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INTRODUCTION





  The modern sailing and motor boat has several different water systems that must be properly planned, installed, and maintained. A failure in the onboard sewage or black-water system can make life very uncomfortable when out on the water. A failure in the gray-water system, such as in the shower drain or in the sink units, at best is very inconvenient. A failure in the bilgewater systems is dangerous and renders your boat virtually unseaworthy. A failure in the freshwater system can make life very challenging until you reach shore. Potable fresh water is the one essential, and having the capacity to make it (rather than having to find marinas to refill your tank) gives increased ranges and cruising options. The main manufacturers have merged, and familiar brands, such as Rule, Jabsco, and Flojet, are under the Xylem banner, while Whale and Attwood are part of Navico. SPX Flow carries the Johnson Pump Marine products, and Vetus carries a range of products.
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  BOAT WATER SYSTEMS




  The various water systems on board a boat can be summarized as follows:




  1. Water System Components. Some components are common to each system and include hoses and piping as well as hose clamps.




  2. Potable-Water Systems. The potable- and freshwater system includes pressurized and nonpressurized systems along with piping reticulation and water storage, water filtration, and water pumps.




  3. Hot-Water Systems. This is about heating hot water via your engine-cooling system with a calorifier, with an AC or DC power heating element, or with diesel and solar power.




  4. Water-Maker (Desalination) Systems. All about water makers and desalination of seawater for onboard potable water.




  5. Shore-Water Systems. Some marinas allow hookup to mains water, but there are considerations.




  6. Bilge-Pump Systems. These essential safety systems are for removing water from within the hull. These comprise both submersible and diaphragm pumps and manual and automatic pump control.




  7. Sewage (Black-Water) Systems. This category comprises the sewage system, from the toilet to the holding tank, including electric- and vacuum-flush toilets.




  8. Gray-Water Systems. These are the shower drain system and the galley-sink drain system.




  9. Fluid-Transfer Pumps. These are primarily used for diesel and oil transfer duties.




  10. Seawater Systems. Seawater is used for wash-down duties and for cooling applications in air-conditioning systems, refrigeration systems, and diesel engines. Seawater systems depend on sea cocks and strainers.




  
WATER-SYSTEM STANDARDS




  You, as a boat owner, are required to comply with local, national, and international standards, including those listed below, wherever you are sailing or visiting. If you cruise to foreign locations, it is essential to understand the local laws. Compliance is essential, as heavy penalties may apply.




  IMO—International Maritime Organization




  Annex I of MARPOL, Regulations for the Prevention of Pollution by Oil




  Annex IV of MARPOL, Regulations for the Prevention of Pollution by Sewage from Ships




  Annex V of MARPOL, Regulations for the Prevention of Pollution by Garbage from Ships




  CFR—Code of Federal Regulations




  33 CFR 159, Marine Sanitation Devices




  EPA (Environmental Protection Authority)




  The Clean Water Act (CWA) 1972, 33 U.S.C. 1251–1387




  Underwriters Laboratories




  UL-1121 Standard for Marine Through-Hull Fittings and Sea-Valves




  ABYC




  H-4—Cockpit Drainage Systems




  H-22—Electric Bilge Pump Systems




  H-23—Water Systems on Boats




  H-27—Seacocks, Thru Hull Fittings, and Drain Plugs




  TH-29—Sewage Systems




  National Sanitation Foundation (NSF) and American National Standards Institute (ANSI)




  NSF/ANSI 61 02022 Drinking Water System Components—Health Effects


  

  
European Recreational Craft Directive (RCD)





  A new RCD edition was released in 2022. These standards are now mandatory on new-construction power and sailing boats in European Union countries and include the following International Standards Organization (ISO) standards.




  ISO—International Organization for Standardization




  ISO 8099:2018, Small Craft—Waste Systems. Part 1: Waste Water Retention




  ISO 8099:2018, Small Craft—Waste Systems. Part 2: Sewage Treatment Systems




  ISO 9093:2020, Seacocks and Through Hull Fittings. This specifies requirements for through-hull fittings, sea cocks, hose connections, and fittings in small craft, up to 24 meters in length.




  
ABOUT WATER-SYSTEM HOSES




  Flexible hose is the most common piping used, and various types are used in freshwater piping, seawater piping, bilge-system piping, and so on. Hoses have standards, and approved hoses of all types are marked on the outside of the pipe. Water hoses may be marked “USDA acceptance” and may be marked with National Sanitation Foundation (NSF) and American National Standards Institute (ANSI) compliance, such as the notations “NSF-51” and “NSF-61.” Many hoses will have the temperature rating on the outside. If there are no visible markings on the piping, then I suggest you use an alternative. Water hoses are reinforced with a spiral steel inlay or have synthetic fabric strands. The reinforcement prevents kinking and will not collapse when used on a pump suction side. Ensure that your selected hose meets the required application standards. Be aware that hoses, just like electrical cables, have maximum bend radii. Clear hoses in potable-water systems are prone to bacterial growth. Figure 1-1 shows a variety of hose types on different systems.
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    Figure 1-1. Water-System Hose Types




