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BEST MANAGEMENT PRACTICES FOR IN-WATER HULL CLEANING TRAINING OBJECTIVES

Be able to understand and explain NPS Pollution.

Be able to understand and explain the purpose, meaning and goals of the Divers Hull Cleaning BMP’s

Understand the dos and don’ts of underwater hull cleaning regarding bottom paint.

Understand the recommended guidelines of hull cleaning different coating coatings and bottom surfaces relating to BMP’s.

BEST MANAGEMENT PRACTICES FOR IN-WATER HULL CLEANING

In-water hull cleaning or underwater hull cleaning has been categorized as “Non-point Source Pollution” by the Federal EPA.

Another example of Non-point Source Pollution is land runoff. Technically, the term “Non-point Source Pollution (NPS)” is defined to mean any source of water pollution that does not meet the legal definition of “Point Source Pollution” in section 502(14) of the Clean Water Act. That definition states:

The term “Point Source” means any discernible, confined and discrete conveyance, including but not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, concentrated animal feeding operation, or vessel or other floating craft, from which pollutants are or may be discharged. This term does not include agricultural storm water discharges and return flows from irrigated agriculture.

“Best Management Practices (BMP’s)” for in-water hull cleaning were initially formed under the Sea Grant Program for San Diego County through the University of California in 1990. *These BMP’s were developed by the California Professional Divers Association (CPDA) with the assistance of marine professionals and the California boating community. These BMP’s have been further developed to specifically address Copper impaired waters where aTotal Maximum Daily Load (TMDL) may exist.
*The purpose for developing and implementing Hull Cleaning BMPs is so that hull cleaning Divers can conform to current and future Copper TMDLs and be in compliance with “California’s Non-point Source Pollution Control Program” and local ordinances where they exist
OBJECTIVES FOR BMP USE ARE:

1. Prevent paints, especially those with copper, zinc and other biocides, from creating a discharged plume and entering the water and sediments.

2. Keep paint intact on the hull and remove fouling growth to reduce drag and improve vessel performance thereby reducing fuel consumption and emissions related pollution.

3. Keep the boat owners informed of the changes in their bottom paint performance. Regular hull cleaning performed properly will extend the life of most bottom paints.

The main objective of implementing BMPs* is to eliminate pollution generated during cleaning operations to the Maximum Extent Practicable (MEP). The best way to accomplish this goal is to use the least abrasive cleaning method possible when performing underwater cleaning operations. Professional hull cleaners are faced with different variables and circumstances when performing cleaning operations. (For example, what kind of hull paint is being cleaned, how old is the paint, when was the last cleaning and what is the growth rate in the region...)

HARD VINYL PAINT

This is a common paint found in California. It is very durable and effective. Common Brands of hard vinyl paints are Sherwin Williams marine Pro-line 1088 and Z-Spar Vinyl-Cop.

For boats with this type of paint that have just had new paint applied, the waiting period before cleaning is usually 60 to 90 days. Clean only the unpainted running gear, thru hulls, instrumentations, and zinc anodes or cathode protection until sufficient fouling accumulates to warrant wiping the hull. *High copper vinyl coatings have higher toxic release rates when new and may not require hull cleanings during this period.
For hand cleaning use a piece of soft carpet, soft white pad as in the 3M#H-08440 or similar soft material to wipe the hull. Be as gentle as practical to perform a thorough wipe while ensuring a non-abrasive cleaning.
*Do Not Use Pads that are “Course” (Brown 3M #H-054) or Greater for this paint
For brush machines, use a long bristled soft nylon brush (.032" or less bristle thickness) or similar brush. Run the brush at a minimum practical rpm, passing over the hull surface as quickly and lightly as practical to perform a thorough wipe while ensuring a non-abrasive cleaning.

As the paint ages and the biocides (Copper) becomes less effective, more frequent hull cleanings will be necessary to avoid aggressive pads or brushes to remove fouling accumulated. The most important issue is to perform a thorough cleaning that removes lighter fouling growths to prevent their maturation and subsequent addition of hard growth fouling, while using as soft a pad or brush as is practical to prevent paints plumimg and from entering the water. Keeping the paint intact on the hull is a prime consideration when choosing which pad or brush is to be used.
* Further Compliance with hull cleaning BMPs  may require the diver to inform the boat owner when the bottom paint reaches a “Poor” condition. This also requires the hull cleaner and the boat owner to discontinue bottom cleaning with more aggressive methods. The diver is prohibited from creating a paint plume and from using metal scrapers, course pads and stainless wool to clean the boats bottom.
Encourage customers to apply this type of paint until a proven alternative, lower toxic or biocide free coating is developed.

MODIFIED EPOXY PAINT

This is the most common type of bottom paint. It is also very durable and effective. Common manufactures of modified epoxy paints are Interlux Paints, Pettit Paints, Blue Water Marine or Sea Hawk brands. 
For boats with this type of paint that have just had new paint applied, the waiting period before cleaning (Because of the new coatings high toxic leach rate) is *usually 60 to 90 days. Clean only the unpainted running gear, thru hulls, instrumentations, and zinc anodes or cathodic protection until sufficient fouling accumulates to warrant wiping the hull. *High copper epoxy coatings have higher toxic release rates when new and may not require hull cleanings during this period.
For hand cleaning use a piece of soft carpet, soft white pad as in the 3M #H-08440 or similar soft material to wipe the hull. Be as gentle as practical to perform a thorough wipe while ensuring a nonabrasive cleaning.
*Do Not Use Pads that are “Course” (Brown 3M #H-054) or Greater for this paint
For brush machines, use a long bristled soft nylon brush (“.032” or less bristle thickness) or similar brush. Run the brush at a minimum practical rpm, passing over the hull surface as quickly and lightly as practical to perform a thorough wipe while ensuring a non-abrasive cleaning.

