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[bookmark: _Toc162970581][bookmark: _Toc165895584]Introduction
[bookmark: _Toc162970582][bookmark: _Toc165895585]A.	Background and Current Situation
1.1 The Government of Barbados has embarked on a vital initiative to augment existing water supplies, mitigate climate change effects, address seawater intrusion and sea level rise, diversify potable water sources, enhance water supply resiliency, and reduce the impact of treated effluent on marine life and the environment. This document summarizes.  This report presents a technical analysis of the program based on a review of previous studies and the draft EPC Contract Document defining the largest component of the Program, Component 1, the wastewater reclamation treatment facilities.
[bookmark: _Toc162970583][bookmark: _Toc165895586]B.	Previous Studies
1.2 BWA has been considering wastewater reclamation for over a decade.  This section identifies recent studies leading to the definition of the preferred project and the Employer’s Requirements which establish the scope and quality of the work to be performed by the EPC Contractor.
1.3 Prefeasibility Study: BWA retained AECOM to assist in the preparation of a pre-feasibility study for the upgrade of the SCSTP to SCWRRF and a reclaimed water distribution and recharge well system (AECOM, 2020). BWA intends that the proposed project be delivered using a design build approach. This pre-feasibility study is, by its nature, a high-level evaluation of the proposed project and cannot be used as is for detailed design of the project. The design builder selected for the design and construction of the project will need to do its own due diligence and develop its own design. 
AECOM developed and compared alternative approaches. A treatment scheme was selected as overall most beneficial and became the “preferred project”. Sizes of proposed infrastructure are presented within this pre-feasibility study. These were used to develop Class 5 relative cost estimates for the purposes of alternatives analysis and budgeting purposes. Infrastructure sizes presented within this pre-feasibility study will need to be confirmed by the design builder as part of its design process. 

[image: ]Figure 1 - Process flow diagram of the recommended water reclamation option and design elements for the future SCWRRF.
Among other things, AECOM concluded that direct or indirect recharge of Barbados’ karst limestone aquifer using reclaimed water is conceptually feasible.
1.4 Groundwater Modeling – Technical Memorandum:  AECOM to use the existing Burnside/XCG (2010) groundwater flow model to further evaluate the prospect of returning treated wastewater to the Christ Church aquifer through recharge wells (AECOM, 2021). The modeling effort is intended to support the preparation of an Environmental Impact Assessment (EIA) currently in preparation for the SCWRRF project.
Groundwater modeling indicates that reclaimed water recharged at the recommended location will not raise groundwater elevation enough to change that divide separating parts of the aquifers. The injected reclaimed water will benefit the recharged area and not impact potable aquifers to the north, particularly if BWRO is pumping. A recharge scenario was developed under which all reclaimed water recharged to the Christ Church aquifer would eventually flow toward and be intercepted by the BWRO.  It is projected that most groundwater recharged is captured by BWRO extraction system. There may be some small percentage of the recharge that escapes the capture of BWRO and will flow toward the coastline to the southwest.  The recharged water is low in phosphorous and nitrogen.
1.5 Feasibility Study Report: Sinohydro conducted a feasibility study and prepared a report (Sinohydro, 2021) in accordance with the findings and recommendations presented in the Pre-Feasibility Report (AECOM, 2020). The Synohydro study evaluated reclamation and treatment alternatives developed a preliminary design used to prepare construction and operating costs.  The Feasibility Report presents the project background and requirements in terms of wastewater flow rates and required treatment levels, status and problems with the existing SCSTP, and demands for reclaimed water. Evaluations of alternative treatment processes for secondary, tertiary, and advanced treatment were conducted to develop the optimum overall treatment scheme.  
Alternatives considered for secondary biological treatment providing nitrogen and phosphorous removal included: 
i)  Oxidation Ditch Processes (Carousel and Orbital configurations), 
ii)  A/A/O Process Series (Conventional, A-A/A/O, Multi-point A/A/O, Bardenpho), 
iii)  SBR Process Series, 
iv)  Biological Aerated Filter (BAF) Process, 
v)   Activated Sludge-Biofilm Composite Process (HYBAS)
vi)  Membrane Bioreactor (MBR) process
A comparative evaluation considering treatment effectiveness, reliability, process complexity, operability, capital costs, operation and maintenance costs, and overall suitability was conducted.  The recommended process is the Bardenpho process for secondary treatment which supports the AECOM recommendation (AECOM, 2020). The need for supplemental carbon addition for the denitrification process was recognized with sodium acetate being recommended based its safety relative to methanol.
A similar evaluation of tertiary filtration systems compared the V type filter, rotating disc filter, deep bed sand filter and the activated sand filter.  The rotating disk filter is recommended based on its effectiveness and overall lower capital and O&M costs.
Various disinfection alternatives were compared, and UV-disinfection was selected based on its small footprint (area requirement), high sterilization efficiency, safety, no secondary pollution and simple operation and management. For ocean discharge of the tertiary effluent, ultraviolet disinfection technology eliminates disinfectant residuals.  Membrane ultrafiltration followed by reverse osmosis desalination were recommended for advanced treatment of the reclaimed water.



