THE POSSIBILITIES OF DEVELOPMENT OF THE INLAND
WATERWAYS IN EAST-CENTRAL EUROPE AS A PART OF THE
GENERAL NETWORK OF TRANS-EUROPEAN NAVIGABLE WATRERWAYS




"Thaet is to happen to the large number
of emall nations,wvhose rights and
interests mist be safepuarded..... .
"It would,therefore,seem to be at any
rate worthy of patient study that,
gide by side with the great Powers,
there should be a nwmber of growpings
of states,or confederations,which
would express themselves through
their owvn chosen representatives,the
whole making a Council of great
States and groups of States"

/-/W.Churchill
/-/ 22 th March 1943,

Introduction

Among the fundemental problems with which the countries of
Europe will be concerned at the end of the present war,the two
following are the most important :-

(a) it will be necessary to create a high degree of interdepen-
dence between certain groups of countries,

(b) it will be necessary to change the sgricultural structure
and develop industry in these countries where over-population
in raral districts leads to malnutrition.

The countries of East-Centrgl Europe particularly need the

development, which would be possible through increased inter-

national economic co-operation.

The poseibility of a confederation on an economic bagis in the

arca between the Baltic, the Black Sea and the Adriatic is

already being visualized,

The solution of this problem,among others,necessitates the

integration of markets, and in this, trsnsport must play a de-

cigive part,.
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In a prosperous area or country the various means of transport
co-operate in harmony, and the different kinds of communication
lines cross and recross like a spider’s web.

Each method of transport should be used in the way best fitted
to the kind of work it can do.

Inland navigation was in the past one of the mein factors in
the industrial development and commercial expansion of the
majority of countries, and is to day an esesential and
irreplacesble part of transport in some countries. It will,

in the future, play a still more important part, if it is
adjusted to modern reqguirements.

The advantages of the use of inland waterways which have been
proved in the West, must not be over-looked in connection with
the development of Hast-Centrsl Hurope.

The geographic and economic conditions of East-Centrasl HEurope
allow a very large stream of traffic to be carried on the great
rivers,that flow between neighbouring stetes, and tap the
resources of that vast area. After improvement, the waterways
would facilitate and increase the exploitation of goods by
adding to the mumber of markets, whereas without the possibility
of cheap water transport several of the available commodities
would find no market.,

The following conditions rmust be considered when drawing up a
scheme for the modern development of an effective inland water-

way network s—
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1.If the navigable waterweys of a country are dependent entirely
on the natural conditions the resulting network cen only be
built with very wide meshes.,

If the conditions of inland water-borne traffic are such
that the distances covered are short and that the transport of
goods in bulk does not play a large part, the transport costs
are relatively high and navigation has to meet sharp competition
from other means of communication. For example, in sea-bound
countries, where the geographic conditions do not lend them—
selves to the development of an smple and organic network of
navigeble waterways, the importance of the inland navigable
waterways is slight as compared with that of railways and roads
and also in comparison with the coasting trade that goes on
all around the shores.

On the other hand, in water transport of goods in bulk over

long distances, such as exists in continental inland countries,

especiglly in Central Burope, the freight rates are low and
the other means of tramsport cannot compete with it.

In addition, it should be pointed out that the principal
inland waterweys should ensure traffic with the segports. This
is one of the predominsting factors in the development of
inland waterways. It has been proved thet the policy of inland
navigation is a seasport policy and that the role of inland
navigation is much more important when the waterways connect
the most extensive hinterland with the seaports.

For this purpose the inland waterways in East-Centrgl FEurope
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have favoursble geographic conditions,but =t present, the
improvement of rivers and the uniting of gll systems has not
yet been completed. Therefore, the railways are supreme in

the realm of transport in this aresa, in epite of the very long

distances over which goods are carried.

The rivers which will form the framework of the future nets
work are still disconnected, but by the construction of junction
canals they can without great difficulty be developed into a
great network covering a very extensive area,

As regards the technicel aspect of such a scheme there are
particulsrly favoursble conditions.

The watershedes of the rivers: Vistula and Dnieper,Oder and
Danube, Vietula and Oder and Vistuls and Dniester, are the
lowest in Europe. Indeed, from the technical point of view,the
shoptest and most convenient routes for inland waterways between
the Baltic 2nd the Black Sea lie through East-Central Europe.
They sre sglso parallel with the flow of commerce, i.e. the
arteries correspond with the main directions of the exchange

of commodities, Under such conditions the system would fully
satiefy the demande of production and commerce. Around navigable
waterwsyse there would arise zones of influence to which cheap
transport retes would attract on ever increasingly large flow
of traffic,.

2e.In order to keep pace with the inevitable competition between
the various means of trangport we must mske provision for a

future increase of traffic, and slso for the development and
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nerfecting of other means of communiceation.
Any improvement made to inlsnd waterways should tend to reduee

the cost of trensport by shortening the time of transport,and

by the use of large craft with a tonnage appropriate to modern
recquirements., That is why in modern /

(ﬁlanning we can see a remarkeble increase in the size of canals
and the carrying capacity of vessels. There is gle0 an increaging
tendency to discontinue ordinary regulation methods in favour
of cenalisation,which is the most effective and quickest way of
obtaining the proper navigeble depthe

There ore many examples of existing canals of small dimensions
suited to past redquirements,which can no longer compete with
other improved means of communications, because their dimensions
are unadequate for present conditions.
3eThe preliminary survey of any particular area should show
the poseibilities of rivers with regard not only to navigation
but also to hydro-electric power,flood control, irrigation,®
drainage and other functions.

The whole problem ig very complex and, while the development
of inland navigable waterways is particularly important for
the economic life of all continentsl countries, it must be
remembered that this is only a part and that the other factors

must be considered in order to obtain the meaximum utilisation

BE XHX RINER VAXXR of the river water,
Engineers muet endeavour to let the naturel flow develop so

that the efficacy of the water in 21l respectes will be increased
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to a maximum extent, and its harmful effects reduced to a
mininwim,

The maximum use of a river basin should be based on the ca=
nalisation and storage of water or on a combination of several
methods, the object of which is to reduce gradually, to a
minirmm, the harmful effecte of low and high water on navigation
and the working conditions of hydro-electric stations,

Whatever the future judgement may bz of the various kinde
of transport, the share of inland navigeble waterways,owing
to their speciel diverse characteristicswill always be an

important one, if they are developed to the fullest extent.

A scheme for the development of inlend waterwsys in East-
~Centrgl Hurope, which also should ensure the maximum utilizstion
of the vast availsble water power resources muet be preceded
by a description of the geographic situation and an ansalysis

of existing meeds and methods in individusl countries., There

fore in presentating my thesis, in which I have endeavoured

to produce a comprehensive scheme for improving the exiesting
natural waterways and uniting the river basins by connecting
canals (Vol. 2 ), I first examine the present utilization and
development of water resources in the countries of Bast-Central

Burope (Vole 1 ).



~VII-

This thesis is based upon a translstion of the essential
parts of my full report, written in Polish.

I have been asked by the Polish Authorities to make this
report for the following reasons:i-

(2)es a consequence of the grest destruction of Polish libraries
is it desirable to collect information for the use of Polish
engineers regarding recent development end methods of con-
struction in civil engineering;

(b) to investigate the existing conditions of the nsvigsble
waterways in East-Central Buropean Countries gnd to suggest
methods by which they might be improved and interconnected
to form an internationsl network;

(e)to exemine the problem of navigation with a view to making
the maximum use of the water-power avaeilable for the con-

struction of hydro-electric stations in this area,

This report will be used as & bagis for discussion between
the Allied countries that are concerned., Some initigl progress
has already been made in thisg direction and during the past
yesr I have been invited to take part in discussions on the
subject with various Allied sssociations and committees and

with British Firms interested in future developments.
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Development of waterways in Czecho-Slovakia.

Czecho-Slovakia is entirely an inlend state. Its territory,
measuring 140,000 km?, is situated for the greater part, at

an altitude of 200-400 metres above sea level.

The territory of Czecho-Slovakia is divided hydrographically
by the great water sheds between the North and Baltic seas

on the one hand, and the Black Sea on the other.

Approximately 35% of the surface of the country belongs to the
Noptth Sea basin, and 8% — to the Baltic, whereas 57% belongs
to the Black Sea.

Running towards the North Sea there is the river Elbe, with
ite confluent the Vlitave; towards the Bgltic - the river Oder;
and towards the Black Sea the river Danube with its confluents:
the Morava, the Vah, the Nitra and the Ipel.

Recognizing the advantages of good navigable waterways, for
the prosperity of the country, the Czecho-Slovakian suthourities
undertook canglisation and regulation works for the deve-
lopment of waterways, cepsgble of taking 1000 ton crafte.

After the world war, by the Treaty of Versailles (Article 331),
the iﬁternationalisation of the following river waterways was
instituted:

the Elbe from the confluence of the Vlitava, and the Vlitava
from Prague; the Oder from the confluence of the Opavice(never
ratified by Germany); the Danube from the town of Ulm.

The other rivers used for navigation, are placed under the



National control.

The network of waterwsys is much more extensive in the West
then in the East of the country.

The Czecho-Slovgkian navigable waterwsys represent, on the
whole, as in other continental countries, the cheapest means
of transport, especially for raw materials and low priced
goods, that do not require to be carried quicklye.

The average quantity of goods traffic on the inland navigsble
waterways is 4.1 million tons (maxe. sbout 5.0 ) and the
average transport output 2.1 miliard t-km . Thus the share of
naviagble waterways in the transport is 5.3% of the total
quantity or 15.3% of the total output of tresmsport in the
countrye.

Table Noe I o The statistics of Czecho-Slovakian trsnsport
are summarised in the following tsble

Railways Roads Inland navigable
waterways
length in km 13,500 70,000 550
lle:_Q‘_ _t_:/
output in\km 10,900 780 2,100
Percentage 79% 547% 15.3%

|

It has been proved that several branches of Czecho -
- Slovekian industry owe their development to the possibility

of receiving their raw materials by water, at low rates.



The creation of junction canals between the three main rivers
Elbe,0der and Danube will have a far-resching influence on

the economic life,not only of Czecho-Slovekia, but also of

the wholeaEast-Central Burope. The political changes that will
take place after the war should facilitate the development of
inland navigation in this large area,

Let us now examine the existing conditions and the possibilities
of improving the inland waterways in Czecho-Slovakia for modern
nagvigatione

DANUBE,

The river Danube passes over:-a distance of 173 km along the
South-East frontier of the country (Czecho-Slovekia - Austria;
Czecho-Slovekia - Hungary) e

The Danube, fed by Alpine glaciers, has far more water in sum-
mer, than in winter, with a maximum sverage flow in Maye.

The average anmual flow near Bratislava amountém%056 cibic
meter per second, whereas the monthly average maeximum in May
is 2846 m&/s and the monthly average minimum in November is
1442 m°/s

The following tsble No. 2 shows us the range of flow
obtained from the dtage-discharge curve for the Bratislava

gauging station.



Table N9 2 , Danube at Bratislava
No Gauge height Discharge Average veloeity
cm cubic meter meter per
per second second
le =- 45 740 1.36
2 - 5 920 1.45
e 75 1,370 1.67
4o 155 1,871 1.85
S5e 235 2,479 2416
Ge 275 2,843 218
7o 325 34240 2430
Be 355 34645 2e4d
e 770 10,872 4400

The Upper course of the Danube between Devin at km 1877 ,

and Sap at km 1810 is notable for its fairly steep average

slope of 36 cm per km ; the maximum slope on this portion of the
Danube amounts to 45 cm per km .

The middle course of the Danube,between Sap at km 1810 and
Kliska Nema at km 1792 , has an average slope of 14 cm per
km ; whilst the part downstream from Kliska Nema has only a
very slight slope of 8 cm per km on the average ; the minimum

slope on this portion oft%%nube is 4 cm per km « See sketch.2..
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We can deduce from figure "a" that the 1922 curve and the 1932
curve show in principle the same tendency. From the fore-
going deductions made from tsble Wo 3 it can be confirmed
that in the district of junction of different slopes (km 1830
- 1810) there is a progressive rising of the bed and on the
ramaining sectors a slow and almost regular deepening of the
bottom.

These two actions: the deepening and rising of the bottom,
both have an important influence en the navigation and en

the adjacent lande.

The sector between km 1880 and km 1840 (see sketch 1o, 3figea),
from which sbout 8 million cubic meter of silt were removed
by the current since 1902 up to 1932 , which correspoﬁds to
an average deepening of 0.8 m -~ provides satisfactory conditions
for navigation.

On the other hand, the deepening of the bottom and conse-
quently the lowering of the Danube levels has caused a lowering
of the ground water in adjacent land. This has been observed
in the drained upper part of the Velky Zytni Ostrov.

If this lowering of the water levels were to continue and
increase, it would be necessary to counter-act and stop this
unsatisfactory influence by a new scheme of irrigation.

The deposits of the silt,however, in the next sector between
km 1835 and km 1810 have a much more unfavoursble influence

on the adjacent land protected by dykes, especially during
the-pericde—of hisgh wabter, when—the—lowel
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the periods of high water, when the level rises, with the
result that the adjacent 1and®are flooded and great damage

is done to crops. Ffor exaemple,this phenomena heppened in 1926
on a large scale when the highest mean water was maintained
for three months without a break, and almost the entire crops
on the adjacent land were destroyed.

Moreover, the silting action deteriorates conditions_for na-
vigation. It has been observed that, =2s a result of the back
-water caused by change of slopes, thepre has been a conside-
rable decrease in volume of the water passing along the main
channel and an increase in the side arms.

According to direct gauging tsken in 1927 , the loss of water
from this cause at km 1821 amounted to sbout 50% for a flow
of 2,116 ms/s s Which is approximately the mean water flow.
But the volume of silt corresponding to these losses through
back-water is not carried through these arms and branches,
which are sometimes deeper then the main bed of the Danube,
but partly remain in the latter. They cause a deposit on the
bottom, which glters the river bed and reduces the height of
the longitudinal dykes.

As a result of this a series of silis are formed, making the
course of navigation narrow,winding and difficult.

In addition the necessity arises of raising the level of
longitudinal dykes, It is most difficult to keep stability in

this part (km 1835-1810) of the Czecho-Slovakian section of
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the river Danube and consequently to get the reguired con-
ditions for modern navigation.

This problem requires thorough investigationy before chosing
the method best fitted for further improvements. It would
possibly be necessary to build a new lateral canal over a
distance of 25-30 km , in the section of the junction of

applying/
different slopes instead of /the ordinary river training proces.
ELBE AND VLTAVA

= =

gation on the Elbe and Vltavs dates back to the VIth century,

when commerce developed,consisting of an exchange of agri-

cultural products for arms and clothing.

The first custom houses were installed on the Elbe in Bohemia

at Usti end Litomerice round sbout the year 1000.

In the XIthe and XITth. centuries they used the Elbe and

Vltava for transporting iron ware,beer,wine and tin. In the

XIVth. century King Charles IV had ordered the construction

of sluieveways, to improve the mmxx conditions for navigation,

and he had sbolished the heaviest navigstion tolls.

After the period of stagnation that followed the Thirty Years

War, the revival of navigation took place in the middle of %

the XVIIIth. century,when improvement works had been carried

out on these rivers,

Towards 1770 a navigation Commission was founded forE%%be
freedom of navigation

and Vltava, and after the Congress of Vienna in 1821¥ on

these rivers was proclaimed by the Elbe Act.
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The first satisfactory tests with a steaMbJ% were made by the
Czecho-Slovakian engineer Josef Bopek on the river Vitava in
1817

Recognizing the advantages of an eff%g%gggysystem of mnavigable
waterways for the prosperity of the B¥XEEE, the authorities
undertook canslisation works on the rivers Vlitava and Elbe,
over the stetch from Prague to Usti,towards the end of XIXth.
centurye.

The river Elbe in Czecho-Slovakian territory has a length of
379 km , but after the ceanalisation works,which hsve been
carried out the length was shortened to 336 km.

The Elbe receives its waters from the slopes of the Giant
Mountainse. Its upper and middle courses,as far as the town of
Melnik, run through a flat and very fertile country,very
thickly populated and called the "golden strip",which produces
sugar,beet,wheat,barley and vegetables., Its lower course from
Melnik,where the river Vlitava joins the Elbe,runs through
hilly country,known as Saxon Switzerland and rich in industries.
Crossing the Cgecho-Slovakian-German frontier, and running
for a distence of 621 km , the Elbe reaches the port of
Hamburg and flows 105 km further on into the North Sea near
Cuxhsaven,

The lower courge of the Czmecho-Slovekisn Elbe comprises the

canalised sector situated between NMelnik and Usti,73,2 km in



length, and the remaining sector of 36 km between Usti and
the frontier; thus the whole length is 109.2 km .
The canslisstion works provided with locks and cspable of
teking vessels of 1000 tons, have been completed.
The last and most recent dam on this sector of the Elbe was
built @ in 1936 at Strekov, and is called the lMassryk Dam.
This dam comprizes 4 openings of 24 m with double rolling
gates and is provided with a lock 24 m in width in order to
accomodate craft of 2,000 tons in the future.

Apower station,with 3 Kaplan turbines of a capacity 13,500 kW
is instaféd near this dame.
The following tsble No 4 shows the date of existing dams on

the canalised Elbe below the town of
llelnik at the mouth of the river Vlitava.

In Commig- Retaining Normel hesd Distance Storage Surface

sion since water level at at between capaci- of the
m the the the ty per reach
weir locks weirs thousend (pondeage)
m m km mo ha
l. Borkovice VI. km 6,70
1908 155,30 2¢03 2470, 18,03 1,074 97 .7
2 Stetti VII. km 18,10
1909 152.60 2630 2480 11.40 2,098 192,1
3¢ Roudnice VITII. km 27.30
1912 149,80 1.94 2690 9420 1,369 125.3
4, Litomerice IX. km 41.30
1914 146490 2470 3420 13490 3,029 19348
5« Lovogice X« km 49.27
1919 143,70 2edd 270 8.07 1,372 11845
6e Strekov XI. km 68.89
1936 141.00 7¢05 7410 19.62 9,064 31348

The remaining sector of the lower course of the Elbe,below Usti,
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is improved for navigation,over a distance of 36 km , by
regulation works and by deepening of the river,which en-
sures a depth of 1.50 m during mean flows.

The type of boat adopted here is of 700 to 800 tons carrying
capacity. These boats have the following dimensions:
length - 72.5 m ; width - 10.1 m ; draught when fully
loaded - 1.8 m .

The tsble No 5 gives the data regarding the conditions
of nagvigation below the canalized stretch of Elbe from
Strekov through Usti to the frontier (see the next page).
In addition to the tsble No 5 the times during which the
regular navigation of cargo boats stopped,due to drought,
were as follows:

1504 from 19 July till 19 September;

1911 24 M 21 "
1918 10 June 22 i
1921 26 July 8 November;
1923 gt 18 July;
1928 T 18 October,

he
As can be seen in the table N050n this stretch oftElbe a
depth of water beneath the bottom of boats of 44 to 53 cm

is required and consequently a great part of the draught is
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The following teble Mo & gives the data regarding the condi-
tions of nsvigation below the cang~-
lized stretch of Elbe from Strekov
through Uﬂti to the frontier.

Water Corres- Depth Authori- Securi- Number of days of na-
level ponding of the zed ty vigation
at the rate of mnavi- draught depth Thas In In the In the
gauge diagamp gable of the beneath the the dry dryest
at Usti m°/s channel boats the boat ave- year year
cm cm cm cm rainy rage 1921
year year

Highest navigable water level

300 1020 480
Fully loaded the barge of 900 t capacity

44 262 224 180 s 2ld 161 Lo 104

Loaded up to 2/3 the barge of 900 t capacity

0 175 180 136 G4 204 235 189 142

Loaded up to 1/2 the barge of 900 t capacity

-25 131 155 18] 4.4 343 287 202 176
Loaded up to 1/3 the barge of 900 t capacity

-50 oL 130 87 53 357 B335 250 227

Standing still of navigation for passengers

-69 64 1711 65 46

Lowest navigable water level

=72 60 108 60 48

lost. The reasons for this precaution are as follows:

l. The valley of the Elbe below Litomerice shows on both benks,
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high, and steep rocky slopes,consisting chiefly of basalt.
The basalt forms not only compact rocks,but slso rocky mas-
ses, which are steep, end are created by the action of the
atmosﬁheﬁ% Heavy rainfalls csuse the bregking away of the
rock and carry down large quantities of boulders into the
river. The large blocks of basalt which lie in the river
bed are a nermanent danger to navigation. Thie is partly due
dme to the fact that navigation is carried on by towing by
means of cheins and the action of the chain causes the

displacement of large blocks of basalt from benks into the

navigable channel, and constitutes an additional danger to

navigation.

2s As a consequence of the effect of the wash of the boat the

draught caused by a boat in mo‘vanent is greater than when
it is at rest. When two trains of barges pass each other,
even at a low speed and with szmk every care,there is a loss
of 10-16 cm in the useful draughte.
Until further improvements can be made over this section of
the Elbe and a constant discharge obtained from storage re-
servoirs in the upper basin the present limitation of the
draught of boats must be maintained.
The middle and upper courses of the Czecho-Slovakian Elbe
above lMelnik and through Pardubice towards Jaromer are 227km

in length. The transformation of the river Elbe,over this



distance into a modern navigsble waterway,availhable for
eraft of 1000 tons,will be most effectively obtained by
canalisation of the river, It is impossible to achieve this
object by the ordinary river regulation works on account of
the steepness of the slopes and the low volume of water.
The characteristic flows for the river middle Elbe are as
follows:

Low water flow liean water flow Flood flow

me/s me/s m°/s
At Melnik gbove
the mouth of
the river Vlitava 13 53 1,200
At Pardubice 9 36 700

On this stretch 148 km have already been canalized, and work
is still being @grried out on the remaining length.

Twenty seven weirs and lock installations are required for

a total head of 94.2 m and of these 15 weirs and locks have
been completed; plans have been prepared for the remainder.
In the following table Mo 6 some data of these instsllations
are summari§zed.

(see the next page)



Table No 8

No Weir,lock and power Head Power cspaclty Yearly output
station m kW capacity in
million kWh

1 Helnik (built) 1.8 1,000 4,0
2  Obrist¥i o De2 1,300 Be2
3  Lobkovice t 27 1,600 6e4
4 TKostelec iy 3¢5 2,100 8.4
5 Brandys 2 3.8 1’700 6.8
6 Celakovice (planned) 2.7 1,450 548
7  lyse built) 3.1 1. ,650 646
8 Hradistko (planned) 2.9 1,550 Be2
9 Xostomlaty (built) Bl 1,950 7«8
10 Nymbark " 57 1,700 648
11 Podebrady 2 2% 1,000 440
12 Osecky planned; el 1,200 4,8
13 Klavary planned) 3.5 1,600 6ed
14 Kolin built) . 2.1 1,700 668
15 Veletov planned) 4.3 1,850 843
16 Tynec s 2ed 1,050 4.2
17 Kladruby " 5e3 2 4300 1045
18 Prelouc (Bbadidt) = 5.0 1,700 648
19 Sznojedy " 348 1,500 640
20 Pardubice (planned) 3.6 1,300 Bed
21 Kunetice it 4.1 1,200 5ed
22 Opatovice * 4.7 1,400 B3
23  Hradec-Kralove(built) 3.4 500 2ed
2 Predmerice (built) 8.2 1,500 8.0
25 Smirice " 9.0 1,800 9.0
26 Josefov (plenned) 2.7 450 148
27 Jaromer X 22 350 Ll
total 9442 54,810 16143

Sumava mountaing in Southern Bohemia, a well wooded district,
which for sges past, has been a rich source of timber.

For a large part of its course,the river runs through a deep,



rocky and tortuous valley.

