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INTRODUCTION

One of the keys to producing good quality
fish is immediate chilling. Proper cooling
slows bacterial spoilage and enzyme activity,
but in order to be effective, it must be
done quickly. This requires a good on-board
refrigeration system.

Originally, systems such as refrigerated sea
water  RSW! and chilled seawater  CSW! were
designed and built to chill large volumes of
fish, making them ideal for limit seiners
and tenders. They were not cost effective or
efficient on the smaller vessels such as
gillnetters and trollers. With the increased
emphasis on product quality and higher prices
for chilled fish however, small boat
fishermen are finding it necessary to install
some type of chilling system aboard their
vessels.

Several systems are suitable for small boats.
They include: ice, CSW/champagne ice, RSW,
chilling coils and burlap.

This bulletin describes various refriger-
ation/chilling systems, their advantages and
disadvantages, and consideration for use
aboard small vessels.

ICE

The traditional method for chilling fish in
Alaska is with ice. For many small boat
fishermen, it is the ideal way to refrigerate
the catch  Figure l! . Ice has many advan-
tages for small vessels due to its tremendous
chilling capacity. It can be used success-
fully in small holds, plastic totes or bare
hulls. Ice needs no special equipment and is
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adaptable to any vessel. It has a built-in
thermostat so it melts at 32 F-- the ideal
temperature for holding fish. There is no
opportunity for partial freezing and roe
damage. As ice melts, it washes the fish
and removes suzface slime and bacteria that
cause quality loss during storage.

There are some disadvantages to using ice.
Without an adequate supply, chilling is less
effective, resulting in quality loss. Xn
fisheries such as those of Bristol Bay,
limited supplies make ice impractical. Cost
can be another consideration, along with
labor, since each fish should be handled
sepazately. Considerable time and effort are
needed to properly ice fish for best quality.

Zn choosing ice for chilling, a crucial
consideration is its availability and cost.
In areas where ice is in short supply during
peak periods or where ice supplies are
inadequate, it is often necessary to have
alternate plans for or sources of ice. And
if the fisherman must pay for ice, the cost
may not make its use economical. As an
example, if ice costs $80 per ton and it
requires 1 lb of ice to chill l lb of fish,
its use adds 4 cents to the cost. This may
become an important factor in determining
whether ice is a suitable choice.

The amount of ice needed for chilling is
another consideration. Theoretically, 1 lb
of ice could chill 7 lb of fish from 55 F to
32 F, but under real conditions, much more
is needed. This is because other heat
sources compete with the fish for the
chilling capacity. The more heat that enters
the holding system, the more ice needed to
chill the fish. Important factors determin-
ing ice needs are insulation characteristics



of the holding systems and heat leaks. Heat
sources such as engine bulkheads, shaft
alleys, and hot weather will dramatically
affect the amount of ice needed to chill the

catch. Compare the differences between a
well-insu1ated hold and a plastic tote. The
insulated hold prevents heat from competing
with the fish for chilling while the plastic
tote absorbs heat rapidly, requiring
additional ice to handle the extra heat as
well as chill the fish.

Recommendations for determining amounts of
ice needed to chill the catch are 1 lb of ice
for 1 1b of fish in poorly-insulated systems,
such as totes or bare hulls. For well-

insulated holds, 1 lb of ice for every 3 lb
of fish is suggested  Figure 2!. Space is
another consideration Flake ice has a volume
of 10 ft per ton. Vessels with small holds
may not be able to carry sufficient ice for
chilling the fish. In this case, it may be
necessary to deliver more frequently, catch
less fish or investigate other chilling
systems such as chilled seawater.

CHILLED SEAWATER

The chilled seawater  CSW! system is a good
option for the small vessel. It is simple
and readily adaptable to most boats and
containers. Actually, CSW refers to two
systems. The older is slush ice: a mixture
of ice and seawater. Slush ice has been used

by gillnetters and small longline vessels for
several years. The newer CSW system is the
champagne system. This is a slush ice system
incorporating air bubbled through a grid of
pipes on the floor of the hold. Perforations
in the pipes distribute the air and circulate
cold water through the fish  Figure 3!. CSW
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Figure 3. Schematic of chilled seawater
system.



offers many advantages for small boats. It is
easy to operate and maintain. It minimizes
handling of the catch and quickly chills
large amounts of fish. Chilling usually can
be accomplished in 1 to 3 hours. No refrig-
geration equipment is needed since the system
depends on ice for chilling. The system
provides a natural buoyancy that prevents
crushing and bruising.

On the negative side, without adequate ice a
CSW system will not work. Temperature strat-
ification is a major drawback. As ice melts,
the fresh water layers at the top and forms a
temperature gradient that prevents uniform
cooling. This can be eliminated with fre-
quent mixing. If circulation is poor, hot
spots can occur in which fish do not chill,
but actually warm up during storage. CSW can
be easily overloaded, slowing proper circu-
lation and chilling.

In choosing CSW as a chilling system, several
factors should be considered: equipment,
costs, convenience, and ice. Slush ice re-
quires minimal equipment: a watertight tank,
tote, or other container with a means of
filling and emptying' The champagne system
needs additional piping, pumps and space for
equipment.

Will the system pay for itself in increased
prices for the fish and better quality
product? A small system can be installed for
less than $3,000 and pay for itself over two
or three seasons. Convenience is another
plus, with reduced handling and easy oper-
ation. Using CSW also may eliminate frequent
deliveries and extend fishing time.
Availability and cost of ice are other
important factors. In areas where ice is
limited or unavailable during peak periods,



CSW may not be a good choice. Determining
Ice needs is complicated, and is described in
Marine Advisory Bulletin No. 19, "Chilled
Seawater Systems: Installation and Operation
on Alaskan Vessels."