[image: ]
Figure 2 Block diagram of the recommended scheme process flow and design elements.
Sinohydro prepared a preliminary design sizing the major process components and developed estimates for the capital and O&M annual costs.
1.6 [bookmark: _Toc301177798][bookmark: _Toc301367103][bookmark: _Toc301177799][bookmark: _Toc301367104][bookmark: _Toc301177802][bookmark: _Toc301367107][bookmark: _Toc301177809][bookmark: _Toc301367114][bookmark: _Toc301177821][bookmark: _Toc301367126][bookmark: _Toc301177822][bookmark: _Toc301367127][bookmark: _Toc301177823][bookmark: _Toc301367128][bookmark: _Toc301177824][bookmark: _Toc301367129][bookmark: _Toc301177825][bookmark: _Toc301367130][bookmark: _Toc301177832][bookmark: _Toc301367137][bookmark: _Toc301177840][bookmark: _Toc301367145][bookmark: _Toc301780245]Draft Contract Documents:  In March and May of 2021, AECOM prepared four volume draft set of Contract Documents for the south Coast Water Reclamation Project (AECOM, 2021b). The documents were for review presenting contract conditions, technical requirements and information on the site, existing facilities, and other requirements. The contents of the four volumes are summarized below:
VOLUME I – General Contents
Form of Agreement
Form of Performance Security
Form of Guarantee for Advance
Payment Form of Retention Money
Guarantee
Agreement for Dispute Avoidance & Adjudication
Board (DAAB) Parent Company Guarantee
Schedule of Payments
Dayworks Schedule
Conditions of Contract
Employer Requirements
VOLUME II – Technical Specifications
VOLUME III - Technical Specifications (continued) 
VOLUME IV – Site Data and Items of Reference
Volumes II and III present Technical Specifications for types of equipment that the EPC Contractor might use in their designs.  The Technical Specifications establish a basis for the minimum quality requirements for the systems selected by the Contractor.  
[bookmark: _Toc162970584][bookmark: _Toc165895587]C.	Program Description
1.7 [bookmark: _Toc165895588]Component 1: Water Reclamation Infrastructure
Cost Component 1. Water Reclamation Infrastructure – US$63.4 Million (IDB OC:US$27.4M; Counterpart: US$36M). 
This component will finance the construction of the New South Coast Water Reclamation and Re-use Facility (SCWRRF) with an average dry weather flow (ADWF) of 9,000 m3/day under a Design Build EPC/Turnkey modality and O&M costs for a number of years. It will include all process units and ancillary facilities to provide secondary and tertiary treatment for the liquid stream, followed by an Advanced Water Treatment (AWT) side stream including safe and sustainable treatment and management of the sludge (solid stream) with the aim to reduce GHG emissions and considerations for circular economy. Due consideration will be given to the use of energy efficient equipment, renewable energy sources and Smart Water Infrastructure Technologies. The facility will be constructed on land already owned by the Government of Barbados.
Additionally, this component will finance the Upgrade of the existing South Coast Sewage Treatment Plant (SCSTP) by refurbishing or replacing equipment in the existing influent lift pump station and headworks including interconnecting piping to the SCWRRF and the design and installation of the odor control system. Due consideration will be given to the use of energy efficient equipment and Smart Water Infrastructure Technologies. 
This component will also finance Construction Supervision services of the infrastructural works.
1.8 [bookmark: _Toc165895589]Component 2: Reclaimed Water Reuse
Cost Component 2: Reclaimed Water Reuse – US$19.6 Million (IDB OC: US$1.1M; Counterpart: US$18.5M). This component will finance:
Sub-component 1 - Agriculture Reuse of Reclaimed Water Pipeline consisting of the installation of a 25 km pipeline for transporting reclaimed water for irrigation of approximately 160 hectares at River Plantation along the old trainline (“Trailway”) and ancillary equipment, and a high-water mark catchment area to allow for the irrigation pipeline. 
Sub-component 2 – Aquifer Recharge Infrastructure consisting of the installation of 4 km water pipeline, 5 injection wells, 6 exploratory boreholes, 3 monitoring wells, 3 abstraction boreholes and pumping stations, and ancillary equipment for aquifer recharge, with due considerations of resiliency and adaptation to climate change measures as well as low carbon emissions.
This component will also finance Construction Supervision services of the infrastructural works for the reclaimed water pipeline and the aquifer recharge.
1.9 [bookmark: _Toc165895590]Component 3: Climate Change and Biodiversity Opportunities
Cost Component 3:  Climate Change and Biodiversity Opportunities – US$16 Million (IDB OC: US$2M; Counterpart: US$14M). This component will finance: 
Sub-component 1 – Graeme Hall Swamp Conservation. The Graeme Hall Swamp, located in close proximity of the SCSTP and proposed SCWRRF, is a Ramsar site, a nationally designated Natural Heritage Conservation Area (NHCA), and a critical component of a wider ecosystem complex that includes seagrasses and coral reefs offshore. This component will build the resilience of the island’s natural heritage system and its interlinkages to the SCWRRF and SCSTP through a holistic and science-based management approach, by minimizing locally generated stressors on the downstream ecosystems increasing their resilience to external stressors such as climate change and by improving the health and resilience of the natural heritage. This will allow the improved resilience of the island, including enhanced buffering of pollutants and sediments in surface water flows from this watershed. The sub-component will finance: (i) the development of baseline assessments; and (ii) the development of a results-based management plan for Graeme Hall Swamp. These will facilitate the implementation of priority interventions defined in the management plan. 
Sub-component 2 – Solar Energy Generation with Battery Storage 
Consisting of 7MW solar photovoltaic plant and associated energy storage capacity, increasing the sustainability of the Barbados’ power grid and also fostering the resilience of BWA’s pumping stations, and mitigating the additional carbon footprint of the upgraded wastewater treatment facilities. The new solar plant will be co-located with existing 3MW solar systems located at BWA’s central pumping stations serving the main population areas. The design of the 7MW system will complement an existing design for the 3MW solar PV plant. The allocated storage capacity will be determined to maximize the revenues from the existing Feed in Tariff pilot project.
1.10 [bookmark: _Toc165895591]Component 4: Institutional Strengthening
Cost Component 4: Institutional Strengthening – US$1.5 Million (Counterpart: US$1.5M).  This component will finance institutional strengthening activities including: (i) Improving the governance and project management capacity of BWA through the implementation of an action plan based on AquaRating and training in O&M of the SCWRRF; (ii) Implementing an Institutional Gender and PwD Action Plan to promote the equal participation of women and PwD within BWA, and data collection on PwD within BWA; (iii) Implementing robust monitoring, reporting and verification (MRV) systems to track water quality and  quantity, soil quality and climate-related parameters; (iv) Developing and implementing a planning and monitoring system for BWA; (v) Developing and implementing an action plan to increase capacity at GAS Lab and; (vi) Strengthening the BADMC Farmers’ Empowerment and Enfranchisement Drive (FEED) program; (vii) Designing and implementing public awareness and stakeholder engagement campaigns to promote the benefits of wastewater reuse and build community support. It also includes implementation of public health and safety measures, including appropriate signage, education programs, and guidelines for the safe use of reclaimed water.



