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Abstract·

This paper'describes a computer model which can be used for

analyzing the catch rates of .Antarctic krill. The distribution

of krill patches is taken as a cumulative density function thus

giving'easily the trawling distances. Using the value cf krill

on deck as a 'parameter the pr9fit and efficiency of the trawling

can be analyzed. The optimum daily catching rates can be

calculated when neglecting minor patches .

Resume

Ce document decrit un modele d'ordinateur qui peut etre utilise

pour l~analyse des taux de prises d' "Antactic krilllI. La

distribution des bancs d' "Antartic krill" est consideree conune

. une fonction de densite cumulee tout en donnant facilement' les

distances a. parcourih • En utilisant la qualite de l' "Antartic

krill" 'ä'"I5örc1 comme:'f~~ram.etre, on peut analyser le profit et

l'cfficacite de la peche. Le taux'maximum des prises quotidienncs

peut ~tre calcule en negligeant les bancs peu importants.
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1. GENERAL

When designing a factory trawler for catching and

processing krill, one naturally must be aware on the

nature of the catching process: daily trawling and

searching times, the influences of the distributions of

krill patches and densities to the total result.

Because the statistics of .commercial catching rates are

small for the time being, so the situation must be

estimated. One method is to use computer modellin~, and

analyse the effect of different parameter variations to

the final results. The purpose ofthis report is to

describe the method used when designing the Wärtsilä.. .
krill vessel. The values' used here are based on ref. /1./

and Japanese investigations during 1972-79 •
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2. THEORY FüR TRAWLING MODEL

Cumulative function of krill density

Assurne the kr~ll patches are located within an avaragc

distance of xwith different sizes L. and thicknesses
~

d .• The trawling path can be described as in fig. 1.
~

When the trawl is taken full we have the equation:
,
,

AS = A • V . dt = A dx (1 • )

where g (x) = krill density

A = trawl opening

V = trawling speed

.6.S = maximum allowed amount

of krill in travl1

t 1 ' t
2

,= travlling perio(l

x 1 ' x2 = trawling interval

(m/s)

(kg)

(s)

(m)

We can define thc cumulative function for krill as:

x

• R (x) = Jg (x) dx kg/m2

0

Using R (x) in (1. ) we obtain:

D.. S/A = R (x2 ) - R (x
1

)

=> R (x2 ) = R(x1~ + D. S/A

(2. )

(3. )

If R (x), D. S, A and the end point of pr,evious trawling­

interval x, ~re known, then we get froIn (3.) the end point

of the prcsent trawling interval x 2 -
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Cumulative function of a krill patch

Next we can examine one of the krill patches, fig. 2.

Then we have:

L = side length of a square-shaped patch (m)

k = . k th trawling time in a certa~n patch,

A

B

=

=

start point of k th trawling,

end point of kth trawling,

i = index of the crossing times through

the patch

r = the turning radius of the trawling

device (m) ,

1 = distance outside the patch

~ 2 TI r ~ 6 r (m)

If the trawl is not full when the patch is crossed, so

it follows after the vessel during the round turn and

is possibly filled up on the next crossing.

• The krill density

patchand outside

~ (x) =. 5> is constant inside the

g,;;; o.
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When the patch is crossed through as shown in fig. 2,

the krill density and cumulative functions are as in

fig. 3.
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The cumulative function is made according to the

fo11mving rule:

If we take any rising part of R(x) as in fig. 4., so

we have in general:
•

R x

gL L

.9L L + 1

29L 2L + 1

... ...
i~L iL+ (i-1) 1

i~L iL + i1

R(x) =gL(i-1) + g(x-xa )

x = (i-1). (L+1)
a

number of crossing times

1

2

i

(4 • )

where x < x < x + L.a a

•
Number of traw1ing times / crossing times

Using (3.) k times.for successive traw1ings,we obtain:

where k =number of trawling time

Xk = 'distance of the end point of k th

trawling interval from origo.

(5. )



In (5.) the right part is known, and thus the

corresponding xk is obtained from (4.):

5.
• ~ ,I •••

where i is taken from equation:

k 6 S/A > ~L(i-1) or:.

=> i ::: 1 + INT rk ~J'
[ 9 AL

S/A (6. )

(7.)

•
Equation (7.) gives the function between crossing

times (i-1) and trawlings (k). The distance x
k

' which

is equal to the distance trawled, is obtained from

(6. ) :

•

m = x
k

= x
a

+ k ß S - L (i-1)
SA

=. (i-1). (L+l) + Res

where the residual distance is:

Res = k ~S - L (i-1).
SA

Maximum number of trawling times

(8. )

(9 • )

If k is relatively large, so approximately from (7.)
and (8.):

i-1 ~ k b.S

9AL
(10. )

m f:;:: (i-1)' {L+l} ~ k b.S (1+ 1 )
~A L



The distance trawled in the patch is

m ';f {i-1)·L % k .6S
P SA

The trawled volume in the patch is:

Uslng emptying,c6efficient f:

6.

(11. )

(12. )

v
f=-E.=

v
trawled volume

patch's total volume

we obtain the upper limit for trawling times k:

V k
bS /"Vf V= .

p g

=> kmax
,-vf~

1).S

In equation (13.) :

SV = mass of krill in patch

As = catch / trawling

(1 3 • )

•
and thus the emptying coefficient f is also the relative

krill mass taken fro~ the patch. The total volume of the

patch is taken as

(14 • )

Trawling time in aoatch
+

If we are trawling k times in the patch, sothe total

trawling time i8:

T
P

m= + k L\ T
V

(15. )

,,
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where m = trawling distance from (10.)

v = trawling speed

. 7.

•

6T = time for hauling, emptying and shooting the

trawl.