As the paint ages and the biocides (Copper) becomes less effective, more frequent hull cleanings will be necessary to avoid aggressive pads or brushes to remove fouling accumulated. The most important issue is to perform a thorough cleaning that removes lighter fouling growths to prevent their maturation and subsequent addition of hard growth fouling, while using as soft a pad or brush as is practical to prevent paints pluming and from entering the water. Keeping the paint intact on the hull is a prime consideration when choosing which pad or brush to be used.
· Further Compliance with hull cleaning BMPs  may require the diver to inform the boat owner when the bottom paint reaches a “Poor” condition. This also requires the hull cleaner and the boat owner to discontinue bottom cleaning with more aggressive methods. The diver is prohibited from creating a paint plume and from using metal scrapers, course pads and stainless wool to clean the boats bottom.
Encourage customers to apply this type of paint until a proven alternative, less toxic or biocide free coating is available. 
ABLATIVE PAINTS

There are several brands and varieties of this type of paint. Some common brands are Interlux Fiberglass Bottom-kote ACT, Woolsey Neptune II and Interlux Microns. Over the last few years these paints have been modified to incorporate harder formulations. Some of the older formulas are softer and may create a paint plume when cleaned. For boats with these types of paints clean only the unpainted running gear, thru hulls, instrumentations, and zinc anodes or cathode protection. Harder Micron finishes can be spot cleaned with a micro fiber cloth, diaper or soft carpet as appropriate in accordance with this chapters CPDA cleaning/growth rate chart. 

*** 
Note to Hull Cleaner and Boat Owner

Use of MicroFiber, Soft shag Carpet or the softest pad possible 
(Use CPDA Growth Rate/Pad charts in this manual)

No other pads or mechanical cleaning methods are acceptable for 
Ablative paints.
· Further Compliance with hull cleaning BMPs  may require the diver to inform the boat owner when the bottom paint reaches a “Poor” condition. This also requires the hull cleaner and the boat owner to discontinue bottom cleaning with more aggressive methods. The diver is prohibited from creating a paint plume and from using metal scrapers, course pads and stainless wool to clean the boats bottom.
These types of paint are considered self-polishing and are designed to ablate when the vessel is underway. These paints wear similar to the way a bar of soap does over time. Harder ablatives such as microns also leach their toxins similar to harder epoxy and vinyl paints. These kinds of paints use combination strategies of both ablative and leaching technologies. In Central and Northern California where the water is less than 65 degrees, these coatings may be cleaned on a 6 to 8 week schedule (Depending on Sea Growth Rates). Prevent these coatings from fouling up as to cover coatings color. 
Caution: Cleaning these coatings with anything other than soft pads will result in a paint plume and cause excessive pollutant coatings discharge. Do not allow these coatings to foul up significantly.
SOFT SLOUGHING PAINT

This type paint is not very common and should not be cleaned. Examples of this type of paint are: Interlux Red Hand and Z-Spar 2000 Anti-fouling Red.

This type of paint plumes when cleaned, dissolves in the water very quickly and is not designed to be wiped down regularly. Service the running gear and zinc anodes only and request the customer to haul and repaint if his boat requires frequent hull cleanings.
STERN DRIVES

The current proper paint for out drive units is Interlux Tri-lux or a variety of Zinc only Coatings. Trilux coating contains Copper Thiocianate. This is a biocide copper derivative paint that does not contribute to galvanic corrosion of aluminum as do regular cuprous oxide paints. The use of various greases or gel coatings is not recommended because they do not retard fouling as effective as Trilux.

For boats with drives without antifouling paint, clean the propeller, out drive, and zinc anodes immediately upon sufficient fouling accumulates to affect performance. This can occur in as little as one week in warmer waters above 65 degrees.

For boats with new paint on out drive units, clean propeller, out drive unit, and zinc anodes immediately upon sufficient fouling accumulation to warrant service.

For hand cleaning use a soft carpet, soft white pad as in the 3M #H-08440 or similar soft material to wipe the out drive. Be as gentle as practical to perform a thorough wipe while ensuring a non-abrasive cleaning. The Rotary Brush can also be a useful tool for cleaning out drives but only on the flat areas. As the paint ages and thins, more frequent outdrive cleanings maybe required. The most important issue is to perform a thorough cleaning that removes lighter fouling growths to prevent their maturation and subsequent addition of hard growth fouling, while using as soft a pad as is practical to prevent paints from entering the water. Keeping the paint intact on out drives is a prime consideration when choosing which pad to be used. Vessels must be assessed on an individual basis according to paint condition and level of fouling to be cleaned.

