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FOREWORD

This work was initiated by Mr. Martti
Niskala, the Director General of the National
Board of Public Roads and Waterways.
I am indebted to him for stressing the impor-
tance of this topic.

The Foundation for the Investigations of
Natural Resources in Finland considered
that a study on the economic transport
unit size in roundwood towing on Lake Iso-
Saimaa would be useful and awarded me a
grant for this purpose, for which I am deeply
grateful.

The basic material for this paper has been
the statistical information on the member
companies of the Saimaa Shipowners'
Association (SAILA). The statistics of the
Inland Waterway Transport Department
of Enso-Gutzeit Osakeyhtiö have played
the main role. A good checking point for
all floaters' operations has been Laitaatsilta
in Savonlinna, where Savon Uittoyhdistys
(the Floating Association of Savo) records
the data by enterprises. I am grateful
to all the organizations concerned for their
kind cooperations.

One point may be worth stressing: although
in the past it was not always easy to get
information for a wrork such as this, the
cost elements needed for study have been
available, though not from a single source.
The price of a tug cannot be a secret, for
whoever buys one wants to know its price
beforehand. Oil dealers have to give the
selling price of their products. The salaries
are negotiated between the parties concerned
and have been in print for many years.
Overhead costs are unknown but they have
no importance in a paper of this type which
intends to show the differences between
the economies of transport unit sizes but
not those between firm sizes, managerial
skill, etc.

During my work I have received valuable
assistance from many persons. The grant
mentioned above was awarded to Mr.
Antti Kanerva, B. Sc. (Eng.) and myself.
Mr. Kanerva calculated the velocity re-
gressions and read through the manuscript.

The greatest help came from Mr. Toimi
Mikkonen, whose experience of roundwood
towing, and the statistics connected with it,
covers several decades.

This type of work, based to a great
extent on practical experience, cannot be
carried out without the entire cooperation of
the tug captains. I have been fortunate to
work with captains willing to improve their
work and try out new ways.

While thanking all these persons I want to
mention especially, besides Mikkonen, the
former Harbour Master Usko Savolainen
and Captain Erkki Reinikainen. Mr. Reini-
kainen undertook much extra work in record-
ing velocities, measuring raft lengths by
radar, compiling data, etc.

I am also very grateful to the Society of
Forestry in Finland, which agreed to print
this paper in Acta Forestalia Fennica.

The English text was checked by the
English Centre in Helsinki and Mr. Tim Peck,
M. F., to whom I must record a special debt
of gratitude.

SI units are used in this paper and the
recommendations and general principles
concerning quantities, units and symbols
are followed (See, for instance Ref. No.
ISO 1000-1973 (E) and Ref. No. ISO 31/0
-1974 (E)).

Finally, I hope this work will be of some
practical value to route planners and
builders and to route users who tow round-
wood.

Berne, May 1976

YRJÖ ROITTO
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1. INTRODUCTION; PURPOSE AND METHOD

The transport unit in roundwood towing
on Lake Iso-Saimaa comprises a tug and
a raft of bundled wood with a towline between
them. Where long-distance transport in
the mid-1970s is concerned, the power of
tugs varies, with some exceptions, between
150 and 440 kW. The average raft size
is around 15 000 m3, containing about 1100
bundles with an average bundle size of 14 m3.
The bundles are bound with chains and
wires or with wires only. The biggest raft
ever towed on Lake Iso-Saimaa had almost
75 000 m3 of wood. The smallest rafts
may contain only a few bundles, but then
they are not normally considered as rafts
for long-distance towing. The normal width
of the raft has, since 1967/68, been 10
bundles, or about 30 m. The length of the
average raft is about 100 — 110 bundles,
equivalent to 600 m. The diameter of the
towline is usually 20 — 22 mm and its full
length between the tug and the raft is
350-450 m. The full length of the towline
is always used when the routes and weather
conditions allow. The full length is deter-

Fig. 1. Transport unit in roundwood towing.

mined so that under the normal towing
conditions the propulsion from the tug's
propeller equals zero at the front of the
raft. In the mid-1970s the transport unit
on Iso-Saimaa usually has an assistant ship
of 90 —100 kW. It is mainly used for pushing
the raft sideways to prevent it from touching
ground, road ferries, piers, etc.

