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It is our professional opinion that the Invent® Hyperclassic Aerator/Mixer is the only available system
that will provide the required mixing and oxygen supply to the Demon facility with the minimum
number of equipment units, minimum energy consumption, minimum maintenance issues and
maximum reliability.
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Haéen Memorandum

July 22, 2024

To: Yoram Linder, Manager, Haifa WWTP

From: Sarah Galst, Hazen, Project Manager
Robert Sharp, Hazen, Project Advisor
Omer Messing, Balasha-Jalon, Project Designer

Re: Invent® Hyperclassic Mixer/Aerator Sole-Source Memo

Introduction

The Haifa Wastewater Treatment Plant (WWTP) is implementing the DEMON® sidestream
deammonification process to treat the centrate produced from the dewatering of anaerobically digested
sludge. SWECO is the vendor for the Demon® process in Israel. The DEMON® process will include two
parallel continuous flow DEMON® reactors, each for 50% of the flow, equipped with mixing and
aeration system(s) providing the necessary continuous mixing and the intermittent aeration required for
the process.

The DEMON® process can be operated with two different alternatives of aeration and mixing systems:

1. Fine bubble diffuser system with a separate vertical turbine or submersible mixers or,
2. Vertical shaft mixer/aerator units.

Hazen and Balasha-Jalon (Balasha) provided an evaluation/comparison between the two aeration/mixing
alternatives as detailed in the memo entitled Haifa WWTP — Demon Mixer-Aerator Technology submitted
to Haifa on March 21, 2024 (see Attachment 1). Hazen and Balasha recommended the vertical shaft
mixer/aerator system for the DEMON® facility due to its superior performance over a fine bubble
diffusers and separate mixers system. SWECO, the system’s process designer and vendor, specifies the
Invent® Hyperclassic mixer/aerator as the preferred mixing/aeration system in its process design report
entitled Demon® Nitrogen Removal Process for Haifa WWTP (PN: 359356; Ref#: SWNL0265949,
11/09/2020). SWECO includes the specifications on both page 14 and page 17 and within Table 6.2
equipment details (see Attachment 2).

This memorandum intends to present alternative vendors for the mixer-aerator equipment, review their
characteristics and specifications compared to those of the Invent® Hyperclassic mixer-aerator, and
provide justification for the sole-source recommendation of the Invent® Hyperclassic mixer-aerator unit,
detailing why the Invent® Hyperclassic is currently the superior mixer/aerator unit compared to others in
the marketplace, and why other units/makes should not be considered “equivalent.”

Alternative Vendors
Based on our inquiries, there are two other vendors that offer vertical shaft mixer aerators. They include:

1. SFA Enviro, which offers an AquaTurbo mixer/aerator

Hazen and Sawyer 498 Seventh Avenue, 11th Floor « New York, NY 10018 « 212.539.7000
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2. Entec® LBV-Series vertical shaft mixer which can be equipped with an aeration module.

There are several specific features and performance criteria of the Invent® Hyperclassic mixer-aerator
that make it unique and superior to all other “imitation” vertical shaft, hyperbolic “like” units that are
currently on the market. These include:

e Impeller Shape
e Mixer Construction and Material
e Impeller Effective Diameter

Impeller Shape

The Invent® Hyperclassic vertical shaft mixer is the only truly hyperbolic shape mixer, and its shape and
design is proprietary and protected by multiple patents. The other units are conical shaped and not
hyperbolic, as shown in Figure 1. The hyperboloid shape of the Invent® impeller and the integrated
transport and shear fins for flow generation and air dispersion are critical to the reliable and efficient
operation of the mixing-aeration system. The volume of the tank that can be effectively mixed and the
aeration efficiency that can be achieved with the hyperbolic shape is superior to that which can be
achieved with a conical shaped impeller. Conical shaped impellers, as with the AquaTurbo mixer/aerator
and Entec® LBV-Series vertical shaft mixer with aeration module, are more prone to vibration and
balance issues which can impact mixing efficiency and lead to mechanical instability and premature
failure of the shaft and/or the motor.

Mixer Construction and Material

Invent® impellers are made of a single piece of Fiber-reinforced plastic (FRP) with fins on the upper and
underside of the impeller. The fins on the top of the impeller improve mixing efficiency and the fins on
the underside improve aeration efficiency. The single mold FRP construction make the mixer light weight
and durable, with an impeller design life of 20-25 years. Many INVENT® Hyperclassic mixer-aerator
units have been in operation in the field (DEMON® installations for example) for over 20 years. The
impeller is coated with biologically neutral Gel-Coat, which reduces biological growth as well as
chemical deposition and scaling (i.e., struvite). The FRP construction is corrosion resistant and there are
no welded joints, spot welds or seams that are prone to corrosion, erosion or fouling. The FRP impeller
body is also malleable, which allows for some give when the air and hydraulic forces on the unit vary,
creating unbalanced forces on the unit. This flexibility of the monolithic FRP impeller makes it more
durable and less prone to vibration and deformation. The other mixer-aerator units are made of relatively
thick (5mm) sheet stainless steel, which is heavy and rigid, and cannot be economically formed into a
hyperbolic shape that mimics natural fluid flow during the mixing process. The metal aerator mixer units
have weld joints and spot welds that are prone to corrosion, cracking and failure.

Error! Reference source not found. Page 2
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Figure 1 - Available Vertical Shaft Mixer/Aerators; A) AquaTurbo® AER-GS Mixer/Aerator; B) True
Hyperbolic Invent® Hyperclassic Mixer/Aerator; C) Entec® dynamic mixer LVB-Series (can be
equipped with sparge aerator)

Impeller Effective Diameter

The INVENT® mixer-aerator hyperbolic-unibody FRP design is effective at a diameter of 2.5 meters,
while the rigid metal conical shaped impellers have a maximum practical diameter of 2.3 m. The larger
diameter impeller allows for increased air load distribution, and greater mixing power and aeration
efficiency, potentially allowing for fewer mixing units in larger process tanks.

The DEMON® process requires efficient aeration for oxygen supply, at the same time superior mixing
for homogenization and resuspension of the sludge flocs and rapid attainment of complete mixed
conditions with the inflow for effective process control. The hyperboloid design of the INVENT®

Error! Reference source not found. Page 3
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Hazen

HYPERCLASSIC® Mixing/Aeration Technology is the only proven technology to achieve all the above
requirements of the process in a single unit.