STERN DRIVES WITHOUT ANTI-FOULING PAINT

For out drives that have not been painted with Tri-Lux Anti Fouling Paint, the In Water Pressure Washer is the tool of choice. Out drive units have irregular surfaces. Coral and all other types of shell growth settle into the many crevices present on and out drive.

Removing this growth by hand is time consuming and inefficient. An out drive that has been cleaned with the spray from a Pressure Washer is 98% free from hard sea growth. The Pressure Washer Spray can also clear the Raw Water Intakes. The removal of shell growth from the Raw Water Intake prevents obstruction and keeps the engine cool. While the pressure washer is suitable for the hard to get places, it is not the proper tool for the flat areas on an out drive. On these areas, the traditional hand cleaning is faster and more effecient.

A Rotary Brush with .040 thick bristles can also be used on unpainted out drive flat.
Zinc Based Paints
Zinc based paint require a separate cleaning regime because factors affecting the coatings performance differ based on regional environmental factors. In Southern California where the waters are relatively clear and the water is warmer (above 65 degrees), these paints must be gently wiped monthly with a piece of carpet, soft diaper, micro fiber cloth or in accordance with the softest 3m pad available in this manual (white pad). 

In cooler waters or where the water is turbid, murky or lower levels sun exposure exist, hull cleaning can be performed in a prescribed method: Do not let the hull silt up beyond a reasonable period or “Type 2 Growth” (the paints color pigment should be obvious) as to prohibit photosynthesis. In other words, lightly silted hulls can impede the performance of these coatings and hulls must be cleaned before heavy silt layers set in. In Santa Barbara hull cleaning frequencies can range from 4 to 8 weeks. 
In the San Francisco Bay area, because of the heavy silt base and darker water, 6 to 10 weeks hull cleaning frequency may be more appropriate. Because these coatings are ablative and photo reactive, Boat yards, should apply at least 2 coats on the entire vessel. 3 coats are recommended, to receive 2 years or more of life expectancy with proper hull maintenance care. Because of zinc paints properties, it may be necessary to clean only fouled portions of the vessel monthly and leave unfouled areas of the boat for future cleaning cycles. Additionally, zinc based paints can be used on aluminum surfaces and do not contribute to galvanic corrosion. White or lighter colors can “skin”. This process looks much like reptile shedding. Skinning or shedding is a chemical reaction that does not require much concern. Older zinc paint formulations still have this characteristic. If the paint is properly applied and maintained, skinning is an expected byproduct of this coating and will not affect the paints performance.
· Further Compliance with hull cleaning BMPs  may require the diver to inform the boat owner when the bottom paint reaches a “Poor” condition. This also requires the hull cleaner and the boat owner to discontinue bottom cleaning with more aggressive methods. The diver is prohibited from creating a paint plume and from using metal scrapers, course pads and stainless wool to clean the boats bottom.
Note to Hull Cleaner and Boat Owner

Use of Soft shag Carpet or the softest pad possible
 (Use CPDA growth/pad charts in this manual). 
No other pads or mechanical cleaning methods are acceptable for Zinc paints.
UNPAINTED HULLS

For boats without paint, clean hull, propeller, running gear, thru hulls, instrumentation and zinc anodes or cathode protection immediately upon sufficient fouling accumulation to warrant wiping the hull.

The time period for fouling accumulation varies by geographical location and frequency of vessel use. When sufficient fouling accumulates to significantly affect vessel performance a wipe down must be performed. This can occur in as little as one week.

For hand cleaning use as soft a pad as practical to perform a thorough wipe. This may take several passes to clean completely.

For Rotary brush machines, use as soft a brush as is practical to perform a thorough cleaning. Run the brush at minimum practical rpm and passing over the hull surface as quickly and lightly as practical to perform a thorough cleaning.

Discourage customers from keeping unpainted hulls in water for extended periods. There is no resistance to fouling and significant damage to gel coat and fiberglass can occur. Vessels without bottom paint also require more frequent cleanings.

BIOCIDE FREE COATINGS
Currently there are a few biocide coatings on the market and being tested. Some examples *are Interlux, Intersleek 900, Hempal, Hempasil 77500, Miracle Cover Marine, Miracle Cover, and Special Sound Coatings, Aqua Ply M.”

For boats with these types of coatings, clean only the propeller, running gear, thru hulls, instrumentations, and zinc anodes or cathode protection until sufficient fouling accumulates to warrant wiping the hull, and is in accordance with manufacturer's instructions. The time period for fouling accumulation varies widely among these products. When sufficient fouling accumulates to affect vessel performance or coating integrity a wipe down must be performed. This can occur in as little as one week.

For hand cleaning use as soft a pad as practical to perform a thorough wipe while ensuring the coating surface is kept intact on the hull. Several passes may be necessary to perform a thorough cleaning.

For rotary brush machines, use as soft a brush as is practical to perform a thorough cleaning while ensuring the coating surface is kept intact on the hull.

Encourage customers to apply these types of coatings as proven products are developed. Their ability to resist fouling is nonexistent due to the lack of biocide.  More frequent hull cleaning services (7 to 14 days cycle) using a rotary brush system can yield excellent results with no biocide pollutant discharge.
                                                      CLEANING CYCLES
Clean boats on a shorter schedule during warm water season. Do this to prevent accumulation of mature hard growth fouling *and harsh scrubbing with course pads.