There are several factors influencing the
economic size of the transport unit in round-
wood towing. These are changing with the
enterprises and along with general develop-
ments. In this paper these factors or factor
groups are seen from the point of view of the
enterprise. The main question is to determine
the most economic combination of tug and
raft size. If the conditions are, or can be,
standardized then the determination of this
combination is easier than under differing
conditions. However, one has to foresee in
which direction developments are going.

In towing rafts of bundled wood, the
velocity is relatively slow and can hardly
be more than 5 km/h. A velocity superior
to this causes the bundles to dive. For
Saimaa rafting, cigar-shaped rafts cannot
be built because constructing them is expen-
sive and the routes are often too twisty for
them. Increasing towing velocity in bundle
rafting above a certain point increases
costs so much that it is sound planning to
start from the minimum velocity which is
safe for the routes or for part of them.
The degree of reliability in weather forecasting
also enters the picture. It may be decided
in casu whether it is wise to determine the
safe minimum velocity on the basis of a
comparatively small stormy part of the
entire route or to use bigger tugs and/or
smaller rafts on the stormy part of the route.

When the safe minimum velocity is
determined, the next question is the size
of the raft and the power of the tug. Smaller
rafts with smaller tugs may reach the same
velocity as bigger rafts with bigger tugs.
Economically the relation is usually the
following: the bigger the rafts, and hence
the tugs, the smaller the costs per unit
towed. There are two basic reasons for this:
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— The form of the velocity function,
dependent on raft size, in roundwood
towing.

— The cost of tugs as a function of power.

The rafts cannot be indefinitely increased
in size. In addition, there are factors
influencing towing, although they are not
called transport factors. The size of the
enterprise (its factories, forest properties,
etc.) influences the size of the raft, and so
does the number of points from which the
wood is brought in bundled form, the timing
of deliveries, etc. The buoyancy of wood also
plays a role.

In Finland, as in many other countries,
the state promotes transport by building and
improving routes. It is often a question of
balancing the private economic and the
national economic interests when the econom-
ic transport unit size is being determined.
Especially on those waterways which consist
of many artificial channels and lock canals,
the larger the locks, channels, etc., the
bigger the private economic benefit. This,
of course, is said under the assumption
that the enterprises using the waterways do
not pay in full for the building and operation
costs of the waterways. This is usually
the case. From the builder's point of view,
the bigger the construction work, the higher
the costs. National economics does not
only involve building and operating water-
ways; goals of general development have also
been involved in public decisions. From the

pure point of transport economics it is
sound policy to require that each form of
transport pays its costs, both private and
national.

This paper is intended to help the planner
and builder of waterways to decide how
large constructions such as channels, wid-
enings of waterways, etc. should be for
the route user and roundwood tower. This
is done by determining what would be the
private economic transport unit size in
roundwood towing on Lake Iso-Saimaa
(in Eastern Finland), if the waterways were
not to provide any restraints. The decision
as to whether the size of the unit satisfies
public development goals and fits the
expenditures of national economy may be
made only when the costs of necessary
waterway improvements are known and
the non-monetary effects (intangibles)
recognized. Thus, this paper sheds light
only on one aspect of the problem.

Since many factors influence the question
under consideration, the ways of dealing
with it in this paper vary. There is no
uniform method employed; it is discussed
in detail or is implicitly shown chapter by
chapter. A short description of the features
of development is intended to give an idea
of why the question of raft size became so
acute after the mid-1960s. A review of past
developments also helps one to set the
framework within which the problem has to
be considered.



2. MAIN FEATURES OF DEVELOPMENT UP TO THE MID-1970S

Fig. 2 shows the main features in the
development of raft size over a period of
50 years. According to the series showing
the development of Enso-Gutzeit Osake-
yhtiö's Saimaa rafting, it took almost 45
years to increase the raft size by about 100
per cent (1921 —65) while it increased by the
same percentage in the following 4 years
(1965 — 69). Further increases have taken
place between 1969 and 1975.

No major changes occurred in transport
amounts and performances between 1960 and

10V
25

ENSO'S THREE BIGGEST (3)

1321 25 30 35 40 45 50 55 60 65 70 75

Fig. 2. Raft size of Enso-Gutzeit Osakeyhtiö in
the Saimaa water system in 1921 — 74, that of
all enterprises at Laitaatsilta Sound (Savonlinna)
in 1955 — 75 and that of tugs of Enso-Gutzeit
Osakeyhtiö with a power of 370 — 440 kW.

