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In this paper th6 researchresuiiS are given ÜnproVing tbe flatflsh pröC6ssing lln6 on bOaili
thc BEAMER 2000, basoo on adaptation andextension of existing flatfish handling
CcIiiipment inc0rP0ratlßg the IQAS and Kindunos approach•.Without interfering the
beamtniwlfisheries (method) too much, the general arrangement (layout arid outfit), the
qualiij of the läridCd fresh fish arid quiliij of the workirig stiltions (well-being crew) can
be iniproved considerably, also taking into aceowit the maririe enviromrient.

2. FiSh handling systems On board öutciti beämers.
, ,

Deck layout., The tYPicaI lay~ui is a single deck hui! navirig a iarge whaIeback with
a fish handling area uridemeath. Thc acc6n1modation and wheelhouse area set aft. leaving
a large open deck area inidships. The Wirich is houSed in the foreward caSing undemeath
the wheelhouse with the whipping drUms projectirig through thecasing sides. A large bi­
Pod garitry straddles the aft end of the whaIeback arid carries two heavy derricks from-
which the 12 m beams are lifted. :" .-

The iDidship section of the mmn d6ck'iS a ieakwood covered worIdrig deck for fish gear
handling, beamtrawl storage arid a cätch collecting pöund with the fishhold undemeath.
An elevator is sited at the forward end of the main deck and carries thecatch from the
Pounds üp arid into tl1e whaleback stnicture to discharge orito a hand-grnding conveyor.
Th6 coriveyör then leeds to a rouiry washer, which in turn discharges down into the
fishroom. '
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DeCk equipment. '. 1'0 which extent a fish processing Une is install6d depends on
the skippe~~oWner, ci.ew. and stab!lity requireO?-e~~. HO,wever, this lastmentioned aspect
hardly gives any design problems for new buildings and the RIVO-TUD beamer 2000
d . , I 0 ,

O~~ein inooium-si~ bea1ntrawleci often a fresh fish proceSsing lirie is used as given
in figirre 1 (nianufactuiers, e.g. vaii Rijn, Katwijk)~ .. !
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Figure 1 ;; ßeanter fishproccssing line.

• oe :

I , .

1) Deck p<>u~ds:typican~ the Dutch beanierS tow:frir'ipproXima~eiitW~ hours With a
speed of about 6 knotS. For th6 hauling procedure th6 rilain engine revs ar6 reduced arid ..
the Winch is set to haul arid heaves in the warP uittilthe block on each 12 m b6am is up to
th6 derricks. Tlte ,vessel is stopped and the demcks are heavro up tö the 45- position.
Tlten tll6 codend,'coritents Will beemptiCd iit the port- and starooai-dside deck pounds.
Having hauled, eIiiptying th6codend arid shaking out' th6 fish struck in the meshes, the
gear is reshot and the vessel built up the toWirig speC<i agam.\Vithoüi possiblynet reparr,
the haulinglshootirig operation takes around 20 minutes with 8.t either side tWo men.

o •

,-, ,,' • _ ' ,', .: ... ~ ., ,;. • ~. :..,' • r ., '." .; " • -,. . -, , ' ,~ • j

Generally a Dutch beamer operate regular weekly tripS of 4 - 5 dayswith two days off.
The arrangement of th6 poundS is to direct the catch intothe elevator weIL Lafgediameter
watet hoses and or pipes are uSed to flush the flatfish, bycateh, stories arid debrls int<> the '. ,
weIl. The hoses are conriected via a quick release coupling to th6 sCawater pressure riWn
at outlets on either side of the whal6back siructUre. i·· . '. '

• ". "," '. ""., .• , I, .'., :" •• " ;.,. ,'... .,.., .•", : "

2) Elevator (weIl): :st:Üting with one pound the caich is fhished towards lheelevaior .
weIl. By means of a pound board betweenthe pound imd the' weIl tll6 catch is preventoo"
from being flush@ aeross the weIl inio the other sound. The foot ofthe elevatods set '
irito a wellstructu..re which is let into the bottomplaüng of the pounds, such that th6
elevator start down beIow th6 level of the catch. A perforated plate with a rubber flap
attached is positioned to guide the fish onto the elevator. It is powerCd by asmall motor,
often hydraulica1lydrivenand with a variable speed contro!. Water and sänd that drains
thrOugh the perforated plate is CoIlectCd iri the bottorn'of the weIl structure arid is drairied
overboard by a laige,diameter pipe. Large iteins as stones, rubbish and debris are
rnanually dri>ppoo or lifted with the winch overboan:l. ; ': .

)

I

. ~
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3) Diiri chuie: the elevator is set at an angie of approximately 30; leading from the deck
weIl up to the dividing,chute, which splitS up,thecatch to the sorting table inside the
whalebadc. The elevator and drip chute is constructed of stairuess steet, the elevator has ä
mesh belt made out of loitgitudiriallinks and Cairles about 75 irim high, flights at about
400 min centres. Thc overall length is approximately 5 in and the drip chute, has a
discharge heightof1.5ni. A rubber flapcomprises the frontof the tnmking to prevent
items such as stones frOm being pitched along the conveyor by the elevator. The rubber '
causes them to drop down under a controlIed manrier. '

4) Scirting table: oile niancairies out the flushiiig operation mtbö deck pounds, whilst,
the other three creWrnembers amingesoine fishboxes and basketS inside,the whalebac1c
for th6 fish to be sortoo out mariiIallyon size and species. There are rectangular arid
fuurid söi-tirig tables 'with one or more belts and sometimes receiVing biris on top or
lindemeath. , . , ' , ",
Iri figuie L the sciiting iable has, tIrree conveyors: the outSide, for haridgriidiilg whllStthe

, middle one trailsports the commefclal fish species after giitting to the r0tatY or diutri
washer. . ' , ,', ",,',. ", " " '.
Stainless steelmesh with longitudinal linkS is usOO for these belts. There are no flightS
but the sides have flanges to retairi the fish on the beltiiig. " ", ;
.Stainless steel is used for the fnuriework arid the conveyorS are poweroo, by asmall
motor, hydräUlically or electricallydriveri \Vithspeoo contro!. Plätfornis are fitted on bOth
sides for the crew to st3.rid on. to ächieve' a good workirig hCight considenng the
vessels.sheer. ,;.'.. " '.. ','
Once both pOundS iIi turn havel>een emptied and tlte ciiteh has been sorted inariiiälly, thon
th6 fish Will be gutted by the foUr CreWrnemrers. . .'. ' ". .

. .... . . . . .

5) wasie eoiieciirig pi! With ovCrOOaro driiiri: " ät the end of the outside Cöriveyors of the
sortingtableisa waste collecting'pit or chute with a overboaro drain. Störies, Other
debriS, UriderSiZed and rion~mmercial species are left on these conyeyors to drop offthe
end intö th6 overooamdischarge flume. Somet:itnes 20 ninl Polythene is üsoo to construct
the truitkingand waterjetS are used to Power ,the flume Then th6 fish are,guttoo by
sj>ecies (plaice, sole, tarbot, crilbs (deniersaI round fish».

• I _. •

, '

6l Discharge ~onveYör f~r ~tied' flsh:' taidrig one specieSlgra.de ata time, each bOx arid
or basket is tipped out on to the sorting table conveyor belts agairi. Each fish is giItted ,
inariuaI.lY arid is tossed on the discharge conveYor. Guts äre simply left on the conveyor
beIt to be diScharged off the end inio the oveiboard flÜIne. ' . ,

I .. ' '" •

7) Elevatof!OOnveyOf b'eItJchiii6 tö feed the washer. depending on the tYPe of washer
and the place where it is fitted, a washer chute and/or elevator/cOnveyor is needed to enter
therotary Or drUm washer, which is running eontinously during the gutting operation.
Th6 chutes are often made of fibre glass, while the elevator and conveyor are made of the
same material as the other ccinveyors, the frariiework iS staInlCss steel. .'. ,

8) Rotating drUm washer: ,.,when a11 the fish in the baich has been gutted; the washer is
reversed to discharge the fish via a drip chute down into the fishroom hopper, e.g. a
washer can corisists of a 600 mni diameter drum, approximately 2 in long arid, is
constructedof 10 nim diameter stäinless steel i"otind bar hoops welded ori longitudinal
bars such that a gap of 10 miIi is l>etween each hoop. Two rother tracks are fitted ori the
outside to carry. the structure in pow6red rotteci and it is sat ina water troughconstructed
out of fibre glass. At the discharge end of the drum a section .of a spiral in sheet stainless
steel liftS the fish Over the end flarige cIear of the water level to sIide down a discharge or
drip chute into the fishroom hopper. , ' , .. , ' .", ,'. ,,' '
A hydrauIic niotor drives the waSher ,with the facility to ron in both difectioris enabIing
the washer to be reserved to put the spiral sectiori into effeci to discharge fish.The water
in the trough is fed in, alorig with the fish, by the inlet chute and the water overflows out
of the trough via an exit chute.
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, 9) Washer dischaige or drip chute: this corinects the outlet of the washer with the fish
hold hopper. Material is stainless steel. j

. ~ . , ..
,.J , • ,",' .. .' ",_ ." ,,G. '"'-.. ' .. ' ...... " .. ' ".' ,'. ,_; ,".' ,_ .' • " ,.,' -, .. ,_ fi", ... .' '"' ,,-.' • '.' .. " • "

