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Abstracti

' 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 ofikrill
on deck as a'parameter the profit and efficiency of the trawling

can be analyzed. The optimum daily catching rates can be

~calculated when neglecting minor patches.

Résumé

Ce document décrit un modéle d'ordinateur qui peut &tre utilisé
pour llanalyse des taux de prises d' "Antactic krill". La

distribution des bancs d' "Antartic krill" est considérée comme

.une fonction de densité cumulée tout en donnant facilement les

distances a parcourlr. En utilisant 1la quallté de 1° "Antartlc
krill" '3 Bord comme™ parametre, on peut analyser le proflt et
l'efficacité de la péche. Le taux maximum des prises quotldlenncs

peut @tre calculé en négligeant les bancs peu inportants.
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GENERAL

When designing a factory trawler for catching and
processing krill, one naturally mﬁst 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 béing, so the situation must be

estimated. One method is to use computer modelling, and

- analyse the effect of different parameter variations to

the final results. The purpose of this report is to
describe the method used when designing the Wartsila
krill vessel. The values used here are based on ref. /1./

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

Cumulative function of krill density

Assume the krill patches are located within an avarage
distance of %X with different sizes Li and thicknesses
di' The trawling path can be described as in fig. 1.
When the trawl is taken full we have the equation:

t2 _ ' L X2 .
AS = Jg(x) AV *dt = A 59(x) dx (1.)
t1 ) X, ’ ‘
where  Q(x) = krill density ~ (kg/m’)
' A = trawl opening (m2)
v = trawling speéd ' ‘>(m/s)
AS = Iﬁaximum allowed amount
- | of krill in trawl - (kg)
CEye by E trawling period (s)
’ Xq 4x2 = tréwling” interval (m)

' We can define the cumulative function for krill as:

- X

. ’ R (x) = jg (x) dx kg/m2 (2.

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

- R; (x1)

AS/A = R (xzj

"

=> R (x,) = R{x,) + & S/A _ ' (3.)
If R (x), &S, A and the end poixlt of previous trawling-
‘ ~interval X4 are known, then we get from (3.) the end point

of the present trawling interval Xpe
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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)
th . . . .
k =k trawling time in a certadin patch,
. . th .
A = start point of k trawling,
' . th .
B = end point of k trawling,
i = index of the crossing times through.
the patch
r = the turning radius of the trawling
device (m) ,
1 = distance outside the patch
~2Wr =~ 6 r (m)

If the trawl is not full when fhe patch is crossed, so
it follows after the vessel durihg the round turn and

is possibly filled up on the next crossing.

The krill density
patch and outside

When the patch is
the krill density
fig. 3.

g(x) = Q is constant inside the
S)E 0'
crossed through as shown in fig. 2,

and cumulative functions are as in
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The cumulative function is made according to the

following rule:

R X * number of crossing times
9L' | L ‘ 1
oL L + 1
29L, 2L + 1 2
QL AL+ (i-1)1 i
iQL iL o+ i1

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

‘we have in general:

R(x) = 9L(i=1) + Q(x-x,) ' (4.)
x, = (i-1) - (L+1)
where x < x < x + IL.
o a a

Number of trawling times / crossing times

Using (3.) k times. for successive trawlings, we obtain:
R(xk) =k - A s/a - (5.)

where k = number of trawling time

x, = distance of the end point of xth

trawling interval from origo.



14,32 wry orrserramo

ESH LA . . :; _ 5.

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

corresponding Xy is obtained from (4.):

Rix,) = QL(i~1) +Q(x-x_ ) =k S/A (6.)
where i is taken from equation:

k 4 8/a >QL(i-1) or:

A

=> i =1+ INT |k =21, (7.)
QAL

Equation (7.) gives the function between crossing

times (i~1) and trawlings (k). The distance Xy which

is equal to the distance trawled, is obtained from
(6.): '

m=x = x4 k'éﬁﬁ - L(i-1)
Sa

‘(i=1). (L+1l) + Res (8.)
where the residual distance is:

Res = k AS _ L (i-1). (9.)

QA

Maximum number of trawling times

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

i-1 ey 28 . | (10.)
S?AL : :

m o (i-1)- (Ltl) ~ k 28 (14d) |

. A L
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The distance trawled in.the patch is
m_ T (i-1)'L %k — . : (11.)
p .
The trawled volume in the patch is:
NS .
V. @« (i-1)-LA R k —— - (12.
P ; S )

Using emptying coefficient f:

v
£f =R = trawled volume
v - patch's total volume

we obtain the uppér limit for trawling times k:

V =k + 22 ~EV

5s
3

(13.)
As

In equation (13.):

mass of krill in patch

I

gV

AS catch / trawling

1

and thus the emptying coefficient f is also the relative .

krill mass taken from the patch. The total volume of the

patch is taken as

v=12a - ©(14.)