  
ABOUT HOSE FITTINGS




  Connectors or couplings are used to connect fixtures and equipment or to tee off water lines. There are elbows, tees, adapters, end plugs, isolation valves, and nonreturn or check valves. In some cases, semirigid system piping must interconnect with flexible hoses or rigid piping. All water-system hose fittings and joints must be capable of withstanding operating pressures within the water system. In many boat systems, the piping and hoses are kept pressurized all the time, although I don’t recommend this practice. Joints must be tight and secure to avoid water pressure leaking off, which causes greater pump cycling and increased electrical-power consumption. All flexible hoses should be secured using two 316-grade stainless-steel worm-drive hose clamps. The water pump usually has a pipe spigot or hose barb on the inlet and outlet. When installing hoses onto barbed fittings, it is often easier to place the ends in hot water to soften them up. Make sure you push the hoses on over the entire barb and not halfway. In most distribution systems, PVC tee joints are installed with stainless-steel hose clamps. One issue that always arises is compatibility; in most cases, you will need to use reducers or pipe-to-hose barbs. When terminating hot-water systems, a braided metal flex hose is attached to the hot-water unit, and an adapter is required to connect either a flexible hose or a quick-connect system pipe. The same rule applies to many hot- and cold-water faucets or taps. I use these on both hot and cold systems.




  ABOUT HOSE CLAMPS




  The humble hose clamp, Jubilee clip, or worm-drive clip carries a lot of responsibility. These clamps are also referred to as pipe clips, hose band clamps, or hose locks. It is an essential part of all water systems and the through-hull and sea-cock arrangement, along with the hoses that connect to it. Many people install the wrong grade of clamps, such as plated steel or 304-grade stainless steel. Always select 316-grade stainless steel, and check the clip for markings. They are used on seawater intakes and discharges and on freshwater, sewage-water, and bilge-pump overboard lines, with many systems being under pressure. If they fail, you can end up with a very big mess, or, in the worst case, you may sink. All of this is riding on the integrity of a hose clamp or its installation. They come in a variety of stainless steels and electroplated steels. The cheaper ones tend to corrode very easily when the plated surface is scratched. I always install high-quality 316-grade stainless-steel units rather than the cheaper Asian ones.




  
HOSE-CLAMP SELECTION




  Use the correct hose clamp for the hose; if it is too large, you will be unable to apply pressure evenly and the hose tail may be damaged. The traditional Jubilee worm-drive clip is identifiable by the short and thick worm drive, which has an integral grub-screw or set-screw mechanism located on the band top.




  HOSE-CLAMP SAFETY




  Long tails are a danger, and I have frequently been lacerated by sharp stainless-steel edges, once requiring an emergency room visit. You can buy small plastic hose-clamp end guards or protectors from Clamp-Aid; given my past painful experiences, I absolutely recommend you install these. You can use color-coded ones to mark your seawater (green), freshwater (blue), gray-water (gray), and black-water (black) systems, which is a bonus. Visit Clamp-Aid at www.clamp-aid.com.




  [image: chpt_fig_002]


  

    Figure 1-2. Hose Clamps with Clamp-Aids Installed




  
HOSE-CLAMP TIGHTENING




  When you tighten clamps, they pull in and grip the band circumference on one side for maximum band tension and clamping force. Most clamps are tightened using a large screwdriver blade, a small socket spanner, or a hex key. Personally, I use a ratchet drive and socket, which is more effective than a screwdriver or hex key to torque properly in confined work areas. Do not overtighten, as you will end up damaging the clamp threads and the hose. Another alternative is using the Super Clamp from Jubilee. These clamps allow torquing to 18 ft-lb (25 Nm), incorporate 8.8 high-tensile bolts, and are specifically designed for suction and delivery hoses where a tight seal is required. Bolt-drive or T-bolt versions have a thinner profile and are also known as T-bolt clamps or head-bolt clips. They are distinguished by the small bolt located across the band top. When the bolt is tightened with a hex drive, it pulls the hose clip in from both directions and evenly applies the torque. Always lubricate the worm drive to maximize the clamping force being applied and to prevent thread galling. The higher the pressure and the larger the diameter of the hose, the greater the clamping force required.




  ABOUT HOSE ENDS




  Hoses are another variable in this equation. PVC hoses as well as reinforced hoses are often used for this purpose. Some are heavy walled; others are wire reinforced. The hose internal diameter should be the same size as the hose pipe barb or spigot diameter. I have frequently come across people trying to clamp an oversized hose to an undersized barb or attempting to push an undersized pipe onto an oversized barb. Before installing hose clamps, the hose ends should be clean and fresh. By that, I mean you should not install any hose end that is aged, brittle, or fatigued. Hose ends deteriorate because they are partially stretched over the barbed hose tail. The metal barb and the valve body suffer from continuous cycles of hot and cold, which contributes to hardening and degradation. When installing a hose, always allow some slack for trimming after each hose removal and reinstallation. As many know, removing hose ends is very difficult; it is often quicker and easier to simply cut it off and remove it from the barbed hose end.
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