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INTRODUCTION

This report contains observations I made during almost 5 weeks on a
foreign fishing vessel, performing the duties of fisheries observer for
National Marine Fisheries Service. From July 22 to August 19, 1985, the
vessel's crew processed more than 5,600 metric tons �,600 t! of pollock,
producing about 1,200 t of surimi.

@bile it wasn't possible to measure most process operations, this
report describes them in enough detail to characterize the important
aspects of at-aea surimi production. I couldn't collect data on relative
production volume of various surimi grades; the ship's captain considered
this proprietary information. The data in this report on total production
and yield come from the ship's log; however, they seem accurate and valid,
as do the haul weights measured and calculated by the joint venture
representative  JV rep!.

'Mith approval of the ship's captain, I took photographs in the factory
while the first officer accompanied me. He approved each photograph before
exposure, and he didn't ob]ect to photos of the process line from filleters
to freezers.

This report is organized into sections dealing with various harvest andproduction steps. Comments are included to help cLarify the operations asI observed them, A final comment section points out details that might beof particular interest to a shore facility.

Out of respect for the confidential nature of such fisheries-observerdata, this report doesn't refer to specific vessels, companies, or persons.

05SERVKL FACILITIES AND LOGISTICS

Aa an observer, I was transported to the processing ship aboard a ca~goveasel. That vessel'a captain reported that the transfer rate was 46~000per day, or some 412,000 for my transfer cost. I had no way of Judging t"accuracy of this statement, but the cargo vessel was reported to bes tandi b f orsg y r no purpose other than the transfer. After I was put aboardthe processing ship, thm cargo vessel was reported to be headed back to its

I was treated wmll by both officers and crew, and  as called for hy thefisheries agreement! I «ss given private quarters eguaI to those of the of-ficers. Observers and JV reps took meals with the officers and were g«envirtually unlimited access to bath and laundry facilities. In genera1> thegalley and quarters were clean and welL~intained.



The crew and officers ware hospitable to foreigners on board and busi-
nesslike in their dealings. The officers seemed set against having female
crew members on board, and female JV reps and observers as well.

The food was plentiful and well prepared. Meals were served at 6 a.m.,
noon, and 6 p.m. A midnight "snack" for the crew  partly prepared by
ere~men themselves! was also available to the observer by request and with
advance notice.

Observer sampling schedules were varied, but they normally involved in-
specting the catch of cod ends from three trawls per day. Most of the
time, it would have been possible to sample every other trawl catch  haul!;
however, with two catcher boats alternating deliveries, such a schedule
would have meant sampling from one boat only.

For this reason, a typical day involved sampling the catch of one boat
twice and the other once; thus, I sampled each boat twice over a 2-day per-
iod. lt would be impractical to increase the sampling to four hauls per
day unless the catch was predominantly pollock with few miscellaneous
species present.

Sampling took from about 1-l/2 hours on purely pollock hauls to more
than 2 hours when there was a heavy incidence of salmon or other prohibited
species. Length-frequency measurements of fish added about l/2 hour to one
sample haul, once each day, Data entry took from 30 minutes to 1 hour for
each haul, for a daily total of 6 to 9 hours of sampling time.

Each week 1 prepared a radio message � to 8 hours' work! that reported
�! species composition extrapolated to total tonnage landed and �! quan-
tity of prohibited species for all hauls sampled. Other data collection
and miscellaneous duties took several hours each day, but there was usually
enough time for personal needs and relaxation.

Sampling itself was usually not difficult labor. Normally, one or more
assistants helped to remove the bycatch. At times, however, heavy bycatch
incidence required subsampling with baskets. Each full basket weighed
about 50 kg �10 lb!; along with wet and cramped conditions, this was
difficult labor at best. Rain gear and heavy rubber gloves were musts at
all times during sampling.

Here are some geueral observations about the ship and its crew:

Communication between various parts of the ship was good. h tmlephoae
system connected the bridge to staterooms and the galley. Loudspeakers
communicated on the deck aod in the factory. Hand-held radios were used
for special applicatioua, such as between the JV rep on deck and the catch-
er boat when taking a delivery.

Mhan setting up a delivery schedule, the bridge often coematcated
the factory to check on the status of a particular bmnl in pxocmmi,

' k $ + k' <'4 ~i g



this 'way, de liveries could be t imed to dump immediately into a bin, whic h
minimized confusion and maximized fishing time.

Crew facilities and watches. Facilities were generally cramped but ad-
equate. Typical staterooms were set up for two to eight people, and
housing assignments were made on the basis of job classification. watches
were 6 hours on and 6 hours off ~

Crew members had small private "lockers" where they could store food,
beverages, and utensils, for use at their convenience. All alcoholic and
nonalcoholic beverages  except tea! were brought on board as private
stock, A break time with coffee and cookies wss usually taken during each
ehif t.

Officer fecilitiee and watches. Facilities for the ship' s 10 officers
mere separate from the crew' s. Those on officer status included the cap-
tain the chi fef officer, and three other deck officers; the chief engineer
aad three otherher engineers; the chief and second radio operators; the doc-
tor; the JV rep; and the NNPS observer.

Of f icere eee eall8 y had private staterooms and shared a bath. Senior
of f ice re a'te in the f i rat
a sterner ~ T

shift in the officers' galley and were served b
award. The f ood was e xcel lent and plentiful. The ship ' s s tore s in-

WPS oboerver.
eluded beverages for the ca tain andp n and his guests, such as the JV rep and the

f
Officers observed the samarne watch schedule as the crew; the senior of-I.cere kept the 6 a.m. to noon watch. The ca tain norma
h day.