10) Hopper 10 the fishroom: the fishrOOm ofbCaIners have an oversized capacIty for
storage of fresh fish in boxes of40 kg. Itis fullyinsulated and is equipped with overhead
tube chilling system, inaintainiitg a fishhold temperattife of+ O·C. The main hatch is set
in the centre of the fishroom With a Second small enti:arice hateh in the whalebackafea.
ShapCd like ariinverted 'y' the hopper is moimtoo on the bulkhead and has a centre triirik .'
with a flap plate which can be Positioned one way or th6 other to direct fish irito either of
the two lower brarich tiuriks. The tWo lower trunkS each have a door which can be
opened to disewge fIsh irito the fIshbOxes Positioned b6neath. . '.' .. '

, On port side, mounted ät the,top of the forward bulkhead is afresh water flake.ice
machirie. The output is abOut 2.5 - 3 tonne per day arid coritinously discharges ices into
an iCe pound below it.. ,,,....: , .. ', .'
On the starboard side, set 2 m back frOm the forWard bUlkhead to ereate a working area
for the fillirig of th6 bcixes with fish änd ice, are stanchions for fIshbox stomge. The aft
of the fishroom is the inaiIi fish storage area, th6 boxes being stacked in rows across the
area aiid stock up to 4-5 high. ' :

, , ,

Since the hopper has!Wo separate trunkS, the'crew can gutthfee,batchesofflSh without
interruption;.two in the hopper and one in the washer.1After this two men must go doWn
iIithe fishrOOmtoemptythe hopper,intothefIshbcixes; includirig manually icing by a
shovel. Theri the batch in the washer is diSchargeddoWn thiUugh the hopper arid into the
fishooxes leaving the system clear for ariother three baiches to be gutted.. ,'" '. .'
Deperidirig on the skippei' crew and theday öf the fIShing week (fatigue) the flSh is nlöre
or less handled carefully when bciXing and icing•.U the flShboxes arewell icCd. The
fishroom chilling system ensmes a good quality prOduct, although the opinion differs ön
this point. , . ! • ~, \ . . ' "

,j" .•.. ': .

3~ ~ Beamer, 20ÖOIIÄÄS. . , , .. l': '..' .,:' ".. . '": ~

i' ~,< ',"' '.,~'. '.. .. :, "".. .~, '.\" ,...... ,_,., ',~., " ,~ ,' .. ,,:l'

Beamer 2000. .. Although,the modem beamers'(fIgure 2,.enclosure) are hightech.
fishing vessels, they still suffer three major drawbackS regarding the Safety and workirig
conditions: ! ".

I.. - wh6eihouse iayouiaßd - electroni6s (vision llnes)
- noise control (acconimodatiori,engine room)

, - OccupationaI accideritS (working deck) I
. ,.. .

In~tead.of aß. äd-~oc redesign approach, RIVO arid the:Techni6al UriiveiSitY peift (~afeiy
SClence.Group) mtroduced the Beamer 2000-concept: Safety integrated redesign of a
modem beaintrawler, rilainiaining the catch-effective beäiritrawl method/haridling as much
as possible. This socalled Kindunos methOd doesn't interfere the beamtriiwl fisheries tci<>
inuch. The objeetives are to adapt the wheelhouse, working deck- and engineroom layout
usirig the safety problem solving method as developed by the Safety SCience Group arid
the vessel design-spiral techniques (leES-paper CM ;1990/B:17 Fish Capttire
Committee). ' I .. '. ,;

I _ -

. '...... .. '" '.. .' .. :.. . , ,;.., ' .. -: . ~.

This safeiy analysis pennits structuring of the problem area into a number of manageable
subproblems.arid the settirig of priorities by allocating criteria arid weighing factors for.
the potentional solutions. , '. '.' " f . '. . ' , •

The basis of this concepttial safeiy methodology is acCident arialysis arid defiriing the
(re)design requireinents (table 1). I

I

f'
".
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fable 1 ~ Safety (re)desigri methodology (Kiridünos)

' ...
5) Sttuctured approach ofproblem solvmg

Anal SIS

4) Safety cO~lderau~n~

3) Human error theo

2) In depth a~dent analysIs

!'

•

Along these ime~ RNO ..ari'd.riJri have beeil st1ldying ihe SafetY/worlrnig conditions
bOttleneckSo[ theworking deck, wheelhouse-.and engim~rooin layout (fig. 3; Gen6riU
arrangement safetY iritegratoo fedeSign ofabeaIner. enclosure). . .

Within tbe scope of this paper only the reswtS of the working deck will be considered;
particular the rCdesign solution of.exchänging the positions, of the Winchhouse
(a'midships) and the fish processing workstations (forecastle). This solution (fig. 3~)
solve.a number of problems atone time arid have well-thought out advantages; which
outweigh possible desadvantages (table 2.).

"fable 2 .;. GoOdriess of solution {flsh processirig a'midships).,· . -

Advanta es",,,.,,,,.,", *,... Dlsadvanta es .k.,

- vesselmonon less Violent nudships than - wmch ,to be eqUlpped Wlth fishmg line '"
iri foreeastle aiea .. ',' .... " spoolirig devices ,
warps and lines no Ionger run aCross the extra investIrienci iit case ofredesigning

- ri6°~:~~~~ce, bycrew transit frorii - ye't ürikriown s~liltiori iri the Dutch
accommOdation to fish processing area fisheries

- operation of gear/cOderid within dear
sight ofthe skipj)er
improved vision lines '

- noise control

I

~

~
I
I
i
[

integrated QuaÜty Assur'rince of.ciIilled (ood at sea (IQAS). . For .fish
preserVoo by chillirig the most ilnPortant parameter coritrollirig shelf life is temperature.
The airri of the IQAS-project (see par. 1.) is tri significantly improve the qu3.lity of fresh
fish laridedby Coriünunity vessels, to increase the proportion of the fish caught for food
purposes and to i"educe the heavy workload for the crew." '"
The Dutch research iristitutes RIVO (Technical. Research) ,änd CIVO-TNO
(Fishtechnology) have joined forces fora flatfish integrated system. while the Danish and
Scottish participants are working with white fisn. The EC-project started in 1989 arid the
ftrial report will be finishCd in the seeond half cf 1991. . ,

,The objeciives ofIQAS are specifylrig arid developing a Safe,efflcient. mechanised on
bOard handling system which will enable the catch to be sorted. graded for lerigth and
weight. prepared quickly andcorrectly ror rapid chilling arid to be stowed in labelled
containerS atO'C untillanded arid sold. A momtoring. measuring, container labelling and
data storage system Will be developed to specify the quality arid potential yield of the fish

-7 -
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Figure 4 ~ Profile of the measuring system above the conveyor';'beIt.
:, . :

., I

Asuitilble weighing system for use on bOard of fishing'vessels should CaITy at least the
following charact6ristics: .'I .

. . I

I
!
!
i

•

.,

, \

Projecled laserline

Moving direa.iOn of convt)'or bell

,
I '.

, I

, '

to the buyer at the saie by reference to theactual tlme/temperature iustoiY of the fish prior
tothe Sale änd to th6 measurements oflength and weight: " """ .'.' .' .,' ,
There has never been before developed a system whichcombmes optimal on-board'
haridirig of chilled fish ,With afull declaiation of an neeessary information of the catch '
needed inthe fmt harid trade arid/or for the followmg ttade or prOduction. At the Same, ,
tiril6 riiüchresearch emphasis is giv6n tö come up with the best ergoilOmic sohitions for'
the workstatioris on bo3.rd arid taking fully in account theinarine environment aspectS. .

, .. . " ' '" ,"", .... , '. . ' ''I., " " ,:,' . ,:
The RIVO eontribtition existS of the development ofa laboratöry computer äided Visual
f!Sh size srirting and weighirig equipment, the~ed FISHEYE and integration of this .
iri an existiDg be3nier flSh processing liri6 according the IQAS-philosöphY. " .'
'. . '. ,,: " ,,' " . -. .1" ' ;
Fisheye.·,The inethod is based ön real tinie unage analysis öf the cOntours öf a laSer .
beain cutting the surfaCe öf the fish ürider an ärigIeaS Seen by acain6i'a Perpendiculai' to a '
conveyor belt. Iritegriltion of th6 triuisect areas results iIi the voluine of fish. Because the
weight of flSh per standaId unit ofvolwrie is reasonable constanl, the weight of the fish ,
can be computed. ,. " ,,"," .' .,' i.',· ".'. J" ','" J.. ... '.... ' 'O" .' :. ,: ',," '

Although there are alreadyvanous fish welghing systems commerclal available. RIVO
häs chosen for"fiSheye". On the one hand side the Conlmercialsystems are commoOly
based on the balance concePt and far, on boafd purposesthey need time to anive at the
equilibritim; ,on the other band "fisheye" has th6 IQAS potentional to sort the various
North Sen flatflSh and same roundfish in öne deVice. i~: . ;.. " " ..:

.'I
-. I ,

, • compactness arid handiness
• few moving parts .
•~y ,to repair. ­

.• cheap
,

Last year RiVo fmished tbe iaooratorY experimentS and lilie ftrSt sea trials. It is concluded
that FISHEYE is feasible to integfate on board of a beamtrawler. The acc·uriiCY is '
sufficient for corrimencal puijx>ses (erior less than 5%)~.'

I,,



· In uble 3 the principles of correct on boafd freshfish haridlißg are gi~en aS applled from
the Point fo view cf fish qualit)r.· ." '.

-fable 3.. Pnricipies ofcorrect on böaro fresh flsh handling.

ßeamtrawlers
1~ beamtrawlers: ,

- selectivity.on species, bycateh
arid debris . ",. .

4 washing (rotating). drums with CSW
".:: bllffer taßklcOritirlner'_~J"' ..: , .,~

3~ manual and/or for machine tUn .. ~.