Summary and Recommendation

As mentioned in Attachment A, the Mixer-Aerator system was preferred over the system with fine bubble
diffusers and separate mixers.

Based on the information presented in this memorandum, the Invent® Hyperclassic Aerator/Mixer is the
leading mixer/aerator on the market and is considered to be a superior, proven technology to the other
systems described above. It is our professional opinion that the Invent® Hyperclassic Aerator/Mixer is
the only available system that will provide the required mixing and oxygen supply to the Demon facility
with the minimum number of equipment units, minimum energy consumption, minimum maintenance
issues and maximum reliability. Hazen and Balasha therefore recommend that the Invent® Hyperclassic
Aerator/Mixer be sole-sourced the Haifa Demon® installation.

Error! Reference source not found. Page 4
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March 21, 2024

Yoram Linder
Manager
Haifa WWTP

Attachment 1

Hazen and Sawyer
498 Seventh Avenue, 11th Floor
New York, NY 10018 ¢ 212.539.7000

Re: Haifa WWTP — Demon Mixer-Aerator Technology

Mr. Linder:

Haifa has negotiated the services of SWECO to provide the preliminary and process design for the
DEMON process for sidestream nitrogen removal. Haifa, with assistance from Hazen & Sawyer and
Balasha-Jalon is responsible for completing the detailed design of the sidestream treatment system. This
includes the equipment that will be required to mix and aerate the DEMON process basins.

Below is a technical and economic comparison of the two mixing/aeration systems available for use in the

system:

1. Fine Bubble Diffusers (FBD) and vertical turbine (VT) or submersible (Sub) mixers
2. Hyperbolic mixers (Invent) with sparged air.

Parameter FBD and VT or Sub Mixers Hyperbolic Mixers/Sparged Air
Experience Proven technology industry-wide Proven technology industry-wide
Has been used in many DEMON is becoming preferred technology for
installations DEMON systems. Hyperbolic mixer
and sparger being installed at Shafdan
facility for DEMON process.
O&M Costs Replace FBD every 5-7 years Mixer/aerator system designed for

150,000-hour lifetime (~20 years)

Maintenance

Every year, need to inspect and drain
basins, due to membrane diffuser fouling

Can inspect without draining basins,
less frequent inspection necessary

Standard Oxygen
Transfer

Must design assuming a 20 to 30%
fouling rate due to biofilm accumulation

SOTE remains constant over the
lifetime of the mixer/aerator.

competitively bid

Efficiency on membranes, significantly reducing

(SOTE) design SOTE.

Power/Energy Similar Similar

Consumption

Mixing Good — heavy granules can settle below | Better — hyperbolic mixer provides

Efficiency diffuser disks, reducing efficiency of constant mixing energy at the bottom
process of the tank to reduce granule settling.

Procurement Several manufacturers, can be Invent is the only manufacturer, must

be sole sourced

hazenandsawyer.com
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After examining the technical and economical aspects of both alternatives, Hazen recommends the
hyperbolic mixer-aerator (with sparged air) for the DEMON process at the Haifa WWTP, because of the

better mixing efficiency and significantly less maintenance requirements.

Hazen recommends this technology be sole-sourced to Invent Environmental Technologies, since after
examining the current market, Hazen is not aware of any other equal hyperbolic mixer-aerator equipment

manufactured today in the market.

Very truly yours,

Sarah Galst, PE, PMP
Vice President

cc: Paul Saurer, Hazen and Sawyer
David Wankmuller, Hazen and Sawyer

hazenandsawyer.com

Page 2 of 2



Attachment 2

Report

SWECO

Project Number: 359356
Reference Number: SWNL0265949
Date: 11/09/2020

DEMON® Nitrogen Removal Process for Haifa WWTP

Process Design

Final

Client:
Haifa Association of Towns (Sewage)
PO Box 25367

Haifa 31253

Israel

Sweco Telephone +31 88 811 66 00
De Holle Bilt 22 www.sweco.nl

3732 HM De Bilt
Postbus 203
3730 AE De Bilt
Netherlands

Sweco Nederland B.V. Henk Wim de Mooij

De Bilt Project Manager

Reg. No.: 30129769 M +3162299 9522

Reg. Office: De Bilt E henkwim.demooij@sweco.nl
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Revision management
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1 Introduction

Haifa Association of Towns (Sewage) have commissioned Sweco Nederland B.V. for the
design of a liquor treatment plant for Haifa Wastewater Treatment Plant.

At Haifa WWTP primary and secondary sludge is digested in a mesophilic digester. Struvite
recovery from digested sludge will be introduced, using the Airprex process. After struvite
recovery, digested sludge will be dewatered in centrifuges. Liquors produced in the
dewatering of sludge will be treated for ammonia removal, prior to return of the liquors to the
head of works.

Haifa Association has selected the DEMON process for ammonia removal from sludge
liquors. This system uses a biological process comprising partial nitritation and
deammonification.

This document presents the process design for the DEMON process. A general description
of the DEMON process is provided in Chapter 2. The design flow and load data as
developed by Haifa Association is presented and discussed in Chapter 3, followed by the
actual process design in Chapter 4. The design of the civil, mechanical and electrical
components is presented in the subsequent chapters.
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2 Process Description

2.1 DEMON® process

The DEMON technology is a biological process using a partial nitritation/

de-ammonification process. In the nitritation step Ammonia Oxidizing Bacteria (AOB)
convert approximately 50% of available ammonia to nitrite. Deammonifying bacteria
(Anammox, AMX) are then used to convert remaining ammonia, together with the produced
nitrite, into (harmless) nitrogen gas, which is emitted to the atmosphere. Figure 2-1 presents
a simplified chemical representation of this biological process.

Aerated phase

v

1.25NH,* +1.250, -> 1.25 N0, + 2,5 H*

|
—

2.25 NH4+ l

\4

— NH,* +1.25 NO, > N+ 0.25 NO3 + 2 H,0

Figure 2-1: Simplified reaction equation for the DEMON® process

Compared to other biological processes for nitrogen removal, the DEMON process is

characterised by:

e Low energy requirement, as only 50% of ammonia is oxidised to nitrite.

e No requirement for an external source of carbon (such as methanol), as ammonia is
utilised as an electron donor, and not an organic carbon source.

e Low sludge production, due to the low yield of deammonifying bacteria.