[bookmark: _Toc162970585][bookmark: _Toc165895592]Component 1: Water Reclamation Infrastructure
[bookmark: _Toc165895593]A.	General
2.1 [bookmark: _Toc301780246]Component I includes upgrades and renovations to the existing South Coast Sewage Treatment Plant (SCSTP) and construction of the new South Coast Water Reclamation Facility.  
2.2 The Employer’s Requirements establish the system requirements in terms of specific flow rates and effluent requirements, facility quality, and performance.  The conceptual design for the project was developed in the Pre-Feasibility Study (AECOM, 2020). The conceptual design is also referred to as the Employer’s Preferred Design in the Contract Employer’s Requirements.  It was based on a relatively robust and easily operable and maintainable design. 
2.3 [bookmark: _Toc66307118]SCWRRF Effluent Criteria: The locations of the five effluents produced by the new reclamation facility are illustrated in Figure 3 and their water quality requirements listed  in Table 1.   
[image: ]
Figure 3 - Effluent Locations

	Table 1.  Effluent Water Quality Requirements

	Parameter	
	WQS1 Secondary Effluent
	WQS2 Tertiary Effluent
	WQS3      RO Permeate
	WQS4 Reclaimed Water
	WQS5      RO Reject

	TSS (daily maximum)
	< 10 mg/L
	< 5 mg/L
	< 1 mg/L
	< 5 mg/L
	< 30 mg/L

	BOD5 (daily maximum)
	< 10 mg/L
	< 5 mg/L
	< 1 mg/L
	< 5 mg/L
	TBD**

	DO (daily minimum)
	>4 mg/L
	>4 mg/L
	-
	-
	-

	TN (daily maximum)
	< 5 mg/L
	< 5 mg/L
	< 1 mg/L
	< 5 mg/L
	< 35 mg/L

	TP (daily maximum)
	TBD**
	TBD**
	-
	
	< 30 mg/L

	Fecal Coliform (daily maximum)
	TBD**
	< 1CFU/ 100mL
	Non detect
	-
	-

	Total Coliform (daily maximum)
	-
	-
	-
	< 1 CFU/ 100mL
	-

	Total Residual Chlorine (daily maximum)
	< 0.1 mg/L
	-
	-
	
	-

	Fats, Oil and Grease (FOG) (daily maximum)
	< 15 mg/L
	< 7 mg/L
	Non detect
	< 7 mg/L
	-

	Floatables
	Not visible
	Not visible
	-
	-
	Not visible

	Total Petroleum Hydrocarbons (TPH)
	Max daily     < 10 mg/L

30 day avg   < 5 mg/L**
	Max daily     < 10 mg/L

30 day avg   < 5 mg/L**
	-
	-
	Max daily     < 10 mg/L

30 day avg   < 5 mg/L**

	+Total Oils and Greases
	Max daily     < 10 mg/L

30 day avg   < 5 mg/L**
	Max daily     < 10 mg/L

30 day avg   < 5 mg/L**
	-
	-
	Max daily     < 10 mg/L

30 day avg   < 5 mg/L**

	TOC
	Max daily     < 110 mg/L

30 day avg   < 55 mg/L**
	Max daily     < 110 mg/L

30 day avg   < 55 mg/L**
	-
	-
	Max daily     < 110 mg/L

30 day avg   < 55 mg/L**

	TDS (daily maximum)
	-
	-
	< 20 mg/L
	< 450 mg/L
	6600 mg/L

	pH (daily min - max)
	6 - 9
	6 - 9
	
	-
	6 - 9


WQS1 - Excess secondary effluent quality (to marine outfall) – Flows greater than 18,000 m3/d diverted to marine outfall after secondary treatment but before filtration and disinfection. 
WQS2 - Excess filtered and disinfected effluent quality (to marine outfall). Flows that are not utilized for agricultural reuse and non-potable aquifer recharge diverted to marine outfall after filtration and disinfection.	
WQS3 – RO product water (prior to blending). 
WQS4 – Reclaimed Water for agricultural reuse and non-potable aquifer recharge.
WQS5 – RO concentrate to marine outfall.
** With regard to effluent criteria for discharge to marine outfall, it should be noted that all discharges to the marine environment will be subject the table of prohibited concentrations (see Pre-feasibility report, Appendix C) under the Marine Pollution Control Act, CAP 392A. Where the technology is such that the standards cannot be met at the discharge point for Class 1 or Class 2 waters, allowances can be negotiated based on the most recent science for the discharger to enter into an extra-strength agreement and pay for the variation from the standard. It should also be noted that where there is no discharge standard, the ambient standards must be satisfied at an agreed distance from the discharged point if the EPD deems it appropriate and the marine environment is protected. Where a mixing zone is agreed, the ambient standards should be met at the end of the mixing zone.
[bookmark: _Toc165895594][bookmark: _Toc162970586]B.	Modifications to Existing SCSTP
2.4 Influent Pump Station: The preferred design is based on replacing the two existing Archimedes screw pumps with new Archimedes screw pumps and the addition of one new Archimedes screw pump in the third existing, empty channel, for a total of three Archimedes screw pumps.  The capacity of each pump is 24,000 m3/d.  Also included are: a) new influent pump isolation gates, b) installation of stop logs in the existing influent sump, and c) modification or replacement of existing liners in the pump channels. 
2.5 Screening: The preferred design comprises one existing 10 mm Huber Rakemax screen and one additional 6 mm Huber Rakemax screen, for a total of two similar Huber Rakemax screens. The new 6 mm screen will be the duty screen and the existing 10 mm screen will be the standby screen.
2.6 Screenings Washer Compactor:  A new screenings washer compactor is to be located in the existing headworks building.  The existing screenings compactor integrated into the existing screen and retrofit the screenings sluice such that screenings drop directly into the sluice trough.
2.7 Odour Control Unit: The preferred odor control system for headworks odours is a new pre-engineered odor control unit with three stages:
· 1st Stage: Biotrickling filter for H2S removal
· 2nd Stage: Biofilter for removal of VOCs and other organic odours
· 3rd Stage: Granular activated carbon for polishing

