes solid phase Al-OH-PO, complexes and
neutralizes surface charge on colloids and particles

In Actiflo, silica microsand increases the specific
gravity of the floc

Polymer selection is critical
Maintaining sand concentration is not a process goal

Actiflo highly effective in TSS and P removal in small
footprint

Can handle influent TSS flucuations

Coagulant dose similar to other P removal
technologies

Wherever there’s water, there’s Clean Water.