In theory the presence of oxygen (required for partial nitritation) inhibits growth of
deammonifying bacteria. Nevertheless, the DEMON process allows nitritation and
deammonification to occur in one single reactor. This is promoted by maintaining a low
dissolved oxygen setpoint of approximately 0.3 mg/l, and by switching aeration on and off
intermittently. The low DO value has the additional benefit of limiting the growth rate of
nitrite oxidizing bacteria (such as Nitrobacter) to such values that these bacteria are washed
out of the system.

2.2 Sludge age

A sludge age of approximately 15 — 20 days is maintained for AOB to allow growth at low
oxygen levels. As in conventional ASP systems, sludge retention is applied to create a
higher sludge retention time than the hydraulic retention time. Due to the relatively low
growth rate of deammonifying bacteria an even longer SRT is required for the growth of
Anammox bacteria. To maintain this high sludge age for AMX, a drum screen is used to
separate the granule forming deammonifying bacteria from the floccular surplus activated
sludge. The deammonifying bacteria are subsequently returned to the DEMON reactor,
effectively creating a near infinite sludge age for deammonifying bacteria. The combination
of low DO values and the use of a drum screen prevents accumulation of nitrite oxidising
bacteria in the DEMON reactor while also maintaining deammonifying sludge.

Effluent from the reactor is discharged via a final settling tank. Settled sludge is returned to
the reactor using return activated sludge (RAS) pumps.
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2.3 pH control

Dewatering liquors are fed continuously to the DEMON reactor. The reactor content is
alternately aerated and mixed. During the aerated period the pH will drop as a result of
nitritation. The end of the aerated period is reached when the pH in the reactor has dropped
over a predefined bandwidth. Aeration is stopped and the anoxic period will start. During the
anoxic period, pH will rise due to the feed of alkaline liquors, increasing pH at a rate
dependent on the feed flow rate. As soon as pH has fully recovered over the predefined
bandwidth, aeration is restarted.

The predefined bandwidth for pH fluctuation is approximately 0.02 pH units. It is the relative
change in pH value that is important, and not the absolute value. Even though the absolute
value of the reading of a pH sensor may drift over time, the measurement of relative
changes in pH over a short time period is sufficiently accurate to control the process.

An important advantage of this method of control is that the drop in pH is proportional to the
production of nitrite, whereas increase in pH is proportional to the load entering the process.
Therefore, pH can be used as a primary control parameter to monitor the nitritation process.
Excessive nitrite formation is prevented. High concentrations of nitrite are harmful for the
deammonification reaction as it inhibits the deammonifying bacteria. Excessive aeration is
also prevented as aeration is automatically reduced in duration when the load to the process
is reduced.

2.4 Alkalinity and ammonia removal efficiency

Typically, there is an equilibrium between ammonia and alkalinity in sludge leaving a
digester, as in the digester bicarbonate is the counter ion to ammonia. In a nitritation/-
deammonifcation process the alkalinity available in the liquors is required to compensate for
the production of acid in the nitritation process and to avoid acidification of the reactor.

At an alkalinity to ammonia ratio of 1.0 meg/mmol (meaning 1 mmol of HCO3" is present for
each mmol of NH4*), the DEMON-process can achieve an ammonia removal efficiency of
approximately 85%. No additional chemicals like a carbon source or caustic soda are
required in the process to maintain pH. However, loss of alkalinity in sludge liquors may
occur if acidifying chemicals like Ferric Chloride are used in the sludge processing and/or
dewatering process. An increase in ammonia removal efficiency can be achieved by dosing
caustic soda.

At Haifa WWTP implementation of Airprex for struvite recovery is foreseen. As precipitation
of struvite is a slightly acidifying process, the alkalinity in the liquors will be negatively
affected. This will result in a decrease of removal efficiency in the DEMON system, if no
mitigating measures are taken.
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3 DEMON Flow and Load

3.1 Information from client

Flow and load data were supplied by Arik Messing by email on 2 April 2019 and confirmed
by David Wankmuller (Hazen & Sawyer) on 20 May 2020 (Table 3-1). It was decided that
co-thickening of pre-digestion primary and secondary sludge will not be used.

The composition of the liquors is typical for mesophilic digested sludge liquors, except for
the alkalinity. Composition of the liquors will be discussed in detail below.

Table 3-1 Haifa — Centrate Side Stream Treatment by DEMON design Flow & Load (Annual
Average and Monthly Maximum)

Parameter unit without Airprex With Airprex
Flows

Centrate design flow — AA m3/day 2,355 2,355
Centrate design flow — MM m3/day 2,830 2,830
Concentrations

Chemical oxygen demand* mg/I| 808 808
Kjeldahl Nitrogen mg/I| 860 762
Ammonia nitrogen mg/I| 831 731
Total suspended solids mg/I| 1,000 1,000
CBOD** mg/I| 118 118
Alkalinity*** mg/I| 2,514 2,148
Total Phosphorous mg/I| 308 77
Ortho-phosphate mg/I| 256 25
pH - 7.6 7.8
Temperature oC 25-35 25-35
Loads AA

COD* kg/day 1,904 1,904
TKN kg/day 2,025 1,795
Ammonia-N kg/day 1,957 1,722
TSS kg/day 2,355 2,355
CBOD kg/day 277 277
Alkalinity*** kg/day 5,922 5,058
TP kg/day 721 181
PO.-P kg/day 600 60
Loads MM

COD* kg/day 2,288 2,288
TKN kg/day 2,433 2,151
Ammonia-N kg/day 2,351 2,069
TSS kg/day 2,830 2,830
CBOB kg/day 333 333

Alkalinity*** kg/day 7,115 6,078
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Parameter unit without Airprex With Airprex
TP kg/day 866 218
PO.-P kg/day 720 72

*) Assumed to be dissolved COD
**) Interpreted as dissolved BOD
***) as CaCOs3

3.2 Temperature
For heat balance calculations the liquor temperature and the seasonal changes of the
ambient temperature are relevant.

The liquor temperatures are specified as 25 - 35°C. This is a typical temperature range for
liquors from mesophilic digested sludge. As (cooler) polymer water is added to the sludge
for dewatering, it is unlikely that the upper limit of 35°C will be reached.

