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PLUMBING

The basic rule with all plumbing
aboardis: Only usethe best materials. If
there's a budget constraint, cut corners
somewhere else, not in the plumbing.

Whileavariety of hosesareavailable,
you generally get what you pay for. For
pressure | like to use reinforced nylon,
although some high-pressure plastic
tubing systemswith specia fittingshave
been used with success.

Hot-water pressure pipe should be
capable of operating at 180-200

degrees Fahrenheit.

Fuel hosewill needto be heavily rein- —
forced to resist chafe and — when used A plumbing leak can ruin your whole day! It
intheengineroom— heat and evenfire. pays to limit through-hull fittings, use double

hose clamps,and make sure that all salt-water

Remermber, diesel takesaspecidl typeof plumbing materials are of the best quality.

hoseand valves.

For toilet exhaust, aspecial sanitation
hose should be used; otherwise algae will grow in the pipes, giving off a sulphurous rotten-egg
smell.

Anything plumbing connected with propane must be the best you can buy, heavily reinforced,
and in one piece from the gaslocker to the stove. Your life may depend upon this hose.

Bilge pumps requirethe use of aribbed hoseto resist suction pressure. Don't even consider the
very light varieties that are available. If you can’t stand on the hose without ruining the shape,
don't useit.

Hose clamps should be made of stainless — 304 grade is the most common. The 316 grade
coststwo or three times more and lasts alot longer. Make sure the screw aswell asthe band are
stainless. Use wide, heavy-duty clamps. Any fitting below the waterline should be
double-clamped. Keep the clamps lubricated. PV C irrigation pipe also works well, as long as
heavy-duty stock is chosen (schedule 40 or schedule 80) and there's plenty of allowance for
expansion and contraction in soft hose connections.

I1t’'scommon to havetoo tight afit between hose and fittings. One school of thought saysthisis
good, since atightly fitting hose probably won't leak if a hose clamp fails— the hoseis slipped
into place after being heated, either with ahair drier/heat gun, or by placing the hose end in hot
water. The problem comeswhen it’stimeto redo some section of plumbing or remove apiece of
gear. Now the hose isfrozen solid onto thefitting. It will take heat (or aknife) to soften the hose
in order to removeit. My preferenceisto avoid interferencefits and make sure everything is easy
totake apart. If I'm worried about flooding, | use extra heavy-duty clamps.

Salt-Water System

The salt-water system and its various through-hull fittings require careful thought on installa-
tion and consi stent maintenance. A mistakein this areacan easily lead to flooding the boat.

The chief aim should be to simplify the basic system, minimizing plumbing connections and
through-hull fittings. Since there may be a conflict between these two issues, give priority to get-
ting rid of through-hulls.

The above comments may seem self-evident, but what's best for the boat and easiest for the
builder are two different things. The quickest way to plumb aboat iswith lots of through-hulls.
I1t'snot unusual to find 10 or 15 holes below the waterline on a40- or 50-footer (12.3 to 15.4m).
Of course, the fewer the through-hulls, the safer the boat.

Through-hull fittings are probably the most critical piece of gear aboard your boat, in terms of
keepingit afloat. If aproblem occursinthisarea, you will need some big bilge pumps or wooden
plugsinahurry!
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How Many Skin Fittings Do You Need?

Most yachts are built with holes all over bel ow the waterline— often onefor each toilet, sink,
and bilge pump, plus a couple more for incoming salt water and deck drains. Every one of these
holes can sink your boat! 1t is much better to double up where possible and/or eliminate below-
waterlinefittingsentirely (by dicharging through thetransom or at topsidelevel). Onmost of our
boats we are able to reduce total below-waterline fittings to two or three. Thisworks out asfol-
lows: one through-hull for all incoming saltwater, adischarge for each toilet (usualy in the form
of a standpipe), with sink and bilge exhausts through the transom or another standpipe.
Lightning Risks

Before going further we need to chat about the risk of alightning hit. Lightning prefers a
straight path to the water. If there'sathrough-hull near achainplate, providing an easier path for
thelightning bolt than foll owing the mast to the keel, the lightning will head for the underwater
fitting. Theresult islikely to be alarge hole below the waterline. To reduce thisrisk if you have
bronze through-hull fittings, you will want agood lightning bonding system.

Electrolysis

You also have to be concerned with electrolysis, especially if you spend much time connected
to shorepower. Unfortunately, if you bond thingstogether for lightning protection (not to mention
the AC ground) you areintroducing apossibility of electrolysis.

Thereisno easy answer to this conundrum. Our preferenceisto tie everything together with a
bonding system, and then use an isolation transformer in the shore-power system to keep shore
power—related electrolysis off the boat.

Hull Penetration

Where you penetrate the hull, be surethereisan areaof solid laminate, to eliminate risk of the
core getting wet. If you do haveacored hull, the core should be removed in the area of thefittings
and replaced with aresin/fiber putty.

The next questionis: plastic or bronze for thefitting? Bronze isstronger and not aproblemin
freezing climates. However, you have to worry about electrolysisand lightening. Structural plas-
ticsdo not have lightning or electrolysis problems, but they do have aproblem in cold climates.

If freezing isnot an issue, my preferenceisfor plastic.

Sea Cocks

There are three choices for through-hull fittings. Thefirst is a bronze seacock, usually bolted
directly to the hull (the best way) but occasionally threaded on atail piece bedded to the hull.
Bronze seacocks are almost indestructible but have potential problems with electrolysis and/or
lightning.

The next approach isto use plastic seacocks, usually glass-filled nylon in one form or another.
Thesefittings, pioneered by the RC Marine Company in New Zealand years ago, have received
general approval in the last few years. They offer a solution to both of the problems mentioned
above, but also pose a bigger risk if there's afire aboard. In addition, they’re not as strong as
bronze and are more subject to damage if frozen or abused.

We've used plastic valves supplied to us by Forespar on our aluminum boats — and more
recently on the Sundeer production yachts— for yearswithout problems. We do, however, make
surethey’reinstalled so that it’simpossibleto step on them.

Regardless of which type of valves you choose, they should be opened and closed monthly to
keep everything free. Keep wrenches aboard capable of servicing the valves, usually giant cres-
cent or pipewrenches. Each through-hull should have a soft, tapered wooden plug hung near in
case of afailure.

Gate or Ball vValve?
Before leaving the valve topic, we should make some comments on design. In recent years it

has been possible to purchase ball valves for virtually every type of application. In our experi-
ence, these areless prone to mai ntenance headaches than gate valves. Only slightly more expen-
sive, they make the most sense.
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SALT-WATER FEED

Usingthelogicdiscussed sofar, let’'s
look at the ideal salt-water feed sys-
tem.

First, there’'s asingle incoming salt-
water through-hull for the entire boat.
This should be close to the engine
compartment, whereit's easy to get at

thevalveto closeit off whentheboatis

|eft unattended.
The size of the fitting varies with
engine requirements, how many com-

pressors there are to cool, if agenset 14

will berunning at the samefitting, and
the length of the runs. When in doubt,
makeit bigger.

On Sundeer we ran a
150-horsepower engine, a water-
maker, two fridge compressors, and

the toilets from a single 2-inch §

(50mm) fitting. The same approach
was used on the Sundeer production
series, and more recently on our larger
motorsailers.

Next there will be alarge-capacity
seastrainer. It sometimes makes sense
to have double strainers, if you intend
to cruise in areas with lots of floating
weed or jellyfish. The strainers must
beeasily accessible, and the water that

leaks when they're cleaned won't cre-

ate any problems.

Next comes a distribution manifold.
This can be a stainless-steel weldment
or madefrom heavy PV C pipe. Bronze
pipe fittings are also usable. Keep in
mind two things here. One, it must be
easy to disassemble the system for
maintenance. Thismeans strategically

placed soft-hose connections between f

manifold and strainers. Second, it's
vital that the plumbing be either level
or, better yet, plumbed with a slight
rise. This prevents air locks. When
there are dips or loops, water flow is
restricted and centrifugal-style pumps
don’t work well.

The manifold distributes the seawa-
ter to the various accessories. If the
engine is the last takeoff, its
positive-action impeller pump will
pull out any accumulationsof air.

If the engineisin awatertight com-
partment, having a shutoff valve on

the feed line to the interior makesiit |

possible to keep the seacock open
when you leave the boat. The interior
feed linethen goesto thetoilets, galley
sink, and to the deck-wash pump (if
it’s mounted forward). A 3/4-inch line
easily takes care of these four needs.

Three different approaches

' (above and left) to PVC-based
. intake manifolds on a salt-water

system. Two-inch (50mm) Ts and
elbows are used, then reduced
down to the needed size as they
run along the manifold. The PVCis
quite strong and not subject to
electrolysis. However, it does need
to be mounted where there is no
danger of being stepped on, as it
will not survive that sort of abuse.

It is sometime nec-
essary to have a for-
ward-facing scoop
to force water into
the salt-water sys-
tem. Ideally this will
have some form of
grating or screening
to keep trash and
weed out of the
strainer.
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TOILETS

A number of good toilets are on the market, most of which are reasonably priced. We've suc-
cesfully used the Raritan PHII modelsfor years.

The lip of the toilet bowl! should be placed above the floating waterline if possible. Thus if
there’'saleak in the saltwater feed valve or check valve, it won't overflow (unless, of course, you
are heeled). There should be an anti-siphon loop if the bow! isbel ow the waterline. Check valves
on the exhaust side of toiletsdon’t work, asthey always get plugged.

Good access for pump removal is essential, as thisis a procedure with which you'll become
very familiar. To make life simple, we always carry acomplete spare pump for each head, along
with an overhaul kit. That way | can change the pump in question, get the head going again, and
then do the overhaul job at my leisure.

A major problem with the head componentsis a buildup of mineral depositsinside the pump
and exhaust hose. Thisis particularly troublesome behind the check valve and will often lead to
blockage of the head. Cleaning the exhaust line and pump twice a year it will usually prevent
blockages from occurring. (They always seem to occur at embarrassing moments.)