2. rapId transfer fish from deckpounds to
.e (rou h) scirtiri tables

6. (semi)automauc lcmg of .
: the boxeSIcontainers in the fishhold

5. weight. and/or length grader Wlth
automatic .fish transfer to separate

_, ho r abOve CI' below deck

'''''- 7. stora e In fishroom (Q-2·C)

.'

2. rapId handling on deck .'

6. appropnate lcmg

5. appropnate boxmg

7~ stora eIn fishroom ( 2·C)

" :,.. li .',. ' "', • l'

Integrated IQAS fish handling system.' .For the beamti-awlers vanoussystems
have t>een investigated to ideritify the j)össible arid probable options to handle the flatfish

· and the bycatch in the IQAS-way, from thecatching pound to discharge at the quayside,
rechicing the workload and not effeeting the marme environment too much. .
One ~ayor the other, to improve ,the quality of fresh fish or the quality of life, the goal is

· the same: a säre, emcient, mechailised on ooard handling system which Will enable the
catch to bC sortoo; chamcterisoo f01- length arid weight, prepared quickly arid correetly f01­
rapid chilling and storage iIi appropiate, labelIed fishbOxes of containers at <Q·C until
landoo arid sold .:.

Tbe ,stamng-points i~r tbe Dutch"beanitriiwler is extension of tbe existißg fla.tflsh
händlirig line with the RIVG-develoPed vision laboratory nlodel for weighing and sortiOg
flatfis~ on bOard the ~eamer 2000 (fig. 5).

,.-

•

f
l
I.

l
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Figure 5 - Flatfish processing on' board Beamer 2000 with RIVO vision­
module.

4

----
5

'0

I m'----;-.-,7",----;I~·---

- 10-

•



Factors which give rise to poor on~quality are:

- too much fishldebris in codend
- delays on deCk prior to chilled storage
- poor gutting standards .
- poor washing/bleeding standards
- pOOr hygiene/maintenance ofprocessing Inachinenes .
- incorrectly icing of the fishboxes/-containers "
- overftlling the fishbOxes/-containers , "
- rilaintaining correct temperature in the fishhold

,',

, ,

.._", ... ~" ...
•• •_ t~ :

,For an iritegrated qUality assurance system ofchilled flatfish at sea the traditional prabtices
have to be re-examined in the light ofexisting and new technical developments. Besides
the need to lift and carry fishbaskets/boxes for handgutting has to be elimiriated.'Jn fig. 5
.an autoicing and stowage 'system isn't incorporated yet, but some commercial available
systems (KVA, Meyn) are considered for. !" i.

_ Because nowadays many (wheelhouse) p.c.-computers arealready on board, e.g. '
Macsea plot, Chartnav eIectromc chart plotter, OdinIISeaplot navigation plotter, Traeor­
Marcon ER-riIonitoiing system, Dataship automation, Sperry SR8 2000), the IQAS data-

. acquisition can be easily realised. . . : .': . . .' .. ." .

A goOd beamu-awler monitoring system provid~s the skipper arid (potential)' b~yer ~
(quality) data alarining aitd -storage system, so that any time the actual time-temperature
history of the fish prior to .the sale is available, including weight, species and length .
measurementS. , "". ,. " , ... .'.... . .. . .
Besides the skipper has continuously information about the fishprocessing on board arid
can react immOOiately in case ofincorrect handling:' ~ .' ',' '.: .:

. - ..~... . . .

..

I
I

•

- minimize the delays on deck
- correct gutting and waShing .
- rapid chilling and stowage

Therefore .a number of sensors should be installed on crucial places in th6.
flatfishhandling/processing as given in table 4•
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Tabie 4 - TImeltemperature controi of beamtnlwler flatfish handling.
I

Data

• seawater
~ date/tilIle
- kgs
ecm .

- sort

- arr .
; seawater rC)
~ date/time .,
; fishirig grounds .
- ty}>6. line . .' .

• I

• fish.
- dateitime
;.kls ".

-air
,. ." ~.

- seawater
; dateltinie

!
.\

- welght .
~ length

·elL..

- temperatures

• dock
~ navigation
~ processirig
. ui ment.

·temperatureS
• dock.

-temperature

• clOci(~: M"'"

-temperature
-clock·
e oontents

1. deck pound

4. RlVO VISIon
mcxlule

3. CSW buffer
.... tänk/cOntamer.

2. washing drum

Time temperature
coritrol (fi • 5)

5. receIvmg ~opper

6. fishhold -temperature
- clOck
~ icirig .

I.

- arr
~ date/tinie, .
; fishboxlcontainei' (baich) :
• dosis . . .,. '. .'.:l.,

4; .Bottlenecks and SojuUOns ·'0' beamerf[eSh·· fisb handling. "
, .... .. ' .'. '.. ,,'.. ..' ,1 ",." ,,' , . ' .

Although on the mooem beamers much effort is given to mechanize thetransport of fish
from Coclend to fishhold arid varlous Dutch manufactureci developoo and are delivering
grading-. washirigequipment and conveyors. still a number of diawbacks cäit be pointee!"
out especially regafding. j . .

.; ,-. . '.~. "

Safety änd working conditions. The beamtrawls are lessselective regarding hy
catchest stones aild debris. A typicaI catch contairis alarge proPortion of rubbish, weed
and stones and all except the very large stones or hems or dehris are flushed to the
elevator. Large items are mostly rrianually. d!opped overboard, what means heavy
workload for the crew and a higher risk of falling•. one of themain catises for
occupational accidents on the working deck. Back- and jointproblemS are the coririnon
causes fordisablement (ICES-paper CM 1990/B:17 Fish Capture CoInmittee). .',

. As soon as thecätch and smaller stories and debris drops off the elevator onto the
handgrading table. it theri starts to sOrt it according to' size and sjJecies. Deperiding on the
layout of the handgrading table more cr less commercial interesting fish is temponiry
storoo in receiving bins andlor bäskets and fishboxes on the deck. Stones, weed arid
other debris are left on the conveyor to drOp off the end into the overboai"d flurne.

I·

I,

- frCsh fish quallty (rlme-tempet:atme) '. '
- safety and working conditions (workload)

. l

•

! .'., ,

Once hOth pounds have been emptied the fish are gutted. Taking one species/grade at a
time each basket is tipped mainially out onto the sorting table, which means an extra load
for. th6 crewls back- and joint. espechilly onels 'realizes that this workStlltiori, is
underneath the forecaStle deck WitJi orten high acceIe~tiori lev~ls (::>19).

- 12-
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Mter eachfish is giItted, a moriottiöus time consiIriiliigworic, ilie fish is iossed into ,the
washer chute to enter the rotary washer. Guts are simply left on the conveyor belt to be
discharged off the end into the overboard fluIrie. When all the fish in the batch has becn
gutted. the washer discharges the fish down into the fishroom hopper. ' ,

Depending on the type of hopper a liniited number of batches of gutted fish ean be
itempciraly stored. Mter this two man go down irito thc fishhold to empty the hopper in
fishbOxes arid/or baskets. Dunng half ,an hour the crew are working in a chilled
surrouriding (temperature O· C) to ice and stow the catch appröpriate. Agairi heavy
wörklöad, especially 10 stock up the 40 kg fishboxes up to 4-5 high.

GeneI'allY speäkiIig ä nowadays beamer fishermäri consumes aboUt two. tiines more
eriergy per daythan abricklayer ashore, however, he continous works 4-5 days per weck
on a moving working platforni. Tbe aCcident rate is about 53 acciderits per 1000 workers

\Per year, comparab1e with the building industrj ashore, however, abOard fismng veSsels
the,ocCupational accidentS result iri very severe injmes. Disablement of fishennen is a
factor 4 higher than äshore, increasCd in the ages from 40-50 years. ' . ,

Fresh flsh quaiity ,Tbe abovementlon&l shörtcomings. wilh regard to, ihe safety
arid .working conditionS do also have anegative effect on the fresh fish qualitY. ,The
existirig processing line is adiscontinue process with inuch nianually pull- and liftwork
and intermediatestorage of fish in a high temperaturC surrOunding. . ". "
Tbe haridgütting is time-consuming arid properly king imd sto:wirig depends on the
s~ppCr- and cfeW'S intex:est (fatigiie crew, better qualitY doesn't pay off yet). '
" ',~ .,' .' " " .,' . , ..', . -- ','. " ,: . , . " . . - .', "". . . '

Besides iuider-utilization of.bycatehes is ä bui-den regaromg ih6 IiiäiineeiiViroinnent arid
the eariling capacity,of the fishing industry,With,lower quota's allocated each yeu and
f1s~g vesseI !ay-ups durmg several w~ks per year•

. .... .

Technieal soititIoris.Beeaiise ,ih~ qualliYo(tresh fishirter beingcaught depends
on the temperattirearid storage time, theso;.cälled tinie temperature history, the IQAS­
system, should be intIoducCd, either on bOard existing vessels (loCal- arid partly redesigJ).·
solütions) or on bOOid the (drawingboard) fishing vesse1 BeaIrier 2000 (new design).,

.' Only in realiZing a continous flow in handling andno accumulation öfrinchilled fish the
tiirie-temperature historycan beCome imder contri>l; improvirig the crew's wörking
erivironment at th6 same time.
Iri this paper the Beanier 2000 solutions wii! be giveo, because only then the risk of
falling can be redücCdadequately, combined with the improvements regaiding visiori
lines, hit Of crUshed by moving objects ör gear components. However. the. IQAS­
philosophy canarid Will (1991/1993) also easily beadapted on board of an existing
be3.mC?r as. follöw-:-up, of the IQAS-EC-project (demonstration project), aIthotigh without
the Beamer 2000 benefits. .. .'. . . ' .' . ' .' .' ." ' '.
To meet the IQAS reqtiirenientstheexisting beamer processirig line mrist beextended
with the followirig equipment above deck (see prelirilinary IQAS processirig sytem fig.
6).