~pa . l estimate crew pay to be between 4400 to $500 a
tain'a wages were a~ound 43 000I a mon't h

to a month. The cap�

The stern trawler ie described in table l. At 94
thm Lie t f the fleet and i deerviced two catcher b
3-
he he bo t Lt d d
� / The of be hena e eliveries and were u

p ould a commodate 35-
day s production «ae about 294 t of pollockI

/b f ll k! The dail n ngs
about 200 t, for an average rate of 8.3 t/b

Tb r~ip s crew o- 64 wow aXvidee iTh i> " ~ " mto two shifts
hours off' All crew worked in the factor

identified as fishing crew. 'babe ~ catch was Landed
ed, seven crew mem�



hers left the factory to handle the cod-end exchange. During cargo trans-
fer, the factory would usually stop operations.

With 7 hours between catcher-boat deliveries  minus about 1 hour for
setting and retrieving nets!, each boat could tow for as much as 6 hours.
At times, this tow length was necessary � and delivered fish that were 0 to
6 hours old.

During good fishing, a typical tow length for a full cod end �5 t! was
about 2 hours. This, of course, resulted in a more uniform landed fish age
of 4 to 6 hours. Some tows were as short as 20 minutes, with 30 to 45
minutes for set and retrieval. In any case, it was typical to deliver a
haul that contained preand postrigor fish as well as fish in rigor.

The incidental catch was typically less than .5 t per haul. I observed
a true cod incidental catch of about .25X in over 10,000 t of landings.
Fishing strategy varied from boat to boat, but mast schools of pollock were
found in 60 to 80 fathoms of water and 0 ta 20 fathoms off the bottom.

Fishing hard on the bottom was common, with a bycatch of flatfish occa-
sionally becoming significant and forcing a move to new grounds. The her-
ring bycatch occasionally reached 10X or higher. Anything over 1X caused
problems in the factory. Catches of salmon and halibut were minimal during
the cruise. I observed less than 150 salmon in sampled hauls, which com-
prised about 45X of total landings.  Complete species composition data for
total landings for the area is available from the NNFS Observer Program in
Seattle.!

The typical catcher boat was 100 to 125 ft long and had a crew of three
or four plus the skipper. With a price of 593/t �0.0423/ib!, the maximum
daily gross earnings were about 514,500 per catcher boat fram 155 t land-
ed. In actual practice, the landings were less than maximum; discards and
small fish reduced ex-vessel value.

During a 29-day period in July and August, the ship operated at
slightly over 61X of maximum production. Cargo transfers, mechanical prob-
lems on catcher boats, lack of fish, and weather accounted for mast of the
reduced production. Total discarded fish was about .7X. The value of true
cod was slightly less than fi80 per day per boat.

Although the vessei I was aboard was the smallest af the fleet of
mother ships, its two catcher boats had a greater delivery potential than
those of the other mother ships. To help even out the season catch,
catcher boats rotated, so they fished for all the mother ships at one time
or another.

The weather on the fishing grounds, 50 to 100 miles offshore between
Dutch Harbor and Unimak Island, was mild in July and August. The skies
were generally overcast, with winds af 10 to 20 kn, although on many days it



was calja. We encountered rough seas on only two occasions, and then winds
were less than 45 kn.

One accident marred the season when the F/V Sea Dancer sank with the
loss of one life. A Coast Guard airplane and perhaps 20 ships searched the
area for 1 to 2 days, without success ~

The catcher boats were well-equipped with fish location and navigation
equipment ~ The mother ships also searched for fish while servicing the
catcher boats. With a cruising speed of l2 kn and 3 � L/2 hour deliveries,
the mother ship could search large areas between deliveries. Catch=r boar,s
normally fished close to the mother ship. Mechanical failures weren' t
common, but such things as loss of steering, broken hydraulics on winches,
and inoperable fish finders did occur.

A. particularly bothersome problem for one boat was the malfunction of
the net monitor used to indicate the quantity of fish in the net. Re-
trieving a net to look at catch might take an hour away from fishing. But
not knowing when the net was full meant the boat might tow far longer than
necessary, resulting in wasted fuel and time.

Radio communication between ships was good most of the time. VHF was
used between mother ships, with day codes a common device to keep catch and
location secret. Communication between catcher boats and the mother ship
was on VBF or citirens band, also using code sheets. Some catcher boats
used scramblers.

Long range communication from the mother ships to home port or to the
Coast Guard ia Kodiak, Alaska, was frequent and of good quality. Most
catcher boats had good quality, single-sideband marine radios for long
range communication. At least one catcher boat had satellite telephone,
which provided expensive but excellent communication to any telephone in
the world.

SNLMX PROCESSING

Description of the process line

Figure l gives a general scheme of the surimi process line. Table 2 is
an equipment list ~ Table 3 summariaes production data from July 22 to
August 19-

The process line is geaeraily elevated above a wooden process deck,
with catwalks about 2 to 3 ft above the deck. Host waste water is dis-
charged to the eck, and ui~imateiy overboard, through two or mote large
scuppers, Trash chutes are located port and starboard., convenient to the
bias and conveyor belts.