Thetoilet exhaust, ideally, will be above the waterline. That's one less bel ow-waterline fitting
to worry about. A compromise for the squeamish is to have the exhaust point just barely below
the waterline. This minimizes back pressure on the exhaust and reduces inflow should there ever
bealeak.

Above: Two simple yet effective approaches to
the marine toilet. The bowl on the left is emptied
with a medium-sized bilge pump — no choker
valves to clog, and very little to go wrong. This

type of pump is also much easier to operate than A'Y valve
a built-in pump with its tiny handle. (left), used to
It's easy to convert an existing marine head to divert the toi-
this approach by installing two pumps — one for let exhaust
emptying, and a second for filling. You will find either over-
that two inexpensive bilge pumps connected like board or to a
this cost less than a replacement toilet pump and holding tank.
provide much better service. These require
Above right is a LAVAC head that works some- some mainte-
what the same way. A bilge-type pump empties nance, so
the bowl, while a gasket seal is maintained by the should be
lid. Because of the vacuum created, clean water mounted

is being drawn in as waste is being emptied.

where access
is good.
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HOLDING TANKS

Thecity of LosAngeles can dump 25,000,000 gallons (100,000,000 liters) of partially treated
sewage per day into SantaMonicaBay, but let oneyacht from Marinadel Rey sally forth without
aholding tank and the bureaucrats come unglued. Of course there are only afew pump-out sta-
tionsinthewhole U.S.A. But we're an easy target for the pollution-busting politicos, hencethese
laws. Now, don’t get me wrong. | want my anchorages and beaches to be pristine. But rules
should apply to everyone — governments, merchant shipping, industrial concerns, and yachts.

Inany case, to belegal you do need to do something. Thebasic questionto answer first is: Are
youinstallinga systemjust to keep official shappy, or doyouwant it to befunctional for everyday
use?

Tank Capacity

Tank capacity isvery much afunction of thetype of head system you have and how much water
it takesper cycle. For example, hand-pump headsrequirearound 1 gallon (3.7 liters) per flushfor
hard waste and about 1 quart (1 liter) if the head isjust being used for urine. On the other hand,
systemslike Vacu-Flush requireonly 1 quart (1 liter) for hard waste.

Onceyou've decided on the head system, the next questionis: How many people, and for how
many days? |n many situations, when the head only needsto take care of two peoplefor acouple
of days, asmall holding tank will get thejob done. However, sincethe tank itself isnot that expen-
sive, and the plumbing and pumps are the same regardless of tank size, it isusually best tofit the
largest tank possible.

Tank Construction
Sewageis asmelly, toxic, and chemically active medium best contained in inert plastic. Asa

result, rotationally molded linear low-density polyethyleneis most commonly used.

Fabric tanks are used occasionally, but these tend to have more problemswith leaks (usually at
the fittings) and odors (permeating through the fabric), and are not a good choice for long-term
usage. Metal isnot agood bet dueto corrosion issues.

In evaluating atank, there are acouple of key issues. First isstructural integrity — wall thick-
nessis critical. Second is how fittings are attached. If there are nipples for the hose to attach to,
these should be round and smooth for agood seal. If there are connections made with pipe
threads, be surethethreads are well-formed and even. Test the threadswith aPV Cfitting to seeif
they snug down smoothly rather than grabbing as you rotate thefitting.

It makes senseto have an access port in thetop for visual inspection and eventually athorough
cleanout. (Yuck!) Thisport requiresan O-ring for aseal.

After looking at alot of tanks, welike
the units made by Seal and the best.
They seem to have by far the thickest
walls.

Tank Plumbing
Thetop of thetank will have plumbing

fittings for the toilet exhaust, a breather
(which should have afitted charcoal fil-
ter) and atank-level indicator (although
you can usually see the level with most
tanks, if asection of sidewall isvisible).

The tank drains from the bottom. The
norm is to have a vacuum fitting to the
deck for shoreside pump-out, with a
diverter valve to a macerator pump for
pumping the tank overboard.

A SealLand macerator pump for emptying a sewage
tank. Note the simple isolation mounts for noise reduc-
tion.This is nothing more than two pieces of hose to which
the pump is bolted — inexpensive and very effective.
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GRAY WATER

Shower and sink exhausts can have amajor impact on the complexity of the plumbing system.

Head Sinks

The easiest and saf est approach for head sinksisto have them empty into thetoilet bowl. Then
use the toilet exhaust pump to get rid of the water. Thisis usually a small volume and can be
flushed in afew strokes, calling for no extra pumps or through-hulls and aminimum of hose.

Shower Sumps

Shower sumps, since they’re below the waterline, need some form of a sump pump, either
hand-operated or electric. This pump should exhaust above the waterline, either onitsown or in
amanifold with other outlets aboard.

Once thispump isin the system, if aY-valveistied in under the sink, the shower sump pump
can be used to evacuate the head sink.

If the sump pump exits high up on thetransom, therewill never be aproblem with back siphon-
ing. However, if it isin the topsides or below the waterline, you will need a siphon breaker to
eliminate the possibility of back flooding.

Galley Sinks

The galley sink isalittle more complex. With the prospect of food particles and | ots of soapy
water intheworks, it'salittle harder to empty out. If the sink is close enough to the centerline so
that it won’t flood when you're heeled, then astraight drop to askin fitting beginsto make sense.
This same exhaust fitting can al so be used for the various bilge and sump pumps aboard.

If the sink isoutboard therewill be a flooding problem when heeled. The same appliesto head
sinks. On Intermezzo || we used askin fitting, and then shut the sink off when we were heeled to
starboard. If Lindaneeded to drain thesink, | would ease off on the sailsor change course. Maybe
not the most practical approach, but it kept the plumbing simple.

Another way to go iswith a straight drop for usein port, and a Y-valve connected to amacer-
ator pump (thetype used to empty holding tanks) for use when heeled; or simpler yet, just amac-
erator pump and a vented loop to prevent back-siphoning. If this last method is adopted, carry
several spare pumps.

Gray-Water Tanks

There's yet another approach. Thisisto take al head and galley sinks and showersto asingle
gray-water tank, which is pumped out periodically. This has the advantage of minimizing dis-
chargesand the number of pumps. But to be successful, the plumbing hasto berunvery carefully,
withaconstant downward slopetoward thetank (thisrequiresamoderate-to-heavy-displacement
hull shape with deep bilges. Dipsin the piping must be avoided, which means using rigid pipe,
typically PV C. If you choosethisroute, allow plenty of soft hose connections so the pipescan be
opened up to clean blockages. There should be afloat switch in the tank to signal whenit'stime
to pump out.

A major drawback of the gray-water tank system is odor. In order to prevent thisfrom perme-
ating the interior, water traps, like those used in a house, should be employed at each sink and
shower. Thetank hasto be cleaned out periodically — asomewhat gruesome task.

A derivative approachisto plumb everything to asingle macerator pump rather than to thetank.
This can be donein aboat with flatter bilges, with the pump connected where the tank top would
normally be. Even though there's a constant drop, it will probably be necessary to close off the
shower sumps and unused sinks, to allow the one area being evacuated to get a good vacuum.
We've used this system ourselves with excellent resuilts.

Fridge Drains

Cleaningthefridgeiseasier if it hasadrain. But thedrain needsavalveto prevent cold air from
leaking out. And, it should be tied into a gray-water tank or some form of pump. Allowing the
fridge drain to drop directly into the bilgeis asking for asubstantial dose of olfactory trouble.

DECK WASH

A good deck-wash pump makes anchor handling much easier. With anozzle, either handheld
or built into the anchor roller, the clingiest mud will cascade from your chain. Therewill bedin-
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ghiestowash, aswell asfish blood, and the normal debristhat accumulateson deck fromthe skies
(evenin mid-ocean).

If thereis no shut-off valve on the nozzle of the deck-wash hose, you can dispense with apres-
sure switch onthe pump. That'sastep towardsreliability.

You can al so adapt the deck-wash pump to other chores—i.e., abilgepump with yet another Y-
valve. Or pumps set up for other duty — say, adamage-control pump — can be plumbed to also
handl e deck-wash.

Kelly Archer has a devilishly clever and simple system, using a large-scale engine-driven
impeller pump for his fridge system, which sends its exhaust flow forward out of the anchor
chock. In an emergency he can throw two valves and have a big engine-driven bilge pump ready
to go, killing three birds with one pump.

PLUMBING ODORS

Aswe briefly discussed in the Cruising Preparation section, nothing is quite as nauseating as
funky plumbing smells. It goeswithout saying that these are usually at their worst when beating,
with lots of motion and all ports shut dueto water on deck.

A lot of folks consider thisthe norm. However, | am heretotell you that you do not havetolive
with smelly plumbing.

Salt-Water Feed

The salt-water feed to your toilets and galley sink is a major source of odor. When the boat
hasn’t been used for awhile, algae beginsto grow and then dieinside of the salt-water hose. When
you come back aboard after aweek or so away and pump the head, a rotten-egg smell pervades
theinterior.

Thereare several waysaround this. The easiest istotieall interior salt-water requirementsto a
single line that starts aft. At the forward end of this line place your deck-wash pump (or the Y-
valvefor the bilge pump that is acting as adeck-wash pump. Then, when you first come aboard,
run the deck wash pump for 10 or 15 minutes. The pump will pull al of the bad-smelling water
out of thefeed line.

Another approach isto have aT fitted to the salt-water feed so that you can flush the line with
fresh water beforeleaving. Aslong asyou areleaving the boat for no morethan amonth or sothis
workswell, and also allows you to flush out various pumps and valves with fresh water.

If the engineis connected to this circuit, be careful not to flood the engine! Do not pressurize
the hose unlessthe engineisrunning.