- 13 -



- gutting machine flatfish (4)
- RIVO-fisheye 0) .
- bycateh handgutting station (12)
- transferstation gutted and sorted fish in fishhold (9),

".1

7
t:O

"
eO
8

t:O

, ,

r--
I,
I
I

••••I:11
I,
I

••,
•••..._--
~f-,-;-----:------- 10 9

~~----------------~ '----S-------J

..

Fig. 6 - IQAS fish processing system (preliminary).

and below deck:

- ice-dosing system
- fishboxl-container fill- and transport system.

Except the RIVO vision modules, the other equipment exists already but either not in
accordance with the IQAS processing line or the commercial version has not been
instalied on a broader scale (too much 'growing pains'). Before introducing this
processing line on board the Beamer 2000, two important design/engineerings
consequences must be checked profoundly:

1) changing ofthe winchhouse (midships) with the extended processing line (forecastle)
with regard to the beamer stability requirements (Duteh Shipping Inspectorate, Beamer
2(00). -

2) extending the flsh handling line with extra equipment with regard to throughput of the
fish (waiting line system) and the workload of the crew (work-sleep cycle).

- 14-
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5.· DeSign cQnseguencesand .. costs;

Stabiiiiy reqiJirementS. '. Iri iable 5 the CaiculatCd siability parameters for Beamer
2000 (fig. 7) arid the required criteria according the Dritch Shippirig Inspectornte are
given. In enclosme I iiiore riav31 architecttiial background information is giveri for the .
V{orst lmiding condition (arrival at hoine Port with 10% fuel, stores atc. arid 20% full
cateh).

"

, .

. :

.-

• . Table 5- 'Stabiiity ciiteria Beamer iöoO.
" " '.' "".- - ." , ." ......."., ...;., ..... ." ...............,. . .'. Co.,.> '. ..

(;rIterIa .: Dutch Slllppmg . Beamer 2000
""~~'"'''' ... -'.C", '., ....." ..•. ~ " .....,.,/, "."'" _._ ..... InspeCtorate,~. ,.oe, .",." (condition 4) .. .'

1) metaeenter height GM ~'0.50 0.71 m
, (GM) ......... . .. " ........ : ..... ".: .. ..' ." ".: ... ....".. " .•.. "..:............ , ........... .w".··...

2) righting lever ann GZ~24xq 0.39m
(GZ) ~30· ~'0.33) . ....... .. ',' ,;

3) <p (GZmax) <p.'~30· 38.8·
.; ~ , ','--' ' .. '. ,,~ "

4) area under the GZ A'~'0.090 0.098 mrad.
curve (0.30·) ~'6.6xQ)

5) area under the A ~'0.148 0.165 mrad
curve (0.40·) ... ~'1O.8 x Q)

..
.' ... .- . .: '" .

6) area under the curve A ~'0.049 0.067 mrad'
(30·.40·) ~'3.6xq)

" . .,

7) staUe angle due to . ~40· 39.6·
wind inclining moment ; .~

(-10" .....) . "-' ..'l,'-·".,"·i.. ;,',A,'-,_. ."
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q =apkltO.9 [} =i.37 ,
. L = 1~12 x Lperp. = 40.25 m
apk=2000hp

I
I
1

I '
!

Accordirig totable 5Bciüner 2000 fulfill the Duteh beärrier crlteria sufficiently, even tbefe
is somereserve stilbility for future new processing equipmerit.· .

, ' i ,"

Although'it was necessary to iricrease tbe beamer i~tilci stability requirementS ~ 'tbe
seventies duc to capsizings, this implies for the relatively shoIt vessels a worse
seakeeping Performance in the North Seas. Sinee the seventies th6 design öf the Dutch
beamtrawler has charigoo iri some ways. Nowadays the vesselsare larger, some of theiri
are equipped with a bulbous bow and afterwaro superstureture instead ofadeckhouse. ,
Because falling is one of the main causes for occupationaIaccidents, RIVO has beim
wondering ü theseaperformarice can beimprovedby either reducing the stability criteria
(developedin the seventies) for the c10sed stern modem beämer or retrofittiriga bulbous
bow. The iIlfluence ofthe superstrucrirre and bUIbous bow has beefichecked by usirig the
co~piIteJ:' progr~ ~~~O~(Marin. (~aritime1Researc~ Institute. ~etherlands,
Wageningen). Only prellininary calculations have been made to get an Idea about the
influences. ".'.... . . . '.:. . ' . '
Regarding the results as given iri Enclosure TI, thc followrng cönclusions may be dnlwn.

, " . I
, '. '. ~ • .. I " .... c.. ._""" ~ ".,;. ." • • "'''' " _ .' • _.;,' I ';.... ' " i ,..," _," ,

1) the influence of th6 superstructure on the static stabilitydatais negligible, so there is
no need to reduce the rnetilcentric height :wheri a suj>erstructure is applied. .'

2) at an average wave period.of7seconds, which is significarit for theNorth Sea, the
, reduction of the pitch value arid the vertical acceleration with a rettofit bulbous is

negligible with the SHlPMO programme. However, one should keep iil mind thät the
bulbous bow fricdon is not considered here. Meanwhile the experiences with some
bulbous bowbciimcci are shoWing a hetter working eonditiori at the forecastle duririg
fishirig (6 mots)., ~ ': . i~:. ",~ . .' ,.~ .. ' ... ,

: . _. - :

From the abOvementionCd öne inay conclude"that rCducing the stabmtY criteria for the .
niodem beaIner doesn't effect the seajjerfomiäneeconsiderably and retrofit bulbous does'
feduce the vertical aceeleration at the forecaStle deck ä bit. The öruy technical solution io
improve the SeapCrformance is to charige the winchhouse With the fishprocessing area in
the forecastle as redesignCdin Beamer 2000(reduction of accelerations with 50%).
Besides only with model täilktests and full Scale acceleration rneasurements the hullform
cari be optimizOO appropriate. . l'. . :

IQAS throughput, waUing liöe; work-sleep cycle.' " Tbe process öf fiUing' ä
boat with fish at sea cari aIso be described äs a queueing.phenomenon or wmting lirie
system. Foi- the beaiiltniwleci ii is rnihei- well-kiiowri at which moment a batch 'of fish :

. with bycatch, debris etc..comes on bOard. In setting up ä proeessing line it is important
that the thrOughput arid proeessing capacity must be matching otherwise the fresh fish ,
detoriates fast and instead of reducing the crew's workload it inereases considerably.
When the throughput is too small for the size of the vessel and processirig lirie the beamer .
Will he too expensive to opernte and the inciome will not exceed the costs, iJreconceivro
the eamirigs for larided fresh fish will inerease considerably; what is not yet the case iIi '
the Duteh fishauetions. , .,. " . . ' ~ ,'. " , .
After discussions with the Shipping Inspectorate the origirial IQAS layout (figure 8) ~as
adapted, resulting in the IQAS line as given in figuie 9. One of the reasons is that in
transferring the gtittoo and weighoo fish into the fishhold, the chute must not pass the
engineroom (construction; quality loss). . : '. . ' .
Regarding to the conventional processingli.oe ~enew I.QAS-liries ~oes improve the:

• fresh fish throughput (no discoritinuities or inteririediate chilloo storage is foreseen).
• ergonomies (no heavy pu~ing and lifting). 1
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Soriirig iable: the two creWrnembers som the flsh in bycatch and flatfish. The flatfish
and bycatch are tossedon a different eonveyor transfering the fish irito a buffertank mIed
with cold water. This method of fish sorong gives a great advantage to the conventiorial
system; the fish quälitY don't change due to the cold water arid the crew's workload has
redueed (no fish in teinPorary boxestl>asketS öri deck).

BUffertank flatfish: .the buffeItank is fiiIed With cold water to keep'the temperattire low
· Avertical elevator tranSportS the flat fish to the top of the tilßk (better working eondition

for the crewmember at the guttirig machine). . '
. ......

: '. Automatie gutting machirie: the macWne (develoPed in 1983 Leba) guts the fish
. automatically. The fish is placed byorie cicwniember urider äclip. The machine drills
.. two holes in thc belly of the fish, then 'with water urider pressure the intestines are

flushed out. . . ,
After a promisiJig and staie aided stiUt on tiO:iid half ädozen beamers, th6 crews were not·
so happy With this plaice giIttirig machine: . . .

•growlng pams .
• too mueh maintenanee
• too nl\ich wear and bW of some colnPüneniS . . . ..'
•retailers ~d customers did not like the drilled holes in the plaice.