The process line consists of the following elements:

Storage bins
Three storage bins are situated aft and just forward of the stern

ramp. The port, center, and starboard bins contain 39, 47.4, and 39.5
cubic meters, respecti.vely. With the port and starboard bins open and fish
piled in compounds above them, the two side bins contain up to 52.6 and
53.S cubic dieters, respectively. With a density of .94 t/cubic meter, the
total holding capacity is over 144 t. An additional haul can be stored on
deck in the cod end, for a total storage capacity of about 190 t. Storage
bins were connected to seawater sprays.

Transfer belts
A series of transfer belts route tish from any bin through the wash-

er/sealer to the filleters or into the center bin. The first conveyor belt
downstream from the bins was made of wire mesh for dewatering fish from the
bin.

Masher/sealer
This horizontal cylinder, about 30 ft long and 4 ft in diameter, had

flat tumbling surfaces with seawater sprays inside. It rotated at about 10
rpm.

Filleters
Six Toyo 708N filleters were positioned in parallel along the feed

belt. These filleters produced a relatively clean butterfly cut with some
belly-wall membrane left attached. The line contained takeout conveyors
for trash fish and offal. Fillets were transferred to the deboners by a
series of wire mesh and rubber belts.

Deboners
Three deboners vf unknown manufacture measured about 18 inches in

diameter and 18 inches long, with a cylinder hole size of 2 to 3 mm.
Oeboners were normally crewed. by one or two feeders. The feed belt had a
provision for diverting fillets into a holding box of perhaps 3 cubic
meters capacity.

First wash
This consisted of two tanks in series, The first was approximately 3

ft high by 4 ft in diameter; the second was slightly taller, about 4 ft
high. Soth tanks had conical bottoms and were equipped with axial-blade
agitators that rotated at about 5 rpm. The inlets were on the top of each
tank, and the outflow pipes were on the bottom. The piping was connected
in such a way that the crew could probably bypass tbe second tank if they
didn't need it.

First screexdmg
Tbe first screens vere a parallel set of three, each abomt U' Xt ~.

and 2-1/2 ft in diameter. No interior vash sprays wmrm mvtdmm< ~
high~ressure seawater bose was available for exterior cM
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screens delivered to a single pump thxough a common chute, which had 10 to
15 cu ft of storage capacity. The pump appeared to be a twin � lobe design.

gecond vaah
This system employed a set of four tanks, each approximately 4 fee't in

diameter by 4 ft high. The tanks were fed by a single distribution system
and seemed to be piped in parallel. Series operation may have been pos-
sible.

Second screening
T"is was accomplished by a set of four screens in parallel. Three were

PP «ima«ly 1S ft long by Z-l/2 ft in diameter; the fourth was somewhat
Perhaps 2 ft in diameter. All screens discharged into the same

Pper ~ «spray wash was evident. A high-pressure seawater hose vas used
to prevent screen blinding.

Refimera

first step in the x'efining process employed a set of two re-iners,
aa " aPProxiaately 2-1/2 ft long by 18 inches in diameter. The next tvo
at'eps used single refiners of similar size, operated in series with the
fire A't this point, the product flow was split into four streams
 grades l, 2, 3, and meal!.

Imfiaer marge storage
g ddevice in each refiner line appeared to allow for temporary storage,

e"eo out the flow. These boxes vere connected to the pumps which moved
the rereSe«material from the refiners to the next downstream step- The
~ torage boxes had horizontally-rotating paddies that kept the material in
motio n and fed it to a single inlet/outlet.

Thesese storage boxes vere about 3 ft long by 2 ft in cross section. An
additiona nal storage box of unknown purpose was located ad!scent to the last
refiner.

Presses

presa 41 had twin screws approximately 20 ft long and 2 ft in d5,am-
ete r. The rp ess appeared to be used primarily for fl gxade surimi. Press
>2 had a sin gle screw about 15 ft long and 2 ft in diameter; it appeared to
be used rimarp ily for 42 grade. Por N3 grade, the presses were twin over-

parallel~unted screws about 1-1/2 ft in diameter.

fixers

Thx'ee refrigerated mixera vere located one to each line. The mixere Xn
line f3 was
lines bl and f2 had bowls 3-1/2 to 4 ft in diameter. The smaller mims er m xer n

seemed to be rot
about 3 ft in diameter. The dough-hook-type mi i dm x ng ev "es

me o e rotating hoxizontally. The refrigeration vas most Likel di-
rect freon. «aw no evidence of weigntng devices for batches. The chem-
icale vere Preweighed. The batch mixing time was not recorded.



Fillers
Each line was equipped with a twin-screw filler and a weighing scale.

A roller conveyor took bagged prod.uct  in pans! to the freezer. One oper-
ator handled each filler and scales,

Freezer
Front-loading, horizontal � plate freezers were arranged in two rovs,

almost the entire width of the ship. The total capacity vaa at least
enough to handle 70 t of finished product per day.

Operation of the process line

Raw product storage
Port and starboard storage bins were used to store unrefrigerated

fish. Fish were settled and packed into the bins, and. seawater was in-
jected through a simple piping system neat the top of the tanks. Fish in
excess of the bin capacity were dumped in the compounds above the bins on
deck. The maximum fish depth vss 9 to 10 ft ~

After the fish had settled for an hour or more, a ship's officer and
the JV rep together measured their height. The JV rep and the officer
would agree on the measurement and then calculate the weight of the fish,
using a calibration chart for each bin. The volume fro!n the calibration
chart was then multiplied by .94 t/cubic meter  the agreed-on density! ~

At a convenient time after measuring the haul-dually 3 to 4 hours
after it was received � the haul vas transferred to the center bin, to pre-
pare for processing. This transfer seemed to be done primarily to provide
an opportunity for sampling by both the observer and the factory. Most in-
cidental catch was separated out during the transfer, which took place at
the rate of about 10 t/h.

