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ABSTRACT

Kubota corporation has recently built new tractor manufacturing plant in Jefferson
Georgia. CWT and Kubota agreed to design, pilot test and build a system for full water
reuse of up to 75% of produced wastewater. Wastewater is very complex and contains
complexed heavy metals, fine suspended solids, emulsified oils, grease, strong
degreasing agents, nutrients (nitrogen and phosphorous) and small dissolved organic
molecules and inorganic ions.

Upon treatability studies afull scale treatment system including effluent collection tanks,
screens, flocculation-flotation system, MBR and RO wasinstaled. The treatability study
and full scale system will be described in this manuscript
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INTRODUCTION

Goalsand Objectives

Design and pilot test system components for water collection, primary, secondary and
tertiary treatment. Build a wastewater treatment plant as the new plant is constructed.
Our engineering teams decided to test free oil separation, screening, heavy metal
precipitation, suspended solids removal with flocculation - flotation, aerobic MBR,
granular active carbon filtration and low pressure reverse osmosis (RO) to reuse up to
75% of produced wastewater.

THE PILOT STUDY

Complexed heavy metals (mostly nickel, zinc and iron) when mixed with emulsified oils
are difficult to remove. Therefore we concentrated on pilot study of this step since heavy
metals and oils could harm MBR and RO process. We identified that most streams can
be easily treated in the absence of heavy degreasing agents. Therefore we tested those
other streams separated from degreaser stream, and then tested mixtures of degreaser
stream with other streams for dilution purpose.

First we tried precipitating phosphate with aluminum or ferric ions at neutral pH, then
precipitate nickel, zinc and iron with NALMET 1689 polymeric ditioxanthate from
Nalco. Thisyielded excellent results with non - degreaser stream, but failed to remove
nickel in degreaser stream, as shown in Tables 1 and 2. below:
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TABLE 1. Primary treatment of non-degreaser streams:

Before After treatment
pH 7.3 7.1
COD 230 mg/I 170 mg/I
BOD 25 mgl/l 14 mg/l
TSS 11 mg/l 15 mg/l
Conductivity: 550 micromhos/cm 565 micromhos/cm
Calcium 32.8 mg/l 28.6 mg/l
[ron 1.28 mg/l 0.56 mg/I
Nickel 4.10 mg/l 0.047 mg/l
Zinc 1.31 mg/l 0.014 mg/l
Ortho
Phosphate  32.1 mg/l 0.42 mg/l
TABLE 2. Primary treatment of degreaser containing streams
Before After treatment
pH 124 7.2
COD 4,000 mg/I 3,200 mg/l
BOD 106 mg/l 70 mgl/l
TSS 220 25
Conductivity: 6,000 micromhos/cm 5,450 micromhos/cm
Calcium 33 mg/l 34 mg/l
[ron 27.4 mg/l 0.45 mg/l
Nickel 2.47 mg/l 1.75 mg/l; should be below 0.34 ppm
Zinc 0.737 mg/l 0.484 mg/|
Ortho
Phosphate  3.28 mg/I 0.8 mg/l

Treatment details. At pH 7; 200 ppm of aluminum sulfate was added and mixed for 15
minutes. Then 200 ppm of NALMET 1689 was added and mixed 15 minutes. After that
60 ppm of cationic flocculant KEMIRA C-498 HMW and 10 ppm of anionic flocculant
KEMIRA A-130 HMW were added.

Based on the problems with nickel removal we decided to try following:

- treat streams at pH 10 for maximum nickel removal

- replace NALMET with Floerger FLOMIN polymeric dithioxanthate reagent.

- skip phosphate precipitation and do it in MBR EQ tank after the flotation step

- dilute degreaser stream 1:20 with other streams.

Table 3 summarizes results of this approach, which was successful:
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TABLE 3. Treatment of 1:20 degreaser stream diluted with non-degreaser streams

Before After treatment
pH 8.3 10.1

COD 750 mg/I 600 mg/I

BOD 45 mg/l 40 mg/l

TSS 29 mg/l 15 mg/l

FOG: 45 mg/l 2 mg/l
Conductivity: 750 micromhos/cm 750 micromhos/cm
Calcium 30.8 mg/l 30.8 mg/l

[ron 1.50 mg/l 0.51 mg/l
Nickel 3.10 mg/l 0.021 mg/l
Zinc 2.61 mg/l 0.0414 mg/l

TREATMENT: At pH 10: 50 ppm of FLOMIN precipitant was added followed by 20
ppm of C-498 HMW cationic flocculant and 10 ppm of A-130 HMW anionic flocculant.
Flotation was performed in the laboratory GEM Flotation System.