2.8 Pump Station to New SCWRRF: The preferred process for influent pumping is based on the use of four dry well mounted submersible pumps in a new dry well/ wet well.  The pumps are variable speed drive with the wet well properly sized.  The ERs define the total peak flow, including recycles at 1,170 m3/h.  The “firm” capacity is 1,000 m3/h with the largest unit out of service.

[bookmark: _Toc301780247][bookmark: _Toc165895595][bookmark: _Toc162970587]C.	Secondary Treatment
2.9 Biological Nutrient Removal:  The preferred process for secondary treatment is conventional activated sludge with biological nutrient removal with a minimum of two trains, each in a four stage Bardenpho configuration.  Each train consists of a series of four anoxic/aerobic zones with an internal recycle loop from the first aerobic zone back to the first anoxic zone, and return of settled activated sludge from the clarifiers to the first anoxic tank which receives the screened wastewater. The activated sludge system design includes:
· Total Solids Retention Time (SRT) – 8 days
· Aerobic SRT  5 days at maximum month flows and loads
· MLSS: maximum 3,500 mg/L with all bioreactors in service at maximum month flow and 4,000 mg/L with one bioreactor out of service.
· Scum and foam management
· Sloped floors for maintenance
· Fine bubble aeration 
· Mixer requirements (anoxic tanks)
· Alternative requirements with and without anoxic selector zone
· Aeration system design parameters
· Rotary lobe positive displacement blowers
· Blower inlet air filters and silencer
· Supplement carbon addition

2.10 Secondary Clarifiers: A minimum of two circular clarifiers are required.  The ERs address allowable inlet and outlet system configurations, scum collection, flocculating center well, sludge removal mechanism, baffled effluent launder, minimum depths, and minimum floor slope. The clarifier design requirements include:
· Maximum solids loading rate of 6 kg/m2/h at peak flow.
· Clarifier performance parameters with and without anoxic selectors
· 20-minute flocculation retention time on basis of total mixed liquor flow
· Launder maximum approach flow loadings
· Maximum velocity of 1.0 m/s through inlet energy dissipators 
· The clarifier mechanism includes: centre drive motor, gear reducers, bearing and connectors to rotary frame, all supported from the centre column.  
Provide a) withdrawal point for return activated sludge and b) sump with separate connection for withdrawal of liquid for dewatering.

[bookmark: _Toc301780248][bookmark: _Toc165895596][bookmark: _Toc162970588]D.	Tertiary Treatment
2.11 Disk Filtration:  Tertiary filtration will further treat the secondary effluent prior to UV disinfection and advanced treatment.   The preferred filtration system utilizes three cloth disk filters (2 duty, 1 standby) with flow outside to inside.  The cloth discs assemblies are installed in concrete tanks and rotate through the flow allowing water to flow through the cloth into the inner collection well. The cloth on supported on the disks has 5 micron mesh size.  A vacuum pump system is activated on headloss and removes particulates collected on the cloth. Backwash is directed to the plant drain.
ERs include provision of:  a) filter disks as pre-engineered packages, b) covers on the filter tanks, c) sprays for backwashing the filters, and d) three alum feed pumps (one for each filter).  
2.12 UV Disinfection: The UV disinfection is based on low pressure, high output, inclined UV lamps mounted in two channels treating a peak capacity of 18,000 m3/d.  The lamps located in quartz sleeves, are equipped with automatic cleaning systems.  Each channel has one redundant lamp bank per channel.  Requirements are summarized in the Table below: 
            [image: ]
Additional UV system requirements include:
· Sleeve cleaning frequency adjustable to remove debris and fouling. 
· The minimum UV dosage of 100 mJ/cm2, measured by a collimated beam test, while treating a) peak flow, b) minimum UVT, and c) applying the end of lamp life factor and quartz sleeve fouling factor.
· Provide the entire UV system from a single manufacturer 
· Incorporate an intensity sensor mounted in the UV bank to measure the UV intensity in the channel.  Also provide for continuously monitoring of UVT sensor Monitor and control UV output in accordance with the flows and measured UV transmissivity.
· Provide safety interlocks and the level sensors