Assuming average diurnal ambient temperatures will vary between 15 °C and 30 °C, no
heating or cooling of the reactor is expected to be required for open top reactors.

3.3 Total Suspended Solids

In a video conference on 21 April 2020 it was agreed that the specified TSS concentration of
1,000 mg/l is an upper limited. Actual concentrations are expected to be lower. Centrifuges
typically produce liquors with TSS in concentration range of 500 — 700 mg/l. For design
purposes a concentration of 1,000 mg/l TSS will be used for average conditions.

Especially during start-up of centrifuges, the TSS concentration in the liquors can be higher
than 1,000 mg/l for a short period of time. It is recommended to by-pass the DEMON
process (or return liquors to the sludge balance tank) during the first 10 - 15 minutes after a
centrifuge is started.

Separation of solids from liquors upstream from the DEMON process is not recommended,
as solids are required for the supply of micronutrients such as iron, zinc and copper to the
process. These micronutrients are poorly soluble in the presence of carbonate, phosphate
and sulphide, all present in considerable concentrations during sludge digestion. Therefore,
they are mainly present in the suspended solids fraction of the dewatered sludge liquors.

If the centrifuges are performing exceptionally well, then the solids concentrations in the
liquors can drop to (far) below 500 mg/l. This may lead to a shortage of micronutrients in the
process, limiting growth and activity of AOBs. Currently this possibility is not anticipated and
no remedy is incorporated in the design.

3.4 Alkalinity

The alkalinity to ammonia ratio (Alk/Am) in the liquors is calculated as 0.85 meg/mmol
(based on the specified concentrations for alkalinity and ammonia) in the scenario without
AIRPREX. As discussed in section 2.4, an Alk/Am lower than 1,0 meg/mmol will lead to a
lower ammonia removal efficiency.

Alkalinity in sludge liquors will be further reduced by struvite formation in the Airprex
process.

For the purpose of this design it is assumed that Caustic Soda (NaOH) will be dosed to
increase the Alk/AM value to 1.0 meg/mmol.
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As no Ferric Chloride or other chemicals are used in the dewatering process that may affect
alkalinity, the actual AIk/AM ratio in liqguors may well be higher than assumed.
This is supported by a series of 7 samples taken in the period March — May 2019, in which,
four samples showed an alkalinity to ammonia ratio of 1.0 or more, see Figure 3-1.

Ammonia and Alkalinity in Centrate
70.0
60.0

50.0

40.0
30.0
20.0
10.0

19-mrt  20-mrt  14-mei 21-mei 23-mei 27-mei 29-mei

Concentration (mmol/l or meq/I)

mm NH4-N mmol/l s Alkalinity meq/l  =====Ratio Alk/NH4

Figure 3-1 Measured Alkalinity to Ammonia ratio in centrate
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Alk to NH4 ratio (meq/mmol)

If the alkalinity to ammonia ratio is higher than specified, then the actual required dosing of

caustic soda will be lower than calculated or not required at all.
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4 Process Design

4.1 Design philosophy

The DEMON installation is designed to allow for full treatment up to the required
specifications at maximum load for prolonged periods of time, regardless of the ambient
conditions, as long as the dewatering liquors are compliant with the DEMON design
parameters.

The loading scenario for centrate liquors for the maximum month without Airprex in
operation is used to determine the required capacity of the system, as this results in the
highest load to the system.

The loading scenario for annual average load with Airprex in operation is used to determine
nominal operating conditions of the process. The average solids concentration in the
centrate is expected to be around 700 mg/l, but the higher value of 1,000 mg/l is used for
the average scenario. This will have no significant impact on the performance of the process
but may require increased sludge discharge. This is taken into account designing the sludge
discharge equipment.

Yearly consumption figures (chemicals, energy, etc.) are calculated based on
the average scenario.

The process is designed as two identical lines, each designed for 50% of total maximum
capacity.

4.2 DEMON Design Flow and Load

Based on the information supplied, the design basis for the DEMON design was derived.
This design basis is shown in Table 4-1. The average values are based on the scenario in
which the AIRPREX is in operation. The maximum values are derived from the scenario
without AIRPREX.

Table 4-1 DEMON Design Parameters

Parameter Unit Average Max
Flow m3/d 2,355 2,830
NH4-N kg/d 1,722 2,351
NKj/NH4 - 1.04 1.03
NKj kg/d 1,795 2,433
CODtot kg/d 3,716 4,466
CODsol kg/d 1,903 2,287
BODsol kg/d 277 333
TSS kg/d 2,355 2,830
pH - 7.8 7.6
Temperature °C 30 35
Alkalinity/NH4-N mol/mol 0.82 0.85

Values for COD (total) are calculated based on values for TSS, COD (dissolved) and BOD
(dissolved) using the following equation:
CODrotal = CODudissoived + OMCrss * CODtss * TSS
Where:
e OMCrss: organic matter content of the TSS (55 %)
e CODrss: COD content of organic matter (1,4 kgCOD/kgOM)
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4.3 Upstream facilities
Upstream facilities may impact liquor compositions considerably. As this will influence the
DEMON design, the relevant upstream facilities are discussed below.

43.1 Airprex
The Airprex system upstream from the dewatering process will induce struvite precipitation

in sludge, allowing for recovery of phosphate and preventing problems associated with
struvite downstream. This will also result, among other things, in a reduction of the ammonia
load in the centrate. This is taken into account in the flow and load scenarios.

The precipitation of struvite will also cause a small loss in alkalinity due to the acidifying
effect of the shift in the phosphate equilibrium. This also is reflected in the flow and load
scenarios.

4.3.2 Pre-Treatment

Inhibition tests on Haifa sludge liquors were performed at Innsbruck University in April 2018.
DEMON biomass from WWTP Strass (Austria) was used as reference agent. The results
showed a moderate reduction of AOB activity of up to 20% using Haifa centrate as feed
stock and sludge from the reference DEMON plant. No inhibition on Anammox was
observed.

Results are in line with the operational experience from other DEMON sites where liquors
from mesophilic digested sludge are treated. Full adaptation of the AOB population to the
specific Haifa liquor composition is expected.

