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Haifa Region Association of Towns, Israel
Engineering and Consulting Services for the Upgrade and
Expansion of the Haifa municipal WWTP Sludge Treatment
Systems — Survey of Alternatives

Terms of Reference

1. General

The Haifa Municipal Wastewater treatment plant is the second largest WWTP in Israel, treating
some 110,000 m%d of combined sanitary and industrial wastewater. Treatment includes
secondary treatment in an activated sludge system, without nutrient removal, and anaerobic
digestion of primary and secondary waste activates sludges. Treated effluent is recycled for
agricultural re-use, and sludge is composted off-site before final reuse in agriculture.

The WWTP is in the process of being expanded and upgraded in order to allow a treatment
capacity of 150,000 m®/d, with new effluent limits of requiring extended nutrient removal
capabilities. The current upgrade involves the main units of the water line, including new
pretreatment facilities, additional primary clarifiers, another biological reactor and additional
secondary clarifiers and tertiary treatment.

As a result of the expansion, currently under construction, quantities of primary and secondary
sludge are expected to grow as the influent loads grow. While the sludge treatment units are
constantly undergoing maintenance and upgrading, the Sludge Treatment line was not expanded
under the current Upgrade and Expansion plan.

It is the intention of the Haifa Area Association of Towns (The Client) to expand the Sludge
Treatment line in order to match the growing solids processing requirements. In addition, it is
the intention of the Client to upgrade the existing systems in order to provide better performance
in terms of gas production and volatile solids destruction in the digesters.

In order to develop a Master Plan for optimal upgrade of the sludge line, the Association of
Towns is interested in engaging an Engineering firm or consortium (The Engineer) to create a
detailed Survey of Alternatives.

This document outlines the Terms of Reference for the required Design and Engineering tasks.
The main steps, which are summarized in the three Tasks that follow, are:



1. Conduct a Process-Technical review of the existing sludge-treatment process units;

2. Conduct a physical inspection of the condition of the existing equipment, piping and
Process units;

3. Assess the capabilities of the existing system to treat the projected quantities of sludge
after the current expansion:

a. ldentify system limitations;
b. Define required additions and expansions to address the identified limitations;

4. Survey state-of-the-art sludge treatment technologies (advanced digestion, nutrient
recovery options, increased biogas production options, and physical processing units)
and select upgrade modifications that would fit the needs of the Haifa WWTP (if such
exist);

5. Present the options developed to the client. These would relate to both the
recommendations described in Item 3 above, and the options developed in Item 4
above;

6. Based on the decision of the client, develop preliminary designs and preliminary
comparative budgets (CAPEX and OPEX) for the options selected for further
development;

7. Present the options developed and budgeted, together with recommendations.

The engineering project is outlined in clearly delineated Tasks, each of which will be
commissioned and executed successively and the decision whether and when to execute each
stage of the requested project will be solely at the discretion of the Client. Similarly, the
commercial proposal submitted will be broken down into discrete commercial sections according
to the tasks, and it is solely at the Clients discretion to decide which of the tasks shall be executed.

2. Background

The Haifa WWTP was constructed in the early ‘60s and first expanded in the ‘70s to a treatment
capacity of 80,000 m*/d. In 2000 a second expansion and upgrade was concluded, bringing the
treatment capacity to 120,000 m®/d. It is currently under expansion and upgrade again, to enable
the plant to treat 150,000 m®/d, and comply with new nutrient limits. The following is a summary
of the existing conditions; Additional details and more detailed data will be provided at a later

date as required.

3.1. The Existing Facilities

The plant is currently undergoing an upgrade to the water treatment line. The following
description includes the currently existing facilities, as well as mention of the planned changes (if

any).
The existing facilities consist of the following process units:

Water treatment:

e Influent pumping station consisting of 3 Archimedes screws, total capacity 16,500 m*/hr;



e 4 Coarse bar screens, 15 mm passage. Some of the screens have been upgraded to 10 mm
passage. These will be replaced by 4 units of 15 mm, followed by 4 units of 6 mm screening
capabilities;

e Grit removal: 2 vortex-type grit removal units, and 2 rectangular aerated units. Grit removal
to be replaced by 4 new vortex type units;

e Pre-aeration of the incoming wastewater; this unit will be taken off-line and demolished
during the upgrade.