[bookmark: _Toc301780249][bookmark: _Toc165895597][bookmark: _Toc162970589]E.	Advanced Treatment
2.13 Overview:  The advanced treatment facility will reclaim disinfected tertiary effluent for irrigation and non-potable aquifer recharge.  The preferred design is ultrafiltration followed by reverse osmosis. Disinfected tertiary effluent will be ultrafiltered and then have TDS reduced by RO.  RO permeate is blended with disinfected tertiary effluent to reduce treatment costs and produce Reclaimed Water (RW) with TDS less than 450 mg/L.   Chlorine is dosed to the RW prior to use as irrigation water or for non-potable aquifer recharge to prevent fouling of the forcemain from the SCWRRF to the points of use.
2.14 Ultrafiltration: The preferred design is based on two UF skids, which includes the membrane modules, equipment housing and frames (skid), valves, controls and monitoring systems, analytical instruments, air scour system (air compressors), piping, and a clean-in-place (CIP) skid with tank and accessories.  An automatic backwashing strainer with 300 micron mesh size precedes the UF.  A break tank is provided downstream of the UF skids for storage and ease of hydraulic control for the RO systems.  Additional requirements include:
· Design flow to UF strainer =6,400 m3/d
· Recovery of automatic backwashing strainer (influent / permeate) = 99%
· Design flow to UF membranes = 6,300 m3/d
· Recovery efficiency of UF membranes = 95% è filtrate =- 6,000 m3/d
· UF system air scouring backwash – every 30 minutes.  Maintenance clean with sodium hypochlorite – once per day.  Clean-in-place (CIP) is initiated once per month. 
· All UF reject water (backwash) is directed to the marine outfall. 
· The UF units shall have complete control system to automate the strainer/UF and CIP systems.
2.15 Reverse Osmosis (RO): The preferred design is based on two skid mounted RO systems, each with a permeate capacity of 3,000 m3/d.  Each system includes cartridge filter housing, high-pressure vertical in-line feed pump with variable frequency drive (VFD), control panel, piping and manifolds, controls, instrumentation, pressure vessels, membrane elements, valves, flow meters, pressure gauges and sensors, and all other appurtenances required for a complete and operable system.  For each RO system, a “transfer pump” conveys UF filtrate the UF break tank through a cartridge filter to a high pressure vertical pump and then into the train’s pressure vessels.  Antiscalant is added upstream of the cartridge filters to prevent fouling and scaling of the RO membranes. Each of the RO trains has can be operated independently.  The RO designs include:
· Design flow to each RO train				3,000 m3/d 
· Minimum Number of RO Cartridge Filters		2 (1 per skid)
· Maximum Element Rating, micron			5
· Antiscalant Threshold Inhibitor Addition System	
· RO Membrane Feed Pump
· Minimum Number of RO Membrane Feed Pumps	2 duty (1 per skid)
· Minimum Number of RO trains				2
· Total RO Feed flow, m3/d					6,000
· RO Permeate Recovery, 					85%
· Minimum Number of RO Transfer Pumps		2 (1 per skid)

2.16 RO Cleaning System: The RO membranes are periodically cleaned.  An ancillary Clean-in-Place (CIP) cleaning system skid is outfitted with the necessary chemicals, tank and heater, pump, cartridge filter, and other components and controls.  The single CIP system will serve both trains and be manually-controlled and not integrated into the RO control or plant-wide control system.  The CIP will have a local control panel with all necessary controls and displays for a complete CIP operable system.  It shall be hard plumbed to each train. 
[bookmark: _Toc301780250][bookmark: _Toc165895598][bookmark: _Toc162970590]F.	Reclaimed Water Management 
2.17 Blending System:  Reclaimed Water (RW) is a blend of RO permeate and tertiary filtered disinfected effluent.  The two streams are mixed in an in-line static mixer upstream of a 2,000 m3 RW storage tank. The blending ratio is adjusted to produce RW with a maximum TDS of 450 mg/L.  
2.18 Reclaimed Water Stabilization:  RO permeate is an aggressive water that can corrode metallic piping fixtures.  The blended RW will be less aggressive than the RO permeate, but could pose problems to irrigation systems depending on their materials of construction. The blended Reclaimed Water will be stabilized to produce Langelier Stability Index between 0.2 to 0.5  
2.19 Reclaimed Water Chlorination:  Chlorine (sodium hypochlorite, NaOCl) is added to the Reclaimed Water prior to  its entry into the RW delivery pipeline system.  The purpose of the hypochlorite addition system is to  maintain water quality in the Reclaimed Water distribution system.  The design requirements include:
· Chlorine Dose 					0.5 to 5.0 mg/L
· Target residual, mg/L of free chlorine		0.1 to 0.2 mg/L
· Minimum Number of chlorine storage tanks		2
· Minimum NaOCl Storage capacity				21 days

2.20 Reclaimed Water Pump Station: This pump station pumps reclaimed water into the transmission pipeline supplying the groundwater recharge and agriculture irrigation systems.  The pump station is included in Component I; the transmission pipeline is in Component II.  The Pump Station requirements include: 
· Minimum Number of Pumps	2 (1 duty, 1 standby)
· Pump Type	Vertical Turbine
· Pump Capacity, m3/d	12,000  (500 m3/h)
[bookmark: _Toc301780251][bookmark: _Toc162970591][bookmark: _Toc165895599]G.	Sludge Management
2.21 General:  Sludge generated at the SCWRRF will meet Class B requirements as defined by the US EPA in Rule 503, CFR40.  Disposal of the sludge shall be based on a beneficial re-use program in which the material is used for agricultural land application, landfill cover enhancement, and disturbed lands renovation.  As a standby, sludge will be landfilled.  As a prerequisite to some of the beneficial uses, sludge dry solids concentrations must exceed 20 percent.
2.22 Future Expansion:  The design requirements include planning for future sludge management at the SCWRRF including anaerobic digestion, import of sludge from the Bridgetown WWTP and possible composting for Class A biosolids production. The addition of the Bridgetown sludge provides the minimum quantity of sludge for economic anaerobic digestion and a future waste to energy facility.
2.23 Belt Press:  With a minimum SRT of 8 days in the activated sludge secondary treatment, the waste activated sludge will be thickened with a belt press.
2.24 Covered Drying Beds:  Dewatered sludge from the belt presses shall be transferred to the paved drying area using heavy equipment such as a front loader. In the paved and passive solar panel covered solar drying area, heavy equipment shall be used to work the material and promote evaporation. A drain shall be included to remove drain supernatant and convey it back to the head of the plant. The Drying Beds design includes requirements for:
· Size piping to handle all potential sludge flows (current and future).  
· Provide drying beds with inlet and outlet ramps sufficient for heavy equipment to mix sludge and for removal of dried biosolids.
· Provide a drain that can be isolated.
· Provide an automated system to optimize climatic conditions within the solar drying bed.
· Provide an aerator composter attachment (Brown Bear HYDPTO24, or equivalent) to turn over and aerate sludge in the solar drying beds
· Drying Bed paved surface: Asphalt cement or soil cement, sufficient to handle heavy traffic. 
[bookmark: _Toc301780252][bookmark: _Toc165895600][bookmark: _Toc162970592]H.	W3 Plant Water System
2.25 Disinfected Tertiary Effluent is used as “Plant Water” and is referred to as “W3” water. W3 water is pumped to all plant water usage points at both the SCWRRF and SCSTP and is used for washdown and other maintenance functions. The Contractor is responsible for sizing the W3 system.
2.26 The W3 system requirements include: 
· W3 pump station - vertical turbine pumps to pump disinfected tertiary effluent to all plant water usage points. 
· [bookmark: _Toc66307210]Provide a looped W3 distribution system.
· Ensure the W3 pumping station can provide the peak W3 demand with main duty pump in service.
· Provide jockey pump to maintain minimum system pressure and flow when demand is low.
· Provide one standby and one duty pump.
· Provide isolation valves along the loop as needed to allow repairs and maintenance of the system. 
· Provide a skid-mounted sodium hypochlorite dosing system immediately downstream of the W3 pumps to provide a chlorine residual in the W3 distribution system. 
· Provide electromagnetic flow meter on pump discharges. 
· W3 pumps to be controlled to provide constant pressure in the W3 distribution system.
· Provide W3 connections to all equipment requiring hard-piped connections for regular backwash cycles.