On the middle course of the Vlitava the slope of its bed is

very steep, 1 metre per kilometre and even more; it runs there

through a vast wooded district in which granite,porphyry,as

well as bassalt are found. It is only as it approaches the

town of Prague that the Vlitava valley opens out. Fuarther

downstream, between Prague and lMelnik the Vliatava firet runs

through hilly country coneisting of phyllite,porphyry and

greenstone rock, and then continues on its course through a

wide and very fertile valley as far as llelnik,where it rns

into the river Elbe,

The river Vlitava which is used for navigation from Ceske Bu-

dejowice downstream,according to its degree of navigation

can be divided into two Rmx@ikzkk distinct sectors:

ls the upper course, 180 km in length, between the town of
Ceske Budejowice and the mouth of the river Berounka, 9km
upstream from Prague;

2« the lower course, 65 km in length,between the mouth of
Berounka and lelnik.

The upper course is improved,by partial regulation works for

smdller craft of 100 to 120 tons, and at present we may

consider this sector as being seminavigable.

Canalisation woﬁks are being carried out in order to suit

800 to 1,000 tons craft. Thirteen weirs and locks have been
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planned,of which five have glready been built on the upper
course of the river Vlitava. Simultaneously plans were made
for mkw utilization oftwater for the development of power.
In the following teble the data comprising the installations

planned on the upper sector of Vlitava are summarized.

Tgble No 7 &
No Weir,lock snd power Head Power capacity Yearly output
station m HP capacity million
kWh

B.Prague-Stramice VI

built 4.0 1,480 740
% ,Prague-Sitkoveky VII
built 1.2 - -
8.Vrane VIII o 1249 19,350 6847
9.9techovice IX plannedlg.l 28,650 79.0
10.81lepy X B6ed 83,720 150.0
1ll.Zvirotice XI ), 13.6 14,000 53+4
12.Kamyk XII i 13.4 13,000 524
13,0rlik XIII - 5240 130,000 20345
1l4.,Podolsko XIV J 16.0 156,000 48,6
15.Hnevkovice XV e 18.2 18,200 271
1l6.Hluboka XVI,built 47 - -
17.Ces.Vrone XVII plamel 9.0 -— She
18.Ces Budejowice XVIII
built ) B.5 1,000 4.5
total 204.0 325,400 693.2

The. lower course of the river Vlitava was canalized during the
period 1897-1921 by fhe construction of 5 weirs, and locks
for the passage'of craft of 800~1,000 tons and sluiceways for
rafting. After the completion of the work at the Vrane dam,
gbove the mouth of Berounka,bigger vessels were able to navi-

gate 20 km further upstream, and therefore the total length



for modern navigation,tekimg barges of 800-1,000 tons,is

65 and 20 = 85 km .

It must be added,that the lowest part of the river Vitava is
not canalized, but there is a lateral canal from Vranany to
Horin, 10 km in length, which is situated on the left bank of
the river. The lock installations at Horin, for a head of

8.9 m , consist®of an ordinary lock and a lock for trains of
barges. The ordinary lock has an effective length of 78 m
and width of 11 m « The lock for barge trains has a leﬁ%h of
1375 m and is 20 m wide. A tug with a trein of fowr barges
of 700 tons each can negociate this lock in one operation in
eighteen minutes,

All the reaches of the canalized Elbe and Vlitava are supplied
solely by the natural flow of the rivers. Yhen the volume

of discharge of the Vltava exceeds 380 m5/s and that of the
Elbe 580 m°/s the weirs have to be opened. In the winter all
the movahle parts and the frames of the o0ld weirs on both of
these rivers are removed and lowered, in viewoghe fact that
the weir and frame needles, as well as the shutters would be
exposed,during long periods of frost, to the risk of formation
of icicles and to the impact of ice blocks. Only the modern
weirs which are provided with Stoney sluices remain closed
during the winter.

In the following tsble No % are summariezed some data of

the weirs on the lower course of the river Vitava.



Table No 8 1)¢
No In com- Retaining Normal head Distance Storage Surface
mission water at at between capacity of the
gince level the the the thougands reach
m weir locks weirs m® (pondage)
m m km ha
1. Troja I below Prague km 200,18
1902 180450 2470 540 « 6400 1,254 8047
2e Klecany II km 208.96
1889 T75.10 270 D10 878 481 5946
3e Libsice IITI km 218.58
1901 172,00 356 3490 9.62 1,503 08,7
4o Mirejowice IV km 227.80
1903 168410 3480 3490 94,22 1,198 8042
S5e Vranany-Horin V km 234,37 - 245.7
1905 164.20 280 .8.90 6447 1,267 80.8

1l
i
|
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The. river VAH(WAG)

In Slovekia, the largest river is the Vsh, It flows over a
distance of gbout 400 km from its sources in the Tatra
Mountaings to the river Danube at Komarno.

FTor the river Vah a general scheme has been worked out for
navigation with simultaneous utilization of water power in
each of the canalization steps.

Canalization works over the whole stretch of the river are
being plannedﬂ%ompriee the construction of 15 dams,locks and
hydro-electric stations, under a total head of 214.8 m .
It would be possible to have installations amountaing to

219,200 kW copacity with the yearly output capacity of 1,200
million kWh .
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The only step that has so far been taken is the building at
Ladce of a water power station of 14,000 kW cepacity end a
yearly output capacity of 90 million kWh , serving the purposes
of systematic electrification.

The projected canslisation works and the possibilities of the
utilization of water power on the river Vah are summarized in

the following table,

Table No 9
No Canalisation step Head m Cegpacity  Yearly output capacity
and hydro-electric kW k'Wh
station
l. Sala ne V, 1239 14,600 7549
s Sered Nove llesto 12.4 14,000 130
3+ Leopoldov 12.0 13,600 7T0+6
4, Drahovce 12.3 13,900 2.4
5« Pistany 15,0 14,500 8835
He Nove kiesto n.Ve 15,8 15,300 93.0
7« Bodovka 16.0 15,500 0442
8. Trencin 14,0 13,600 8244
9. Dabnice 1251 11,700 71l.2
10. Ilava 113 11,000 6645
11. Ladce(built) By 14,000 9040
12. Puchov 14,1 13,700 8340
13+ Okrut 15.1 14,600 8849
14, Plevnik 19.0 19,400 111.8
15. Ziline-D.Hricov __ 19.1 18,500 112.4
total 214.8 219,200 1,203.6

To complete the description of the Czecho-Slovakian navigable

waterways I should mention the rivers: Tissa, Oder and Morava.



The TISSA
The Tiscs ie¢ the largest tributary of the Pamibe, on its

navigeble sector and touches Czecho-Slovakian territory for

g disgtance of 22 km , forming the frontier between Hungary

ond Czecho-Slovakis. The river hss a chamel 100 to 150 m
wide, with a slight slope. Leaving Czecho-Slovekian territory,
the river enters the great Hungarisn plain through which it
flows for a distance of 500 km , to join the Danube,

The ODER high/

above sea level, in Czecho-Slovakia it pursues its course
first through hilly country,enters the Ostreva-Karvin coal
basin,passes through Vitkovice,Ostrava and Karvina which are
important centres of the metsl industry. After 123 km it
leaves Czecho-Slovakia near the town Bohumin at the mouth of
the 0lza and entergs Polend and later Germany in the district
of Silesia., After a further distance of 727 km it flows into
the Baltics

On the Czecho-Slovakian sector,the Oder is so far only a navi-
geble waterway of local and small importances. It will be sble
to tgke larger craft after the canslisation works that I
proposesin using this sector of the Oder for the Oder-Dsnube
cenale. The new scheme for this cansl will be discribed in
the Chapter No,I/a,V0l.2 »

The liorava
The lorava, a tributary of the Damube rises at Jesenik,near

the German frontier, and runs in a southerly direction,throuh



29

a very fertile plain,hseving a highly developed agricultural
industry. The possibility of improving this river for navi-
gational purposes by means of canﬁligation works will Dbe
described in the Chapter No.l/avgggf{; middle end lower coure
ses would be used as the southern part of the proposed Oder-

~Danube canale.
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Czecho-8Slovakis
The water borne transport either in the interior of the country
or to and from foreign countries, can be divided in two
distinet groups,that on the Elbe and Vltava and that on the
Damube.

Transport on the Elbe and Vltava, may be classified into three

kinds,as follows:

Aversge Mexinmm
quantity muentity(in 1928)

leIn the interior

of the country 680,000 tons 870,000 tons
2.For export 980,000 " 1,495,000 "
3.For import 780,000 " 845,000 i

total 2,440,000 "
The political changes that took place after the war 1914-1918.
influenced and altered transport.
The export figures for many kinds of goods were higher,for
instance in the year 1913 export smounted to 2,359,000 tons,
The ratio between exports and imports was 3 : 1 in 1913 and
has changed in recent years to 11/4 : 1 . Chiefly the export
of lignite has fallen to l/5th.
First place in exports is taken by the agricultursl and food
stuffs industry:sugar,malt and flour,barley snd fruit;then
industrial products such as:glassware,iron,pulp,paper,textiles
and timber;finelly minerals:potter’s earth,graphite,sand and

gravel. About 80% of the merchandise transported via the Elbe



snd Vlitava for export goes through the port of Hamburg and
x%% consequently either despastched to or come§ from oversess,
The part played by Czecho-Slovekian transport in the total
traffic of the port of Hamburg smounted to about 20% of the
total exports and 14% of the total imports of that port,

The average navigation rates between Usti and Hamburg over a
distance of 650 km were: 65 crowns per ton or 10 hellers per
ton-xm; =nd between Prague end Hamburg, over a distanc;ﬂ%VE km
-~ 100 crowns per ton or 13 hellers per ton-km (100 hellers=

1 crown 2 0.8 d).

As regards imports,they are non-agricultural products such as:
industrial salt,artificisl fertilizers,crude iron,metals,oil

e teCo

Transport by boat carried out in the interior of the country
on the Elbe and Vlitava represents, in general,low-priced goods,
such as river sand and gravel,which accountgs for gbout 53 to
73% of the transport; sand and gravel from quarries(5-14%),=
stone for bublding and paving(6-12%) ,sugar beet(2-5%) ,mamire-
(3-11%)

The traffic at the Elbe and Vlitava ports according to loading
and unloading figures are as follows -

( see the next page )



Tgble No 10

Annmual sveresge
No Port loading tons unloading tons

le Smichiv-Holesovice

(Prague) 83,788 35,374

2+ Kralupy 4,080 7,216

3.lelnik 119,466 24,738

4., Lovosice 13,210 28,587

5.,Usti 411,542 114,262

6.Krasne Brezno 113,469 24,012

7 .Nestemice 46,369 90,831

8.Rozbelesy 556 3 L1 25,085

9.Decin 1,812 67 ,481

10.Loubi 79,115 260,257

Finally, I must add,that the predominating method of trans-

porting timber is by rafts. The rafts 6 metres wide and run-

ning up to 190 m in length are steered by three men.

The aversge cuantity of timber brought to Prague in rafts

smounts to sbout 420,000 cubic meter per snmum. Transport

by rafts for foreign countries exceeds about 150,000 tons i e,
: through t

13% of the totel export Xxemgi/Elbe and Vlitava.

Transport on the Danube, carried out within Czecho-Slovekia

forms a relatively small part of the whole., This is because
of the different geographical natures of the two Czecho-Slo-
vekian waterway systems; the Elbe and Vlitava on the one hand,
and the Danube on the other, which are not connected. This
explains the fact that certain kinds of merchandise are only

encountered on one or the other system.
!

Transport on the Czecho-Slovakian Danube can be classified into



four kinds as follows:

Average quantity Maximum cuentity
l.In the Interior
of the country 52,000 tons =0 z0—=———=
2.For export B55,000 1l 1,154,000 tons
3.For Import 541,000 " 920,000 Y
4.For transit 1,154,000, . " £
total

2,382,000 tons

Transport carried in the interior of the country consists
mostly of stone,which comes principslly from Devin near the
mouth of the:Morava and which is sent to numerous points on
the river for regulation works; to a secondary degree there
are sugar,beet,timber as well as industrisl products.

The exports consist principelly of coal and coke transported
dowvnstream to Danubian states. Industrial products come next:
crude and wrought iron,paper,textilles,glass,chemical pro-
ducts etc. The averege participation by the Danubian states
in Czecho-Slovekian water-borne traffic was as follows:
Hungary - 4%, Yugoslavie - 31%, Rmania - 21%, Bulgaris-65,
Germany - 4% and Austria - 2% .

Imports coming via the Danube comprise chieflygraw materials
and sgricultural products: wheat,maize,tobacco and fruit.
These accounted for 2/5 of the imports,whilst the remainder
consistgs of crﬁde oil,bénzine and soda.

Approximately two thirds of the goods transported are carried

downstream whilst the remainfling %\ one-third proceeds upstresam.



34

The average navigation rates betwen the town of Bratislava ana
the port of Braila over a distance of 1677 km were:
250 erowns per ton or 15 hellers per ton-km; the rates between
the town of Komarno and the Braila were - 175 crowne per ton
or 11 hellers per ton-km , over g distance of 1577 km .
The total smount of traffic on the Czecho-Slovakian sector
of the Danube estimated from the number of tugs and motor
carriers in use during the period 1922-1933 wes as follows:
Year 1922 - 5,518

19253 8,152

1924 15,5622

1925 15,771

1926 19,8056

1927 22,502

1928 23,928

1929 19,996

1930 21,299

1931 22,742

1932 19,997

1933 17,952
The falling off in the number of units counted in 1932 and
1933 is the resultﬁchiefly of the introduction of larger units.
The mumber of round trips possible per year between Bratislava
and Braila is stated to vawwry from six to eight.
By the Treaty of Versailles Cgecho-Slovekia scaquired a commercidl
fleet consisting of 900 units of 288,396 tons cepacity;l60 of
which were passenger boats with 37,434 HP power capacity,and
the remainder consisted of 55 tugs and many barges.
A esmall part of this fleet was used for navigation on the Danube
the remainder being used on the Elbe and Vlitava.

the . o{
In spring 1940 the Czecho-Slovakian commercisl fleet on the



Danube was sgs follows:

passenger boats - 3;

tugs 133
barges 136; with 99,593 tons capacity;

tankers 12 with 10,354 tons capacity.
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The chief source of energy in Czecho-Slovakia is
bituminous coal, the reserves of which are estimated, to be
approximately 6,144 million tons (according to other calcu-
lations it amounts to 8,787 million tons).

The other resources of energy are: brown-coal, the reserves
of which are estimated to be 12,416 million tons, and water
power, the vast potential capacity of which is estimated %o
be 1,722,000 HP.

The remaining resources of energy,, crude 0il(petroleum) and
natursl gas are very scarce and only suffice for 5% of the
consumption in the EmmEEXxEY country.

The_main field of bituminous coal in Czecho-Slovakia is
situated near Ostrava-Karvina, the others are smaller as can
be seen from the following table No 11 of bituminous coal
production in 1935 in 80 coal mines,

Teble No 11 Fieldes of bituminous coal in Czecho-Slovakia

Ogstrava - Kladno Plzeh Zsclez Rogice Other Total
- Karvina Oslavany

Yearky production in thaousands of tons

7,76840 1,3437 941.7 4677 367 o2 7648 10,965.1

In recent years the production of bituminous coal increased,

but did not attain the maximum output of 1929.
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The following table No 12 shows the comparfltive statistics
of production of bituminous coal,coke and bﬁﬁroducts in 1929
and in 1934,

Table o 12

1929 1934
Bituminous coal 12,580,000 7,504,000 in tons
Coke 3,113,000 1,291,000 in tons
Crude benzol 28,607 Y5648 - oM W
Crude tar and
regsin 111,190 56,172 " it

Ammonium sulphate

(NH,) 80, 38,547 TOR68YH 4 .

BExport of coal 1,591,524 1,064,614 in tons

" of coke 882,472 344,267 . i

The_centre of the brown-coal production in Czecho-Slovakis,
from which comes gbout 95% of all Czecho-Slovekian brown coal,
lies in the north of Bohemia and west of the river Elbe(Labe).
The second largest brown-coel field is the basin of Falknov,
lying in the north-west corner of Bohemia. Besides the bagins
in Bohemia,brown_coal is mined in Slovekia on the upper part
of the river Nitra; and in Southern lMoravia on a smaller scale.
The brown cosl production of 173 mines in 1935 is shown in

the following table No. 13



in thousands of tons

Northern~Bohemia Falkov Slovaekia Southern Other Total
Duchcov-host- between Moravia
Chormtov Cheb and
Karlovy Vary
11 ,463.7 2,787 4 Bi75 4«8 3065 03485 15,2268

The maximum production of brown coal in Yzecho-Slovakia reached
2256 million tons in 1929. , sbout 5 million tons of which
was exported.

On the basis of the present consumption of coal, the reserves
of bituminous coal should last 400 years and brown coal

600 years.

The recent average consumption of coal in percentages is

divided gs follows:

Table No 14 Consumers of coal

=ttt et et et =

Kind of cosgl Industry: Communication Domestic Coke
premises works Total

T e et e e B S o et . B it s e e o o

bituminous '
coal 50% 17 «5% 943% 2344% 100%
brovm coal 49,4 18.1% 28.2 443 100%




Water-power resources- The present recordgs of water-power
resourceg in Czecho-Slovgkia indicate an ultimate capacity of

1,722,000 HP. , which are summarisged in the following table.

Table No 15
County Capacity HP b
Slovakia 775,000 45
Bohemia 600,000 34,8
Ruthenia 227,000 13,3
lioravia 89,000 446
Silesia 40,000 263

Totel in Czecho-
Slovakis 1,722,000 100%

S ————— e e s . B et e it s S i i .
e e e e e e e e it e i et e = ettt

The development of water turbines is shown by these data:

1923 -- 212,646 Horsepower

1928 -- 263,000 n

1930 -- 308,949 L

1934 -~ 326,000 o

1936 -- 410,000 "
Besides the cenalization schemes on the rivers Elbe,Vltava
and Vsh (described sbove), there has been carried out in
Czecho-Slovekia a planned development of dams, which servegl
for storege and regulation purposes and later for the utiliz-
zation of water power. The dams are built and planned chiefly

on the upper sections of the rivers.

The total cgpacity of the hydro-electric stations,for which
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the schemes have been already carried out - amounts to

650,000 kW capacity with the yearly output capacity

of 2,300 million kWh .

To facilitate the planning of important hydro-electric
stations, a law has been passed (No.50 of March 27,1931) to
institute a state foundation for navigation,construction of
dams and utilization of water power at the lMinistry of Public
Worksa.

This law permite financing on a loen basis, the interest and
amortization being carried by the state. Thus a continuous
development of these plante is assured.

Among & number of dams and storaege reservoirs which for
various purposes, have been planned or are in course of
construction or already built, the most important are deseribed

in the following brief summary:
le On the Dyje river near Vranov there has been built the

largest modern dam of 165 million m3 storage capacity,

The useful capacity of 132.6 million md

holds all flood water
of Dyje river, thus obviating the necessity for costly
regulation of the basin of this river, The reservoir will
yield water for the irrigation of lands extending to 8,000ha.
Below the reservoir, over the stretch of 71 km , four hydro-
-electric power stations to be situated at Vranor,Hradek,
Podmoly and Znojmo, have been proposed.0f these the hydro-
—~electric station Vranov only has been built. It has a capacity

of 14,000 kW.



2. In Suma¥a, on the rivers Vydra and Kremelna, two dams are
planned to gather flood waters and regulate the flow.

The reservoir at Vydra would have a capacity of 5.2 million m®
and that at Kremelna - 16.4 million m°. Water from both
reservoirs would be taeken through ducts and pipes to a common
hydro-electric station at Cenkova-Pila, located at the
junction of both rivers.

The water turbines would work under a head of 318 m from
Vydre reservoir, and under a head of 176 m from Kremelna
regervoir. The totel hydro-electric power capacity is estimated
as 25,150 kW (15,700 and 9450) with yearly output capacity of
50 million kWh (30 and 20 million kWh). Below the common
hydro-electric gtation would be the daily equalizing reservoirs
providedy with a power station of 400 kW capacity and a yearly
production of 3 million kWh .

For retention and regulation purposes in the basin of the
river Elbe there were built or plannedﬂ?ollowing storage
reservoirs.

3¢ On the upper Elbe two dams have been built at Kransovy and

in the forest of Kralovstvi, with a power station of 2,000 HP
capacity, and a yearly output capacity of 5,7 million kWh .
4e To reduce floods on the river Jizera, three dams are being

planned at Karlov,Vilemov and Benesov, with a possibility of

production of 49 million kWh per annum,.

S5¢ On the Rozkossky river at Ceska Skalice plans are being made

3
for a reservoir of 80 million m cepacity, to regulate the flows



of the river Upa and river lietuje. It would reduce not only
the floods on the Upa river but over the whole Polabi river
and would form a base for the artificial humidification of the
soil igh%iddle Polabi valley extending to 18,000 ha .

6« On the Divoka Orlice river there is a dam at Pastviny,

containing 11 million m5 storage capacity,which should prevent
floods. The power station under a head of 22 m has a 2,400 kW

capacity and yearly production of 7 million kWh .

7« On the Chrudimka at Sec, a dam has been built of 22 mil-
lion ms storage capacity,protecting lands in the valley of
Chrudimks from floods and reducing floods in the valley of
Polabi.

8e Below the dam of Sec, three hydro-electric stations are

planned at Padret,Svidnice and Skrovady, totaling 14,800 kW

with a yearly output of 21 million kWh .
Fromﬂﬁéservoir at Sec would be tszken the water for a large
aqueduct,supplying the towns of Chrudim,Pardubice and a number
of others.

will
All reservoirs mentioned in 3 to BKTE_éby seasors WKEXK ,improve
the water flow on the Elbe and also navigation conditions on
this river,
Similar retention action is carried out in the basin of the

river Vltava, where the following storage reservoirs schemes

are planned.



O, A dam at Zelnava with 26 million m5 storage capacity is
being planned, to smooth out the flow of the upper Vlitava,
This dam would protect the basin of the upper Vlitava,especidlly
near Ceske Budejovice, from floods and should improve the
working of all hydro-electric stations there, as far as
Milejovice. On this dam}water power of 1700 kW capacity would
be utilized with 9 million kWh output capacity per annum.

10. Karlowy Vary (Karlsbad) suffers to a large extent from

floods from a small river Tepla. To prevent such damages, a
dem of 5 million m5 storage capacity has been built, by means
of which water power of 500 kW ceapacity, yielding yearly

le4 million kWh , is obtained.

lle On the Berounka river near Krivoklat, a dam with a large

storage reservoir of 530 million m5 capacity is being planned.

This dam would protect the basin of the river Vlitava from

floods and improve the navigation conditions there. A hydro-
power/ :

-electric station @r of an average capacity of 7,000 kW ,

producing about 50 million kWh yearly is being planned.

12. On the Svratka river at Kninicky - there is a scheme for

a dam of 21 million m3 storage capacity. This reservoir would
reduce floods and supply water for industrial as well as
domestic use for Velke Brno, and in addition, improve the
flow conditions of the Svratka river during the dry season.
Below the dam a water power of 1,700 kW capacity will be

utilized,yielding yearly 7 million kWh .



In Silesia a number of storage reservoirs have been built
or are being planned. Their total capacityi%SB million m®
and they are designed to protect lands and property from
floodsﬂ} that.basin, and in addition, they would supply the
district of Ostrave-Karvina with water for industrial
purposeses There is a scheme for an aqueduct for groups

of 40 commmunities, as well as for power stations,

13« The largest one inm this scheme is a storage reservoir

on the river Morsvice near Krusperk and Zimrovice with capacity
3

of 20 million m“. The power station on this dam would have
capacity of 31,000 HP with a yearly output capacity of

65 million kWh .

In Slovekia a number of small hydro-electric stations have
been developeds

l4. A large storage reservoir has been planned on the river

Orave at Turdosin with cepacity of 800 million m® . This

reservoir would improve the water flow on the rivggigg sond
would facilitate the canalisation works which are/Garried out
on this river for navigation purposes.

In Rathenia water power stations have been constructed but
on a small sceale.

15« In addition, there is a larger sclieme for the utilization

of the power of the small rivers Tereblja and Rika at North

Bystra, which have a head of 200 m , yielding 30,000 kW ca~
pacitye.