However, in tbe IQAS phllosophy a g66dworidng (serill)ähtoinaiic gutrlng mach1ne does
relieve the crew's workload.considerably. Before reintroducing this guttirig machirie, it

·. should be improved and extended With wso sole guttirig (RIVO investigates now the
· shorteoinings).· . ':, '.' ' .. '. :

. ..... ." . "

RIVO fish eye sYStem Md transfer Station: after th6 fisheye system atrarisfeIrlng station
· is 'located.Thecomputer controls the shifting station; the visual measUied fish is sent by

chitteci to a box filledwith eoldwater. There are five shoppers sitiIated inthe shifting .,
station, four for the different kinds of phiicesärid orie for sole. Inthe system ofthe .
shifting station a retuiri conveyor is placed to return incorreetly measured plaice arid Sole

· to the system. Fisheye weights iriccirrectlywhen a fish stirs too muchwhen measUred•.
Iri the shiftingstation there are wS() shoppers for the .different kindS of byeatch species
After the bycatch is soi"ted ä coriveyOr transports the fish into a buffertank filled with cold
water~.Then crewIriember giitS the fish manually and put the fish in abuffer filled With
eoldwater sitUated in the shifting station. '" .' . .' .' . ..' .
Wheri the hoppers are full theflsh Can be traitsfeIred into the fishhold after bateh-washing
in a rotary washer or because the buffers are prechilled, this can b6 done after finishing
all the caught fish. To rediJce the workload in the. fishnoId, an aIready commercial
available fish storage system can b6 instaIIoo, e.g. the Swedish KVA-systerri (enelosure'
111).
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Figure 9 - 2nd IQAS line•
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By riierins of thc RIVO Mac-Exterid programnie thethroughput of an average catch of
fresh fish for ä Soca1led Narth-beamer (fishing grounds above 54- Latitude), has been
simulated. .' . .' ". ...' ..' .... . . .. . ..,.'
ln first instance to cheCk if, regarding thetime-temi>ei'athre history of the thrOughjnit there
are no bott1eneckS arid secondly to investigate if the IQAS.meehanisation improves the
work-sleep cycle ofthe crew. Due to the aim of this drawing board study, only an
average catch was siniulated: 2000 fishes (90% flatfish'and 10% is bycateh) for atypica1
Northem. beänier (less bycatch thari iri the South). In Enclösure IV the Mac-Exterid
resulci are givea I

.! .

'", ... .. ,' .. " .. " ..... '0' .' ' .... 0 ••• " 'c,.. .• " -,- '..,.' ~ ...... ~: :!.." ,." .. .' '.:'
From each workStationiii the processirig lirie, the riecessaly throughputtiDie is estiniatCd: .
in'. consultation With the RIVO skippers arid/ar technical details äs. given by tlie
mariufacturers, e.g. the gutting machine throughput is'1800 flatfishes per hour(l per 2
see.) aildthe average transfer speed ofeonveyors isO.2 tn!s.· '. ' .
For thecatch the possibly bottlenecks are the inteimediate. storage before thö guttirig
machine (~ 20 min.), where the flatflSh Will be kept~ a seawater filled buffei"tänk, as

I

... . . .
flatfish
'2500 .

2250
2000
1750
1500
1250

1000
750
500
250

o
o

. ..

1800

. ,

bycatch
. • . • I': .... .,.. 250:

J.. ' ... :: . 0- ...

.. ... ~ . . . . .. . 225, ,
".-''' .. ".,·".. ;.r,,,"_ ;'"".~ •.. ~,,,~,,.,, 200

.•• ; •..• ; •••. 175
• J ~ .: ~ .~. • • • •.• • 150
-::1'. : .' .... '125

. i' :.': '!: .: . . . . .100·
•• f • • .. :. .. ... . 75

..,. . . I . 4. • •• • 50. :
.. "1 'i';' '~5

3600 I 546~. 7200

.!. Time
, ,

Plotter, Discrete Event
I •

'. \.
1 :; 4 crew; ~eady witli haridSortiiig
2'= 1 crew, ready with häridgutting bycatcli
3 =1 crew, ready with gutting machine

I '.
Fig. 10. - .FIsit., processing ti~e sequence

I,

, '
I

, "i .

·weIl.a5 in the büffe~fo~ the bycatc~ (l inin.).arid..the in.te~~i<üe storage of giItted
fish m the transferstatlon buffers (90 mm.) before transfemng It mto the fishhold. This

.m~~s, that the temporaI)' o~ deck s~o~ fish must be. pre~chilloo, ade<Juately to prevent
quahty loss as muchas posslble. An other bottleneck can be, where the lOcorrect weighed
flatfish coincide withthe not yet weighoo flatfish before the RIVO vision module; an
extra task ror the fisheiman'at the gutting machirie. I? figure 10 the workcycle rar the
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four crewinemberS '(the same immt>er as with th6 ci>nventionalline) is plotied, staiting ilt
the sorong table. Mter 15 minutes the fish has been handgräded. One märi startS working
at the guttirig machine and asecondorie starts the bycatch handgutting, while theother
two starts Cleaning the deckpounds; devatorconveyor or start to prepare the fishhandling
in the fishhold (icing and stowage), deperiding on the chosen system. Mter 30 minutes
the bycatch has been guttoo and this man can go to the acconlmodation for rest/sleep till
the next catchcoines on board (± 1. hoUr 15 miß.). Mter 1 hour the man at the guttirig
machine has finished bis batch offIatfish and can go for rest or starts cleaning the gutting
machine; vision module arid the transfer station. .: ~ :" :. . ~;'.':'

After eire. 1 .1/2 hour the whole eatch haS been processOO'and stowoo in the fishhold~
This means that thefe is not much time Ieft before the next codends comes on boanL' In
tinie sequence the IQAS line doesn't yet irriprove the work-sleep cycle of thecrew, but
the routine häs beeii mechanised in such a way that e.g. at night tinie tWo men Cait do the .
processirig, while.the other can. go back for sleep'after the beamtrawIs are be towed
again.The advantages of this system is that with various temperamre sensorS the time­
tempernture of each individual fish caiJ. be coritrolled and with fisheye registered as
defmedby EC Regulation 3166/82 iri rerms ofthe weight of a sirigle fish.' .. .
The hard labour of the crew decreased considerably, although not much time gain has
been reaIiZed so far regarding the'cxisting system'duc to the hearntrnwl fishing methOd
(tows,of 2 hOufs, 24 hoUrs a day, 5.days per week). Further IilechanisatioD!automation
aS no IDen in the fishhold can bring reliefhere arid/or at riighttime 2 men shift of6 hours.
Of course to improve the, workcycle eonsiderable, the best solution is to inciease the
number of crew from 4' to 6 perSoris, soniethirig already' in use on baord of a few
b~! '. .

Tbc exträ irivestriieiiti 'for tbe gritting machine;:comput~r.vision Iriödule arid tnUisfer
station is about Hfl.' 200,000.;';". Only ifbetterquality fresh fish gelS abetter price of the
retail6rs and theauction costs are lower, the payback time öf this IQAS line. above deck is
äbout .foUr years. The' sOcial costs will be also lower due to less disablemerit and
sickle3.f. .... . .

6~ COnCIUSIOIlS arid· reCOmmendatiOnS,

... Älthough the Dtitch l>e3merS do have various processingequipment, stili the fish isn't

.. handled quiility appropriate from .the cOderids, catching pounds to discharge at .the
quayside. Besides much heaVy pull- and liftwork must be done by the crew and much
bycatches goes useless arid dead overboard agairi.. '... . . '
Only .by introducing an integi-aterl fishhandling syStem (IQAS), abovemeniioned
shortcomings can be solved, as showed by the studies camed out partly in the fniniework
of, the EC-ComrilUnity Research Proramme(FAR-UPI-67) and Safety integi-ated
redesigri of bearlltrawlers (RIVO{l1] Delft, Beamer 2000). . , . " .
In this drawingboard study the design consequences have been given and. the
CostslbenefitS are considered of the extension of a beairier processirig line with a fIatfish
gutting machirie, the RNO developed computer vision module and the transfer station for
gutted fish. .' , ' " '. .. ..' .-
Only by changing the Winchhousc (a'riüdships) with the workstatioris (fofeeastle): the
Beamer 2000 concept~ a considerably improvemerit in wörking environment cari be
realized. This means that in combining. the IQAS ~md KINDUNOS philosophy an
enorinous step forward can b6 made to imiJrove both thequality of the landed fresh fish .
arid the, quality of the working enVironment. The design calculätions are leaming that .
there. are no negative SÜlbility consequences rind only by model tanktesting the
seaperfonnance can be optimiZed to reduce the vertiCal accelerations (hullform, bulbous
bow) and fal~ng of the crew.. .

- 21 -
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Thc frr1t atiernpt in cornputer-modelling of the beam1er catch thi-oughpui (Mac-Extend)
giv,cs more insight in ,thc queueing pheriorn~non~:Bef<?re, the, gutt!ng IJ?achine, .the
handgutting of the bycat~h,and buffers in the tran~ferstau~n a P~-7h!lled,1~termedIa.te, ,
storage is necessary, whl1e the working cycle for the crew doesn t 1mprove much or.
furtber mechanization is inevitable (no men in the fishhold) and the crew's working
pattern is changoo, e.g. 6 hOufS shirt. An ether easily reachirig sOlution is to increase the
fish processing crew from 4 to6 mernbers, however, not iit favoUr of the skipper-o~er.·

, Anyhow, withthe IQAS beamer 2000 line the crew's working condition iniproves
considera,~~y~dD::Lin~se the quali,ty loss ?f the,l~dedfish., At ~e ~e time more
bycatch species can be processed preventlOg caught fish goes useless and deadly
overboard. To reduce the enmonmentalload as well~ more emphasis must be given to
the selecti~tyof~trawls(l~~gth, species arid ~e~I1-s). " ' , , "' . " ';'. . ':
However,can this line also be lOStalled on an eXlsttng beamer? The answer lS yes, but
then nothing is done to redrice the vertic31 accelemtions änd some asstiiDptions must be
tested in practice frrstly: I .
.. i' •

1) Tbe shoitc()nrlngsof the aIready existmg Leba piai~eguttirig ina~hin~ has to be solJoo
arid extended With sole gtitting.., '..." ! .' ". '. :, .