1974 and no clear trend can be found on
the basis of the figures presented. This
implies that on Lake Iso-Saimaa, unless
radical transport-policy changes occur, the
quantities towed will, in the long run,
be 4 — 5 mill, m3 per year and transport
performance 800 — 1000 mill. m3km per
year.

The number of enterprises engaged in
roundwood towing has decreased by about
55 per cent during the period 1960 — 74.
This does not necessarily mean the disappear-
ance of firms whose wood was being
towed. It mainly implies that the degree of
rationalization and cooperation has increased,
especially since the middle of the 1960s.
Three big firms on Lake Iso-Saimaa formed
a common organization for forestry activities,
including roundwood towing, and ceased to
be separate operators in 1968. Many firms,
small and medium-sized, have discontinued
their own towing and made contracts with
bigger firms.

The number of tugs used in long-distance
towing has decreased by 60 — 65 per cent
during the period 1960 — 74. This is due to
the above-mentioned discontinuation of
independent operators and to a simultaneous
increase of 80 — 90 per cent in the average
power of tugs.

The average size of the bundle has changed
very little.

Table 1. Main charaeteristics of roundwood towing on Lake Iso-Saimaa in 1960 — 74.

Year

1960
1965
1968
1969
1974

Transport

quantity
103 m3

3,77
4,36
4,19
4,88
4,20

performance
106 m3km

729
864
777
928
831

Number of
enterprises

12
13
11

9
6

Number of
tugs1)

40
42
26
23
15

Tug power,
kW

130
140
150
180
240

Average size
of bundle2), m3

14,4
13,8
15,0
15,1
14,1

Those used for long-distance rafting.
According to Enso-Gutzeit Osakeyhtiö.



3. THE VELOCITY OF TRANSPORT UNIT

3.1 Velocity as a function of raft size
and tug power

Data on towing velocities have been
collected from logbooks since 1960. Before
1966, the variation in raft size was very
small. Special experiments were organized
for practical purposes and for this study.
Raft sizes varied widely. Permanent test
stretches were measured on nautical charts
so that they were easily seen from the tugs;
velocities on them were measured. The
stretches were selected so that they also
differed with respect to current.

At the time this paper was wrrittcn (1975)
no tugs of over 440 kW existed on Lake Iso-
Saimaa. Values for bigger tugs were obtained
not only on the basis of data calculated from
the tugs of 440 kW and less, but also through
experiments with two tugs of 440 kW or
with tugs having a total of 660 kW.

The results from the logbooks and experi-
ments agreed basically with studies and
writings made earlier (especially EKLUND
1952), and indicated that the correlation
between the towing velocity and the raft
size was linear and not sloping steeply.
The velocity function may be expressed as
follows:

BARGES TOWING

\ , RAFTS
[ J

PRACTICAL
RAFT SIZE

CRITICAL v

" —- __v=0

RAFT SIZE

Fig. 3. Form of a velocity function and scattering
of dots (observations) around the straight line
drawn. Note the difference in observations before
and after raft sizes were increased.

Fig. 4. A theoretical velocity function of a tug.
Note critical velocity and the theoretical maximum
for raft size.

y = a — bx, where
y =s velocity (km/h)
a = parameter (the intercept with the y

axis)
b = parameter (the slope)
x •> raft size (HP m3)

The straight line showing the correlation
between the velocity and the raft size
cannot be used for all values of x. With
x = O, the velocity cannot be indicated by
the parameter a, since a is supposed to
imply the towing velocity with the 'smallest
practicable raft'. Theoretically, x = O
implies the velocity of the tugs without a
raft which is much higher than the towing
velocity with any size of raft. If the raft
is excessively large its towing velocity is
zero or almost zero.

Considering the limit where the 'effectively
most rapid' towing velocity changes to
that where the bundles dive helps one
to understand the velocity functions of
tugs of different power. Logically, the
critical maximum velocity should be about
the same regardless of the power of the tug.
If this is true, then the velocity functions,
when extrapolated to intercept with the y
axis, may have their intercepts very close
to each other. Consequently, the more
powerful the tug, the smaller the slope of
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Fig. 5. Some velocity functions by raft size and
tug power.

its velocity function according to the size
of the raft (Fig. 5).