Toilet Exhaust

The odors of human waste are not that difficult to contain in thetoilet plumbing system. How-
ever, if thewaste sitsaround in the pipesfor awhile, it changesto somereally nasty bacteriawith
the ability to slip through just about anything man has been ableto devise.

However, there are a series of things you can do to reduce the problem. To begin with, the
shorter the hose run, the less problem you will have. On our own boatswe' vetypically had asea
cock or standpiperight next to thetoilet, so odor has hot been aproblem,

Next, besurethat all connectionsaretightly made. We use doubl e sets of hose clampsjust to be
sure. Next, avoid low spotsin the run that result in waste lying around and breeding.

A system in continuous use will have fewer problems than one which isused on occasion.

Hose quality varies. Usethebest stuff you can get. We' vefound that Seal_and hoseworks quite
well.

Follow the manufacturer’srecommendations about what chemicalsnot to put intothetoilet —
i.e.,, most hose has a problem with antifreeze.

If you havelong runsin thetoilet exhaust, use PV C pipewherever possible. Thisdoesnot pass
odor asreadily as soft hose.

Finally, be prepared to replace thetoilet exhaust hose every couple of years.

Gray Water

Gray-water plumbing and especially sump tanks can generate some nasty smells. A diluted
solution of bleach and hot water does agood job of killing bacteriaand odor. However, take care
with the bleach around your plumbing fittings, asit will strip off their chromefinish.
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PUMPS

Cruising life has been characterized as going
from one pump repair to the next. That's a pretty
accurate assessment. Therefore, make sure
access to your pumps is easy — they’ll take lots
of maintenance! Hoses should be easy toremove,
and electrical connections are best made through
aterminal strip or with plug-in connectors. In
either case, be sure to seal the connection with
waterproof tape or with alacquer spray.

Alsobesurethere’splenty of slack in hose con-
nections and wiring, if it's necessary to remove
the pump for maintenance work. Sometimes an
extra 6 inches of length makes all the difference.

Pump Capacity

Alwaysgo with thelargest practical pump. The
bigger the pump, the better the capacity, and the
less it will run for any given job. If you reduce
running time, you enhance the pump’s life and
reduce maintenance chores.

Electrical consumption is not affected, as DC
motors only draw current commensurate to their
load. A larger motor running for ashort time will

Two separate bilge-pump installations use the same power as a smaller motor running
(above) with pumps bench-mounted. for alonger period.
Large strainers are located under the . .
pumps and are easily cleaned (without Lift and Discharge Length
dropping the contents on any critical gear!) Thefarther a pump isfrom what it's pumping,

the more difficult its job will be. Thisdistanceis
measured both horizontally and vertically. Verti-
cal lift is obviously more difficult, and this
appliesto both intake and discharge.

Where adiaphragm pump may lift 6 feet (1.85
m) easily, a centrifugal design might have ahard
timewith 12 inches (300 mm).

Check pump specifications carefully against
the type of conditions in which you expect them
to perform. Since capacity is very much affected
by thesefactors, try to engineer theinstallation so

control pump (far left), two bilge pumps Dry-Running Protection

gnﬂ;?gde'eg)'(%;ﬁg‘[’]"?;ﬁrklpressure pump, and Dry running can causeimpeller-style pumpsto

burn out quickly. (With diaphragm-style pumps

thisisn'tanissue.) Someform of asafety system,

such asaheat sensor (whichisstandard with somewater-pressure pumps) should be built into the

impeller pump. Larger impeller pumps may have a vacuum switch fitted to sense lack of water
flow.

Strainers

Most pumps are sensitive to debris— some more than others. Each pump inlet should befitted
with alarge strainer of appropriate fineness. The better the pump is at handling solids, the larger
can bethe strainer mesh, and the longer it can go without cleaning.

Obviously the large strainers will also last longer between cleanings. | like to use strainers at
least the size of alarge coffee mug (even with the smallest pumps), and then match thelarger size
strainer bow! with finer sized filter screensfor the best protection.

Since strainers may need frequent cleaning, they must be located for easy access, and where it
won't ruin anything if you spill alittle water in the changing process.
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Check Valves

In some applications, such as water-pressure or circulation
pumps, check valves (allowing liquid to flow in only one direc-
tion) may be necessary or make the pump’s job easier. However,
check valves are easily clogged and won't tolerate any dirt in the
line, so good strainersare amust.

If thewater being dealt with isfresh, bronze valves can be used.
For salt water | prefer plastic valves.

Try to avoid check valvesin bilge-pump applications. Debris
can create too many problems.

Check valves take a lot of maintenance, so carry spares and
keep them accessible.

Anti-Siphon Loops

If apump islocated below the waterline with a discharge that
may become submerged when sailing, an anti-siphon loop—also
known as a siphon breaker — must bein theline. Thiscanbeas
crude as a pinhole at the top of a high loop in the discharge line.
The pinhole prevents aback-si phon from forming when the pump
shutsdown, leading to flooding of thebilges. However, itisbetter
to have aproper siphon breaker that includesa small check valve
to minimizeleaks. The loop should be located so that at maxi-
mum heel anglethetop of theloopisstill abovethewaterline. The
closer to the centerlinethisis, thelower it can be. There'susually
asmall cap at thetop of the siphon breaker that can be removed for
cleaning, and to adjust the air flow. Remember that if the opening
becomes clogged, it will no longer function. In some situations
the air vent may bleed alittle of the water, or whatever is being
pumped. If possible, fit an exhaust line from the cap to the bilge.
But make sure there aren’t any sharp bends or oops that can trap
water.

Diaphragm Pumps

The big advantages of diaphragm pumpsis their ability to run
dry (very important in bilge-pump applications) and high lift
capability. The small modelswill lift 6 feet (1.85 m). This means
the pumps can be located where they will stay dry and be easy to
get at, and still do areasonable job of pumping.

The only difference between the bilge-pump and pressure-
pump modelsisapressureswitch and the styleof valve. Thisway,
spare partsinventory can be reduced.

In addition to bilge duty, diaphragm pumpswork well for pres-
sure fresh and salt water, and as gray-water exhaust pumps on
sinksand showers. They don’t work well for pumping fuel. While
they can be used for circulation duty with thefridge compressors,
they're not really suited to that style of continuous duty.

Submersible Pumps

For basic bilge pumping, with high capacity, low cost, and low
maintenance as major issues, it's hard to beat the submersibles.
Some of the pumps will move 60 or more gallons (230 liters) per
minute, while a diaphragm pump is hard-pressed to pump 7 gal-
lons (27 liters).

However, submersibles have several magjor drawbacks. First,
they won’t pump out that last littlebit of water, which adiaphragm
pump will get. In a shallow-bilged, modern design, this can be a
real headache. Second, in ametal boat there's always a chance of
electrical leakage from the pump into the bilge water, which will
amost certainly cause electrolysis. Third, their capacity is very
sensitive to lift height. Last, the design of the pump and its loca-
tion can mean severe back siphoning in the anti-siphon loop, so
careful installationisin order.

Above: Check valves
(shown here to the left of the
strainer) do not usually work
well in bilge-pump applica-
tions. Any little piece of dirt
that catches in the valve will
cause it to malfunction. If you
do have a check valve, make
sure there is a fine mesh
strainer ahead of it.

A toilet, the bowl of which is
close to the waterline, should
be fitted with anti-siphon
breaks on both salt-water
feed and exhaust. The closer
these are to the centerline,
the more effective they will
be. However, this usually
means the plumbing is
exposed. Plastic is a bit ugly,
but stainless pipes can be bent
and polished so that they are,
if not attractive, at least
acceptable.

You will want to periodically
check the condition of the
check valve at the top.

e
st

=

‘Last Chapter

Pyt L

.\_. !_
Tt |

.
r"'-\. =

'Next Chapter

WA AL A

i

o
- |
ey

<

~ Help!

AT L i
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A related problem occurs when these pumps shut down. There's always a certain amount of
water left in the exhaust line, and it floods back into the bilge sump. Thisis okay with alarge
sump, but if the sumpissmall, the pump can begin to oscillate on and off onits own exhaust-line
leakage. Thelonger the exhaust line, the worse the problem becomes. A check valve can be used
to stop it, but this creates the need for another strainer, which makes anice, simple system much
more compl ex.

A compromisewith small sumpsand/or flat bilgesisto have the high-capacity submersiblefor
big leaks and adiaphragm for everyday use and complete suction.

Centrifugal Circulation Pumps

A spinning impeller that doesn’t contact the pump housing provides the driving force in this
design. In concept it's similar to the submersible bilge pump, but its flow rateisless, and it's
designed for continuous operation. These pumps are more reliable than others since they have
only one moving part. The only maintenance problem comes if they're allowed to run dry, in
which case the shaft seal will burn up. They also will push more water with less electricity than
diaphragm designs.

Centrifugal pumps must be installed bel ow the waterline to operate, as they are not self-prim-
ing. The salt-water feed line must be a fair run from the seacock to prevent the air from being
trapped in bends or loops. If you have one of these pumpsinstalled and it keeps stalling with air
when you're sailing, the odds are you'll find the problem in the feed line.

Manual Pumps

Thereareanumber of good hand- and foot-operated diaphragm pumps on the market. Many of
the applications discussed for the el ectrics can betaken care of with ahand pump. In exchangefor
alittle exercise, you get amore reliable pumping system, and save afew bucksto boot.

The manua pump’s large-scale valves will pass all sorts of junk, reducing or eliminating the
need for straining. A 10-gallon-per-minute (38-liter) pump will empty a shower sump with half
adozen strokes, asink with just one. Makes sense, doesn't it?

Of coursg, it’simportant to choose the right pump for various applications. | would go with the
10-gpm unitsfor all miscellaneous chores, and jump up to 25- or 30-gpm for the bilge. Install the
pump so that it's easy to operate on both tacks.