Factory sampling was primarily concerned with the size of pollock, the
amount of discard, and the amount of usable bycatch, which vas mostly true
cod. Observer samp1ing was concerned with total species composition  to
the nearest .1 kg!, prohibited species, and daily length frequency of pol-
lock. True cod were retained at a price about three times that of pollock.

The percentage of pollock under ZO cm long was estimated and applied to
a formula that reduced the price to "meal fish." The small pollock vere
retained for meal. Prohibited species vere discarded along with sharks,
skates, herring, smelt, jellyfish, sculpins, and. most other species- Some
flatfish vere kept for meal.

During the transfer operation., the fish vere put through a desceler a"
a seawater wash. The fish vere sometimes still in rigor after 3 sx' 4 boars
in the side bins. Fish in storage remained at about semwatex Cmmps<a'"m
 8 to 9 degrees C in July and August!.

'!
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Mamba r/scalar
Host fish were washed at least twice--first, during the transfer to the

center bin; latex, as the fish were sent to the filleters. In practice,
however, some Eisb were washed and descaled many times bec.ause the feed
belts to the filletere operated in a continuous loop that passed through
the washer. Several tons of fish were transferred to the feed belt loop,
«bere they remained until being removed to a filleter feed chute. The main
bin takeout conveyor was made oi wire mesh for dewatering. The main feed
belt loop consisted of two rubber conveyors with rubber cleats.

Pillatara

Any bycatch of true cod that remained after the sampling and center-bin
transfer wss removed from the filleter feed chute by the fillet machine
feeder and placed on a small takeout conveyor that served all six ma-
chines. Kach machine  Toyo 708N! was crewed by one feeder and sometimes
one helper, who oriented fish for feeding by placing them with the head
away and belly right. The sachine took fish as fast as they were pre-
seated, about 120 fish a minute with the feeder alone and more than 200 a
minute with a helper.

The machines operated with few malfunctions. A seawater hose at each
machine was used occasionally to rinse scales from the cutter blades'

The size of the pollock had a significant effect on the overall yield
as tbm beading knife on the machines wasn't adjustable. The head cut was
approximately 1,0 cm, which would cut a 20-cm fish in half . Some of the ma-
chine plugs were undoubtedly caused by undersized fish.

Head and viscera were carried away from the fillet machines by a series
of screw convayors to the meal holding, tank. Fillets were removed by wire
mesh coaveyor-

Oebonara

Three daboners of typical horizontal, perforated-drum design were in-
stalled ia paxallel. They were crewed by one feeder, sometimes by two.
'I'he fillets «ere placed skin side up on the feed belt, which then presented
the fillet meat side to tbe deboner cylinder. A box and chute arrangement
before tbe second and third deboners acted as a flow control buffer by
alloaring the fillets to be stored.

The deboner's cylinders appeared to have 2- to 3-mm perforations and
vere operated «ith enough tension to leave little meat on the skin. No
water appeared to be necessary to remove the deboned flesh from the cyl-
inder to a screw conveyor, which delivered it to the first of two wash
tanks installed in series. There appeared to be no buffer storage between
the deboners and the first wash tank.

Pirst wash

lt wasn't possible to measure the water-to~t ratio of washing opera-
tions, but it seemed very low. At times, there aras so little «ster that
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tbe mixture showed almost no fluidity. By the time the mixture got Co the
second of the two series-mounted wash tan.ks, it vas fluid but probably less
than 1 to l.

There seemed to be no way to put deboned meat directly into the second
tank, so they must have been mounted in series. However, it's possible
that the piping was connected to bypass the second tank if desired. The
pumping system wasn' t visible, nor were many of the pipes.

The fresh wash water was refrigerated ia a prechill tank to perhaps as
low as 7 to 13 degrees C: �5 to 5$ degrees F!. The only visible source of
fresnwater was a spray manifold at the top of the first tank. The water
seemed to be in the 5- to 1U-cpm range, which would indicate a water-to-
mcat ratio of .6 to 1,2  assuming a round weight production of 45 t each 3
hours and a 15K yield!. This rough estimate fits with visual observations
of the mixture's fluidity in tbe second tank.

kotation of the horizontal mixing blades on the vertical agitator
shafts in both tanks was about 5 rpm. The blades vere angled to direct
flow down toward the outlet rather than upward. There vas no apparent ver-
tical mixing in the first tan.k and very little in the second. The flow was
first in, first out. Neither tank seemed to have provisions for decanting
floating particles and oil.

First screening
The first set of three horizontal screens was connected in parallel and

rotated at about 10 rpm. Tbe screen size was hard to !udge, but it seemed
to be less than 1 mm. No provision was made for water wash inside the
screens, nor were there sprays on the outside to reduce blinding. Occa-
sionally, a hand-operated, high-pressure seawater hose vas used to clean
the screens.

An exit chute collected the product from all three screens and directed
it into a single pump. The pump appeared to be of a twin-lobe design with
a 4-inch spiral flex bose. The pump feed  exit chute! had 10 to 1$ cu ft
of surge flow storage, which might hold as much as 10 minutes of produc-
tion, depending on moisture content, yield, and production rate. At times,
the collection chute backed up into the screens themselves, providing con-
siderable surge storage.