TS [ i T - i) i i i e



considersble coal reserves , and the systematic development
of central stations was based primarily on steam generation
of eleetricity. Recently, however, when systematic electri-
ficetion could guarantee rational utilization of water power,
larger hydro-electric stations are being planned and built,
and the development of water power stations is growing.
Up to the present less than 10 percent of the total production
of electricity is produced by hydro-electric stations.
The production of electricity in Czecho-Slovgkia was 3,042
million kXWh in 1.930; 2,853 million kWh in 1934 and gbout 4,000
million kWh in 1937.
The production of electricity, according to the type of power
is distributed as follows:

1. steam stations  85.,4%

2., hyvdro-electric
stations 9.32%

3¢ 0il and gas
stations 5.28%  100%

According to generator caspacity of power stations they divided
as follows:

l. steam motors 80+3%

2. water turbines 11.7%

3+ remainder 8.0% 100%




4%

The production of electricity,according to kind of stations

is distributed as follows:-

Table No 16,

steam,0il and hydro-electric

gas stations stations
Public utilities 25.7% 31 «6%
Non public " 127% 20.8%
Industrial plants 61l.6% 47 « 6%

The water power stations can be subdivided into three groups:-
l.Water plants with a capacity up to 20 HP numbering about
11,628 or 88% of the total of 13,088 plants.Seventy four
percent of these are driven mechanically and they are of
local importance only from the point of view of industry
but cannot be used to supply genergl distribution networks.
2.Water plants from 20 to 100 HP , numbering 1,170 or 9% of
all plants.About 80% are purely mechanically driven. These
have a greater economic value since they form the motive
power for mills,for textile,paper,wood and similar industries.
Also in many places they originated electrification.
3.Water plants sbove 100 HP , numbering about 370 or 3% of

the total,are mostly electrified. They are built on larged
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&
rivers and coop§rate with general networks, thus sugmenting
their own income.
the
The share of water power in electrification of Czecho-Slovakia

will increase considerably, when the planned hydro~electric

schemes, déscribed asbove, have been completed,
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Development Of Waterways In Hungary.

Hungary is purely an inlend state. Its territory, after the
war 1914/1918 with an area of 92,963 km” , wes situated on
the Great Hungarisn Plain. This low land was divided by the
gluggish rivers Danube and Tissa and their tributaries,with
very small slopes renging from

0,02 %700 to 0.1 % .
The relative differences in altitude are also very slight, and
mountaing are to be found only in the western and northern
parts of the country. The topogrsphical distribution of the

country is as follows:

290.4% of the area is at an altitude between 75-100 m shoe the seal

55T N L " 1100-200 m " lev,
16.2 1t " 1 200_ 500 m " " "
0.7 1t " o 500-1000 m " 1" "

Hangary is by nature an sgriculturel country,msde so by the
excellent alluvial soil covering the river valleys (40 to 50 km)
and by a temperate climate giving a long growing periégfoad
Howgever,\§ extreme variations in temperature occur. The yearly
mean temperature is 10.5% ; average in January - 2.500 s in
July 21.5°¢ ; minimum - 54—00 and maxinum 5900 « The mean
annual rainfall is 500 - 600 mm .
After the world war of 1914-1918 the area of Hungary was
reduced to sbout one-third of its orginsl size and the

density of population has increased from 64.6 to 94 inhsbitants

per saquare kilometer., This circumstance calls for 7 ek
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reorganizetion of Hungarian agricultural production involving
first the improvement of land irrigation, and second the
development of inland waterwsys. The first of these would
raise the agricultural production and meke crop production
safe kg and would also stabilize the quantity of the crops.
The second would provide a chegp means of transport over a
dense and coordinated network of waterwayse.
The possibiliity of the utilisation of water power is small,
due to the loss of the surrounding highlands where the rivers
were suitable for their purpose.
The policy of utilisation of the Hungarian water resources is
greatly influenced by the above circumstances. A plan was
worked out in 1930 for future developments;but this presents
difficulties which may be summarised as follows:
l.The flat slopes (0.05 - 0.15 0/bo) of the plains render the
construction of channels difficult,because large dimensions
are necessary;excavation work and expropriation costs are
expensive;water must frequently be raised by pumpinge.
2.Water storage on plains is very difficult and expensive,
3.The construction of fﬁﬁﬁations is rendered difficult as
the alluvigl sub-soil is several hundred meters in depth.
4.The highlands from which the water comes are outside the
country and the flow of rivers = cannot be controlled either
by storage or in any other waye.
S5.Landed property has not as yet entirly amortized the investment

costs for flood - control services which impose a constant
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a constant charge upon sgriculture,

6.The agricultural class is conservative and the spirit of
enterprise is lacking.

7.The whole country,both public and private corporations,is

in need of cepW\itale.

The present utilization and development of the water resources

of Hungary can be classified as follows:

l.The first trend of waterworke are of a passive nature i.e.
to establish good flood-control on the slightly sloping zx
areas of the country and to nrovide sdequate channels for
carryine the beck-waters from the areas lisble to be
inundated beyond the levees.
Levees to a length of 7,421 km and channels to the extent
of 20,425 km , for draining the marshes and carrying off
harmful® reinwatery§,have been built; two hundredgggéty
pumping stations with g total capacity of 22,775 HP were
congtructed to 1ift the water collected in the channels,
during flood periods; 122 cut-offs were made on the Tisca,
which shortened the length of the river by 37% and increased
the slopes to hasten the flood run-off, Cut-offe of similar
extent were made on the tributa\iries of the Tissa and
also on the Danube,
All these works resulted in flood protection of an area of
393 million hectares,one of the largest works of" this

kind =Tl EL]_‘"O‘_‘.?E’ ag ie showvn in the fC)llO"if_"LnE" table Nol%7 .



Table No 17 " e
Country Lenght of levees Protected area
km million ha

Haungary(The Danube

end Tissa) 74421 393
Italy (The river Po) 2,387 07
Holland 1,504 1ed4
France(The river

Loire) 483 (6 5% i

2« The second step towards the utilisation of waterwsys was
the improvement of the rivers for navigation.
Previous to 1918 there were in Hungary 6,011 km of navigsble
waterways, 1,114 of which remained after the post-war
subdivisiones The regulation works which have been carried
out on the rivers Danube and Tissa,incresse the length of
the navigsble waterways from 1,114 k£b2,486 km and will be
described later. The navigsble waterways serve to carry
mainly the agricultural products and also bauxite which is
the chief »rdw material in Hungary. The output of bauxite is
550,000 tons per year.

deThe third step in water utilisation is that of irrigation
and this is of the ﬁfeatpst importance in Hungary.
To provide for the growing population, end effect the neces-
gsary counter-balancing of the considersble imports of

industriel raw materials,Hungary must develop®,ss—iids—c



in quality and quantity her agriculture as this is the

chief source of export. As I have mentioned gbove no con-
siderable progress has been made in land irrigation and it

is still in the state of being planned. The Government

plans in this connection were worked out for a first period
which deaglt with an area off 120,000 hsa .

Among the other problems connected with the utilization of
water the following may be mentioned:-

4)Fishing in navigable waterways hss suffered much from flood
control and river regulation works. This circumstance has given
rise to the development of another branch of agricultural water
utilization in the form of fish ponds,initiated by the National
Fisheries Committee. One hundred and sixty six fish ponds and
Torty - one fishing companies ‘exist in Hungary and the annual
production amounts to 7,500 tons, an average of 1,400 tons of
which is exported.

5)The supply of drinking water is provided on the plains chiefly
from deep artesian wells; sometimes it is obtained from spring
-water and sometimes from ground-water sources. The disadvan-
tages of the low - lands are evident in this caseas the supply
of water and its distribution are very expensive ags water must
be pumped to considersble heights.

6)An important factor from the point of view of national
economy is the utilization of water resources for public
hygiene,bathing and water-sport purposes. In this connection

may be mentioned Lake Balaton,the largest lake in Central
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Burope heving a surface area of 670 sqg.km and particuWlarly
the medicinal and thermal springs mmEEring numberftjs sbout
two hundred snd eighty in all. The thermsl springs in Budapes®
heving a deily discharge of 22 million litres and including
the second warmest spring in BEurope,are visited by 3.3 million
people snnually,mostly from foreign countriesfg%fer a valusble
source of income for the country.

7 «The water-power development in Hungary is restricted by nsburel
conditions. Of the water power resources 94.5% was lost after
the war of 1914-1918 .

Some suggestions for solving this problem by means of the
canalisation works proposed on the pagt of the river Daﬁfbg,
above Budapest,will be described laster,in the Chaptez'z% %&er
-Danube Canale.

The river Danubes.
The river Danube flows in its upper sector ss a frontier-

-river between Czecho-Slovekia and Hungary. Farther on, at

the mouth of the river Ipel it enters Hungary and later
leaves it above the mouth of the river Drava.

The upper sector was described in the chapter on the Czecho-
 -Slovakisn Danubes

The improvement on the lower sector has been under zerEXdzralis
considerstion since 1877 and mich regulation work has-been

carried out.

The Hydrogrsphic data of the Hungarian section of the river

Danube are as follows:



The fluctuation in the levels is very considerable; the
difference between the level of the low-water and that of the
meximum highwater varies. from 7 to 9 metres.

The width of the river changes from 400 m to 900 m .

The sversge flow discharge at the town of Szob is 1,380 m°/s .
The regulation works carried out on the Hungarian section

0f the Danube were based on ke Girardon’s rules,which were
derived from close observation of natural phenomena and the
course of the riwer has had to be very little changed from

ite naturasl channel.

A coordinated series of curves with varying curvature has been
formed,and the concave gides of the bends ’attecked by the
water}have been mostly stebilized by applying bank protection
works,or training walls,if the regulation line is not close

to the bank.

For the protection works of the Danube brushwood (fascine)

and stone-rubble are the chief constructionsl materials,The
use of concrete blocks has recently been increasing chiefly

in sections of the river in which gravel ig available,

They have proved usefulst®in withstending the destructive
forces of wave action resulting from the backwash of the trains
of barges towed at high speed.

The chief object of these regulastion works to ensure a minimum
depth of 2 metres during low water and over the whole distance

of the Hungarian Danube,has not yet been achieved.



I must add that just below Budapest there exist® a navigable
lateral arm of the Danubelcalled Soroksar branch,where a

free port on Csepel Island is situated. The arm branching

off from the main river was closed by a dem as early as 18786,
as a consequence of flood-control works. This dam is now
removed and the 58 km of wsterwsy form in fact a canalized
river,connected with the Danube,with locks at both ende;and
in addition water power is now developed there. In the lower
section of this canal there ig a navigable depth of water but
in the upper section the bed was dredged for a distance of

17 km and a width of 25 metres for navigation.

The deeper channel occupies only one third of the water-surface,
which is 120-150 m wide, in the upper section,and 200-240 m
in the lower section of the canal. The rest of the cross-sec-
tion of the canal is covered with reed and sedge,thus providing
full protection asgainst wave action,except at certain open
spaces,where various methods have been adopted for the
protection of the banks.

Another two gections of the Danube,at the town of Visegrad and
- on the Llioson arm of the Danube gre suitsble for future cana-
lisation works. These proposed works,which I will describe in
the Chapter "Oder-Danube Canal" will help condiderably in
improving the navigation conditions and will also provide for
the utilization of water power,

Transport on the Hungarian Danube amounted to 2.2 million tons

in 1941, 50% of which wae traffic for Germany.



The commercial fleets on the Hungarian Danube in 1940 consisted
of 46 passenger boats 35 tugs,240 barges of 140,123 tons carying

capacity, 16 tankers of 11,058 tons capacity.

The river Tissae.

B e I

result of the regulation works,which have beem completed so
far this length has been shortened to 669 km , and this has
increased the slopes as follows:

a)on the section between Ujlak and Tokgy from
0.080/00 to 0.12% 00

B) ¥ " i Tokay and Csongrad from
0.0259/00 to 0.0450/00

o) 9 o Csongrad to thg mouth from
0.020°/00 to 0.027°/00

Regulation slso speeded up the flood run-off and shortened the

daration of floods to 60% of the previous time.

Levees,to a length of 3,555 kin , have been built to protect

an area of 2.58 million ha.

The distance between levees,calculated for a flood discharge

of 3,800 mﬁ/s,is at least 750 m and increases to 1000 m in

the middle and lower sections of the Tissa,according to the
regulation EEEmE scheme,

| The difference between the level of the lower water and that

of the maximum high-water amounted on the Tissa from 9 to

11 m before the regulation cut-offs were made.

Now,after shortening the length of the river,these differces

are ags follows:
at Tokay - 7.8 m ; at Szeged - 9.0 m and at Titel-6.0ni.,
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The levee crests exceed the highegt flood water level by 1.5 m
and the breadth at the crest is about 6.0 m , but in spite

of this precaution a wave action in windy weather still ne-
cessitates considerable protection works of nearly one thousand
¥m in length at the time of protracted floods.

The provision of flood protection in the exceedingly broad x:
vaelley of the Tissa is s most important taskssince an area of
10,000-100,000 ha might be inundated in consequence of a
gingle break in a levees. For this reason the problem has been
very thoroughly investipgated. Because of the extraordinary
length of the line of defence leveegsprotection must be
obtained by the simplest and cheapest means,but,as the defence
materiel must be stored in large quaentities,security has proved
extremely costly.

Stone ig very scesrce and expensive along the Tissa and in
general brick is the natural alternative for use as revetment
material., In less important plans straw,corn-stalks,brushwood,
pegs and earth etc. are used,

A prominent Hungarian product is whent,from the valley of the
- Tissa,which owing to its excellent muality compares favourabl¥
with the best kinds of wheat from all parts of the world and
forms a considersble part of Hungarian export,

It is proposed to build the Tissa-Danube Canal_to obtain more
favourable freight charges. This canal would serve also to
import stone from upper Danube in order to facilitate the

protection works in this »rich valley,
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A detailed descrintion of the proposed canal will be given in
the Chapter on the 0der—Danube-Black Sea Canal,

Weter Power fs A Part Of The Fnergy Resources in Hungary,
Hungary is not rich in: sources of energy. After the war of
1914-1918 her sources in water power were reduced to 6j and
in forestry resources to 1l.4/% of their orginal quentity.

The remaining area of forest in 1939 was 10,550 T’.m?,:and
conseonently the yearly production fell from Q5 to 1.3 million
mS. Instead of her previous exports she mast import at least
150,000 tons of firewood supplied mostly by Rumania,

Hungary has no productive mineral-oil resources. The research
borings carried out by the Hungarian tressury,and the Earonean
Gas and Electric Coe have had good results in producing oil,
and an ssphalt deposit which promises to be productive,
Hungary’s petroleum (crude 0il) requirements were mostly
covered by imports from Rumania smounting rouvughly to 180,000
tone per year until 1938, Later Hungary has developed an
annaal output which now exceeds 200,000 tons per year,and

may soon have an export surplus.

- The coal mines of Hungary are generally classed in three maing
groups: 1)lias coal mines, 2)brown coal mines and 3)lignite
mines.

The total reserves of coal are estimated to be 1,818 million
tong,only 38.4% of which possesses relatively high calorice

value i.e. more than 3,500 calori®per kilogram, The reserves



of peat are estimated to be 98 million tons,so far not
developed.

Of the total output of all collieries in IHungary brown coal
mines represent 83 percent,lias mines 11l percent and lignite
~ 6 percent, In the years 1925-1938 the production of these
cogles varied from 6.77% to 8,1 million tons per year,which re~
duced to the equivalent of black coal ®orrespond to 2.8-3.8
millions tons. These quantities were not enough for the normal
consumption per head before 1914-1918, and 40% had to be im-
ported,but due to the necessary counter-bglancing of import
and export; the import of coal varied from 20.2 to 4.9% of
the total comsumption,

The figures,regarding the comsumption in percentages are as

follows:
Industry - 26.65%; Railways - 25.455; Collieries -11.0%

Electrification - 9.1%; Heating - 8.8%;

Agriculture - 4.2%; Navigation - 0.8%.

Water Power.

— e m e e

considerable utilization of water power is impossible. Owing
to unfavourable topographic conditions Hungary’s rivers that
carry large volumes of water cannot be dammed up, and the
utilizsable heads‘are gbout 5 to 6 meters on the average,

In epite of such conditions the available water power of the

two rivers,the Danube and the Tissa,and their tributaries can

be estimated at:



120,000 kW for low water , and

220,000 kKW for mean water.
The present development of water power in Hungary is very
small. According to statistics there are 2,300 small plants,
with total cepacity of 12,000 kW .
Sixty percent of these plants are mostly serving the purposes
of the milling industry,so that only sbout 40% of 12,000 kW
iee 4,900 kW capacity is used exclusively for the production
of electrical energy with a yearly output of 11.2 million kWh.
Among these water power stations only five have capacity of
over 100 kW .

Slectrification of Hungary.

— e e e e eam | e e i e

Data regarding electricity production and distribution,which
are collected by the Royal Hungarian Ministry of Industry:
shows that systematic development of centrgl stations is in
progress chiefly to save the consumption of cosle. The scheme
of electrification,which has been carried out since 1927
tends to reduce the consumption of coal in railways to 60%
in collieries - to 50% and in agriculture - to 70% of the
.pbresent values.
The proposed power stations are based primarily on steam
generation and only two water power statiorf were projected:
l.The water power station on the Moson arm of the Danube,with
a flow of 300 ms/s; 14 m head ; a capacity of 35,000 kW ;

2eThe water power station on the river Hernad at Tisssluec,

with a flow of 40 M?s,and a head of 13 m , with a capacity



of 4,300 kW .

The production of electricity in Hungary was in 1935 -

- 810 million kWWh ; in 1938 - 1,080 million kWh ; in 1940 -

- 1,200 million kWh with a power capacity of 770,000 kW .

The consumption of electricity was distributed as follows:

1. Industry - 656% (chiefly in steel works,the output of
which amounts to sbout 1 million tons
of steel);

2. Domesgtic use - 16.4%;

3¢ Communication -~ 14.3% (chiefly electric railway Budapest-
~Vienna) ;

4, Tovms - 38% (electric light);

Hungary has great reserves of bauxits,these being estimated
at 250 million tons or nearly a quarter of the worldstotal.
As the power resources are small it has not been possible to
produce electrical energy in large quantity snd to develop %
the gluminium industry with the result that almost 211l the

bauxite is exported.
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Yugoslavia has territory measuring 284,000 kmg, gituated for
the'greater part in mountainstgzghﬂst peak of which is called
Triglav at an altitude of 2,864 m shove sea level.

Before the present war its population asmounted to 15 million
inhabitantse.

The orginal official name of the country,the Kingdom of the
Serbs,Croats and Slovenes was abandoned in favour of the name
Yugoslavia in 1929,which indiceted the definite adoption of

a unitary as against a federated basis for the new state.

The territory of Yugoslavia is divided hydrographically by
the great watersheds between the Black Sea,Adriatic and Aegea=n
Sea.

Approximately 74% of the surface of the country belonges to
the Black Sea basin,and 12% to the Adriastic Sea,in spite of
the very long coast line of 965 km ,

Yugoslavia has been gbundantly endowed by nature with water
power resources.

In geheral the country consists of rugged highland valleys
-with the rivers descending steeply to the sea level or the
Danube, and many natural falls are to be found.

On the other hand the natural precipitation,460-500 mm per
year and its distribution are normally not sufficient to meet
the requiremenygs for the economic development of hydro-electric

stations without storage reservoirs.



TMor this reason the development of water power in Jugoslavia

is,in general, accompanied by the construction of reservoirs,

to store the flood water and utilize it in the dry season of

the year, The higher parts of the country offer many facilities

for the construction of storsge reservoirs snd on the steep

descents there are many sites suitsble for nower stationg of

moderate capacity.

The present utilization and development of the water resources

of Yugoslavia can be classified as follows:

l.The first trend of the development of water power for
electrification is to create and maintain the gluminium and
gsteel industries,for which there are great reservee of
gsuiteble ores in the country.

2+The second st§ep towards the uvutilization of the water
regources is the improvement of the large rivers for navi-
gation i.e. the Danube,the Tissa and the Sava.

3eThe third stéep in water utilization is that of serving
sgriculture,especially in the north of the country,where

the importance of melioration works is evident.

In spite of the sbundance of raw materials Yugoslsvia did

not greatly develop her industries because of the lack of

fuel end it follows that the generation of electricity from
. W

the water power resources is of the ¥tmost importance.

llining has undergone considersble development in Yugoslavia
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and the exports of ores are of considersble importsnce in
the mineral econpmy of Europe.

Bauxite
The reserves are estimated to be 100 million tons,or nearly

10% of the worléﬁgotal. In recent years the production con-
tinued to increase and in 1939 reached the amount of 500,000
fons or nearly 14% of the World}%gtal. The following tseble
Nol8 shows the development of production of bauxite in Yugo-
slavia.

Teble No 18

Year 1931 1932 1933 1934 19356 1936 1937 19358 1939

Production 648 67.1l 80.9 84.8 216.2 292.2 353.2 406.4 500
of bauxite
in thousand

tons

%Jgoslavia/6utput of bauxite,almost as great as the Hungarisn
level, is nearly all exported to Germanye.

Copper ore
et T

e

The Yugoslavian copper supply similarly assumes an importance,
out of pronortion to its magnitude,in comparison with the
total world output. The average output of copper ore(content)
~is 40,000 tons or nearly 28% of total EBuropean output.The
copper deposits are mostly controlled by the French liines de
Bor Company,which also extracts most of the gold,produced in
the country from the same ore in cuantity of sbout 2,500 kg

per year.



Chrome ore.
The chrome ore output of Yugoslavia slso forme a fairly im-

portant part of world production though not so important as
that of Turkey. In the European production of chrome ore
(Grgos content) ,Yugoslavia plays the greatest part,because
thmxnxm she produces 28,000 tons or nearly 56% of the total
Huropean outputbe.

Lead ore.
The ouput of lead ore increased in Yugoslavia and in 1938

reached the smount of 83,000 tons, or nearly 5% of the world?s
total or 25% of the Buropean total.

Zinc ore.(content).
The production of zinc ore in Yupgoslavia forms glso a fairly

important part of European production. The output in 1938 was
48,800 tons or nearly 10% of Buropean kzkex total. The maximum
output of 59,300 tons was in 1933 .

Iron ore,
The reserves of iron ores are estimated to be 350 million tons,

230 million tons of which are situated in Ljubija basin,and the
remaining 120 million tons in Vares basin.

The production of iron ore in 1938 amounted to 1l.1l million
tons,which includes 300,000 tons of metal,mostly destined for
export.

Among the fuel sources we may specify the following:

%rown cos%-
The main fields of brown coal in Jugoslavia are

situated in the West,f8entral and East regions.



In the West,between the rivers Sava and Drava from the towm
of Zagorje to the town of Pitomac,the reserves are estimated
to be 1,629 million tons.

In the Central region there are four(aggg;;gazgégzzggﬁ):

a)in the valleye of the river Spreca and the river Jala,the
reserves are estimated to be 7,500 million tons;

b)at the mouth of the river Drina - 100 million tons;

¢)near Serajevo - 650 million tons;

d)and near Banjaluki - 200 million tons.

In the RBast region,in lMacedonia,the reserves of brown cogl
are estimated to be 2,000 million tons,so far,not exploited.
Thue the total reserves of brown cosl in Yugoslavias smount§%
to 8,677 million tons; the caloric value of which varies from
3,000 to 3,700 celor#¥s8 per kilogram,excluding a small cuantity
of reserves which possesses higher value.

