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[bookmark: _Toc174705916]EXECUTIVE SUMMARY

This report outlines a due diligence evaluation conducted for the proposed works under IDB Project Number BH-L1061 in The Bahamas, specifically New Providence and the Family Islands. The proposed cost of the loan is USD50,000,000 and will benefit approximately 241,930 residents. The loan operation will feature works to reduce Non-Revenue Water in the Family Islands, inclusive of the procurement and installation of Advanced Metering Infrastructure, extension of water supply services in the selected Family Islands of Abaco, Bimini and some settlements in New providence and the procurement and installation of pump, motors and electromechanical components to rehabilitate 19 sewer lift stations in New Providence. 
The NRW component will primarily be based on the establishment of a Performance Based Management Contract in which a contractor with specialised expertise is retained to develop and implement the NRW strategy whilst working closely with staff from WSC to ensure knowledge transfer. Initial estimates suggest NRW is as high as 55% in the Family Islands and there is potential for these values to be significantly reduced. These will bring direct financial benefits WSC whilst improving the levels of service for the beneficiary communities. There is also the potential for significant reduction in energy costs for production and distribution as less water needs to be provided. 
The areas selected for increasing access to potable are Family Islands of Bimini, and Abaco, and some settlements in New Providence. This selection is reasonable given the islands reliance on Reverse Osmosis and current levels of Non-Revenue Water. The proposed works on Abaco and Bimini will see service expanded to previously unserved areas of Port Royal and Airport Road in Bimini and Sweeting’s Tract in Abaco. The proposed works in New Providence will extend service to several communities. 
The works proposed for improved Wastewater Collection Infrastructure Upgrade entails the procurement of pumps, motors and electromechanical equipment to rehabilitate 19 sewer stations. These stations are on the east side of New Providence and will benefit from the installation of redundant pumping capacity thereby reducing station downtime from planned or unplanned maintenance issues. 
The effect of climate change was considered for the proposed interventions in the context of the Climate Change and Vulnerability Assessment and Adaptation for Water Supply Improvement Projects in the Bahamas Study (WSP, 2023) Below ground pipelines are generally flexible and require adequate installation depth and compaction thereby eliminating direct exposure to the hazards of hurricanes and storm surges and therefore reducing vulnerability and risk. Above ground pipelines are subject to direct exposure and may be vulnerable the effects of hurricanes, wave action from storm surges and flooding. Site specific engineering, such as using specialised materials and secondary encasement would be useful in reducing the risk.  
A high-level estimate of the Operational and Maintenance Costs for the physical assets which are to be procured under the loan was also developed, in addition to an implementation schedule and a disbursement outlook over five years. The disbursement outlook has its greatest expenditure in the second year of the project coinciding with the implementation of the Non-Revenue Water Reduction strategy’s Performance Based Management Contract. 
The overarching conclusion is that the proposed interventions on water supply, NRW reduction and improved sanitation services appears to be technically sound and will likely benefit the approximately 242,300 residents with indirect benefits to the islands of New Providence and the Family Islands as a whole. The interventions are technically sound and prudent and are likely to achieve its intended results. The personnel at WSC are also experienced in implementing donor funded projects and are likely capable of successfully completing the proposed interventions. 
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[bookmark: _Toc174705917]INTRODUCTION

The Bahamas is an archipelagic nation with a population of approximately[footnoteRef:2] 400,000 and is classified as a water scarce Small Island Developing State (SIDS). The provision of potable water and sanitation services is challenging as the nation consists of 700 islands. As of 2022, the most populated is New Providence (NP) at close to 300,000 persons followed by Grand Bahama at about 48,000 persons and Abaco at about 17,000 persons. Other islands such as Exuma, Bimini and Eleuthera have population estimates of around 7,300, 2,500 and 9,000 respectively. The project will provide benefits to specific communities as follows: [2:  Commonwealth of Bahamas Census of Population and Housing, 2022] 

New Providence through the upgrade of 19 sewer lift stations,  
Family Islands of Eleuthera, Exuma and Abaco through the Non-Revenue Water Reduction Strategy (Family Island only) and New Providence and the selected Family Islands from the installation of Advanced Metering Infrastructure (AMI)
Bimini, Abaco and some settlements in New Providence through the improved access to water component. Works were initially considered for Eleuthera but were removed from the project in favor of the settlements in New Providence. 
The total beneficiary population of the study area is estimated to be around 242,430 persons as shown in Table 2-1.
Water resources within the country consist of some groundwater resources and abundant access to sea water. The groundwater resources are vulnerable in most islands as the shallow freshwater lens is not subject to extensive recharge from rainfall and there is inadequate filtering through the thin layer of karstic limestone overlaying the shallow aquifer. The groundwater is also susceptible to saltwater intrusion, an impact that is amplified by climate change in areas where groundwater resources are limited and over abstraction is occurring. However, in the area of study, the islands of New Providence, Bimini, Eleuthera and Exuma are reliant on Reverse Osmosis and the Island of Abaco is known to have moderate to enormous quantities of fresh groundwater. As such the likelihood of saline instruction is low.  This is brought about by increased rainfall intensity which reduces infiltration and increased wave surges which can inundate recharge areas and increase the saltwater head available to drive the saltwater wedge further into the fresh groundwater lens. For this reason, there is a heavy dependence on sea water treated by Reverse Osmosis (RO) which accounts for 81% of the water supplied. Although RO technology can reliably produce high quality water, it is expensive and energy intensive. For this reason, eliminating real losses would be a prudent operational venture as it would significantly reduce production costs and hence improve the financial viability of the national water operator. 
A technical evaluation of the interventions identified under the loan operation BH-L1061 was commissioned by the Inter-American Development Bank (IADB) in May 2024. The primary components identified in the loan are shown in Table 2-1 along with allocated funding and anticipated beneficiaries. 
	Component
	Description
	IDB Financing
	Beneficiaries

	1
	NRW and Advanced Metering Infrastructure
	33,000,000
	227,500

	2
	Institutional Strengthening
	3,500,000
	-

	3
	Improved Access to Water
	8,000,000
	3930

	4
	Wastewater Collection Infrastructure Upgrade
	3,000,000
	10,500

	5
	Project Administration, Supervision and other Costs
	2,5000,000
	-

	Total
	
	50,000,000
	241,930


[bookmark: _Toc174705952]Table 2‑1– Project components with costs and beneficiaries
The Water and Sewerage Corporation (WSC) is the primary actor in the sector and has overall responsibility for all aspects of water resource development and use within the country, with economic regulation by the autonomous body Utilities Regulation and Competition Authority (UCRA) under the Department of Environmental Planning and Protection (DEPP). The WSC provides all potable water in New Providence (NP) and 14 Family Islands (FI). They are the executing agency for the loan operation. The loan components are described as follows:
Non-Revenue Water (NRW) and Advanced Metering Infrastructure (AMI) – this component will focus on NRW reduction in the Family Islands (FI), which is estimated at 55% in 2022 (increased from 1.7 migd in 2019 to 2.7 migd in 2022, (WSC CBP)). A mass balance breakdown within the FI was not available at the time of preparing this document and as such the level of physical losses, leakage in particular, requires further verification. A preliminary evaluation was however considered under the scope of this study. The islands of Abaco, Eleuthra and Exuma are identified for initial implementation of this component. The component will also entail the procurement of Advance Metering Infrastructure (AMI) which will procure and install approximately 65,000 ultrasonic smart meters in NP and FI to improve the efficiency of revenue metering. The implementation of this component will be done through a collaborative approach in which an NRW contractor is retained by WSC to lead the development and implementation of the strategy all the while understudied by WSC staff. This approach will undoubtedly build capacity within WSC to successfully implement the NRW strategy.
Intuitional Strengthening – this component will provide support to the UCRA to function as a regulator and will seek to modernise the existing policy, legal and regulatory framework for the water and sanitation sector. Specialist water resources support staff will be procured under this component to support UCRA and DEPP.
Improved Access to Water – this component deals with the replacement of existing pipelines and installation of new mains to improve access to potable water. Initial plans are to extend service on selected communities in New Providence as well as on the Islands of Bimini (South side) through the installation of 71,300’  (21.7km) of 4” (102mm) PVC mains and 22,900’ (6.9km) of 2” (51mm) PVC mains The effects of climate change on these interventions are to be considered in the detailed designs and should include a review of impacts from increases in sea level, prolonged rainfall and storm surges in the areas of interventions.  At the national level, the Bahamas faces challenges to its water security arising from climate change in the areas of declining freshwater availability, increasing contamination of freshwater, and negative impacts on critical water infrastructure (Government of the Bahamas, 2022).  The areas identified are Bimini, some settlements in New Providence and Abaco. As of 2023, 78% of households in the Family Islands were connected to WSC’s network and 61% for New Providence[footnoteRef:3]. This represents an increase in coverage of 12% in the Family Islands from the 2021 coverage and a much smaller increase of 1% for New Providence. Also at the end of 2023, WSC had a total of 62,237 customers of which 18,447 were in the Family Islands (15,343 residential and 3,104 non-residential) and 44,190 in New Providence (39,622 residential and 4,568 non-residential).  [3:  Table 4.1, WSC Corporate Business Plan] 

Wastewater Collection Infrastructure Upgrade – this component will be limited to New Providence where there is existing sewer infrastructure, consisting of gravity main collection networks serviced by Pumping Stations (PS) which deliver collected wastewater to disposal plants. The lift stations are designed as wet wells with full redundancy by the provision of at least two high lift pumps. The technology for the pumps is well established and when correctly sized, will result in efficiency between 75-80%. The existing PS require electromechanical upgrades to realise their full operational potential and under this component, pumps, control panels, electricals and Supervisory Controls and Data Acquisition (SCADA) components will be procured and installed. 19 PS have been identified for upgrades under this component. As of 2023, WSC has a total 10,585 customers connected to the sewer system (9,571 residential and 1,014 non-residential). Only 12% of the residential population is connected to WSC’s sewer infrastructure.
Project Administration and Supervision Costs – this component supports the implementation of the project through the hiring of support staff inclusive of administrative and technical team members in addition to other office support costs such as vehicle purchase and operation.
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The key aspect of this component is the establishment of a Performance Based Contract (PBC) for the Family Islands. A similar approach has seen success in New Providence in which WSC contracted Miya for a 10-year period which commenced in 2012. A PBC is thus seen as an attractive methodology for NRW reduction in the Family Islands as WSC has had a significant amount of experience in this type of work. A PBC is especially useful in the context of high NRW and incomplete mass balance in the Family Islands as it allows for an initial period during which a baseline can be established and a detailed plan with targets developed. It is further understood that the plan will be flexible allowing the contractor to adjust the intended course of action to meet evolving situations. This is viewed as a significant positive as without a mass balance evaluation, the distribution between real and apparent losses is unknown and hence a course of action addressing the most significant component cannot be established. 
An important aspect of the PBC is knowledge transfer to WSC, although they would have gained some proficiency through the New Providence contract, the population distribution and hence network infrastructure, across the Family Islands is likely to produce its own set of unique challenges. In this regard, WSC would benefit significantly from the expertise of the NRW contract to realise NRW reduction and the associated financial and technical benefits arising from increased levels of service, reduced production, and improved revenue generation. It would appear from this perspective that the risk to the WSC is low and with long maintenance periods the underlying objective of knowledge transfer is highly likely to be achieved. 
The projections for NRW reduction at this stage are incomplete and subject to a detailed evaluation during the initial phase of the PBC during which a baseline and targets will be established. However, the figures have been published by the IDB which correlates the initial level of NRW with reduction rates per year and is reproduced in Figure 3-1 below. As shown in this Figure, there is a clear improvement in NRW reduction when using PBM’s as compared with a utility led reduction strategy. Also, for the estimated NRW level of 12,250 m3/d (2.7 migd), the projected annual reduction could be in the range of 1,500 m3/d to 3,000 m3/d (0.33 migd to 0.66 migd). For the PBC in New Providence, for the period between mid 2013 and mid 2015 the reduction appears to be in the order of 10,000 m3/d annually and for the longer period between 2013 and 2017, the annual reduction tapered to the order of 7,000 m3/d (1.5migd). 
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[bookmark: _Toc174705933]Figure 3‑1 – NRW reduction vs initial NRW levels
(Source: IDB Technical Note No. IDB-TN-813)