Based on these test results it was decided that no pre-treatment will be required prior to
treatment of liquors in the DEMON process.

4.3.3 Solids separation from liquors
No solids separation from sludge liquors is required upstream from the DEMON process.

The solids concentration is specified to be 1,000 mg/l average, but expected to be slightly
lower. Incidental higher solids loads of short duration may cause some process disturbance,
but will not lead to process failure.

It is recommended to send the first flow after restart of a centrifuge back to the sludge buffer
tank or directly to the head of works to prevent recurring shock loads of (very) high TSS
levels to the DEMON reactor.

4.3.4 Balance tank

The DEMON process is able to cope with strong variations in flow within the design window.
Temporary absence of flow due to interruption of the dewatering process does not generally
lead to a disruption of the process. Balancing of liquors is therefore not required. However,
the presence of a balance tank will improve the stability of the process and may be
considered for this reason.

At Haifa WWTP five centrifuges are available for sludge dewatering. Each centrifuge has a
capacity of 35 — 40 m3h. A change of the number of centrifuges in operation will cause a
step change in flow in that order of magnitude. Figure 4-1 shows the centrate flow for the
18" of August as a typical example of variations in flow. In the course of the day the number
of centrifuges in operation changed from 3 to 1 and back again.
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Centrifuges- Total Flow
18 August 2020
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Figure 4-1 DEMON Feed Flow Pattern (example)

The above pattern should not be a problem for the DEMON process, as the aeration
frequency will drop automatically when flow is reduced, to increase again when flow
increases. An enlarged wet well with a net buffer volume of at least 40 m3 (one hour
retention time for one centrifuge) should be enough to accommodate the sudden change in
hydraulic load.

The level in the wet well is used as input for the DEMON feed control loop. For the
combination of level control and buffering a DEMON feed tank (or wet well) with a net
volume of 50 m3 will suffice to absorb strong variations in flow (feed pump control response
time) due to a change in number of centrifuges in operation.

A larger wet well or balance tank is nice to have, but not required for the process.

4.4 DEMON process design

44.1 Volumetric loading rate

The DEMON process is designed, based on the maximum scenario for flow and load as
shown in Table 4-1 and a design volumetric loading rate of 0.85 kg/d.m3 NHa4-N.

442 DEMON reactors and process redundancy
The DEMON process is designed as two parallel lines, each treating 50% of the load. The two
lines will be operating independently. A Process Flow Diagram is provided in Appendix 1.

Each line comprises an aeration tank and a final settling tank. Air is provided by blowers,
serving Mixer/Aerators in the aeration tank. From each settling tank settled sludge is
returned to the aeration tank using return sludge pumps.

The water level in the reactor is determined by the level of the weir in the final settling tank.
Each reactor has a dedicated final settling tank. The final settling tank is designed as a
rectangular Dortmund type settler, with a steep bottom slope and no internal moving parts.
The inclination of the bottom slope facilitates settling and gathering of sludge by gravity
eliminates the need for sludge scrapers.
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443 Aeration capacity
The oxygen requirement is calculated using the calibrated DEMON design model. Results
are indicated in Table 4-2.

Table 4-2 Oxygen demand DEMON (for 2 reactors)

Oxygen balance Unit Avg Max

O2 requirement nitritation kgO2/kgNH4 3.43 3.43

O2 requirement nitritation kgO./d 2,936 3,994
Estimated O, requirement organic matter kgO./d 1,552 1,865
respiration

O, requirement total (AOUR) kgO./d 4,488 5,859
SOTR (at 20°C, clean water) KgO2/h 405 530

Peak SOTR (at 20°C, clean water) KgO2/h 688

The required SOTR is calculated, based on an Alpha factor of 0.7 and aeration operating
67% of the time at an oxygen setpoint concentration of 0,3 mg/l. A safety factor of 1.3 is
applied to accommodate variations in Alpha factor. Hyper Classic Mixer/Aerators are
selected as the preferred method of aeration and the reactor configuration is optimised for
this type of aeration.

444 Surplus activated sludge discharge

Surplus activated sludge (SAS) is removed from the aeration tank and discharged through a
Micro Drum Screen (MDF). Purpose of the MDF is to recover Anammox granules from the
SAS for return to the DEMON aeration tank. The design daily SAS volume is 10% of the
reactor volume, or 140 m?3 per reactor per day. SAS is discharged at a fixed flow, based on
the capacity of the MDF.

445 Alkalinity dosing
A caustic soda dosing system is provided for alkalinity addition. Purpose is to increase the

alkalinity to ammonia ratio in the centrate from 0.85 to 1.00. Caustic soda is dosed directly
into the DEMON reactor in a volume proportional to the centrate feed flow.

Table 4-3 Caustic Dosing Requirement for 2 reactors

Caustic Avg Max
Caustic requirement kg NaOH/d 1,009 1,307
Caustic strength % 50 50

Caustic density kg/m3 1,540 1,540
Caustic requirement, volume, daily m3/d 1.31 1.70
Caustic requirement, volume, yearly m3/year 478.2 619.5

Caustic consumption, mass, yearly ton prod/year 736.3 954.0
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5 Civil design

5.1 Tanks

The civil design parameters are shown in the tables below. A general arrangement drawing
of the system is presented in Appendix 3. The general arrangement drawing focuses on
process design and not structural design. A different selection of materials, entry points for
pipes and walkways for access may be proposed, if so required by the client.

Table 5-1: DEMON Balance Tank

Number 1

TAG numbers T-101

Type Rectangular tank

Total volume 50 m3 (nett volume)

Dimensions To be determined

Provisions

Remarks A mixer to prevent settlement of suspended solids is advised, depending on the

configuration of the tank.

Table 5-2: DEMON Reactor

Number 2

Tag numbers T-201, T-301

Type Rectangular reactor tanks

Maximum ammonium 0.85 kg NH4-N/m®/d

loading rate

Total volume 2,800 m3 (nett volume)

Volume per reactor 1,400 md (nett volume)

Dimensions 16.5x11.0 m?

Wet depth 80 m

Wall height 90 m

Provisions 3 discharge pipes per reactor to 1 final settling tank, with upwards facing bell mouth
entrance to avoid air entrapment.

Remarks The water level in the DEMON reactor is fixed at 8 m above floor level, determined by

the weir level in the final settling tank.