The meat coming from the first wash seemed to have some pink color left
in it. The moisture content vas quite high, as would be expected-

Second wash

The second set of tanks vas difficult to observe, but the tanks ap
pea~ed to be much like those of the first  and about tbe same aisa! gcwx
tanks were fed by a single distribution chutey indicating, that tbmy e~ ,=;
ated in parallel. Hovever, a piping arrangement cauhk hm be
connect one or more tanks in series.
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Xt wasn't possible to measure the wash time or the waterlmeat ratio>
but it seems likely that with twice the total tank volume of the first
wash, the second wash used about twice the water/meat ratio or about twice
the dwell time. It's most likely that the water/meat ratio was twice that
of the first «ash, between 1.2 and 2.4.

M.though these are rough estimates, they demonstrate that the water
consumption waa probably typical of «hat is reported in the literature.
hiding the first and second washes gives an estimated total water consump-
tion ratio of I.B to 3.b--which is equivalent to 15 to 30 gpm, or 22fOO0
44,000 gallons per day.

Second screening
This set of four horizontal-rotating, parallel screens operated in the

same «ay as the first. One screen was smaller than the other three  for no
apparent reason!, but it may have been fitted retroactively. The color of
the meet at this point was much lighter than after the first screening.

The collection hopper/chute and pump were similar to those in tne first
met ef screens.

Refinern

These operated in aeries, in three steps. Three grades oi surimi were
possible, in addition to regect material from the last refiner  this proba-
.bly went to the meal plant, but it was impossible to tell with any certain-
ty how the piping was arranged!.

first grade of product. Ct appeared that this product stream was at least
two-thirds of the total.

into a second single refiner of similar size. This refiner removed the
second grade of surimi.

the third grade and rejected mostly skin, scales, ligaments, and other
materials suitable for meal.

The reject material from each step could be pumped to a holding tank
rather than directly to the nezt step. These small tanks seemed to have
two functions:  l! to even out the production. flow and �! to allow the
crew to shut down the refiners if they couldn't keep them full. The actual
operating strategy ween't obvious. pumping appeared to be arranged so that
the holding tanks could. be filled or emptied with a single connecting hose.

The washed "eat going Lato the first refiner step was quite wet. The
first product stream was very white end had U.ttle fibrous texture. The
second step sometimes produced e slightly grayish product, but it, often
produced material almost as white as the first refiner. Mien this oc-
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curred, the combined production of the first two refiners appeared to be
over 90K o f the total.

The product of the third refiner had a definite gray  sometimes brown-
ish! color. The flow to this refiner wasn' t usually continuous; it seemed
to occur sporadically, as enough material accumulated in the holding box
between it and the second step refiner.

Holding boxes
The plumbing and function of these three devices wasn't completely

clear; judging from the color and texture of the material in them., they
were piped between each set of refiners and between the last refiner and
the meal plant. They appeared to accumulate regect material from the re-
finers and to allow a more even loading of the second and third refiner
steps.

The boxes seemed to have only a single inlet/outlet, suggesting they
were connected to a pump that was switched manually. The boxes didn' t
appear to be refrigerated, although their screwlike mixer blades were can-
stantly revolving. The motion of the mixer blades aay have been simply to
keep the material presented to the inlet/outlet hole for pumpout.

presses
Three sets of presses seemed to be matched to the three refiner steps

and to the three grades of surimi being packed on the three separate par-
allel lines. The largest press was in the top quality line, as would be
expected. The second press was a twin-screw model that seemed to operate
as a single unit. The third set of presses consisted of two small, sep-
arate units mounted over and under. They were loaded in sequence as needed.

I don't know their compression ratio. They didn' t appear to be refri~
crated or designed for disassembly and sanitation, nor did they appear to
be cleaned except for an occasional surface rinse with seavater-

Hixing and packaging
Each set of presses fed surimi into mixing bowls through screw angers.

There didn't appear to be any way of weighing the amount of material in the
bowls, so they were probably filled by volume. The chemicals were pre-
weighed in plastic bags, which were stacked next to the mixer.

The bowls and mixer shrouds of all three mixers were refrigerated.
When they operated for some time, they became heavily coated with ice,
indicating that their ]acket temperatures were well belov freezing.
Judging from the piping arrangement, they were probably refrigerated
directly rather than vith a secondary refrigerant.

Colored bags  holding 10 kg of aurimi apiece! vere fillecL «ith typical
tvin-screv fillers and placed on trays for veighing. The opmrator ad]usted
the final veight and sent the tray into the freezer on roller conveys.

j

; i:i4kk
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M.l three 1ines packaged surimi simultaneously, using di.fferent bag colors
to identify the various grades.

~t appeared that orange, yellow, and green bags were used for tip 82$
aad 4'3 grade surimi, respectively. A special 41 grade  perhaps to indicate
different sugar content! was packaged in blue. However, the production
lines seemed to have considerable flexibility aud may have produced more
than one grade of product. In one instance, both 4'1 and N2 lines seemed to
be using blue bags. I couldn't confirm the use of color for grade identi-
fication.

Ipressing and casing
The fresaersp located in one of the cold-storage holds on the factory

Revel, were of typical horizontal-plate design. I couldn't determine their
actual capacity, but the system seemed capable of handling the full factory
production. This means they could handle about 830 10-kg trays per 3-hour
freezing cycle.