The preceding figures are not intended to suggest that WSC can eliminate NRW in the Family Islands within a few years, as there is an economic point at which further attempts to reduce NRW would not generate revenue to offset the cost of the reduction. The increase in cost is mainly due to the cost of water lost and the cost of NRW management to maintain the current levels. Nevertheless, data relating the cost effectiveness of NRW reduction to the volumes of NRW reduced were published by the IDB and reproduced in Figure 3-2 below.
[image: ]
[bookmark: _Toc174705934]Figure 3‑2 – Cost effectiveness of NRW reduction
(Source: IDB Technical Note No. IDB-TN-813)
Considering that the NRW reduction levels in the Family Islands may be on the lower end at between 1,500 to 3,000 m3/d (0.33 to 0.66 migd), the initial cost effectiveness will be in the order of $800 US/m3/d (3.64 US/ig/d) based on the best fit line in Figure 3-2. The PBC in New Providence is also shown for the reporting periods previously mentioned. In this regard, the cost efficiency is about twice that of typical values for similar NRW reduction levels. At this juncture, the cost effectiveness of the project cannot be ascertained with any certainty, however, it is likely to be much higher in the initial years than over the project duration. This is so because as the initial low-cost actions are executed and completed, further reduction will require greater investments in infrastructure and management to gain an incremental decrease in NRW. 
The SBP has outlined NRW reduction targets as shown in Table 3-1[footnoteRef:4] (SBP, page 38 FI) and envisages a total reduction of 5,500 m3/d (1.2migd) over six years. This projection appears to be consistent with the order of magnitude of the previously outlined values (1,500 to 3,000 m3/d or 0.33 to 0.66 migd) and is likely to be achieved given the experience in executing a PBC. [4:  Table 4.1: WSC 	Key Performance Indicators (2020-2028), WSC Corporate Business Plan 2023-2028] 

	Year
	NRW Volume Per Day

	
	x106 ig
	m3

	2022
	2.7
	12,274

	2023
	2.3
	10,455

	2024
	2.5
	11,365

	2025
	2.0
	9,092

	2026
	1.7
	7,728

	2027
	1.4
	6,364

	2028
	1.5
	6,819



[bookmark: _Toc174705953]Table 3‑1 – Projected NRW Volume in FI
(Source: WSC Strategic Business Plan, 2023-2028)

As summary of operating costs for New Providence and The Family Islands are presented in Table 3-2 for the period 2020 to 2023. As shown, in New Providence, there has been a decrease in total operating costs despite an increase in production costs which was offset by a decrease in production cost. For the Family Islands, total production costs have increased significantly, with significant increases in both production and distribution costs. However, the larger increase appears to be from production, most likely due to increased reliance on RO plants to meet demand.
Looking at the figures for NRW estimates for the Family Islands in Table 3-1, of the total production of 1771 mig (8x106 m3) in 2022 (Table 3-2), the estimated NRW is 986 mig (4.5x106 m3) and the revenue portion is thus 786 mig (3.6x106 m3). If the targets of Table 3-1 were achieved (1.5mig per day NRW or 550 mig annually) and allowing for a 15% growth in revenue water over the period of the strategy, the total production required is 1454 mig (6.6x106 m3). Putting it differently, from this highly simplified view of the problem, the current production levels may be as much as 20% more than the projected demand at the end of the strategy. The reduction in production is thus estimated to be 320 mig (1.5x106 m3) and has a has a cascading positive effect on operating costs, as follows:
Firstly, there is the direct benefit in that less water must be produced of which the majority is sourced from RO plants. Assuming 60% of the total water is sourced from RO in the Family Islands (refer to Table 3-4 for breakdown), there is a corresponding 192 mig (0.87 x 106 m3) reduction in water sourced from Reverse Osmosis., Published values for energy consumption per unit volume in RO systems range between 3.71 to 4.66 kWH/m3 (16,800 to 21,180 kWH/mig) (Gude, 2011). For reference, conventional treatment plants usually have energy consumption between 0.432 to 0.538 kWH/m3 (1964 to 2445 kWH/mig). As such, there are potential energy savings of between 3200 to 4100 MWH. 
Secondly, there is a reduction in the energy requirements resulting from lower flows and hence energy losses on the distribution side of supply. There will also be cost savings associated with reduced distribution costs from the use of smaller pumps.
Thirdly, is also the added benefit of improved performance of electro-mechanical equipment which may be resized to operate more efficiently at the reduced flow conditions.  
Based on the preceding discussion, the reduction of NRW will contribute positively to a reduction in energy consumption which will lead to a reduction in Green House Gases (GHG). 
	Item
	New Providence
	Family Islands

	
	2020
	2021
	2022
	2023
	2020
	2021
	2022
	2023

	Production (US$)
	22,113,788
	24,543,528
	30,432,654
	31,319,062
	6,979,506
	9,673,232
	11,567,241
	12,426,838

	Distribution (US$)
	7,011,484
	3,461,810
	3,918,729
	4,360,754
	4,430,886
	5,883,932
	8,163,341
	9,170,810

	Admin (US$)
	52,974
	58,419
	88,510
	99,698
	357,638
	755,847
	815,798
	774,908

	Commercial (US$)
	6,318,333
	4,491,570
	-1,882,690
	172,613
	1,550,931
	1,080,923
	-23,915
	1,291,020

	Total (US$)
	35,496,579
	32,555,327
	32,557,203
	35,952,128
	13,318,962
	17,393,933
	20,522,465
	23,663,577

	Total Water Produced (mig)
	3,608.46
	3,754.81
	3,962.58
	4,408.00
	1,699.12
	1,678.39
	1,771.46
	TBD

	Total Cost (US$/1000 ig)
	9.84
	8.67
	8.22
	8.16
	7.84
	10.36
	11.59
	TBD

	Total Production Cost (US$/1000 ig)
	6.13
	6.54
	7.68
	7.11
	4.11
	5.76
	6.53
	TBD

	Total Distribution Cost (US$/1000 ig)
	1.94
	0.92
	0.99
	0.99
	2.61
	3.51
	4.61
	TBD

	% Production
	62
	75
	93
	87
	52
	56
	56
	TBD

	% Distribution
	20
	11
	12
	12
	33
	34
	40
	TBD


[bookmark: _Toc174705954]Table 3‑2 – Summary of production and operating costs
(Source: WSM EO5)

Table 3-3 is a summary of the effect of growth in revenue water from the baseline 2022 total production value of 1771 mig. The over production reduces with the growth, assuming NRW remains constant, because the excess production is available for consumption and hence revenue generation. Also of interest is the range of NRW% which would be between 35% to 40% of total production. As mentioned in Section 3.5, the percentage target for NRW is 20% of total production. Therefore, for this to be achievable, there will be significant increase in the growth of revenue water, likely brought about by expanding services in the Family Islands. This can be brought about by increased consumption as residents are more dependent on the services provide by WSC as well as increasing coverage. As mentioned previously, this analysis is very limited and is only intended to guide further analysis into this specific topic.

	% Grown in RW
	Production (mig)
	NRW (mig)
	RW (mig)
	NRW %
	% Over production

	5%
	1375.3
	550
	825.3
	0.40
	22.34

	10%
	1414.6
	550
	864.6
	0.39
	20.12

	15%
	1453.9
	550
	903.9
	0.38
	17.91

	20%
	1493.2
	550
	943.2
	0.37
	15.69

	25%
	1532.5
	550
	982.5
	0.36
	13.47

	30%
	1571.8
	550
	1021.8
	0.35
	11.25

	35%
	1611.1
	550
	1061.1
	0.34
	9.03



[bookmark: _Toc174705955]Table 3‑3 – Effect of growth in RW on production
An essential component to the reduction of NRW is the establishment of District Metered Areas (DMA) to ensure that networks are properly discretized and defined[footnoteRef:5]. Typically, DMA’s are established to serve between 1,000 to 2,500 customers but may be limited by the layout of the network itself. Spatial considerations for DMA establishment are beyond the scope of this study. However, considering the sparse population of the study area, a range of 500 to 1000 customers is selected in addition to an occupancy of 3.5 persons per household in an effort to provide some guidance on the number of DMA’s which can be expected, as follows: [5:  Number of connections may range between 1,000 to 2,500 (Farley, 2008)] 

Eleuthera 	- 3 to 6 DMA’s 
Exuma	- 2 to 4 DMA’s
Abaco		- 5 to 10 DMA’s	
It is worth noting that Eleuthera and Exuma are almost entirely dependent on Reverse Osmosis, whereas Abaco, has more abundant groundwater resources. The projects are also listed in Table 14 of the FI Strategy Document as necessary to provide service to unsupplied areas[footnoteRef:6], on account of their dependence of RO (Eleuthera and Exuma) and high levels of NRW (Abaco). Availability of groundwater resources for the islands under Component 3 – Improved Access to Watter is discussed in the following section. [6:  Item 1.8 – Sweeting’s Tract, Item 5.1 South Bimini, Items 8.5 and 8.6 Eleuthera interconnection] 


[bookmark: _Toc174705920]IMPROVED ACCESS TO WATER
The selection of Abaco under Component 3 is consistent with the NRW reduction strategy for the Family Islands, based on the levels of Non-Revenue Water. The other islands of New Providence and Exuma under this component are highly dependent on RO as a source of potable water. This dependence is understood upon a simple examination of the groundwater resources in New Providence and Exuma. Consider Figures 3-3 and 3-4 which presents a summary of the water resources on New Providence and Exuma. The areas in red have unsuitable quantities of freshwater from aquifers and the areas in cyan have unsuitable to large quantities of freshwater from aquifers within 0-6m of the surface. From these simple graphics, the reliance on Reverso Osmosis is self evident. Part of the challenge is that populated communities are not conveniently located in areas where groundwater resources may be available.
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	[bookmark: _Toc174705935]Figure 3‑3 – Water resources in New Providence
(Source: USACE, 2004)
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	[bookmark: _Toc174705936]Figure 3‑4 – Water resources in Exuma
(Source: USACE, 2004)


In contrast, Abaco’s water resources graphic shown in Figure 3-5 presents a wider range of available sources are there are areas of moderate to enormous quantities of groundwater shown in blue.  However, on this Island, there are very high levels of NRW at 83% and it has the largest total volume supplied amongst the islands. Moreover, several settlements are located in areas where there are poor groundwater resources. It is hence prudent that Abaco is included in the short-term interventions under this component. 
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	[bookmark: _Toc174705937]Figure 3‑5 – Water resources in Abaco
(Source: USACE, 2004)



As of July 2024, the interventions defined under this project are as follows:
The interventions in New Providence entail the installation of 5,945’ of 6”, 22,245’ of 4” and 257’ of 2” mains, in addition to 600 service connections. 
The interventions in Abaco include the installation of 25,000’ of 4” and 4,400’ of 2” distribution mains in Sweeting’s Tract which will benefit 400 homes. Hydraulic modeling of the intervention in Abaco was conducted in Section 4 of this report.
A Tier 2 intervention in Bimini is also planned under this component in which 10,000’ of 4” distribution mains are planned for Port Royal which will benefit 100 residents in addition to another 9,300’ of 4” mains which will provide improved service to the airport in addition to benefiting 10 residents.
 Works were originally planned for Eleuthera which entailed the installation of 15,000’ of 6” PVC to connect Tarpum to Jack’s Bay in the south and the installation of 32,000’ of 6” pipeline to extend the Queen’s Highway from Savannah Sound south towards Tarpum Bay. These works would have benefited approximately 50 homes each and provided the added benefit of interconnecting the segmented systems thereby increasing operational reliability and some level of redundancy in between the networks.  


[bookmark: _Toc174705921]WASTEWATER COLLECTION INFRASTRUCTURE UPGRADE

The interventions on Wastewater Collection Infrastructure Upgrade are focused on New Providence, where there is an existing sewer collection and disposal system. On this island, there are 8 Wastewater Treatment Plants (WWTP) collecting effluent from eight basins as shown in Figure 3-6. The system does not collect stormwater which is directed to either a soak away or storm drain leading to a disposal well. It is understood that most of the plants are not functioning to treat the wastewater and are untreated or partially treated effluent is discharged into deep disposal well sites. The functional plants rely on primary and secondary aeration, but there may be deficiencies which limit their operation.  