Table 5-3: DEMON settling tank

Number 2 (1 perreactor)
Tag numbers T-202, T-302
Type Square Dortmund style
settling tank
Surface loading 20 m3¥m2h
Surface area 30.25 m?
Dimensions 55x55 m? (inner size)
Provisions ¢ 3inlet pipes from each reactor to each settling tank. No special provisions for the

inlet pipes at the settling tank side. Alternatively a single pipe with a classic inlet
drum in the final settling tank may be used.

e 2 discharge launders per settling tank, two sided overflow weir with V-notches.

e Bottom slope at 60° to a central sludge extraction point

Remarks e The water level in the settling tank is identical to the water level in the reactor.

e The bottom of the settling tanks may be raised to a higher level. However, the
height of the vertical wall section should be at least 2 m.

e The final settling tanks can also be constructed as steal circular tanks with a
diameter of 6.2 m.
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5.2 Hydraulic design
The main pipeline dimensions are shown in Table 5-4.

Table 5-4: DEMON Pipe Diameters

Pipeline diameter Ave. Flow Max.Flow Ave flow Max flow Velocity

speed speed Head
mm m3/h m3/h m/s m/s m

Feed line balance tank 200 118 117 1.04 1.03

Reactor feed line 150 59 59 0.93 0.92

FST feed line (3 pc.) 200 39.3 39.0 0.35 0.34 0.006

Return sludge line 150 59 59 0.93 0.92

Effluent collector (launder) 150 205 29 0.46 0.46

Effluent collector (reactor) 150 59 59 0.93 0.92

Effluent collector (total) 200 118 117 1.04 1.03

Surplus sludge line 75 10 15 0.63 0.94

Washwater line (MDF) 50 5 10 0.71 1.41

Washwater line (foam) 50 5 10 0.71 141

Caustic dosing line (PM) 12 0.1 0.2 0.25 0.49

Each settling tank is equipped with two effluent discharge launders with v-shaped weirs on
two sides. Dimensions are shown in Table 5-5 and Figure 5-1.

Table 5-5: DEMON Effluent weir and launder

Number 4 (2 launders per FST,1 FST per reactor)

Type Rectangular launder with V-notch weir, 2 sides
Channel width 0.3 m

Channel length 5 m

Channel bottom elevation 7.70 m above floor level
V-notch bottom elevation 8.0 m above floor level
V-notch angle 90 °

V-notch height 0.06 m

V-notch spacing 0.15 m

V-notch top length 0.03 m

Note: e To avoid air entrainment in the effluent discharge pipe, the effluent pipe should be

equipped with an air vent at the highest point.
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Figure 5-1 DEMON Effluent weir and launder

16 (24)



SWECO

6 Mechanical Design

The mechanical design of the process is presented in tabular form for the mechanical
components. The PID of the process can be found in Appendix 2.

6.1 DEMON Feed Pumps (P&ID 1)

Table 6-1: DEMON Feed Pumps

Location Dry mounted in technical area

Tag Number P110, P-120, P130

Number 2 duty + 1 standby One duty pump per reactor, one common standby
Type Centrifugal pump

Capacity per pump 59 méh

Average flow 25 ms3/h

Minimum flow - mdh

Static head 10 m

Provisions e Variable Frequency Drive

e Four actuated valves per DEMON reactor allow the standby pump to be operated
either for DEMON no. 1 or DEMON no. 2

6.2 DEMON Reactor (P&ID 2 and 3)

Table 6-2: DEMON Reactor mixer/aerators

Location DEMON reactors
Tag Number D210, D220 DEMON reactor 1
D310, D320 DEMON reactor 2
Number 4 duty (2 per reactor)
Type Invent HyperClassic Mixer/Aerator HCMA/2500-41-30.0kW
Diameter 25 m
Capacity 30 kW (each)
Capacity based on required SOTR
Total capacity 688 kg O2/h (SOTR, 20°C, clean water), installed capacity
Capacity per reactor 344 kg O2/h (SOTR, 20°C, clean water), installed capacity
Capacity per aerator 172 kg O2/h (SOTR, 20°C, clean water), average load
Max. airflow per 1,762 Nm°h
mixer/aerator
Maximum airflow per 3,523 Nmd/h
reactor
Maximum airflow per 3,781 m?d/h (at 20°C, 1,013 mbar site pressure).
reactor
Provisions Variable Frequency Drive
Remarks e The installed capacity is based on an alpha factor 0.7 and a safety factor 1.3.

e The average aeration capacity is low compared to the installed capacity. The use of
two blowers per reactor will allow for a sufficient range of control in aeration
capacity.

e The number of mixer/aerators in operation in aeration mode can vary depending on
actual oxygen demand.
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Table 6-3: DEMON Foam control

Location DEMON reactors

Number

Type BETE Spiral TF10 or equivalent (www.bete.com)

Capacity To be determined

Provisions

Remarks Foam control by spraying filtered effluent on the reactor surface is recommended. One
spray bar system per reactor to be installed across the DEMON reactor below the
platforms.
For incidental excessive foaming it is recommended to have antifoam agent available
on site.

6.3 DEMON Return Sludge Pumps (P&ID 4)

Table 6-4: Return sludge pumps

Location Dry mounted in technical area
Tag Number P410, P420, P430
Number 2 duty + 1 standby One duty pump per reactor, one common standby
Type Centrifugal pump or
positive displacement pump
Capacity per pump 59 m3/h
Average flow 50 md3/h
Minimum flow t.b.d. m3/h
Static head 0.10 m
Provisions e Variable Frequency Drive
e Four actuated valves allow the standby pump to be operated either for settler no. 1
or settler no. 2
6.4 DEMON SAS Pumps and Micro Drum Filters (P&ID 5)

Table 6-5: DEMON Surplus Activated Sludge pumps

Location

Tag Number
Number

Type

Capacity per pump
Average flow
Minimum flow
Static head
Provisions

Remark

Dry mounted in technical area
P540, P550, P560

2 duty + 1 standby One duty pump per reactor, one common standby
Centrifugal pump
15 mdh
15 m3h
m3/h
2 m

e Variable Frequency Drive
e There are three MDF units, operating as 2 duty, one common standby. Each MDF
has a dedicated SAS pump.
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Table 6-6: DEMON Micro Screens HOLD

Location DEMON reactor

Tag Number F510, F520, F530

Number 2 duty + 1 standby One per reactor, one common standby

Type Plectrum 100-MDF-803-SS-50-SS

Capacity 15 m3/h (each)

Power 3 kW (each)

In/Outlet DIN 150 PN 6 flange

Sludge discharge DIN 125 PN 6 flange

Weight kg (each)

Provisions e Connection for external wash water (filtered plant effluent, 5.1 m3/h, 6 bar, filter size
130 pm))

Remarks e Local cabinet for drum control

For operational reliability it is recommended to substitute a Static Runoff Filter with identical
mesh with and hydraulic capacity for the MDF as listed above.