[bookmark: _Toc301780259]

[bookmark: _Toc165894793][bookmark: _Toc165894830][bookmark: _Toc165894886][bookmark: _Toc165894933][bookmark: _Toc165895443][bookmark: _Toc165895482][bookmark: _Toc162970593][bookmark: _Toc165895601]Beneficiaries and CAPEX & OPEX estimates
3.1 This section presents a cost estimate prepared during a review of the Component 1 project.  
[bookmark: _Toc152530857][bookmark: _Toc165895602]A.	Estimate
3.2 [bookmark: _Hlk152618657]Given the information available in the 2020 Pre-Feasibility Study (AECOM, 2020) and the 2021 Feasibility Report (Sinohydro, 2021), a cost estimate was developed.  The expected accuracy of cost estimates reflects the level of detail in the project definition.  The American Association of Cost Engineering (AACE) International has developed a Cost Classification System based on the “Maturity Level of Project Definition”.  Table 4-1 presents the AACE Cost Estimate Classification System – As Applied in the Engineering, Procurement and Construction for the Process Industries (AACE, 2020).  

[bookmark: _Hlk152624893]Table 4-1  Cost Estimate Classification Matrix for Process Industries (ACCE, 2020)
	[image: ]
3.3 Costs are presented for Component 1 in Table 4-2. These costs fall into the Class 4 Category based on the available information.  Table 3-2 presents the estimated costs for the treatment facilities located at the existing SCSTP and the new SCWRRF.  The cost range for the Class 4 estimate is shown in the rows below the Total.  



	[bookmark: _Hlk152624915]Table 4-2  Component 1 Costs (SCSTP and New SCWRRF)

	Item
	Description
	Estimate

	1
	Design
	$2,400,000

	2
	SCSTP Upgrades
	$6,200,000

	3
	Secondary Treatment 
	$9,150,000

	4
	Tertiary Treatment
	$2,300,000

	5
	Advanced Treatment
	$5,200,000

	6
	Sludge Management
	$5,100,000

	7
	RW Storage, Chlorination and Pumping
	$1,520,000

	8
	Buildings: Office, Process, Storage
	$5,190,000

	9
	Process Support: piping, electrical, controls
	$7,600,000

	10
	General Site: earthwork, power supply, generator, roads, security 
	$8,650,000

	11
	General Administration, Provisional  Sums
	$7,000,000

	12
	TOTALS
	$60,000,000

	13
	Class 4 Low Range Estimate (-30%)
	$42,000,000

	14
	Class 4 High Range Cost (+50%)
	$90,000,000

	
	
	


3.4 Contingency appropriate for Class 4 estimate is included within the cost range, i.e., $42 to $90 million. The following are not included in estimate:
· Owner’s costs for financing, insurance, permits, etc.,
· Tariffs and VAT,
· Allowances for owner required items or supervising engineer oversight,
· Undefined environmental mitigations,
· Unknown permitting, agency or Home Owners MOA mitigations,
· All easements will be available at time of construction, and
· Special outside agency inspections.

3.5 The Estimate is based on the following assumptions:
· Pricing basis is Q4 2023
· Assumed contracting strategy:  competitive EPC (design-build)
· Pricing assumes competitive market conditions at time of tender (+3 bidders/trade).
Until a preliminary design is completed, the project budget should be towards the high value of the range.
3.6 [bookmark: _Hlk153441225]The budget for the Supervising Engineer for EPC contracts typically ranges between 4% and 9% of the construction cost depending on the complexity and size of the project.  It is suggested that Supervising Engineer budget be at about US$ 3.0 to US$ 3.5 million based on 5% to 5.8% of the construction estimate.
[bookmark: _Toc152530858][bookmark: _Toc165895603]B.	Cost Comparisons
3.7 The Cost Estimate was compared with actual costs for two similar projects constructed in Trinidad Tobago.  The bid costs, the award dates of the contracts, and the plant capacities for the Malabar and Trincity Wastewater Treatment Plant projects are presented in Table 4-3.  The costs of the treatment plant components of the projects are calculated by deleting costs of collection system improvements based on cost breakdowns presented in the contracts.  The contract based costs were updated to 2023 costs using inflation factors for Trinidad and Tobago.  The 2023 Malabar contract cost was increased by 35% based on the inflation for the period 2014 to 2023.  A conversion rate of 6.79 is used for the exchange rate between US$ and TT$.