¢ 6 Rectangular primary sedimentation tanks. Two additional primary clarifiers will be added
as part of the plant upgrade;

e 3 Aeration modules: Modules 1 and 3 are identical and treat some 47,000 m%/d each, and
each module consists of two parallel reactors aerated with mechanical surface aerators, with
a small anoxic zone for pre-denitrification. Module 2 is smaller, consisting of 4 parallel
reactors aerated with mechanical mixers with a small pre-denitrification anoxic zone, and
treating 25,000 m®/d. 4 additional aeration basins, with a design capacity of 80,000 m?/d,
will be added as part of the current plant upgrade; only 3 of them, with a treatment capacity
of 60,000 m3/d, will be constructed immediately and the fourth at a later stage.

e 12 Final clarifiers: Modules 1 and 3 utilize 4 circular clarifiers each, while module 2 flows
into 4 rectangular final clarifiers. 4 new circular final clarifiers will be added as part of the
upcoming upgrade;

e Tertiary sand filtration (11 units) and disinfection with hypochlorite will be added.

Sludge and Biogas Treatment

e Storage tank for waste activated sludge (WAS) before thickening;

e 6 Mechanical WAS thickeners (GBT);

e 8 Anaerobic mesophilic sludge digesters with a total volume of 30,000 m2. 4 of the digesters
are mixed with biogas and 4 units have had the mixing system changed to Rotamix
mechanical mixing, with external pumps and internal sludge distribution nozzles at different
digester heights. The digesters are heated in spiral heat exchangers utilizing biogas as a heat
source;

o Digested sludge holding tank;

e 6 Dewatering decanter centrifuges;

e A double membrane biogas holder;

e Biogas treatment units consisting of a biological desulfurization unit, a gas dryer, and active
carbon filtration for siloxane removal;

e 2 Biogas generators, 1.5 and 1.2 MW,



e As part of the ongoing upgrade of the Water Treatment line, and anammox based N-
removal process (DEMON) and Phosphorus-removal system (Airprex) are being

implemented to treat the digested sludge centrate stream.

F|gure 1 Layout of the Ha|fa WWTP. Pink denotes areas of the proposed upgrade

3.2. Influent Characteristics

The following table show average raw sewage characteristics in 2023.

3. Table 1: Average Raw Sewage Characteristics, 2023

Parameter Units Annual Average
Flow, daily average m3/d 106,500
COD total mg/I 960

BOD total mg/I 353

TSS mg/I 549




TKN mg/l 82
NH4 mg/I 63
P total mg/l 13.2

3.3. Effluent quality

The following table presents average effluent quality in 2023:

Table 2: Average Effluent Quality, 2023

Parameter Units Annual Average
BOD total mg/l 5
TSS mg/l 10
COD total mg/I 40
TN mg/l 41
NH4 mg/| 35
P total mg/l 5

3.4. Sludge system parameters

The following table presents main sludge system parameters in 2023:

Table 3: Main sludge parameters, 2023

Parameter Units Annual Average
Primary sludge, flow m3/d 1,090
Primary sludge, mass Ton DS/ 31
Primary sludge, concentration % DS 2.8%
TWAS, flow m?/d 698




TWAS, mass Ton DS/d 31
TWAS, concentration % DS 4.4%
Digested sludge, flow me/d 1,788
Digested sludge, mass Ton DS/ 41
Digested sludge, concentration % DS 2.3%
Dewatered sludge, mass Ton cake/d 158
Dewatered sludge, concentration | % DS 20.9%

3.5. Anaerobic Digesters Performance

The following table summarizes the main operational and process data from the operation of the
anaerobic digesters.

Table 4: Main anaerobic digester parameters, 2023

Parameter Units Annual Average
Hydraulic Retention Time days 17
VFA/Alk ratio - 0.30

VSS destruction % 35-45

VSS destroyed ton/d 15-20
Biogas produced Nm3/d 11,000-15,000

4. The Required Survey

As the capacity of the plant is being increased and the effluent quality being upgraded, it is
envisioned that larger quantities of sludge will be generated and must be dealt with. full review
of the existing sludge-treatment units, equipment, and infrastructure is required, in order to
provide the management of the client with a clear snapshot of the current status of existing units,
needs for expansion, or needs for replacement, in order to meet the future needs.

In addition, the Client is interested in improving the performance of the anaerobic digestion
system. While it is NOT required to upgrade the digested sludge quality to Class A sludge, the
current digestion system is sub-optimal, and is not producing the desired reduction in sludge
quantities, nor the desired amount of biogas used for power generation. To this end, the bidder is
required to survey existing, state-of-the-art technologies for improving the anaerobic digestion
process, select and present to the Client options that could be viable for the Haifa WWTP.



In addition, the sludge treatment line produces large amounts of struvite, which cause extensive
maintenance issues. The bidder is requested to address this issue as well and offer possible
solutions.

5. Proposed Design Team and Methodology
5.1. Required partnership

In order to respond to this TOR, the bidding group will consist of at least two entities (the
Partners).