Marine growths, especially coral (tube) worms *and hard invertebrate growth, become much heavier during the summer months.

Heavier growth affects hulls in two adverse ways. First, accumulated fouling begins to hamper performance much sooner than in the winter months. Within a few weeks a propeller or any unpainted or irregular surface can become noticeably inefficient. Second, the organisms fasten to surfaces more tenaciously and require harder, more abrasive scrubbing to remove. This can result in paint damage.

A summer schedule offsets both of these problems. By cleaning every 2 to 3 weeks during this period of high growth, divers can remove the growth before it starts to seriously hamper function and before the organisms can penetrate paint with resulting damage and paint loss. *In the cooler waters and in Central and Northern Coast of California, Hull cleaning schedules can be extended up to 8 week intervals following BMPs with good hard antifouling paint. Softer paints may need different care.
*Prevent the heavy scrubbing of biocide paints with course pads
Even with shortened summer schedule equipment such as propellers, intakes, or knot meters can be noticeably affected. *If the boater is experiencing any of these difficulties, request that they go on a shorter cleaning cycle.
                                                OLD PAINT BMPs
High Copper (60% Copper or more) hard epoxy and vinyl Bottom Paints tend to last between 2 to 3 years with a 2 coat application. Softer ablative coatings typically last as long as their coatings film is still present. On Harder paints, coatings film may be present but the antifouling agent (Copper) may be so depleted that its toxic release is not sufficient to retard growth between normal hull cleaning schedules. *This is a point when the antifouling bottom paints condition reaches “poor”.
*OLD PAINT BMPS CONTINUED

*Compliance with hull cleaning BMPs requires the diver to inform the boat owner when the bottom paint reaches a “Poor” condition. This also requires the hull cleaner and the boat owner to discontinue bottom cleaning with more aggressive methods. The diver is prohibited from using metal scrapers, course pads and stainless wool to clean the boats bottom.
*Divers should be aware of these older coatings so that their hull cleaning Frequencies can be accelerated with non abrasive methods.
In Southern California where heavy growth rates and water temperatures are above 65 degrees, cleaning cycles may be as frequent as 1 to 2 weeks. In cooler waters of Central and Northern California, 4 week schedules year around are recommended as to prevent heavy scrubbing and any paint loss into the water environment. *Do not use course pads, metal scrapers or abrasive stainless steel wool pads on old paint to remove algae impregnation or excessive hard marine growth common on older paints. This practice will strip bottom paint over time.
SUMMARY AND SPECIAL NOTES

Use stainless steel brushes and pads on non-painted areas and Hard biocide free coatings only. Avoid using more rigorous cleaning pads to remove fouling growth. Increase hull cleaning frequency instead with softer pad cleanings.
Always use the least abrasive cleaning material possible to remove fouling growth so as to eliminate pollution discharge to the Maximum Extent Practicable (MEP) and extend the life of the bottom paint.

Do not sand or strip hull paint underwater.

Bring zinc anodes back to shore, recycle or dispose of properly.

“Soft” sloughing and some ablative hull paints release more copper when cleaned underwater. Refrain from cleaning or refer to special cleaning instructions from this manual or manufactures recommendations.

Hard finish, (Hard Vinyl, Modified Epoxy) anti-fouling paints release fewer toxins with underwater cleaning. Recommend these types to your customers, until such time as less toxic coatings come available.
CPDA Cleaning Fouling Growth Rate Chart
Because divers experience varies widely and growth rates differ greatly from region to region and bay to bay, below is a growth rate chart for all divers to follow and guide them through appropriate cleaning schedules:
Type 1 Growth: Lightly Fouled with Silt only. Hull Paint Pigment is prominently  visible. No hard growth present or light visibility of hard growth present on running gear. 
Cleaning Guideline: Boat may be spot cleaned only and clean metal parts and running gear.
Type 2 Growth: Light to moderately fouling with Silt and grass. May be 100% lightly silted with heavier fouling on waterline and rudder areas. Hard growth may be present on running gear or around thru hulls. Paints pigment is visible but covered by light silt layer. 
Cleaning Guidelines: Boat should be cleaned with appropriate soft pads as per this manual and pad chart. Clean metal parts and running gear.
Type 3 Growth: Moderate to Heavy fouling growth. Heavy silting may be present on 100% of hull. Some moderate hard growth may be present on hull concentrated around the running gear and through hulls.  
Special Performance Note: Vessels performance and fuel economy will be affected with this type of growth.
Cleaning Guidelines: Boat should be cleaned immediately being careful as not to damage coating with the use of harsh scrubbing pads to quickly remove the sea growth on hull paint. 
Special care instructions: Newer or soft paints should not be left to this fouling state. Cleaning this level of growth with harsh scrubbing will result in paint loss.
Type 4 Growth: Heavy Fouling Growth. Heavy Silt layer on 100% of the hull. Paints Pigment color may be difficult to determine. Moderate harder growth or sea squirts may be present. 
Special Performance Notes: Vessel with this type growth may prevent the coating from effectively working and will affect boats performance and fuel economy. 
Cleaning Guideline: Cleaning this level of growth with harsh scrubbing will result in Paint loss.
Type 5 Growth: Heavy fouling Growth. Heavy Silt and Harder growth on more than 75% of the vessels hull. 
Cleaning Guidelines: Hull cleaning will involve scrapping of hull surfaces. Cleaning this level of growth with harsh scrubbing and scrapers will result in paint loss. Use of plastic scrapers may prevent paint degradation and loss into the water environment.
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HULL CLEANING QUESTIONS

1. Give one example of Non-point Source Pollution:

2. What does BMP stand for?

3. The purpose for developing and implementing BMP’s is so that the underwater hull cleaning industry can be in compliance with “California’s Non-point Source Pollution Control Program.”