The total output of all collieries in Yugoslsasvia in 1938 was
53 million tons,which reduced to black coal eguivalent
represents 2.2 million tons, These figures show g double in-
crease as compared with those of 1922,

Forestry.,
Jugoelavia is rich in forest resources, The total Fforest avea

in 1939 amounted to 7,780,000 ha , or 31% of total ares,
According to the type of timber,in percentages of the total
area,they are as follows:

5,810,000 ha deciduous trees; 850,000 ha pine and fir trees;

1,120,000 ha - mixed trees,



The importance of the forest esreas in the different countries
of Yugoslavia is brought out by the following table Nol9 ,
showing the percentares of foregst areas to the totsl area :

Tegble o 19

Bosnisg 50% other countries
Croatia 54% possese foreast areas
Slovenina A.5% below the sverage 3%1%
Serbia 31%

The average yearly production of timber amounts to 16 million
m5, which reduced to black coal ® equivalent (6,000 cal/kg)
gives 3.2 million tons, or nearly l.5 times more than that

of browm .coals

Firewood is used mostly for home consumption and is exported
on & small scale.

Yugoslavia has hasd large surpluses of sawn wood for which
markets have been foundg in Germany and Italye.

Crude oil(petroleum).
Yugoelavia hag e very small output of petroleum but new

drillings are now being made.

Water power.
"The chief source of energy is estimated to be 10.2 million HP

capacity at mean water, ddmeiasme,
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Discharge estimates as to the avallable water power resources
in different counties of Jugoslavia are shown in the following
table No 20 .,

Table No 20

Country Water Power resources % ot mean water level

at low water ot mesn water

level H. level HP %

Serbia 1,265,568 34,796,074 3740
Bognia and

Hercegovina 62L 147 1,864,425 18.2
Croatia 356,836 1,010,563 949
Czrnagora

(llonte Negro) 280,089 840,257 842
Slovenia 260,308 780,224 76
Vojvodina 159,280 477,840 4.7
Dalmatia 59,700 179,100 AR

50% of the

frontier Do~

nube at Iron

Gate and other

rivers 800,000 1,300,000 T2l

e et et e S e et e o S e S Bt . e R T S S S = — — o —— — —

To facilitate the development of water power the linistry of
Agriculture has worked out several schemes,which are summariezed

in the following tsble No 2L .,



Teble No 21

No TNeme of hydro-electric Name of river Head m Capacity HP

gtation PR
1l Skoplje Treska 250 250 ,000
2 Leke Ohride Lin 207 200,000
3 " Prespa Lin 219 200 ,000
4 Sw Jurej Like Gorks 375 100,000
5 Dubrava Dol, Drava 15 75,000
6 Varazdin " 12 40,000
7 Maribor £ 14 46,000
8 8w Orbolt Y 13 43,000
9 Brezno 3 13 43,000
10 Kpsko Sava 9 . 18,000
11 Kupino Sava le6 4,000
12 Ostrozac Una 22,000
13 Banialuka Vrbag 20,000
14 Nodriec Bosna 8,000
15 Brestovac Bosna 10 10,000
16 Xoviljaca Drina 29,000
17 Jablanica Neratva 40,000
18 Reoma Rama 25,4000
19 TNova Sela Cetina 29,000
20 Ombla Trebisnica 260 42,000
21 Slano Trebienicea 236 70,000
22 Sujlics Miljeec 200 2,000
23 Prisoje Sujlica 148 9,500
24 Vinica Ricina 83 7 4,000
26 Ricice 1 227 35,000
26 Leake Blata i 112 15,000
27 Pec Vrlika 120 27 ,000
28 Vitina Tihaljena 33 8,000
29 Rastok Tihaljena 30 1,800
30 - Matice I 2,400
31 ZXKravice Trebirst 30 6,500
52 Zimanja Ricica 53 15,800
33 Svica Gacka 27 3,000
34 Koeinji Gornji Lika 70 9,000
35 Svica Liksa 80 10,000
36 Ogulin Dobra ¢ _JoF 5,000
To ta l 1,300,900

Of these scemes two,thPse at Lake Ohrida and Lake Prespa

were sbout to be started before the war. The difference in
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altitudes between these two lakes situated at 906 m and 687 m
respectively gbove sea level,gives an effective head of 219 m .
By taking the water from the latter by means of pipes to the
river Urak a second fall of 207 m may be obteained,

The water flow varies from 20 to 40 ms/s,but in order to
conserve the surplus rain water for dry periods it is only
necessarg to raise the water level in the lekes by l.0 m .

In this way a great volume of fl%ﬁ water amounting to 800 mil-
lio m5 can be stored and it is possible to regulate the
discharges and thereby improve the efficiency of the hydro-
-electric stations.

The yearly output capacity estimated for these two stations

is to be 1,500 million kWh .

The present development of water power in Yugoslavia amounts

to 300,000 HP or nearly 3% of the vast potentisl of water power
resources in the country.

Among medium sized hydro-electric stations in Yugoslavia the
following are most important:

on the river Drava at Fala with 47,800 HP capacity and a head
of 13.2 m , which supplies electricity for the town of liaribor;
'on the river Cetina at Gubavica with 36,000 HP capacity and a
head of 110 m ;

on the river Krka at Morojlovac with 24,000 HP capacity and a
head of 100 m .

The second steyp towards the utilization of the water resources

is the improvement of the rivers for navigation.
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DANUBE.
The river Danube comes into the territory of Yugoslasvia near

the town of Sombor, runs through the north part of the country
and finally passesg along the frontier between Yugoslavia and
Rumania from Bela Crkva to the town of Radujevac.

Regarding the recent improvement works,we find that on the
upper section of the Yugoslavian Danube the main object,the
stebilization ¥ #kre of the medium and low water channel is
nearly completed,whereas the lower.frontier course 6f the
Danube,which possesses cataracts, needs further improvement

on a large scale,because the harmful influence on shipping

of the rgpids in this stretch,can only be eliminated by the
erection of dams.

Generglly speaking it is still necessary to carry out main-
tenance and constructional works on the upper section.

The first includes the protection of existing groins and
training works, and the preservation of the shapes of the
existing cross-sections,which secure a minimum navigable depth
of 2.0 m , except in the very dry seasons.

The second includes the protection of the solid banks Bor
their preservation against the wave action due to motor driven
shipping and the increase of speed,and the raising of the
level of longitudinal dykes in the neighbourhood of the towm
Novi Sad,whenethe‘flood control works are not yvet completed.
Quarry stone is the only kind of material suitable for the

protection of the banks and capable of resisting the strong
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wash,and therefore this part of construction would be costly,
ag in the other courses of the Danube to which I have refered
above,

The lower cogrse of the Danube on the frontier between Yugos-
lavia sand Rumania,called the rapids of the"Iron Gated" par-
ticularly needs further improvement,

The first part of the regulation works was established in the
vears 1834~-35 and later they were continued between 1889

and 1898 at al} cost of 10 million dollars. The method of
regulation adopted was not sufficient for the alteration of
this very difficult and rapid passage through the Iron Gate,
into a good navigable waterway acessible to large craft and
ik permitting the passage of towed trains of barges upstream
without the expenditure of considerable power.

Throughout the thousend odd miles of the navigable Danube the
general type of barge used is of 650 tons,which,when fully
loaded,has a draft of from l.6 to L7 metres. In certain
gections of the river, especially in the lower Danube in Rumanias
1000 ton barges are used and it is necessary to tranship the
cargoes at the Iron Gate and on the Czecho-Slovaekia Dahube at
Komarno (Velki Zytni Ostrov).

The alterastion of the river Danube at Iron Gate intoamodern
navigable waterway,is obtainable in the quickest and most
effective way by canalisation works , which I shall discribe

in Chepter "The Vistula-Oder-Danube-Black Sea Canal',
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The Yugoslavian commercial fleet on the Danube in 1940 con-
sisted of: 16 passenger vessels,75 tugs,375 barges with ca-
pacity of 316,137 tons and 41 tenkers with cepacity of 31,478 t,
In Yugoslavia the treffic is blocked by ice for a period
varying from one to four months.

The largest ports on the Yugoslavien Damibe are at Belgrade
and Novi Sad.

Tissa.

The lower course of the river Tissa reaches Yugoslsvis below
the town of Szeged. The river regulation works,which have been
done for the purpose of flood control were also of importance
to shipping.

Almost all these works were carried out simultaneously with
that on the middle course of the river in Hungaria.

The construction and maintenance of works along the course of
the lower Tissa are being continued by the Yugoslavian Govern-
ment to preserve the existing conditions for the navigation
of medium sized craft. This waterway has two other branches
towards the West and East.

The first - is the Franz Joseph Cansgl,which links the Tissa

at Novi Becej with the Danube at Somber. This canal built in
the XVIII century has a length of 118 km , a width at bottom
of 16 m and a navigsble depth of 2.0 m .

The second - is the canalized river Bega on the lower course
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(the upper is on the Rumenien territory). This canal has a

length of 120 km, a navigable depth of 2.2 m and a width at

bottom - 30 m « The works were commleted in 1914 ,

The profit,obtained from this canal i.e. from the cheap water

-transport,accruing to agriculture and industry and indirectly

through these to trade between Yugoslavia and Rumenia proves

the economic value of inlend weterwavs.

The third etep in water utilization of the water resources in

Yugoslavia is that of flood control asnd the serving of

agriculture in the low lands.

The North countries of Yugoslavia situated in the valley of the

Danube, have a dry climabe,with some rain in summer. The good

s0il in the Yugoslavia plains memdx reguires schemes for

irrigation and drainage snd the construction of dykes to protect

the rich crops sgainst summer floods in order to incresse its

production.

Among the important works of these kinds sre the following:

1.Drainage worke in the marshy region of Negotin(Bsnat of Morava)
by means of the regulation of the emall riversiJasenicka,
Sfbowska,bupljanska and the eonetructiongg network of ditches;

2.Flood control in the valley of the river Kocosar(Banat of
Denube) by the construction of lonsitudinal dykes to protect

an area of 961 ha ;

deDrainage works in the marshy region of Pancevo,containing an
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area of 34,429 ha , by constructing & network of canals,

pumping stations and the dykes to protect againgt flood-water
4.Flood control =nd melioration woirks in the region of Godomin

(ﬂanat of Danube) ,conth east of Belgrade,vhich over an

srea of 5,812 ha, The works would comprise the regulation

of the river Jezava, a network of cansls,dykes snd pumning

stations;

S5¢.Irrigation worka in the region of Hﬂtohijafﬁanat'of Zeta),
containing an area of 42,065 ha , by the construction of
several canals and sluices;

6.70o0d control slong the river Save between the town of
Brody to the town of Mitrovice,by the construction of
longituddnal dykes,and pumping stations. These works would
protect an area of 240,000 ha. In addition it would be ne-
cesgsary to carry out melioration works in the region of
Posagvinag;

7.30me of these works have already been commenced,by the
construction of the following melioration canals:
Decansko-Lunbarski Canal, Lugbanarski Canal,Cerimski Cansal,
Jurno-Pecaki Canal, Preko-Luski Cansgl,Istinicaki Canal,
Marnicki Canal and Grmljanski Cansl, but a2 large part of

this work still remalns to be completed,
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Development Of Waterways In Bulgeris.
Bulparia, in 19238,had a surface of 103,196 kmq snd a population
of 6,371,000 inhabitsnte, 82.4% of which was a faming
comminity .
In Bulgaria there are few large famrms,and the distribution of
land is in small holdings; only 6% of the area is covered by
farme of over 50 hectares,and the average over all the holdinge
is 5.4 ha .
In Bulgaria oveébOpulation of the rural comminities is more
-east
serious than in other South|cost Huropean countries,due to the
great natural increase of populastion., The average rate of the
natural increase per 1000 of the population ner year being
1448 o
Because of the rather small natural resources of energy and
minerals,the principsl aim in Bulgaria is to raise the agri-
cultural production of the country and to sdjust to it marketb
conditions;for this reason in the past six years,while the
agricultural area has been doubled,that under cereals has been
reduced and that under fruit and vegetaebles has been increased,
Bulgaria for the greater part is mountainous and the only
Plains are in the north,in the valley ofmgznube and in the
southeas®, in the liaritza valley,
In northern Bulgaria,thrmmxk though natural conditions are

mach the same as in the Rumaenisn plains, 2 higher standard

of RKmwmimy farming prevails,due largely to the sgricultural



cooperative societies and the credit facilities availsble
through the Agriculbural Bank,.

In Southern Bulgsria,as a result ofThimost Mediterrancan climste
and good soil in the vallgys, vines,fruit trees and tabacco
are grovm,

For her exports Bulgaria has an outlet to the Black Sea either
directly or through the Danube.

After the Peace Treaty in 1919 , Bulparia lost the territory,
between Kavalla and the River Maritza,leading to the Aegean
Sea,which she had secured in 1913 by the defeat of Turkey.
Bulgaria also suffered seriously from the loss of the Dobrudja
wheatlands,which had been her main source of wheat for export,
from the loss of a port at Silistra on the Danube and the
formation of a frontier in close proximity to her Black Sea
port of Varnae.

In Bulgaria there is great need for the development of the
water resources in order to increasgse navigation on the Danube
to deal with the problems of flood control,irrigation and
drainage and to erect hydro-electric stations,.

'Igﬁghapter refering to Rumenia a description was given of

the section of the Danube which forms the northern boundary
of Bulgaria and it was pointed out that the river is capsble
of teking 1000 ton craft,

The Bulgarian commercisl fleet on the Danube is rather small

consisting in 1940 of 11 barges with 10,790 tons capscity,
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2 tugs,4 tankers with 1,760 tons capacity and 3 passenger ves-
sels, In addition seven other vessels have been ordered from
German ship-yardse.

Over the whole length of the Bulgarian Danube between Radujevac
and a point just beyond Ruse(Ruschuk) there are no bridges

and only the ports of Vidim, Lom and Ruse.

In 1941 a ferry service was instituted between Ruse and the
Rumanian port of Giurgiu. The size of the feery is 65 m x 15m
and having 770 HP,it is capable of carrying fifteen loaded
railway wagons with a speed of 15 km per hour.

This ferry was constructed in Guterhoffnungs Hitte shipyard

gt Walsum in the Rhineland.

— - et e e e D e e e e et s e

although water power is relatively the largest,its amount
has not yet been accurately estimated. Surv%ys of the more x
important sites are being carried out by the liinistry of
Agriculture.

Coal.
The principal thermal power resource of Bulgaria is coal, of

which 99.18% consiste of brown cosl and lignite and 0.19% of
-ordinary bituminous coal.

The probgble reserves of bituminous coal are estimated to be
20 million tons only one million tons of which is proved.

Bhe probable reserves of brown coal and lignite are estimated

to be 1,005 million tons, 503 million tons of which are

proved,



they are found in the Pernik basin near Sofia,in the Burgas
and Stara Zasgora basins in the south-east and finally at Lom
in the nothern part of the country.

The calorific value of the Bulgarian brown coal varies from
4,000 to 5,000 cal/kg .

The production of brown coal in 1938 was 1.8 million tons and
of black coal only 0.1l4 million tons; these figures reduced
t0 black coal equivalent give a ocuantity of 792,000 tons,

Wood.
The other themmal! energy resourcef in Bulgaria is wood.The

forest area in 1939 amounted to 2,901,000 ha , or 28% of the
total surface of the country.

Bighty two percent of the forest lands are covered by deciduous
trees., The production of wood varies on the aWersge from 4,0

2 and is compatible with natural regeneration,

~5.0 million m
Firewood is exported by Bulgaria only on a small scale.

Water powers, ) ) Ay
The development of water power in Bulgaria is adminisfxytered

and controlled by the Water Division of the Agricultural
Ilinistry,according to the Law for Hydraulic Syndicates(Asso-
ciations) ,of 11th September 1920. Since this date surveys

'of the more important sites heve been undertsken but are not
complete.

Accurate information concerning the water power resources are
lacking,but according to statistics so far furnished by the
Agriculturgl Ministry,which made systematic observations and

gaugings of the water flow in the rivers,it is estimated that



the more important sources of water power smount to sbout

800,000 EP « This figure after the completion of the surveys

of 8ll the rivers would be increased to a probable totel rees

serve of about 2 million HP .

Because of the variation of water flow in Bulgarian rivers

the rational z utilisation of water power on a large scale

ie only possible if storage reservoirs are constructed.

The rivers which are taken into consideration for the utili-

zation of water power are as follows:

1l.The Ogost,the Isker,the Osem,the Jantra running on the northem
slopes of the Balkan range of mountains,towards the Danube;

2eThe Maritza with its tributaries,the Arda and Pundra,the 8
Struma and Nestos,running on the southern slopes of this
range of mountains towards the Aegean Sea.

The present development of water power in Bulgsria comprises

chiefly the utilization of mzrkzmkexX the smaller sources,

for the production of mechanical power. There are gbout 15,000

water power plants with a total capacity of gbout 210,000 kW ,

which furnish the power for many flour mills,sawmills, and

. other factories,

There are also 24 hydro-electric stations of sbout 1000 kW

capacity each,and they provide experimentgl data for the

erection of the larger stations planned for the electrifi-

cation of the country. The totsl development of water power

amounts to 257,000 kW .



In 1935, the electric-economy lsw was passed,which p'fovides
for the creation of an electrification council and electri-
fication fund. To facilitate the development of water power
the state worked out some hydro-electric schemes for a total
capacity of about 300,000 kW.

In spite of the comparatively small development of water power,
the share of hydro-electric stations in the total output of
electricity is very high. :

The existing hydro-electric stationg,with a totsl cgpacity of
55,700 kW , produced 71% of energy,while the thermal stations
with a totsl cepacity of 65,620 kW,pnroduced only 29% of the
total output of energy i.e. about 150 million k¥Wh .

The average yearly untilization factor in the thermo-electric
stations is very low,sbout 700 hours per year, hereas in the
hydro-electric stations it is relatively higher being 1,780
hours per year.

The latter valuébOWBVer is still beladw a normal level and this
is accounted for by the fact that there are no transmission
lines mximextk® since the process of electrification is only

.beginning.
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Development Of Waterways in Rumania.

Rumania is bordered on the northeast by the river Dniesterito
Ithe north the frontier crosses The chain of the Carpathian
Mounteins,follows the velley of the river Tissa to the West,
and then runs southwerds to the Danube,which forms the =southern
frontier, To the east Rumania is bounded by the Black Sea;into
which flow the Danube and the Dniester, In the centre of the
country the mountains,more than 2,500 meters high,rmn in a
large semicircle,from the Danube to the north;these mounﬁains
form the eastern part of the Transylvanian high-lends,.

All round this plateau are the regions of fertile plaing;to

the west the plain of the Tissa, to the south the Danubian plain,
and to the northeast the plain of the rivers Prut and Seret.
Other lerge rivers are the Somes, the Crisuri end the liures
flowing westward to the Tissa,and the Jiu, the 01t, the Arges
and the Jaelomita flowing southward to the Danube.

Rumania in 1939 had a surface of sbout 295,000 km® end 2 po-
pulation of sbout 19.4 million inhabitens.

On account of its fertile plains Rumania is so far mostlyfggban
agriqultural country,but natural gesources, including gold,
silver,petroleum,natursl gas,wster power,coal and wood are
abundant and offer opportunities for the industghlization of
the country,slthough this is somewhat handicspped by the lack

of iron.

The inland trade communications are served mainly by railways,
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with a total length of 11,500 km , which carry sbout 20 million
tons per year or 5,800 million t~km. Thile the totsl length

of nevigseble waterways is 2,700 km , snd thus carry 4-5 million
tons or nearly 20-25% of the totsl traffic. The navigable water—
waye serve mainly to transportIZ¥Xem wood or to carry foreign
trade to the centre of Burope and the Black Sea,along the
Danube route,

Of the navigable waterways only A0 km run slong artificisl
canals on the Bega and Timis, and the remainder consisté of
natursl rivers, the most important of which is the Danube.

THE DANUBH,

The total cetchment ares of the Danube is sbout 800,000 kmz,

it is
ilecs the next biggest river to the Volga. After receiving over

120 tributaries, 60 of which are of some importance,the
Danube rans to the Black Sea,by three principal branches
forming an immense delta.

Erom the standpoint of navigsble conditions and international
control the Damube can be divided: s into an upper section
above Braila,and a lower section, the so called"laritime
Denube" below this port.

The wpper section of the Denube proceeding down stresm from
the fronﬁier,betW¢nn Yugoslavia and Rumsnia is suitasble for
teking 1000 ton barges,excepting during very dry seasons.
Only the upper part of the Danube,comprising the deficult
Passage through the Iron Gate,which I have mentioned in the

Chapter oR Yugoslevia, needs important canalisation works.
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At present if the biggest craft is used for long distance traffic
there must be transhipment at the Iron Gate.

Below this bottle-neck at the Iron Gate,the weter level varies
from O to 8 m , in the upper resch,from 0 to 7 m in the middle
reach, from O to 6 m and from O to 4 m in the lower reach.

The width of the river varies from 1,000 to 1,500 m , and the
mininum navigable depth is generally, 2.0 m .

The Rumanisn commercial fleet on the Danube in 193%9 consisted
of 553 barges Withatotal capacity of 469,546 tons, 66 tankers
with a cepacity of 41,603 tons, 127 tuge and 25 passenger ves-
sels.,

The lower section kezkwesm of the Danube between Braila and the
Black Sea,over a distance of gbout 200 km is considered as
maritime with a navigsble depth of 7,0 m below the lowest
water level,

Traffic on the Danube itself is fed by road,rail and watler
communications,and by oil pipe lines.

Timber and grain for Danube river porte is brought dovm on

the tributary waters; oil ies brought by pipe line from the

0il wells to Giurgiu. The main cargoesg up-stream on the Danube
are éereals,especially wheat and maiNze, and 0ile The oii is
shipped from Giurgiu to the ?gfineries in Hungary,Czecho-Slo-
vekia snd Austria snd to the distributing centre at Regensburg
in Germany.

The main cargoes downstream are oil, timber and =2lso cereals,
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to the porte of Braila and Galaji on the Maritime Danube, to
be transferred into seas-going ghips.

The proportion of totel imports and exports of Rumania carried
on the Danube wss as follows in 1938

imnorts 13.5%, exports 17.2% .

Rumania has only some 101,000 tons of ses—-going shipping,but
g great deal of its trade is carried in foreign ships.

Owing to the importance of this remarksble river from the
international stendpnoint it was natural fthat the origiﬁators
of the recent peace treaties should have made 2 special study
of the geogrephical,cconomical and international conditions
of the Desnube and should have established special regulations
for it. One of these applies from the upper point where the
river becomes navigsble,down to the point where the maritime
reach begins and the otherigpplicéble to this maritime reach.
In accordance with the regulstions 1laid down in Part XII of
the Treaty of Peace 1919,Articles 346-353, the Dsnube Statute
of July 23,1921, which came into force one year later,placed
the fluvigl Danube,from Ulm to Braila under the Internationsl
Danube Commission,generally knovm as C.I.D.

On thig Commission Germany,Austria,Hungary,Czecho-Slovakia,
Yugoslavia,Rumania,Bulgaria,Great-Britein,France and Italy
were represented. The statute provided full freedom for
navigation,each riparisn country,having the duty of executing
any works for the improvement of navigation,and of applying

the navigation regulations drawn up by the Internationsl
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Commission.

AMPter the srrancement wag denounced by Germany in Novenber
1938, the Commigsion removed their headrmiartes from Vienns

to Belgrade.

The cheange in the Buropean situation, in the summer 1940,
mede it unlikely that riparisn states would be sble to carry
the resolutions of the internationsl statute into effect,and
all navigation problems on the Danmube ars now controlled by
Germany.

The recimen of the lower resch of the Danube,that is its
maritime pasrt, differed from the other regimen in that, on
this lower reach the works and the maintenance of the channel
were not executed by Rumania,the riparisn country,but mnkx
by a Buropean Commission,composed of repmesentativea of
Great Britain,Trance,Italy and Rumenia (since 1919).

The role of this Buropean Danube Commission was orginally
fixed by the Tresty of Paris in 1856 and altered later on by
various stipulations.

Before the war 1914-1918, a Commission on which Great Briitain,
Prance,Italy,Germmany and Russia were represented,was appointed
to guarantee freedom of nsvigation mf to all ships,and to
carry out necessary improvements in the channel through the
flates of the Delts which were obstructed by reeds.

and Rumania
In 1919 Germany snd Russis xRAXREMXNEZE lost /regained memberchir

of the Commission. Rumania was entrusted with suthority over



the port of Sulina and responeibility for maintenance works
at the mouth of the river and for the supervision of navigation
and pilotage.