[bookmark: _Toc174705938]Figure 3‑6 – Drainage basins service Wastewater Treatment Plants
(Source: Figure 4.5, T01.2 Sewerage Master Plan)

The collection network relies on gravity to service pumping stations which transmit effluent to the Wastewater Treatment Plant using force mains. The force mains are made of PVC whereas the gravity mains are constructed using various materials as summarised in Table 3-3. As shown, approximately 10% of the gravity mains are older than 94 years, 45% of the gravity mains have unknown age and 40% of the force mains have unknown age. Nevertheless, the master plan document indicated that most of the sewers are in fair conditions, with most issues relating to maintenance. There are currently 125 lift stations. 
	Installed
	Age
	Force Main
	Gravity Mains

	
	
	ft
	m
	%
	ft
	m
	%

	1927-1930
	94
	-
	-
	-
	48900
	14909
	10

	1980-1990
	14
	12965
	3953
	9
	121575
	37066
	24

	1991-2000
	24
	9735
	2968
	6
	55385
	16886
	11

	After 2000
	<24
	60865
	18556
	40
	229420
	69945
	45

	NA
	Unknown
	67855
	20688
	45
	55615
	16956
	11

	Total
	151420
	46165
	100
	510895
	155761
	100


[bookmark: _Toc174705956]
Table 3‑4 – Summary of sewer piping age
(Source: Figure 4.5, T01.2 Sewerage Master Plan)
[bookmark: _Toc174705922]FIELD VISITS 
Field visits to Bimini, Abaco and Eleuthera were conducted between July 1st to July 4th, 2024, and in New Providence on July 5th, 2024. The purpose of the field visits was to evaluate the specific interventions planned for the areas visited. The author was accompanied by representatives from WSC during each visit. 
BIMINI
The proposed works in Bimini entail the installation of new mains in Port Royal (10,000’ of 4” mains) in addition to extending the network to service the airport 9,300’ of 4” mains). The area in south Bimini from along the airport road and the roads leading into and around Port Royal were visited. The following are the key observations made:
The road from the airport is unpaved with the existing 4” mains positioned on the south side of the road. The existing line terminates near the Thirsty Turtle establishment with a washout valve. The valve, however, does not have adequate drainage with which to cause flow away from the valve. Photo 3-1 is a shot of the flush out valve. 
[bookmark: _Int_3eAFUkyg]The booster pumping station situated to the north of Port Royal, adjacent to the Bimini Cove Resort is fed by an existing 4” PVC main and utilises a pump with a rating of 111 gpm at 159’, with a maximum operating head of 206’ and a best efficiency of 70.6%. There is no buffer tank as the pump is directly connected to the incoming main. It is understood that power supply is subject to sudden outages which would create a pressure surge in the incoming line when sudden stops occur. This will lead to deleterious impacts on the water upstream piping as there is no surge tanks installed in the network. Photo 3-2 is a shot of the booster pump. 
There is an existing 220,000 imperial gallon ground storage tank which stands at 27’ feet tall to the immediately to the north of the Port Royal area. This tank is fed from an in-line booster pump installed to the north of Port Royal, adjacent to the Bimini Cove resort and is isolated with a flow control valve. The operational strategy currently in use relies on intermittent filling of the tank when demand is low by opening the valve. When demand is high, the reticulation is adjusted using valves such that the tank supplements flow to the booster pump. It is essentially operating on the floating head principle, albeit using manual controls. Photo 3-3 is a shot of the tank’s construction details. 
The area of Port Royal was visited, and it was observed that several homes have either a combination of private wells and/or rainwater harvesting to meet their potable water needs. One resident was approached and was asked about connecting to the existing network, of which the answer was in the affirmative. The resident did however indicate that there may be a reluctance on the part of residents to do this as it may lead to greater tourist activity in the area, a notion which may be resisted by some residents.
There is existing pipework in some parts of this area. Although it was pointed out that the size may not be appropriate for the installation of service connections and a relaying of mains would be necessary since there is little known about the age and quality of the installation. The alternative would be to physically inspect much of the network and conduct pressure testing prior to the acceptance. 
The entirety of south Bimini is service by a 6” and 4” submerged crossing between the north and south of the islands. The pressure on the north side was observed to be 20 psi (46’ approximately) and it was reported that a similar pressure is observed on the south of the crossing. The distance from the south side of the under-stream crossing to the ground storage tank is approximately 1.2 miles (2,000m). An option to directly feed the tank and use the booster pump to service the area is discussed in the recommendations. Photo 3-4 is a shot of the submerged piping. 
[bookmark: _Int_UN3Gdab7]The reverse osmosis plant operated by Fluence Bahamas was visited. The plant’s supply is directed to the resort on the north and the township in the adjacent area and to the south. The total flow from the plant is approximately 150 igpm at pressures of around 50 psi. It was noted that noted from discussions with the Plant Manager that the plant is only operating at 80% through put and that there are plans to increase the plant’s throughput to meet the demands of the rapidly expanding resort area on the north of the island.
	8
	FLUSH OUT VALVE
NO DRAINAGE


	7
	

	6
	

	5
	

	4
	

	3
	

	2
	

	1
	

	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M



[bookmark: _Toc174705969]Photo 3‑1 – Flush out valve near Thirsty Turtle
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	 INLINE BOOSTER PUMPING STATION
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[bookmark: _Toc174705970]Photo 3‑2 – In line booster pump near Bimini Cove Resort
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	GROUND STORAGE CAPACITY 220,000 IMPERIAL GALLONS
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[bookmark: _Toc174705971]Photo 3‑3 – Existing ground storage tank new Bimini Cove Resort
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	SUBMERGED CROSSING NORTH AND SOUTH BIMINI
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[bookmark: _Toc174705972]Photo 3‑4 – Shot of submerged pipeline at Bimini north/south crossing
ABACO
The works in Abaco entail the installation of approximately 25,000’ of 4” mains and 4,400’ of 2” main in Sweeting’s Tract. 
The available system pressure at the tie location for the works at Sweeting Tract is approximately 50 to 60 psi. It was reported that the pressure varies depending on the time of day (peak or off-peak). These pressures are greater than the maximum recommended pressure in the distribution of 270 kPa (40psi). As previously discussed, it would be prudent to consider the use of pressure reducing valves to preserve the integrity of the distribution network. 
The roads within the project area are mostly unpaved and it is understood that paving is planned in coordination with the local road works authority. It is likely that installation of pipelines may occur prior to the paving and in this case, it is important to coordinate the grade of the initial installation to ensure that when the roads are resurfaced, the location of the newly installed pipework is not unreasonably deep or shallow. Ideally, a detail of the road’s cross-section should be obtained with a centerline plan showing the final elevations to facilitate determination of where the pipes are to be installed. Photo 3-5 shows the typical state of roads in Sweeting’s Tract.
The plans for the pipeline installation should clearly show the approved locations of the pipeline and other utilities. There were a few areas, such as along the north side of Thomas Sweeting drive, where utility poles are present. Depending on the depth of installation, and considering the road’s final grade, there may be some level of undermining of the poles. However, this determination cannot be made until the layout and depth are determined. Pipelines may be installed on the opposite side to the side of the road where customers are present. In such case, the service connection crossing should be sleeved to protect the cross-piping. Discussions with local WSC representatives indicate that this is a typical detail. 
Some ponding was observed in areas adjacent to the road and in some instances, such as towards the very end of the system, the level of the existing road appears to be marginally higher than that of the adjacent pond. It is however likely that the final grade of the road will be much higher than the pond. However, depending on the depth required given the final grade, there may be adequate clearance between the piping and the ambient groundwater table. Photo 3-6 shows the pond adjacent to the road.
In the Treasure Cay area, there are 14 sewer wet wells which collect sewage by gravity mains. These wet wells then discharge into a force main which terminate at a deep injection well. There is no treatment of the sewage prior to injection. The injection well was constructed more than 20 years ago to a depth of 650’ to 700’. This well was inspected in 2022 following Hurricane Dorian as part of the rehabilitative works in the region. the well was unaffected by hurricane Dorian. It was unclear if as part of Planned Preventative Maintenance (PPM), injection wells are periodically inspected. Injection wells a critical asset and should be periodically inspected to verify its structural integrity and level of leakage if any. Should there be a failure, there would be few options available for the disposal of the untreated sewage. Photo 3-7 shows a typical wet well in the area. Photo 4-8 shows the injection well at Treasure Cay.
The area in Great Cistern was visited and there are plans to extend the network to serve a small but growing community. The pressure at the tie-in point was approximately 35 psi and appears adequate. The current plans have not been reduced to layout drawings, but from conversations with local WSC representatives, it appears the works will entail the installation approximately 4000’ of 4” PVC and another 2000’ 2” PVC mains. Drawings and details should be prepared for technical review and hydraulic analysis as appropriate.
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[bookmark: _Toc174705973]Photo 3‑5 – Typical unpaved road in Sweeting’s Tract
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[bookmark: _Toc174705974]Photo 3‑6 – Pond at end of proposed networkTYPICAL WET WELL IN TREASURE CAY
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[bookmark: _Toc174705975]Photo 3‑7 – Typical wet well
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[bookmark: _Toc174705976]Photo 3‑8 – Injection well at Treasure Cay

ELEUTHERA
The works in Eleuthera had initially envisaged the installation of 26,000’ of 8” mains and 14,500’ of 6” mains. The adjustment to the project scope was made after the author’s initial visit to the islands and hence the proceeding discussions and technical analysis conducted on Eleuthera are considered guidance material for future works. 
The island of Eleuthera has four functioning Reverse Osmosis plants located at Lower Bogue, Naval Base, Tarpum Bay and Waterford. Lower Bogue is located to the west of the North Eleuthera airport and serves the northern section of the island south to Gregory Town. The area to the immediate south of the Lower Bogue is served by the Naval Base Reverse Osmosis Plant which provides service south to Savannah Sound. Between Savannah Sound and the Tarpum Bay Reverse Osmosis Plant, there is a gap identified as Lot 7 under the project and will interlink the service areas of Naval Base on the north and Tarpum Bay on the south (currently no piping in this area). The Tarpum Bay plant provides service southwards to Rock Sound where a gap exists again from Rock Sound to Jack’s Bay. This area is identified as Lot 9 (included in the project, no piping in this area) and will interlink the service area of the Waterford plant with Tarpum Bay on the north. These locations works are shown in Figure 3-12.

[bookmark: _Toc174705939]Figure 3‑7 – Layout of plants and proposed works on Eleuthera
The proposed lots on Eleuthera are part of a larger intervention seeking to complete interlinks and extend service. A summary of the various lots is provided in Table 3-5.