True or False

4. List one objective for underwater hull cleaning BMP use.

5. Name one kind of paint that should not be cleaned under water.

6. Name one kind of anti-fouling paint you should recommend to your customers because it releases less toxicant when we clean it.

7. What is the recommended waiting period before cleaning boats with new paint?

8. Upon replacing zinc anodes the diver should discard the old zinc at the bottom of the bay.

True or False
10. What is the best pad to use for cleaning Zinc based paints?

11.  How often should you clean Zinc based paints?

12. Give 2 reasons for cleaning Zinc paint more frequently.

13. Why do you clean older paints more frequently?
ROTARY BRUSH COURSE OBJECTIVES

1. Educate divers on the elements that make up a Rotary Brush System.

2. How the Rotary Brush works.

3. Selecting the proper brush.

4. Basic do's and don'ts with the rotary brush.

ROTARY BRUSH LESSON PLAN & STUDENT HAND OUT

A HYDRAULIC ROTARY BRUSH is a unit that has a motor (usually a gasoline engine), hydraulic pump, reservoir, hose and a hydraulic motor. The engine turns a hydraulic pump that moves hydraulic fluid from a reservoir down a hose to a hydraulic motor and back to the reservoir. As the fluid passes through the motor it turns a shaft that has a brush attached. The shaft could have several different kinds of brushes and tools attached.

A PNEUMATIC ROTARY BRUSH has a motor (usually a gasoline engine), an air compressor, a hose, and a pneumatic motor that turns a shaft as compressed air passes through it.

The Hydraulic Rotary Brush is a more effective choice over the Pneumatic Rotary Brush for the following reasons:

ROTATIONAL TORQUE OR POWER.

As a diver is cleaning a hull he will wish to vary the speed of the brush on different areas of the hull. This is because in some areas on the hull, the bottom paint is stronger or weaker in different parts of the hull. When a diver is in an area where the paint is weak and lost some of its Biocide strength, he will turn the brush at a faster speed. If the system does not have the torque to turn faster, this area may not be cleaned properly. Pneumatic Rotary Brushes are known for a lack of torque.

DIRECTION OF ROTATION.

Pneumatic Rotary Brushes turn in one direction only. Hydraulic Rotary Brushes are able to turn clockwise and counter clockwise. We shall assume that the manufacturer of the Hydraulic Rotary Brush has plumed his rotary brush with this capability. If a Hydraulic Rotary Brush does not turn in both directions it should be reconfigured. Turning in both directions is important for the same reason that adequate torque is important in that it provides for a thorough hull surface cleaning.
There can be areas on a Hull where the Biocide Strength has deteriorated so badly that even increasing the brush speed will not loosen the firmly attached Algae. In this case it is beneficial to increase hull cleaning frequencies in order to keep the paint intact on the boat. Divers who use Rotary Brushes usually turn the brush in a clockwise direction. 
When the rotation is reversed, the bristles will better remove the attached algae.  This process should not be prolonged for any reason and the boat should be hauled for new bottom paint and the frequency of the hull cleanings should be recommended.
SELECTION OF A BRUSH TO USE ON A HULL

Selecting a brush for a hull that a diver is to clean is the same as a diver deciding which hand pad should be used. The guiding rule is: Preserve the hull paint surface and the biocide properties of the bottom paint for as long as possible. When bottom cleaning begins, the brush selected should be a soft nylon bristled brush.

WHAT IS A SOFT BRISTLED NYLON BRUSH?

Soft Bristled Nylon Bristled Brushes come in two thicknesses: They come with a bristle brush thickness of .028 and .032.
The quality of a bottom paint job and the biocide strength of the bottom paint, will determine how long a bottom paint job will last. For the sake of this lesson we will assume that the application and quality of the paint was proper.

In this case the .028 brush should be used for the first year and a half. This  cleaning period will also be effected by the location of the hull that is being cleaned. All areas do not have the same level of fouling that will attach to a hull.

In spite of these variables, generally the .028 brush should be used for the first 18 months of a boat bottoms paint life.

In the case of the .032 brush and considering all the variables described above, .032 brush can be used in the second and third year of a boat bottom paints' life but the diver may have to increase the frequency of the hull cleanings significantly.
WHAT TO DO AFTER THE .032 BRUSH WILL NOT REMOVE FOULING.

