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[bookmark: _Toc15895794]List of acronyms

AC – Alternate Current
DC – Direct Current
DWA – Department of Water Affairs
HDPE – High Density Poly Ethylene
LED – Light Emitting Diode
NCM – Nazarene Compassionate Ministries
NDS – National Development Strategy
NRW – Non-Revenue Water
OEM – Original Equipment Manufacturers
O& M - Operations and Maintenance
PPP – Private Public Partnerships
PV – Photo Voltaic
RWSB – Rural Water Supply Branch
SPPWSS - Solar Powered Potable Water Supply System
uPVC – unPlasticised Poly Vinyl Chloride









[bookmark: _Toc13513580][bookmark: _Toc15895795]background

The Kingdom of Eswatini government’s National Development Strategy (NDS) and National Water and Sanitation Sector Development Plan and Monitoring Framework both have prioritized community water supply, with the former targeting 100% water and sanitation coverage by 2022. These are also backed by the DWA’s prioritization of ensuring vulnerable and poor communities have access to safe water and sanitation.
The severe lack of infrastructure and poor sustainability of services has contributed to the approximately 40% of rural communities in Eswatini that lack access to clean and safe water. A 2016 report conducted by the DWA indicates that about 25% of rural water infrastructure in Eswatini is non-functional, mainly due to user non-payments that result in a lack of funding for maintenance and repairs. Communities also often lack sufficient skills and knowledge on the maintenance of the installed systems. Due to these challenges, there is a great need to build communities’ capacity to manage and repair systems, thereby improving sustainability of services.
As water resources dry up, women and children walk long distances in search of water for their families. In many cases. These water sources are not protected and can be easily contaminated as communities are still practicing open defecation. This facilitates spread of diseases and amplifies the suffering of communities. Over the 30 months project period, WaterAid and our local partners are addressing WASH needs of 16 000 people, while building local capacity and resiliency. 
Under this project, Water AID Eswatini n partnership with NCM Eswatini aims to have conducted these three core activities:
· Constructed and/or rehabilitated nine sustainable water schemes
· Constructed household latrines to improve overall community health
· Developed water supply guidelines and regulations
WaterAid and partners will utilize the private public partnership approach to ensure the sustainability of water scheme management. In each community, private water vendors will operate and manage water schemes, and a project Board comprised of community and government representatives will be established with the responsibility of managing the water vendors and ensuring compliance in service provision. WaterAid will also support overall WASH sector coordination and policy development by working with government and other key stakeholders at the local, regional, and national levels. Overall, sustainability will be ensured by addressing operational challenges and policy limitations by improving institutional frameworks & legislation and engaging local and national governments to influence change. 
This project therefore aimed at introducing private–public-partnerships (PPP) in rural water management. This project shall be a pilot for PPP and Facilitated the development of regulations for the Rural Water Supply sector. This pilot will have prepaid systems which will be operated by a private vendor who will be responsible for operations and Maintenance.




[bookmark: _Toc13513581][bookmark: _Toc15895796]introduction
Sustainability is very crucial in ensuring project longevity. Sustainability traits are not only provided for once the project is complete and has been handed over to the beneficiaries, but from inception when the project is still a blurry and fuzzy idea. Sustainability traits are infused further during design and construction. Such is evident through adherence to recognized construction standards and methodologies, which make it easier to follow and comprehend from a user and client ‘s perspective.
An operation and maintenance manual forms part of the documents that ensure project sustainability. And is a must have document. The end user should treat the Operation and maintenance manual as a “bible” for that particular project. Every detail that may be needed for the sustainability of the project is contained in the Operations And maintenance manual. This manual should be kept safe and used properly, and its contents adhered to. 
[bookmark: _Toc338854652]This manual will provide information on the operation, inspection, troubleshooting, repair and maintenance of Solar Powered Potable Water systems.  Post construction the user will be handed over a complete and functional solar powered potable water system, which he/she has to operate and maintain for the boon of the entire populace.
On construction completion just before project handover, the project will take the resemblance of a wrapped gift to the beneficiary/end user. He/She may want an answer(s) to the following question(s) What is it? How does it Work? Is it currently working? What’s wrong with it? How can I fix it? How do I ensure that it keeps working?
All these questions seek to establish answers to what is this system, how can it be operated, inspected, troubleshot, repaired and maintained.
The manual shall have a straight forward scope and shall cover service issues for the proper and sustainable operation of solar powered potable water supply systems. The flow diagram below shows the scope and chronology of topics that will be discussed.

[bookmark: _Toc13513582][bookmark: _Toc15895797]operation
[bookmark: _Hlk15894243]The topic discusses the different components of a Solar Powered Potable Water Supply System (SPPWSS) and how it has been configured. This topic specifics will address those of the system constructed at kaBheni Community. The purpose of and operation of individual components will also be discussed, here under and/or in the rest of the manual
Diagram 1: Diagrammatic view of the Solar Powered Water Systems
[image: ]
[bookmark: _Toc13513583][bookmark: _Toc15895798][bookmark: _Toc338854653]Main Components for solar powered potable water supply system
Almost all functional solar powered potable water supply systems should have the following components.
[bookmark: _Toc13513584][bookmark: _Toc15895799]Photovoltaic Solar 
A solar powered system or water supply system is not a solar powered system without solar panels. An array of solar panels is usually erected in close proximity to the water source. All the systems in the three communities have 18 Solar panels erected on a solar Tower. 
[bookmark: _Toc13513585][bookmark: _Toc15895800]Functions
· This is the main component of a solar powered potable water supply system.
· They absorb solar energy from the sun and convert it to Electrical energy.
·  they do this by absorbing the suns photons and convert them into energy by the photovoltaic effect.
· The photovoltaic effect is a physical and chemical phenomenon
In a nutshell this is the energy hub of the system. While this is the main component there are other components which are equally important.

[bookmark: _Toc13513586][bookmark: _Toc15895801]INVERTOR/control unit
The pump invertor controls the speed of motors to suit the design requirements by ensuring that the pump operates within its duty point. The duty point is the combination of the head (pressure and flow rate), it is the parameter in which the pump is allowed or envisaged to operate.
[bookmark: _Toc13513587][bookmark: _Toc15895802]functions
· When the solar panels convert the solar energy into electrical energy, it is in DC (Direct Current) form. One key function of the invertor is to convert DC electricity to AC electricity. This conversion is important for many electrical devices like water pumps
· In advance systems it can be used as a backup power supply in the event of excess cloud cover, it comes with a Power on Demand Box, which is capable of converting extra DC and store it in 24V batteries.
[bookmark: _Toc13513588][bookmark: _Toc15895803]wiring
 Transfer of energy in an electrical field is by means of wires. In Solar powered systems electrical wires transfer energy from one device to the other.

[bookmark: _Toc13513589][bookmark: _Toc15895804]Function
· Transfer electrical current through the interconnected devices
[bookmark: _Toc13513590][bookmark: _Toc15895805]pump
The solar pump is another extremely important component of a solar powered potable water supply system. Without the pump there wouldn’t be water in the system. In this case there is a borehole submersible water pump. Sometimes the pump runs on a DC motor and in that case an invertor is not necessary. If the pump operates on AC, an invertor is needed. The system uses a submersible pump from Grundfos.
[bookmark: _Toc13513591][bookmark: _Toc15895806]functions
· Draw water from the borehole well and convey it into an elevated storage reservoir/tank
· Convert static energy in water to kinetic energy, by drawing it from a well and conveying it through a pipe and discharge into a reservoir.
[bookmark: _Toc13513592][bookmark: _Toc15895807]pipelines
This component is used a conduit that conveys water from the source to the storage tanks and from the storage tanks to our water access points. The system uses HDPE pipes for conduits. The minimum class is class 10. This is in adherence to a guideline provided for by the DWA -RWSB.
[bookmark: _Toc13513593][bookmark: _Toc15895808]functions
· When pressurized they keep the system devoid of air.
· Transfers water from one part to the other within the system, especially to points of user interest.
[bookmark: _Toc13513594][bookmark: _Toc15895809]Other Components
[bookmark: _Toc13513595][bookmark: _Toc15895810]Well probe
It is a switch used that can be used to detect the water level within a well. When the water level in the well drops below the level of the well probe, the Controller will stop the pump and indicate source Low LED lighting. It is used as an anti-dry run device; it protects the pump from frying in case of dry well.
[bookmark: _Toc13513596][bookmark: _Toc15895811]Float switch
A float switch is a type of level sensor, a device used to detect the level of liquid within a tank. The switch may be used to control a pump, as an indicator, an alarm, or to control other devices. One type of float switch uses a mercury switch inside a hinged float. Another common type is a float that raises a rod to actuates a microswitch. One pattern uses a reed switch mounted in a tube; a float, containing a magnet, surrounds the tube and is guided by it. When the float raises the magnet to the reed switch, it closes. Several reeds can be mounted in the tube for different level indications by one assembly