Regressions were calculated on the basis
of two sets of figures. Conditions with no
current and with heavy or medium current
were analysed separately. No logical values
were obtained for the current. One of the
two sets showed a curve in the velocity line
in direction opposite to that of the other.
A straight correlation was therefore accepted.

The straight lines drawn by eye seemed to
fit the calculated ones. (The straight lines
drawn by eye were made without regard
to the calculated results or to those obtained
earlier.) The values of tugs of equal or almost
equal power were put together by calculating
their averages.

The velocity functions from which the
values for Table 2 were derived and some of
which are presented in Fig. 5, are as follows:

y220 = 2,60 - 0,042 x
y;i,o = 2,70 - 0,031 x

y4 4 0 » 2,80 - 0,024 x
y5r)0 =* 2,90 - 0,020 x
ym) = 3,()0 - 0,017 X
y 7 7 5 = 3,12 - 0,015 x
y 8 8 5 = 3,25 - 0,014 x

The subscripts below y refer to the power
(kW) of the tugs concerned. Otherwise the
symbols are as expressed earlier (p. 8).

The functions may not hold true — as
already explained — for small values of x,
but they might for big ones. Although the
last mentioned case is not needed for
practical purposes, for curiosity's sake the
x values with y — O were calculated.
They were as follows:

TUG POWER, kW y = 0, 103 m3

APPROXIMATELY

220 60
440 115
660 175
885 230

3. 2 The influence of other factors

The most decisive factors influencing
the towing velocity are the raft size and the
power of the tug when the raft construction
remains the same. For this paper, only the
raft size and the power of the tug were
analysed quantitatively. The other factors
were, however, recognized. One can list them
and deduce the direction in which their in-
fluence is felt.

Table 2. Velocities, km/h, by tug power and raft size.

Tug power,
kW

220
330
440
550
660
765
885

15

1,97
2,24
2,44
2,60
2,74
2,89
3,04

20

1,76
2,08
2,32
2,50
2,67
2,82
2,93

Raft
25

1,55
1,92
2,20
2,40
2,57
2,74
2,90

size, 103 m3

30

1,31
1,77
2,08
2,30
2,49
2,68
2,83

35

1,09
1,62
1,96
2,20
2,41
2,59
2,76

40

0,87
1,47
1,84
2,10
2,33
2,54
2,69

45

0,66
1,33
1,72
2,00
2,23
2,44
2,62
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This paper concentrates on the average
conditions on Lake Iso-Saimaa in the mid-
1970s. The rafts usually include wood of
several assortments, placed differently. In
the 1940s and 1950s for example, when
many rafts consisted only or mainly of

either sawlogs or pulp wood, the assortments
played a decisive role in the towing velocity.
The following list shows the most important
factors, other than raft size or tug power,
which influence the towing velocity.

FACTOR AND
CHANGE IN IT

INFLUENCE ON
TOWING VELOCITY

REMARKS

+ = increase
— = decrease

1. Structure of raft
Much water
between bundles —
Little water -J-

1.1 Wood
1.1.1 Species + and

1.1.2 Quality
Good -f-
Poor —

1.1.3 Length of logs
Unequal —
Equal +
Long (+)
Short (-)

1.1.4 Debranching
Well done +
Poorly done —

1.1.5 Debarking
Barked +
Unbarked —

1.1.6 Water content,
i.e. Dryness

Green —
Dry +

1.2 Bundles
1.2.1 Size

Big +
Small —

1.2.2 Quality of bundling
Good +
Poor —

2. Tug characteristics other than power — and

3. Length of towline
Long +
Short —

See e.g. HELLK 1927

and 1933 and EKLUND 1952

Often linked with specific gravity,
form factors and straightness of logs

Connected with point 1

Connected with points 1 and 1.1

Connected with points 1 and 1.1.1

Each unit has a constant resistance
independent of volume

Linked with dimensions of tug such
as length, draft, wind surface, etc.
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4. Route
4.1 Straightness

Straight +
Twisty —

4.2 Width
Wide +
Narrow —

4.3 Depth
Deep +
Shallow —

4.4 Current
Upstream +
Downstream —

5. Weather
5.1 Wind Speed

High
Low ± 0

5.2 Direction
Against + •
Following ( —)

5.3 Fog, rain, etc. — or ± 0 Depends a great deal on tug equip-
ment and its use

6. Professional skill of captains
Good +
Poor —

7. Control
Intensive -f~
Extensive —

8. Social conditions, personnel
relations, etc.

Good +
Poor —

3. 3 The critical towing velocity

If the raft size is constant, the critical
velocity of the raft below which towing
would not be advisable depends on the
characteristics of the waterways and on
weather, including the degree of reliability
of forecasting the changes. The power of the
tug would then be selected afterwards. The
main question is how rapidly a tug should
be able to cross an open lake with a raft in
order to be able to reach shelter in time,
if necessary.