Water-Power as a part of the enercv rasources in Ramania,

Rumania possesses power resources of all kinds,which are
sufficient to supply 21l home needs,and even to 2llow of
exportetion. There is at present, no rational coordinated policy
for the development and utilization of the resources of energy
and there is urgent need for a scheme in which water pdwer
would form the basis for the electrification of the country

and the exploitation of petroleum would be k= to some extent
restrﬁcted.

Crude 0il (petroleum).

The petroleum fields form a long strip on the southeastern
slopes of the Carpathisn liountains,reaching up to Bucovina
(see sketch No ) and smaller fields are found in the sub-
-Carpathian region in the south-west of the country,.

The total ares of the petroleum fields is estimated to be
approximately 160,000 ha. The areas sounded by a sufficient
nuiber of exploration wells,and actually known as proved
petroleum fields amount to only about 49,000 ha,

Of this total,the areas actually in explogtaetion in the recent
Years from 1922 varied from 3,000 to 4,759 ha,and the active
wells number between 1,152 to 1,941,

The explodtation of these petroleum fields was started in 1857,

12401 million tOnS Of
and up to 1938 a totsl production of 5 e



registered. In recent years exploitestion has incressed with
extraordinary repidity,reaching the pesk of 8.7 million tons
in 1936,whereas the home consumption was 0,472 million tons
in 1919 and increased to 1.9 million tons or nearly 22% the
total output in 1935.

During the recent years export has grown in an extraordinary
manner from 1.5 million tons in 1926 to 6.7 million tong in
1936, These figures placed Rumania in the fourth place in
the list of the petroleum producging countries of the world,
but Rumanian output,as will be seen from the following table,
No 22 ,hage been steadily decreasing since 1936, and the general
consensus of geological opinion in Rumania seeme to be that
the 1life of the field will not be long.

Table No 22

Fetroleum 1929 193%0 193%1 1932 1933 1934 1935 1936 19371938 193

production

in million Ae9 VBB BaB T e "TeB I Bab  Bad Bl TaB 6.6 6.5
tons

Profeéssors lMacovei,lirazec and Patriciu show that in the year
1930 the remaining proved reserves were only 61 million tons,
whereas the probable reserves would not be fixed at more than
95 million tons.

Compared to the probable reserves,the average productioilNpast
years is much too high, as at this rate exhsustion would be
reached in a few years. This is a very pessimistic but

undenisble statement,anless new investigations prove the reserves



to be more extensive than the evaluation alreasdy stated. It
is nevertheless evident that Rumsnisn economy demands urgent
measures in order to restrain this very high production.
The Rumanien attitude to the foreign oil companies has not
encouraged new drilling.
The petroleum industry was moetly in the hands of foreign
capitalistsiBritish and Dateh controling some 39.8 per cent,
French -~ 1646/, UeSeAs - 1245% and Rumania - 9.7% of the out-
-put in 1939, Complete state control of the petroleum industry
was enforced in the late summer of 1940 before the German
occupation took place.
The petroleum sources have been exploited in the present years
mich more intensively thsn is normel for the following reasons:
l.The fa3l in price of petroleum all over the world has
forced petroleum companies to intensify production,in order
to maintein the rentability of the capitel invested in the
various instellations;
2+The demand for external and internsl consumption has been
continuglly increased becsuse of the low prices and owing
to its high cslorific value,petroleum has supexgeded the
other resources of energy;
d.Rumsnia’s revemies from export have recently been steadily
falling,chiefly due to the accompanying fall in prices of
exported cereals;at the some time the ecuivalent for one
ton of goods imported has risen from 6.6 tons to 16 tons

of the exported goods. An intensification of the export
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of petroleum has,therefore been necessary in order to maintain
the balance between external peyments and revenues and for this
reason the state could not impose restrictions,

Natural Gas.
Two distinct kinds of natural gas are availsble in Rumanisa,

the first being petroieum gas found in the petroleum regions
and the other, a ges which is almost pure methane,foﬁnd in

the Transylvanian plateau.

Petroleum gas contain¥s sbout 66 to 77 % methane (CHy), 5 to
21% carbon dioxide (CO5), 3 to 6 % oxygen (0) and various other
- congtituents.It is found in a proved area of about 50,000 ha ,
and a probsble area of 160,000 ha. This gee flows generally
under low pregsure,but sometimes under ¥ery great pressure up
to 60 atm , and the probsble reserves have been estimated %o
be 20 ~ 40 milliard“ms. The calorific value of petroleum gsas
varies from 5,500 to 6,000 calﬁng; The 1life of the resources
of this gas depends on the duration of the petroleum exploi tation.
Naturel methane gas with calorific value of over 9,000 cal/m®
contsins 98 to 99% methane (CH,), the remaining constituents
being (CO5), (Ng) and (0Og). It is found in a total area of
dbput 50,000 ha and it flows from wells which are generally
drilled to a depth of 100 to 200 m , with a pressure verying
from 16 to 28 atm , but at the well of Copsa liica it was found
at 430 m ﬁith a pressure of 50 atm , and at 765 m with a pree-
gure of 100 atm .

The utilization of this gal dates from 1913 and the maximum

Droduction reached 272 million m‘r5 in 1928 ., Since that date the



production has decreased to about 200 million m® . The probable
reserves were estimated ag being 72 milliard m® proved and

216 milliard m®

probable,which, reckoning with an efficiency
of 0.2 , would give an energy of 464.5 milliard kWh , or nearly
double the energy availsble from petroleum. If production does
not increase,the reserves of methane gas from the Transylvanisn
plateau would be sufficient for 300 years,but it is probsble
that the use mx of this gas will be highly intensified in the
future so that this figure will be much reduced.
The natursl methane gas is g0 far insufficiently used for the
following reasons:
l.From a geograsphical standpoint,only petroleum gas is found
in the industrial zone,whereas methane gas is found in the
Transylvanian platesu far from the centres of consumption
and in districts where the population is rather sparse,and
where from lack of raw materials,industry cannot be developed;
2eTransport of methane gas to the distant centres of consumption
was hindered by the lack of a network of pipes,and conseqently
the centres of consumption are largely served by other cheap
resources of energy,among which are chiefly petroleum and
- wood;
2+A greatly increased utilization of methane gas is possible
in electric power stations,but this would necessitate a large

investment capitale
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Forestry.
The total area of forests in Rumania is 7,134,000 ha or mmsh

nearly 24% of the totgl are

™

of the country. Regarding the

kind of timber there are 1,615,000 ha of pine and fir¢ treee,

the remaining sreas having mixsd trees,

The normal production compatible with natural rereneration

could:be 16 million m5 per year,of which 7 million m® ig

constructionei timber and 9 million ml7J isg fire wood,

lieanwhile the present production of wood veries from 20 to

25 million m°, 8-10 millions m’ of yhich is construction

timber and 12 - 15 million.m5 is firewood. Production at

this excessive rate would lead to the destruction of all

forests in gbout 200 years.

In home consumption A0% are used for domestic purpoces as

fuel,and 40% in industriesj,peper mills and in construction

wotk .

Export of wood reached the maxinum cquantity of 2,55 million m

in 1924,the average is sbout 2.0 million m°. which comprises

fire wood and sawn wood.

The intensive exploitation of wood can be explained as followe:

1.The favourable geograsphical situation of the forests,which
allows easy water transport(rafting)towards the internsl
centres of consumption as well as towards the Danube ports
for export; "

24Wood is #xtensively nsed because the chean lshour allows the

gelling prices;
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3.The lack of restrictive control so that the private enter-

prises in many cases,do not respect the limits of natural

regeneration.

Black coale.
Black coal,in which category are included anthracite and

bituminous coal,are found chiefly in the Province of Banat.
Anthracite,with a high value of 8,000 to 9,000 cal/kg is found
only in a single mine at Gorj,but the reserve is small being
spproximately 100,000 tons,.

The probable reserves of other bituminous coals,with a caloric
value varying between 4,800 and 8,000 cal/kg are also small;
they amount to gbout 30 to 48 million tons, 26 million tons

of which are proved,and sre scattered in various mines in
Banat. Another optimistic estimate shows that the probable
reserves of black coal may be 1,620 million tons.

The present production of black coal in Rumania reaches a
maximam output of only about 400,000 tons,with an average of
gbout 200,000 tons per annum.

Brown coal and lignite.
Brown coal and lignite , on the contrary,are to be found in

Rumania in rather large quantities. The probable reserves exceed
2,839 million tons , and the proved reserves are estimated to

be 996 million tons.

The brown cosl reserves are situated mostly in the north of
Trensylvania,and are scattered in various mines at Lapuei,

Z2lan,Baia de Cris,Moldava,Comanesti and Falticeni and in the

Valley of the river Jdiu, at Petrosani,Lupeni, Vulcana and



Tivezeni.

The lignite reserves are gituated in the sub-Carpathic region
from the valley of the river 01t to the valley of the Dambrovits,
and smaller seams are found in Trensylvania at Carpeni and
Bara O1lt end in Crisana st Derma and in Bassarabia at Tmputia
Bolgrad.

The calorific value of brown coal varies from 4,200 to 6,500
cal/kg and that of lignite is about 3,500 cal/kg.

The production of brown coal and lignite has grown ffom 1.35
million tons in 1919 to a maximum of 2,85 million tons in 1927,
from that date the production fell again to a minimum of 1.3
million tones in 1933, and slowly increased 1o 1.9 million in
1937.

The totsl output of all kinds of coal in 1938 reduced to black
coal equivalent wasg 992,000 tons.

Admitting sn average yearly production of 2.0 million tons of
brown coal and lignite,the exhsustion of the corresponding &
brovmn coal reserves would take place in 850 years snd lignite
in 3,700 years. Production could therefore,be considerably
increased,

The present reduced utilizastion of cozle is due to the fact

of the relatively bigh cost of mim® mininzg and the long

distences from centres of consumption.

Peat,
Peat has not BeEEm so far been exploited in Rumanis; it is found

in Transylvania and in the Damube delta, The probsble reserves
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are estimated to be 67 - 130 million tons,respectively in

Transylvania and the Danube delta. The calorific value of the

neat is sbout 2,500 to 3,500 cal/kg .

Water nower.

The development of water power has been neglected in Rumania
in the past,because of the remarksble wealth of the country

thermal
in FRExmiz® XEXXXXX resources, After the firet sipns of over
-production of petroleum and wood,and the indication of their
exhaustion - syetematic studies and inventories of all water
power resources were made from 1923 ornlwards,due to the

initiative of the Rumanian Institute for Development of the

National Energy Resources.
The eveileble water power resources in the whole country,at

mean flow water asre estimated to be sbout 6 million kW , and

their output capacity,on the assumption that all flows could

be used,which would necessitate important storage reservoirs,

would reach 36 milliard kWh per years.
The water power resources with higher heads are situsted along

the Carpathian slopes,while on some larger rivers,such as the
Olt and the Mures,favoursble sites are found for the constiruckion

of ¥¥® hydro-electric stations with medium and low heads;
among the latter,the Damube itself constitutes a very important

reserve of energy in the rapids of the Iron Gate,50% of which

belongs to Rumanisa,
The water power resources are summarized in the following

table Wo 23 ,



Table Mo 23 ,

Basin River Capacity in K# i 15 S TS
at low water at mean water 1
S level Tevel a
Tissa Upper Tissa 32,000 90,000
Somesuri 90,000 266,000
Crisuri 40,000 116,000
llures conflernts 320 4000 912,000
Bega 3,000 _ 10,000
Total 485,000 1,394,000
Danube Timis 20, OOO _ﬁ"'""—iES:EOOE___“_
Confluents Timis 30,000 107,000
Jiu 100,000 504,000
01t and confluente 380,000 1,130,000
Arges 70,000 200,000
Jalomitea 80,000 231,000
50% of Damube
cataracts 520,000 720,000
Total 1 230,000 2 842,000
Henbis +o odepl sneliein = &8 500 178,000
Bistrita 130,000 356,000
Lower Seret 140,000 552,000
Total 330,000 866,000
Remaining rivers 230,000 826,000
Grand Total 2,275,000 5,928,000

The present development of water power is very small in
comparison with these great resources.

The total water power utilization amounts to 135,000 kW capacity
end 184 million kWh output capacity per year,or nearly 2.,3% of

the total sources.



Compared to the total consumption of enerpgy in Rumenia,which

is estimated at 10 millisrds k'Wh,the water power stations

producest extremely little energy,representing only 1.8% of the

total. Due to the very smsll smount of electrification in

the country the share of water power in the production of

electricity is greater,being sbout 20% .

Water power resources are not sufficiently utilized for the

following reasons:

1.The water power resources have not been adequabely studied
in the past in comparison with other better known resources;

2+The geogré%ECal situation of water power sites in Rumania
does not coincide with the centres of energy consumption;

3¢The flowe,in general,are not favourable,having the maximum
flow in spring and summer, and a very pronounced minimum in
winter,which nﬂcessg%és the creation of storage reservoirs;

4.The planned construction of water power stations should be
coordinated with the general electrification of the countrry,
which so far is not in progress on a large scale,

The present development of water power can be divided into

three classes: hydro-electric power stations,hydro-mechanical

.stations end water wheels,the production of which is showmn in

the following tsble Wo 24 .
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Table No o
Cepacity kW Production per yeasr
. __kih e

Hydro-electrie

stations 53,000 124,000,000
Hydro-mechanical

stations 32,000 40,000,000

Small mills and

saw-mills 50,000 20,000,000

Total 135,000 184,000 ,000

Among the 24 hydro-electric power stations,the largest situsted
at Dobresti has 16,680 kW, supplies Bucarest; 5 stations have
a capacity between 1,000 snd 3,000 kW, another five between
500 and 1,000 kW,2ll the rest are smaller stetions. Over

60% of all hydro-electric stations have thermial reserves
instelled. The average yearly utilizetion factor is very low,
for instance in 1934 : 2,530 hours per year for the hydrsulic
part and 1,193 hours for the kmxmizk thermysl part in hydro-
-electric stations with thermdal reserves.

For industrial plants the corresponding figures were 2,092
and 1,515 hours.

- Electrification of the country.
Power capacity and output of the electric power stations in

Rumanis are rather small,but have grown continuously.
Classified by categories of power stations,this development

can be seen from the following tsble No 25 .
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Teble o 25 ,

Year C & 'p g . ¢l ty Produwec tdion
Hleetric Indu Blectric Indu-
gstations strial Total stations strial Totsl

plants plants

EhoUB N0 Kls s retain sios ¥H Million KWhe esseses

1925 105.6 69«4 17540 171.8 178,.2 550 40

1935 217,0° 218.0 43540 41540 452,0 867 «0

The total electric production inereased to 1,100 million kith
in 1937.

Resources of energy used for the generation of electricity in
percentages of the whole output in the utility stations are

as follows:

petroleum  45%

natural gas 20.6%

water power 19.5%

brown coal Be 2%

lignite 5¢2%

wood 1.5%
The Rumanian Institute for the development of the National
Energy Resources he8- formmlated a rational coordinated policy
in order to utilise these resources.

In order to make a comparison between the various forms of
energy, it was decided to assume an srbitrary period of 100years
as the period for complete exhaustion and to use, 28 a basis
for calculation, .the actual consumption for the year 1935,this
being assumed to remain constant.

In order to compare the thermal and hydresulic resources readily

the Yyearly utilization is expressed in kWh in all cases.



Teble 1o 26 .

~ Retional utili-

Present utilization Probsble

Power resources zation with (1935) time
exheugtion in of
100 years exvhauetion
millisrd 54 milliard Jol in years
kWh per kWh per
vear year
Petroleum 2.2l 2ol 19.50 6342 21
Petroleum-gas 0 +%465 0.58 304 9.89 15
Black coals Ge75H 0.94 046 1449 165
Brown H 22415 o 81 1.92 6.2 1160
Licnite 9.00 11.52 - -
Peat 13.95 AlFers - -
liethane 4,18 5e2D 0«43 Le09  — 970
Total exhsuctible
sources 4015 50442 28405 82444
Mi.revood 3449 4,58 b ene 16.98
Water power 3600 A5.80. . Oud® . b8 & ¢
Grand total 79.54 100.00 S0 T5 100400

Comparing the figures of this tsgble we may dr@w the following

conclulugions:

N\ . -
8)Petroleum is the most gravely menaced resource and it is

necessary to restrict its exploitation;

b)Firewood is at oresent exploited in a higher quantity then

pemitted by natural regeneration,

The consumption of wood

as fuel should be partially replaced by brown cosl,gas and

electricity.,



©)Natursl maEg petroleun-gas is not completely used and a
great part of the gases that issue from petroleum wells
are lost and not utilized.

d)Natural methane gas is even less at}?éd compared with its
rationally possibls uwtilization,

The creation of eleetric power stations,using gas as fuel,
and situated in the gas districts would very well serve ps
auxiliary power stations for the demand of energy which
cannot be provided by hydro-electric stations at certain
periods,especially in the winter-months, Similar combined
gas and hydro-eleciric stations arvre in use in Poland,
e)Water power is the least used of all the resources although

it represents 36k of the total energy aveilsble. It could

be used with advantage se the basis for the supply of

electricity to the countrve.

To complete the description of Rumanian natursl resources I
would like mention the mineral resources.

Bauxite reserves have been estimated in recent yeasrs to be

10 - 12 milliard tons, but only 20 million tons are proved,

The output of bauxite was 11,800 tons in 1938,

Gold deposits,are situated in Transylvenia,and they are amongst
the largest in Burope, the production being 5,465 kg in 1937,
Silver deposits,also situated in Transylvania gave o production

of 25,600 kr in 1937.



Manganese ores,found in Bucovina and estimated at 9-10 million
tome contain 14% to 40% of metsl content. The average vearliy
output is about 50,000 ftons,with about 18,000 tons content,
Iron ores are not found in large quantities in Rumania.The

estimated reserves are 20 million tons

[

n the Banat; the output
of which in 1937 was 130,000 tons with 63,000 tons of metaol
content.

i - - o w

lioreover Rumania possesses deposite of molybdengm ores,the

next largest in BEurone to the Norvegisn regources,; chrome
oreg, copper ores, pyrites, which Rumenis has recently begun

to produce; and finelly large salt mines.
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Development Of Waterways in Austria

— e e et s e e | — —

Austria is purely an inland state. Its territory before its
incorporation with Germany was 83,857 kmz, with 6,8 million
of inhgbitantse

Austria with its mountesins and valleys has very many possibi-
lities for the construction of the large as well as small
hydro-electric stations. In addition the abundance of water
flow due to the high average smnusgl rainfall of 1,200 mm
helps the development of water power, from the economic point
of view. The annual rainfall corresponds to a volume of 100
mil1i88m° for ﬁb%otal area, 57% of which rans to the rivers,
and 37% is available for use in water power stationg,

Damabe
The largest river in Austria enters the country in the north

at the food of hills and possesses all the characteristksof

a mountain river,

The Austrian Denube has a total lenghh of 349 km , with a
total head of 154 m , which on sn sverage corresponds to

44 cm per km ; this in the lower course decreases to 30 cm
per km , snd in the upper course incresses to 150 cm per km ,
in stretches, with rocky subsoil,liseble to erosion.

The catchment area of the Austrian Danube varies from 76&72hm2
at Passsu,near the mouth of the river Imm (2,226 km), to

104,569 km? at Devin near the mouth of the mEmkXR river lorava

(km 1,877).

G2
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The first figure corresponds to 9.5% of total arca of the
basin of the Danube,and the second figure to 13% .

Owing to the different slopeghgypographical and hydrological
e e\ Ao Dambs hesimerping mavioaklonsi. conis
tiong,.

The following table Nbvlshows the distribution of:

l.the erosion stretches with vrocky subsoil,with cataracts and
steep slopes,

2.the lowland stretches, on the Austrian Danube.

Teble No 27

Hrosion stretches
From - to

Lowland stretches
length From to length
km km

Passau,km 2,226
Aschbach km 2,160 66

Grein,km 2,083
the mouth of the

Aschbach,km 2160

-Grein, km 2,083 77

The mouth of the
Tbbg,km 2060 -

Ibbs,km 2,060 23 Melk,km 5034 34
Melk,km 2,034 - Stein,km 2,002 -
Stein,km 2,002 32 the mouth of the

lorave,km 1877 1256

T o0% a8l 121 Te &t al 228

The improvement of the Austrian Danube in order to meke it

a waterway suitable for large vessels is not yet completed.

The methods already adopted are divided into three regulation

works:

l.the high water regulation,as passive waterworks,to establish



[ons
faats

perfect flood-control;
2.the medium water reﬂulatlon to create a2 single river bed;
3.the low water regulation,to obtein a narrow channel of a
minimun nav:.e:a'ble depth of 2.0 m at lowest water level in
the river.

The high water regulation works.
Of the total length of 349 km , only the 122 km running throwh

lower Austria,from Kreme to the mouth of the river Morava are
provided with high water embankments. Of this section only

the stretch extending over some 73 km , from Stockerau down-
-stream and including Vienng,can be described as completelw
emb anked.

Above this stretch,the embankments are limited to one side

of the river only,the other shore remaining unprotected. During
the highest floods,inundations on that shore extended to a
width of 4.5 km . The distance between the high water 1esvels
varies from 770 m to 850 m upstream from Vienna, and from

850 m to 2,500 m , downstream from Vienna to the mouth of the
liorava.

A maximum discharge of 4,500 ma/s was assumed for the high
water cross-section of the river excluding the 20 km stretch
on the Danube in the region of Vienna,where this figure imx
increases to the amount of 5,600 mg/s "

Compared with the embankment works carried out on the other
stretches, only this 20 km stretch is perfectly embanked,
giving fevourable results. These embankments were erected so
a8 to enclose the so-called Vienna Cut, 15 km long, with a bed

diverging entirely from the course of the old river, and

L)
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during floods, 98% of the total water volume was discharged
in the ordinary , o0ld bed,

The medium water regulation workd
The first works on the Austrian Danube date from 1830 , about

the time when steam vessels were first put into use.

These works were much impeded by the political troubles of
1848 and by the war of 1866 « It was only from 1870 to 1900
that the creation of a single bed,for mean flow-water,was
carried through in a coherent manner and with sufficient
financial support.

About the year 1900 the Austrisn Danube was capsble of eva-
cuating in one river bed the mean water and small high water
discharges,excepting only in the parts where erosion stretches
with rocky subsoil and slopes up to 1.50 m per km occur.

The worst stretches are the Strudengau near Grein and the
Schl8gener Schleife at some 35 km below Passau, or the Kachlet
section,near Asbach and Brandstatt,some 25 km sbove Linz,where
the bed of gravel and sand is strewn with large boulders of
rock, and also has a steeper slope.

In the remaining =k longer lowland stretches,where the slope
Varies between 30 and 50 cm per km , the results of the medium
water regulation works are good. The width to be given to the
medium water bed in thé lowland regions wae indicated by
nature; it had to be similar to the width existing in those

stabilized stretches which presented the same longitudinal

slope,
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Some sharp bends were eliminated by cuts,but fortunately there
were only a few cases where the direction of the bed had to
be changed.

In spite of good results obtained by the construction of a
gingle bed for the medium water - further improvements are
necessary to reinforce its bankgﬂg%rong protection against
the action of the current, and the wash caused by motor-driven
craft. On a total leﬁ%h of 670 km of banks some 500 km had to
be protected,which gives an idea of the extent of the work.,
For the bank protection stone must generally be used. For
nqvigational purposes the medium water regulation did not
prove a success.,

The reason for this is to be found in the fact,that the so-
called medium water bed was too wide for the low discharges.,
In this bed,the water volumes corresponding to the minimum =
havigsble depth are only sbout 40% of the medium rate of
discharge.

The evacugtion of these water volumes did not secure a suf-
foient depth for navigation.

Lack of navigsble depths was not the only notichble result
of the period of the low water but also an alteration in the
position of the channel within the medium water bed.