Profit from trawling

Assume that the profit from trawling is taken according

to the value of krill on deck and on the other handthe

volume of the fuel used. Thus the profit after k trawlings

is:

where h 1 = value of krill on deck ($/kg)

(16. )

h 2 = price of fuel ($/kg)

~ = fuel consumption coefficient (kg/~vs)

m/v =' trawling time•
P power used in trawling (W)

(s)

Using an estimate for Pas:

(17. )

where
2

= trawl shape coefficient w/m2 m7
A = trawl opening area m2

v = trawling speedm/s

- ~ !
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Thc shape coefficient is obtained, when P, A and V

are known for one speed V.

The profit is thus:

(18. )

Transition time and costs

Assuming the average distance bet\veen patches is x,

we obtain the total transition time as:

-T
S

= N x/ V (19.)

where N + 1 = number of pat~hes

x = average distance between patches (m)

v = transition speed (m/s) ,

Corresponding total costs are:

(20. )

8

where '6 = 'fuel consumption coefficient at

• transition power (kg/Ws)

p = transition pm"er (W)

COMPUTER MODELLING

Tra,.;1ing model

oz

~
o

~
N
N
(')

.j..

The model for trawling path through patches as in fig.

1. i5 obtained when summing up profits from different

patches (18.) and taking into account the transition

costs (20.)
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The total profit is thus:

(21. )

The total time is obtained by summing up (15.) and the

. tra'nsient time (19.):

T = T + 1::3. T L. k + 2: m Ivs v v v (22. )

where v = index for summa, v = '~ •• N,

N' = number of patches.

The parameters kv ' mv and Vv in the model should be

chosen such that the efficiency

•

H
(r), = ":':" =:: max !

l. T' .

We define following coefficients:

K
h 2 ~ P (N-1 ) x Ivsa, = =

h
1

,6 S
h, b.S

b, = h2t'rL A

h
1

D.. S

(23. )

(24.)

= (N-1) x

. V bT

All values in (24.) are calculated from the input data.

We obtain thus:

" ;'
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(25. )

Equation (23.) is sufficient to determine the trawling

parameters, as will be seen.

QEtimum speed

To find out the optimum speed we have:

·e
o => T 0 H =

dV
v

H d T

GVv

From (25.) we get:

c) H

dVv,
mv

(26. )

:: ~ A T ( - b 2m V - 2 )
v v

OT
dV

v
and thus the optimum condition gives:

•
vo = 1 H 6T b

- - -- :.. 2
2 T h 1D.S ~

(27. )

The result is that trawling speed for allpatches is the

same :: optimum speed V . The optimum speed is calculated
o

iteratively from (25.) and (27.). If it exceeds the

maximum speed according to the power:

V - . 1. / p / (") A) , (28.) .
max - \I max ~ ,

then the trawling speed is V = V
m

•

.'



Optimurn numbcr of trawling times

11.

As was shown in previous part, the trawling speed

V in patchcs is cqual = V, so that the following valuesv .
can be uscc1:

Thc efficiency ~ is written using (25.) as:

-a
1

+ ~ k
v

- C
1
~ mv .

a 2 + Ikv + C2 L mv

(29. )

(30. )
.'

\'lhere

The trawling distancc m. v
(7 • ), (8 .) and (9.) when

approximation (10.) is:

in patch v i5 obtaincd from

k = k
v

• Thc corrcsponding

o... k vmax

The number of trawlings k varics between:v•
m ~kv v

1
(1 + T) •

~v

(31. )

where k vmax
L 2

v
(32. )

Ta determine thc optimum value for number cf trawlings

k an increase of +1 is given. Thus from (31.):v

(33. )

,,
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and from (30.) we obtain:

-a1+1-C 1,6, mv -I- L.kv -c12mv

a2 +1 +c2bmv +Lkv+c
2l:mv

12.

(34. )

•

Change ~ m is positive and so according to (34.) it
v

decreases the efficiency. Further, according to (33.),

.6,m "is"that larger the smaller L iso Then the result
.'V . .' v

wirr be that small ~atches decrease khe resulting _

efficiency.

To find out the optimum one can do as foliows:

in the first step each patch has maximum ~alue of

k
v

(from (32.).

.
starting from the smallest patch, kv is decreased

always by one. Simultaneously the efficiency 1, is

calculated from (30.) and (7.) - (9.).

when the efficiency begins to decrease, the

procedure is stopped. This situation is the

optimum •
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3. RESULTS hND CONCLUSIONS

The vessel data are obtained from /2./. The size of krill

patches varies from 0 to 200 metres. The distribution of

sizes is taken from /1./. Following values are used as

parameters

tra\'l1 opening A 400 2area = m

amount of krill per haul S = 10 tons

tra\vl handling time 'T = 30 min

turning radius r = 200 m

krill density in pat.ch ~ 0.15 kg/m3=
average distance between patches x = 5000 m

These values are varied between 0.5 to 1.5 times the

original values and the corresponding optimum efficiency

and krill ~atching rate are calcula~ed. The results are

shown in fig." 5. As the conclusions the following cornrnents

can be made:

Using the data from /1./ a catchi~g rate of abt. 260

tons per 24 hourscan bc cxpected.

The trawl handling timeand the amount of krill per

haul have thc "biggest influence on the catching rate.

The method used here can be used for analyzing the

effects of ,various parameters on krill catching rate.

The infqrmation obtained can be used for developing

the krill catching vessels. However, the input data

must,be based on sufficient amount of measurement

during several years.
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KRILL CATCH RATES
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FIG. 5'

Influence of various parameters on the krill catch rate

D.T == tra\'l1 handling time
r = radius of turning

x == average distance bet\veen patches

f = emptying cocfficient

A = traHl opening area

~ == krill density
6~ - anlount of krill catch per haul