	Lot
	Location
	Works type
	Description

	2
	Spanish Wells on the north
	Relaying
	Relaying of 37,000’ 2” and 21,800’ 4” distribution lines

	3
	Lower Bogue east to Port Authority along airport road
	New – extension
	Installation of 15,500’ of 6”, 4,000’ of 4” and 350’ of 2” mains

	4
	Extending network north near Old Jean’s Bay to serve farming community
	New - extension
	Installation of 17,520’ of 4” distribution mains to extent network to farming community on north of island

	5
	Hatchet Bay east to James Point 
	Relaying
	Relaying of 26,000’ of 10” PVC mains

	6
	Baker’s Road southeast of Governor’s Harbour
	Relaying
	Relaying of 22,000’ of 8” PVC mains

	10
	Lower Bogue RO to Hatchet Bay
	Relaying
	Relaying of 102,000’ of 8” PVC mains

	11
	Relaying of distribution network in Rock Sound
	Relaying
	Relaying of 1,600’ of 2” and 2,500’ of 4” PVC mains

	12
	Relaying of infrastructure southeast of Tarpum Bay
	Relaying
	Relaying of 2,500’ of 2” PVC and 12,500’ of 4” PVC mains

	13
	[bookmark: _Int_oA2XAAZB][bookmark: _Int_G0ZAEfyG]Extension of the network south from Waterford, Wemy’s Bligt to Bannerman Town
	New – extension
	Installation of 5,000’ of 2” and 28,000’ of 6” mains



[bookmark: _Toc174705957]Table 3‑5 – Summary of Lots on Eleuthera 
Lower Bogue and Naval Base Reverse Osmosis Plant have under construction 1x106 imperial gallon tanks (4,500 m3) tanks under construction. The tanks are structurally complete and are awaiting installation of plumbing to be commissioned. 
On the southern tip of the island, there is a new Disney resort under development. This area is likely to see larger than normal growth due to the presence of this development. The works proposed under Lot 13, although not within the loan scope, is therefore prudent to ensure the area between Wemy’s Bligt to Bannerman Town is adequately served. 
The capacity of the plant at Waterford will likely require expansion to serve the extension from Wemy’s Bligt to Bannerman Town. WSC are currently in negotiations to take over operations of this plant. This may be an opportunity to have the contractor install the additional capacity prior to WSC taking control. 
For the works under Lot 9 (Rock Sound to Jack’s Bay, new works), there appears to be adequate clearance along the shoulder of the highway to facilitate the installation of the interlink. As such, there is likely to be any issues with clearance other utilities and encumbrances along the highway. Photo 3-9 shows the typical clearance available on the road’s shoulders. 
A typical control valve and flow meter assembly was observed between the Waterford plant and Jack’s Bay to the north. There was no chamber in place and the surrounding soil did not appear to be granular in nature. The pipes were PVC and should be covered for protection from direct sunlight. Ultraviolet (UV) light is especially harmful and leads to a phenomenon called photodegradation. This occurs because UV light has adequate energy to cause a scission between the molecular chains comprising the PVC. Compacted sand backfilling is also an important consideration in the performance of PVC mains. The compacted sand is part of the flexible main’s design as it provides stability to the piping against movement and compressive resistance against radial stresses. Photo 3-10 shows the open control valve assembly. 
The pipe crossing across the glass window bridge was observed as part of the visit. The piping was PVC and was not protected from sunlight which may lead to photodegradation as previously discussed. The pipeline was also exposed to wave impact which will lead to undue stresses on the joints. The movement of the pipe is also of concern. PVC is flexible, but given its UV exposure and inadequate anchorage, its movement may exceed the piping’s serviceability limits. The movement of the supporting bridge structure should also be considered as contributary to the stresses on the piping. An appropriate material ay be High Density Polyethylene (HDPE) as it has a greater allowance for bending (limiting bending radius between 20 to 25 times its diameter). However, due to the pipes flexibility, frequency of anchorage should be increased to ensure stability is provided. Photo 3-11 is a shot of the above ground piping across the glass window bridge. 

	8
	ADEQUATE CLEARANCE ALONG PUBLIC ROAD TO INSTALL PIPES
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[bookmark: _Toc174705977]Photo 3‑9 – Clearance along public road between Rock Sound and Jack’s bay
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	COHESIVE TENCH WALLS
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[bookmark: _Toc174705978]Photo 3‑10 – Typical control valve and flow meter between Jack’s Bay and Waterford
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	PVC BRIDGE CROSSING
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[bookmark: _Toc174705979]Photo 3‑11 – PVC crossing over glass window bridge
NEW PROVIDENCE
Several lift stations from along the northeast to eastern end of the sewer collection system were visited, namely McNeil, Old Cedar, Oakes Field, Nassau Streer, Rawson Square, Porter’s Cay, Monague, Yamacraw, Elziabeth East and Flamingo C. Although the stations were not accessed below grade, visual inspection did not reveal any major structural concerns for most of the stations. The exception to this was the Portor’s Cay which is known to have had structural issues and requires structural rehabilitation. Photo 3-12 is a shot of the structurally unsound Porter’s Cay. This is however not a major station as it only supplied service to an adjacent administration building and public washroom. In the event of shutdowns at this station, the sewage is typically tinkered to Malcom Park disposal plant. 
Public access to the lift stations are challenging as the lift chambers may be considered as a confined space since it was not designed for human occupancy and there is the expectation of a hazardous atmosphere. On the principle of hierarchy of controls, since the stations are necessary and the hazards cannot be substituted or eliminated, it should be a policy that all lift stations are fenced with the hatches to access the pit locked out. 
All of the lift stations visited had one pump installed. However, in some stations the rails necessary for the installation of the second pump was not present. This was the case at old Cedar, Oakes Field, Dawson Square and Porter’s Cay. It is understood from discussions with WSC that the works include the procurement and installation of the necessary rails to facilitate the installation of the additional pumps. 
Control Panels were housed in the open at the Od Cedar, Nassau Street, Monague and Porter’s Cay lift stations. This exposes the panel to the elements which would make them vulnerable to severe weather. There is also the issue of overheating and burnt breakers. This is a symptom of high starting currents required when pumps are activated, a situation that is aggravated by voltage imbalances. Measures have been implemented to safeguard against voltage imbalances, but this does not alleviate the issue of starting current. The use of soft starters to reduce the impact of high starting current on the motors should be evaluated. However, soft starters typically require cooling and protection from the elements and as such housing the panels indoors would be a precursor to the use of soft starters. 
The Malcom Park injection site was visited. There are works ongoing which entail the installation of a new collection and disposal building. In the interim, pending the successful completion of this project, the site relies upon the old collection system which receives water in a collection chamber. This collection chamber initially had an underground channel which fed the old wet well from which the sewage is sent to the injection well. However, the channel was inadvertently partially filled in and as such, there is now temporary by-pass pumping from the initial collection chamber to the penultimate chamber prior to disposal. The penultimate collection chamber will require minor rehabilitative works, such repositioning or reinstallation of rails, prior to installation of pumps. Photo 3-15 is a shot of the by-pass pumping arrangement and Photo 3-16 is a shot of the penultimate disposal chamber at Malcom Park. The control panels for the functioning pumps appeared to be set above flood levels. 
Several issues were identified with the ongoing works at Malcom Park. The station uses Variable Frequency Drives which require excellent ventilation and cooling. At the time of preparing this report, the primary building did not have air conditioning and as such, there has been overheating issues with the VFD’s. There have also been issues with the commission of the new injection well related to high pressures. This may be to clogging of the injection screens or other limiting factors on the exterior of the screens. In either case, further evaluation would be necessary. These works are outside the scope of the loan proposal. 
The Monague pumping station has a PVC discharge piping assembly which will require replacement as part of the rehabilitative works. Photo 3-17 is a shot of the discharge assembly in the lift station. 
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	PORTER’S CAY SEWER LIFT STATION STRUCTURALLY UNSOUND
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[bookmark: _Toc174705980]Photo 3‑12 – Porter’s Cay sewer lift station
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[bookmark: _Toc174705981]Photo 3‑13 – Typical missing railing system (Old Cedar)MISSING RAILING SYSTEM
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[bookmark: _Toc174705982]Photo 3‑14 – Typical panel housed outside, Elizabeth East 
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[bookmark: _Toc174705983]Photo 3‑15 – By-pass pumping from initial collection chamber at Malcom Park
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[bookmark: _Toc174705984]Photo 3‑16 – Pen ultimate disposal chamber at Malcom Park
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[bookmark: _Toc174705985]Photo 3‑17 – PVC discharge piping assembly ay Monogue














[bookmark: _Toc174705923]PRELIMINARY TECHNICAL ANALYSIS
The defined interventions, when possible, were reviewed for hydraulic soundness resistance curves developed. The following are considered key considerations consistent with engineering best practice provided as a guidance during the review:
The maximum velocity is limited to 2.5 m/s (8.2 f/s) (City of Toronto, 2014) with an achievable flushing velocity of 0.8 m/s (2.6 f/s) (Government of Ontario, 2008). 
The maximum hydraulic gradient is limited to 2.5m/km (Trifunovic, 2006).
The minimum transient stopping velocity is 0.6 m/s (Government of Ontario, 2008) and a design check for transients on long transmission mains should be done. 
Distribution pressure range for domestic usage of 170kPa (24 psi) to 280kPa (40 psi) (Lindburg, 2014)
Headloss calculations are done using the Darcy-Weisbach equation in conjunction with the Colebroke-White expression for the calculation of the friction factor. A friction of 0.0015mm (5.9 x x10-5 in) is adopted for PVC.
The peak factor assumed is 2.1. It is understood that the systems in question operates on a continuous basis and as such, there should not be an artificially high demand due to beneficiaries attempting to access the service at the same time.
A domestic consumption[footnoteRef:7] of 142 l/c/d (31 ig/c/d) is rounded up to 150 l/c/d (33i ig/c/d) for use in estimating average demands over 24 hours. This does not include commercial and industrial demands, in addition to NRW. As a reference, projections for consumption[footnoteRef:8] in New Providence ranges from 250 to 400 l/c/d (44 to 88 ig/c/d) in 2035 (inclusive of other demands outside of domestic use). Furthermore, the Family Islands Strategy[footnoteRef:9] document has a target pf 20% for NRW. To be conservative, assuming this to be all leakage, therefore, adopting a consumption of 300 l/c/d (66 ig/c/d) the total demand would hence be 375 l/c/d (82.5 ig/c/d).  [7:  Obtained from file E12 – Economic Items Requested]  [8:  Obtained from T01.2 New Providence Sewer Master Plan, page 34]  [9:  Page 34, Family Islands Strategy Document, 2019] 

For nodal demand estimates, a connection density of 1 every 25m (82’) is assumed and includes crossroad connections. 
BIMINI
The number of customers on the south of Bimini is approximately 60 and allowing for another 60 equivalent customers from resort activity and another 40 from expanded service, the initial potential customer database is around 200. In New Providence, the annual population growth rate[footnoteRef:10] is 1.4% per annum an occupancy of 3.5 persons per household[footnoteRef:11] is generally accepted. Applying a similar growth rate and occupancy to the Family Islands, over 25 years, the population to be serviced would be around 792 persons. Allowing for a targeted demand of 375 l/c/d (82.5 ig/c/d), the total average day design demand would be approximately 300 m3/day at an average flow rate of 12 m3/hr (44 igpm) over 24 hours or 15 m3/hr (55 igpm) over 20 hours.   [10:  Page 25, Sewer Master Plan Study]  [11:  Page 32, Sewer Master Plan Study] 

A resistance curve allowing for the height of tanks of 9.15m and a distance of 2.0km was developed using an assumed nominal diameter of 0.1m and an elevation difference of 1m, as shown in the figure below. The inlet pressure from at the south Bimini ferry crossing was about 14m (20 psi). As such, the flow which would be developed should the tank be filled directly from the infeed line would be approximately 14m3/hr and would be very close to satisfying the 25-year projected demand. At current demand levels (10.5 m3/hr over 20 hours), there would be adequate flow into the tank.
[image: A graph with a line and a point

Description automatically generated]
[bookmark: _Toc174705940]Figure 3‑8 – Headloss flow curve for South Bimini
Also shown in Figure 3-7 is the headloss flow curve for a 6” main. In this scenario, there is a significant increase in flow from 14 m3/hr (51 igpm) to 42 m3/hr (154 igpm) as compared with the 4” main. The existing tank (1000 m3 volume or 220,000 imperial gallons) would require over 70 hours to fill as compared with the day or so using a 6” main (152mm).  In either case, once the tank is filled, the area can be serviced directly from this tank using a booster pump array. This would eliminate the undesirable situation of booster pumping directly from the feed line and the surge pressures created by sudden changes in flow conditions which typically occurs when power is lost. The velocities in the supply mains were also checked and found to range between 0.5m/s (1.6 f/s) for the 4” (100mm) main to 0.65m/s (2.1 f/s) for the 6” main (152mm). These are within best practice design limits for water mains. 
From an energy conservation perspective, should the tank be serviced by a 4” (100mm) main, the required inlet pressure to achieve the required 15m3/hr (55 igpm) over 20 hours would have to be increased slightly to 14.9m (21.2psi) as compared with a reduction in pressure to 9.98m (14.2 psi) for the 6” (152mm) main. The change in inlet head required is thus about 4.9m (7psi) and results in a reduction in energy of approximately 4kHW. 
The recommended size for ground storage tanks is 25% of the design year maximum day plus 40% of the design year average day (Government of Ontario, 2008) . The average daily demand for the south side of Bimini is 300m3 (66,000 ig) and as such, the required size of the ground storage tank, using a maximum day factor of 1.4 is 222 m3 (48,840 ig) and as such, the available storage of 1000m3 (220,000 ig) far exceeds the required capacity. There is clearly adequate volume for balancing flow available in tank, but it is worth determining this requirement should there be a need to partially utilise the tank. Balancing volumes are based on production surplus and deficits determined by demand curves. 
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[bookmark: _Toc174705941]Figure 3‑9  – Demand curve represented in mass flow format
At the present, there is no flow logging being done and a demand pattern could not be developed specifically for the Family Islands. As an example, a typical demand curve (Stantect, 2022) was utilised to develop a mass flow curve based on unit average flow. A correction factor was introduced to ensure that the area under the demand curve does not exceed 24. This is a property of the demand pattern considered, since the area under the demand pattern represents to volumetric supply, which when divided by the hours of service, must equate to unit flow. Obviously, for this to be true, the area under the demand pattern must be equal to 24 since the number of service hours is 24. Figure 3-8 illustrates the deduced demand pattern presented in the mass-flow format. As shown, the maximum production surplus is 3.6m3 (792 ig) and the maximum production deficit is 3.9m3 (858 ig) and the total balancing volume required is 7.5m3 (1650 ig) per unit average day flow. Therefore, for an average day flow of 12.5 m3 (2750 ig) (over 24 hours), the required volume for balancing production surpluses and deficits would hence be approximately 95m3 (20,900 ig). This should be the minimum volume required, should the inlet flow arrangement be modified at the tank to allow for partial utilisation. 






