The picture below shows an example of a float switch
[image: ]
[bookmark: _Toc13513597][bookmark: _Toc15895812]Surge Protector
is an appliance or device designed to protect electrical devices from voltage spikes
[bookmark: _Toc13513598][bookmark: _Toc15895813]Water meter
A device that measures the amount of water that passes through a certain point per unit time. The amount of water used by the beneficiaries will be measured by this device. It will be read off by the water attendant, and use the readings to determine the bill to be paid in the case of private connections. When fitted in the pump house, this device will measure the amount of water drawn from the borehole well. It may not necessarily translate to water used, as some may be lost in transmission due to leakages.
[bookmark: _Toc13513599][bookmark: _Toc15895814]Safety Rope
A safety rope is a high strength rope, made of either nylon or stainless steel, which is used to safely secure the pump in the well, should the pipe dislodge from the fittings. The safety rope should be strong enough to pull out the pipe, pump full of water. 
[bookmark: _Toc13513600][bookmark: _Toc15895815]inspection
Every system regardless of type, must be inspected periodically. It is an important aspect for good operation of the system. System inspection should be conducted at least once a year depending on the size and intricacies of the system. Planned inspection prompt timely maintenance, and in some cases inspection and maintenance can be carried simultaneously especially when the inspectors also double up as maintainers. It also highly recommended that the inspectors also triple as repairmen of the system. 

[bookmark: _Toc13513601][bookmark: _Toc15895816]Inspection procedure for key Components
[bookmark: _Toc13513602][bookmark: _Toc15895817]Solar panels
· Check the solar panels for dirt and cracks, 
· dirt accumulates on the solar panels over time, as they are exposed to the environment. Cracks may be due to vandalism or heavy hailstorm.
· If there are cracks on the panels, one should consider replacing those panels
· Dirt can be cleaned off the surface using clean water and cloth, Soap should not be applied.
· Electrical cables 
· Check to see if all electrical cables are still intact, loose cables should be tightened up.
· Tilt Angle
· In fixed solar array this may not be necessary, unless there is suspicion of tilt on angle if inclination. This should be corrected, to avoid dust accumulation of flatter inclines, and reduced solar absorption on steeper inclines.
[bookmark: _Toc13513603][bookmark: _Toc15895818]Submersible pump
The installation of a new pump brings with it the expectation that it will operate consistently. More often that that is the true case, but operators find it rather hard to draw the line.
Most operators are content with starting a pump and observing it run, like that is enough to see that the pump is operational. It is very vital to inspect the pump immediately on start-up, and also do frequent inspections on it. Inspections assist in picking up faults early, when they occur before they become catastrophic.
Routine preventive maintenance inspections can help address possible issues before they become major (or even catastrophic) events.
In most cases, three major components should be inspected in submersible pumps.
· Alarm monitoring
· Pressure Flow checks
· Visual Inspection
· Inspect for clogging debris on suction inlet
· Check pump exterior for dents, corrosion and abrasion

[bookmark: _Toc13513604][bookmark: _Toc15895819]pipelines and fittings
The inspection procedure outlined here, is a visual inspection. The procedure includes all fittings and accessories associated with pipelines.
· Identify the pipeline section to be inspected and note it down on the checklist book.
· Inspect the pipeline for labels, if any are visible on exposed sections.
· Inspect the pipelines for leaks, if leaks are spotted repair should ensue
· Inspect backfilling on pipelines 
· Check or inspect pipe lines for erosion after events of rainfall
· Inspect pipe supports, for loose brackets, pipe support if they are still intact.
· Inspect pipeline for vibrations, if excessive schedule for attendance
· Inspect pipe insulation against corrosion, pipes especially steel pipes usually corrode when they leak. 
[bookmark: _Toc13513605][bookmark: _Toc15895820]Valves
These are classified as part of system appurtenances. They are used to isolate certain sections of the system, from the rest. Isolation is usually done when there is ongoing maintenance in one section, where water flow is not required at the time.
· Leaks
· Valves should be inspected for leaks, that is if they are still water tight, leaks on valves should be attended to, to curb prolonged leakages on the system.
· Blockages
· Debris collection in the system may cause valves to let water through even though they are shut. All debris should be cleaned off valves, especially gate valves.
· Grit collection also affects operation of gate valves, hence they should be stripped during preventive maintenance and cleaned off.
· Corrosion
· Inspect valve threads for signs of corrosion, all corrosion when spotted should be attended. 
[bookmark: _Toc13513606][bookmark: _Toc15895821]Storage Tanks
· Tank
· Inspect for leak on the tanks, if leaks are spotted schedule for repairs
· Inspect leaks on pipes and fittings connecting to tank/reservoir
· Check for accumulation of algae inside tank, and schedule for cleaning if spotted
· Valves and Fittings
· Inspect for leaks and breakages on valves. consider changing valves or repairing them leaks are spotted.
· Inspect for dirt collection inside valve chambers, and clean overgrowth of grass in chambers. 
· Float Valves
· Inspect float valves for function, adjust float valves accordingly
[bookmark: _Toc13513607][bookmark: _Toc15895822]Inspection checklist
[bookmark: _Toc13513608][bookmark: _Toc15895823]SUBMERSIBLE BOREHOLE PUMP

· Check electrical condition of insulation on power cable(s) and on all phases of the motor.
· Check for any loose or faulty electrical connections within the control panel.
· Measure resistance between stator windings (in ohms).
· Check voltage supply between all phases of the electrical control panel.
· Check voltage balance between all phases on the load side of the pump / mixer control panel with pump / mixer running (vac).
· Check amperage draw on all phases of the motor (in amps).
· Check condition and operation of the motor thermal protection control system (if equipped).
· Remove pump / mixer from the lift station for physical inspection.
· Check condition of upper and lower shaft seals (inspect condition of motor / stator housing, if applicable).
· Check condition and operation of leakage and bearing sensors (if equipped).
· Check for worn or loose impeller or propeller.
· Check impeller wear rings (rotating & stationary) 
· Check for any unusual noise in the upper and lower bearings.
· Clean, reset and check operation of the level control system (if equipped).
· Check for physical damage of power and control cables.
· Check for correct shaft rotation.
· Check operation of valves and associated equipment.
[bookmark: _Toc13513609][bookmark: _Toc15895824]STORAGE TANKS
The table below presents a checklist of item that ought to be inspected in a reservoir, a Yes or No answer should be given after an inspection and jotted down against that item. A comment usually sheds more light on the inspection findings.
[image: ]

[bookmark: _Toc13513610][bookmark: _Toc15895825]pipeline
[image: ]

[bookmark: _Toc13513611][bookmark: _Toc15895826]Solar array and accessories
[image: ]
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[bookmark: _Toc13513612][bookmark: _Toc15895827]Paperwork 
 In all inspections the importance of paperwork and record keeping cannot be over emphasized. It is prudent upon every inspector to keep and maintain a good record of the system, as this will form a major part of maintenance decision making.
	Status
	Item

	Available
	Not Available
	Description
	Comments

	
	
	Operation and maintenance manual for system on site or available
	

	
	
	Service record for system on site or available
	

	
	
	Flow diagram and sequence of operation on site or available
	

	
	
	 Photographs taken and placed in service record
	

	
	
	This inspection record filed in service record
	



[bookmark: _Toc13513613][bookmark: _Toc15895828]trouble shooting
This section of the manual contains information that may be used to determine what is wrong with a solar powered water supply system. Troubleshooting chart will be discussed in this section. Troubleshooting techniques will also be explored.
Troubleshooting a Solar Powered Water Supply System should involve more than looking for an obvious problem, or replacing components at random in an attempt to get the system working again. This is particularly true of Solar Powered Water Supply System. What is required is a systematic procedure that carefully “troubleshoots” the system until the problem is located and repaired
[bookmark: _Toc13513614][bookmark: _Toc15895829]Cause or Symptom 
What may appear to be the cause of a problem may actually be a symptom of another problem. For example, if a pump is not pumping water you can replace a pump while the problem is the electric cable that supplies current and voltage to the pump. 
Replacing the pump, will not solve the problem but wasting money and time for a simple problem. Never assume that a system is completely without faults after correcting a problem. Spend a few more minutes observing and inspecting the system. This will save time doing a return job. Or even a bigger job caused by an escalated problem which could have been spotted on the first visit.