Pilot Study: MBR

Our pilot study of primary treatment identified a very high COD to BOD ratios (up to 100
for degreaser). Therefore, it was decided to mix grey water from the plant with
manufacturing water in 50-50% ratio. Such mixtures had COD's around 450 mg/I, and
BOD's of 125 mg/l with more nutrients. Short pilot study showed that BOD's can be
removed to 5 mg/l and ammoniato 1 mg/l while COD's could not be reduced below 275
mg/l. We designed treatment process, in which no lime or iron sulfate is used, therefore
concentrations of calcium and ferric ions are very low, which was very beneficia for the
flat sheet microfiltration membranes from Kubota. No inorganic fouling was observed.
RO and water recycle

Two step low pressure RO System will beinstalled. Manufacturer GE) informed us that
COD's going to the membrane should be below 350 mg/l. Therefore; two stage granular
active carbon filtration was installed prior to the RO membranes.

Sludge treatment

Primary and secondary sludge will be filter pressed and dried for landfill disposal. RO
concentrate will be added to the equalization tanks at the front of the plant

FULL SCALE SYSTEM INSTALLATION

Full scale installation has begun first week of October of 2012. By the time of WEFTEC
2013 we expect to have at least 2 months of full scale operational data. All concentrated
streams from metal plating and cutting, painting and degreasing will be diluted with rinse
water. After primary treatment, manufacturing streams will be mixed with grey water
10:1 ratio before going into MBR. The only problem we expect is during 24 hours when
heavy degreaser solutions will be diluted into the stream (it happens once a month during
tank cleaning). In the worst case scenario, such streams (once a month) will be treated
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with primary treatment for heavy metal, FOG and TSS removal and then discharged to
the local POTW for further treatment.

Full Scale System Description
Primary Treatment System

Wastewater from painting and metal finishing processesis collected in six large plastic
tanks. From there it is mixed and pumped to primary treatment EQ tank. After EQ,
water is pumped to three smaller reaction tanks where pH is adjusted, first to around 10
for the best nickel removal with addition of FLOMIN polymeric dixanthate precipitant,
followed by second tank where aluminum sulfate is added for phosphate removal and pH
isreduced to around 8. Third tank isjust used to provide additional time for the
precipitation reactions to occur fully. From the third tank water is pumped to the
flocculation-flotation -- the so called GEM System. There, high molecular weight
cationic and anionic flocculants are added and solids are floated and removed. The GEM
System can operate at flows between 75 and 150 GPM. EQ tanks will take care of flow
fluctuations. The System isfully PLC controlled

Primary Treatment - Flocculation flotation with the GEM System.
Introduction to Flotation Systems

The GEM System is basically a hybrid centrifugal hydrocylone — dissolved air flotation.
Flotation is agravimetrically based solid-liquid separation technology. Most fats, oil and
grease and light particles present in food manufacturing wastewater have low density and
cannot be separated by sedimentation.

One of the key stepsin the flotation method is the introduction of air bubbles into water.
In early flotation machines coarse bubbles (2 to 5 mm) were introduced into the
contaminated wastewater by blowing air through canvas or other porous material. Air
can also be introduced with impeller mixersasin Induced Air Flotation Systems.
Another flotation method called dissolved air flotation (DAF) is common in the treatment
of oily wastewater. In DAF, astream of wastewater is saturated with air at elevated
pressures up to 5 atm (40-70 psi). Bubbles are formed by areduction in pressure as the
pre-saturated water is forced to flow through needle valves or specific orifices. Small
bubbles are formed and continuously flowing particles are brought into contact with
bubbles). Such bubblesrise very slowly to the surface of thetank. Thisisthe main
driver of the large dimensions of the DAF tanks.

To avoid clogging of such orifices only afraction of already pretreated water is aerated
and then recycled into the tank where bubbles nucleate under already preformed flocs.
Therefore, the number of bubblesis limited and treatment of high strength food
manufacturing wastewater with high TSS and FOG loads is often inefficient.
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To answer these problems, centrifugal , jet and cavitation flotation systems have been
developed. In these systems centrifugal forces have been used to produce smaller
bubbles and enhance mixing of particles with treatment chemicals such as coagulants and
flocculants. Centrifugal flotation systems are based on liquid/liquid hydrocylone
technology. Contact of air, contaminants and treatment chemicals occurs inside the
hydrocylone column under the influence of centrifugal forces. Solid-liquid separation
occurs inside the column. This results in much faster response flotation units with
smaller footprint. Flotation tanks are used only for sludge skimming. However, larger
bubbles cannot remove small particles and dissolved air flotation still produces better
contaminant removal efficiencies. To answer that problem, we developed the hybrid
centrifugal — dissolved air flotation system, which we termed the GEM (gas — energy
mixing) System. This system will be described below.