3.8 The 2023 costs were adjusted for the differences in hydraulic capacities between the plants and the SCWRRF using cost factors based on the ratios of the capacities raised to the 0.65 power.  

[bookmark: _Hlk152624932]Table 4-3  Cost Comparison with Two Trinidad Tobago Projects
[image: ]
3.9 The costs comparison does not reflect the greater number of processes and complexities of the SCWRRF.  Table 4-4 presents characteristics of the two plants along with those of the SSWRRF treatment system improvements.  Neither of the comparison plants have tertiary treatment, advanced treatment, and reclaimed water management.  Malabar was a design, bid, build procurement and design was not included.  Malabar does not have aerobic sludge digesters.  Trincity is located on a very small site having relatively short piping runs and does not have enclosed solar sludge drying.  Adding the estimated costs of the missing components to Malabar and Trincity increases the estimated 2023 bid costs for SCWRRF to US$ 55 million based on Malabar and to US$ 36 million based on Trincity costs.  The Malabar based estimate is well within the range of the Class 4 estimate for SCWRRF presented in Table 4-2.  The Trincity based estimate falls below the Table 4-2 range of estimated costs for SCWRRF.  
[bookmark: _Hlk152624947]Table 4-4  Processes Included in Trinidad Tobago Comparison Projects
[image: ]

[bookmark: _Toc301733131][bookmark: _Toc301733153][bookmark: _Toc301780266]
[bookmark: _Toc162970596][bookmark: _Toc165895604]Project Risks
4.1 During the review of the Component 1 Project documents, several potential risks were identified.  These risks can be mitigated to prevent adverse impacts to the implementation of the SCWRRF.  This section identifies risks, characterizes the risk level, and suggests mitigations in accordance with standard risk evaluation protocols. Types of risks considered include: 
· Environmental and Social Safeguard Risks,
· Engineering Design and Operations Risks,
· Construction Contractor Economic and Technical Viability,
· Fiduciary Risks,
· Institutional Viability,
· Financial Viability, and  
· Socio-economic Viability. 
4.2 The risk evaluation methodology applied to this project is typical of risk analyses and consists of the following:
1. Identify the risk event and its potential impacts,
2. Assign an “Impact” rating between 1 and 3 with 1= low impact, 2 = medium impact, and 3 = high impact,
3. Estimate the “Probability” of the event occurring and rate the occurrence between 1 and 3 with 1 = low probability, 2 = medium probability, and 3 = high probability of occurrence,
4. Calculate the “Risk Rating” which is the product of the “Impact Rating” and the “Probability Rating,” and
5. [image: ]The following table is used to summarize the overall risk into three categories with Risk Values between 1 and 3: 

4.3 The Risk Levels presented in Table 5-1 (High, Medium, Low) are based on “No Mitigations.”  The negative consequences for each of the identified risks can be eliminated through proper mitigation. 

	[bookmark: _Hlk152625007]Table 5-1   Initial Risk Rating Matrix Without Mitigations

	Risk Characteristics
	Risk Rating
	Risk Mitigation

	Nº
	Type of Risk
	Description
	Impact
	Probability
	Rating
	Level
	

	1
	Environmental  & Regulatory
	Inadequate definition of flow rates resulting in process upsets and non-compliance with effluent and/or RW quality requirements.
	3
	2
	6
	High
	Conduct flow monitoring during wet and dry seasons to information required for modeling and design

	2
	Environmental & Regulatory
	Inadequate definition of sewage water quality and variations resulting in insufficient BOD for denitrification. Consequence is non-compliance with effluent and/or RW quality requirements.
	3
	2
	6
	High
	Conduct water quality monitoring for design and evaluate need for supplemental carbon addition

	3
	Governance & Regulatory
	RO reject discharged to the outfall will exceed the TN 5 mg/L standard (even though the SCWRRF is removing 90% of TN. This is not an environmental issue; it is regulatory.
	0.5
	3
	1.5
	Low
	Coordinate with regulatory agency to use mass based limit and not concentration based limit.

	4
	Governance & Financial
	Lack of Rights-of-Way delay Contractor resulting in delays and cost increases
	2
	2
	4
	Medium
	Address ROWs during alignment selection and obtain in advance of the construction

	5
	Sustainability & Environmental
	Inadequate Designs resulting in high O&M costs and non-compliance of effluent and RW water quality requirements
	3
	2
	6
	High
	Retain qualified Contractor and Supervising Engineer to enforce QA/QC program

	6
	Sustainability
	High operating costs due to equipment selection.
	2
	2
	4
	Medium
	Require Contractor to include energy optimization in the designs and provide proper designs

	7
	Environmental & Social
	Not meeting effluent and RW water quality standards during operation
	3
	2
	6
	High
	Proper training and robust design

	8
	Environmental & Social
	Occurrence of accidents and environmental incidents during construction works (worker health and safety) resulting in spills, delays, claims and injuries.
	3
	3
	9
	High
	Require and monitor safety standards and develop and monitor environmental mitigations. Provide proper training.

	9
	Environmental & Social
	Flooding and erosion during execution and/or operation, especially after heavy rainfall
	2
	2
	4
	Medium
	Require Contractor develop and implement flood and erosion control plans.

	10
	Macroeconomics
	Inflation (during construction)
	2
	2
	4
	Medium
	Identify and have contingency funds available

	11
	Governance
	Non-alignment of BWA’s and IDB's Procurement Policies for the Contractor and Supervising Engineer
	2
	1
	2
	Low
	Knowledge of requirements and proper coordination





[bookmark: _Toc162970599][bookmark: _Toc165895605]Technical Viability
5.1 [bookmark: _Toc301780267]Project technical feasibility refers to the assessment of whether a proposed project can be successfully implemented from a technical standpoint. It involves evaluating the project's technical requirements, capabilities, and constraints to determine whether they can be met within the defined scope, budget, and timeframe. Technical feasibility focuses on the practical aspects of project execution, including the availability of necessary resources, technology, and expertise.