6.5 Blowers (P&ID 6)

6.5.1 Blower configuration

The DEMON process requires intermittent aeration, typically with two aeration cycles per
hour. As this results in frequent starts and stops per reactor, the use of a central aeration
header for two tanks is not recommended. In this configuration, with multiple blowers and
rapidly changing air demands every five to 10 minutes, it will not be possible to achieve
stable blower operation. For that reason each reactor must have its own dedicated set of
blowers.

As the average oxygen demand is approximately 50% of installed aeration capacity it is
recommended to install at least two blowers per reactor. This will provide a sufficiently large
range to ramp aeration capacity up and down depending on the demand.

To ensure sufficient redundancy, two common standby blowers are applied. Actuated valves
are used to direct flow from standby blowers to the allocated reactors.

6.5.2 Blowers

Table 6-7: Blowers

Location Inside in facilities building or outside under protective soundproof boxes.
Tag Number P610, P620, P630, P640,
P650, P660
Number 2+ 2+ 2 Two duty blowers per reactor, two common standby
Type Rotary Lobe, screw compressor, rotary lobe compressor (hybrid)
Capacity per blower 1,762 Nm®h
Provisions Variable speed drive.
Three actuated valves allow the standby blowers to be operated either for reactor 1 or
reactor 2
Remarks A four blower setup is an alternative option (2 * 50% per reactor), in case of a blower

failure a single blower should be sufficient to provide enough oxygen for average
conditions to one reactor.

The specified capacity is indicative. This needs to be confirmed by the supplier of the
aeration system.
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Due to the frequent number of starts and stops of the aeration process the use of turbo
blowers is not recommended.

6.6 Caustic dosing (P&ID 7)

Based on the specified alkalinity to ammonia ratio of 0.82, the average dosing requirement
of NaOH(50%) is 55 I/h. The installed dosing capacity is 106 I/h, based on a maximum
dosing rate of 70 I/h and a 1.5 safety factor. A higher dosing rate is required if lower strength
caustic is used for alkalinity recovery.

A NaOH storage volume of 30 m3 is recommended, which provides capacity for 22 days of
average dosing. This volume is sufficiently large to receive a truck load of NaOH.

Table 6-8: Caustic Dosing Pumps

Location Chemicals dosing kiosk, outside
Tag Number p-701, P-702
Number 2 Dedicated pump per reactor
Type Positive displacement
pump.
Capacity 551/h Per pump
Provisions
Remarks o NaOH(50%) crystallises at a temperature below 16°C. Tracing may be required.

e An emergency shower and eye shower may be required for safety reasons.
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7 Electrical and Instrumentation Design

7.1 Instruments
Online instruments and sensors are required for automated process control.

7.11 Quality sensors

Note 1: The number of suppliers for sensors that can measure nitrite online is limited
to four: Hach, WTW, S::CAN and TriOS. Hach actually does not have its own
system, but supplies the TriOS sensor under its own label. The TriOS sensor
requires a dedicated controller (and cannot be hooked up to the standard
Hach SC1000 controller). In our experience all sensors will yield reliable
results, if properly maintained and calibrated. Support from a local
representative for installation, commissioning and calibration is essential,
particularly during commissioning.

Note 2: The ISE ammonia sensor is a simple system to provide an indication of the
ammonia concentration in the reactor. As these sensors tend to drift rapidly
the accuracy is limited and they require frequent calibration. A wet chemical
analyser is more accurate but also more expensive in purchase and
operation, is more complicated to operate, but does not require frequent
calibration.

Type

Tag Nr.

Range

Location

Measuring principle

Remark

Type

Tag Nr.

Range

Location

Measuring principle
Remark

Type

Tag Nr.

Range

Location

Measuring principle
Remark

Type

Tag Nr.

Range

Location

Measuring principle
Remark

Ammonium sensor

QT-204, QT-304

0 — 1000 mg/I

DEMON reactors

lon selective Electrode or wet chemical
ammonium analyser

Automatic cleaning with compressed air

pH and temperature sensor
QT-203, TT-202, QT-303, TT-302
0-12

DEMON Reactors
Electrochemical

Dissolved Oxygen and temperature sensor
QT-202, TT-201, QT-302, TT-301

0—-20 mgl/l

DEMON reactors

Optical/Fluorescence

Nitrite and nitrate sensor

QT-205, QT-204, QT-305, QT-304

0 — 200 mg/l NO2-N, 0 — 1000 NOs-N
DEMON Reactors

UV-VIS

Automatic cleansing with compressed air
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7.1.2 Flow and level transmitters

Type

Tag Nr.

Location

Measuring principle
Remark

Type

Tag Nr.

Location

Measuring principle

Remark

Type
Tag Nr.

Location
Measuring principle
Remark

Type

Tag Nr.

Location

Measuring principle
Remark

Type
Tag Nr.
Location
Remark

7.1.3 Pressure transmitters

Type

Tag Nr.

Location

Measuring principle
Remark

7.2 Electrical installation
The electrical installation comprises:
e L.V. main distribution board;
L.V. motor control centres;
frequency controllers;

cabling;

earthing;

lighting.

Level transmitter

LT-101

Balance Tank

Radar or Pressure sensor

Level switch

LS-201, LS-301

DEMON reactor

Conductive level switch, multiple point
detection

Flow Transmitter

FT-101, FT-102, FT-410, FT-420, FT-540
FT-550, FT-560

Various locations

MID

Air Flow Transmitter
FT-601, FT-602
Near blowers
Ultrasonic

Foam detection (optional)

DEMON Reactors

Pressure transmitter

PT-601, PT-602

Air supply to DEMON-reactors
Pressure sensor

@
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No special requirements apply to the electrical installation, as all components used in the
DEMON process are standard components in the wastewater industries. The electrical
installations should be designed in accordance with local standards.