Notified the customer, recommend that the Vessel Be Hauled for new Bottom Paint and clean the vessel bottom more frequently as to reduce hull paint wear or hull paint release. The hull cleaner should increase the frequency of hull cleaning as to not aggressively scrub the hull. 
WHAT TO DO WHEN THE CUSTOMER WILL NOT BOTTOM PAINT
Service the bottom more frequently as to reduce hull paint wear or hull paint release. 
CLEANING EPOXY COATED AND BIOCIDE FREE HULLS

All brushes are suitable for cleaning biocide free hard coatings. Pick the most appropriate brush that removes the fouling growth in one pass. A .040 or .050 Bristle Brush may be required on the very hard Epoxy types of biocide free coatings. 
CAN THE ROTARY BRUSH OPERATION BE A POLLUTER?

Rotary engines need not pollute. All manufactures of gasoline engines are now commonly selling engines that meet California Air Quality Emission Standards. 
Mobil Oil, DTE 25 EAL 224H (biodegradable food grade oil) and Conoco has a Synthetic fluid that is also biodegradable. These Food grade fluids are compatible with rotary Brushes and are (US Navy & Coast Guard approved.)

MISCELLANEOUS INFORMATION

Caution: Do not use a .028 or .032 Bristle Brush made of (Polypropylene). A polypropylene bristled brush will look like nylon bristle brush but can damage bottom paint. Polypropylene wears faster and does not conform to the curve of the hull. Polypropylene brushes are called plastic brushes and they are less expensive than nylon brushes. You can apply the float test to determine what material a bristle is made of.

***When placed in water nylon bristle will sink and a polypropylene bristle will float. The bristle should be held a couple inches below the water surface and released. A floating bristle means that the bristle is made of polypropylene and is a plastic bristle.
 On old bottom paint in Southern California where heavy growth rates and water temperatures are above 65 degrees, cleaning cycles may require more frequency. In cooler waters of Central and Northern California, 4 week schedules year around are recommended as to prevent heavy scrubbing *and any paint loss to the Maximum Extent Practicable (MEP) into the water environment. Do not use .040 or greater bristle brushes on old paint to remove algae impregnation common on older paints. This practice will strip bottom paint over time.
CALIFORNIA PROFESSIONAL DIVERS ASSOCIATION
CHART 1A

PAD AND BRUSH USAGE ACCORDING TO PAD OR BRUSH TYPE
Choosing the proper thickness of bristle for a nylon bristle brush depends on the quality of the existing paint. The traditional way of grading paint is Good, Fair, or Poor. When cleaning with a slowly rotating non-abrasive nylon brush, using three grades of paint quality is appropriate.

In Figure (1) we see 3 grades of Good, 3 grades of Fair and 3 grades of Poor. Very poor is *when the antifouling biocide or copper is depleted in the paint and only the pigment and binders remain.

Figure (1)

   GOOD                   FAIR                      POOR                     VERY POOR
                                                  Ready for New Paint
 1       2      3                4     5     6                    7       8     9                                10
                                              Paint Is Overdue
In Figure (2) below we see that a brush with .028 thick nylon bristles is the proper brush for paint in the #1 through #4 grades. When the paint falls into grade #5, then the .032 thick nylon bristled brush is used. Grades #7 thru #10 when very little copper remains in the paint the diver should increase the frequency of hull cleaning in order to reduce hull wear and eliminate paint discharge. 
Figure (2). A good rule is to repaint or recommended repainting during the use of .032 bristle brush and prior to increasing the hull cleaning frequency. 
Figure (2)

   GOOD                   FAIR                      POOR                     VERY POOR
                                                  Ready for New Paint
 1       2      3                4     5     6                    7       8     9                                10
                                                                                   Paint Is Overdue
#1…….…..thru………..#4    #5………............................until haul out for new paint
           .028 Bristle                      .032 Bristle………….. Plus more frequent cleanings
Hull cleaning companies that clean exclusively with the slowly rotating non -abrasive nylon brush have found that when paint reaches a grade of #6, it is time for new bottom paint. 
Always clean older coatings more frequently as to prevent paint removal and/or discharge from heavy scrubbing. 

CPDA Hull Cleaning Pad Chart
Pad Progress/Type                                              Manufacturer Part #

Soft
1) Carpet                                                            Acquired from Carpet Stores, scrap stock

2) White Pad                                                                  3m #H-08440 or 07445
Carpet Spec: Soft Medium to Long Shag
Usage
Theses Pads are used to gently remove slime, sediment, light algae and other very soft fouling. Suitable for all surfaces and coatings when new and sufficient fouling accumulates to significantly affect vessel performance. Suitable for continued use on all paints until biocide effectiveness becomes weakened enough to require more rigorous wiping than is practical with a soft pad. The carpet and soft white pads are the only appropriate pads  for use on newly painted antifouling surfaces.
Medium
3) Green/Blue                                                                         3M #H-3242

4) Purple                                                                                 3M #H-07447