Trawling time in a patch

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

trawling time is:

T =0 4 kA ; -~ (15.)
p \’7

EREY
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where m = trawling distance from (10.)

trawling speed

[t}

A\

AT

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

is:
Hp=?11kAS—hZXLP§ o | | (16.)
where hy = Yalue of krill on deck ($/kg)
h, = érice of fuel ~($/kg)
¥ = fuel consunmption coefficient (kg/Ws)
P = power used in ﬁrawling (W)
m/v = trawiing time ‘ | - (s)

Using an estimate for P as:

P=Aa vV - : (17.)
. 2 m2
where A = trawl shape coefficient W/m 5
- . . S
A = trawl opening area m2
V = trawling speed m/s
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The shape coefficient is obtained, when P, A and V

are known for one speced V.
The profit is thus: o

H =h

2 -
b Jkas - hZ\ZJAA vim. (18.)

\

Transition time and costs

Assunming the average distance between patches is x,

we obtain the total transition time as:

T, =Nx./V ' ' | (19.)

)
oy
(D
H
[t
A |
+
Y
i

number of patches

"
]

‘average distance between patches (m)

<t
1

Corresponding total costs are:

K = h,¥PxN/V | (20.)
where Y- = fuel consumption coefficient at
transition power (kg/Ws)
P = transition power : ) (W)

COMPUTER MODELLING

Trawling model

The model for trawling path through patches as in fig.
1. is obtained when summing up profits from different
patches (18.) and taking into account the transition

costs (20.)

transition speed (m/s)

v-...
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The total profit is thus:
H=—Ks+h1As Zkv
- h AAZm v 2 | ' (21.)
2?’ v v ° _ L

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

" transient time (19.):
T =T+ AT Lk, +‘va /v, | (22.)

index for summa, v = 1...N,

where v

number of patches.

1l

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

chosen such that the efficiency
nl.= H < max ! ‘ . (23.)

We define following coefficients:

' _ % n,» P (mn-1) 2/
a; = ——— = 2
- h,As h1.AS
. " b1 - hZY'A.A
® “hiAs
v (24.)
;2 AT .V AT
b, = 1/4T

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

We obtain thus:

14.32 wr orsseTramo
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H o= h, 08 (-ag + Y, k, = by pm V) (25.)
%
T = DT (a, + Lk, o+ bZva/vv)

Equation (23.) is sufficient to determine the trawling

parameters, as will be seen.

.
\

Optimum speed

To find out the optimum speed we have:

S . . OH _ T
E)y =0=> 722 =522
ov, T 6VV ov_ °

From (25.) we get:

d H -
3o = h1As (- b1 m, . 2 VV) .
0T _Ar (-bom v "2
Qv 2 vv
v

and thus the optimum condition gives:

_y = 3 )
Vo * V% T /\/ 4T by . (27.)
: ) h1AS b‘l : :
The result is  that trawling speed for all patches is the
same = optimum speed Vo‘ The optimum speed is calculated
iteratively from (25.) and (27.). If it exceeds the

maximum speed according to the power:

.- 3 — :
Vmax = ‘\/Pmax / (AR) , o (28.)

then the trawling speed is V = Vm.

R P
L= e




Optimun number of trawling times

As was shown in previous part, the trawling speed
in patches is equal =V, 50 that the following values

\Y
v
can be used:
2. -2
. ¢ =V, by =V b |
(29.)
c, = b2/VV = b2/V.
The efficiency 7 is written using (25.) as:
NI :
-a, + ka - C jaxu
1 v 1 v (30.)

Y?—= Lo a, + )k, *C, va : -

where TZO = A1 R .

The trawling distance_mV in patch v is obtained from
(7.), (8.) and (9.) when k = k_. The corresponding

approximation (10.) is:

n &k éLﬁ (1 4 %~). (31.)
v v 2l
92& v

k = 0...k_
v v
max
. . oad ,
where k,, I f_§i— Lv2 . ~ (32.)
max Nsg ~ :

To determine the optimum value for number of trawlings

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

A4S 1+ 1 ~ ©(33.)
oa I,

Am ®
v

14.32 v onstreamo
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and from (30.) we obtain:

-a, +1-—C1A m+ zkv-c12mv

‘2 ' YZV: YZO a2+1+C2Am‘/;+2]<V+C22mv (34.)

Change Asmv is positive and so according to (34.) it
decreases the efficiency. Further, according to (33.),

ésmv'is“that larger the smaller Lv is. Then the result

will be that small patches decrease the resulting

efficiency.

To find out the optimum one can do as follows:

~

- in the first step each patch has maximum value of

kv (from (32.).

- starﬁing from the smallest pat.ch,'kv is décreased
always by one. Simultaneously the efficiency Q'is

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

- when the efficiency begins to decrease, the
procedure is stopped. This situation is the

optimum,

f vy
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3. RESULTS AND 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

.

\

trawl opening area A = 400 m?
amount of krill per haul s = 10 tons
trawl handling time T = 30 mnin
turning radius r = 200 m
krill density in patph ‘ gv= 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 catching rate are calculated. The results are

shown in fig..5. As the conclusions the following comments

can be made:

Using the data from /1./ a catching rate of abt. 260

tons per 24 hours can be expected.

The trawl handling time and the amount of krill per
haul have the'biggest influence on the catching rate.

The method used here can be used for analyzing the
efﬁects of various parameters on krill catching rate.
The information obtained can be used for developing
the krill catching Qessels. However, the input data
must be based on sufficient amount of measurement

during several years.
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Influence of various paramcters on the krill catch rate
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