ABACO

A hydraulic model of the proposed network in Sweeting’s Tract was prepared using Epanet version 2.2. The model was created using the demand assumptions and peak flow parameters previously discussed, with the additional assumption that supply would be on a continuous basis. The allocation of demand using connection density projects at a maximum occupancy of 3.5 persons per home, the total population served would be approximately 1700 which is generally consistent with the details provided in the ESG 10 – Capital Expenditure for Component 3 of 1200 persons. The difference may be attributed to population growth over a design horizon of 25 years.
In the modelling of the network, it is assumed that the customers closer to the higher-pressure tie ins on the north-east side of the project would receive 2” (52mm) distribution lines, whereas, other customers, especially those at the hydraulically most distant node from the inlet pressure, would have larger 4” (102mm) distribution mains. Based on these assumptions, the total lengths of 4” mains would be approximately 24,000 feet (7300m) of 4” (102mm) and 3,600 feet (1100m) of 2” (52mm) mains. These estimates are again consistent with the project proposal. The reported inlet pressure at the proposed tie-in location was given as 50 psi (35m) to 60 psi (42m). For the modelling exercise conducted, an inlet pressure of 40psi (28m) was allowed for by including a reservoir with a total head set at this value. This is inline with the maximum distribution pressure discussed previously. 
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[bookmark: _Toc174705942]Figure 3‑10 – Sweeting Tract pressures at average day demand
Figure 3-8 shows the results of the modelling for nodal pressures (m H2O) and flow (m3/hr) at average day demand. The critical nodes are those on the eastern end of the system (6,9,10,16,18,27 and 28) with an average pressure of 22m (31.5 psi) at average day flow. The performance of the system at peak demand was also evaluated over an assumed demand pattern. The assumed demand pattern and the pressure variation at the most critical nodes are shown in Figure 3-9 and 3-10 respectively.  
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[bookmark: _Toc174705943]Figure 3‑11 – Assumed demand pattern at Sweeting’s Tract
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[bookmark: _Toc174705944]Figure 3‑12 – Sweeting’s Tract pressure variation at critical junctions
Considering Figure 4-5, the critical junctions have a pressure of approximately 5.5m (8psi). These pressures may be increased by increasing the diameter of the supply main from 4” to 6”. Figure 3-11 is the pressure variation for the critical nodes (28,6,9,10,16) with the increased supply line diameter along the path connecting nodes (31,30,29), a distance of approximately 1600’ (510m). As shown in this illustration, the minimum pressure anticipated is approximately 34 psi (24m).
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[bookmark: _Toc174705945]Figure 3‑13 – Sweeting’s Tract critical nodes pressure with increased supply line diameter
The change in operating pressure required to sustain similar system pressured with the 6” upgrade is the difference in peak system pressures at the end of the system or about 26.4 psi (18.5m). Given a total peak flow of around 60m3/h (220 igpm), and assuming the peak flows are sustained for at least 2 hours, the annual reduction in energy based on peak flows is estimated to be in the range of 2,200 kWH. 










ELEUTHERA
As previously mentioned, a modification of the project scope was made after the authors visit to the islands and technical analysis conducted. However, this information may be of benefit to future loan operations and are included to fully reflect the technical validity of this project, should it be selected for future loans.
Full details of the various networks across the island were not available at the time of preparing this report. However, to facilitate an examination of the benefits of interlinking the various systems, a simple Pressure Driven Assessment (PDA) using EPA version 2.2 was conducted to ascertain available flows given an inlet pressure of 28m (40psi) from the plants functioning on the island. A pressure emitter coefficient of 0.5 was used in the establishment of the flows. The reverse osmosis plants were modelled as reservoirs with a total head of 28m. 
Table 3-6 summarises the results of flows from the plants. As shown, the plants can provide a peak flow of 122 m3/hr (447.3 igpm) with output pressures from the plants of 40 psi (28m). Using a peak factor of 2.1, the average day flow which can be supported would be 58m3/hr (212.6 igpm). Based on the assumed consumption and occupancy previously outlined, the interlinked networks can support the current population of approximately 9,300 up to a design population of 13,000 over 25 years. Further analysis of the plants is beyond the scope of this report, but this data can be used as guide in evaluating the required capacities for the plants in the future. 
	Plant
	Peak Flow m3/hr (igpm)
	Average m3/hr
(igpm)
	Cust
	Design Pop.
	Current Pop.
	Required plant capacity (m3)
	Required plant capacity (ig)

	Lower Bogue
	45.3(166.1)
	21.6(79.2)
	1381
	4832
	3413
	518
	113,897

	Naval Base
	30.6(112.2)
	14.6(53.5)
	933
	3264
	2306
	350
	76,937

	Tarpum Bay
	24.4(89.5)
	11.6(42.5)
	744
	2603
	1839
	279
	61,349

	Waterford
	22.0(80.7)
	10.5(38.5)
	670
	2347
	1658
	251
	55,314

	Total
	122.3(448.4)
	58.2(213.4)
	3727
	13045
	9215
	1398
	307,497



[bookmark: _Toc174705958]Table 3‑6 – Summary of flows from Eleuthera Plants
Figure 3-13 presents flow and pressure results from the model. At the projected total peak flow of 122 m3/hr, an inlet pressure of 40 psi (28m) would be adequate to provide a minimum service pressure of 31 psi (22m). This is based on the assumption that transmission mains have a minimum diameter of 150mm. Furthermore, the proposed interlinks between Tarpum Bay and Naval Base plant would see Savannah Sound being the natural pressure boundary between the two plants. Similarly to the south, the interlink between the Waterford and Tarpum Bay plants would see Rocksound being the natural pressure balanced boundary.
The pressures at off-peak times may be higher if the booster pump arrays are not adequately sized either through off-peak and production sizing or the use of Variable Speed Drives (VSD). As previously discussed, it is critical to the long-term performance of the system and pressure management to limit system pressures to about 40 psi (28m). Detailed designing and hydraulic modelling on the island should consider this requirement and incorporate Pressure Reducing Valves as appropriate when designing discretizing the network. 
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[bookmark: _Toc174705946]Figure 3‑14 – Pressure and flows with pressure contours for Eleuthera







NEW PROVIDENCE LIFT STATIONS
The interventions identified under this component is for the procurement and installation of high lift pumps and attendant electrical control components in the various collection pumping stations. The inlet flows into the pumping stations are variable[footnoteRef:12] ranging between 4.3 to 440.6 Ig/min (1.2 m3/hr to 120 m3/hr) and outlet flow ranging between 109.5 to 927.2 ig/min (29.9 to 252.9 m3/hr). The total length of force main connected to sewer pumping stations is about 662,454 feet (206,042m) serving on average 4,050 feet (1235m) of gravity collectors. There are a total of 130 lift stations serving an estimated population of 35,000 which gives an average of 270 persons[footnoteRef:13] per lift stations. The total number of beneficiaries is hence approximately 5,100 persons. These figures are based on 2010 estimates, and allowing for a growth rate of 1.4%, the estimated population served would be around 6,200. However, Sewer Master Plan also indicates that the Malcom Park, Fox Hill and Yellow Elder systems serve an estimated 14,350 residents. The approximation of 10,500 residents as beneficiaries appears to be reasonable. Figure 3-14 illustrates the approximate locations of the stations submitted for upgrade.  [12:  Table 4.11, T01.2 Sewer Master Plan]  [13:  Table 4.12 T01.2 Sewer Master Plan] 
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[bookmark: _Toc174705947]Figure 3‑15 – Location of lift stations to be rehabilitated
At the time of preparing this report, a branch diagram illustrating the interconnectivity of the various lift stations was unavailable. To facilitate an estimate of the discharge flow from the various stations, assumptions were necessary to estimate the discharge flows, with limits set on the range of velocity of between 1 to 3 m/s in force mains. The estimated length of the force mains was guided by the information provided in Table 3-4, but could not be specifically reference to the average force main length per station. The possible design flows are shown in Table 3-7 for reference. For these reasons, the information will require further verification pending availability of data to create a branch layout of the various pumping stations proposed in the loan. The inlet flows shown in this table were obtained from the Sewer Master Plan document.

	Stations
	Power (HP)
	Inlet Flow (m3/hr)
	Design Flow (m3/hr)
	Total Head (m)
	Design Flow (igpm)
	Total Head (psi)
	Power (HP)

	
	
	
	
	
	
	
	
	

	Malcom Park
	60
	 
	550
	20.7
	2017
	15
	55
	

	Elizabeth East
	45
	259.2
	150
	82.7
	550
	104
	45
	

	Montague
	20
	 
	90
	60.4
	330
	72
	20
	

	Potters Cay
	5
	 
	75
	21.8
	275
	17
	6
	

	Rawson Square
	35
	 
	90
	94.0
	330
	120
	31
	

	Fox Hill
	20
	103.8
	90
	60.4
	330
	72
	20
	

	Old Cedar
	10
	 
	75
	33.6
	275
	34
	9
	

	Shirlea
	7.5
	 
	80
	23.4
	293
	19
	7
	

	Yellow Elder Main
	45
	 
	100
	113.1
	367
	147
	41
	

	McNeil
	10
	100.8
	75
	33.6
	275
	34
	9
	

	PMH
	10
	 
	75
	33.6
	275
	34
	9
	

	Oakers Field
	10
	 
	75
	33.6
	275
	34
	9
	

	Big Pond
	20
	 
	90
	60.4
	330
	72
	20
	

	Nasseau Street
	5
	 
	75
	21.8
	275
	17
	6
	

	Flamingo C
	20
	200.2
	90
	43.6
	330
	48
	14
	

	Yamacraw
	20
	 
	90
	43.6
	330
	48
	14
	

	Pinewood C
	20
	 
	90
	43.6
	330
	48
	14
	

	Sir Lynden 1
	10
	 
	75
	33.6
	275
	34
	9
	



[bookmark: _Toc174705959]Table 3‑7 – Summary of pump power required




NEW PROVIDENCE WATER SUPPLY EXTENSION
The project will benefit approximately 2,400 residents in New Providence. At the time of preparing this report, there were no details available on the proposed reticulation. As such, specific hydraulic modelling was not possible. It is however understood that the works entail the installation of 5,945’ of 6”, 22,245’ of 4” and 257’ of 2”, in addition to 600 service connections. Table 2.2 of the CBP estimates that coverage in New Providence in 2023 was about 61% (47,084 households with WSC connection as opposed to a total of 77,474 households). The addition of 600 new connections would serve to extend WSC coverage by about 0.5%.
In terms of hydraulics, assuming that there is a service connection every 25m and that the targeted residual pressure is 10m at the end of the service line, a simple headloss analysis was conducted to illustrate the effectiveness of the proposed 2” (0.052m), 4” (0.102m) and 6” (0.152m) pipelines to convey the required peak flows. The constraining condition on the number of connections was the headloss gradient of 2.5m/km (0.0025). Figure 3-16 presents a summary of this analysis. As shown for 2” mains, the maximum number of connections is 19 over 450m (1476’), 77 over 1900m (6232’) for 4” and 174 over 4325m (14,186’) for 6”. The effects of loops are discounted from the analysis, since specific information on network layout and reticulation would be required to conduct such an assessment.
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[bookmark: _Toc174705948]Figure 3‑16 – Connections vs HL gradient
[bookmark: _Toc174705924]INITIAL COST ESTIMATES AND IMPLEMENTATION SCHEDULE