5) Gray                                                                                   3M #H-07448
Usage
Theses Pads are used to remove heavy slime, sediment and moderate algae impregnation, light marine grass growth and other soft fouling. Suitable for surfaces and coatings at mid-life span. Suitable for use on most hard paints until biocide effectiveness becomes weakened enough to require more rigorous wiping than is practical with a medium pad. These pads are the only pads appropriate for use on the mid-life painted antifouling surfaces. These pads are not suitable for soft paint.
Course
6) Brown                                                                               3M #H-0541
Usage
*Theses Pads are used to remove heavy slime, sediment and algae impregnation, Moderate marine grass growth and other soft fouling on hard non biocide free coatings only. They can also be used to remove small areas of light hard fouling growth. Suitable for hard surfaces and hard non toxic coatings. These pads are not suitable on soft or any antifouling bottom paint.
Abrasive
7) Steel Wool/Pad                                                          Sterling Hunt Item # 10043
Usage
These pads are used to scour unpainted surfaces only. This pad will remove heavy marine grass and other soft and medium hard fouling from unpainted surfaces. These pads are not suitable for use on any antifouling painted surfaces. Examples of appropriate areas of use are: propellers, shafts, unpainted trim tabs, unpainted hulls and sterndrive units. 
CPDA Hull Cleaning Brush Chart
Brush Progress/Type                                              Manufacturer Part #

Soft
1) Soft Nylon Bristle Brush                                        Amron International: ASB-N-11

Bristle Thickness of .028

Usage
These Brushes are used to gently remove slime, sediment, light algae and other very soft fouling. Suitable for all surfaces and coatings when new and sufficient fouling accumulates to affect vessel performance. Suitable for continued use on all paints until biocide effectiveness becomes weakened enough to require more rigorous wiping than is practical with a soft brush. This soft brush is the only brush appropriate for use on newly painted antifouling surfaces. This brush is not suitable for soft, ablative or sloughing antifouling bottom paints. 

Medium
2) Soft Nylon Bristle Brush                                      Amron International: ASB-N-22
Bristle Thickness of .032
Usage
Theses Brushes are used to remove heavy slime, sediment and moderate algae impregnation, light marine grass growth and other soft fouling. Suitable for surfaces and coatings at mid-life span. Suitable for use on most hard paints until biocide becomes ineffective. This brush is not suitable for newly painted antifouling surfaces or for soft bottom paints.

Course
3) Nylon Bristle Brush                                            Amron International: ASB-G-11 to 22

Bristle Thickness of .040 to .050
Usage
These brushes are used to scour unpainted surfaces or biocide free hard bottom paints only. This brush will remove heavy marine grass and other soft and medium hard fouling from surfaces. These brushes are not suitable for use on any antifouling painted surfaces. Examples of appropriate areas of use are: propellers, unpainted trim tabs, unpainted or biocide free hard bottom painted hulls and stern drive units.

Abrasive
4) Stainless Steel Bristle Brush                            Amron International: ASB-S4-11 to 16
5) Flat Wire Bristle Brush                                     Amron International; ASB-HW-11-16

6) Whirlaway Tool                                                Amron International 637-MA-ST(GorR)-5/8
Usage
These brushes are used to scour unpainted surfaces or biocide free hard bottom paints only. This brush will remove heavy marine grass and other soft and hard fouling from surfaces. These brushes are also suitable for polishing unpainted metal surfaces. These brushes are not suitable for use on any antifouling painted surfaces. Examples of appropriate areas of use are: propellers, unpainted trim tabs, unpainted or biocide free hard bottom painted hulls. It is not recommended that these brushes be used for extended periods on fiberglass hulls.

ROTARY BRUSH QUESTIONS

1. Hydraulic fluid is cooled as it flows to the motor and back to the reservoir.

True or False

2. A good operating pressure for a Hydraulic Brush is

a. 1000 PSI.

b. 125 PSI.

3. When a Hydraulic Rotary Brush is cleaning painted surfaces, it should be run no faster than 400-rpm.

True or False

4. The faster a Rotary Brush is turning the harder it presses against the hull.

True or False

5. What brush should be used in the first year of a bottom paints life?
a. .050

b. .040

c. .032

d. .028

6. A nylon bristle will sink in water and the polypropylene bristle will float in water.

True or False

7. When nylon bristled brush becomes worn, it becomes a more aggressive brush and should not be used.
True or False
8. What is the highest pad grade allowable for cleaning on Antifouling Paint

a. Using a .032

b. Soft White Pad in accordance with the Hull Cleaning BMP Pad Chart

c. Black Pad

d. Purple Pad 3M-0447 in accordance with the Hull Cleaning BMP Pad Chart
PRESSURE WASHER COURSE OBJECTIVES:

1. Educate divers on the characteristics of the Pressure Washer System.

2. When and when not to use a Pressure Washer/do's and don'ts.

3. Using Pressure Washers on stern drive units.

4. Safety procedures with the Pressure Washer.

CHARACTERISTICS OF A PRESSURE WASHER

Pressure Washers are defined by two values:

PSI (Pounds per Square Inch) and the GPM (Gallons per Minute).

The less expensive Pressure Washers have a lower GPM but compensate for this with a higher PSI.

A common package is 4 GPM @ 3500psi. This model is usually powered with a 10 or 11 HP gasoline engine.

A higher GPM is better than a low GPM because it has the benefit of more substance coming out of the spray tip. The substance is salt water or fresh water.

The Pressure Washer Tips come in three styles: The single round stream, the 15 degree Fan Stream and the single round stream that rotates. The rotating stream is the Divers preferred choice. It cleans more efficiently than the other choices because the diver does not need to be constantly moving his wrist to direct the spray stream.

Hose Requirements: The working pressure of 3500psi requires special hosing to accommodate this pressure. A one hundred foot hose is sufficient length to cover most jobs while not restricting the diver's mobility. Aeroquib, Sinflex and Parker are all manufacturers of quality 100R8 thermal plastic hose with a working pressure of 4000psi.