BILGE PUMPING SYSTEMS

If you haven't yet fallen asleep, we need to finish thisdis-
cussion with some thoughts on the overall bilge-pumping
system. Therearetwo levelsof consideration: First isevery-
day condensation or |eakage from the stuffing box, a keel-
bolt, or the mast boot.

Here the choice is really one of convenience. Because
electric pumps are so inexpensive and offer some protection
whentheboat isunattended, they’rereally theway to go. My
preference, if there’sonecentral sump, istwo electric pumps
— one alarge diaphragm, and the second a submersible of
the largest size — operated on separate float switches with
manual overrides.

However, you cannot totally depend upon electric pumps.
There must be amanual pumping system, preferably opera-
ble from the helm, just in case the electrics go down the
tubes. My preference here is the Edson 30-gpm diaphragm
pump. It’'seasy to service, hastremendous capacity, and can
bepumped for daysonendif need be. (Besureto carry spare
check valves and a diaphragm.)

Another simpleback-upisto put aY-valve on theintake of
the engine-cooling water pump. This can be plumbed to the
sump and used to suck the bilge dry. Just remember that a
strainer should befitted, and if the pump runs dry theimpel -
ler will burn out. Keep acareful watch.

Every effort should be madeto keep the bilgesclean. This
will pay lotsof maintenance dividends downstream and may

The Edson 30-gpm manual
pump is an excellent piece of
gear. It has a long handle, which
makes pumping much easier than
with some pumps you'll find.

This unit is permanently
mounted in the bilge. They also
make board-mounted pumps
that can be moved from place to
place on board. (You stand on the
mounting board as you pump.)
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FLOAT SWITCHES 797

have an impact on your survival in case a serious leak
develops. Remember that when the boat is bounced
around at sea, with abilgefull of water, all sorts of debris
will be dislodged. Give the bilges a thorough, periodic
cleaning with plenty of high-pressure water.

FLOAT SWITCHES

Pity the poor float switch. It hasto livein adark, damp
hol e, be bounced around by all sortsof waves, and transmit
electrical energy under the most arduous conditions. Is it
any wonder then that a high percentage of float switches
commit suicide at avery early age? The pressure of mod-
ern cruising isjust too much for them.

Mercury Switches
Conventional float switches, with capsules of mercury
asthe switching agent, are okay for the occasional cruise,
but even the best won't stand any sort of real punishment.
One of the problems, which you can do something
about, is switching current. Itisn't fair to ask any of these
switchesto carry 10 or more amps of current in an on/off

cycling mode. But if arelay isemployed to carry theload, A bit of PVC pipe makes an
then thefloat switch isused to trigger therelay, and it only excellent pump pick-up.

sees afraction of an amp. Reliability goes up an order of

magnitude.

Reed Switches

Seal ed-reed switches offer amuch better approach. Here you have areed switch, totally sealed
from the environment, activated by a floating magnet. Thiscarriesjust asignal current to activate
arelay. Thisis the approach used in commercial shipping. National Magnetic Sensors makes
units based on this principle for the yachting trade. We've succesfully used these on most of our
custom yachts.

Electronic Switches
Switches are al'so available to sense moisture. However, the ones we've looked at to date have
problemswith dirty bilges and splashing.

Using Relays

Asaready mentioned, using asmall relay totransmit the power to your pump goesalong way
toward enhancing switch and motor life. Ten to 15-amp relays can be bought for around $10 that
work quite well for this purpose.

Timed Circuits

Nofloat switch canread that last bit of water inthe sump. To get it out, you need amanual over-
ride switch or acircuit timer.

Thecircuit timer simply keepsthe pump running for a user adjustabletime after thefloat switch
hasgivenit the off signal.

Cycle Counters

Cycle counters, which measure how often your pump comeson, give anideaof what hasbeen
happening with your bilges. Otherwise, if you have been away from the boat, you won’t know
how often the pump has been cycling (if at al).

Is Your Pump Running?

| like to know when my pumps are running, especially the bilge pumps. Mounting them on a
hard surface, without rubber mounts, helpsto transmit their vibration when they run. Sometimes
pumps arejust too quiet, or perhaps mounted where they cannot be heard. In this case, you can
connect asignal light tothe float switch signal. Whenthe float switchtriggers, it turnsonthelight
(and perhaps asmall buzzer or bell).
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DAMAGE-CONTROL PUMPS

A Pacer gas-driven “de-watering”
pump.With a plastic body and impeller, it
is ideal for the marine environment. And
this unit will pump more than 150 gpm
(580 liters/minute).

A large labsco engine-driven rubber
impeller pump. These units can self-
prime at very high lifts and can tolerate
small suction side leaks.

An engine-driven centrifugal pump by
Tecumseh. This is the ultimate damage-
control pump. It will pass large bits of
debris and can pump 200 gpm (775
liters per minute).

DAMAGE-CONTROL PUMPS

Some provision must be made for a serious
leak, perhapsfrom acollision or grounding— or
maybethe starboard strake has started to open up.
Even a 1-inch (25mm) diameter hole will leak
much more than the capacity of the largest nor-
mal electric pump.

Thesolutionisasubstantial pump belted tothe
main engineor generator set. If you haveachoice
in mounting, choose the engine that will be
flooded | astinan emergency, typically thegenset.

Rubber Impeller Pumps

There are two types of damage-control pumps.
The easiest to install are the large impeller
pumps, like the ones made by Jabsco. A 2-inch
(50mm) impeller pump running at 3,600 rpm will
pull 80 gpm (310 litersyminute) — that’s almost
two barrels full of water every minute. These
pumps arerelatively compact and easy to mount.
However, the mounting must be beefy asthey can
pull upwards of 4 horsepower.

The only negative here is the rubber impeller.
Runit dry for morethan aminute, andit’sruined.
This means a close watch must be maintained on
the pump, or it should have an electric clutch that
isfloat switch activated with amanual override.

Centrifugal Designs

Even more powerful arethe commercial-grade
self-priming centrifugal pumps such as those
made by MP Pumps in Tecumseh, Michigan. A
modest-sized MP will pull 200 gpm (775 liters/
minute) at 3,600 pump rpm! Obvioudly thisis a
better bet in a dangerous situation. These pumps
have the further advantage of being able to run
dry. They can also eat all sorts of garbage, up to
about 1 inch in diameter. The negatives come at
the cash register and at installation time. They’re
about a third more money, and four or five times
as bulky. But where do you draw the line, when
floating or sinking may beinvolved?

With either style pump, one must decide on an
electric or hand-operated clutching mechanism. |
prefer electric becauseit’s so much easier to con-
trol, although it can be somewhat less reliable
than a hand-operated clutch mechanism.

Plumbing Issues

Plumbing in a damage-control pump must be
donecarefully, with heavy-wall tubing or pipe (to
withstand the suction), and with care at jointsto
ensure there are no suction-side leaks. Even a
tiny leak will make it almost impossible for the
centrifugal pump to self-prime — although the
impeller design is not quite as critical in this
regard.
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A third approach that makes sense isto purchase a gaso-
line engine—driven centrifugal pump used for irrigation and
for removing water at construction sites. Thiseliminatesthe
hassleof bracketsand plumbing and leavesyou with apump
that can help someone else aswell. The only problemsare .~
availability of gas, and convenience of useinroughweather. =
If you do go this route, be sure the pump will handle salt-
water corrosion. Some are made of non-marine aluminum
and won't stand the gaff. However, several plastic encased
pumps, ideal in asalty environment, are available.

Pump prices, reliability, and suitability vary greatly. |
awaysliketotry tolimit brands, sizes, and typesin order to
reduce sparesinventory. This also makesit easier to cobble
up ajury rig when spares are at apremium. Certain types of
pumps are much better at some jobsthan others. Try to pick
your pumps so they have an easy job.

Using the Engine

Aswe've aready briefly mentioned, the engine-cooling
pump can be used to pump the bilges. All it takesisaT in
thefeed lineand an extravalve. If you close the seacock and
openthevalvein the hoseto the bilge, the enginewill begin
to draw from wherever the end of the hoseis placed.

If you are contempl ating thisroute, there are several cave-
ats. First, the suction lineto the bilge should come up above
thewater lineand include a siphon break. Otherwise, if you

forget to close the bil ge-pumping val ve, and then reopen the o If )éOU Qavedvgatertight bU”_<|-|
seacock, seawater will backflood! bﬁﬁg Sélltofygur gilgaéi)a’%‘; N

If your engine salt-water supply is shared with other sys- tion lines to a central area, and
tems, youwill need avalveto shut off that side of the plumb- then tie them to a single pump.

ing circuit. Otherwise, the engine will try to pump from
those areas, reducing its effectivenessin your bilge.

On Beowulf,with three watertight compartments, we have taken a somewhat different approach. In
the engine room we use the engine-cooling pump as the damage-control pump (there are three dia-
phragm pumps — centerline, port, and starboard) for small leaks.

The forepeak is such a small area that when flooded it has little impact on stability. In that area we
have a single diaphragm pump.This is not enough to keep up with a breach in the hull, but since that
would have little noticeable affect we feel this is fine,and makes for much simpler plumbing.

The central portion (living area) of the hull has a double bottom in all areas except for the keel sump,
so the risk of flooding is quite limited. In this area we have two bilge pumps. A small diaphragm pump
(the same as in the engine room and forepeak) and a 3/4-horsepower Scott electric pump that pumps
60 gpm (232 liters/minute).

This electric pump has its own float switch (which also functions as the high-water alarm), or it can
be manually operated. It empties on deck, where you can’t miss the flow from the helm or pilothouse.
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MINIMIZING THE RISK OF SINKING

Aswe've mentioned briefly so far, every fitting installed near or below the waterline has the
potential to sink the boat. It therefore stands to reason that aworthwhile goal isto minimize the
number of fittings that could flood the boat. You must have at least one through-hull fitting for
incoming seawater. Beyond that, it is possibleto do all exhaustsfar enough above the waterline
toavoidrisk. Thisis, however, sometimesimpractical.