After freezing, the trays were transferred to a casing line on a roller
conveyor. The trays were then emptied, and the surimi was boxed. The box-
es were gtuedp coded, and conveyed to a lower storage level. A crew of
five or six couM empty and box about 30 cases a minute.

Miscmlhaneous operation points
Several items are worthy of mention.

~puu s. Tbe pumps that moved uet product betueeu usshers, scree-s, re-
finers, and presses seemed to be twin-lobe gear pumps, but specific de-
tails werea't available. The pumps didn't appear to be reciprocating,
cent rif uga1, screw, or rubber-vane types.

Freshwater didn't seem to be in short supply. At no time were re-
strictions placed on domestic use of water  including drinking water,
laundry p and showers! ~ Even though the overall production rate was less
than bOX of maximum, we experienced a number of consecutive days of pro-
duction et maxisasa capacity without apparent water shortage. Seawater was
used in tbm production Une for all operations except meat washing.

Freshwater on the ship wasn't deemed potable unless it had been spe-
cial1y filterede The proolem appeared to be rust in the tanks or pipes.

Seawater was piped to all parts of the ship, and it was used for all
purposes except where potable water «as necessary, such as surimi washing
and demeStic use- Large TIuantities of SeaWater Were routinely used in the
factory for washing fish and transporting waste materials overboard. Sea-
water in a high-pressure system was usea to clean screens, to reduce
blinding.
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Power. All factory machinery was electrically driven. It appeared
that 440-V was common in the factory, while voltages of about 100 and. 200
were common in domestic use.

Nematodes. Few were evident in the filleted fish. Five or six casual
inspections of po11ock fillets from the machinery failed to turn up even
one. I made no attempt to correlate nematode incidence to the location of
fishing grounds. Casual observation of true cod fillets also didu' t indi-
cate the presence of more than a few nematodes.

The primary quality that seemed to distinguish the surimi line on this
mother ship was flexibility in handling semibatch product,ion. Although the
process line was capable of sustained daily production of more than 300 t,
there were many times when production was less than maximum. On the aver-
age, however, after 1D,DDD t of production, only about 60% of maximum was
aChieVed. PrOductiOn flow sparge StOrage was provided at CritiCal pOinta in
the line, and most operations were controlled manually.

Each of the 32 crew members per shift seemed able to handle most job
assignments. When a new cod end of fish was landed oa the deck {every 3 or
4 bours!, the crew would leave the factory, and production would adjust to
a new situation that might last 30 minutes to an hour.

PISHNEAL AND MISCKZJkl EDUS SPECIES PROCESSING

No detailed information on the meal line was available. In genera3.,
the meal line handled the pollock offal and a few miscellaneous flatfish.
The joint venture contract set a different price for bycatch, including
smail pollock used for meal. 'i'able 3 includes production data for meal and
oil.

The meal plant was fed by a large holding tank, about 10 ft by 20 ft by
5 feet deep. The meal plant itself consisted of two parallel lines; each
line contained:

o furnace,
o cooker  type and. number unknown!,
o stickwater centrifuge  two horizontal centrifuges about 4 ft long!,
o driers  two rotary indirect heated driers about 3 ft in diameter!,
o oil separator centrifuges  two vertical bowls about 2-1/2 ft im

diameter!,
o bone separator with vibrating screen, and
o bagging machine. set up with automatic batch weigher.
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Tbs meal plant was located on the deck below the surimi factory and ap-
peared to be run by a crew of two. Rf f luent f rom the starboard side of the
ship appeared to be s tie kwater, so no recovery was apparent, The stick-
watet' sf fluent didn' t appear to be hot, so it ' s likely that a heat-recovery
system was in use.

QUALITY CONTROL

This surimi trawler had a well-equipped laboratory and ran quality
checks on previous days ' f rouen produc t. However, very lit tie in process
quality control was in evidence. One of the few checks was on pollock
size. In this case, a 50 � kg sample of pollock would be checked for under-
sised f ish.

If the lab found too many f ish under 20 crn, the JV rep was called to
doublecheck and agree to an adjustment. The small f ish were classed as
"meal grade," and the haul value was ad justed downward accordingly.

A factory crewman, trained by the company to do quality-control chec ks,
occasionally checked pollock � length frequencies for the parent c ompany. 1/e
a1so checked the factory temperature and ot her points throughout the ship,
including seawater and ambient tempe rat urea. I t appeared that thi s inf or-
mation was for the home of f ice, not for hourly process control.

The quality-control lab was set up to conduct shear, punch, colori-
meter, and particle tests. A standard test was performed using precooked
sausages, and the results were recorded at least daily. Some test score
data were collected f or the three grades of surimi, but these haven' t yet
been correlated with known test procedures.

SAN XTAT X014

There was no routine washdown of the surimi processing equipment and
factory facilities. The equipment wasn' t designed for cleaning access, and
it wasn' t cleaned. Occasionally, equipment was rinsed with seawater. This
z j.nse usually occurred when the line was shut down for one or more watches,
which soaet imes meant several wee ks between rinses.

I observed some putrid f ish hanging on conveyor belt sides and et other
locations ~ I also noticed some washed and refined meat that was old enough
to have developed a sur f ace crust and brown color, in a c hute connected to
a surge storage box immediately f ollowing the third step ref iner. And I
often saw putrid fish in the main fillet machine intake, although I didn
know i ts f ate in the f illeter  it could have been diverted to the meal
plant!, In any case, it' s reasonable to expect that with temperatures of
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10 to 13 degrees C �0 to 55 degrees F! in the factory, the bacteria count
of the finished product would be quite high.