5.2 A review of the Pre-Feasibility Study (AECOM, 2020), the Feasibility Study (Sinohydro, 20210 and the Employer’s Requirements (AECOM, 2021b) provides the following information addressing Technical Viability.

[bookmark: _Toc165895606]A.	Defining Project Requirements
5.3 Flow Rates:  A key design parameter is the capacity of the treatment plant. Both the average flow and the daily and seasonal variations need to be considered in developing a viable treatment facility.  The design will be based on 
· Historical flow data monitored at the existing SCSTP
· As on-going flow rate study whose information will be included in the ER, and
· Additional flow investigations to be conducted by the Contractor.

5.4 Influent Water Quality:   Understanding the characteristics of the raw wastewater to be treated is essential for selecting appropriate treatment technologies. The composition of the water and the treatment goals impact the processes selected, process capacity, and overall design. The quality of the influent water allows the designer to tailor the facilities to the specific characteristics of the raw wastewater.

The water quality information is based on:
· BWA’s historical water quality information
· On-going water quality analyses, and
· Future water quality analyses the Contractor is required to conduct.

5.5 Effluent Requirements:  The effluent requirements for the project are suitable for the proposed irrigation and groundwater uses. The Pre-Feasibility evaluated alternative uses for the reclaimed water and selected uses that are compatible with the effluent quality requirements defined.  Direct potable reuse and direct recharge of potable aquifers were eliminated because these alternatives require a more complex and costly treatment.  The selected recharge of an aquifer supplying a future reverse osmosis water treatment plant is technically viable for the proposed SCWRF.

[bookmark: _Toc165895607]B.	Design  
5.6 Selection of Treatment Technologies - The effectiveness of a water treatment plant largely depends on the selection of appropriate treatment technologies. Various factors such as the quality of the raw water, desired water quality standards, and available budget influence the choice of treatment processes.  The “Preferred Processes” identified in the feasibility studies (AECON, 2020 and Sinohydro, 2021) have proven track records in producing reclaimed water suitable for the intended reuse applications. The treatment technologies have reliability and effectively produced millions of cubic meters of reclaimed water at dozens of locations in the USA, Europe, and Middle East. Factors such as efficiency, reliability, scalability, and cost-effectiveness were considered in the selection of these processes. The preferred treatment trains are technically viable and proven in terms of reliability and operability. 
5.7 The Contract ER require the selected Contractor to conduct a detailed assessment of the site where the SCWRF treatment plant will be constructed. Factors such as the soil conditions, topography, and proximity to infrastructure (such as roads and utilities) will be evaluated. This assessment determines design parameters and identifies any potential challenges or constraints.  The known characteristics of the site have not identified any critical flows in the selection of the proposed site.
5.8 Infrastructure Planning:  Designing the physical infrastructure of the treatment plant involves determining the layout and specifications of various components such as intake structures, aeration basins, clarifiers, filtration units, chemical dosing systems, advanced treatment processes, biosolids management, and multiple pumping systems. The designer is responsible for ensuring that the infrastructure is designed to meet capacity requirements, comply with regulatory standards, and accommodate future expansions or upgrades. Moreover, considerations for redundancy and resilience must be incorporated into the design to ensure uninterrupted operation, particularly in the face of emergencies or maintenance activities.  Ensuring that the facilities meet these requirements is achieved by:
· Selection of a qualified Contractor with the necessary design and construction experience
· Requiring the Contractor to implement a quality control plan
· Having a Supervising Engineer that monitors and assesses the Contractor’s quality control plan
In addition, BWA will  provide additional oversight to the design and  construction processes.
5.9 Non-Structural Design Requirements: In addition to technical requirements and specifications for materials, construction methods, and processes, the ER dictate that the facilities are implemented in accordance with:
· Regulatory Compliance: The ER require the Contractor to complies with applicable regulatory requirements and standards pertaining to water quality, health, safety, and environmental protection. The Supervising Engineer’s knowledge of the regulations will be applied in the review of the design to ensure regulatory compliance.
· Environmental Impact Mitigation: Environmental considerations are integrated into the design process to minimize the ecological footprint of the treatment plant. Measures such as energy-efficient design, use of eco-friendly chemicals, optimization of chemical dosing, and proper management of waste streams are included in the ER to reduce environmental impact and ensure compliance with environmental regulations.
5.10 The operational aspects of a wastewater treatment plant are crucial for its sustained performance. This includes regular monitoring of influent water quality, adjustment of treatment processes based on variations in raw water characteristics, maintenance of equipment, and compliance with regulatory standards. The ER require the Contractor to address operational aspects during the design. The ER address operational factors such as maintenance requirements, accessibility for maintenance personnel, ease of operation, backup equipment. and safety considerations. Incorporating features such as redundant systems, automated controls, and remote monitoring capabilities enhances the reliability and efficiency of plant operations. The contract provides for adequate training of staff members and implementation of standard operating procedures that are essential to ensure efficient and safe plant operation. The Supervising Engineer will review the design and the training program to ensure that operability is addressed.
[bookmark: _Toc165895608]C.	Conclusion
5.11 In conclusion, the technical viability of a water treatment plant depends on careful consideration of various factors including treatment technologies, infrastructure requirements, operational aspects, and environmental impact. Assuming that the facilities are constructed and training is conducted in accordance with the Employer’s Requirements, the SCWRF is technically viable.  The long term operational success of the SCWRF will require BWA’s continuous monitoring, adaptation to changing conditions, and adherence to best practices for the long-term success and sustainability of the plant.



[bookmark: _Toc162970601][bookmark: _Toc165895609]VI. Appendices
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Figure B-1:  General Plant Location
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Figure B-2:  Locations of Existing SCSTP and New SCWRRF
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Figure B-3:  Conceptual Layout of the New SCWRRF
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