[bookmark: _Toc13513615][bookmark: _Toc15895830]recommended troubleshooting
Good troubleshooters follow the below listed steps or a variation of them. The steps include
· Planning
· Planning takes off with brainstorming the possible causes of the problem.
· This includes the tools and materials used to diagnose the fault.
· It also includes the resource to be allocated for finding and fixing the fault, such as money, time and Labour.
· Cause /Source Finding
· This is the investigation /diagnosis phase 
· Start with checks that will have low impact on the system
· Proceed in a systematic, organized and logical manner
· Isolate the results of testing to the component being tested
· Sometimes the only way to determine if a component is working properly or not is to replace it and see what happens. Remember that this may fix the symptom but it can fail to turn up the real cause of a problem. 
· Repairing 
· Repairs can be made on a “band-aid” basis, doing as little as possible to get the system running again. 
· Another approach is to replace major portions of the system to be absolutely certain the problem is gone. 
· The correct approach is to determine what the real cause of a problem is, and make repairs that solve that problem so it does not happen again. Whether to repair or replace defective components depends on the cost and availability of the component.
· Generally, the more expensive and difficult it is to obtain something, the more appropriate the repair of the component. 
· If the part is cheap and readily available, it generally will be replaced. 
· If repairs can be made to the defective component, it can become the new replacement the next time this same component fails in this or other systems. 
· Testing
· After the cause of a problem has been identified and corrected, inspect and test the entire system.  
· This confirms that the new components are working, and that no other problems exist.
· The defective components should be tested as well. The best time is usually before rebuilding. As an example, if a control works fine on a test bench, but not at all at the site, a problem exists at the site that will not let the new control work there either. 
·  If the part is truly defective, look for the reason it failed. For example, did the pump control unit get wet? Will the new control unit also get wet and fail? 

· Recording
· The last part of troubleshooting is record-keeping. 
· Maintenance and repair records are kept to maintain a history of each system. 
· Troubleshooting records should be part of that written history. In addition, writing down the troubleshooting process preserves that information for the person who found the problem.

















[bookmark: _Toc13513616][bookmark: _Toc15895831]Troubleshooting chart
[bookmark: _Toc13513647][bookmark: _Toc15895781]Table 1: Troubleshooting Table of charts
	Item
	Problem(s)
	Symptom(s)
	Cause(s)
	Action(s)
	Comments

	Solar Tower and Accessories
	· Performance decline in Solar powered system
· Low water pressure
	· Solar not producing initial Power
· Reduced flow rate in transmission
	· Loose wiring
· Dirty or damaged solar panels
· System overheating
	· Replace terminals and attend to lose wiring
· Clean solar panels and replaced damaged panels
· Check heat fade 
	· 

	Pipeline
	leakages
	· Water seeping out from the pipe
· Soil showing wetness
	· Broken pipe
· Broken valve
	· Replace pipe 
· Replace valve
	

	Storage Tank
	leakages
	Water flowing through plastic tank sides
	Broken tank
	Fix or replace tank
	

	
	
	· 
	· 
	· 
	· 

	Submersible Borehole Pump
	Pump not working
	Pump will not start
	· Blown fuses
· Fried breakers
· disconnected splice connection
· Motor fried 
Pump not turning
	· Replace fuses
· Replace breakers
· Install new splice
· Replace motor/fix motor
Fix pump
	

	
	
	· 
	· 
	· 
	· 

	 Valves
	Leakages
	Water seeping out of valve
	· Broken valve
Loose fitting
	· Replace valve 
Tighten valve
	

	
	
	· 
	· 
	· 
	· 

	
	
	
	
	
	

	
	
	· 
	· 
	· 
	· 


[bookmark: _Toc13513617][bookmark: _Toc15895832]repair works
This section includes information on the repair or replacement of solar powered potable water supply system components. The first section lists common components and whether to repair or replace them. Then, specific procedures for particular components are described. The section ends with a sample repair record sheet. 
 During repair works we normally ask questions of whether to repair or replace. Some components, such as Solar Panels, can never be repaired, and must be replaced. Others, such as mounting racks and supporting steels, are usually repaired rather than replaced. However, most components can be repaired or replaced. In general, the decision to repair or replace is based on:
· availability of replacement parts 
·  lead time for replacement parts 
·  cost of replacement parts 
·  difficulty of repair 









[bookmark: _Toc13513648][bookmark: _Toc15895782]Table 2: Repair or Replace Choice Table
	Component 
	Repair
	Replace
	Rationale
	Comments

	Solar Panels
	
	x
	For optimum performance and warranty coverage damaged solar panels ought to be replaced
	It is important to replace panels with similar new panels.

	Solar Tower
	X
	
	Normally this is fabricated, and repair works are sufficient when defects are spotted.
	Re weld broken welds and prime or paint with oil-based pain to prolong life of the weld.

	Wiring
	
	X
	Worn out wires should be replaced to avoid short circuiting 
	Wiring and splicing kits should be replaced.

	Invertor
	X
	X
	If invertor has suffered minor damaged it can be fixed, but If major it should be replaced. Adhere to warranty provisions
	The invertor has a shorter life than the Solar Panels. So, at some point it will have to be replaced

	Motor
	X
	
	Motors should either be repaired or replaced depending on gravity of damage, attempting to fix it should be first priority.
	

	Pumps
	X
	X
	If pumps are broken, they can be fixed, but if they dropped into the well and can’t be fished out, they should be replaced
	

	Pipelines
	X
	
	Broken sections should be repaired, depending on the nature of the damage, and type of pipe, sometimes the pipelines can be repaired by replacing a number of lengths
	

	Valves
	X
	X
	Repair when leaking, and replace when broken and can’t be repaired.
	