The annual Operating and Maintenance (O&M) costs were estimated for the defined project interventions, namely Component 1 - Procurement of Advanced Metering Infrastructure, Component 3 – Improved Access to Water and Component 4 – Wastewater Collection Infrastructure Upgrade. In the estimation of the O&M costs for Component 3, the average annual cost for production and distribution per unit volume of water supplied shown in Table 3-2 for the Family Islands was used along with the estimated total demand per capita previously outlined in this report. The capital cost estimated were based on the information provided by WSC in the ESG10 document. Table 4-1 shows the estimated capital cost estimate and O&M costs for Component 3. As shown, the annual operating cost expressed as a percentage of the capital cost is about 13%which may be on the higher end of approximations. 
	Intervention
	Capital Cost (USD)
	Beneficiaries
	2024 Est Annual Volume (m3)
	2024 Estimated Annual O&M (USD

	Sweeting's Tract
	$2,108,093
	1,200
	164,250
	$326,646

	South Bimini Port Royal
	$1,001,250
	300
	41,063
	$81,662

	South Bimini Airport Extension
	$841,664
	30
	4,106
	$8,166

	NP settlements
	$4,048,993
	2,400
	328,500
	$653,293

	Total
	$8,000,000
	3,930
	537,919
	$1,069,767




[bookmark: _Toc174705960]Table 4‑1 – Component 3 initial capital and operational and maintenance costs
With regards to the defined works for Components 1 and 4, a review of the maintenance practices by WSC on revenue metering infrastructure and sewer pumping stations was beyond the scope of this study. However, to ensure that O&M costs are at least represented, it is assumed that these costs amount to 5% of the initial capital cost for Component 4 and 1% for Component 1. The selection of 5% for Component 4 is a ballpark estimation and would depend on the operating efficiencies of the installed pumps. A further verification is beyond the scope of this study. . For Component 1, the proposed revenue meters are designed to function with minor interventions on maintenance, mostly arising from clearing of screens and bench testing. Since the provided water is likely of a very high quality (source from RO treatment), these costs should be insignificant in comparison to the initial capital cost. Table 6-2 presents a high-level statement of the Capital and Operational and Maintenance Costs for Component 1 (AMI only), Component 3 and Component 4. Initial cost estimates for the procurement and installation of the AMI under Component 1 and procurement of sewer pumps under Component 4 were obtained from the draft Procurement Plan and the ESG 12 document provided by WSC. Overall, the annual operating costs are about 5% of the initial investment. 


	Component
	Decription
	Capital Cost (USD)
	Annual O&M (USD)

	1
	Procurement and installation of AMI
	       16,000,000 
	         160,000 

	3
	Improved access to water
	         8,000,000 
	      1,069,767 

	4
	Wastewater Collection Infrastructure Upgrade
	         3,000,000 
	         150,000 

	Total
	 
	       27,000,000 
	      1,379,767 



[bookmark: _Toc174705961]Table 4‑2 – Initial capital and operational and maintenance costs
A draft implementation schedule was prepared based on the proposed works and shown in Table 6-2. Cells in blue represent design phase, red represent tendering phase, yellow represent tender evaluation and award phase, green represent the implementation phase and orange cells is the project close out phase. This evaluation is conservative as it allows for more time initially in the project to complete detailed designs. 
For the New Providence settlement extensions shown under Component 3, a greater time is allowed for given the number of settlements to which the extensions must serve. With regards to Component 4, the installation of the pumps, motors and electromechanical components are to be done by WSC. Therefore, for the sake of reflecting the implementation of the loan, the schedule reflects procurement of these items. Installation would be done in the following 3 quarters shown in Grey. 
The information in Table 4-3 is the implementation schedule reflecting the approximate value of works as they are completed. This will inevitably differ from the disbursement schedule as there is a lag between the execution of works and actual disbursement of funds from the bank. Figure 6-1 shows the disbursement schedule envisaged under the loan and assumes that there is a carry over of 25% of the previous year’s implementation expenditure to the following year. As such, the chart extends to 6 years. A shown, the bulk of the spending would occur in year 3 and is mainly due to advance and execution payments for the Family Islands PMC. The majority of works under Component 3 is likely to be completed by the end of year 3 with the exception that the New Providence Settlement extensions would be completed by the middle of the fourth year. As mentioned previously, the installation of the sewer upgrades may be completed by the third quarter of year three. This is conceptual outlook intended to give insight into the possible implementation forecast and is subject to update. It is considered at this stage to be conservative and may be improved by the Project Executing Unit in consultation with the Bank. 






	C
	Description
	Cost
	Quarterly Expenditure and Implementation Schedule (MUSD)

	
	
	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	
	
	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	1
	NRW Reduction in Family Islands
	17.0
	 
	 
	 
	 
	 
	 
	 
	 
	4.3
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2

	1
	Procurement of AMI
	12.0
	 
	 
	 
	2.7
	2.7
	2.7
	2.7
	0.0
	0.0
	1.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1
	Installation of AMI
	4.0
	 
	 
	 
	 
	 
	 
	 
	0.9
	0.9
	0.9
	0.9
	0.0
	0.0
	0.4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	 
	Sub-total
	33.0
	0.0
	0.0
	0.0
	2.7
	2.7
	2.7
	2.7
	0.9
	5.2
	3.3
	2.1
	1.2
	1.2
	1.6
	1.2
	1.2
	1.2
	1.2
	1.2
	1.2

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	Instrituional Strengthening
	3.5
	 
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.0

	 
	Sub-total
	3.5
	0.0
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3
	Access to Water
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Sweeting's Tract New Water Main
	2.1
	 
	 
	 
	 
	 
	 
	 
	0.5
	0.5
	0.5
	0.5
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	 
	South Bimini Port Royal Water Main Extension
	1.2
	 
	 
	 
	 
	 
	 
	 
	0.3
	0.3
	0.3
	0.3
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	 
	South Bimini Water Main Extension To Airport
	0.6
	 
	 
	 
	 
	 
	 
	 
	0.2
	0.1
	0.1
	0.1
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	 
	New Providence settlement extension
	4.1
	 
	 
	 
	 
	 
	 
	 
	1.0
	0.4
	0.4
	0.4
	0.4
	0.4
	0.4
	0.0
	0.0
	0.4
	0.0
	0.0
	0.0

	 
	Sub-total
	8.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	2.0
	1.3
	1.3
	1.3
	0.4
	0.4
	0.8
	0.0
	0.0
	0.4
	0.0
	0.0
	0.0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4
	Wastewater Collection Infrastructure Upgrade
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Procurement of pumps, motors, electromechanical components
	3.0
	 
	 
	 
	0.8
	1.0
	1.0
	0.0
	0.0
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5
	Project admin, supervision and other costs
	2.5
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total
	50.0
	0.1
	0.3
	0.3
	3.8
	4.0
	4.0
	3.0
	3.2
	7.1
	4.9
	3.7
	1.9
	1.9
	2.7
	1.5
	1.5
	1.9
	1.5
	1.5
	1.3



[bookmark: _Toc174705962]Table 4‑3 – Draft expenditure and implementation schedule
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[bookmark: _Toc174705949]Figure 4‑1 – Disbursement schedule










[bookmark: _Toc174705925]MAIN FINDINGS 

The project will provide direct benefits to an estimated population of approximately 241,930residents in New Providence and the Family Islands. The NRW and AMI component (Component 1) will directly benefit approximately 227,500 residents in the Family Islands, whereas improved access to water component (Component 3) will directly benefit about 4,430 residents and the Wastewater Collection Infrastructure Upgrade (Component 4) will benefit another 10,500 residents. 
A detailed mass balance was unavailable for the Family Islands from which specific information on losses could be gleaned. However, preliminary analysis suggests that the level of NRW reduction may be in the range of 5,500 m3/d (1.21 mig/d). By comparison with other PBM’s, this level of reduction appears to be entirely achievable. 
An analysis of production levels based on the estimated level of NRW reduction, allowing for a growth of 15% in revenue water indicates that it may be possible to reduce current production levels by 20% (reduction from 1771 mig in 2022 to 1451 mig at the end of the program). 
The reduction in NRW and production levels will directly impact production and distribution costs since less water has to be sourced and distributed. There are also energy savings arising from sourcing less production water from RO plants and requiring less energy for distribution since flow and hence required pressure at distribution are also lower. The energy savings from using less RO water is estimated to be in the range of 3200 to 4100 MWH annually. Energy savings on distribution require further hydraulic and historical cost analysis to quantity. 
The proposed scope of works in Bimini to extend service to Port Royal and to the Airport on the south of the island are feasible. Based on hydraulic modelling, the inlet pressures to the south side of the island are also adequate to allow for the activation of the 220,000 imperial gallon storage tank near Bimini Cove and would allow for a more hydraulically sound method of production by pumping from storage as compared with inline boosting.
The proposed scope of works on Abaco to extend service to Sweeting’s Tract has been demonstrated using hydraulic modelling to be feasible. The modelling did however identify a possible improvement by increasing the size of the inlet piping from 4” to 6” along Thomas Sweeting Drive to John Sweeting Drive and would also yield a reduction in energy consumption of approximately 2,200 kWH annually.  Other works in Great Cistern, which are beyond the scope of the proposal, require further analysis and quantification. 
The originally proposed scope of works on Eleuthera to interlink Naval RO service area in the north to Tarpum Bay RO in the south and also to interlink Tarpum Bay RO to Waterford RO further south are prudent given the isolated nature of supply on the island. Preliminary hydraulic modelling indicates that the interlinking of the service areas of the four plants would yield supply pressures adequate to service the projected population of the island in 25 years. These works are no longer included in the final loan operation and instead works for selected settlements in New Providence have been added.
The extension of service to the New Providence settlements using 6” (0.152m), 4” (0.102) and 2” (0.051m) mains appears to be reasonable given the potential customers each diameter may serve when extending the existing network.
[bookmark: _Hlk172460571]The procurement and installation of pumps, motors and electromechanical components for the various sewer pumping lift stations are prudent and will increase operational reliability and disposal efficiency, mainly through the provision of redundant pumping capacity. 
The effects of climate on the extension of water services in Bimini, Abaco and New Providence and the NRW reduction works likely in Abaco, Exuma and Eleuthera range from minor to significant depending on the specific hazard (increased strength and frequency of hurricanes being most noteworthy) if specific engineering mitigation measures are not incorporated into the design. Recommendations from the Report Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation (WSP 2013) should be considered in the detailed designs, in particular ensuring adequate depth of installation and situating new pipelines outside of flood plains. Site specific engineering for above ground assets would be required to reduce exposure, vulnerability and risk from sea level rise, hurricanes and storm surges, This should include the use of alternative materials which are able to withstand environmental stresses.  
The overarching effect of the project would be to improve the level of access to water services through NRW reduction, system expansion, and improved reliability through interlinking, in addition to increasing operational reliability and disposal efficiency of wastewater. There are indirect effects from these interventions arising from improved system performance which will inspire public confidence in WSC. This has a cascading impact on willingness to pay for water and sanitation services provided by the company and a likely positive overall impact on its financial standing. 
The conceptual implementation schedule projects that work under component 3 and 4 would be completed in the third year with the NRW PMC continuing into the fifth year. The bulk of expenditure may occur in the second year and coincides with the start of NRW PMC which will attract a large advance payment.