The Description of the GEM System

We proposed that a more efficient flotation system could be developed by combining
high-energy centrifugal mixing of aliquid cyclone system (we termed it the liquid
cyclone particle positioner, LCPP) with dissolved air as a source of flotation bubbles.
Coagulants and flocculants can be delivered in situ directly into the flotation
hydrocyclone unit. Pressurized air can be delivered to

Figurel. Schematic Presentation of the LCPP/LSGM.
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L CPP heads at the same time as flocculants. Such a procedure results in flocs, which are
very porous and loaded with entrained and entrapped air.

Asshown in Figure 1 the LCPP also acts as a liquid-solid-gas mixer (LSGM). Replacing
the classical hydrocyclone head with the LCPP provides extremely energetic mixing by
sequentially transporting liquid and entrained particles and gas bubbles throughout a
centrifugally rotating liquid layer. Microturbulence in such vortices resultsin all particles
and bubbles down to colloidal and molecular size acting as little mixers. Axial and radial
forcesinside the LCPP help mix coagulants and flocculants with the particles. Uncoiling
of polymer and better mixing of ultrahigh-molecular-weight polymers (and more
concentrated emulsions) is achieved in the LCPP. Such efficient mixing isimportant for
proper flocculation of suspended particles. Centrifugal mixing also resultsin less floc
breakage than with commonly used impeller or floc tube mixers.

Further modification of LCPP heads, as opposed to hydrocyclone heads, introduced
multiple holes with plugs inside the LSGM heads, as shown in Figure 2. By changing the
number of plugs, we can modify the mixing energy and head pressure from very low to
very high. In thisway, we can mix low-molecular-weight coagulant at relatively high
energy and high-molecular-weight flocculants at relatively medium and low mixing
energy to promote final large floc formation.

Hybrid centrifugal — dissolved air flotation technology (The GEM System developed at
CWT [see Figure 3]) provides the best of both centrifugal and dissolved air systems:
efficient continuous flow mixing and in line flocculation with the nucleation and
entrainment of fine dissolved air bubbles. This development has resulted in systems with
very efficient removal of particulate contaminants, a small footprint, drier sludge, durable
long lasting flocs, fast response
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Figure 2. Schematic Presentation of the LSGM Heads.

and treatment of the total wastewater stream (no recycling characteristic for DAFs). The
design of on-line turbidity or fluorescence driven sensors for automatic control of
coagulant and flocculant dosage is also underway. Computational fluid dynamics (CFD)
has been used to design better flotation tanks with avortical flow pattern that resultsin
the formation of a dense air bed inside the tank. Such fine bubble layers prevent
sedimentation of already floated heavier particulates, which resultsin significantly higher
flotation rates.

Copyright ©2013 Water Environment Federation. All Rights Reserved.
1811



WEFTEC 2013

Figure 3. Schematic Presentation of the Hybrid Centrifugal — Dissolved Air
Flotation System.

Using the dual flocculant approach (cationic followed by anionic flocculant) and the
GEM System, average TSS removals were 95%, COD remova 30% mg/l) and FOG
removal . Dissolved organic materialswill be removed in the MBR, granular active
carbon and RO stages.

MBR - RO

Contractor provided piping to bring paint process GEM treated wastewater and domestic
sewage wastewater to the Equalization -collection tank. Pre-treated paint process and
domestic wastewater are combined for atotal design flow rate of 64,000 gallons per day.
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From the supplied connection, CWT shall pipe to the CWT supplied 200 gpm self
cleaning rotary drum screen. Wastewater will gravity feed from the screen to the 40,000
gallons Equalization tank (EQ) where it will then be pumped to the 20,000 gallons
Anoxic tank for nitrogen removal. From the Anoxic tank the wastewater will gravity
flow (via piped connection in the wall of the Anoxic tank) to the 8,800 gallons Pre-
Aeration tank. In the Pre-Aeration tank activated sludge will develop from nutrient
consumption and oxygen supplied by a CWT supplied (Aerzen) blowers coupled with
fine bubble diffusers located on the floor of the Pre-Aeration tank.

Coarse mixing will exist in the EQ and Anoxic tanks via coarse bubble air grids supplied
by blowersin each tank.

From the Pre-Aeration tank wastewater will gravity feed (via piped connection in the

wall of the Pre-Aeration tank) to the two 8,800 gallons Membrane tanks. The membranes
in the Membrane tank (Kubota flat sheet) will serve to pull the effluent and separate the
water from the activated sludge thus ensuring continuous quality. A header attached to
the membranes will serve to connect the membrane effluent piping as well as ensure
equalized back feeding of the chemical cleaning solution during membrane cleaning
periods.

The membrane permeate pump will operate on a 10 minute cycle pulling treated
wastewater through for 9 minutes with a 1 minute relax. High quality effluent will
discharge to the Client’ s designated location (City Discharge), or will be delivered to the
CWT supplied RO feed tank for further treatment.