Owing to these circumstances it was necessary to carry out

the low water regulation works.
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The low water regulation works,
The method which was applied to the Austrian Danube,was the

same as that applied with much success by Gotthilf Hagen on
the Rhine and by Girardon on the Rhone for the improvement of
navigabiﬁlity at low water, by erecting groins snd traivning
works in order to contract the low water bed.

On a length of agbout 10 km , on the Vienna section,the left
bank was provided with groing,leaving s navigsble channel of
gbout 160 m alongside the right bank on a total width of 286 m
of the medium water bed.

As the success was immediately demonstrated and the improvement
appeared to have become permanent,this method of regulation
was applied as a rule to the other stretches, and the low re-
gulation wags subsegquently extended further and further.

The situation to day below the mouth of the Enns viz. from

km post 2,112 to the Austro-Czecho-Slovgkian frontier at km
post 1,873 , is as follows: on a totsl river length of 239 km
gbout 102 km are provided with groins and traimning works
reducing the width of the river to 150-190 m .

In the remaining length, which requires further improvements,
are the erosion stretches at Grein and Wachau totalling 52 km
and a lowland stretch®&§ of 85 km ., The first part possesses
natural conditions for cenalisation, the second for regulation,
which should be. done in future.

The low water regulation sbove the mouth of the Emns up to

was
Passau EIé; carried out but on a smaller scale. The length of
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this stretch is 114 km , between the km post 2,112 and km post
2,226 , 66 km of which consists of cataracts, Owing to the =
smgller flow of the Dasnube above the mouth of the Enns, the
river bed is mostly of smaller width with a fairly steep
average slope.

It is desireable to secure a depth of 2,0 m over a width of

150 m for this whole stretch. With the regulation works con-
sisting of groins and training walls dredging work must be
carried out at the same time.,

The aim of securing a minimum navigable depth of 2.0 m over
the whole course of Austrian Denube by low water regulation
has not so far been attained.

The completion of these works would 2llow for the passage, =
at all tdmes,of vessels of 700-800 tons cagpacity with a draught
of 1.80 m It mey be noted that at certain points the present
lowest navigable water decreases t0 1.0-1.3 m

The present conditions however when compared with these in
1904 show fewer difficulties for navigation. There was
otfinally a totel of 56 shoal¥ areas of less 2,0 m , of which
10 had less than 1.5 m navigable depth,wvhereas now the total
number has been reduced to 14 .

These figures correspond to the level -55,at the gauge at
Spitz, which was the basis for the low water regulation.It

wes found that during the period March 15% to December 25 -
the water only dropped below this level on 10 days during which

Navigation was stopped.
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The following teble o8 shows the list of shoal aereas which

still exist on the Austrian Danmube:

Tgble 11028
o Name km post
le Schildorf 2,220 - 2,218
2+ Aschbacher-Kachlet from km post 2,160
3¢ Leaumbeguer to km post 2,145
4, Goddworth almost without
5. Hagenau interruption
6. Linz 2,133
7. Steyeregger briicke 8,128, <= 2,126
8. Klosterwasser 24,102
9. Sarling 2,057
10. Marbach 2,050
1ll. P8chlarn 2,045
12, Traismaner 1,990 - 1,989
13, Altenberg 1,951
14, Theben 1,876

The increased efficiency of the Austrian Danube as a navigable
waterway is proved by the fact that over the period,during
which the regulation of the low water channel was in course

of construction,the average tug horse power rose from 570 to
700 HP and the towing capacity from 1,350 tons to 2,570 tons,
while the carrying capacity of barges rose from 500 to 700 tons.
Actually, to day, there are vessels of 900 to 1200 HP , with

a carrying capacity of 1,000 tons.

The mhisnirxehiairming obtainfliis of a minimum navigsble depth
of 2.0 m , vhich was the aim of the low water regulation, and
which is so far not reached,can only be considered as a
pPartial achievement towards the complete development of the

Damube as a waterway for large craft.
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As already stated,individusl vessels of 1000 tons carrying
capacity use certain parts of the river with a draught,at
full load, of 250 m . The maximum draught of the modern
1200 tons vessels which form the basis of the constructions
linking the Rhine-liain-Damibe Canagl and the planned Vistula-
~0der~Damube Canal is 2.3 m »
The danube should alsobgéﬁroved to accommodate vessels of this
draught t00.
It will be necessary therefore to carry out further improvements,
and to find a solﬁtion to the problem of the erosion stretches.
Suggestions have been made to canalize three stretches:
between Aschbach and Wallsee, Krems and Kornenberg, Bisamberg
~and the mouth of the Russbach.
These canals will utilize falls of 8 m , 25 m , and 24 m o The
nine months water flows,on an aversge, are as follows:
850 m5/s , 1000 m5/s and 1050 ms/s , while the main water flow
varies from 1400 to 1600 m°/s .
Thus it is possible to achieve a power of 700,000kW capacity
with average yearly output capacity of 3,500 million kWh.

One of these schemes which provides 160,000 HP under

a head of 7.6-13.4 m was planned at Wallsee before war.
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Water Power as a part of @ne;gy_rgsgurgeswin_kugtria

The chief source of energy in #Mistria is water power,which
willbedescribed later. The others are as follows:

Brown coal, of which reserves are estimated to be 611 million
tons, confirmed, or 2,337 million tons,probsble.

Black coal, of which reserves are estimated to be only 13 million
tons,confirmed,or 19 million tons,probable.

The coal production in gustria in 1934 was: 0.25 million tonse
of black coal and 3.5 million tons of brown coal. This is much
below the national comsumption,which is epproximately 16 mil-
lion tons,namely:

4.7 million tons for communicstion,

65 H 2, " industry
L0 M ". " agriculture
458 5 " " domestic purposes.

In fact a part of this requirement was covered by water power
and actually the meximum comsumpition of black and brown cosl
was 10.2 mio tons in 1929 , 6.5 million tons of which was
imported., The latter figure of imported cosl wss the maxinmum
and it has a permanent tendency to decrease due to the further
develonment of water power.

Por instance in 1935 the import of coal droped to 3,0 million

tons as it is evident from the following table No 29 .
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Tgble No 29 9
Year Cosumption of Consumption of g GREsl
black coal hrown coal consumpFion
own pro import own immort of coegl
duction produc
tion
tons  tons tons  tons tons

1922 166,000 4,406,000
3,136,000 1,404,000 9,101,000

1929 208,000 6,066,000
7,595,000 591,000 10,192,000

1932 221,000 3,311,000
3,104,000 197,000 6,808,000

1935 261,000 2,849,000
2,971,000 170,000 6,250,000

Austria is rich in timber resources and its percentage of

forest areas are only lower than thgse in Finland and Sweden,
The totsl forest area amounts to 3,138,000 ha which corresponds
to 37% of the total mrm=m area of the country.

The type of tinber in the forests is indicated by the following
values expressed as percentages of the total wooded area:

86% coniferous trees and 15Y%-deciduous treess

The maximum yearly pro&uetion(utiliaation) of timber smounted
t0 9.2 million m° in 1936 , 3.2 million m° of which was exnorted
Austria has developed the paper and cellulose industries.

In 1937 the production of paper amounted to 232,000 tons,50%

of which wes exported; the production of cellulose was 300,000

tons, 60% of which was exported.
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The regources of crude oil(petroleum) ond natural gag are
very small and only suffice for sbout 2% of the consumption
in the country. In recent years the production of crude oil
amounted to 6,600 tons and the production of natural ga8 to
1542 million m5.

During the ssme period the import of crude oll increased to
350,000 toné.

Zox Water power is one of the largest natural resources in
Austria. The importance assumed by hydro-electric generation
in the nation’s economy,the distance of the utilized water
resources from the chief centers of consumption and the
necesgity of rstionally coordinating the water power stations
belonging to the same hydrograsphic basin or serving the ssme
area have led to the formation of powerful electrical systems.
These ensure centralized service in the generastion and dis-
trubution of electric energy over wide areas,not only for
netural consumption but also for export. It was the aim of
Austria to export electrical energy to neighbouring countries
in order to balance the considersble import of coal, raw
materials and agricultural products.

The potential water power resources of Austria are estimated
to be: 5,400,000 kW capacity with the yearly output capacity
of 20,000 million kWh , including the possibilities of

utilization of water power on the canalized Danube.
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The development of water power is shown by the following data:

1923 in all water power stations about 400,000 kW
1935 in 90 large hydro-electric

stations(more than 1000 kW) " 629,000 "
1936 in 92 large hydro-electric

stations(more than 1000 kW) " 641,000 "
1936 in all water power ststions it 762,000 "

The latter figure corresponds to sbout 14% of the vast poten-
tial water power resources in Austria,
After its incorporation with Germany the "G8ring’s'" scheme
was designed to increase the development of water power in
Austria in the near future,to the amount of 10,000 million kWh
output capacity per year i.e. to 50% of vast potential re-
sources.
The present share of water power in the electrification of
Austria is great,because 90% of the electricity produced in
public and non public utilising stations(excluding industrial
plants) was generated by water power.
The total production of the electricity was:

1935 - 2.44 millisrd kWh

1937 - 3.00 ! *oy

which corresponds to 440 kWh per head of population.
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Development Of Waterways Tn Germany.
Regarding the proposed Vistula-Oder-Danube-Black Sea Canal,
we can see on the map that there will be three waterways
branching out from the main route (way) to Bermany via the
riverg Main and Neckar, through the upper basin of the Danube
to the river Rhine, and via the river Oder to the canals
round sbout Berlin and?§21tic Sea.
I shall therefore give a brief summary of the development of
the inland navigation system in Germany.
In Germany the conditions are,on the whole,comperatively
favourable to the development of a system of inland navigsble
waterways.
At the present time the uniting of all the Germany fluvisl
systems has not yet been completed. There are still three
distinect systems:
l.The Western system,which comprises the basins of the Rhine,
Ems and Weser and also includes the west German canal;
2eThe eastern system,which is formed by the basins of the
Elbe and Oder,and the Markdistrict navigable waterways
around Berlin and which,via the lower Vistula mskes com~
minication with the East Prussian waterways;
junction
S+The Danube system in upper course comprising XEukoixix canals

which are in course of constraction.

The German network of navigable waterways comprises some
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and is
13,000 km/divided as follows:
natursl navigsble waterways -- 10,600 km = 82%
artificigl canals -- 2,400 km = 12%

Of these waterways 7,500 km are capable of carrying the largest
craft, and form a very important part of the system of com-
manication,

This length is divided over the three systems,as follows:

Western syatem:?
the Rhine basin 1,715 km

the FEms-Weser basin with
the West German canals 1,549 km

Hastern system:
the Elbe basin 1,637 km

the llark navigsble water-
-ways(the Havel and Spree

basin) 875 km
The Oder basin 1,102 km
East Prussian nsvigable
waterways 524 km
- The Danube basin 2ld km
Total
7513 km

All means of commmunication in Germany are subject to the
unitary traffic policy of the Reich and at certain points,
they work very closely together.

The density of the German network of communications is shown

in the following table No 30 .



Tsble Mo 30 The density of the German network of commnications

Eength km Division per 100 km?
km
Railway system
including light
railways and
L rPamMWaYSe oo eeeeabout 75,000 about 15,5
Road system " 220,000 - 47 ,0

Inl.end navigable
waterwaySececese " 13,000 o 248

The part which the inland waterways play in the traffic output

is shown in the next table No.3l , in comparison with the
traffic carried by the railways.

Although road traffic which has recently been greatly developed m
may be an important part of Gemmany’s transport output,statistics
about it are based on such uncertain facts that,having regard

to the very exact figures for rail and water traffic,it is
imposible to mske a comparison.

Table No3l Goods traffic on the railways and on the navigsble

R I e i e e e s e s e et i i e e s i =i = ====.-_._.Watervg'28======
Railways Inland navigable waterways
Year Quantity  Output Fuantity Output
million %  nolbiewds % milton % miligrd s %
of © of t-km of % of t-km

o4 1107  19ee@ 2362 2546
od 73.5 2146 18,0 31.6
S 7840 2140 18.9 2943
«5 120.,0 1840 2940 265

1924 466 8048 67«6, T
1932 26648 T8.4 38.9 6
1933 29445 79.0 45.6 7
1937 550 B240 7948

e o e e o e e e i e s e e e e e e e e e
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The navigable waterways in Germeny therefore secured sbout

a fith of the cuantity of goods or more than a quarter of the
traffic output.

Owing to the world-wide economic crisis,the transport figures
in the years 1932-1933 were lower , but from the gbove table
it will be seen that the navigsble waterways were not so hard
hit as the railwaye; in spite of the drop,inland shipping
succeded in increasing its share to 3l.6%,0r sbout a third of
the total traffic.

It is remarksble that the share of the inland navigsasble water—
ways is higher as regards output in t-km , than for the
quantity of merchandise carried in tons. That arises from the
fact that the distance the goods are carried is usually much
longer by water than by rail. The average transport distance
on reilways is 145 km as opposed to 245 km on inland navigable
waterways.

Coal is the main item of the quantity carried by inland navi-
gable waterways. As for the other merchandise , the most
striking fact is that the waterways carry more ores,stones,
cereals and milled products, i.e. the goods the value of which
is comparatively low and consequently the low cost of their
transport has a great influence on the selling-capacity of

the goods.

Inland navigable waterways also play an important role in the



export end import traffic, 41% of total overseas cargoes
coming

being despatched to,or zmxx from, inland navigable ports.

According to the different nature of the various German

economic areas and the varying cgpacity of the waterways,

the share of various navigable waterways in the traffic is as

follows:

The Rhenish basin 58 ¢45%

The Elbe i 14.2%
Ems-Weser besin with

West German canals 12.6%

The Oder basin 8 e 4%

The Mark navigsble waterways 5.3%
Bast-Prussia navigable " 0 «5%

Denube 0+5% 100%

The navigable waterways have greatly helped towards the

growth of the highly industrislised tovms. Among the 47 large
German cities of over 100,000 inhsbitants there are at present
35, viz. sbout three quarters,that are directly connected to

a waterwayv,which gives them such great advantages,*h=t they
can compete with other districts under particularly favoursble
conditions,

Craft. The differences in the capacity of the navigsble water-
ways have had the result of developing a large number of
varying types of craft. The size of the boats,depending both
on the natural conditions of the waterways and on the economiec
conditions of traffic recuirements,resches its maximum in
Western Germany on the Rhine,wheress eastwards the vessels are
Smeller., By Tar the largest share of goods transported on the

inlend navicsbhle waterways is carried in towed trains of berges.
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As regards these non-self-propelled boste,the German inland
shipping trade in 1933 had, at ite disposal 12,944 creft heving
a total carrying capacity of 5.99 million tons, and 2,236 tugs
totalling 496,515 HF , These commerciel fleets are summarized
in the following tables No 32 No33 No34 4 but during recent
years a constant incresse is noticed in the number and sige

of the boate,due to the progressive enlargement of the rivers
and incressing traffic requirements,

There are no general statistics available of the-total COlf—
mercial fleéts in Germany in recent years,but a comparison of the
inerense on the river Damube mey give some idea of the total
ineregse.

Comparing the years 1933 and 1940 the figures are:

1933 1940
Barges o Rt

Capacity 229,837 tons 332,460 tons -
Tugs 28 57

Tankers h 85
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Table Ho 32 Nomber of nO?T?ﬁif nropelled craft in Germany
1933)
having a capacity of' Total
21-50 b1-260 251-600 601-1000 1000-1400 1401  number
tons  tons tons tons tone tons  capacity
and
over
The Rhine basin
88 437 504 662 495 B80 2,566
2,066,864
West German cansls
194 173 T4 286 g e 7929
312,578
The Weser basin
ar 165 262 232 - —— 706
296,995
The Hlbe basin
183 506 1,016 Q37 87 = e
, 306,801
The Mark navigsble waterways
98 L4305 859 116 - ——— 2,378
694,991
The Oder basin
67 647 1,612 166 - 1 2,493
917,222
East Prussian navigable waterways
59 3l4 261 E2 — e 646
147,675
The Damube
8 66 13 139 5 —— 231
129,837
Various small navigable waterwsys
65 170 229 2 - e 466
97,162

Total for the Germany

809 3,783 4,830 2,552 589 381 12,944
5,090,125
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Table No 33 Mumber of tugs in Gemnany (1933)

having a power capacity of:

nunber HP
The Rhine basin 447 181,518
The West Berman Canals 219 35,586
The Weser basin 18l 27,926
The Elbe basin 562 136,270
The Mark navigsble water-
ways 390 50,861
The Oder basin 343 60,978
Bagt Prussian navigable
waterways 66 7,019
The Danube 28 1%,255
Various small navigable
waterways 30 2yi02
Total 2,236 496,515




In addition to the fleet of towed boats there have been
developed on the German waterways a fleet of self-propelled
boats,the numbers and kinds of which are as follows:

%
Table No (Boats carrying goods and tankers

Boats carrying goods Tankers
Tumber tons Hp Tamber  tons D

The Rhine basin
149 51,262 18,766 8 5,599 1,447

West German Canals

162 21,630 £ 4,638 2 200 47
The Wesery basin
79 21,841 65LLD - 2 236 110
The Elbe basin
657 123,315 52,674 20 5,396 2,483
The Mark navigable waterways
206 42,6056 9,452 6 1,059 269
The Oder besin
55 11,166 5,918 - - -
Bagst-Prussian navigable waterways
52 6,883 3,098 - - -
The Danube
25 7,528 4,540 7 4,617 3,820

Various small navigable waterways
54 4,495 2,016 - = -

T o t a 1 For Germany

1,438 200,725 109,117 55 15,107 8,176
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Zeble Nod4e Passenger boats and Pagsenger-cargo boats

Passenger boats Passenger and cargo boats

Number tons fumber tons HP

The Rhine basin

120 8,299 27 4849 20 2,298 64607
West German Canals
6 179 640 2 57 75
The Weger basin
26 1,798 34847 4 a0 133
The Elbe basin
200 10,067 26,046 293 W T TN 11,360
The Mark navigable waterways
232 74536 14,521 o) 335 954
The Oder basin
30 Q73 2,174 12 606 1,562

Bast-Prussian navigsble waterways
38 1,579 3,588 6 558 660

The Danube
15 681 Tl Th il 28 100

Various small navigaeble waterways
65 2,557 14,044 18 885, 14750

Total for Germany
732 334469 95,517 365 12,316 23,181

——




(SR
(]
&

Utiliseation of water power resources _in Germany .

. — - — —— — — — —

The estimated water power resources in Germany are as follows:

Table o 35

Kilowat¥ existing Average estimated

power resources annual energy
million kWh
North Germany 2,4500,000 12,500
Bavaria 2,700,000 13,500
Baden 970,000 4,850
Wrtemberg 180,000 900
Total 6,350,000 31,750

The problem of the utilization of water power resources is
very old in Germany, and has always been controlled by the
Government. Modern utilisation of water power began with the
advent of electricity. The older plants,small water power
stations,still predominate in number,but they are decreasing.
The nmumber of high-pressure stations is low in comparison to
that of low-pressure stations,because of the topography of
the territory.

The development of water power is still in progress , as we
cen see from the following statistics:

in 1926 developed power of 1,100,000 HP

in 1930 n 3 2,000,000 HP

in 1936 . " " 3,100,000 HP

The corresponding yearly output capacity of the latter

amounted to 11,000 million kWh.
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The next table No3d36 shows the distribution according to sige
of the German water-power stations,

Table NO. 36

Size group according Total power in
to developed power NMamber of
horsepower stations HP % of power of
all stations
0 fo 10 29,000 160,000 5,16
1. to 100 12,500 390,000 12,00
101 to bH0OO 1,600 320,000 10.3
501 to 1,000 200 140,000 4e52
1001 to 2000 110 148,000 4,78
2001 to 5,000 60 170,000 5 ¢ 50
5001 to 20,000 40 350,000 11.28
20000 to 100,000 35 1,070,000 34,51
100,000 - over 3 352,000 11.35
Tot al 45,548 3,100,000 100,400

For maeny years it has been a definite policy, in Germeny, to
develop the water power resources and the use of brown coal
for the production of electricity so that they will be less
dependent dm the reserves of black cosl which are situated
in the Ruhr and in Silesia and so are far from the centre of
the country,

The production of electricity,in recent years smounted to

70,000 million kWh output capacity per snnum.
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The distribution and sources of this supply are given in the
following teble No 37 ,

Table No 37

Year BlaﬁF coal BTOWnﬂCOal Wateg%nower Other
% 2 e 24
1913 6445 2340 11.5 0.9
1922 4845 41 42 9.7 0.6
1929 41,0 45,1 13.5 0.4
1933 3345 47 .7 18.0 Oe8
1934 347 49.6 15.0 047

——---u—._.-_._,.._-.-..-.—.-.—_.._._._._._-_.._.'_._._._._.____._..-..—.--.-

the Black Sea.
canal/
Among the principsl schemes in Germany two great inland ngvi-

gable waterways, the Rhine-liain-Danube cansl and the Rhine-
~Neckar-Danube canal,are in course of constraction.

Germany has paid greater attention during the last few years
to the constraction of these canals,which will have a great
influence on future German goods traffic in a north-south
direction. This tendency to go south has long been the policy
of the Germsn suthorities whose =2im it is to be the exporters
of the industrial products requireé#%he basin of the Danube.

Rhine—naln—Danuhe Canal,see sketch No9 .,
To join up the river Rhine accessible to craft of 1,200-1,500

tons with the Danube,along the river liain and sn artificial

Canal,this new waterway would have to cross the principsal



European watershed at en sltitude of 406 m sbove sea level.
The total distance between the Rhine at lainz and the Danube
at Passeu is 740.4 . The craft would complete a rise of

2391.,7 m and a fall of 126.4 m giving a total availeble head
of 448,11 m by means of 68 locks; fifty five of which ig?on
the slope towards the Rhine and thirteen - towards the Danube,
gsee sketch No. 9 .

The following teble No 38gives the general data of the Rhine-
Main-Danube Canal.

Table No. 38

Length Totel fall Number of
km m locks
l.The canalized Main
Prom liainz to Aschaf-
fenburg 93 27 10
From Aschaffenburg to
W rzburg 16045 57«2 13
From Wlrzburg to
Bamberg 131.8 _ 8245 15
total 385.3 14645 38
2.The canal linking
the watershed
From Bamberg to NHirn-
berg 6847 7242 7
¥rom Nirnberg to
Scheitelhal tung 357 103.0 10
From Scheitelhaltung
to Beilngries 284 43,00 &
From Beilngries to
Kelheim 3843 __2bes3 5
total T71.1 243.5 26
S«The Danube,partly canalized
From Kelheim 0 Regensburg 35 eD 11.2 5
Trom Regensburg to Vilshoftrl25.5 377 G
Prom Vilshofer to Passan 25.0 9.2 S ol
total 184.0 58e1 S
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?Qﬁmféﬁﬁfw§§§3”°f this navigeble waterway passes along the
river Main,which has been progressively canalized. The water
of the Main comes principsally from the Central lMountains,

the highest water levels occuring genersally during the rainy
autumn and winter months,whereas during the sunmer months a
decided decrease in the flow tskes place.

The whole catchment area extending to 27,395 km? shows the
following discharges at its mouth:-

lowest varies from 25 to 36 m°/s;

main 99 = e =Y

highest 2000 2814 "

The relatively small discharges and too steep slope,on an
aversge 38 cm per km , have made the achievement of a modern
navigable waterwagaccessible to c¢raft 1,000 - 1,500 tons,
imposgsible by a simple regulation works.

The oldest section of the cansglized Main lies between the
mouth of the river and Frankfurt o/Main, a distance of 33 km,
and has 5 weirs with a total fall of 10.4 m . It was constructed
between 1883 and 1886, and improved ten years later by re-
constructing the chamber locks,which could only take single
vessels,into locks for trains of barges. Further improvements
in the construction of weirs,locks for 3,000 ton barges and
of a power station were completed in 1935.