REFRIGERATED SEAWATER

Refrigerated seawater  RSW! is the most
complex chilling system available  Figure 4!.
It has some application for fisheries where
other chilling systems are not feasible. For
example, systems are appearing on Bristol Bay
gillnetters where ice is not readily
available.

RSW provides several advantages. It permits
stowing large catches of fish quickly and
easily. Chilling is rapid, producing a
uniform quality product. There is reduced
handling, a factor that helps protect product
quality. RSW eliminates the need for ice and
its associated costs. It also is possible to
operate the system at temperatures below
freezing, providing additional cooling in
other systems. And like CSW, the system has
a natural buoyancy that prevents crushing and
bruising the catch.

The disadvantages are equally important.
Proper circulation is a requirement. Without
it, chilling is slow and proper temperatures
cannot be maintained. RSW has little room
for error and requires proper engineering,
installation and skilled operation. the
mechanical system requires considerable
maintenance to keep it functioning properly.
RSW systems are easily contaminated, so a
thorough cleaning and sanitizing schedule is
very important. Since the system can be
operated at below freezing temperatures,
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there is the problem of partial freezing and
damage to roe. RSW storage also can cause
color loss and salt uptake in the fish, both
of which contribute to quality loss.

Installing an RSW system in a small boat
requires careful consideration of install-
ation costs, space requirements, operation,
and maintenance needs.

The cost of a properly designed and engi-
neered RSW system is a major factor in
determining its applicability to small
fishing vessels. In Bristol Bay, where
other chilling alternatives  ice and CSW! are
not feasible, RSW becomes a sensible choicest
Some RSW systems can cost up to $12,000 and
may take several years to pay for themselves.

Adequate space is needed for the
refrigeration package as well as for access
to the equipment for repair and maintenance.

One of the small packages is 4 ft long, 2 ft
wide and 2 ft high. Since space on a small
vessel is limited, choice of a refrigeration
package becomes critical. In most cases, it
probably is best to purchase a package system
rather than assemble the individual
refrigeration components and adapt them to
the vessel.

Operation and maintenance needs must be
considered. RSW systems are not easy to
operate and require a high level of skill for
proper operation. Knowledge of the indivi-
dual system and trouble shooting ability are
necessities.

Maintenance also is another area of concern
because the system, must be kept in good
working order for chilling to be rapid and
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complete. Any failure of the system can lead
to a disastrous loss of fish as well as down
time waiting for repair.

CHILLING COILS

Another type of refrigeration method ischilling coils. These have been used for
many years aboard older longline and halibut
vessels. Coils, installed in the top of thehold, were used to chill the air and slow ice
loss. In small boats, coils may have similar
Usei

Coils provide extra chilling capacity that
may be desirable for long trips. They areadditional protection against heat leaks in
the system and save ice for chilling fish.Disadvantages include space needs for both
the coils in the hold and the refrigerationequipment. Coils are also exposed in the
hold and can be damaged'

Considerations for using coils should be cost
versus benefit. Installation costs can be
expensive compared with benefits.

A potential use of chilling is in immersion
systems for refrigerating seawater. A
similar system for temporary storage hasbeen used on day vessels in Cali fornia. Itis constructed of air conditioner compressors
and homemade coils providing an alternativeto burlap.

Coils are not recommended as a sole source of
cooling for several reasons. With coils, it
is impossible to maintain any temperature
control, fish become dry and dehydrated, and
actua1 chilling is very slow.
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BURLAP

A final chilling alternative is wet burlap.
It provides evaporative cooling. Water evap-
orating from the material lowers the surface
temperature and cools the fish underneath.
Under the best conditions, this method can
reduce the temperature of the fish only a few
degrees.

The advantage of burlap is that is provides
not only a small amount of cooling to slow
product deterioration, but it also provides
dehydration/sunburn protection for the fish.

There are several disadvantages to burlap.
It provides slow surface cooling of the fish
but the interior of the fish remains warm
enough to keep enzymes and bacteria active.
Burlap quickly becomes contaminated with
spoilage bacteria so it must be cleaned
frequently to lower bacterial levels and
provide continued cooling. Contamination is
another drawback since burlap easily absorbs
gas, oil, or detergents that can adulterate
fish.

Burlap should be used only as a temporary
chilling method, it cannot be considered an
effective replacement for any other system.
It is only partially effective in slowing
quality loss since the storage temperatures
are well above 32 F, usually in the range
of 45 to 55 F. Burlap is suited for
fisheries where chilling alternatives are not.
available, fishing periods are short and
deliveries are made frequently. The burlap
protects fish from dehydration, but does not
provide adequate chilling. The sanitary con-
dition of the burlap is another important
consideration. A dirty piece of burlap can
contaminate and ruin quality. Burlap is a



stop-gap measure and should not be considered
an effective chilling method.

An acceptable use of burlap is in conjunction
with iced storage. It can be used to cover
iced fish in skiffs or at set net sites. The
ice provides the chilling and the burlap
helps prevent quick melting of ice.

CONCLUSION

The various chilling systems available to
small vessels each have advantages and dis-
advantages depending on the fishery and the
vessel. It is impossible to point to one
system as being the best' The above discus-
sion is not intended to be inclusive, but
rather to raise questions that should be
considered when choosing a chilling system.
Many more questions will arise with each
individual application. It is important to
obtain professional assistance from manu-
facturers and installers as well as opinions
from other users before decisions are made.
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