[bookmark: _Toc174705926]RECOMMENDATIONS

Mass balance calculations should be done as soon as practicable to ascertain the level of leakage in the Family Islands and to further guide the investment portfolio. 
Complete hydraulic modelling of the islands of Bimini, Eleuthera and Abaco should be completed and used as a tool to further guide definition and validate proposed interventions. As demonstrated, there are benefits from such analysis as system bottlenecks can be easily identified and addressed.
Logging of flows and pressures in the networks should be incorporated into operational activities. Such logging will allow for greater insight into demand patterns as well as pressure variations which may be deleterious to the network. 
Pressures at the point of distribution are on the high end. Without the benefit of pressure reducing valves the pressures in the distribution system will exceed the recommended 40 psi (28m) and will lead to challenges in controlling leakage in the future. Therefore, in the discretization of the network, consideration must be given the peak pressure at take-offs into the distribution network and pressure reduction appropriately incorporated. Hydraulic modelling would be instrumental in this regard. 
The practice of boosting production directly from an incoming main (inline boosting) is not recommended due to the potential for surge pressures during pump startups and shutdowns. Alternative methods such as using storage or transmission extension with pressure reduction should be considered as far as possible.
Sewer lift stations should be fenced and access hatches to the wet wells secured to prevent access from the public. Control panels at lift stations should also be housed indoors thereby protecting them from the elements and to provide protection against tampering.
A branch diagram of the various sewer lift stations should be prepared, ideally using Geographic Information System (GIS) to provide details on the interconnectivity of the stations and to assist in analysis of pump sizes. 
The use of soft starters should be considered where it is possible to provide adequate cooling and ventilation to control panels housed indoors. To improve reliability of the stations, all lift stations should have phase imbalance protection.
[bookmark: _Toc174705927]CONCLUSION

The proposed interventions on water supply, NRW reduction and improved sanitation services appears to be technically sound and will likely benefit approximately 65,000 residents with indirect benefits to the islands of New Providence and the Family Islands as a whole. The interventions are technically sound and prudent and are likely to achieve its intended results. The personnel at WSC are also experienced in implementing donor funded projects and are likely capable of successfully completing the proposed interventions. 
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[bookmark: _Toc174705929]APPENDIX 1 – GENERAL COMPONENT CONSIDERATIONS
[bookmark: _Toc174705930]COMPONENT 1 – NRW AND AMI
The cost of NRW reduction may be rationalised as shown in Figure 9-1 and is made up of the cost of the NRW management plus the cost of water lost. Reducing NRW to exceptionally low levels require significant investment in NRW management and will only save a small amount of water. On this end of the spectrum, the total cost is dominated by the cost of NRW management. On the other end, if there are no investments in NRW reduction, there is substantial losses which drives up the total cost. Along this spectrum, there a point of the most economical NRW levels, which should be the target of any NRW strategy. 
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[bookmark: _Toc174705950]Figure 9‑1– NRW vs operating costs
(Source: USAID, 2018)

The Family Islands Strategy (2019) highlighted several issues with the pipelines which will have an impact on the NRW reduction strategy. These include load quality PVC mains, poor installation and susceptibility to surge pressures within the network. The quality of the pipelines appears to be inadequate, a major performance inhibitor compounded by shallow trenches, rock backfilling and exposure to erosion. PVC mains are not as rigid as other materials such as Ductile Iron or Concrete Pipes and must rely on the surrounding backfill to achieve the required pressure rating over time. Inadequate installation depth, poor backfilling material such as rock, clays or other material which cannot be easily compacted and exposure to erosion will exacerbate performance issues. This is especially the case since the system is such that production pumping occurs directly into the network with no storage and is the least desirable scenario for production, not only on account of pump efficiency, but because the pipelines will have little protection against surges.  
Given the physical limitations of the network, it is essential that the NRW program in the Family Islands address the state of the network by urgently replacing pipelines subject to the ails outlined. In this effort, the discretization of the network must be considered to ensure that District Metered Areas (DMA) are properly defined[footnoteRef:14], configured and reticulation verified. The overarching objective of this approach would be to use the DMA’s building blocks of the network such that the inlet flows and pressures are monitored to proactively identify performance issues. DMA’s also allows for consistent mass balance calculations and will require that all customers are metered and that meter readings are accurate and consistent[footnoteRef:15]. This approach will enable WSC to undertake proactive leakage repairs in which performance issues are identified from flow and pressure readings into DMA’s, instead of only relying on reactive leakage control which requires reporting of leaks or other performance issues, typically by customers or the concerned public.  [14:  Number of connections may range between 1,000 to 2,500 (Farley, 2008)]  [15:  WSC is considering the procurement of 65,000 Hydrus 2.0 ultrasonic flow meter, which have a starting flow rate of 1.4 l/h (15-20mm) and accuracy of +-1%] 

In the discretization of the networks, it is important to consider the pressures in the transmission and distribution network. For domestic usage, service pressures of 170kPa to 280 kPa (24 to 40 psi) (Lindburg, 2014) are normally targeted and depending on the elevation differences and distances over which the supply must be transported, there could be very high pressures at the take-offs for the DMA’s. This is an important consideration for leakage control and overall longevity of the network and may be controlled using Pressure Reducing Valves (PRV) in conjunction with Pressure Sustaining Valves (PSV). The PRV’s introduce fixed pressure losses at take offs and would be ideal in situations where the upstream pressure servicing and adjacent distribution network is very high. PSV’s operate by limiting flow to a network if the supply pressure drops below a predefined limit when the valve is open. It is an effective means of controlling leakage which causes increased flows and reduced pressures when not under control. 
Another important consideration is the amount of storage available in the network. In ideal situations, the recommended size for Ground Storage Tanks (GST) is 25% of the design year maximum day plus 40% of the design year average day (Government of Ontario, 2008). The intent being to have a minimum reserve capacity to service customers should there be a production disruption. This requirement is different from Elevated Storage Tanks (EST) which when working in conjunction with GST can be sized to ensure adequate volume is present to accept excess production in low demand periods plus a reserve volume to service customers when demand exceeds available production rates at peak hours. EST’s may be either floating head or fixed head and in the former arrangement, the production service the tanks which in turn service the networks. This arrangement essentially fixes the operating head of the production pumps which ensures they are continuously working at their best efficiency point. In the floating head arrangement, the EST’s are part of the distribution network and offer similar production supplements as the fixed head arrangement. However, the operating head for the production pumps are not fixed and in cases of high levels of leakage, adequate pressure from the network may not be available to service the tanks. This type of arrangement may also offer surge protection as the energy from a water hammer event can be attenuated by the vertical piping up to and volume stored within the elevated tank. However, given the cost limitations of EST’s and the propensity for surges within the network arising from the start/stop actions of production pumps, it is worth considering surge tanks or other methods of surge protection when designing the DMA’s. 
The performance of the networks with verified DMA’s should also be evaluated by hydraulic modelling. This approach will ensure that target pressures are reasonable and would highlight reticulation or pressure issues. The process of hydraulic modelling requires physical data on the performance of the system to ensure calibration and that the models are reliable. The models may then be used as a tool, which is continuously updated, to ensure system performance is optimum. 




















[bookmark: _Toc174705931]COMPONENT 3 - IMPROVED ACCESS TO WATER
The Strategic Business Plan (SBP) has rationalised investment priorities into three tiers. Tier 1 are the larger islands with high NRW and heavily reliant on RO. Tiers 1 are those islands with higher volumes of addressable NRW which can be reduced economically. Tier 3 are smaller islands with relatively small supply volumes and NRW. Table 9-1 is a summary of the tier classification of the Family Islands. 
	Island
	Tier
	Total Water Supplied (migd)
	RO Water Supplied (migd)
	NRW Volume (migd)
	NRW%
	RO%
	Daily RO Energy (KWH)

	Abaco
	1
	725
	13
	602
	83
	2
	219 - 275

	Acklins
	2
	11
	6
	7
	61
	55
	101 - 127

	Bimini
	2
	51
	51
	6
	12
	100
	860 - 1080

	Cat Island
	3
	1
	0
	1
	100
	0
	0

	Central Andros
	2
	162
	0
	78
	48
	0
	0

	Crooked Island
	3
	6
	3
	5
	89
	50
	51 - 64

	Eleuthra
	1
	454
	449
	170
	37
	99
	7573 - 9512

	Exuma
	1
	184
	184
	42
	23
	100
	3103 - 3898

	Great Harbour Cay
	3
	18
	0
	18
	100
	0
	0

	Iagua
	2
	26
	26
	8
	31
	100
	439 - 551

	Long Cay
	3
	0
	0
	0
	100
	-
	0

	Long Island
	2
	50
	49
	11
	22
	98
	826 - 1038

	Mayaguana
	3
	5
	5
	1
	17
	100
	84 - 106

	Ragged Island
	3
	1
	1
	0
	1
	100
	17 - 21

	San Salvador
	3
	21
	19
	2
	8
	90
	320 - 403

	South Andros
	2
	57
	12
	23
	40
	21
	202 - 254


[bookmark: _Toc174705963]Table 9‑1 – FI Tiers classification
(Source: Task 3.2 Reducing NRW in FI & WSC CBP)

The Family Islands NRW Strategy document also provides guidelines for leakage reduction based on levels of Unaccounted For Water (UFW). For reference unaccounted for water is the difference between Non-Revenue Water and unbilled authorised consumption. The guidance provided in the NRW Strategy rationalises an appropriate course of action based on the levels of UFW as outlined:
UFW < 20% - leakage detection campaigns are recommended.
20% < UFW < 45% - repair work equivalent to 5% of network CAPEX
45% < UFW < 60% - partial network renewal representing 50% of network CAPEX
UFW > 60% - full network renewal 
Looking at the range of values of NRW (1% to 100%) it appears that there are varying levels of commercial losses with the Family Islands networks, and it is hence not possible to comment on Unaccounted For Water without the benefit of a mass balance, which will specifically identify the levels of leakage in the various networks. 




[bookmark: _Toc174705932]APPENDIX 2 – EFFECT OF CLIMATE CHANGE

The document entitled “Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation” prepared by WSP UK in 2023 was relied upon to provide an overview of potential risks arising from the effects of climate change on the infrastructure proposed under this project. The main climate hazards which put the Bahamas at risk are summarised as follows:
Hurricane and 	Tropical Storms – the location of the Bahamas between 22.5 to 7.5 degrees latitude is in the tropical band where sea temperatures are sufficient to allow for the development of low-pressure systems. The islands lie in the Hurricane Belt making tropical storms a critical hazard which may affect unprotected infrastructure. The physical mechanism by which infrastructure is affected are high wind speeds, storm surges, extreme precipitation, lightening and tornado/waterspouts. 
Wind – the effect of wind varies with the category of hurricane, with Category 2 and above resulting in extensive to devastating (Cat 3) and Catastrophic (Cat 4 and 5). Any structure which must withstand the direct impact of a Hurricane must be engineered to ensure adequate resistance and in the case of post-disaster infrastructure, remain serviceable following an extreme event.
Storm surges – a significant portion of the Bahamas lies below 1m above sea level, thereby making a great deal of the coastal areas susceptible to storm surges. Storm surges are an effect of high wind speeds as wind effectively pushes water towards the shoreline. The decreasing depth as this occurs causes an increase in wave height and leads to inundation of coastal areas.
Lightening – thunderstorms develop as warm air rises and mixes with colder air. 
Tornados, Waterspouts and Microbursts – Hurricanes may lead to the development of tornados, with windspeeds believed to be between 40-150 mph at its center. Waterspouts develop over water and the type formed depends on the influence of wind speed. 
The general outlook for hurricanes is that there will be an increase infrequency of category 4 and 5 storms, which brings with it the potential for catastrophic damage to infrastructure. 
Sea Level Rise – Increases in global temperatures increase the rate at which sea-level rises from the melting of glaciers and thermal expansion of seawater. An estimated 32% of Bahamian Land, 25% of the population are 0.5m below mean higher high water. Given the outlook on sea level rise, a significant portion of the nation is at risk of flooding in the coming decades. 

The issue of recharge is further compounded by increases and air temperature and sea level rise. Regional sea level rise in the Bahamas ranges between 0.6m to 0.8m under a moderate and warmer climate change scenario. . Sea level rise may result in inundation of recharge zones leading to saltwater contamination of groundwater. (aquifers are contained in porous limestone allowing for easy ingress of contaminants). Also, the increasing head available from increased sea level may drive the saltwater wedge further inland leading to an increase in levels of chlorides present in groundwater adjacent to the inwardly advancing saline wedge, increasing the probability of saline intrusion if groundwaters is unsustainably used. 