Standpipes

One answer to this exhaust problem isto use a standpipe. Basically, a standpipe isametal or
fiberglass pipe that has been welded (on a metal hull) or glassed to the hull skin. The standpipe
then becomes the vehicle through which all dischargesfind their way overboard.

Thefirst discharge is connected well above the heeled waterline. In theory, you could remove
the various hoses connected to the standpipe, and no water will comeinto the boat. There are no
valvesto worry about. We've used this solution on all our yachtsfor years.

Three different standpipe details. Left: A welded assembly on Sundeer.The 2-inch (50mm) pipe at the
top receives all bilge, sump, and galley sink pump discharges.The smaller welded pipe at the bottom is
the toilet discharge. There was some question if this would prove a problem, mixing the two types of
effluent. However, it never became an issue.The center and right photos show Sundeer 56 and 64 stand-
pipes.These are fiberglass pipes,laminated to the hull skin, with PVC manifolds hose-clamped to the top.

Exhausts mounted on the forward areas of modern, flat hulls sometimes have a problem with water
being driven against pump check valves when slamming to windward.\Whenever this has happened to
us, we've put a cover over the standpipe opening. The cover is larger aft than forward.This creates aVen-
turi effect, sucking the standpipe dry while at the same time protecting it from slamming pressure. Short
pieces of hose are often used to connect sections of hard plumbing.Each side should be double-clamped.
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FITTINGS

One of the keys to a good-looking and functional
plumbing system is the use of the proper fittingsto tie
things together. When you first walk into the plumbing
supply store, you'll be amazed at the variety and com-
plexity of what's available. There are pipe threads, gas
threads, plastic and bronze, brassand gal vanized steel —
all sorts of connectors, reducers, angles, elbows, and
nipples. It'shard to choose!

Hereare acouple of rules|’velearned the hard way to
help you along. First, try outlining your needs on paper.
Developaplanthatisassimpleaspossible, withthefew-
est feet of hose and the least number of fittings.

Next, avoid those complex assemblies of fittings that
developwhentheright partisn’t at hand. Order what you
need to do thejob right thefirst time, rather than Mickey
M ouse something up from what's on hand.

Finally, minimize the amount of hose-clamped con-
nections in the system. Each clamp is a maintenance
point, and itsfailure may cause additional problems.

Where possible | prefer to use plastic fittings rather
than bronze, which is subject to corrosion and electroly-
sis. Inapinch, galvanized steel can beused. Brassshould
never be used in the
presence of seawater.
Plastic comesin a vari-
ety of qualities. Use
only the best.

Check the inside
diameter of fittings for
restrictions. Theinterior
design will vary, and
every time the internal
Cross-
sectional area is
reduced, the water flow
of the entire system in
constrained.

Pump Discharge
Pump discharges can
usually be tied into a
common exhaust line,
saving spaceand plumb-
ing. Whenthisisdone, if
an angled T s
employed, it will keep
the exhaust flow head-
ingintheright direction.
(When a straight T is
used, the exhaust can
back into the check

A number of snap-together sys-
tems that use O-rings for sealing are
neat-looking and quick to install. This
is a New Zealand—made system.

Rubber hose
will not make a
tight bend.
Where that is
e necessary, use
stainless, alu-
minum, or
fiberglass
elbows.

Use double
hose clamps
when plumb-
ing diesel fuel
or salt water.

PVC pipe and fittings work very well for both fresh- and salt water and for
toilet plumbing. The variety of fittings available allows all sorts of creativity.
White plastic typically denotes schedule 40 pipe, while gray fittings are usu-
ally schedule 80 (which is much heavier).
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valves upstream.) Damage-control pumps should always have their own exhaust because of the
very high back pressure created. Also, you may want to have separate fridge or air-conditioning
cooling water outlets so you can keep an eye on their water flow.

PVC

We'vealready briefly discussed PV Cfittings. We' vefound them quitereliable and usethem for
our salt-water manifolds, pump exhausts, toilet systems, and just about anywhere el se they will
fit. A largeirrigation fitting supplier will have the best prices and the best selection. When using
PV C, be sure to use the correct type of assembly cement, and take care to clean fittings before
coating.

Try to stay with one manufacturer, asfitting design and appearance varies. A system made up
thisway will be much nicer-looking.

Youwill find two weights of materials: schedule40istypically whitein color and for low-pres-
sure work, and schedule 80 is usually gray and for higher pressures. In most yacht applications
schedule 40 will work fine. Wetypically specify schedule 80if fittingsin question are subject to
breakage from an crewmember falling or stepping on theitemsin question.

If you are watching your weight, keep aclose eye on PV C fittings and pipe. They tend to come
in at about twicetheweight of other materials.

SCHEDULE 40 PVC PIPE

Nominal Nominal Nominal Nominal Maximum Approx.
Pipe Outside Inside wall Working Pressure Weight
Size Diameter Diameter Thickness at 73.4°F Per 100’
12 0.840 0.622 0.109 600 PSI 16.5
3/4 1.050 0.824 0.113 480 PSI 219

1 1.315 1.049 0.133 450 PSI 325
114 1.660 1.380 0.140 370 PSI 434
1/12 1.900 1.610 0.145 330 PSI 51.8

2 2.375 2.067 0.154 280 PSI 69.6
212 2.875 2.469 0.203 300 PSI 110.0

3 3.500 3.068 0.216 260 PSI 144.0

SCHEDULE 80 PVC PIPE

Nominal Nominal Nominal Nominal Maximum Approx.
Pipe Outside Inside Wall Working Pressure Weight
Size Diameter Diameter Thickness at 73.4°F Per 100’
12 0.840 0.546 0.147 850 PSI 20.7
3/4 1.050 0.742 0.154 690 PSI 28.1

1 1.315 .957 0.175 630 PSI 415
114 1.660 1.278 0.191 520 PSI 57.0
1/12 1.900 1.500 0.200 470 PSI 69.2

2 2.375 1.939 0.218 400 PSI 98.0
212 2.875 2.323 0.276 420 PSI 146.2

3 3.500 2.900 0.300 370 PSI 195.0
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FRESHWATER SYSTEM

Of al the systems aboard, none is more important to your physical well-being than the fresh-
water system. Even beyond thelife-giving qualities of the water system, nothing makes you feel
good at sealikeaquick hot shower, or just washing your facein fresh water.

Here are two
approaches to
showering. One
way is to use a quick
disconnect fitting
on the sink faucet
(top two photos).
An alternative is to
mount a hand-held
wand with its own
mixer valve (right).
The wand can be
adjusted in height
or used by hand,
which is more effi-
cient with water
consumption.

Pressure Water Pumps

This pump will probably cause more head-
aches and frustration than any other problem
aboard the boat. However, pumps have
improved with the growth in the marine indus-
try.

We've found Shurflo pumps to be quite reli-
able. We use one of their units on Beowulf —
which most folks would say required a much
larger pump — and it doesfine.

Accumulator Tanks

There are a couple of things you can do to
help the pump out. First, use an accumulator
tank. This tank absorbs and builds up water
pressure, and dispenses that pressure when you
open the tap, reducing the pump cycles. The
bigger thetank, the better.

Pressure Switches

Next, replace the marine-style pressure
switch with a good old-fashioned industrial
pressure contactor. It will last many times as
long. Just be careful it’s not used anywhere that
needsto be explosion-proof, asthese can gener-
ate aspark when cycling.

| like to have the pump mounted so you can't

missthe noisewhen it’srunning. That servesas
a deterrent to water usage, and if a line ever
breaks, you’'ll know right away. Also, you cantell if you run out of water and the pump continues
to cycle (although most pumps are much quieter when running dry).

Electric Timer Switch

It makes senseto put atimer switch, similar to what isused with ajacuzzi, in the pump circuit.
We did this after abroken pipe drained atank one day. Set it for 15 or 20 minutes, and you won’t
have to worry about forgetting to turn off the pump switch when you leave the boat.

Sincewater pumps seem to require so much maintenance, | liketo carry one complete pump as
aspare, aswell asan overhaul kit and at |east one pressure switch.

Suction Side Leaks

Be certain that there are no leaks in the suction side of the plumbing,
between the pump and the tank. Even atiny leak, which doesn’t drip but
doesallow air into theline, can causeall sortsof problemswith the pump.
Thisproblem will bemore noticeablewhen thetanksarelow. Theair-vent
hosesinto thetanks should be on afair, upward run to the vent. Any bends
trap water, which in turn blocks air trying to get into the tank to replace
water being drawn out. This causes suction problems at the pump.

Manual Backup
After all issaid and done, the day will comewhen your pressure system
fails. Perhaps the pumps will go bad, or you'll spring a leak which only

manifestsitself under pressure. When thisoccurs, youwill want amanual . L
We typically fit a

backup pump installed at the galley sink.

This pump should have its own direct tap onto the tank (or tank mani-
fold). Thus, if there'saproblem on the suction side of the electric pump,
the manual unit still works.

1- or 2-gallon (4-
or 8-liter) accumu-
lator tank in our
water systems.

t Chapter
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Freshwater Filters

There are three basic ways to
filter your freshwater supply. The
first is a simple activated char-
coal filter. This unit is usually
installed at the galley sink in an
easy-to-reach spot, so the filters
can be conveniently changed. It
does a reasonabl e job with most
odor and taste. (Note that some
formsof rubber hose leave a def-
initetastein water.)

The next step up is afilter that
uses a combination of materials
to strain out taste, certain chemicals, and even bacteria. Capacity varies, but generally, the better
thefiltering job, the sooner the filter will have to be changed. With extra-fine filters, it's a good
ideato usethefilter at aspecial spigot especially for drinking water.