	Pump Control Unit
	X
	X
	If components are faulty the unit can be repaired, if the fault is major like a lightning strike, the whole unit ought to be replaced
	











[bookmark: _Toc13513618][bookmark: _Toc15895833]repair worksheet 
[image: ]
[bookmark: _Toc13513619][bookmark: _Toc15895834]maintenance
This is the most important section; it answers the question of how can the system be kept working. To the layman it is perceived as the only section that ought to be given attention and disregard all the other sections. It cannot be overemphasized how important preventive maintenance can be. It involves a great deal of proactiveness. every system ought to have a regular maintenance schedule that is appraisable.
Some information on minor repairs is given; however, if major repairs are necessary, use Chapter 5, Repair. If a system has not been maintained, or has not been operational for some time, we suggest you perform a system inspection, using Chapter 3, and make necessary repairs, using Chapter 5, before starting a regular schedule of maintenance. 
[bookmark: _Toc13513620][bookmark: _Toc15895835]Maintenance procedures
Preventative Maintenance activities are the core element of the maintenance services to a Reticulated solar powered potable water supply system. It comprises regular visual and physical inspections, as well as verification activities with a specific task periodicity of all key components which are necessary to comply with the operating manuals and recommendations issued by the Original Equipment Manufacturers (OEMs). It must also maintain the equipment and component warranties in place and reduce the probability of failure or degradation. This maintenance will be carried out at predetermined intervals or according to prescribed OEM manuals. These are included in a detailed Annual Maintenance Plan which provides an established time schedule with a specific number of iterations for carrying out the maintenance. 
The tables below are some of the tools that will be used.
[bookmark: _Toc13513649][bookmark: _Toc15895783]Table 3: Maintenance Contact List
	Company
	Artisan Name 
	Position/Trade
	Telephone 
	Cellphone
	email

	
Sivene Pumps & Irrigation
	Mduduzi Vilakati
	Plumber
	25373024
	76031512
	sivenepumps@gmail.com

	
	Sicelo Zulu
	Plumber
	25373024
	76241637
	sivenepumps@gmail.com

	
	Richard Tsabedze
	Builder
	25373024
	76035903
	sivenepumps@gmail.com


The maintenance contact list (Table 4) is easy to use at local level as it only outlines contacts of responsible maintenance team. As such it can be used by the water system committee for further details of maintenance appendix B provides supplies of equipment of the system.
[bookmark: _Toc13513621][bookmark: _Toc15895836]Equipment manufacturers manual
The equipment manufacturers manuals shall and will be attached in this section. The manuals should be used by the operations/maintenance team as reference. Preventive maintenance can be scheduled periodically from weekly to monthly and annually. The tables below outline the steps to be taken and tools used in performing preventive maintenance exercises.



[bookmark: _Toc15895837]wire control kit
[bookmark: _Toc13513622][bookmark: _Toc15895838]Recommended daily operational duties/preventive maintenance
Based on the layout and operation of the system, several parameters for inspection and action were developed and set to respond to routine challenges of the system. Some of these actions to be performed can be categorized to daily, weekly, monthly and annually:
The weekly preventive maintenance has been skipped because it is similar to the daily tasks
[bookmark: _Toc13513650][bookmark: _Toc15895784]Table 4: Daily, Monthly and Annual operational Duties on a SPPWSS
	Schedule
	Component
	Action Items
	Status
	Date
	Comments

	







DAILY
	Water Transmission
	· Record water meter readings
· Calculate daily volume/production
	
	
	

	
	Pump Station
	· Inspect pump operation
· Inspect pump control unit
	
	
	

	
	Storage Tanks
	· Check and record tank water levels
· Inspect tank for leaks
	
	
	

	
	Security
	· Conduct and complete a daily security inspection
· Investigate and attend to customer complaints
· Inspection for evidence of vandalism on the property
· Inspect fence enclosure and gates
	
	
	

	









MONTHLY
	cleaning
	· Clean solar panels array
· Flush water system
	
	
	

	
	security
	· Check all system alarms for proper operation
· Check for loose cable connections on solar array.
· Check all air valves on system
· Check entire system for leaks 
	
	
	

	
	Quality inspection
	· Take all water samples for testing
· Check and record all monthly water production
· Check monthly reports
· Inspect and maintain entire system.
	
	
	

	
	valves
	· Maintain valves for leaks or when spotted
	
	
	


[bookmark: _Toc13513623][bookmark: _Toc15895839]Preventive maintenance logbook
All maintenance activities should be written down on a maintenance log book or log sheet. The logbook below should be used to keep records of the maintenance on the system.
[bookmark: _Toc13513651][bookmark: _Toc15895785]Table 5: Preventive maintenance logbook
	Category
	Action to be done
	Frequency
	Last service (Date)
	This service (Date)
	Preventive maintenance procedure

	




Solar Panel Array
	Clean solar panel array
	Monthly
	
	
	Use pressurized spray washer   to clean solar panels

	
	Inspect solar panel array
	Weekly
	
	
	Walk around solar tower

	
	Inspect electric wire cable connection
	Monthly
	
	
	Check cables by touching and feeling for loose connections and damages

	
	Inspect structural Integrity of tower
	Monthly
	
	
	Look for structural damage to tower, check for corrosion/oxidation. Remove rust with wire brush and paint off tower to coat against rust

	
	Inspect invertor and control unit
	Weekly
	
	
	Read fault lights on invertor if any.

	


Water Access Tap
	Inspect water access point for leaks
	Monthly
	
	
	Observe leaks on access point, they should be visible with the naked eye. Use hemp and the correct tolls to fix leaks on threaded fittings.

	
	Check and remove mud around access point 
	Monthly
	
	
	Use a digging spade and wheel barrow to clean off mud.

	
	Remove rubbish around access point
	Monthly
	
	
	Take rubbish on the wheel barrow

	


Storage Tank
	Inspect tanks for sanitary conditions
	Monthly
	
	
	Disinfect tanks with chlorine if need be, adhere to correct dosages of chlorine

	
	Inspect air vents and inlets for damage
	Monthly
	
	
	Remove cobwebs on air vents

	
	Check security of fittings on tank
	Monthly
	
	
	Secure lids on tanks to avoid, microbes encroachment

	
	Clean tanks
	Half yearly
	
	
	Clean and disinfect with chlorine

	



Pipeline
	Check and maintain all valves
	Annually
	
	
	

	
	Flush dead ends at scour valves and valleys
	Tri -Monthly
	
	
	Scour off debris within system by open scour valves

	
	Repair non-working valves
	Annually 
	
	
	Repair or replace now working valves with new approved valves

	
	De corrode corroded valves
	annually
	
	
	Use wire brush to de-corrode and prime off threads on valves


Ensuring security of the system may require conducting an assessment of the security within the system. The table below can be used to do an assessment check. 
[bookmark: _Toc13513652][bookmark: _Toc15895786]Table 6: Security assessment
	Item No:
	Activity description
	Yes /No

	1.0
	Are all critical facilities fenced, including control houses, solar panel tower, and are gates locked when appropriate?
	

	2.0
	Are warning signs erected/non tampering signs
	

	3.0
	Do you have a neighborhood watch program for your water system? 
	

	4.0
	Are your wellheads sealed properly?
	

	5.0
	Are well vents and caps screened and securely attached?
	

	6.0
	Are observation, test, and abandoned wells properly secured to prevent tampering?
	

	7.0
	Is your surface water source secured with fences or gates?
	

	8.0
	Do water system personnel visit the source?
	

	9.0
	Are tank ladders, access hatches, and entry points secured?
	

	10.0
	Are vents and overflow pipes properly protected with screens and/or grates?
	


[bookmark: _Toc13513624][bookmark: _Toc15895840]Spare Parts Management 
[bookmark: _Toc13513653][bookmark: _Toc15895787]Spare Parts Management is an inherent and substantial part of O&M. it shall be used throughout the lifespan of the system. The table below is the tool that will be used to record available spares for the system by the maintenance team. From the water sales 10 percent of the revenue generated from the system shall be kept as a reserve to purchase the spare parts. The major components like PUMPS, Solar Panel array, Solar Controller, Water meter can be insured for damage and vandalism and it elaborated in the risk management under management guidelines.
Table 7: Spare material management list
	Item No:
	Spare Material
	Sub Description
	In Stock
	Utilized
	Remaining/Balance
	Comments

	1.0
	Pipes -HDPE
	75mm HDPE class 10
	
	
	
	

	
	
	63mm HDPE class 10
	
	
	
	

	
	
	50mm HDPE Class 10
	
	
	
	

	
	
	40mm HDPE class 10
	
	
	
	

	
	
	32mm HDPE class 10
	
	
	
	

	[bookmark: _Hlk11779473]2.0
	Fittings (Couplings)
	75mm 
	
	
	
	

	
	
	63mm 
	
	
	
	

	
	
	50mm 
	
	
	
	

	
	
	40mm
	
	
	
	

	
	
	32mm
	
	
	
	

	3.0
	Adaptors
	75mm 
	
	
	
	

	
	
	63mm 
	
	
	
	

	
	
	50mm 
	
	
	
	

	
	
	40mm
	
	
	
	

	
	