2) The RIVO laboratory computer vision module\ Fisheye beconies an acceptable'
,seawOrthy prototype fci the industry and can meäSure also the lengili acceptable and/or
a combination with the TNQ-infrared lerigili measurement can 00 realiZ6d.

3) Existing gutted fish trarisferstations can be ädapted for reamer pUqjoses., .
4) Existirig auto-icing arid stowage system can be iristaIled in the beamer fishhold. '

, ..",..• , t, ,". •
As follow up of IQAS phase I, this can 1>6 done due 'to the EC granted IQAS phase ll: '
performing on board the experirilentäl werk to, ccinriect unit operations.equipment as
developed in the wlier phase, ef the project. The airil is establishirig a productiori liDe
according to the principles of qualityassuiance. RIVO änd CIVO-TNO Will do this ön
board the beamtrawlers,whilethe participants of IQAS/phase I are concentiatirig on
Danish and Scottish white fish trawlern.' ','.; ',,'. '. ~,-,

Tbe fmaricial ECcoittributions (FAR-progniriune) dOesn't foresee the building costs for'
changing thc wmchhouse with thc, processing area in the foreship, ,the Beamer 2000
concept. Forthisa newbuildmg vessel is riecessary, what is nowadays out of eommön.
practice due to overcatehing cäpacity! ..!, " .
If fishing gear technicians are also, successfull in improVing thc debns and species
Selectivity of beäintrilwls, a positive spin off is giveri t<;> the marine environment as weIl.

I

Gnly on bOafdof the ßEAMER 2000, the objectlve of integrate<! qUallty assuraiice can ."
be realised to the niäXimUÖl extent: , . ;" .,'

; ,

Ql: quality asSuränce of fres}. fish', handling. ~.
Q2: quality of the crews wrirkirig environmerit.
Q3: quality of the marine environment. .;

I " .

I
I '

I
,

I

I ,

In ibis paper it is showoo that it is more a matter of reconsiclerlng/stre3.mIining alieacty
existing" techniques than reinventing. the wheel, however, from the IQAS arid I

KINDUNOS point of view. The noticed (nowadays) shoitcornings cari technically'
be solved without too high extra irivestments. . ,! ',' . " ; ~

..
i '

, .~.

. .' "I' " ,",;
- , Safeiy. aspects in redesigning medium sized beaintiawlers; F.A.. Veenstra, leES

, paper 1989/B:39., " ',' . '., '....:,
Chailging stilbility crlteria for c10sed stern beamers vs~ seäpeiforinancc, Erik Scholte,

, graduate thesis, naväl afchitecture Technical High School, 1990., ' . '.,
- Safety integrated redesign of Dutch beamtrawlers, F.A. Veenstra; J. Stoop, ICES

paper 1990 B:17. I ..,
, - 22~



- Via safety, environmental and working condition aspects to Beamer 2000, F.A.
Veenstra, TO 90-1990 (in Duteh).

- IQAS phase I progress reports, 1989, 1990, F.A. Veenstra, F. Storbeck.
- Beamer 2000 time-space management fishhandling, Niels Mul, graduate thesis, naval

architecture Technical High School, 1990 (in Dutch).
- Study of the working environment on UK fishing vessel, A.J. Dean, Seafish interna!

report, 1988.· .
Analysis (and solutions) of occupational accidents in the Dutch seafisheries, W.
Hoefnagels, J. Stoop, F. Veenstra, K. Bouwman, final report to the Ministry of
Social Mfairs, Labour Inspectorate, 1990 (in Duteh). .
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BEAMTRAWLER

Figure 2

M.V. UK 383 'Harmeri P~st'
Owncr: Rcdcdj Gccrtniida ri.V.
Urk, Thc Nethcrlands I
Builder: Schccpswerf r~etzB.V.

Prlnc:lpal Partlc:ula~s
LengthoveraJl .
Breadthmld. "
Depth /.
Draughlmkf.'h I
Deadweight
Gross tonnage
Fuel oilc:ap. ,
Freshwater<:ap.
Mainengine
Speed

..
41.90m
8.50 m
4.70m
3.5Om
135 ton
43SGT
120m3

27m3

2000 HP
13,5KN



HQQFDAfMfTINQEH
LfHOIE Me 01'" 4Q es m

r;::";J "".""WI YOllI wrUUUOCUIOU
_ • ....-. ••Iit ,.-..~I,..j"1f1..............., ,

LEHQIE 1m1t1MJ! 359.t...m
lllIEEQlE.AuIlJPllIlIlll.L1 -1!1900-"l
HQLTEmbgf", I,ngl. S'LJn

f.1(='-·:-::--eI(!-'L~"'~ I~'t '1....,'.1'\"'.11/1 t

,
I
I

_.~ .. _ .. : ~.
~...J --~

~~lLi~~~
\~i~

Dellmer 2000; SlIrety Integrllted redeslgn or lVorking
deck, wheelhouse and englneroom layout: method
KINDUNOS.

I\AMraN'tttl

-'-'--'--.-,.:::;..-:::,~.-:- :-_ .
.::'._:,,---'----_.-

_"''''M

,/

. l!Q.QWlU...........

I"PfUND DNPfB HOOFQOfK

'.

''-,
",

""

.-

".

"

'.

---':1~.ur_T_.._n~...;....!~o:.:""-_-+ '-tr,.. -r '"1t' + ..... .... _

... _--- .... -- .... _.. _- .. -
..~ ...... ..!"- -lfi-rr-

: ': 1
'
.

,-(1 I 'li.; u...' I1 I

r!='~1' ,
r'/f "tJI17·.' "1"'I'~rr
:'::._..:.J I " '

I I,'
" ,
: ':,' .'

.... -. t.i ·l !i;. ,i' - • - - ...,.
... . .. .. ... -- - ,~ - - ---.. .