Also of note in the factory were some hose connections used for washed
meat transport. These hoses were plastic aad contained liquids aad solids
trapped under anaerobic conditions. I dida't make any reliable observa-
tions on the periodic use of these hoses; therefore, I don't know the
duration of the condition.

CARGO TRANSFERS

Four or five cargo transfers were made duriag one 4-week period. Some
transfers were extensive, involving offloading surimi, frozen fish, and
meal as well as taking on supplies. Other transfers were simply to take on
small quantities of supplies.

In each case, the cargo ship was tied on the starboard side of the
mother ship, using an assortment of heavy rubber dolphins to absorb the
shock when the vessels bumped together. During exteasive transfers, the
mother ship stopped taking deliveries from the catcher boats so that all
fish were processed before transfer. In oae case, this was accomplished
during an 8-hour run to the transfer site in the lee of an island. DeU.v-
eries were made ind processing continuel when the transfer dida't require
the entire crew.

POTENTIAL APPLICATIONS TO SHORE FACILITIES

Some observations may be of value about the shipboard operations I ob-
served and their potential for shore facilities, particularly the Alaska
Pacific Seafood/Alaska Fisheries Development Foundation  APS/AFDF! demon-
stration plant in Kodiak, Alaska.

Yields. Factory trawler serial yields of ZSX are reported to be typ-
ical of iodepeodeat crawlers. The siguificaotly lower yield of 21.42 l
observed from this ship's factory production records  see table 3! may be
caused by the characteristics of a joint venture. The mother ship yield
was calculated by dividing the surimi produced by the pollock processedp
just as it should be on independent trawlers. However, this trawler was
using fillet machines that couldn't be adjusted easily for small fish; this
lowered fillet efficiency and, ultimately, the overall yield. As an inde-
pendent trawler, it could possibly have discharged small fish, thereby max-
imizing yield and minimizing the apparent catch  reported as surimi pro-
duced divided by 25K yield!.

Three factors make it difficult to uaderstate the estimated catch by
manipulating yield data. ' l! the joint venture's need. to measure each haul
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accurately; �! the mother ship's contractual obligation to account for all
fish delivered; and �! the advent of LOUX observer coverage. Lower yield
estimates would seem be an advantage to the mother ship if the price of
fish should be based to some degree on yield.

Evenin out the flow. The various devices and procedures employed to
even out flow were very useful in a situation that demanded many changes in
production rate, The APS/APDF plant in Kodiak might benefit from similar
modifications particularly in rate-sensitive operations like washing, re-
fining, and pressing. Two examples would be using surge-storage devices
and using several machines in series or parallel instead of one lar~a
machine.

Use of freshwater. Huch less freshwater for washing meat was used on
the processing vessel than in the hPS/aPDF shore plant. One obvious reason
is the restricted availability of freshwater on the ship, but note these
two points:

 I! 5o water was used inside the screens, and blinding was controlled
by infrequent use of seawater on the outside of the screen. The use of
water in this manner should be evaluated in relation to the loss of yield
it causes.

�! The amount of water used in one or more washes, and the timing of
those washes, needs to be carefully evaluated under controlled conditions,
including laboratory analysis of those chemical factors that indicate
washing efficiency.

Tem rature control. The temperature of the surimi at various pro-
cessing steps on this mother ship was controlled by refrigerating the wash
water and. the mixer bowls. If surimi temperature is really critical to
producing a top-quality product, shore plants should consider similar
techniques.

Sanitation. There was no apparent effort to maintain the minimum
standards of sanitation that wil.l be required of UPS. � operated shore plants
or trawlers. It's not in the scope oi this report to discuss either the
relative merits of such standards or the presence or absence of health haz-
ards in plants that don't maintain those standards. It's worth noting,
however, that factories that maintain such standards will incur significant
costs, which will put them at an obvious competitive disadvantage with fac-
tories that don' t

Fillets or surimi? The freezing of fillets � other than some high value
bycatch~uld be difficult on a surimi trawler because of limitations
crew, space, and freezer capacity- But such limitations shouldn't concern
most shore plants; they might gain significant economic advantage by high-
grading fillets from the surimi line. Significantly higher yield can be
obtained from fillets compared to surimi, and profits may be higher psr
round weight ton. Combination frozen filletlsurimi production may offer
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advantages that offset the mother ship's advantages of aobility, closeness
to the grounds, and inexpensive disposal of liquid waste,
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Table 1.--Vessel data

stern trawler � surimi
Vessel type

16 m
Width

Draft - 92 ~ 4 + ~ ~ 4 4 ~ ~ 6076 m

gross tonnage

Net tonnage

4400
Ho rsepowe r ~ ~

Year commissioned ........... November 1968

Number of officers .......... 10

Number of fishing crew ...... 32

Number of processing crew ... 32

Total ship complement ....... 74

Forei n uests

L.ength
~ ~

Engine type ~ t ~ ~

4049,b9 t

2207.07 t

ditachi 5 4 4
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Grew
Item No. Size