Pick up Pumps: Some systems may require the use of a raw water pick up pump to feed the pressure washer systems. This is on a case-by-case basis and will vary by design.

Regulating valves: It may be necessary to place a valve at the input side of the spray nozzle handle in order to regulate the spray pressure output. This is extremely important for safety and overall control of hand unit (spray gun)
CAUTION

Pressure Washers are not suitable for use on antifouling painted surfaces of a boat hull. “Shooting” a painted boat hull with the pressure washer is equivalent to using a course (3M #H-08541) scrub pad or .50 (course) rotary brush.

THE PRESSURE WASHER CAN BE USED ON:

1. Unpainted surfaces such as Props, Shafts, Through Hulls, Bow Thrusters and Sum Log Paddle Wheels. Paddle wheels and sum logs are delicate underwater instruments and will not hold up to a blast from a pressure washer. It is essential to have a method of controlling the force of the water flow such as a ball valve so the operator can regulate the pressure at which the cleaning surface is sprayed. If the equipment is not adjustable it is recommended that the diver back off the spray nozzle from the target as to gain better control and inadvertent damage to delicate instruments or surfaces.

WARNING

Do to the high pressure of the unit is not advisable to place your hands or feet in front of the spray path. If it becomes necessary to hold an object in place while cleaning a 10 to 12 inch tool like a screwdriver, vice grip or channel lock, always wear heavy duty gloves (Shelby, Sandy Jack 61051) when operating a pressure washer unit.

2. Unpainted out drives and unpainted trim tabs. Refrain from using the pressure washer on all painted surfaces even though the paint may be old and ineffective. Due to high pressure the paint can be dislodged from the surface, even in the case where the surface antifouling paint is completely worn showing only the primer or barrier coat. These coatings are also considered pollutants if removed off their intended surface. Proper care and consideration should be given around these areas.

3. To rejuvenate zincs that are not burning brightly and are clogged with zinc ash, shooting zincs with the pressure washer spray can keep them burning effectively. Care should be taken that a shaft zinc is not loosened when being hit by the spray. All zincs should be tightened during each hull cleaning evolution. Old zincs should be removed and properly disposed of at a certified recycle center. Do not leave old zincs on the shafts or on the docks. Excess zinc that falls off the shaft or from the dock is considered pollution.

USING THE PRESSURE WASHER ON STERN DRIVES

On stern drives, the spray from the pressure washer can get into the many crevices of the irregularly shaped stern drive. You will be able to spray into the raw water intakes of the stern drive units. This will keep clear the passages that deliver sea water to the engine. It is possible to maintain a higher level of cleanliness of a stern drive unit through pressure washing as opposed to hand cleaning. All units should be cleaned by hand after pressure washer use to remove surface algae growth.

Rubber boots that protect universal joints on a stern drive are delicate. On some models universal and exhaust boots are more exposed. Pressure washer operators are cautioned to take proper care as to not spray these areas. Damage to stern drive boots can cause the vessel to sink or cause serious damage to stern drive. The stern drive manufacturers recommend that the U-Joint Boot be replaced at two-year intervals. Owners that delay timely maintenance in rubber bellow (boots) are suspect for possible stern drive damage through normal wear and subsequent boot failure. Divers cleaning stern drive units by hand should also exercise caution when working around the bellows area as not to puncture the boots by metal scrapers or other tools. It is recommended that a full inspection of this area be performed after each cleaning to identify any maintenance issues that my effect stern drive or vessel condition. It is recommended that any condition that could affect stern drive or vessel performance be reported to vessel owner to expedite repairs as to prevent serious or further damage.

SAFETY WITH THE PRESSURE WASHER – WARNING

The spray from a Pressure Washer operates at a high pressure of 3500psi and can break the skin or cause serious harm to the operator if it comes into contact with the body. Operators should wear protective long sleeve wetsuits and heavy-duty rubber gloves (Shelby, Sandy Jack 61051) that block the spray from making contact with the diver’s skin. Only skilled qualified operators should operate a Pressure Washer System.

PRESSURE WASHER QUESTIONS

1. We should never clean antifouling paint on the hull with Pressure Washer Spray.

True or False

2. What parts of the vessel can be cleaned by a high pressure washer

a. topside superstructure

b. bimini top

c. under-water unpainted vessel surfaces

d. dock pilings

e. bilge

3. Pressure Washers that have a high GPM will perform more effectively than a low GPM pressure washer.

True or False

4. The most efficient spray tip is?

a. The single round stream.

b. The 15 degree fan stream.

c. The single round stream that rotates.

5. Caution must be taken to

a. Not let the spray from the pressure washer hit your ungloved hand.

b. Not over shoot metal parts and hit the hull with Pressure Washer Spray.

c. Not spray directly on stern drive bellows.

d. All of the above.

REFERENCES

Hydraulic Brush Resources:

1. Continental Hydraulics Technical Support Staff

2. Leu Hydraulics engineer for Spencer Hydraulics

3. Maintenance and repair files of Alpha One Diving

4. Procedure manuals of Alpha One Diving

5. Tom Oliver, Hydraulics engineer for King Bering
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