The second section of the Main between Frankfurt o/llain and
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Aschaffenburg,over a distance of 80 km , was csnalized in
the years 1907-1914, Pive weirs sand locks with a totsl fal11
of 16,6 m have been built. The sverage length ofﬁ¥%aches is
7«3 km ; the maximum dreught allowed is 2.30 m , sufficient
for craft of 1000 tons.

water/
Four power stations are installed to utilise a max. water
volume of 130 mg/s.
The third sgection between Aschaffenburz and Wrzburg,over 2
distance of 160.5 km , has been canslized since 1922 .
Thirteen reaches have been provided representing a totsl fall
of 57 m ; the individual falls vary from 3.5 to 5.6 m « Accor-
ding to the plan,the depth for navigstion,after »roviding
for a minimum lock depth of 3.0 m , is to be 2,50 m for the
time being,which is sufficient for creft of 1,500 tons ca-
pacity. The dimensions of the locks are 300 X 12 X 3.5 m ,
which allows a train of three 1200 ton barges $:81x10 X2.5 m
or a train of three 1500 ton barges: 85 x 10.25 x 2.5 m %o
enter the chamber locks.
The breadth of the weir openings for the 6 lower falle is
105 m , and for the remaining upstream falls 90 m . The
utilization of water power is provided by the installation
of Kaplan turbines with capacity of 130 m®/s in lower falls
and 100 m®/s in upper falls.

7 weirs/ aA _
Up til1 1955(had?%een Puilt,the remaning 6 weirs were com-

bPleted in 1938,but at certain falls the water power stations

are still in course of construction.
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The following teble No 39 gives some data sbout the general =

arrangements of the canalized liain between Aschaffenburg and

Mrzburs.
Teble No 39 iy :
A titade of water leval
No  Neme of weir Km at head water at tail water
m m
1. Aschaffenburg(Obernan)93 11245 10845
2+ Kleinwallstadt 102 116.5 11245
3« Klingenberg 1 i 1205 1l6ee
4, Kleinhenbsgch 1253 124.5 120.5
5« Freudenberg 134 129.,0 12445
6« Faulbach 1425 133.5 129,.0
7. BEichel 161 138.0 1%3.6
8. Lengfurt 175 142.0 138.0
9. Rothenfals 186456 1 142,09
10. Steinbach 201 162.4 147 &5
1l. Harzbach 220 1573 15244
12 Hammelstadt 233 161.5 E57 63
13+ ZErlbrunn 242 16547 161..5
14, Wirzburg(backwater) 253.5 e ——
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The fourth section of the canalised liain between Wirzburg and
Bamberg,over a distance of 131l.8 km is now in course of con-
straction.

The craft would complete the total rise of 62,3 m by means

of 15 locks. The completion of these canalisation works isg
eXpected in 1945 .

The second part of the navigable waterway Rhine-liain-Damube

Canal, between Bamberg o/Main end Kelheim o/Danube,has to
cross the watershed at an altitude of 406 m shove sea level.

The scheme was passed by the by-l@w of 11 th May 1938 and wae
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intended to be completed and put into commission in 1945,

The length of this artificisl canal would be 171,1 km and

the craft would rise above the total head of 943.5 by meane

of 26 locks.

Forty-one alternatives have been thought out for the most
suitable route for thig canal. Finally one was chosen which
will rman mosgtly slong the 0ld cansl called Ludwigs-Donaua-
~liain Canal, built in the years 1836-1845, with small dimensiong,
14 m in depth and 4.5 m in width, which was enough for the
previous small navigation craft. The new canal would be
accessible to craft 1,200 tons and for a yearly transport
quantity of 10 million +%ons.

Congidergble difficulties have arisen with artificisl water
supply for fdlling the locks on the watershed reaches of the
canal. The estimated movement of traffic passing through the
very large locks calls for large volumes of water,

The soil of the region of the Jura mountaing is very permeable
and it was difficult to build a storage reservoirynear the
watershed sections of the canal,

The Germans have gmxiRexwakerskezixrzrzizx chosen a very costly
artificial supply of water on the watershed reaches,which
comes from a long distance by means of pipes and aqueducts,frﬂm a
storsge reservoir 90 km away in the basin of the river Lech,
SiNuated on the other side of the Danube. An additional water
Supply for the canal would be derived from several small

storage basins provided with pumping stations,situated near



the line of the canal.

The third part of the navigeble waterway Rhine-lein-Danube Canal,
between Kelheim and Passau,over a distance of 184 km , passes
along the PFiver Danube.

The upper course between Vilshofen and Passau would be cana-
lized by means of 4 locks to rise sbove the total head of
2044 m « The middle course between Regensburg and Vilshofen,
over a distance of 125.5 m would be regulated by simple river
treining works.

So far only one dam at Eachlet on the Danube ig built,with

a head of 11.3 m , and provided with a lock 230 m in length
and 12 m in width.

According to the statistics from 1959’on the whole stretch

of the Rhine-Main-Dsnube Canal before the canal could be put
into commission it was necessary to complete the construction
of the following works:

22 weirs, 43 locks, 170 bridges and gbout 100 million m® of
earth works,

This canal of 740.4 km in length would link up a widespread
navigable waterwéy for the use of GermanX transport over a

distance of 3,351 km from Rotterdam to Braila.



The Rhine-Neckar-Danube Canal.

In eddition to the above described scheme,that is being carried
out,there is another scheme for the Rhine-Neckar-Danmube Canal,
which would from a parallel navigsble waterway for the remaining
10 million tons of goods traffic to be carried per year from
Germany to the Danube valley.

In spite of the fact that the watershed is situated at a very
high altitude of 569 m above sea level - it was decided to
build the canal , and a great part of it is in couse of con-
struction , especially in the north section along the river
Neckar.,

The Beckar just like the Main,is a river rising in the Central
Mountains, and has the same charascteristics; low and con#i-
mous summer level,and remarkable increases in winter time,
The area of the basin to the mouth of the river amounts to
13,965 kmz. The flow varies from 20 m%/s at lowest water level
to 4,800 m®/s at highest water level; and the main flow at
middle water level is 100 m3/s .

The canalisation works have been in course of construction
since 1920 over a distance of 207 km between Mannheim and
Plochingen,near Stuttgart.

Twenty six falls (weirs and locks) are provided with a totel
head of 150 m ; the falls vary between 2.6 and 11.0 m .

Of the 26 falls eleven were completed by 1935 on the lower

course of the river Neckar,between Mannheim and Heilborn,over
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a distance of 113 km , and a total head of 67.5 m . The
remaining upper course of the river,between Heilborn and
Plochingen,over a distance of 94 km , is now in course of
construction. There will be 15 weirs and locks with a total
head of 91l.5 m »

The minimum draught a2llowed for is 2.5 m for the 1,200 ton
vessels,with a width at the canal bottom of 36 m . The size
of the locks is as follows:

110 m in length, 12 m in width and 3.5 m in depth.

At 25 of the falls (except Heidelberg) the power will be used,
on a weter volume basis varying according to the situation
and the discharge,between 14 and 100 mg/s , end which is
estimebked to last 180 days per year.

The total cost of the canalisation work carried out on the
river Neckar would be approximately 246 million Reichs liark.
The completion of these works was planned for 1944 .

The canalized Neckar forms a part of the future navigable
weterway for large vessels from the Rhine to the Danube.

The remaitming i%ﬁﬁ%&@ncanal to cross the watershed and run
to the Danube is still to be completed, but construction has

been started on a small scale.
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Development Qf waterwaggﬂgg;gg;ggg.

Poland in 1939 had a surface area of sbout 390,000 km® and a
population smounting to 35.1 million inhsbitants. The density
of population was over 90 to the square kilometr%that is to
say,more than in France,
Poland is situated in the very heart of Burope on the geogra-
phical latitude of Great Britain and Nodbthern France. The most
Northen point of Poland - the river DZwina - lies on the la-
titude of Glasgow; the most Southern point - the Rumanian
frontier - on the latitude of the city of Orleans in France.

In the past Poland was an sgricultural country,but
in recent years Poland has developed the ambition to become
an aggricultural-industrial country. Much has been done in this
matter, in spite of many mxfem unfevourable conditions:
war devastation,lack of cgpital and " heavy international
competition!

view of/

From the point of industrial development and standard of living
we can divide Poland into two different parts:
Western Poland,reaching in genersal the economic life of Western
Burope,and Eastern Poland,more sparcely populated with very
little industry, a lower level of agriculture and a less well
developed system of communications. In recent years a great
step has been made towards raising the Eastern part of Poland
to the level of the Western part, but the difference is still

considerable.



The foreign trade of Poland amounted to sbout £.,190 milliong,
in the best years, in which exports and imports were nearly
balanced.

The territory of Poland is divided hydrographically by the
great watersheds between the Baltic and the Black Sea,
approximately 4/5 of the surface of the country is belonging
to the Baltic Sea basin, in spite of the very short coast-
-line of gbout 70 km ,

In Poland the conditions are,on the whole very favourable to
the development of a system of inland navigsble waterways.
Except in the Southern part of Poland where the Carpathien
Mountains are at the average height of 1,000 - 1,500 m above
sea level,with a peak at Tatra of 2,660 m gsbove sea level,the
main part of Poland is low lying country,and there are great
possibilities for the creation of a network of inlend navigsable
waterways over long distances?connecting the large hinterland
to the sea ports.

The present exceptionally small development of Poland’s inland
navigsble waterways is caused not by lack of favourable
geographical conditions,but because the improvement of rivers
and the uniting of all the systems has not yet been completed.
The existing improvements,obtained by regulation works carried
out,are not sufficient.for the constantly increasing demands,
and for the use of larger and larger crsft.

For these reasons,the railweys at present carry the largest

Share of Poland’s transport,sbout 99.1% of the total quantity
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in tons,in spite of very long distances over which the goods

are transported, on an average over 305 km , as opposed to %k

145 km in Germany or 100 km in Great Britaine

The following tables show the lengths and navigable capacities

of the larger rivers and give data regarding the traffic and

the commercisl fleets.

Tgble No 40 ILength of
Grand Navigable - max. tonnage vessels O ¢

Waterways

total © 1/100 ]O%OO 201/40

total total to b0 5

in k

i 1l &6 m e

Rafting

T r e

0 401600 overeo0 rivers

8 km

The Vistula with tributaries

5,838 2,615 1794

148 1,070

e 394

of which the tributaries amount to:-

4,398 1,575 794

The Warta

582 426 192
The Niemen
3,153 605 116
The DzZzwina

582 199 —--
The Prypeé
2,831 1,257 409
The Prut

214 - -
The Dniester
1,016 361 99

Canalized rivers

°04 504 -~

Canals
268 268 -

Lakes
1 B 115 18

148

245
116
505

566

160
83
227

300

182

U =

100 134
84 -

50 154

28 25

32 2,825

- 156
-- 2,548
- 383
-~ 1,574
- 214
- 655

el T T P ——————————— e bl b

Grand tptal:

14,603 6,250 1,628 1,309 .

T I e e o e b e i e s e e e S o e e e e




Table No 41 Transport of passengers and goods.

Description 1932 1934 1936 1938
B

No of passengers

in thousands 600 597 805 991
Goods, total in

thousands tons 479 671 725 742
Live animgls in

thous. tons 80 75 46 29
Rafting and

transport of 3

timber in thous,m® -- 746 627 1,027

e g
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Table No 42 Commercial fleet on the Polish Inland Waterways

Description 1928 1935 1938
No of steam vessels 118 134 127
No of Motor 5 24 39 46
No of barges 1,367 2,896 2,621
Total No of boats 1,509 3,069 2,794
Cargo capacity in

thous. tons 104,9 138.2 157l

e e et e e e e e o e
e —end e =
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Tgble No 43 Commercisl fleet of the Free City of Gdansk(Danzig).

Description 1936 1938
BRR

No of steam vessels 82 81

No of Motor 2 1y 19

No of barges 391 390

Total No of boats 490 490

Cargo capacity in
thous. tons 9.9 59.7

—— i

The technicsal problems, connected with the improvement of the
Polish gystem of navigable waterways and with joining them up
to the various links of the East Buropean waterways in order
to form a wide network suited to modern requirements will be

déscussed in Vol.II Chapters I,I3,III .

Water power as a part of the energy resources in Poland,

The chief source of energy in Poland is black cogl. The mgjor
part of the so-called Silesian coal fields,with an area of
approximately 3,800 km?, is located within the boundaries of
Poland in the south-~-western part of the country..

With regard to coal resources Poland ranks third in Europe,
after Great Britain and Germany, with 62,000 million tons at

a depth of up toll,ooo m , in layers of a thickness of not less

than 0.5 m\rhe probable total of Polish reserves of coal is
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estimated at 158,000 million tons.
The coal fields may be divided into two areas: the nor%%fn,
where the deposits either protrude almost to the surface,or
are covered by a superstructure of up to 100 - 1850 m;%hickness;
and the southern,with much Xx thicker lsyers under a super-
-stfucture of a xkx thickness of several hundred meters,
The calorific velue of the black cogl in Poland varies from
7,800 to below 5,000 csalories,and it decreases from west to
east,because the best grades of coal in Poland are available
in the western part of Upper Silesias,and towards the east,
the contents of carbon (C) and hydrogen (H) graduslly decresse.
The Polish coal fields contain 8ll gresdes of coal,except
the best variety used for coke and anthracites. On the whole
the cosl is typical fuel cosl,due to a high oxygen content
and it ignites easily,but there are also varieties of the
industrial type,suitsble for gas works,and industrisl furnaces,
as it contains on the average sbout 33% of volatile matter,
The production of black cosl in Poland varied from 28.8 million
tons in 1932 to 40.6 million tons in 1928, and 38.1 million
tons in 1938, The average home consumption in years 1933-1937
was 20,8 million tons which increased to 26 million tons in
1937 or 736 kg per head. The remaining 10-11 million tons of
coal was exported.

Brown coal.
The deposits of brown cosl are scattered over small areas

Dractically ﬁgoughout the whole of Poland.The caloric value
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of brown coal varies from 4,500 to 5,000 cal/kg. A considersble
increase in the output of brown cosl azEmr=& occurred in the
course of 1920-1921. This was due to the destruction of
collieries during the war 1914~1918. As the output of black
coal increased,the output of brown cosl sgain decreased,to the
small quantity of 26,000 tons.

Brown coal,not being of a quality to compete with black coal

is used locally as a fuel.

Crade oil.(petroleum)
The oil fields in Poland have not yet been fully geologically

explored although systematic surveys of the areas are in
progress. Owing to the fact that so far only approximately 7%
of the known area of oil fields is under exploitation,the
quantity of crude o0il mined in Poland at the moment undoubtedly
represents merely a small fraction of the availsble resources,
located at the foot of the Carpathian Mountsins and covering
an area of gbout 2 million ha .
0il mining is in progress in some seventy locelities along the
Carpathian highlands,from the line of the river Dunajec to
Bukovina,those in the eastern part,particularly in the Boryszaw,
Tlls‘!_:anowice and Mraznica districts having the largest output.
Larger quantities of crude oil in the Polish oil fields
are situated at a much greater depth thaen in other countries,
namely,at a minimam of 1,000 m , but some times at 1,700 m .
The cost of these deep drillings is the main reason why,in many
localities,the drillings have not been carried out to the

Proper depth and as a result the largest sources of supply have
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not yet been reached. '

The o0il mined in the basins of Boryslaw,TustanOWicésasmmstandard
0il" itse chemical composition is more or less uniform,con-
taining approximately 12% petrol and sbove 30% paraffin.

The 0il in other districts shows greater fluctuations in
chemical X composition;certain of these grades are among the
lighter oils,containing up to 30% petrol;others are among the
heavier oils and contain a larger percentage of visZgcous
matter.

The calorific value of minersl oil amounts to 10,000 - 11,000
calories/kg .

The following tsble No 44 gives data concerning the petroleum
resources snd its production in Poland.

Teble No 44

l.Petroleum resources:
a)probgble total reserves 2
b)proved reserves 0]
c)producing fields 0

million hﬁ

el
.007 1" 1"

2.Wells:
a)total drilled 5,817
b)producing in 1934 3,101

d.Production of crude oil:
a)maximum annual in 1909 2e4 million tons
b)latest figure availsble - max.1938 0,507 " it
c)total from beginning 41,245 i 1
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Natural gase
Natursl gas is available in Poland practically throughout the

Carpathian highlands. It usuglly precedes the exudation of
mineral oil and is,to a certain extent,an indication of pro-
ximity to o0il layers,but in certain places natural gas occurs
in very considergble quantities and is entirly independent,

of 0il. The latter variety is the so-called "dry gas",consisting
mainly of methane (CHy),and has a calorific ®zm value of

9,000 calories,or more.

There is every likelihood that natural gas in Poland will
prove to be ansbundant source of energy and,if capital were
available for the necessary investments,the natursl gas
industry would be likely to occupy a place next to the oil
industry,in importance. :

So far in two ExE cities (Gdynigfﬁg§%)buildings are heated

by means of natursl gas;and in two large power stations,Moscice
and Nisko,with a totsl cspacity of 60,000 kW,the fuel supplied
is partly natural gas.

A Tairly extensive system of trunk pipe lines was in operation
to convey this gas,and other lines were in course of con-
struction in 1939.

Natural gas resources and its production up to 1934 were as

follows:

Produci fields in .thousands Of hBeessesesacscves 7

Wells:s g?total drilled 3,058
b)producing in 1934 1,988

Meximum snnual output in 1925 in millions MO, s .y 557

Annmual output in 1934 469

Total output from beginning § 15,000 sbout .
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Water powers
While Polsnd,in genersl,is favoured with sbund@qnt water power

resources these are not so great as those of Yugoslavia or
Rumania. The present development is rather small,the requireanents
in electrical power being covered principally by thermal
stations,while the hydro-electric stations play only a subsidiary
rolee.

This present ratio must be changed and the Polish policy of
utilization of the resources of energy leads to the development
of water power)the potentialities of which have not been

fully realised in the past.

The most favourable regionsg for the production of hydro~electriec
power are found in the south of Polsnd in the Carpathian

Highl ands,where the mountainous configurstion,the heavy
pecipitation and steep slopes and many sites suitable for
storage reservoirs are all factors favouring economicgd deve=-
lopment. The necessity for the creation of storage reservoirs
coincides with the problem of flood control,which in Poland

is of the first importance,owing to the fact that the ratio
between the low water flow and the flood flow is approximately
148 JOO0 e

Other sites suitsble for the development of water power will

be available along the Vistula,after the canalisation works

have been carried out oﬁﬁﬁidﬂle Section.

The investigation of this entirely new scheme,which will Dbe
v ITI and IV
descfibed in the Chapter No,(Vol. . shows that it is easgily



possible not only to obtain the depth,necessary for modern
navigation,but also to supply several power stations.
Suiteble sites are also to be found in North-Western and North
Eastern Poland where there are numerous natural lggié which
can be converted into storage reservoirs without difficulty,
and in some cases the combination of the reservoirs with
canalisation works would effect a considersble improvement in
navigation depths  as for example on the rivers Niemen and
Wilia.
On behalf of the National Power Committee of Poland I made
the first estimate of the water power resources,at mean water
flow,and this was published in my paper to the World Power
Conference in London in 1924,

that
The following extract is tsken from ﬁmxdxpapergz

POlaIld...--..-..--.......R’lver baSiIlS Of

Dniester Niemen Dnieper
3,650,000 HP Vistula Prut
2,180,000 760,000 286,000 251,000 173,000
HP HP HP op HP

Under my direction,as Head of the Hydro~electric Research
Centre further surveys of the more important sites were carried
out and investigations maede into the problems of flood control
and peak stations with a view to the electrification of the
country. In this report,published in the Proceedings of the
Polish Congress of Civil Engineers,Lwéw 1937, I estimated the
power capacity at 1,915,000 kW with an average yearly output

of 11,200 million kWh .,
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In this report I also gave a description of 131 proposed water
power stations,of which 34 were intended to be built during
the first period of electrification; the capacity and value

of output for these power stations was estimated as sbout
500,000 kW and 2,000 million kWh,

Taking into account the schemes for the canalisation work of
the Vistula and the Bug which are now proposed for the first
time, the total availsble water power in Poland can be
estimated as:-~ 2,800,000 kW with an average annual production
of about 15,000 million kWh.

Among the schemes which have been already completed or were
in course of congtruction during the years 1933-1939,ander

my supervisionJare the following:

Table No 45

Neme of River Head Storsge  Power Yearly Cost £.
station m capac%ty capacity output thousend

mil.m kW mil JkWh

Roznéw  Dunajec 31.5 229 50,000 142 1,750
Czchdéw " 10.0 15 10,000 a7 390
Porgbka Soza 18.0 30 20,000 27 700
Turniszki Wilia 13.0 40 14,000 86 540
lyczkowce San 16.0 5 4,000 22 200
Solina San A s 270 30,000 90 15150
Pomiechowek Wkra  13.0 40 15,000 15 460

—
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Two of these power stations: Réznow and Porgbka where completed,
others were in course of construction.
The past development of water power in Poland comprised chiefly

the utilisation of the smaller sources,for the production of
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méchanical power,which is evident from the following table.,

Table No 46.

Part of Water Power Stations with capacity:
less than 100 HP| from 100 to ymore than 1000 HP

Poland 1000 HP

o i1 i P o g
South 2,521 26,600 36  6,500| -T -
Bast 1,217 17,000 12 2,000] 1 2,000
West 478 9,000 28 7,400 3 20,100
Central = 2,469 31,600 4B v B 400 e cumpedewde
Total 6,685 86,200 ' 116 21,300/ 4 22,100

From this it is seen that the total number of small stations
with a capacity of 129,600 HP is 6,805.

Taking iﬁ?;count two larger power stations just completed the
total power amounts to 234,600 HP or sbout 6% of the vast
potenkial water power resources in Poland.

Electrification.
Electric power production is one of the most important problems

in Poland,and the electrification of the country is planned
and carried out systematically. The installed capacities and
production of electricity have grown considersbly as is shown

in the following teble No47.
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Teble No 47 The installed cgpacities and production of elec,
1925 1928 1932 1954 1956 1938

Installed power
thousand kW 85l .. 1020 .. 1285 . 1536 1580 . 1692

Output in million
kWh 1800 2618 3048 2622 3082 4200

1}
i
|
I
|
|

The present prograﬁm%f electrification for post-war development

includes the erection of high-voltage-lines,closer cooperation

between the power stations,and greater development of water

power stations,so that an interchange of energy between power

stations may be made to a greaster extent.

The six year plan of electrification comprises the following:

1)The construction of transmission lines of 5,290 km in length,
with a voltage of 200 kV,100 kV and 60 kV;

2) The construction of power stations with a total capacity of
2,200,000 kW,

The estimated output of energy after completion of these works

and/

would amount to 12,200 million kWh per asnmum,consequently the

consumptiom per head would increase to 350 kWh instead of

being,as at present, 120 kWh which is much below the normal

in West BEuropean countries.

Peab,
Peat has so far been developed in Poland on a very small scele

and is used locally as a fuel. It is found in northern and
€astern Polend in a area of gbout 18,400 xm®. The probable

reserves exceed 5,500 million tons with 25% of moisture,and
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the proved reserves are estimated to be 2,200 million tons,

which reduced to black coal equivalent;is gbout 1,000 million

tons.
Forestry.,

The total area of forests in Poland,in 1938 , was 8,624,000 ha,
or 22.2% of the total area of the country. According to the
type of timber,in percentages of the total forest area,there
are 79% of coniferous trees and 21% of decidous trees.

The production of wood in 1938 was 16.4 million m°, 52% of
which was timber and 38% - firewood,and is compatible with
natural regeneration. Export of wood varies from 2 to 3 million

tons per annum,.

To complete this deseription of BeXzm® Polish naturgl resources
I would like to mention the mineral resources.

Zinc and lead ore.
Zine and lead ore reserves found in South-east Poland,hdﬂé

been estimated to be 20 million tons. The production of zinec
ore forms a fairly important part of the European production.
The output in 1937 was 109,000 tons,about 50% of which was =
exported,

The production of lead ore in this same year was gbout 17,300
tons, 43% of which was also exportede.