The critical towing velocity was, in this
paper, defined as follows: The critical towing
velocity is that needed to reach a sheltered
place within the time interval for which weather

forecasts are given with 80 per cent accuracy.
For conditions in the mid-1970s, this time
interval is 18 h (MÄKELÄ 1975). However,
it is assumed that reliable weather forecasts
will be available by the end of the 1980s
(NIITAMO 1970, p. 284; MÄKELÄ 1975 a).
This may, in the future, influence decisions
concerning critical velocity. The critical
velocity varies in different regions of Lake
Iso-Saimaa. One critical region is Pyhä-
selkä in the northeastern part of the lake,
where the towing route is 20 km on open
lake. Since it is not logical to apply the
requirements of one part of the lake, and
especially that situated in the north, to
the whole lake, different standards should
be applied to Pyhäselkä.
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Determining the critical towing velocity
is a more delicate question than the critical
raft size. Even relatively small decreases
in velocity have sizable effects on the raft
size (Fig. 5). In supplying wood for factories
it is unimportant whether the velocity is
2 or 3 km/h. No strict time tables can be
applied in roundwood towing anyway. Owing
to bad weather, a trip may last three or
four times as much as usual.

In addition, the timing of bundling, the
operations of the floating associations, the
collection of wood into big rafts from nu-
merous bundling and other places, etc.
are often more decisive factors affecting
the total flow of wood to the factories by
towing than the towing velocity itself.

The opinions of the four most experienced
tug captains interviewed on the critical
towing velocity varied from 1,9 to 2,0 km/h.
Here 2,0 km/h was chosen to be the critical
towing velocity, which should not be under-
cut except in emergencies, when routes are
twisty, for test purposes, etc.

Fig. 6. Concentration of traffic in roundwood
towing is often due to weather-bound stoppages.
Three units which most likely had previously to
stop at the same sheltered place.



4. RAFT SIZE

4.1 Raft dimensions in different
combinations

The normal raft on Lake Iso-Saimaa in
the mid-1970s is usually 10 bundles wide.
Therefore, under average conditions, the
cubic volume of the raft can be determined
by the number of bundles in the row. There
are differences, of course, depending on the
assortments of wood in the raft. Pulpwood
is the most common type of wood in the
1970s. Most wood rafted on Lake Iso-Saimaa
is bundled on trucks, so the conditions are
more or less standardized since strict re-
gulations exist on the dimensions of trucks,
the weights of their loads, etc.

WIDTH,NO OF BUNDLES

10 (RADAR)

Fig. 8. Raft size in relation to length and width.
Three theoretical examples and one using radar
measurements.

Fig. 7. Structure of a bundle raft. The raft has
almost passed Laitaatsilta Sound.

The width of one bundle is about 3 m.
The length of the bundle varies. The most
common pulpwood length is 3 m. There
is water between the bundles. Since rafts
more than 10 bundles in width have also
been towed, and since one of the purposes
of this paper is to determine the most eco-
nomic size for a raft, rafts wider than 10
bundles are also discussed.

It may be worth mentioning that before
1967 a raft 8 bundles wide was standard
on Iso-Saimaa. Then, the minimum width
of the row consisted of two bundles with
a wooden boom between them. In the mid-
1970s (and mainly since 1968), a row with
one bundle is a common module and the
bundles are linked to each other lengthwise
by a cable usually 12 mm in diameter. Fig.
8 gives an example of the dimensions of
rafts in different combinations.

4. 2 The critical size

The feasibility of towing large bundle
rafts through a narrow, twisty sound cannot
easily be learnt from books or from theories
taught at school. Long, varied experience
produces good tug captains. The conditions
vary from year to year, and it is not only
the captains' own experience which counts.