From the Membrane tank unfiltered wastewater containing activated sludge will gravity
feed (via piped connection in the wall of the Membrane tank) to the RAS tank. CWT will
provide two submersible pumps to return activated sludge to the Anoxic tank as part of
the process of ensuring maximum efficiency of the MBR. A dlip stream from the recycle
loop from the RAS tank will be removed as necessary to ensure a consistent MLSS
concentration.

CWT has quoted an optional sludge treatment system for treating the wasted sludge from
the MBR System. With this optional system, sludge will be delivered to a 1,000 gallon
sludge storage tank. The sludge stored in this tank will be delivered to the ASP Sludge
Treatment System(thickening-dewatering) for Compaction and storage. Decanted water
will be delivered back to the WWTP area.

The coarse bubble diffuser piping and manifold, located beneath the MBR modules, will
require air purging 1-2 times per day for 5 minutes. This process will be automated viaa
solenoid valve and timers located in the control panel of the MBR System and provided
by CWT.

Every 3-6 months the membranes will require chemical cleaning with sodium
hypochlorite solution .5~.6%. Solution will gravity feed from a chemical tank back
through the permeate header to the membranes. Each membrane cartridge will require
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3L of solution. Cleaning will prevent fouling of the membranes and ensure the efficiency
of the system.

System is designed to produce high quality effluent consistently to Client’s desired
location.

The MBR system will generate approximately 500 to 750 gallons of activated dudge at a
concentration of ~1.3% solids to be delivered to a CWT supplied 1,000 gallon conical
bottom sludge tank. The sludge tank will be piped to a pump to deliver activated sludge
to a CWT supplied ASP System. The ASP System will serve to dewater dudgeto a
solids content > 90%. The pressed water will gravity feed to the RAS tank to be recycled
through the MBR. The ASP System will generate cakes of solids that will gravity fall to
adumpster below the unit. Client shall be responsible for disposing of compacted sludge
cakes.

Effluent from the MBR System can either be discharged to city, or can be fed to aCWT
Supplied RO System for further treatment.

The CWT supplied RO System will take the MBR Effluent from the RO System feed
tank (1,000 gallons), and will remove TDS from the stream. Permeate of the RO System
will be sent to the next step, for water re-use. The concentrate of the RO System will be
discharged to city. The RO System is designed to run at11 m*hr, and will initially
process 160 m*/day. If the plant expands to two shifts, the RO System will be ableto run
at amaximum of 240 m*/day. RO Product water will be less than 250 microS.

Once treated by the RO System, the water will be fed to two 10,500 gallon RO product
water storage tanks. CWT will provide a product water delivery pump, which will
deliver to client provided RO treatment system, which treats and supplies the water for
the painting process. CWT’s provided RO product water delivery pump will maintain a
constant line pressure to the client supplied RO System.

Following Figures illustrate the full scale system installed.
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Figure4. The GEM System
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Figure5. Thereaction tank for heavy metal precipitation.
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Figure6. MBR Setup
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Figure7. TheEQ Tank with coar se bubble mixing
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Figure 8. Anoxictank
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Figure 9. Oxictank with fine bubblediffusers
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Figure10. Membranetank with Kubota membrane skids
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Figure11. RO membrane System
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Figure 12. GAC (granular active carbon) filter and RO washing tank and
chemicals
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Startup and initial operational data

The plant startup was delayed and some wastewater only became availablein June. The
GEM System was turned on on June 15. On average, plant influent had TSS of 100 ppm
and COD of 2,000 ppm. After the GEM System, TSS and FOG were almost removed to
zero ppm, and COD were reduced to around 1,500 ppm. When tanks are cleaned and
more degreaser is present COD after the GEM System can be as high as 4,000 ppm, with
BOD of only 250 ppm.

Currently levels of zinc and nickel after the GEM System are nondetectable. Wastewater
is discharged to the City and full compliance is observed. On August 19, we plan to start
up the MBR System. Some seed ML SS will be delivered from the nearby industrial
wastewater plant that isusing MBR System. We are not sure whether MBR will be able
to remove degreaser molecules or whether RO and GAC will have to deal withit. More
datamay be available at the time of WEFTEC conference.

CONCLUSIONS

Complex System was installed to fully recycle tractor manufacturing wastewater. The
System consists of collection tanks, EQ tanks, screens, flocculation - flotation, MBR ,
GAC and RO/UV. Pilot studies indicated that the only seriousissue is metal degreaser
with high COD to BOD ratio and ability to complex nickel. Polymeric dixanthate
precipitant is used to remove complexed zinc and nickel. The GEM system produces
water that meets regulatory requirements. MBR will start up on August 19th 2013.
Sewage water will be mixed with the degreaser rich waste to provide nutrients. Any
nonbiodegradabl e degreaser molecules will be removed with the RO and GAC. We
expect some fouling issues with the RO membranes.
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