	32mm
	
	
	
	

	4.0
	Reducers
	75mm x 63mm
	
	
	
	

	
	
	63mm x 50mm
	
	
	
	

	
	
	50mm x 40mm
	
	
	
	

	
	
	40mm x 32mm
	
	
	
	

	5.0
	Bends
	75mm
	
	
	
	

	
	
	63mm
	
	
	
	

	
	
	50mm
	
	
	
	

	
	
	40mm
	
	
	
	

	
	
	32mm
	
	
	
	

	6.0
	Solar Panels
	Poly crystalline 320 Watts Grundfos
	
	
	
	

	
	
	
	
	
	
	

	7.0
	Solar Controller
	
	
	
	
	

	8.0
	Pump
	Grundfos Submersible pump
	
	
	
	

	9.0
	Water Meter
	Kent Water meter
	
	
	
	

	10.0
	Isolation Valves
	Cobra gate valves
	
	
	
	

	
	
	80mm
	
	
	
	

	
	
	65mm
	
	
	
	

	
	
	50mm
	
	
	
	

	
	
	40mm
	
	
	
	

	11.0
	Air valves
	
	
	
	
	




[bookmark: _Toc13513625][bookmark: _Toc15895841]operators NOTES
This section of the manual is intended for the use of the PROJECT (Water System Operator) who is in charge of operating the potable water supply project to guide them through the tasks of Operator. It gives explanation of the facility structure, and then explains the tasks of the operators, and things to bear in mind when operating facilities. It also provides in part trouble shooting information.
[bookmark: _Toc13513626][bookmark: _Toc15895842]Project composition and layout
This project consists of a borehole well as a water source, solar panel array as an energy source, transmission pipeline, storage tanks, distribution pipeline, water access points, valves and air release valves. In this project water is pumped from the borehole by a submersible pump, transmitted into the storage tanks. From the storage tanks it then gravitates to the water access points/station. The customer will access water at the water access points
Figure 1: KaBheni Solar Powered Potable Water Supply System
Figure 2: Njojane 1 Solar Powered Potable Water Supply System
Figure 3: Siweni 1 Solar Powered Potable Water Supply System
[bookmark: _Toc13513627][bookmark: _Toc15895843]Operators duties
The operator is the key person in the operation of the system. He has important roles that he/she has t execute on a daily basis. The roles encompass the following
· Operate the system properly or as designed
·  Patrol and inspect system daily and weekly
·  To write the operation records, this consists of operation data etc. 
·  To correspond with the Business manager
· Be a link between the customers and the business manager
· Collect and collate issues from the customers
The sustainability of the system hinges mainly on the management aptitude of the operator. The operator is expected to safeguard the system and keep all records of the system operation.
[bookmark: _Toc13513628][bookmark: _Toc15895844]detailed regular operational duties for water operator
[bookmark: _Toc13513629]Solar Panel Array
· Inspect cable wiring interconnecting solar panels
· Inspect invertor
· Inspect dirt /dust accumulation on solar panels
· Inspect structural integrity of solar panels tower
[bookmark: _Toc13513630]Water Control Unit and pump
· Check control unit for fault reporting
· Observe sound and performance of submersible pump
· Inspect pump for leaks 
· Observe water meter and record readings off it.
[bookmark: _Toc13513654][bookmark: _Toc15895788]Table 8: Water meter recordings
	Operators Name & Surname
	Meter Readings of different Sections of the water System
	
	Time

	
	
	
	

	
Date
	Bulk Water Meter Reading (litres)
	Water Access Point  1 
	Water Access Point  2 
	Water Access Point  3 
	Water Access Point  4 
	Water Access Point  5 
	Balance on Storage
	Start 
	Stop

	
	Open
	Close
	Open
	Close
	Open
	Close
	Open
	Close
	Open
	Close
	Open
	Close
	
	
	

	31/05/19
	0
	43200
	0
	8000
	0
	8000
	0
	8000
	0
	8000
	0
	8000
	3200
	0600
	0800

	01/06/2019
	43200
	86400
	8000
	16000
	8000
	16000
	8000
	16000
	8000
	16000
	8000
	16000
	6400
	0600
	1800

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Toc13513631]Transmission Pipeline
· Inspect pipe for leaks
· Inspect trench for erosion
· Inspect pipe for tapering or vandalism
[bookmark: _Toc13513632]Storage Tanks
· Inspect tank for leaks 
· Inspect tanks for vandalism
· Ensure scour and bypass valves are fully shut
· Ensure outlet and inlet valves are fully open
· Clean manholes/inspection chambers if clogged with debris or rubbish
· Ensure all valves are in their correct operational positions
· Clean tank half yearly or if the need arises
[bookmark: _Toc13513633]Kiosks Station
· Inspect surroundings for security breaches
· Inspect fence enclosure
· Inspect gates for tampering and vandalism
· Check kiosk structure for defects and signs of vandalism
· Check plumbing on kiosk structure for leaks 
· Clean kiosk house and toilets
· Inspect toilets/latrines for cleanliness and check air vents for breakages
[bookmark: _Toc13513634]Water Access points
· Inspect fence enclosure for tampering and vandalism
· Inspect water access points for leaks 
· Inspect soak pits for clogging
· Check gates and padlocks for security breaches
· Check if access point/tap is in good operation condition  
· Surroundings should be kept clean
[bookmark: _Toc13513635]Distribution Pipeline
· Inspect pipeline for leaks, is there any damage to the pipes
· Inspect pipeline for erosion and pipe exposure
· Inspect pipeline for vandalism, illegal tapping
[bookmark: _Toc13513636]valves
· Inspect valves for corrosion and leaks, record and report leaking valves to maintenance team 
[bookmark: _Toc13513637][bookmark: _Toc15895845]Controlling nonrevenue water
By definition this is the difference between the amount of water produced and measured and the amount of revenue collected for produced water. Non-Revenue Water (NRW) can be categorized into Physical/technical and Commercial losses. A combination of the two makes up non-revenue water. Technical losses are mainly due to leaks in the water supply system and commercial losses are mainly due to incorrect billing, especially underbilling.
[bookmark: _Toc13513638][bookmark: _Toc15895846]Technical losses
The causes of technical losses may be due to 
· Installation/use of substandard materials in the system
· Loose pipe fittings
· Shallow trench excavation
· Poor workmanship on construction and maintenance of system (infrequent maintenance or lack of technical skills)
· Aging system
· Human influence on the system
[bookmark: _Toc13513639][bookmark: _Toc15895847]Commercial losses
Commercial losses are mainly caused by
· Illegal tapings
· Inaccurate or broken meters
·  faulty meter readings recording
· Incorrect billing
Teamwork between the accountant and meter reader is vital to be able to establish non-revenue water and the cause of it. If a water access point shows changes in the amount of water it discharges, it may be due to blockages in the system or illegal tapping or even another fault may be on the meter itself.
The first step towards managing NRW is to have a functioning metering system; this means that the production point and all water access points have working meters.  The following data must be collected in order to calculate NRW: 
· The amount of water produced (recorded by a bulk meter); 
·  The amount of water distributed in each particular water access point  
The difference between the collective water access points readings (metered consumption) and the bulk meter reading (production) will show you the amount of water that is ‘lost’
Example Given (e.g.)
Statement 
For kaBheni, the borehole submersible pump abstracts water at a rate of 1.5 liters per second and continues pumping for 8hrs. the water is then distributed to six water access points or stations. Each of these stations draws about 9000 liters of water per day. Determine the amount of water 
· Produced per month 
· Given that 1m³ = 1000l
· 1.5 l/s x 3600s/hr. x 8hr/day x 30days/month
	= 1 296 000 liters = 1296m³
· Consumed/drawn per month
· 8000 l/day x 30days/month x 5 Water Access Points
= 240 000 liters x 5 = 1 200 000= 1200m³
· NRW per month
· 1296m³ - 1200m³ = 96m³
· The ratio of NRW per month 
· 96m³/1296m³ = 0.074 = 7.4%
This translates to 7.4% of NRW per month or water lost.
Reducing water losses can be achieved by regular inspections on the water network. Such an exercise is normally done to 
· Detect leakages. 
· Identify illegal collections. 
· Identify unacceptable human activities around network infrastructures.  
While it is the plumbers/operators’ duty to carry out network inspections regularly, the customers can play a responsible role in reporting leaks, illegal collections and other inappropriate or illegal behaviour (such as vandalism). Reports can be made to the business man.  The Business man must act fast after reports have been filed to ensure that action is taken against water thieves and leaks are plugged within a reasonable time. If action is taken slowly or if anonymity is not respected, the customers may lose confidence and trust in the Water Business Man. 
The following three tasks may help the plumber/operator/treasurer to identify sources of NRW: 
·  Walking around and inspect the network on a regular basis to identify any problems. 
·  Establishing regular check-points on junctions and areas with frequent problems and checking these regularly. 
·  Establishing good relationships with customers so they will provide tips on leaks and water theft. 
[bookmark: _Toc13513640][bookmark: _Toc15895848]Maintenance tools
Maintenance tools should be kept inside the kiosk house and locked. A tool inventory should be conducted every month to establish the condition of the tools and also establish any lost tools. The plumbers should pay for lost tools. The tools should be used in maintaining the water project and should not be used for any other work outside the project. This practice prolongs the tool lifespan. Generally, tools should be used for the job they were designed for, wrong tools should not be used for any job.
[bookmark: _Toc13513641][bookmark: _Toc15895849]Reporting and communication
Reports are major sources of the information. In implementing the projects, reports are pre-requisite in order to know the implementation status and make a rational decision timely if the need arises. Operator needs to record Operational status of the system daily. The data will form a part of the project O&M monthly report.  When faults are detected, it should be communicated to the Business Man immediately. The Business man then coordinates repair work, depending on the type of repair required.
The steps below outline the communication chronology in the project
· The water customers or water operator discover or notice a breakdown in the water supply system
· They notify the business man swiftly
· The water operator request for a repair on the system
· The water operator notifies the businessman of the parts that are required to repair the breakdown
· The business man avails funds for fixing the breakdown
· The business man procures the materials needed to attend to the breakdown.
· The business man provides spare parts to the plumber to expedite repairs.
· The plumber then expedites works on the repairs
· The plumber then prepares and submits a repair report to the business man
· The Business man avails money and pays the plumber for the repairs
· The system is back to operation again