Thelast approach is alow-pressure reverse-osmosis membrane. The home-style units that fit
under the kitchen sink can be used on board, perhaps with a smaller accumulator tank. The only
problem is the operating pressure. RO units like to see 45 to 60 psi of pressure, and most boats
operatein the 20-pound range, so asmall booster pump isusually installed right before the mem-
brane.

One problem to watch for ismineral intake, or lack thereof. Extremely effectivefiltersand RO
membranesfilter out mineral sthat the body needsto stay healthy. If you drink thiswater, increase
intake of fresh fruit and vegetables. If that’sdifficult to do, asit often iswhen cruising, use vita-
min supplements.

FRESHWATER TANKS

A variety of tank materials are available. Just about any modern
material, well-executed, does an effective job with fresh water —
although all have trade-offs.

Aswith all tanks, baffle design is something to consider. We like
to see baffles at a maximum of 24-inches (610mm) on center. This
limits sloshing, which can be quite noisy at sea, especialy if you are

A swim-step shower is a great way
to get your feet clean and the salt off
your body before it has a chance to
dry after you've taken a dip.

rolling inthetrades. Each tank should tie

. into a single manifold

Tank Plumbing ) with valves on leg.

Tank vents must be mounted where they cannot be flooded with This way you can eas-

saltwater. We usually bring our breathers to the centerline of the ily select which tank to
boat, up to the deck head, and then down to thebilge. If thetop of the drawon.

- . : . A lot of builders
breather is above thefill, you will never have an overflow into the vent freshwater tanks
interior. Oncethetank isfilled, it will overflow viathefill on deck. into the galley sink.

Deck fills should seal with an O-ring, and you will want to make This is okay as long as

the sink has a direct
overboard discharge.

checking them apart of the pre-departurelist.

One caution when filling from a pressurized shore hose: Shore
water typically runsat about 50 psi. Most tanksareonly designed for
5psi. If theshorehoseisstuffed downfar into your fill, andif air can-
not escape fast enough, thetank will eventually become pressurized
beyond its capacity. The results can be disastrous!

For efficient rain catchment, the deck fill should beat least aninch
and ahalf (37 mm). Twoinches (50 mm) isbetter. Ventsaretypically
half the diameter of fills.

Someform of acrossover betweentanksishelpful. Thisway you can run onetank until itisdry,
then split what isleft of your water. Then you know that you have half atank on each side. When
you use up that half, re-split the water, and you know you have aquarter tank on each side. Thisis
an effective way of managing water consumption.
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Stainless Steel
Thepreferred material for water tanksis 316 stainless. Itisessentialy inert asfar asfresh water

isconcerned and does not react badly when you introduce abit of chlorine for water purification.

Aluminum

With an aluminum hull, aluminum tanks will be built into the boat. Aluminum is okay except
for twoissues. One, it doesnot dowell with chlorine. Clean tankswith chlorineonly occasionally,
rather than routinely.

Second, theremay bealink between aluminum and Alzheimer’sDisease. However, everything
we've been ableto find on this subject indicates that aluminum aswe useit in tank construction
isanon-issue with health problems.

Still, being more concerned with our health and/or mortality in middle age, we now fit asmall
stainless tank for drinking water on our aluminum boats. The watermaker feeds the drinking
water tank first, and then it overflowsto the main tanks after the drinking tank isfilled.

Fiberglass

Aslong asfiberglasstanksare correctly done, they work fine. They should, however, be coated
with apotable water—approved coating. Even with thiscoating, therewill still bea taste and odor
problem for sometime after the tanksare built. The only way around thisisto fit charcoal water
filtersto remove contaminants.

Polyethylene

High-density cross-linked polyethylene tanks are excellent for water, as long as they are
heavily made, securely supported, and without hard spotsto create cracksin later life. Thetank
material isinert and will last indefinitely if of good quality.

Bladders

Bladder tanks can be just the ticket for backup water supplies, and
for installation in areas where a solid tank would prove troublesome.
However, they should be carefully secured, and any sharp edges
should be smoothed off inthetank vicinity.

Deck Catchment

In most cruising areas, an efficient water-catchment system can
keep tanks filled most of the time. There are many ways to catch
water, some of which are dealt with in the awning chapter.

If you have atrunk cabin, the cabin top can be surrounded with a
solid hand rail, with pipes or spigots|et into each side. A hoseisthen
led from there to the deck fills.

An even better approach is to use the entire deck as a catchment.

Any chocks through the toe rail will have to be plugged. A rag will Bladder tanks need a
usually do thejob. smooth, constrained
A small damin front of thefill will trap silt which may haveaccu-  Space. Although high,
lated on deck the cockpit well makes
mu ' an excellent tempo-

Water Capacity rary location.

Water capacity is very much a question of trade-offs, vessel size,
and theareain which you cruise, aswell asby your approach to watermakers. (For apreliminary
discussion of thisissue see “Fresh Water” inthe“Cruising Life” section.)

Ataminimum you will need 1 quart (1 liter) of fresh water per person per day.

On Intermezzo we averaged right around 4 gallons (15 liters) per day for the four of us. This
included a quick shower each day for Linda and me, and every second day or so for the kids.
Showers, dish washing, and clothes were done in a combination of salt for primary wash, and
freshfor rinsing.

We rarely used morethan half of our 210 gallons (813 liters) beforewe were ableto catch rain
water or fill up on shore.
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HOT WATER

Of al the systemsto consider aboard the cruising sailboat, noneis moreimportant to civilized
life afl oat than hot water! When properly integrated into therest of your ship’ssystems, plentiful
suppliesof hot water can betaken for granted. With theright approach to plumbing, thedomestic
hot-water supply can also keep your lockerswarm and act asan emergency cooling systemfor the
engine. We'll even show you how to take along hot shower with limited tankage.

Therearethreemajor areasto | ook into when thinking about anew hot-water system or upgrad-
ing your present approach. The heat sourceisfirst, next is the storage system, and finally, the
approach to plumbing.

Defining Requirements

Before you can evaluate different approaches to making hot water, you need to eval uate your
requirements. If you are keeping things relatively simple, showerswill be short, and a hot-water
cylinder that runs off of waste engine heat will befine.

But if you want lots of hot water, for the dishes, multiple showers, and perhaps a washing
machine, then things get more complicated.

Sun-Based Systems

Al and Beth Liggett cruised and lived aboard for years with just a simple sun shower hung in
the cockpit. In the tropics, at least, this sort of system generates hot water for a couple of quick
showerswith surprisingly rapid recovery time on thetank.

Another approach to this concept is to take alarge black bladder tank, tie it to the top of the
cabin when anchored, and create plenty of hot water at once! The tank could then be gravity-fed
to the shower. You wouldn’t want thisweight on the cabin top at sea, however.

Engine-Based Hot Water

Whenever theauxiliary or genset is running, ahuge amount of waste heat is available from the
diesel’s cooling system. Tapping into this source, just as you would for a car heater, provides a
virtually unlimited source of hot water.

Itisnot recommended to run the engine only to makehot water. Theshort running timeand lack
of load would shorten the life of the engine. However, if you use adiesel for daily charging, this
approach makes|ots of sense.

Diesel Heaters

Theminuteyou start to think about heating the boat, youintroduce adiesel heater into the equa-
tion. (More about thisin the chapter on heating and air conditioning.) Even the smallest water-
based system will have the ability to heat alarge hot water tank in amatter of minutes.

Now you are no longer dependent on the engine for your hot water. If using solar or wind
energy for therest of your needs (including refrigeration), then adiesel heater or asun shower are
theonly aternativesfor hot water.

Propane Water Heaters

Propane water heaters make alot of theoretical sense. However, the concept of an unattended
propanesource, runmoreor lessautomatically, scaresthe hell out of me. Ontheother hand, if the
heater wereisolated in its own vapor-proof locker, and used like a stove with a solenoid in the
gasline, it might make sense. These heatersarelight in weight, and provide 1 gallon (4 liters) or
more of hot water per minute, on demand.

Hot-Water Tanks

With engine waste heat, adiesel boiler, or shore power, you will have some form of hot water
tank. How thisis made, the type of heat exchangers, and the insulation involved will have abig
impact on how good ajob it doesfor you.

Insulation

Let’s talk about insulation first. Most heaters have 1 inch (25mm) or so of fiberglass batting
around the basic tank. Thisis next to worthless as an insulator. Much better isatank with poly-
eurethanefoam. Welook for tankswith aheat | ossrating of |essthan 1 degree Fahrenheit per hour.
Size

Assuming you have good insulation and efficient heat exchangers, then bigger is better —
within the context of what you can fit into the boat. If you run the engine or genset for an hour for
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daily electrical/fridge needs, you have the capacity to make huge amounts of hot water. Why not
store asmuch as possible?

Oncethe hot water in the tank is up to engine temperature (typically 180 degrees Fahrenheit),
itwill benecessary to mix it with coldto bringit down 60 or more degreesto ausabl etemperature.
This means that whatever you've got in the tank can be multiplied by at least 1.5 for usable hot
water.

Wetypicaly try tofit at least 12-gallon (46 liter) tanks. Thisisenough hot water, if you've got
good insulation, to last several daysfor two people— or one day for four people consuming lots
of water.

Assuming thereis plenty of spacefor the heater, isthere such athing astoo big aunit? Heaters
do take up space, and whilethetanksthemselvesarelight, thewater isheavy. Itisbest to balance
the heater sizeagainst your daily charging cycle, if thereisone. If theengineisrun every day, the
tank only needsto be big enough for asingle day’s needs. If you rarely use the engine for charg-
ing, thetank should span several days, so that each timethe boat is moved, enough water is made
tolast until the next move.

With adiesel-fired boiler tank, size can be minimal sinceyou can heat water on demand. How-
ever, thetank should belargeenough to avoid short-cycling theboiler. In thiscase, about 6 gallons
(23 liters) isabout right.