1. An Israeli Engineering firm, with proven, referenced experience in design and
execution-supervision of sludge treatment units in at least one working WWTP with
design flow of more than 30,000 m*/d .

2. A non-Israeli Engineering firm, preferably from Western Europe or North America,
with experience in design, and preferably operational experience of sludge treatment
systems. The non-Israeli partner will have proven, referenced experience in design of
greenfield or retrofitting anaerobic-digestion-based sludge treatment systems in at least
2 working WWTPs and 2 under design, with capacity of more than 40 tons dry solids
per day.

Commercial contracting, as well as compliance with all time-lines, guarantees, etc., will take
place between The Client and the lIsraeli Engineering firm (the Lead engineering firm);
relationship between the Israeli Engineering firm and the non-Israeli firm are to be established by
the partners, and presented in a transparent fashion to the Client for review and confirmation.

5.2. Team
The team shall consist of at least the following personnel:

e Project Manager (Israeli Partner), responsible for all interaction with the client and
coordination of the entire scope of activities;

e Process engineer (non-Israeli Partner) for detailing of the proposed sludge treatment
processes, process modeling, etc.;

e Mechanical engineers for review of the existing facilities (Israeli or non-Israeli Partner) and
preliminary design of the proposed changes (non-Israeli Partner);

o Civil engineer (Israeli Partner) for detailing of the layout, required civil works, and
integration into the existing facilities.

6. Methodology and Detailed Tasks

6.1. Methodology

The required survey of alternatives will be executed as a series of consecutive tasks as outlined
below. Each of the tasks will have defined deliverables, and in the commercial proposal each of



the tasks will be presented as a separate commercial line-item. Execution and completion of each
of the tasks will be initiated solely at the discretion of the Client. To avoid confusion, it is clarified
that award of the overall engineering survey to an Engineering firm does not require the Client to
order the execution of all the tasks, rather, progress in completing the tasks will be decided upon
by the Client based on its own considerations.

6.2. Scope

The Consulting engineer proposing to conduct the Survey of Alternatives outlined above will
complete the following activities. Battery limits for the proposed survey are as follows:

Primary sludge pumping system;

WAS pumping system;

Primary sludge screening;

Thickening system including chemical dosing;

All sludge storage tanks and equipment;

Anaerobic digesters including civil and mechanical equipment;
Sludge dewatering system including chemical dosing;

Reject water pumping system;

Biogas collection system including biogas storage;

10 Biogas treatment system.
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The required activities are:

1. Conduct a Process-Technical review of the existing sludge-treatment process
units and biogas facilities;

2. Conduct a physical inspection of the condition of the existing equipment, piping
and Process units;

3. Assess the capabilities of the existing system to treat the projected quantities of
sludge after the current expansion:

a. Identify system limitations; specifically, but not limited to:
i. Heating system, including boilers and heat
exchangers
ii. Cogeneration system
iii. System piping — sludge, hot water, and biogas
iv. Sludge mixing systems efficiency
v. Sludge storage tanks (thickened and digested
sludge tanks)
b. Define required additions and expansions to address the identified limitations;

4. Survey state-of-the-art sludge treatment technologies (advanced digestion,
nutrient recovery options, increased biogas production options, and physical
processing units) and select upgrade modifications that would fit the needs of
the Haifa WWTP (if such exist);

5. Present the options developed to the Haifa WWTP. These would relate to both
the recommendations described in Item 3 above, and the options developed in
Item 4 above;

6. Based on the decision of the Haifa WWTP, develop preliminary designs and
preliminary budgets (CAPEX and OPEX) for the options selected for further
development;

7. Present the options developed and budgeted, together with recommendations.



6.3. Task 1: Review of the Existing System
Activities:

1. Data Acquisition: The engineer will receive from the client all pertinent data
regarding the existing system, including:

a. All existing site plans, dimensions, layouts, sections, P&IDs,
etc.;

b. Process and Operational data of the whole plant from recent
years;

c. Specifications (if available) of all of the equipment reviewed,;

d. Quantities and quality of expected sludge production following
the plant expansion;

2. Process modeling and analyses: analyze the expected performance and
shortcomings of the existing sludge treatment in terms of VVSS destruction,
biogas production, and any additional parameters which may be of interests
using proven tools and calculation methods and the data acquired of the current
plant (e.g. sludge composition, residence time, temperature, etc.);

3. Site inspection of the existing facilities: the engineer will conduct a thorough
review of the existing facilities to assess compatibility and condition of the
existing equipment to the future requirements. The inspection will include civil
structures, piping and hydraulic accessories, hot water system, sludge feeding
mechanisms, and mechanical equipment including but not limited to mixing
systems, thickening and dewatering systems, pumping facilities, and chemical

dosing units.