[bookmark: _Toc13513642][bookmark: _Toc15895850]Repair manual
In this section of the O&M manual discussion will be based on repair procedures for certain components of the water system.
[bookmark: _Toc13513643][bookmark: _Toc15895851]Sample repair works record or report sheet
Under this topic there is a sample of a record sheet on any repair works that ought to be done on the system. It is very important to know the name of the technical person who attended to the fault. Date on which the fault was attended. The location of the repair is also important in order for the operators to pick up trends if any, on fault re occurrences.
	Name………………………………………………………….
	Name of Project………………………………………………….

	Surname………………………………………………….
	Name of Section…………………………………



	







ITEM:
	DATES (dd/mm/yyyy)

	
	Date of Breakdown
…………………………………..
	Date Reported
…………………………………..
	Repair works Executed
………………………………….

	
	ISSUES

	
	Specific issues with the item
…………………………………………
………………………………………..
	Cause (s) of the issues
………………………………….
………………………………….

	
	REPAIRS

	
	What kind of repair works have been done on this system?
………………………………………….

	
	SUMMARY

	
	Is the system functional again
	
	

	
	FINANCES

	
	How Much was paid for the service and recorded 
	Labour Only E………………………………………….
In words……………………………………………………………….

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


[bookmark: _Toc15895852]remove and replace a water flow meter
Once in a while the operator may experience a water no flow in the standpipe. This may be due to blockages. Sometimes there may be leakages on the meter and a need to fix them shall arise. The procedure outlines the steps that ought to be taken in fixing a leak in a water meter.
	Facility: Public Access Point
	Purpose of the task

	Task: Cleaning the Flow meter
	

	Frequency of Task
	


[image: ]

[bookmark: _Toc13513645][bookmark: _Toc15895853]Sample service agreement 
This topic here outlines a sample service contract for major works, that can be undertaken in a water supply project/scheme.
GENERAL SERVICE AGREEMENT
 
This General Service Agreement (the “Agreement”), dated __ (date) __ of __ (month) __, 2019, has been discussed and agreed upon by 
 
KaBheni/Njojane / Siweni 1 Water Project in the Lubombo Region under Mkhiweni/Dvokodvweni Inkhundla (the Customer/Client)

- AND -
 
Sivene Pumps and Irrigation, Sidvokodvo M216, Swaziland (the “Service Provider”)
 
BACKGROUND:
 A. the Customer is of the opinion that the Service Provider has the necessary qualifications, experience and abilities to provide services to the Customer. 
 
B. The Service Provider is agreeable to providing such services to the Customer on the terms and conditions set out in this Agreement. 
 
In consideration of the matters described above and of the mutual benefits and obligations set forth in this Agreement, the receipt and sufficiency of which consideration is hereby acknowledged, the Customer and the Service Provider (individually the “Party” and collectively “Parties” to this Agreement) agree as follows: 
 



TERMS AND CONDITIONS:
 Services Provided 1. 
The Customer hereby agrees to engage the Service Provider to provide the Customer with services (the “Services”) consisting of:
· Repair and Replacement of Piped water schemes within ………………. days of notification of conditions by the Customer. 
·  Inspection visits at _________ intervals to perform operation and maintenance services for the Customer’s Piped Water Supply Schemes.  This includes the completion of any required reports to be submitted to _____ the Customer. (Optional, as agreed with the Customer on intervals and amount) 
·  Completion of a report summarizing the service performed, any conditions which may require additional attention, any corrections made, and any recommendations.  
·  Provision of a copy of all the paperwork to the Customer.   
2. The Services will also include any other tasks which the Parties may agree on. The Service Provider hereby agrees to provide such Services to the Customer.  
3. The Services will be provided and completed in accordance with the terms and conditions attached to this agreement.  
 Customer’ obligation 
4. The Customer must promptly notify the Service Provider of any known defects, problems that cannot be dealt within the community. 
Term of Agreement  
5. The term of this Agreement (the “Term”) will begin on the date of this Agreement and will remain in full force and effect until ___ (date, month, year) __. The term of the Agreement may be extended by mutual agreement of the Parties. 
 6. In the event that either Party wishes to terminate the Agreement, the Party shall provide formally written __________ days termination notice to the other Party. 
 Compensation
 7. For the Services provided by the Service Provider under the Agreement, the Customer will provide compensation (the “Compensation”) of the agreed amount upon notification of the condition by the Customer.
 8. For standard repair work, price list should be provided by the Service Provider.
 9. The Service Provider must provide at least 30 days’ notice of rate changes.  
10. For non-standard repairs, the amount of repair shall be advised through estimation by the Service Provider. 
11. The Compensation will be payable upon completion of the Services within ___________ days. 
12. The Compensation advised shall include Value Added Tax (VAT)which is currently at 15%. 
13. All fees for any service, installation, or replacement parts shall be discussed and agreed upon before it is performed. Payment Penalties 
14. In the event that the Customer does not comply with the payment amount within the agreed dates, the Service Provider may refuse further provision of Services until payments are made. 
 Performance Penalties 
15. If the Service Provider does not perform the Services within the time frame provided by this Agreement, the penalty charge of agreed amount of SZL shall be deducted from the Compensation. 
16. The Service Provider shall not be liable for delays in performance caused by circumstances beyond control.  Such events include but are not limited to acts of nature, war, invasion, revolution, insurrection or other acts of a similar nature or force. 
17. In case the Customer finds any defect or failure of the facility related to the repair work within   days of the 
repair work, which is not caused by negligence or intentional damage by the Customer or any other party other than the Service Provider, the Service Provider shall provide a corrective repair work free of charge.  
 