Tank Construction

Stainlessor ceramic/glass-lined steel arethematerial sof choicefor tank construction, although
there can be corrosion problemsover time. Of thetwo, | prefer lined steel, which doesn’t havethe
corrosion problems sometimesinherent with stainless. If you do usestainless, it should be at | east
1/10-inch thick (2.5mm).

With thetank subject to system pressure, it hasto beround in shapeto taketheloads. Flat tanks
rarely hold their shape and tend to buckle with time, eventually leaking.

The cover should be plastic or stainless steel.

Heat Exchangers

Now we get into the critical part of the equation. How long the heater takes to make a tank of
hot water, and how quickly it recovers, isafunction of heat exchanger size and capacity.

Most unitsbarely handle 4,000 Btu per hour. Good units, on the other hand, have heat exchang-
ersrated at 20,000 to 30,000 Btu. A heat exchanger like thiswill give as much as a 100-degree
Fahrenheit rise in water temperature at the rate of 3 gallons (11 liters) per minute! Now, that’s
some seriouswater heating.

The most efficient heat exchangers consist of large coils of finned cupra nickel tubing. The
combination of finsand length provide surface area, and surface areaiswhat transfersthe heat.

Wetypically fit several heat exchangersto atank, onefor each source. If there’'samain engine,
genset, and boiler, therewill bethree heat exchangersin thetank. You may a so want oneor more
electric elements. The norm isa single unit of about 1,200 watts. With an electric genset, it'sa
good ideato fit several large electric elements, providing a load for the genset to work against
when not many other accessoriesare being run.

Safet

All t)r/1e diesel sources mentioned produce extremely hot water. Contact with water of 180
degreesFahrenheit (or hotter) resultsin asevere scalding. For thisreason, take care working with
and around thisgear. A blown hose on a hot heater could |ead to a serious medical problem.

At the sametime, be careful in the shower. Warn crewmembers not familiar with the system to
start with the water tap in the cool range, and work it up to the required heat. Remember that
household hot water israrely above 120 degrees Fahrenheit, and even that can scald you.

Hot-Water Plumbing Layout

Most boats are plumbed with hot-water service running in astraight line, from the closest fau-
cet to the hot-water tank, to theonethat isfarthest away. You couldn’t pick amoreinefficient way
todothings.

First of all, you need to wait for the hot water to arrive. If water consumption isan issue (and
whenisn’tit?) you end up with bucketsfilled with cool shower or galley water to be dumped back
into thetank later. Also, asyou are washing, turning the water off and on as needed, temperature
varies each time you turn the faucet back on!
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If this sounds familiar, there’ san easy fix. Find the end of your hot-water run — the last point
on the hose, farthest from the heater, usually in the forward head — and install a valve. The
exhaust from the valve goes back to the freshwater tank.

When you need hot water, open the valve and allow the cool water in thelinesto pass directly
back to thetank. You'll feel the water temperature rise right through the val ve handle (use metal
rather than plastic). When things have warmed up proceed to use water in the galley or shower
without carrying buckets of slopping water through theinterior.

There is a second significant advantage to this approach if the heat source is your engine. In
case you lose saltwater cooling due to a bad impeller or blocked water sea strainer, the heat
exchanger in the hot water tank will help cool the engine by opening the fresh water valve and
dumping water back into the tank. The smaller the engine, and/or the larger the heat exchanger
capacity inthetank, thebetter jobit will do. We once ran the 50-horsepower engine on I ntermezzo
for several hoursthisway!

Hot Water Circulation

The next step isto use acirculating pump to move the hot water in acircle from the heater and
back. We used thismethod on Sundeer, and it workswell. Thisworksasfollows: Cold water from
the pressure pump enters the water heater through a one-way flow or check valve. It exits at the
top, as usual. The water flows in a circle around the boat, ending at the cold-water inlet, with
another check valve. (Both the cold water from the pressure pump and the end of the circuit come
togetherinaT.) A pump, usually acentrifugal model mounted near the heater, pushes the water
aroundinacircle.

If you're moving the hot water far, keep the pi pesinsul ated with 1/2-inch neoprene. Otherwise,
heat losswill be substantial.

Insulation

For themost efficient use of hot water, especially with arecirculating system, be suretoinsul ate
all hose. A stop at thelocal builder’s supply will yield inexpensive closed-cell foam piping, with
just theinterior diameter you need. Try to cover asmuch of the system as possible, bringing insu-
lation right to the mixer valves or faucetsin your system.

Locker Drying

On the other hand, you might want to use your hot-water circuit for drying lockers. This may
be for aspecific area, perhapsto keep crackers and cereals crisp, or the foul-weather gear locker
lessdamp. With the circulation pump turned on and the heat source (shore power, engine, or die-
sel heater) engaged, you can radiate heat wherever those hot pipestravel.

To increase heat radiation, insert a section of copper tubing into the circuit. Thisis good for
about 75 to 100 Btu per foot (300mm) of copper pipe. Most plasticsradiate at |essthan half this
rate. Inany case, insulation should beleft off in these areas.

Long Showers

Twenty years ago, when wefirst started cruising, the one thing | really missed from shoreside
living was along shower. Thisiswherel had always done my best thinking. But with alimited
supply of water tolast for four people on long ocean passages, the quick on/off treatment became
anecessity —that is, until the day our salt-water pressure pump (used to supply deck wash, galley
and shower water) gave out. When the time came to replace it, | decided to plumb the pump
pickup hoseinto the water injection elbow of theengine. Thisisthe point at which the salt water
that has been used to cool the engineisinjected into the wet exhaust system.

And guesswhat? That water iswarm! From that point on we had warm to hot salt water for use
inthe galley and shower. Itisamazing what adifference this makeswhen washing greasy dishes
or rinsing soap off your body.

There'sanother way to get long freshwater showerswith minimal consumption. Thisinvolves
reusing the shower water. With a second shower drain or aT into the existing drain line, a new
pressurepumpis installed (usually your spare pump). Theoutput of thispumpisdividedinto two
linesjust aswith the basic freshwater system. Onesideisambient-temperaturewater (that which
ispicked up from the shower sump) whilethe other goesthrough anin-line heat exchanger. If the
engineor adiesel furnaceisbeing used to provide heat, and acirculating pumpisusedinthemain
hot-water circuit, the heat exchanger can go right into the primary line. If a propane heater is
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being used, use aY-valve to switch
the heater’s water supply from pri-
mary to the shower system.

Basically, you take a quick
shower inthe normal manner. After
rinsing and draining the sump, allow
1 gallon (4 liters) or so of clean
water into the sump, switch valves,
and you can shower all day in hot
water.

WATERMAKERS

| confessto some ambivalence on

the subject of watermakers. While
we've always fitted them to the
yachts we've built for others, I've
felt uncomfortable with their level
of complexity and so have shied
away.
In the early days of the water-
maker industry, themachineswerea
headache to maintain. But they’ve
improved. Now, the major consider-
ation in keeping them operating isusage. Used on aregular basis, good-quality units seemto go
onfor years, albeit with ahigh degree of maintenanceinthe process. Regular usageisat least once
aweek. If the watermaker islaid up for awhile, special chemicals clean and protect the mem-
branes. Better yet isto flush fresh water through the system on amonthly basis.

Full-time cruiserswith space and budget to devoteto aunit will certainly find the abundant sup-
ply of fresh water a benefit to life on board. But if you only cruise in the summers, the mainte-
nance, cost, and space hassles of a watermaker probably outweigh the time needed for an
occasional extratrip to the dock for atank fill-up.

Drive Type

If you fedl that awatermaker isin your future, the first decision is drive type. There are three
choices. Engine drives make sense where electrical power is aready in short supply. The only
drawback is the allowable rpm range. Above this range, the overpressure switch will kick out.
Going below this range causes problems with the membranes. You have to pick an engine rpm
rangethat allowsyou to power and to charge batterieswith the watermaker’ shigh-pressure pump
engaged. Thisispossiblewith slow-speed engines. But with higher speed enginesit’simpossible,
forcing you to pick an unhappy compromise.

The advantage of engine-drive unitsisthat they produce huge quantities of water very quickly
—typically 25 gallons (97 liters) or more per hour. So, running onehour every third day or sowill
do thetrick for most cruisers.

AC motor-driven systems used to be the most common. These generally take about 1.5kW to
run, and about twicethat to start. Thiscallsfor agenset and alarge inverter (with abig alternator
ontheengine) or acruise generator on the main engineto run the watermaker.

Theadvantage of an AC unit (compared to DC) isalightwei ght motor, aswell asasysteminde-
pendent of your engine rpm. With an AC genset, thisis obviously theway to go.

A couple of small DC units are now on the market. These take 4 to 12 amps (12-volt systems)
and produce anywherefrom 1 1/2 gallonto 5 gallons (6 to 19 liters) per hour.

Recovery Engineering and Village Marine Tech have been battling over this market for several
years. We prefer the Village Marine unit.

Thereislittledifferencein cost between these smaller unitsand asimpleengine-driven system.
Thesmall DC systemsareeasier toinstall, but it’'sannoying to listen to them pumping away for a
long period of time every day.

Two small units from
PUR.The electric models
(above and left) are very
efficient in terms of power
consumption. However,
maintenance reviews have
been mixed. Left:An alter-
native, for those who don't
mind working for their
water,is a small hand oper-
ated unit (which also
works in the life raft).

A panel-mounted Sea
Recovery unit.This has all
the bits out where you
can see what is going on.

vi-r
=

7
L

I.:-
‘Last Chapter

AT AL

.\_.i.__ —
Tt |

.
r"'-\. =

'Next Chapter

WA AL A

-\.-i-_—
ey

"
B

<

~ Help!