Deliverables:

Following the process analysis and site inspection, the engineer will submit Report 1 in English,
which will summarize findings and recommendations of Task 1.

Findings will include both the results of the process modeling and analysis, as well as the physical
site inspection.

Recommendations will include a detailing of equipment or units which are inadequate or
insufficient to cope with the future quantities of sludge, liquids, and biogas.

At the Client’s discretion, Report 1 will be presented in person to the Client, by representatives
of both the Israeli and the non-Israeli engineering firms.

Following comments, modifications and approval, the finalized report will be submitted in 5 hard
copies as well as digital form.



6.4. Task 2: Developing Conceptual Alternatives for upgrade

The engineer will survey existing, viable technologies for improvements for the sludge treatment
line. Alternatives to be reviewed will include:

1. Thickening and dewatering equipment improvement;
2. Chemical dosing optimization systems;
3. Improvement of anaerobic digestion process, either through novel processes or
through use of different equipment in the existing system;
4. Improvement of anaerobic digestion control;
5. Improvement of biogas system, including collection, storage, and treatment of
the biogas.
The survey will include conceptual outline of the general requirements for implementation of
such systems, and general outlines of the expected improvement. NOTE: at this conceptual stage
only ballpark costing estimates of CAPEX and OPEX are required; no site-specific preliminary
design or costing is required.

Deliverables:

Engineer will present the conceptual alternatives in Report 2. The report will provide qualitative
descriptions of the alternatives developed, along with Case Studies or references. The Report will
be presented in person and submitted in digital form, by representatives of both the Israeli and

non-Israeli engineering firms.

6.5. Task 3: Developing Preliminary design and budget for Selected Alternatives

Based on the conceptual alternatives presented in Task 2, the Client, with support from the
Engineer, will select technological alternatives of interest. These alternatives will undergo
Preliminary Design by the Engineer, so the Client can have a more accurate understanding of
CAPEX, OPEX, physical setup and space requirements, etc., of the different alternatives.

For each of the Selected Alternatives, the Engineer will provide the following:

1. Preliminary process sizing of the proposed units;

2. Interface options with the existing equipment: process-flow location, physical location
described on site plan;

3. Preliminary costing of proposed equipment/process;

4. Preliminary bill of quantities for implementation of proposed technology including major
equipment, piping, civil structures required;

5. Load list for proposed solution (if consisting of more than 3 motors);

6. Additional costs if relevant (engineering, licensing, etc.);



7. OPEX for implementation (power, chemicals, waste disposal, replacements, personnel
requirements, etc.).

Deliverables:

For each of the alternatives selected and developed, the engineer will submit the following in
Report 3:

Detailed description of the alternative, including vendor details;
References and Case Studies;

Basic process calculations required for the alternative;

Site plan showing location of the proposed alternative;

BoQ for implementation;

Preliminary budget;

Calculated OPEX detailed according to consumables.
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Report 3 will be presented in person for questions and comments. Following Client input, the
reports will be modified as required. The finalized report will be presented in 5 hard copies as
well as digital form. BoQs, preliminary budget and OPEX calculations will be submitted in Excel.

7. Documents to be submitted with this Proposal
The following documents are requested from the bidder in the proposal for the Survey:

e Company profile (Israeli and non-Israeli company);

e List of projects of similar scope and magnitude done by the engineer;

e Proposed design tools or models for the evaluation;

e CV of proposed staff members (engineers) proposed to contribute to this design review;
e Proposed timetables;

e Commercial proposal which will include:

o A separate commercial proposal for the execution of each of the Tasks detailed

above;

o A proposal for additional work-hours by the engineer (to be utilized at the
discretion of the client);

o A proposal for site-visits by the engineer, in order to present reports or for any

other reason (to be utilized at the discretion of the client).



8. Payment
Payments for the project will be conducted as follows:

1. 10% of the TOTAL agreed price as down payment, upon signing of the Services

Contract.
The remaining 90% of the TOTAL agreed price will be paid as follows:
Task 1 (x 90%):

2. 70 % of the agreed price for Task 1 upon submittal of Report 1

3. 30% of the agreed price for Task 1 upon approval Report 1

Task 2 (x 90%)::

1. 70 % of the agreed price for Task 2 upon submittal of Report 2

2. 30 % of the agreed price for Task 2 upon approval Report 2

Task 3 (x 90%)::

1. 50% of the agreed price for Task 3 upon submittal of the Final Report

2. 50% of the agreed price for Task 3 upon approval of the Final Report