Dispute Resolution 
18. In the event a dispute arises out of or in connection with this Agreement, the Parties will attempt to resolve the dispute through friendly consultation.  
 19. If the dispute is not resolved within a reasonable period then any or all outstanding issues may be submitted to mediation in accordance with any statutory rules of mediation. If mediation is unavailable or is not successful in resolving the entire dispute, any outstanding issues can be submitted by either Party to final and binding arbitration in accordance with the laws of the Kingdom of Eswatini. All items must be fully documented. 
 Modification of Agreement 
20. Any amendment or modification of this Agreement or additional obligation assumed by either party in connection with this Agreement shall be proposed in writing, agreed and signed by each Party. 
 
Severability 
21. If any term or provision of this agreement is deemed to be invalid or unenforceable, such a determination will not affect any of the remaining terms and provisions.  All such remaining terms and provisions will remain in full force and effect.  



IN WITNESS WHEREOF the Parties have duly affixed their signatures under hand on this _ (date) __ of __ (month) __, 2019. 
 SIGNED in the presence of: 
Witness Signature: ________________________ 
Witness Name: ____________________________ 
Organization __________ 
Position: __________________________________ 
 
The Customer: 
Kaben Water Project 
 
Signature: ________________________ 
Full Names: ______________________ 
Position: _________________________ 
Signature: ________________________ 
Full Names: ______________________ 
Position: _________________________ 

 
The Service Provider: 
Sivene Pumps and Irrigation (pty) ltd.
Signature: ______________________ 
Full Names: ______________________ 
Position: _________________________ 
 
  

[bookmark: _Toc13513646][bookmark: _Toc15895854]REPAIR TOOLKIT
[bookmark: _Toc13513655][bookmark: _Toc15895789]Table 9: repair toolkit for a water supply system
	Item Number
	Tool
	General use

	1
	Adjustable Wrench/Shifting Spanner
	Hex shaped nuts fastenings and tightening compression fittings with hex edges

	2
	Pipe Wrench
	Tighten and loosen threaded pipes and fittings

	3
	Working Shovel
	Digging in the ground to expose pipes and fittings

	4
	Digging Spade
	Digging in the ground

	5
	Thread seal tape
	Sealing off leaks between fittings and pipe treads.

	6
	Hemp
	Same as above

	7
	Bucket
	Removing a pool of water from a leaking pipe pit

	8
	Wire Brush
	Cleaning threads of pipes off any corrosion

	9
	Propane torch
	Sweating copper pipes and fittings

	10
	Metal file
	Remove burrs and smoothens edges on pipes

	11
	Hacksaw
	Cut through metal, polyvinyl pipe, screws and related fittings




2.INSPECTION


3.TROUBLESHOOTING


4.REPAIR


5.MAINTENANCE


1.OPERATION



2 

	
	

	M.MYENI	2



image3.png




image4.svg
   


image5.png




image6.svg
  
.MsftOfcThm_Text2_Fill {
 fill:#F3642C; 
}

  


image7.png




image8.svg
  
.MsftOfcThm_Text2_Stroke {
 stroke:#F3642C; 
}

  


image9.png




image10.png




image11.png




image12.png




image13.png
Dedicated PV Array:
Sized to match pump and
required TDH & flow
(may be high voltage)

With linear current booster

(LCB), which optimises V & A
for pump,

Difference in Elevation:
From well head
totop of tank

f

Well Depth:
To draw-down

el;

affects total pipe
length & head

Submersible Pump:
DC-powered,
low-voltage

Prevents tank overflow

Pipe Rur
Length and frction loss
effects TOH

Tank or Cistern:

Fiiaton: Holds enough water

Removes seament:  to getthrough periods
Total Dynamic Head ofitle sun
(TDH):
Total staic head,

plus fiction oss from
pipes, fittings, fiters, etc.

Basic Components
of a PV-Direct Water
Pumping System





image14.png




image15.emf
System Name

Inspector Name

Date of Inspection

Installation Date of Tank

Commissioning Date of Tank

ITEM

Yes No Comment Item Description

Reservoir dirty 

Reservoir leaking

Valves leaking

Threads coroded

Float valve closing properly

Level Indiator not functioning

Tank Stand coroded

Tank Stand shoowing signs of structural failure

Welds on stands coroded

Tank stand needs painting

Tank 

Summary of Inspection Comments

STATUS



Storage Tanks Inspection Checklist


image16.emf
IDENTIFICATION

System Name

Section number Pipeline Number name Date

Date of Inspection Pipe Specification Contact Nmuber:

Inspectors Name

Comments

IDENTIFICATION YES NO COMMENT LOCATION

Does the pipe have a label

Is the pipe adequtely identified

Are labels readable

LEAKS

Are any leaks observed

Are any valves leaking

Any leaks on fittings

Any leaks on clamps

Any recurrent leaks

PIPE SUPPORTS

Any loose supports

Any uprooted supports

Any corrosion on supports

VIBRATION

Any obseved vubration

Any pipe distortion observed

INSULATION

is insulation still enough

Any exposed insualtion

Any bulging observed from insulation

Any patternal discolouration on insulation

Any missing insulation

CORROSION

Any corrossion observed on Joints and Fittings

Any coating deterioration

Any corrosiion in threads, flanges and valves

SUMMARY OF COMMENTS

Inspector:

Were any deficiencies observed

Deficiencies of concern were reported to Client  

Deficiency category: leaks

Corossion

Vibration

Insulation

Pipe supports

Qualified Inspector

Clients Signature

PIPELINE INSPECTION CHECKLIST
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The inspector should be well equiped to conduct the inspection

Yes

No Yes

Comment No

Yes Yes

No No

Comment

INVERTOR

Yes

Yes No

No

N/A Yes

No

Yes

Yes

No

Tower

Ssolar tracking

Ground mount Yes

other No

Stainless Steel Yes

Coated Steel No

Galvanised Steel

Other Yes

No

Excellent

Good

Average

Comments

SOLAR ARRAY AND ACCESSORIES INSPECTION CHECKLIST



SAFETY EQUIPMENT TO PERFORM INSPECTION

DC COMPONENT ENCLOSURE

IS THE SYSTEM POWERED ON/OPERATIONAL?

IS THE INVERTER INDICATING ANY GROUND FAULTS OR OTHER ERROR MESSAGES?

DO NOT PROCEED IF ALL ANSWERS ARE NOT YET COMPLETED

Comment :

Administeative Region  :

Postal  Code :

Inspection date :

GENERAL INFORMATION

Project /System  Name :

Location :

Nearest Town :

Inspector Full  name :

Proper conductor sizes and insulation types

Proper conductor terminations

DC ratings on DC components

Listed equipment

Brief Description of weather conditions :

ADHERENCE TO HEALTH AND SAFETY PROCEDURES

ENSURE THAT SYSTEM IS OPERATIONAL BEFORE INSPECTION

SYSTEM  INFORMATION

SYSTEM TYPE

TOWER/MAST  CONDITION

STAND /TOWER TYPE

 Labelled disconnects and C/B

Isolated Neutral busbar

 Listed components

Contacts :

SINGLE POINT GROUNDING!

Optional grounding electrode conductor

AC COMPONENT ENCLOSURE
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Note Please indicate with a tick in the box

Yes

No

Yes

No

Yes

No Yes

No

Yes

No Yes

No

Yes

No Yes

No

Yes

No

Yes

Yes No

No

Yes

No

Yes

No

Yes

No

Yes

No Yes

No

Yes

No Yes

No

Check for physical damage to any PV module

Check for loose cable terminations between PV modules

SOLAR MODULES

Total capacity Solar Array (kW):

Solar Module size (watt peak per module):                    Wp

Type of solar module (mono/polycrystalline) :

Brand of solar module :

Model of solar module :

Cracked glass of PV panel

Labelled

White or brwon spot,bubble of air,moisture behind the glass

Broken back sheeting (white EVA), delamination

Junction boxes at backside loose or without cover?