AT L i




810 WATERMAKERS

Filters

Having decided on the drive system, you then need to look at the filters. The better the filter
system, the longer the membrane and pump will last. It's usually best to start with a400-micron
(60 mesh) cleanable screen. If you cruisein areasrich in plankton — Alaska, the Baltic, or any-
wherewhal esfeed — acleanabl e plankton screen of about 1200 micronsmakes sense. Then comes
a 25-micron disposable paper cartridge, and then usually a 5-micron cartridge. Finaly, if you
expect to useyour unitin oily harbors, an oil/water separator with a5-micronfilter isanecessity.
Oil will ruin the RO membrane.

Pressure gauges at each filter to tell can indicate when it needsto be changed. Also, consider a
charcoal filter for use on the product-water side.

Booster Pumps
Most RO systems offer abooster pump to help push water through filters and to the high-pres-

surepump. Thebooster pump, typically acentrifugal-styleunit, will lengthen thelivesof thefilter
elements. A self-priming booster pump can also help to keep a prime in the system when under-
way (which is sometimes aproblem on modern, shallow-bilged designs).

We've had success using normal salt-water deck-wash pumps for this purpose. Be sure they
have a capacity equal to the needs of your high-pressure pump.

Ultraviolet Sterilization

Then there’ sthe question of ultraviolet sterilization. Thiskills salt-water bacteriathat squeeze
through the RO membranes. If you plan to be use your system in harbors or anywhere near sewer
outfalls, UV sterilizersmake sense. On the other hand, chlorinating the tanks periodically will do
thejob, too.

Mounting Issues
Thelast consideration isthe style of mounting. There are compact boxes with everything con-

tained inside, kitswhich you assemble yourself, and panel-mounted systems— or combinations
of al of the above. The most important consideration is space. You must be able to change the
filterseasily, adjust belt tension, check oil level in the high-pressure pump, and keep an eyeonthe
high-pressure hose fittings. Don’'t be afraid of kit-style systems. The plumbing is usually quite
easy.

We started off by saying we hadn’t used a watermaker before. Well, when we were putting
together Sundeer, Steve Rollins at Sea Recovery sold me on giving the concept a try. He even
offeredtotakeour unit back if | didn’tlikethecorruption of my simplelifestyle. By thetimewe'd
finished installing the unit in the engine room | had decided that as soon as we got back to Los
Angeleshewould bethefirst person I'd call. Who needed this ugly monster, anyway? But then |
started to wipe down the hatches with fresh water at sea, and take long hot showers, sometimes
actually letting thewater run over my body after | had finished rinsing! When we did Beowulf we
decidedtotry oneof thesmall DC-based units. A LittleWonder from Village Marinedid an excel-
lent job. However, it seemed to be running three or four hours per day, and the noise, whileslight,
was annoying.

When wefinished the engineroomin New Zealand, we added a DC genset of our own design.
To thiswe mounted a50-gallon-per-day (193 liter) Village Marine enginedrive system. Thisunit
makesall thewater required with the genset running for an hour every third day. Thesmall DC set
isleft asabackup.

Frills
Watermakers come with all sorts of frills, anumber of which we've discussed. There are also

very simple model son the market without automated controls. Our own feeling isthesimpler the
better. Fewer automated gears meansthereislessto go wrong.

We prefer a high-quality high-pressure pump, good membranes, a product flow meter, and
that’sit. All manual. Assimple asyou can get. Thisisless costly, and far morereliable.
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PROPANE SYSTEM

Before weleave the topic of plumbing, we need to discuss the propane system.

While propane introduces risk of explosion, it is by far the most efficient cooking fuel. Asa
result, thisiswhat the vast mgjority of cruisersuseinthe galley. However, it is extremely impor-
tant to carefully plumb, maintain, and use the propane (or butane) system.

Flammable Stores Storage

Store propanetankseither on deck, wherealeak will not infiltratetheinterior, orinaself-drain-
ing gas-tight locker. On most modern yachts a gas-tight locker is built-in. Hopefully it will be a
single-part molding, allowing no possibility of aleak. Therewill need to bedrain holesat the bot-
tom, through which water or gas can exit. Make sure that this drain hole, which goes through the
locker liner and then through the hull, is a gas-tight connection. Access to the gas locker should
bethrough the top.

Alternately, your propane tanks may be mounted on the stern deck, stern pulpit, swimstep, or
perhaps at the aft end of the cockpit.

Propane tanks should be well secured. Ideally, they will not share storage area with anything
else— and especially not with anything that could cause chafe or wear.

Note — these same issues apply to al flammable stores, including outboard fuel, paints, and
thinners, aswell as portabl e propane cylinders used with torches.

Tank Types

Propanetanksareavailablein both horizontal and vertical configurations. The main difference
ishow the gasis picked up. What you want isasituation where you get gasand not liquid coming
through the valve. Using a vertical tank in a horizontal mode (and visa versa) means you'll be
getting liquid into the system any time the tank is more than halfway filled.

Old tanks were usually steel. These are still available, but aluminum tanks (most of which are
built by Worthington Manufacturing) are afar better choice for cruisers. These last indefinitely,
aremuch lighter to carry, and don’t have aproblem with rust.

Aluminum tanks are typically left bare. Steel tanks must be painted to protect them from rust.
Be surethey are painted white. A dark color left in the sun will raise tank temperature and pres-
sure, to dangerouslevels.

Capacity

Capacity is a question of storage, handling, and how long
you want to go beforerefilling.

Most folkscarry two 20-pound cylinders. Inauminum, this
makesthetank and gaswhenfilled comein at about 30 pounds
— atoo bit muchto carry far, but agood compromise, consid-
ering capacity.

Over theyearswe'vefound that with four of uson the boat,
if we supplement stove use with amicrowave and atoaster, a
singletank lasts 10 to 12 weeks.

Multiple Tanks
There is a temptation with two or more tanks to connect
both tanks to a manifold. Unfortunately, this significantly
increases the complexity of the system and doubles chances
for leaks. Itisusually best to go with asingle plumbing set,
then take a couple of minutesfrom timeto timeto check tank
capacity. Thisway you can change before running out.
Solenoid Valves Two approaches to dual tank
Immediately after the tank, you will want toinstall an elec- f)tr? ?(gcek,l{/ggungg\éeoang/le;:oi/?get
tric solenoid valve. Locate the control in a convenient spot a secure mounting, and eventu-
near the stove. Thisisnot just aconvenience, but asignificant ally a cover.This is the safest sys-
safety feature. Whenever thestoveisnotinusethevalveisleft ~ tem.A built-in gas locker must

- b full led and t
off, reducing any chances of leaks. d?aiﬁagﬁe‘ﬁb{,;ﬁf" ed and mus
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Warning Lights
Install abig, clearly visiblewarning light — wetypically useal/2-inch (12mm) red LED — as
areminder that the propane solenoid ison.

Pressure Gauge

Immediately after the solenoid valve, install a pressure gauge. The chief purpose of thisisto
check for leaks. Withthe stoveturned off, notethe pressure reading. Then turn thetank off onthe
tank leaving the solenoid on. Come back in twenty minutes and recheck the pressure. It should be
the same. If it hasdropped, you have aleak.

Pressure Regulator

The pressure at the tank istoo high to be used in the stove, and dangerousto deal within al of
the plumbing connections downstream of the solenoid valve. So the next piece of equipmentisa
pressure regulator. Thisreduces gas pressure to afraction of the native tank pressure.

Pressure regulators occasionally fail. Without one you cannot use the stove, so you may want
to carry aspare.

The pressure regulator isinstalled with its vent hole facing down, so that water does not accu-
mulateinside.

Hose

From the pressure regulator to the stove, use a Coast Guard—approved section of 3/8-inch
(10mm) propane hose. Thisshould berunin such afashion that it doesnot chafe. Someform of a
grommet should be used to protect the hosewhereit passesthrough bulkheads or furniture. Make
surethat stored goods cannot chafe or cut into the hose.

Wherethe hose passesthrough the gaslocker, you will need someform of agas-tight seal. This
is most easily accomplished with a flange slipped over the hose before the end fittings are
attached. Thisflangeisthenfastened tothewall of the gaslocker, using generous amountsof seal-
ants.

Pay particular attention to chafe around the stove area. With the stove swinging back and forth
asthe boat heels, you have a natural chafe condition. A generous loop of hose, well secured at
each end, needsto bein place. Carefully check how the hose reactsto movement of the stove.

Connections

Connections should be carefully madein good plumbing fashion to be sure they are gastight.
Usewrenches of the correct size, rather than crescent wrenches. Pipe threads are usually tapered
and seat without the use of seal ant or Teflontape. However, if you are using untapered British pipe
threads, someform of thread sealant isrecommended.

Always use soap and water to check connectionsfor gastightness.

Cold-Weather Considerations

As temperatures drop, pressure in the propane tank drops. After awhile this affects gas flow
from tank to stove. The first sign of thiswill be when it becomes difficult to use more than one
burner at atime. With moredrop in temperature, even that single burner getslow.

Asidefrom sailing closer to the equator, isthere anything you can do? Yes— by insulating the
tank you can delay the onset of these problems.

With propane, as long as the tank’s ambient temperature is above -20 degrees Fahrenheit (-29
degrees Celsius) it will work fine. Butane, however, needsthe ambient temperature must be much
higher or it will not flow through the regulator. Below 32 degrees Fahrenheit (0 degrees Celsius),
butane startsto have problems.

Electronic Gas Sniffer

Anexplosivegassniffer inthelowest part of theboat isagood insurancepolicy. Theseare easy
toinstall and take negligible power. Take care with the probe to mount it low but also in a place
where it will stay dry. Since probestypically fail after several dunkings, keep an extra probe or
two in your spareskit.

Biological Sniffers

Propane and butane in their natural state are odorless. In most parts of theworld achemical is
added to give the gas a distinctive odor. Even if you have an el ectronic sniffer, periodically rely
your nose to check any closed spacesthat could accumulate gas.

Although all the gaswe've ever purchased has been odorized, we've heard stories about Third
World countrieswherethisis not done. If you runinto thissituation, avoid using odorlessgas. It
representstoo big arisk.
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