•
•

~~~~--~.._-~_._._ ....

.- ......."'.-.

!".'c.-!'ru...r,- .... ,

;1 ::~' f1
/

,I'

! \ \. .I
r---~~~Wll-~~f"

S~"~~u,~\~Z§_~__~~.~.

/

... -.



. '.", .. ,.

'.'.:0 Res. A168 Bekendm:lking Mn do sc.heepvaart 55/1968 IMO Torremo- bekendmaking aan da sChMpvaart 124/1977 '- aanvvlling op bckendmaking
1960 vlsser"va nrrulq cn I1n05 1977 vlsserllvaarlulMn ' brlof S.1. dd 27·02·1900

div. vlssorlj· boomkorvlssorl boomkorvlssorlj diV. vlssorlJ- boomkorvluorlJ boomkorvlssorlJ boomkorvlsseril
methOden :lpk S 0.8LA2 apk> O.SLA2 melhOdon apk S O.8LA2 apk> O.8LA2 L<35m L ~ 37 m

q • apklO.8LA2 . q • apklO.SLA2 apk) O.8V2 apk> 0.9LA2, .. q' • apklO.9LA2.
1 2 3 4 5 e 7 e 9 10

stab. arm 0.30'
(ern I ~ 20 ~ 20 ~ 24. ~ 24'q ~ 20 ' ~ 20 ~ 24 ~ 24'q zio kolom 8 ~ 24'q'

dyn. weg tot
0.30' ~ 5.5 ~ S.S ~ 6.6 ~ G.6'q ~ S.5 ~ 5.5 ~ 6.6 ~ 6.6·q zie kolom e ~ 6.6'q·

remrad 1
dyn. weg lot
0.40' ~ 9 ~ 9 ~10.8 ~10.e'q ~ 9 ~ 9 ~ 10.0 ~1 O.O'q zio kolom Cl ~ 1O.O'q·
cmrad 1 (0 • 40' of 0f 1 - -. - .. ·.. ( 0 • 40' 01 0f I 0 • 40' of 01 \

loonamo dyn weg
zlo kOlom Cl(() • 30' • (() • 40 ~ 3 ~3 ~ 3.6 ~ 3.6'q ~ 3 ~ 3 ~3.e ~ 3.6'q ~ 3.6'q·

remrad 1 (0 • 40' of 01 . . . - .. ·.. I( 0 • 40' 01 01 ( (1) • 40' 01 or' ( (1) • 40' of 01 '( 0 • 40' olor \ ( (() • AO' o( 0f
stab. arm max.
blj O. 0m advles ~ 30' Idem ldem Idem Idem Idem idem Idem Idem idem

zeker > 25'
lv'.G
I cm 1 ~ 3S ~ 35 ~ 35 ~ 3S ~ 3S ~ 35 (gec. voor ~ 50 (gec. voor ~ SO (gec. voor ~ SO (gec. voor ~ 50 (gec. voor

vr" vI. 000. \ vril v!. OO(). 1 vrli 111. 000. 1 vrH vI. 000. \ vr" 111. 000.\

windmomcnl . . .. ... .. . .... ·.... Ja la la Ja la Ja

o

,<

• Of Is do hoek waarbij opcningen le waler komen.
, Bil boomkorvisserij wordl cnder L verstaan de kleinslo waardo van;

Loa In meIers volgens ~e meelbriel
1.12'LII In meters .

• zle kolom 9 en 10; voor schcpcn met een lenglo lussen 35 on 37 meIer wordt de ractor q' govonden door rochllijnlgG InterpolatlG.

7 •
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Trim-en stabjlJtcltsberek~ning 13-12-1989 9:5~:41

Conditie -:'1~~fl f.:.9!.11.~~ haven (misse rei s: 8t "is, 1(Ji: vqQ!:'G.J....Jü:-: d. ,,,. )

Qo~chri jvin9 Eewichl Iho09te tlho09te llengte /llengte lbreedte Ilbreedte YrVJ ~to!
ton • tona e ton. e tone tOtit

leeg ~chill t26.5UO 3.910 2487.205 18.580 116<0.371 0.000 0.000 ,. i.f.;•.. .. .., ..
I.IS 8.000 1.600 12.BOO 29.9aO 231.2v~ ß.WO 0.000 eJ.~v-)

pro'lilnd . O. ('00 O.C01 C.OO~ 1l.COC ci.W~ iI.~O~ 0.000 ~.O'.i(:

fiS 8.000 . 2.100 . 16.800 24.100 . 192.8W O.OW 0.000 O.CI~·O

. dw bb 9.797 t.931 18.920 30.752 301.281 -t.t8l -11.571 0.000
dll sb ,9.791 1.931 IB. 92~· 30.752 301.281 I.ISI 11.571 O.O~Q

dw Sbl 2.188 1.01B 2.228 14.011 30.7eb 2.934 . 6.420 1.073
dw bill 2.188 .' 1.0t8 2.22a 14.071 30.786 -2.934 -6.420 1.00B
'0 sb .- 0.000 0.000 0.000 0.000 O.OO~ 0.000 0.000 O.~OO

10 bb 0.000 0.000 0.000 0.000 0.000 .0.000 0.000 ~.(tüij

fo sbe 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.(100

~*
0.000 0.000 0.000 0.000 0.000 0.000 0.000 c.ü~O ,

0.000 0.000 0.000 0.000 0.000 O.OOß 0.000 Q.~Q i
I

10 bill , 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O.H"~
I
n

10 sb.1: 2.655 3.106 8.246 7.H9 19.673 l.BS] 1.Se? 1.24~
I'
'I

10 bbal: 6.549 3.503 22.940 6.735 44.U3 -2.995 -J9.616 2. eH
yuile olie '3.453 1.964 6.782 1l.261 38.8SS -V117 -10.070 ~.OC'!l

vuil water 3.837 1.~64 7.536 11.261 43.205 2.917 11.189 ~.(I!'~I I
I

Jo 0.359 2.63l 0.942 18.199 6.518 -4.057 :'1.453 O.C9S ·1
d~gtlnl:: 3.592 3.811' 13.649 18.200 65.1~1 4.0S3 14.517 C.C!!t! 'I
YJl- hnl: 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ·O.O('C! :

I

:==:=:::=======:====::===:===========::==============================================:=============
Totul ba6.~04 3.813 2b19.1n 18.847 12946.091 0.003 2.IS3 6.293

35. 93(J m

6.457 toni!':.' Cirl

2.825 ton/ern
ETl1 =

Ton/em in:::inking =17.229 m

CareneNaarden
666.816 m::<VolLIm\:? =

WI :::wadrtepunt =
Lengtc' ) .:.-c.ol ) Jn""n =

•
~~C~2~~~!li~_~~~

KM dwars = 4.533 m
GeNi ehts:::~,aartepunt KG = \ 3.813 m

GG' ecn-eeti e = 6.293 I
GI1 vast =
686.904 =

0.720 m
(1.(1(19 m

Metacentrum G'M geeorrigeerd = 0.711 m

Oiepgang =
Total e tt- i m

Trimliqg~~~ die~gan~u

3.658 m Oiepgang achter =
-0.631 m Oiepgang vaor =

3.974 tll

3.343 m

,De stabiliteitswaarden gelden voor de opgegeven trimligging.,
I

I,
I
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13-12-1969 9:53:45
8t VI ?-,-_l9i;'-Y.QQCC~1_7Q~~~.d_

Statische arm dynamische weg~ berekend met ,.,rl je vertrimmin<]Hoek (@) KN sin@ KG'sin@ GB COSI?! G'N sln@ O"n. '"leggraden m m m m ml-ad0.(1) 0.(100 0.000 ü. (1(1.:; -('. (1(13 ('. (,0(110.00 0.788 0.664 0.(;03 (', 121 f). ~)l()2(,_ OCI 1.567 1.307 O. (1(13 Ü.256 0.04330.00 2.277 1.911 0.0(13 0.363 0.09840.00 2.853 2.457 0.002 ..:~. 393 0.16550.00 3.279 2.928 0.002 0.349 0.23160.00 3.557 3.310 0.002 0.245 0.28370.00 3.706 3.592 0.001 0.113 0.31580.00 3.734 3.764 0.001 -ü.ü31 0.322

Trim-cn stabiliteitsberekening
Conditie : aankOtllst haven ,misse reis:

Maximum G'N sin(@) is 0.394 m bij 38.80 graden.
Statische hellingshoek naar lij . 9.67 graden
Hellingshoek naar lij~ vanuit 10 graden naar loef is 39.60 graden

III
N..

.,.,-r--,.....'"'"'rr---- ,-

8.8 58.8



----~- - - •
1 dw hh 2 dw sh

Wgb
:s.g. (t/m"'3] : gew ( t]

3 vui 11' olio -4 vui 1 wator
I 1 • (11)1) 9.797I

dw sb I 1.1)(11) 9.7975 dw sh~ 6 dw bha I

vui1e olie: C).91)1) 3.453
7 fo Stb 8 Fo bh vuil water: 1 • (1I)(l :;.837
9 fo 2>h. 18 to hblr'l dw bba 1. (1I)l) 7.293
11 10 1Z d~gta.nk d~J sba ' --1. (Jl)l) 7.293
13 fo sha ,14 10 bha, 10 bb ('.850 17.623

15 ;0 ~h..k 16 fo ':bbfl\k'; 10 sb (1.851) 17.: 623.
" fc bbm 6.85(' 15.679

11 vp- t~nl< fo sbm (1.851) , 15.679
dagtan~:. 0.850 3.582
10 O.9l)l) 3.582
fo bba 0.850 9.688
fo sba 0.85(1 9.688
fo bbmk 1).850 17.71)1'
fo sbmk 0.850 17.701
vp- tank 1.025 39.661)

~~m:
::: , t:S

~

14
~

~.
1

"-

~
,,'

~.. '"...~

~ ~ ~-"
=-- ~~

I
5.6

I
18.6

I
15.8

I
28.8

I
25.8

I
38.8

I
35.8

,.. ' :_.. _...... ...• _ ..._.0 . ----_--:::.;===;;;;;;;;,;;;;;,;;,..-----_-.<=~::=.~..~--=.,.,-_:-:'".-:"'.""==-_.........----



1 dw hb 2 dw sh
3 vu i le 01 ie 4 vui 1 w8tel'
5 ciw sba. 6 dw bha
? fo sb 8 ro bh
9 f 0 2>b. 19 ro bbrn
11 10 .1Z dAgtAnk13 fo sba 14 10 hba
15 fo ~h..k 16 10 bhrnk
17 vp- tanJc

I
35.9

I
38.8

I
26.8

I
29.9

I . i

. 16.9
I

18.8
I

5.8

..

~ 11XX~ '0x :x:I X' 1<,.& , .
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[:lepgang Gebied 1 Gebied 2 Moment Arm- &.:"'"'-. 51997 71556 123553 ü.192...... ...J~.1t..~

3.6('(- 52331 68753 121085 0.181
3.7(H) 52671 65946 118617 0.17,)
3. e0":~ . ::)2955 63233 116188 (1.160,',

3.9(',) 53120 60721 113842 0.151
4.000 53201 58353 111554 0.1434.100) 53182 56154 109335 0.135
4.200 53061 54125 107186 0.128

l.Ji nddruk 75.00 125.00 kg/m::<:
Ondergren~, 5.00 m
Bov€-ngt-ens 5.00 m

.. ~ .

-I

I
1

•
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Appendix k: shipdata

..
MAIN PARTICULARS: .
H fml S.10
8 fmt 9.00
Loa fmt 40.10
LU rmI 36.80
dispI. Honl 696.30
mean draft rmI" 3.70
draft AP (mI 4.49
draft FP (mI 2.91
trim rmt 1.59
MG (mt 0.72
KG (mI 3.71
LCG (AP) rmt 18.07

RADIUS CF GYRATION fml:
Ipitch 9.27

10.30
11.33

roll 3.60
4.00

·4.40

SPEED fkn.1: 3.00
6.00

. 12.00

8/LGEKEEl1
I(st. 6- st. 131
heiQht rml 0.40

Shipmotion calculations BEAMER 2000.

Enclosure II
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Appendixh: Slalic stabilily curves open
and closed ship.

1.2

1.0

-0- GZopen

• GZclosed

a MG

806020 40

heetlng angle "

0.4

0.0 4----.---.,.---.---r--~-__,r_-_'i'_-"__I

o

0.2

N
C' 0.6

.-. 0.8
oS

STATIC STAB/UTY OATA
1 2 3

ooen shio closed ship
dyn. height up to 30° [mrad] 0.10S 0.10S
dyn. height up 10 40° {mrad} 0.171 0.175
dyn. height 30°- 40° {mrad] 0.067 0.071
GZmax [mI 0.387 at 33.9° 0.412 at 38.5°
MG [ml 0.72 0.72
anQle rdeQl GZ curve ooen shio rml GZ curve c10sed ship [m
10 0.13 \ 0.13
20 0.28 0.28
30 0.38 0.39
40 0.37 0.41
50 0.27 0.37
60 0.14 0.27
70 0.02 0.14

.•. \.



Appendix i: calculation of the longitudinal radius of gyration

Ship wifhout a bulbous bow:
Radius of gyration: K= O.25*L. mass mom. of inertia: 1= 5/80*~*L"2
[tm1\2]
L=40m
~= 696.3 t

I;:: 70.000 L'111\2

K=IOm