UTILITY DISCONNECT

Visible, lockable, accessible, load break, external handle

APPROPRIATE SIGNS INSTALLED

Check for sign identifying A.C. point of connection

Check for sign identifying switch for alternative power system

SOLAR MAIN DISCONNECT

Labelled

Shading on solar panels removed

PV modules are properly grounded with lugs on each module

Model of Inverter :

Check surfaces temperatures with IR camera or if using contactless thermometer

Rear junction box with IR camera or if using contactless thermometer



INVERTER

Check DC circuit connectors temperature with IR camera or if using contactless 

thermometer

Impp (A) :

Power output (kW / kVA) :

Brand of Inverter :

Check for sign identifying PV power source system attributes at D.C. disconnect

Inverter Manufacturer :

Inverter Model :

Inverter Model :

Type of Inverter (pure or modified sine wave) :

Number of inverters :

Open circuit voltage ( Voc ) :

Check AC disconnect circuit breakers and its cable connectors temperatuire with IR 

camera or if using contactless thermometer
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Comment :

Are all zip ties and wire ties rated for UV resistance?

Are any dissimilar metals being combined?

ARRAY INSTALLATION AND WIRING

Proper connectors on array wiring extensions

Proper grounding of array & array mount

Grounded conductors installed

Array mount properly secured and sealed

Wrong cable dimension used?

TOWER SRUCTURE 

Is equipment mounted securely, and level?

Any sign of damage to modules or wiring?

Are Conductors loose, touching roof surface or in contact with sharp or abrasive surfaces?
Conductors follow the mounting rails?
with exterior grade sealant?

Conductor plug-and-receptacle connectors are fully engaged between junction boxes ?

Are footings, support structure, and all braces intact?

Results of module hand lift test?

Suitable transition from open wiring to enclosed wiring

Proper insulation on module wiring

inspect for Proper insulation on module wiring

Check that all DC wiring from combiner box onward is in dedicated conduit using weather 

tight fitings and labeled accordingly ?

Grounded ?

Monitoring Device installed (Current/Amp meter) :

Check voltage from inverter :

Monitoring Device installed (Volt Meter) :

Check circuit breaker body temperature with IR camera or if using contactless 

thermometer



Check cable terminals for burnt marks, hot spot or loose connection

Primary Service Breaker Size :                    Amps

Primary Service Main Busbar Rating :                    Amps

Electrical Concerns or Code Violations

Check for cable conditions

Check DC disconnect circuit breakers and its cable connectors temperature with IR camera 

or if using contactless thermometer

Check cable connector fasteners for torque values

Micro Inverters?

Is the inverter located in an area which is exposed to direct sun?

MAIN ELECTRICAL DISTRIBUTION PANEL

Check for physical damage

Number of feeder breakers :

System voltage 220 or 230 VAC :

Monitoring Device installed (Frequency Meter) :

Monitoring Device installed (kWh meter) :

Should an additional structural evaluation be conducted based on a limited visual 

inspection?

AC/DC CONNECTIONS

Source Circuit Combiner Boxes

DC-rated circuit breakers or fuses with adequate voltage rating

Listed equipment

Proper wire sizes ?

Input and output disconnect labelled

Defects founded

Is the inverter mounted to the manufacturer specifiations ?

Is the inverter operating?

Inverter Fuse / Breaker Rating :                    Amps

Record accumulated solar energy production since start of operation ?
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Check incoming cable connection temperature with IR camera or if using contactless 

thermometer

Check output cable connection temperature with IR camera or if using contactless 

thermometer

Check busbar temperature with IR camera or if using contactless thermometer

Check cable connector fasteners for torque values



Check continuity of the bonding to lightning earth



Are the required Warning Label(s) used at the Junction Box?

Is the system properly grounded? Is the equipment-grounding conductor (EGC) 

continuous to all metal components, and connected to the main grounding electrode 

conductor (GEC)?

WIRING

Are standard solar wire conductors and appropriate wiring methods used?


Is conduit rated for its location, with supports properly spaced for the size and type of 

conduit?

Nonmetallic-sheathed conductors and cables are secured within 12 inches of each box, 

cabinet, conduit body or other termination?

The minimum bending radius of the cable or PV Wire is no more than 5x the diameter of 

the cable. (i.e. for .02 inch diameter, minimum bending radius is 1.0 inches, total bend is 

2.0 inches)?

Do PV Source Circuit free-air conductors have 90 degree C,sunlight, and wet service 

ratings. Single-conductor cable type and specifially listed and labeled as PV wire is 

permitted in PV source circuit ?

Are any conductors exposed to UV?

Where DC PV source circuits are run inside a building, they are in metal conduit from the 

point of penetration into the building to the first accessible disconnect.

Is a strain relief fiting appropriate for the installation at the junction box or the transition 

into conduit?

Are splices suitable for the location in which they are made? Wet-location wire nuts shall 

be used even when installed in a waterproof junction box

wire nuts shall be used even when installed in a waterproof whyte or gray and equipment 

grounding conductors (EGC) shall be grren, green/yellow, or bare.

Check all fuses and circuit breakers on combiner box with IR camera temperature or if 

using contactless thermometer



Check all cable connectors on combiner box with IR camera temperature or if using 

contactless thermometer



Positioning of Distribution Panel as per safety standard and easy to monitor by the 

operator?



Bonding of the exposed metallic structure of solar PV system to lightning earth

Check bonding cable conditions

Check physical bonding conditions

SIGN AND WARNING LABELS

BONDING SYSTEM

Warning Label(s) installed at the DC Disconnects/ Combiner boxes?

Warning Label(s) installed at the Inverter?

Are labels provided at the Production Meter?

Warning Label(s) installed at the AC Disconnect?

Warning Label(s) installed at the Sub Panel/Main Service Panel ?

Warning Label(s) installed at the Main Service Point of Interconnection/PV Breaker?

Sign Identifying Photovoltaic Power Source, Related Max Power-Point Current, Rated Max 

Power-Point Voltage, Max System Voltage,Short-Circuit Current, and Max Rated Output at 

DC disconnect?

Sign identifying switch for alternative power system?
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Comment :

If a remote or automatic generator start system is used, disable the automatic starting 

circuit and/or disconnect the generator from its starting battery while servicing.

Check inverter for fan test ( clean it if applicable )

Check inverter for colling (clean the heat sink if applicable)

Create maintenance report :

keep record of yield monthly, sunny portal, compare yields

Comment :

Check inverter for DC connection ESS

SMA INVERTER ROUTINE-MAINTENANCE

OUTBACK INVERTER ROUTINE-MAINTENANCE

Disconnect all circuit breakers and related electrical connections before doing any 

cleaning or adjustments

Solar modules may produce hazardous voltages when exposed to light; cover them with 

opaque material before servicing any connected equipment

CHARGE CONTROLLERS ( BATTERY BACKUP SYSTEMS ONLY )

Status/Condition

 Input and output disconnects labelled

Listed charge controllers

Proper wire sizes

Grounded

Record accumulated solar energy production since start of operation :

Comment :
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Site Name Contacts
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Service Provider Order No

Invoice Number
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Physical Address

Postal Address

Email

Fax

Work Preamble

Original Symptom /Fault reported

Reported by 
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Date reported

Work

items inspected or troublshot

Findings
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Works Value

Total Works Value

Service Provider's Report
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Travelling 

Materials Used and Vaule



Items replaced

REPAIR WORKSHEET FOR SOLAR POWERED WATER SUPPLY SYSTEM
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1. Close the service valve by handle in | 2. Put adjustable wrench on the both | 3. Loosen the one hexagonal nut
the meter box. side of hexagonal nuts of the flow | slowly with holding the other side
meter until coming water out

4. Drain the water and take one | 5. After taking one nutoff take offthe | 6. Check inside of the flow meter
hexagonal nut off completely. Be | other side. Then the flow meter is | Remove the dirt and clean.
careful not to lose O-ring. removed

Caution
Don't tun the nuts too tight

(1t may cause crushing of the thread
ridges and invite another leakage).

7. To re-install the flow meter, the | As re-installed the flow meter, it
reverse procedure of removal is | must be installed appropriate
taken. direction like the picture.
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