Surimi line

150+ f is h/min
120 fish/min

2 feeders
l f ceder

Storage bias

I-2 feeders

Pirst screens

Presses

2 8 3-1/2 ft bowl
1 l~ 3 ft bowl

about 3 ft diam

Table 2.� ui ent list

Toyo 708N filleter 6

First wash tanks 2

Second wash tanks 4

Second screens 4

First refiner

Second refiner

Third. refiner

Hixers
 refrigerated! 3

Furnace

Driers

Centrifuges

port 
.b cubic meters
center 47.2 cubic meters
starboard b3. 5 cubic meters
total l44.1 t

at .J4 t/cubic meter

18 in long X 18 in OD

first, 3 ft X 4 ft diam
second, 4 ft X 4 ft diam

15 f t long X 2-1/2 f t diam

4 ft high X 4 ft diam

3 l4 l5 ft long X 2-1/2 ft diam
1 C4 15 ft long X 2 ft diam

2-l/2 f t long X 18 inches diam

2 1/2 ft long, x 18 inches diam

2 1/2 f t loag, x 18 inches diam

1 8 15 ft long r 2 ft diam
2 8 20 ft long r 2 ft diam
2 0 15 ft long r l-l/2 diam

2 horizontal about 4 ft long
2 vertical bowl about 2-1/2 ft diam
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dataTable 3. --Ptodvct ion Yield  X!
Sutiai HealPtodacts

Ftoa. Heal uil TotalDeiiveties
Date Pollock P God Discatd Gtand

total total total total

Oil
But i!ai

1.1
j.2
1.3
1.4
1.3
1.4
1.4
1.4
1.3
1.5

6.2
6.5
6.9
7.6
7.5
7.5
7.5
7,5
7.8
8.7

2.3
2.8
3.2
3.3
3.0
2.4
2.3
3.7
3.8
2.3

12. 9
15.3
16.5
17.7
17.7
12. 9
12. 3
20. 7
22.2
1.3. 2

0.2
0.2
0.3
0.3
0.1
0.0
0.0
0.2
0.2
0.1

46. 3
53.0
53. 3
50. 2
51. 3
36.9
34. 6
56.4
63. 0
33. 9

22. 4
22.5
22. 2
? 1. 8
21 ' 8
21.4
21. 2
20. 6
22. 1
22.3

el. 7
71. 3
73.3
71.5
72. 1
52. 2
49. 2
81. 0
89. 2
49. 5

207. 2
235. 8
240.8
231,5
236.9
173. U
164.2
274.3
286. 3
152. 3

0.1
0.0
0.0
0.1
0. 2
0.1
0.3
0.0
0.2
0.1

0.6
0.4
1.0
O.e
0. 3

206. 5
235. 4
239.8
230.8
235.6
172. 7 0.2

0.0162. 9
0.4Z73. 9
0.6
0.2

?85.5
152. 0

No FisniaB
74.5 0.3

19. '
ZO. 7
21.3
22. 1
18. 2

1.2
1.5
1.6
l.e
1.3

5.0
7.7
8.2
7.6
5.2

0.7185. 7

24.5 10.4 1.2
1.5
1.5
1.4
l. 3
1. 3
1.4
1.3
1.7
1.8
1.7
1. 7
1. 7

7.6
7.5
7.6
7.9
7.0
7.5
6.5
7.9
7.8
7.9
7.6
7.5

22.0
22i2
22.3
22.. 8
21. 9
22.3
23.8
22.4
Z3.4
Z3.7
23.9
23.9

5514.9
10244.3

22. 2
21. e73. 0 5607. 8 1225. 7

75. 0 10346. 4 2216. 2

1,4
1.3

7.5
7.1

6. 0 419. 6 79. 2 1730. 5
9.0 737.9 130. 1 3093.216 ~ 1

24. 2
ace oR
to date

1 2 3 4 5 6 7 8 9
10
11
12
13
14
15
Ie
17
18
19
20
Zl
?2
23
24
25
ze
27
28
29

252. 6
117. 5
110. 9
84. 4
58.6

244. 6
264.7
295.9
101.6
202. u
132. 1
161. 9
262. 5
275. 2
277,0
218. 1

2.0
0.9
0.4
0.5
0.1
1. 2
2.2
1.3
0.2
0. 3
0.1
0.3
0. 4
0.3
0.4
0.2

2. 5
1.5
6.1
0.4
0.7
0.5
0.4
0. 1
2.3
3.0
1. 2
0.9
1.2
5.1

13.2
9.4
6.6

16.8

77. 3
187.9
260. 7
118. 8
112.0

85.4
59.5

24e.e
269.8
300. 4
103. 1
203. 2
133. 4
167.3
276. I
284. 9
284. 0
235. 1

14. 2
38. 4
53. 7
2b. 0
20. 2
20. 7
12. 9
54.2
59. 0
67. 5
22.2
45.0
31.5
36.2
61.3
65.3
66.3
52.2

0.1
0.3
0.7
0.3
0. 2
0.2
0.0
0.5
0.8
0.4
0.1
0.1
0.1
U.l
0.1
O.Z
0.1
0.1

3.9
14.4
21.3

9.0
5.8
8.9
4.5

18. 6
20. 4
23. 7

7.2
15. 3

8.7
13. 2
21.6
22.5
21. 6
17. b

0.9
2.7
4.1
1.9
1.4
1.0
0.9
3.6
3.7
3. 8
1.3
2.8
1.7
2.7
4.e

4.8
3.6

19. 1
55. 8
79. 8
37. 2
27. 6
30.8
18. 3
76 ' 9
83.9
95.4
30.8
63. 2
42.0
52.2
87.6
'92. 6
92.8
73.5
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