ShiU with buJbous bowj

i'
!j

G

I bulb. bow=Jbulb+ m*ll\2;:: ±O+ 8*181\2= 2592 tm"2
1=+18m
m bulb.bow= + 8 t
r ship with bulb= I ship+ I bulb= 70.000+ 2592= 72592 tml\2
K ship with bulb= "'I ship with bulb/"m ship with bulb= 10. I m

Ship with buJbous bow and after peak tank: •
G

r tank= Ibulb. bow= 2592 trnl\2
m tank= m bulb= 8 t
I ship with bulb and a.p. tank= 1 ship+ 2*1 bulb. bow= 70,000+ 5184=
75184 tml\2
K ship with bulb and a.p. tank= "'r ship with bulb and a.p. t.ankI"m ship with
bulb and a.p. tank= 10.3 m
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Appendix;: sign. value of pitch
Jonswap wave spectra
speed- 12 kn. heading 180 deg

--0- Kyy .. 9.27 m

--+- Kyy =10.3 m

a Kyy =11.33 m

•

,

,.

1

I

Co-o
CI
:J
c;I

>

c
!!:
eil

5

4

3

2

•

o 2 4 6 6 10
average wave p~rlod (sec]

12 14

average wave period (sec) Kyy = 9.27 m Kyy = 10.3 m Kyy = 11.33 m

speed (knols) = 12.0
heading (deg) = 180

4.000
5.000
6.000
7.000
8.000
9.000

10.000
11.000
12.000

1.800
4.480
4.790
4.090
3.530
3.0'40
2.690
2.330
2.010

1.580
4.020
4.700
4.140
3.590
3.100
2.690
2.380
2.060

1.330
3.500
4.470
4.130
3.630
3.140
2.740
2.420
2.100
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Appendixi: sign. value of pitch
Jonswap walle spectra
speed· 3 kn. heading 180 deg

c
C)

ca 2

.s=
u-Q.

-o
41
::::I
ca
>

7

6

5

4

3

--0- Kyy = 9.27m

• Kyy = 10.3

a Kyy = 11.33

o 2 4 6 8 10 12 14

average wave perfod [sec]

average wave period Kyy = 9.27 m Kyy = 10.3 m Kyy = 11.33 m •speed (knots) = 3.0 4.000 3.610 3.590 3.400heading = 180.0 5.000 5.060 5.490 5.830
6.000 4.610 5.010 5.420
7.000 3.980 4.290 4.600
8.000 3.430 3.670 3.930
9.000 2.960 3.160 3.360

·10.000 2.570 2.730 2.900
11.000 2.270 2.400 2.550
12.000 1.970 2.080 2.200
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EFFICIENT
FISH~HANbLING

dNB.OARD

The K\'A fishhold stor.age system on board ßEAMER
2000.

Enclosurc III
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TIIE KVA PROCESSING SySTEM
•: ..

.', HOLD
. .

' • .. 'f:."

. 1

. .
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Cl) Constan t: (2) Unused:

1_72_00 11_1---

Genero to r

Generates items at arriual times
according to the distribution belolJJ.

o Uniform Integer (a->b)
o Uniform Real (a->b)
o Binomial (B)
o Poisson (P) N = 1200 f
o Normal (N) ( )o l~gNormal (L) Plot N Members

o EHponential (M)
o Erlang (Er)

o HyperEHponential (Hr)

o Weibull (UJ)

@ Constant (C) @ Discrete
o Gene~al (G) -> 0 Stepped .

mments .' 0 I nt~r:poI6ted

Each haul takes 2 hour, 2000' fish are,
caught

l) Member plot

n OK )} (cancel) ~

I tems output/euent (u) =

12000 I
General (Plot Table)

Hangellime probabIlIty

1
2
3
4
5

'6
',7

i

......
il
"!
f:
"I,

",:I
i;

I

I
I:
I.
!'.j

"
7236 72727200

Arrival Time

7164 .

. . .. .

Percent Members

100
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80
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7128
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;) Plotter, Oiscrete Euent

~ OK »( Cancel )~

( Show Plot)

181 Show Plot During Simulation

Comments

Shows plot of processed flatfish
and bycatch

6) Plotter, Oiscrete Euent
flatfish bycatch

2500 • • . . • • • • •• 250

2250 • • • .• ••••• 225

2000 . . . . 200

1750 . 175
1500 • • • • •. 150

1250 • • . . • • .. ·125

1000 ,100
750 • • • • • • 75

500 • • • • • • • 50

250 . 25

o~----..,r-------.-------r------,·O
o 1800 3600 5400 7200

Time

Plotter, Oiscrete Event
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Generator . Provides items for a discrete event Customers, factory
simulation. ° , parts, computer. programs, network

• messages.
Queue, Providcs a first-in-first-out (FIFO) Sort on color, failure
Attribute queue where items with a particular rates, or qualily

attribute havc a highcr priority than
other Hems.

Queue,FIFO Provides a first-in-first-out (FIFO) , ... First-a>me-first-
queue. served lines,

inventory tumover
Queue, UFO Provides a last-in-first-out (UFO) Unrotatcd stock,

queue. vertical stack of books
at the bookStore

Queue, Provides a queue that releases the Priority mail, project
Priority highest-priority itcm first. . management, triage

Resource Holds items to be.used in the . Labor pool, parts bins,
simulation. finite memory; disk

size

Activity, Delay Holds an item for a specified amount Red lights in traffie,
of time. ' teller's serVice time,

. multitasking CPU
time

Activity, Delay Allows the delay activity to interaet Customers with
(Attributes) with item attributes. - . specifie problems that

take specifie lengths of
time, preparation
periods

Activi ty, Holds many items and passes them ' Ceramies kiln, bakery
Multiple out based on the delay and arrival oven, supermarket

time for each Hern.
Activity, Passes an item only when the service Flight arrivals,
Service conriector is set to 1. customers in aHne,

.. sales orders
Batch Allows several items to be joined into Parts kitting, a

a single item. dassroom, damaged
goods repaircd with
parts

Combinc Combines the Hems from two different Merging traffic,
sources into a single shoearn. customers coming

from many entranccs
to fonn one Hne

Unbatch Generates several itcms from a single Route messages or
input item as specified in the dialog. invoice copies,

duplicate a message

, packet, release a
resource in use,
generate a signal

,
I

1
I
,I

;;
!
I
I
I

i

\
I

1
I"
i;,,
r
I.
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Decisiol1S

Select DE
Input

Select DE
Output

Selects inputs based on a decision.

Selects outputs based on a decision.

,...

Traffie signals at an
intersection, candidate
selection, CPD
interrupt aecess
Choke of shipping
method, routing
priority

1
1
I
j

Attributes al1d priorities

Get Attribute Looks at or removes attributes on
items.

Set Attribute Sets the attributes of items passing
through it.

Set Priority Assigns a priority to Hems that pass
through.

General

Reading a parts list, a
movie rating, or an
employee record
.Adding to a parts list,
writing part of a .
movie rating, writing
in a employec record
Police dispatcher, jOb
priority, first dass
passenger

Executive Allows the duration of the simulation
to be controlled by the end time or by
events. This block is the heart of each
discrete event model and must be .

. , placed to the left of a11 other blocks in
the model. ' -

-
Exit Passes Hems out of the simulation. Scrap, finished goods,

completed projects
Make Your Acts as a template for your own
Own blocks. .
Plott~r, Plots one or two signals. : ,
Discrete Event I

Progr~m Schedules many events. CoHec breaks, end of
i wprk days, computer0'

j programs
Show Times Displays the values in the.globalO ' "

timeArray as the simulation' ;
progresses.

Status Displays information about an Hem or
values coming from another block. .

Timer Allows you to view the time that it Time to run an errand,
takes an item to pass between two production time
connce\ors.

'.1:-9

•



VISVERWERKINGSLIJN

Pla.tv-is

KWALITEIT

tiid per vis geliddelde Wd gelliddeld Ujd te.peratuur van tfllperatuur
in de Ilodule van de totaal van de totaal van het lediuI van de vis

ververHe vis ver werkte vis waarin de vis ['Cl
in de Bodu1e . in oe Ilodule zieh bevindt
[sec,l [Iin,] ['Cl

JlX)dule tijd/vis tijd/totaal tijd/totaal temp.bulten temp.vis

Vangstverwerker 0.49 499 08'19" 20 ?

Uitzoektafel 0.5 0.5 00'0.5" 25 ?

Lopende band 1 22.5 22.5 00'22.5" 25 ?

tsevoir 2.1 1240 20'40.1" 15 ?

tripmachine 2 2 00'02" 25 ?

Lopende band 2 7.5 7.5 00'7.5" 25 ?

Lopende band 3 1 1.5 00' 1. 5" 25 ?

Lopende band 4 22.5 23 00'23" 25 ?

Afwerpstation 7141 5406 90' 06" 0 ?

Bi.:Jv-a..ngst

0.49 499 08'19" 20 ?

2 2 00'02" 25 ?

15 15 00'15" 25 ?

10.1 464 07 44" 15 ?

10 10 00' 10" 25 ?

7162 6210 103'30" 0 ?

tijd/vis

tijd per vis
in de Ilodule

r Ule

Vangstverwerker
Uitzoektafel
Lopende band
Rese~TOir

Strippen bijvangst
Afwerpstation

geliddelde tijd
van de totaal
ververHe vis
in de l\odule
[s~c ,l

tijd/totaal

geaiddeld tijd
van de totaal
verwerkte vis
in de aodule
[Iin,l

tijd/totaal

tellperatuur van
van het lediul
waarin de vis
zieh bevindi
['Cl

temp.buiten

tellpera.tuur
van de vis
['Cl

temp.vis

VI-10