7.3 Automation

7.3.1 General

The DEMON process is designed as a fully automated process that can operate unattended
with limited process supervision.

The automation system comprises:

e instrument and control equipment;

° PLC;

e DEMON controller;

e automation and control with a SCADA process control system.

The control logic for the DEMON process will be embedded in the DEMON controller, which
will communicate with the PLC. Control logic for equipment is embedded in the PLC
programme. In a separate document a Process Control Philosophy will be provided for the
local PLC programme.

Remote access for monitoring will be required to allow start-up support from Sweco
Netherlands. The DEMON controller will serve as remote access point. User access to the
PLC and SCADA system is not possible via the DEMON controller.

7.3.2 DEMON Edge Controller
The DEMON Edge Controller will comprise the following equipment:

Description No. Type

PN/PN coupler 2 Siemens Simatic PN/PN coupler

Edge Controller 2 Siemens Simatic DP, CPU 1512SP-1 PN

Removable data storage Siemens KEY-PLUG SINEMA RC

medium

Touch Screen 1 Siemens Simatic HMI TP900 Comfort

Switch 1 SCALANCE XB005 unmanaged Industrial
Ethernet Switch

LAN Router 1 SCALANCE S615 LAN router

Telecontrol server 1 Communications Processor CP 1542SP-1
IRC

Each DEMON reactor will have a dedicated controller that interacts with the PLC through a
PN/PN coupler and a profinet connection. The process configuration is indicated in
Figure 7-1.
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Demon Edge Controller Package for two lines

PN/PN Demon
Coupler Controller

Line 1 “ m
Switch
Line 2
Internet access (Customer) T
VPN Tunnel  (Siemens) \) Y
Firewall

Router \

Figure 7-1 Edge Controller Configuration

|NTM

Sweco / Siemens
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Appendix 1 Process Flow Diagram
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|[dentification leffers in according with NEN 3157 SYMBOLS NEN- en [S0-10628
Motor Dr @ % Wall transit + furnflange
/dentification of process instrumentation functions @ otor Hrive , Reduction valve Pump (FM-piece of FFN-piece)
S After press sefflement L
ldentification- | measured or initiating variable |dentification-| readout or N Valve ' |
letter letter passive function Membrane pump —— Battery limit
- " Non-ret lve / Check val
first letter ﬁddjlrhlo?:o second lefTer N DITTETEn Ve sr Y Flame extinguish \ LEZEAZ  Insulation and Tracing
irst lefter " .
A 3larm e Globe valve Positive displacement pump neulation
B status / condition >0 Axial fan / Air Cooler —
C control element >‘< Gate valve @ Hose pump () Instrument
—l /
Under- and overpressure safefy A .
D density difference Dk] Needle valve N @ Local instrument
E electric E sensor @ Rot.Pos.displacement pump
i ](quuan’rl’ry @ Diaphragm valve =X H ---- High
ow
@ Rofary lobe pump HH ---- Sore high (Alarm)
G distance. length [:@ﬂ Ball valve <> Limment _/ L ———_ Low
stand .,
| inter- LL -—--.Sore low (Alarm)
: 322;?020&?; Jlrr;]’ree;and I\@\I Butterfly valve VAVAY. Compensation @ Screw positive displacement pump
NC ---- NORMALY CLGOSED
indicating T 3 Wav valve 4"_ ,
periodical D 3-Way Flanged connection N SV ———— SOLENOID VALVE
scan @ Compressor
i </
(scanning) . ] ‘ Blindflange A PIPE CODE
- ring operated
K| fime or PHna ov o . . PIPE NUMBER
timeprogram | crewed cap Venfilator PIPE MATERIAL
L | level | DIAMETER
M | humidity i Safefy orrelief valve Y Drain / Funnel ‘ ——  PRESSURE CLASS
——  Submerged pump 101-55-200-PN10
N | &) N &) 1+ End-coupling
0 L) Solenoid valve
P pressure | | P point for fest .connec’rion % Sprayball ] Extruder SS  _~ STAINLESS STEEL
Q quality concentrafion | infergrated a counf, summarize GS —- GALVANIZED STEEL
example analysis fotalize Flectromagnetic driven valve M Overflow / Stoweir N— PVC -- POLY-VINYLCHLORIDE
L . P HPE -~ POLY-ETHYLENE
R radiation R record or print .
S speed, frequency S connected DEO Floating operated D Signal call I -- CAST IRON
T temperature T sended (transmitting) % Mixer
/| Filter / Strainer @ Red Light
U multivariable U multifunction / "
V viscosity V corrected organ . . Cogwheel
W weight, mass, force D Reducer Calibrating tube
X not classified X not classified
for example TV-camera, Puls absorder ABDC Difference tour regulator
radioactive source
Y L) Y counffunction, countfrelais F Open exhaust Hyperbolorde mixer . .
/ emergency intervention, Delivery unit
security action E Separating membrane
L—\L Sifon
1) Primary function: Use upper case letters. [T "] Silencer (Static mixer)
Secondary function: Use lower case leffers.
2) Place identification leffers in the following sequence: [~~~ Dynamic mixer
IBRCTQAQUXYSZA,
For instruments including a recording facility, the lefter | may be omitted. / Adjustable
3) Confrol and alarm functions are fo be shown close fo the instrumentsymbol.
Lettersymbol according fo NEN 999. e.q. HH, H L LL I-0, efc
L) Use the lefters N, O en Y for parameters not included in the table. Steam trap
Use the lefter X for any other parameter.
Include a description of “X" near to the instrument.
5) Use the letter U for mulfifunction instruments.
Deaerator
Main process pipe
Sec. proceSS |3|De Rev Description Date rev. Sign. Viewed | App.
Process- /Drinking- / Waferpipe Haifa Association of Towns (Sewage)
Air- /Drain Line Project
H DEMON Haifa
e - ose
Pipe with casting Legends
——————— — Signal Line
350356 | 000 " |ororao | B
P NA A3 De Bit s | |
@
gvgv\fl\gcso\,\l(leegglglj B.V. All rights reserved SWECO ﬁ
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