Rainfall - In general, rainfall in the Bahamas is greater in the north than in the south as shown in Figure 10-1. The anticipated effect of climate change is to see a decrease in rainfall during the rainy season with some increase during the dry season and more intense rainfall events.  The increasing intensity of the rainfall will result in an increase in surface run-off thereby reducing the rate of infiltration and groundwater recharge. Continued dependence on groundwater may be challenging in the context of declining recharge rates to an already stressed resource (Family Islands Strategy Document, page 23). 
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[bookmark: _Toc174705951]Figure 10‑1 – Rainfall distribution in the Bahamas
(Source: R. Cant, 2004)


Temperature – Global warming will continue to cause a rise in ambient air temperature. High air temperature increases evaporation which reduces the amount of water available for recharge into groundwater resources. 



The potential effects of climate change hazards are extracted from Appendix 8 of the Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation document. This is intended as a guide for determining the significance of the hazard with respect to the specific type of work being undertaken. Tables 10-1 through 10-5 are an excerpt of the significance of the effect from different climate change issues. 
The proposed pipelines are flexible PVC mains which rely on compacted backfill around and above the piping to develop resistance to internal pressures and other dynamic forces. The installation depth is generally between 3-4’ and therefore eliminates direct exposure of the pipework to the forces of nature in particular hurricanes and storm surge impacts. Therefore, although the pipework is at risk without protection, by virtue of its installation depth, the risk is low to underground piping benefitting from proper backfill compaction and installation depth. In relation to flooding, pipelines subjected to inundation may be susceptible to uplift forces and on account of flexibility, are deemed vulnerable and would hence be at risk if in a flood plain. As such, pipelines should be installed outside of flood plains to avoid exposure to this hazard. 
 Above ground piping, such as those across bridges are exposed directly to the effects of hurricanes, wave action from storm surges and flooding. The materials used for these crossing would dictate the vulnerability and rick. Flexible materials such as PVC, should not be used as they rely on backfill for strength and stability. If they are, the above ground piping would be extremely vulnerable and at high risk of failure. In contrast, the use of high strength with low modulus of elasticity materials, such as High-Density Polyethylene (HDPE), may be considered. Detailed designing should also consider the secondary protection such as encasement in an appropriate material capable of resisting the marine environment as well as the method and frequency of attachment to adjacent structures to ensure adequate strength and stability is maintained. 









	Climate Trend
	Effect
	Assets Affected
	Impact Probability
	Impact Consequence
	Significance

	Increasing intensity of hurricanes and storms
	Category 4 and 5 hurricane winds (Applicable to Category 1, 2 and 3)
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Possible
	Catastrophic
	Extreme

	
	
	Pipework – 3/4“service connection HDPE pipe
	Likely
	Minor
	Moderate

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Possible
	Moderate
	Moderate

	
	
	Valves
	Unlikely
	Moderate
	Minor

	
	
	Hydrants – Exposed Metal
	Unlikely
	Moderate
	Minor

	
	
	Meters – Partially exposed plastic
	Likely
	Minor
	Moderate

	
	
	Tanks and tank slabs
	Possible
	Catastrophic
	Extreme

	
	
	Bridges / Creek crossings
	Possible
	Major
	Major

	
	High Storm Surge
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Unlikely
	Major
	Moderate

	
	
	Pipework – 3/4“service connection HDPE pipe
	Possible
	Moderate
	Moderate

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Possible
	Minor
	Moderate

	
	
	Valves
	Unlikely
	Minor
	Minor

	
	
	Hydrants – Exposed Metal
	Likely
	Minor
	Moderate

	
	
	Meters – Partially exposed plastic
	Possible
	Minor
	Minor

	
	
	Tanks and tank slabs
	Unlikely
	Minor
	Major

	
	
	Bridges / Creek crossings
	Possible
	Major
	Major

	
	Increase in lightening strikes
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Very unlikely
	Minimal
	Negligible

	
	
	Pipework – 3/4“service connection HDPE pipe
	Very unlikely
	Minor
	Negligible

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Unlikely
	Minor
	Minor

	
	
	Valves
	Very unlikely
	Minor
	Negligible

	
	
	Hydrants – Exposed Metal
	Unlikely
	Minor
	Minor

	
	
	Meters – Partially exposed plastic
	Very unlikely
	Minor
	Negligible

	
	
	Tanks and tank slabs
	Unlikely
	Moderate
	Minor

	
	
	Bridges / Creek crossings
	Unlikely
	Major
	Moderate

	Frequency of hurricane and storm activity
	-
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Likely
	Major
	Major

	
	-
	Pipework – 3/4“service connection HDPE pipe
	Very likely
	Moderate
	Major

	
	-
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Likely
	Moderate
	Major

	
	-
	Valves
	Possible
	Major
	Major

	
	-
	Hydrants – Exposed Metal
	Likely
	Moderate
	Major

	
	-
	Meters – Partially exposed plastic
	Very likely
	Minor
	Minor

	
	-
	Tanks and tank slabs
	Likely
	Major
	Major

	
	-
	Bridges / Creek crossings
	Likely
	Major
	Major


	
[bookmark: _Toc174705964]Table 10‑1 –Effect on assets from increased intensity and frequency of hirricanes and storms
(Source: Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation, WSP 2013)

	Climate Trend
	Effect
	Assets Affected
	Impact Probability
	Impact Consequence
	Significance

	Mean Sea Level Rise
	High Water Table
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Unlikely
	Major
	Moderate

	
	
	Pipework – 3/4“service connection HDPE pipe
	Unlikely
	Minor
	Minor

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Unlikely
	Minor
	Minor

	
	
	Valves
	Unlikely
	Moderate
	Minor

	
	
	Hydrants – Exposed Metal
	Unlikely
	Moderate
	Minor

	
	
	Meters – Partially exposed plastic
	-
	-
	-

	
	
	Tanks and tank slabs
	Possible
	Major
	Major

	
	
	Bridges / Creek crossings
	Possible
	Catastrophic
	Major

	
	Increased frequency of coastal and inland flooding
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Likely
	Moderate
	Major

	
	
	Pipework – 3/4“service connection HDPE pipe
	Likely
	Moderate
	Major

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Likely
	Minor
	Major

	
	
	Valves
	Possible
	Minor
	Minor

	
	
	Hydrants – Exposed Metal
	Likely
	Minor
	Moderate

	
	
	Meters – Partially exposed plastic
	Likely
	Minor
	Moderate

	
	
	Tanks and tank slabs
	Likely
	Moderate
	Major

	
	
	Bridges / Creek crossings
	Likely
	Major
	Major

	
	Increased coastal erosion
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Possible
	Major
	Major

	
	
	Pipework – 3/4“service connection HDPE pipe
	Possible
	Minor
	Minor

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Possible
	Minor
	Minor

	
	
	Valves
	Possible
	Minor
	Minor

	
	
	Hydrants – Exposed Metal
	Possible
	Moderate
	Moderate

	
	
	Meters – Partially exposed plastic
	Possible
	Minor
	Minor

	
	
	Tanks and tank slabs
	Unlikely
	Major
	Moderate

	
	
	Bridges / Creek crossings
	Likely
	Major
	Major

	
	Saline intrusion
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Possible
	Moderate
	Moderate

	
	
	Pipework – 3/4“service connection HDPE pipe
	Unlikely
	Minor
	Minor

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Unlikely
	Minor
	Minor

	
	
	Valves
	Possible
	Moderate
	Moderate

	
	
	Hydrants – Exposed Metal
	Unlikely
	Minor
	Minor

	
	
	Meters – Partially exposed plastic
	Likely
	Minor
	Moderate

	
	
	Tanks and tank slabs
	Possible
	Major
	Major

	
	
	Bridges / Creek crossings
	Likely
	Major
	Major



[bookmark: _Toc174705965]Table 10‑2 – Effect on assets from sea level rise
(Source: Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation, WSP 2013)


	Climate Trend
	Effect
	Assets Affected
	Impact Probability
	Impact Consequence
	Significance

	Frequency and duration of extreme precipitation
	Surface water flooding
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Unlikely
	Moderate
	Minor

	
	
	Pipework – 3/4“service connection HDPE pipe
	Possible
	Minor
	Moderate

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Likely
	Minor
	Moderate

	
	
	Valves
	Unlikely
	Minor
	Minor

	
	
	Hydrants – Exposed Metal
	Possible
	Moderate
	Moderate

	
	
	Meters – Partially exposed plastic
	Likely
	Minor
	Moderate

	
	
	Tanks and tank slabs
	Possible
	Major
	Major

	
	
	Bridges / Creek crossings
	Possible
	Major
	Major



[bookmark: _Toc174705966]Table 10‑3 – Effect on assets from frequency and duration of extreme precipitation
(Source: Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation, WSP 2013)

	Climate Trend
	Effect
	Assets Affected
	Impact Probability
	Impact Consequence
	Significance

	Relative humidity
	More air moisture
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Unlikely
	Minor
	Minor

	
	
	Pipework – 3/4“service connection HDPE pipe
	Unlikely
	Minor
	Minor

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Possible
	Major
	Major

	
	
	Valves
	Unlikely
	Minor
	Minor

	
	
	Hydrants – Exposed Metal
	Unlikely
	Minor
	Minor

	
	
	Meters – Partially exposed plastic
	Possible
	Minor
	Minor

	
	
	Tanks and tank slabs
	Possible
	Minor
	Minor

	
	
	Bridges / Creek crossings
	Unlikely
	Major
	Moderate

	
	Hotter days
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Unlikely
	Moderate
	Minor

	
	
	Pipework – 3/4“service connection HDPE pipe
	Possible
	Minor
	Minor

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Possible
	Minor
	Minor

	
	
	Valves
	Unlikely
	Major
	Moderate

	
	
	Hydrants – Exposed Metal
	Possible
	Minor
	Minor

	
	
	Meters – Partially exposed plastic
	Possible
	Minor
	Minor

	
	
	Tanks and tank slabs
	Possible
	Major
	Major

	
	
	Bridges / Creek crossings
	Unlikely
	Major
	Moderate



[bookmark: _Toc174705967]Table 10‑4 – Effect on assets from increasing relative humidity
(Source: Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation, WSP 2013)


	Climate Trend
	Effect
	Assets Affected
	Impact Probability
	Impact Consequence
	Significance

	Dry days and decreased precipitation
	Soil cracking and destabilisation
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Possible
	Major
	Major

	
	
	Pipework – 3/4“service connection HDPE pipe
	Possible
	Moderate
	Moderate

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Possible
	Moderate
	Moderate

	
	
	Valves
	Possible
	Moderate
	Moderate

	
	
	Hydrants – Exposed Metal
	Possible
	Moderate
	Moderate

	
	
	Meters – Partially exposed plastic
	Possible
	Minor
	Minor

	
	
	Tanks and tank slabs
	Possible
	Moderate
	Moderate

	
	
	Bridges / Creek crossings
	Possible
	Major
	Major

	
	Wildfire risk
	Pipework – 2”, 4” and 6” diameter buried PVC pipes
	Unlikely
	Moderate
	Minor

	
	
	Pipework – 3/4“service connection HDPE pipe
	Possible
	Moderate
	Moderate

	
	
	Washouts – Exposed PVC pipes / steel pipe mounted on concrete
	Possible
	Minor
	Minor

	
	
	Valves
	Unlikely
	Moderate
	Minor

	
	
	Hydrants – Exposed Metal
	Possible
	Minor
	Minor

	
	
	Meters – Partially exposed plastic
	Possible
	Moderate
	Moderate

	
	
	Tanks and tank slabs
	Possible
	Major
	Moderate

	
	
	Bridges / Creek crossings
	Possible
	Major
	Major



[bookmark: _Toc174705968]Table 10‑5 – Effect on assets from dry periods and droughts
(Source: Bahamas Water and Sewage Corporation – Water Supply Improvement Project Climate Risk and Vulnerability Assessment and Adaptation, WSP 2013)
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