Iron ore. :
Poland does not possess large deposits of iron ore, and must

import sbout 2/3 of the raw material fpm Wi toMel necessary *ﬂb

KLPPOduction of iron and steel,which in 1938 was as follows:



Pig-iron - 879,000 tons, and steel-1,441,000 tons.

Rock salte.
Rock salt deposits are found at the foot of the Carpathian

Mountains and in the North-West of Poland. The reserves are

enormous being estimated at about 6,000 million tons.

The output of salt in 1938 was 643,000 tons.

Potagsium salte.

Potassium salt deposits are also gbundant,they are found chiefly
e pgt_f_m;@/

inpSouth-East of Poland. The output of salt in 1938 was 872,000

tons with 84,500 tons of potassium ovide (K50).
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In the Volume No. 1 , the state of waterway development
in the countries adjacent to the proposed great Vietula - Oder
- Danube - Black Sea Cangl was explained and the navigationsl
conditions in particular sections of this navigsble waterway

were discussed.

In the following Chapters (Volume No. 2 ) I propose to sum
up the details of these schemes which in general lines form
the programme of the development of an inland waterway of great

importance in East-Centrgl Europe for the post-war period,
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The proposed new Oder - Danube - Canal (see sketch Wo7Z/).
First of 911 it is necessary to discuse the projected canal
between the Oder and the Danube,which will constitute the link
between the existing inland waterways on the Baltic - Black
Sea routes This canal will fomm the first improvement necessary
go that the nevigsble waterway from the North to the South-~REast,
which is 8lready suitsble for navigation may be used for
transport, as soon as nossible,
The inadequate though comparatively considersble capaclty
possessed by some sectors of the Oder and the Danube will ensble
the development of inland navigation in Hast-Central Eurone
as soon as the Oder-Danube canal is available, Simultaneous or
future improvement of the worst sectors of the Damibe asnd Oder
by 2lteration or the construction of several canslization
stretches and by an intensification of regulation worke,will
increase the value of thig route as a modern navigsble water-
-way,capable of taking large craft of 1,200-1,500 tons,.
The proposed navigable waterway and its connections, the
Oder-Viegtula canal, the canslized Vistula and the Great-Trans-
-european navigable waterwsy from Test to East,will form a
great system of inland Furopean weterwaye, with practically
the whole of Europe as its hinterlend.
A detailed description of this scheme-will be given in

II,II1/
Chepters | Vol.2.
The route on the proposed new Oder-Danube canal is as follows:

From the Worth along the valley of the Oder, then to the South



along the valley of the lMorava. To join up the riverfOder and
lorava,this new waterway would have to cross the prineipal
Buropean watershed at an altitude of 270 m sbove sea level
over the Pass called loravian Gate.

The preliminary estimate of my project involves the carrying
out of construction works,the xgx final result of which is
represented by the following data:

l.Total length of the cansl capable for

1,200 - 1,500 tons craft 301 km
8)Length of the canalized rivers 188 km
) of the artificisl cenals 113 km
2.Total svailsble head 2248 m

a)consisting of a rise in the Oder valley of 88.4 m

b)a fall in the liorava valley of 136.,4 m
d.Nunber of feolls and locks 29
4, "  of weirs on the canalized rivers 11
5+The average fall sbout 7.8 m
a)the minimam £all 4,0 m
b)the maximum fall 13,0 m
BsAversge length of reaches 10,4 m
7T.Nurber of water power stations 16
a)the power capacity of which 55,000 kW
b)the output capacity of which per year 270 million kWh
8e«Dimensions of locks:

a)length 85 m

b)width 12 m

c)depth SHm

9.Total estimated cost of construction £. 22 million
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The route of the Oder-Damube c¢anal would start in the North
on the second reach of the existing Upper Silesian canal,
between the lock No 2 at Nowa Wieg snd the lock Mo 3 at
Slovenice and =® end in the South at the estuary of the river
Morava to the Danube on the post km 1877,near Devin.

The southern section,
The liorava vallpv on the lower course of the river onens out

and lieg in flat land,on the middle course it changes into
a narrow gorge near Napajedla,between the hills Vrehovina
Cesko - lioraveka and #hite Carpathian liountains and remains
as a mountein valley up to the springs at the foot of the
Kralicky Sneznik peak at an altitude of 1,442 m gbove sea level,
This mountain pesak constitutes a meeting place of the principal
Buropean watersheds:
the North Sea (Elbe) , the Baltie Sea (0Oder) and the Black
Sea (Danube).
The river Morava by ite left tributary Beeva spproaches the
low pass called the lloravian Gate,between Czecho-Slovakian
lassiv end the West Besgkid, a part of the Cerpathian lMountains.
The natursl favourable topogrsvhical conditions’therefore)
make the Morava valley a suitable route for the southern
section of the proposed Oder-Danube canal,ond leads slong the
Valley of the Becva to the loravian Gate‘Pass by which the
canal would cross at an altitude of 270 m sbove .sea level,
The area of the bﬁéin to the mouth of the wriver Liorava amounts

to 23,010 kmg, a great part of which is occupied by the right
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tributary Dyje with a catchment area of 10,670 kmS.
Incidentally,in the valley of this river Dyje there is a large
storage reservoir,with the cagpacity of 165 million ma recently
completed,which has a great influence on the regulation of

the water Tflow in the lower course of the lMorava.

The characteristic discharges , of the lioreva near Sw.Jan are
ag follows:

yearly average water flow 116 ma/s

minimam monthly water flow in
Au{_{ust......l.......'l'.l.... 51 mB/ﬁ

maximum monthly water flow in 7
MaPChee soeessossaeeessenses e Shd m-/sc

On the stretch of the lower course of the lorava over a distance

of about 100 km from Hodomin dowmstream, the valley is flat

and is developed agriculturaﬁg and. the banks are low,the river
twists and forks into several side branches.,

On this stretch, except for a lower sector of 10 km , it seems
to be advisable to build a lateral canal on the left bank,
without usine the bed of the river. iﬂﬁfimprovement of the river
by means of regulation works would take a very long time and

it would be difficult to obtain the desirable depth for modern
large craft.

On thie stretch the craft would rise sbove the totel head of

34 m by means of 6 locks,

The first f£all near Devin,at the point where the Morava joinks
the Danube,would be formed by a moveble weir built on the

river,
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The teail weter level at this weir , will vary , except at

high water seasons , between 133.6 m i.e. the low water level
on the Danube to 135.5 m gbove gea level i.e. the mean water
level on the Damube, The head water level will be a practicdlly
constant level of 141.0 m above sea level,

The remsining 5 falls would constitude the locks on the laterdl
cansl with a head varying from 5 to 6 m

The length of this stretch between Hodonin and the mouth of
the liorava river would amount to 78 km , 10 km of which would
be the canglized lower course of the liorava , and 68 km the
artificial latersl cesnal , instesd of 104 km length of the
river in its natural bed.

The middle stretch of the river Morsva , between Hodonin s=nd
Tlumacov , presents conditions more convenient for canalization
works than for the construction of an artificial canal. This
gector has more compact banks which are high and in some
places is suitsgble as a freme to the movsble weirs, This stretch,
for s distance of 74 km , would be canalized and four weirs
snd locks with a total fsll of 24 m would be built, The
individuel falls vary from 4 to 7 m , and the length of reaches
Varies from 12 to 20 km .

The back-water caused by retaining a water level at the upper
weir near Nspojedla would pass along the second lateral cenal,
which would start near Tlumacov on the left bank of the river
lorava i.e. twelve kilometers up stresm from the weir at

Napojedla,
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After leaving the bed of the river lorava,this second lateral
canal would lead by & shortcut to the velley of the river
Beeva near Prerov, The length of this cansl would be 20 km
instead of sbout 40 Xm , necegsary to follow the liorava and
Becva rivers. It wowld be necessary to build on this canal
only one lock,with a head of 6 m , neagr Hulin to reach the
valley of the Becvae at Prerov,
The upper stretch of the southern section of Oder-Danibe canal
starts near Prerov and follows up stream alons the river Becva,
which recquires and allows the construction of fairly high
dams,owing to the steen average slope in a relatively narrow
valleys
It must be pointed out that in Prerov a crossing point of two
proposed navigable waterwaye: Oder-Danube and Elbe-Danube
canale is to be expected mmk and I shall come back to this
subject later.
Returning now to the canelisation works which would be done on
the river W Becva, I must say that on this relatively small
stretch over a distance of 36 km , it would be necessary to
build € dams with a total hesd of 72 m , to reach snd cross
the watershed at an altitude of 270 m sbove ses level,
This can be done by the construction of concrete gravity dems,
owing to the favoursble foundation conditions in the rocky
Valley. The firest éf them would be the lowest one restricted

t0 7 m in height, owing to its situation near the tovm of



Prerov; the remaining b dams would have a head of thirteen m
each.

The back-water from the head water of the upper dam , situated
near Czernotin would extend to the watershed reach in the
Moravian Gate and would link up with the upper resch on the
northern side in the valley of the Luha , a tributary of the
river Oder.

The northern gection.
On the northern slopes of the Carpathisn liountains , the route

of the Oder-Damube canal would run first in a deep , rocky
valley of the torrent Luha, then follow the valley of the
river Oder and finally as a lateral censl would end by reaching
the Upper Silesian cansale.

The first watershed reach would be obtainable by the con~
struction of a dam , with a head of 13 m , at the entrance of
the LTuha to the Oder,

The next long stretch 75 km long comprising ten resches,takes
adventage of the river Oder , from the estuary of the Luha

to Racibdérz(Ratibor) , which ie suitable for canslisation
works, On this stretch , at the beginning the canalisation

steps would be comparatively high with heads of 12 m , owing

‘to the fact that the velley is more compact in this hilly

country , and the slope of the river bed is fairly steep,
Farther dovmstream from the mouth of the river Opsvica to the
Racibérz, where tﬂe river enters the important Ostrave-Karvin
Coal basin and the centres of the metal industry,there is a

DOssibility of the construction of lower movable weir varying
from 4 to 6 m in height.
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As a whole the canslisation of the Oder r@ouires the con-
gtraction of 10 deams,three of which would be concrete gravity
dems with a total head of 36 m and the remeining seven would
be moveble weirs of a total head of 31l m .
The final stretech from Recibérz(Ratibor) downstream ie planned
a8 a lateral cenal on the right bank of the Oder valley, This
canal would be 25 km long and the craft would rise above the
head‘6;E}\3§/4.4 m by means of one lock,between the tail
water at the weir near Ratibor at sn altitude of 186 m sbove
gsea level and the water level on the Upper Silesien canal
near Slovenice at an eltitude of 18l.6 m .
The constraction of the lower stretch Ratibor - Slovenice as
an artificiai cenal forming a short-cut to the Upper Silesian
canal snd not the canaligation of the Oder, dowvnstream from
Racibdrz(Ratibor) to KoZle, was decided upon for#§811owing
reasons
l.Canglisation work on this section of the Oder would be very
difficult to carry out, in view of the nature of its banks.
This could be done only by constracting the weirs with very
low heads,and would necessitate the construction of six
weirs and locks with a totsl fall of 20 m ; whereas by con=
strmiecting a short-cut canal on the right bank towards the
Upper Silesian canal it would only be necessary to build
one lock near Osiedlisko, and in addition beyond the

jbnction with the Upper Silesian cangl there exist two
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modern locks at Nowa Wie§ and Klodnica,which permit of na-
vigation towards Kozle on the Oder. The navigational conditions
on the modern Upper Silesian canal,completed in 1938 , will

be described in the Chapter on the Oder-Vistuls Canal.

2.For the navigation downstream from Racibérz(Ratibor) along
the Oder valley, the number of locks and consequently the
number of lock operations which the craft have to negociate,
would be reduced from 6 to 3 .

For navigation from the South-East to Poland via thé Oder-
Denube Canal in the direction of the river Vistula the reduction
of locks would be from 8 to 1 and here also a considersble
shortening of the route can be obtained,

3.The construction of an artificial canal between Ratibor

and Slovenice,which would run in a flat and low terrain would
be cheaper than the canalisation of the Oder from Ratibor to
Kozle,

The route and longitudinal profile of the Oder-Danube canal
over the distance of 301 km is represented by the sketch No, 12
During the carrying out of the detailed project certain alte-
rations are possible to the head of particular weirs and dams,
as well as to the length of the reaches,due to the local
geological conditions which would provide the basis for such
modifications in order to give the most advantageous conditions
for the foundations.

Generally spesking,there should be no difficulty in finding

a stratum of sandstone,or conglomerates,the resistance of
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which @ould be sufficient for such medium snd low types of
dems «

In addition the impermegbility of the Carpathisn sub-soil is
due to the water=tight nature of the schists,which are widely
spread and offer foundations suitsble for the construction

of dems.

Such alterations would not greatly change the route and would

not greatly influence the total cost of the csnal.

The distsnces between the final points of the Oder-Danube
canal are as follows:

l.Towards the Baltic -

a) along the Oder from Slovenice to KoZle 15 km

" " tt to Stettin 656 km
b)elong the Oder-Vistula cenal

and the Vistula from Slovenice to Glivice 26 km

H " to Myslovice 80 km

it . to Wersaw 530 km

Y " to Gdansk 997 km

anzig)

2«Towards the Black Sea -

a) along the Danube from Devin to Braila 1,688 km



16

4 In the following teble the data comprising the
Teble Wo./V. installations planned on the Oder-Damibe cangl.are

summarized
Waterway Name Mo km post Altitude in mebter Eind of worces
lock on on above gea level a)deam
river canal head B b)lock
water water c)power
sbations
Canglized Devin
Morava o/Danbe 1 2 2 141 135.9 a,b,c,
Canal Hochset-
no 2 17 146 141 b,c
3! Xuty 3 50 151 146 s P
" Otoczko 4 58 157 151 b,e
" - 5 a7 162 157 b,e
i Holie 6 73 1686 162 bse
Cenalized
liorava Hodomin 7 103 78 175 168 a,b,c,
# Straimice 8 124 93 182 175 89D sCs
" UTherske
BHradiste 9 150 113 186 182 B0 sCy
W Nepojedlal0 166 125 192 186 a,b,c,
Canal near
Halin 11 149 198 192 J0
Canaligzed
Becva Prerov/'ig “/12 156 205 198 8,b,
" U-_[I"ffho—
vice 13 TE&== 160 218 205 a,b,
" Osgek 14 22 165 23] 218 a,b,
" near
Lipnik 15 29 173 244 231 a,b,
" Hranice 16 56 180 o257 244 Q,D5%
2 Cremptinl? 41 185 270 257 8,0,
Cenglized shove
Iuha the nmoufh 18 1 201 270 257 a,b,
Canalized Suchdol 12 732 209 257 245 a,b,
Oder at the
m.6f
. Sedmiea 20 726 215 045 238 8,b,
i Studerka 21 715 296 233 221 a,b,
" cbove e
m.of Opa
vice 28 710 231 221 215 8,b,
1 below " 23 705 236 215 209 a,b,
2 lor.Ostm
va 24 701 240 209 204 a,b,c
i Bogumin . 25 694 247 204 199 a,b,c
b gb.m.0lzs 26 687 254 199 194 2,b,c
iy - o . BYT. . 264 194 190 8,b,C
i Racibbérz 928 665 276 190 186 a,b,c
Callal Osiedlisko 29 287 186 181.6 8,0 ,C
Upper Slovenice 301 181.6

8il.Canal
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Water supply for the lock operations for navigation snd the

vregulation of the water level in the reaches,

The water required for lock operation§is a most importsnt
cuestion in the watershed reaches,vhere considerable difficulties
arice with artificial water supply Tor the frequent Tilling

of the locks.

The recuired volume of wpter denends on the intensity of the

traffic; on the dimensions of loeks and also on the freduency

of lock operations during the year,

There may be assumed the relatively great transnort capecity

of 20 million tons per year, on the proposed Oder-Danube canal,
on which thé’htSK of the traffic will'be carried in the northern
direction via the Oder to Stettin and via the OderVistula

canal to Gdenisk(Danzig); and to the south-esst via Damube to

the Black Sea; or westwards via the Blbe-Damube canal to Prague,
The second factor is ths dimension of the locks,vhich chould

be «ufficient for the barges which miet be anticipated as

1200 - -~ 1500 tons to be suitsble for modern inland waterway
traffia,

These minimum 'dimensions mey be tsken as 85 X 12 X 395 m
The-problem of the water supply for filling the locks on each
gide of the Movavian Gete is one that requires very careful
considsratione.

In the lower reaches of the lMorava =ad Oder valleve the natural
flows from the rivers are more than sufficient for this purnose

and, indeed,; will pemmit of the construction of hydro-electric

stations. The utilisation of the surplus power in this wey,
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as a by-product,would give an additional profit on the Oder-
-Danube canal,which will itself be profitsble,being a na-
vigable waterway of the fidrst importance.

The estimated movement of traffic passing through single locks
of the type usually adopted would call for a relatively large
quentity of water, on an aversge 12 m®/s , or , for a navi-
gation period of 300 days per year, a volume of gbout 300 mil-
lion ma.

Owing to the fact that the catchment sreas of the rivers Iuha
and Becva are very small , it would be unlikely that the
supply of water would be sufficient for the higher reaches
throughout the year.

I therefore propose to introduce a new type of twin-lock,
which would give a saving of nearly 50 percent of water volume,
figure No. 3&. By means of a connection between two locks
pPlaced side by side, it is possible to fill the lock containing
the craft going up stresm to nearly 50 percent of its volume,
by using the water discharged from the other lock,containing
the craft going downstream.

A detailed description of the twin lock is given in Chapter
No.IIaVolume 2.

This type of lock would be installed at eight points, at
weirs No. 13, 14, 15, 16 in the Becva river and No. 19, 20,
2l and 22 in the upper Oder and, as a result , the volume of
water required would be reduced to 5.5 or 6 m3/s.

To ensure the additional supply of water, at all seasons,



it would be necessary to construct storsge reservoirs in the
valleys of the Becva and Luha but this would be neither
difficult nor costly as the valleys are narrow, deep and
rocky and provide excellent sites.

To ensure that the passage of shipping will be uninterrupted
I propose to take further precautions at locks Nos 17 and 18

which are at the highest level.

At these points I propose to use a new type of lock a detailed

description of which will be found in Chgpter IIa Volume 2.
The arraﬁgement is illustrated in Fig.so.

In this case twin-locks are also used but they are not placed
side by side and , although connected together , are some
distance gpart and are not directly opposite to each other,
To permit of this the canal is divided into channels.

Surrounding each lock is a series of six basins which act
as additionsal storage reservoirs and contain water which may
be used in case of an emergency.

In the event of a sh&%age of water from the main supply
reservoirs the upstream lock would be filled to approximately
half its volume,by discharge from the downstream lock and ,
for the remainder , by water from the surrounding basins.When
the process is reversed emtying would teke place partly by
discharging into the other lock , which is now the upstream

one , and partly by pumping water back into the basins.



There would thus be little loss of water and further,in order
to reduce the power redquired for pumping,the basins are arrared
at decreasing levels so0 as to keep the pumping head as small
as possible,
By this arrangement the amoq?t of water to be supplied is
"
further reduced to 4 mg/s g;iag additional security in the
event of an exceptionally dry year.

The remeining nineteen locks on the river§ liorava,downstreanm
from Prerov and on the Oder downstream from the estuary of the
Opavice,ﬁould be of the usual single lock type as the lockse
operate under lower heads ‘and there would be adequate water for
the dischargess.

The following table No.?:,gives the heads and average discharpge
for the operation of each lock on the Oder-Danube csanal.

Tsble HoN. L%
Type of locks NO head m Dis- Type of No head m ®dischempe

charge locks
m3/s m3/g
T single il =Tl ] (85 x 12)

85 x 12 1 7.0 644 twin 2 13 13.0 640
" 2 560 Widisb . 14 150 2 L1640
i 3 Bel) 4ob g 15 13,0 840
i 4 640 5.6 " 16 15:086 640
b 5 FeD 446 twin with
b 5 6.0 5.6 Dbasins
e 7 740 Bed S(85 x 1317 1850 450
! 3 60, Bud Mo i dGng 1500 = 40
5 9 4.0 3.6 twin 2(85
i 10 G400 1 Bg6 %A 2yt 19 L240 o855
b 11 60 56 e 20 12,0 bab
i 12 740 Bk Al 21 12.0 545
5 22 640 546
2 23 600 b5
" 24 5.0 = 4:6
i 25 5010 4.6
% 26 buQl g6
iy 27 ALO\E 2BE6
e 28 4.0 B:6
b 2 4ed - 440
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Shepe of crossmsection of the cenal,

The choice of a correct shepe for the cross-section,and of
suiteble slopes of the banks and their protection, both depend
on certein special conditions,such as § specisl circumstances
of navigation or a special kind of so0il. This choice is of
great importance in the case of artificisl cansls which have
very crowded traffic, in order to reduce ag mich 28 possible
the costs of maintenance.

The study of the typiesl cross-section of canal should be based

on model experiments; for the type of boats and navigstion
conditions that are expected one should try to choose the sectior
giving a minimum resistancef.

In regard to the boats using the proposed canal,it would be
necessary to estimate the following elements: the length,the
beam,the maximum section of the frame empty and loaded,the

emergence sbove the water-line when empty, the maximum tonnage

carried, the maximum speed allowed either empty or loaded.

In repard to the speed,it would be useful to differentiate
between boats towed alone and moving in convoys and those
self-propelled.

It is not without interest,to gain some information conserning
the shape of the cross-section and the bank protection along
exXisting canals; but when we examine the existing canels in
Burope,we note the lack of uniformity and even the lack of
eimilsrity in the types of canals,not only for different

countries,but even for the ssme country,and we should note,

g_ I
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that the problem is not simple.

The choice of the form of the cross section,ss I have mentioned,

depends firetly on local conditions, end the nature of the

goil through which the cansl would be built. In the case of

a sandy,movable soil,which slips easily,the slopes should be

flgt; in the caée of stable sgoil the slopes may be steeper,
Secondly, the crossﬂeection of the cansl must be in a

favourable ratio to the submerged cross—-section of the loaded

vessels,with maxinum capacity,which would use the csanal,in

order to facilitate its propulsion, It is desirable that the

ratio between the wet section of canal and the submerged section

of the frame of the craft should never be below 4 : 1 except

in quite exceptional cases, In Holland this ratio varies on

the excavated canals from 1.9 in 0ld cangls to 5.4 in modern

canals.,

Thirdly,the cross-section of the canal must be such that
there is a sufficient depth of water,if possible no less than
1.0 m , beneath the boat when nsvigsting fully loaded.

Lastly, it is very desirsble to choose the most suitable
shepe of cross-section of canal in order to reduce to a minimum
the erosion of the canal banks and beds caused by sction of
propelled craft moving with considersble speed.

It is possible to use different forms of cross-sections for
Navigable canalg, which may be trapezoidsl ,trough-shaped or
spoonshaped in section.

In the case of the trapezoidal form the bottom is horizontal,
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and the slopes rise according to a more or less uniform
gradient.

As 8 consecduence of the movement of the frews of the vegsels,
the speed/

/oF which is still inereasing, and the counter flow of the

water beneath the hesvily loaded vessels, the horizontal bottom
has been graduslly washed away in meny existing canals,and

the matefial which is moved from the bottom forms deposits at
the lower part of the glopes.

These deposits have generally foﬁned natural flat slopes at
the junction of the bottom with lower part of the slopes of
the banks.

Thus in the case of many existing csnals the cross-sgection
sheped itself into the form of a trough snd indicated the oy
in which new canals might be shaped,

The features of the proposed rchape of cross-section for the
Oder-Danube canal in the sections where I propose to build
artificisl canals - are that the bottom of the canal risee at
first very slowly with a slope 1 ¢ 15 - 1 ¢ 20 from the centre
of the cansl towards the banks w@hh.mgﬂin,theﬁggiOQe increases
0 1 : 4 end meets that of the banks with ratio 1 : 20,

The water depth for the adopted draught of 2.5 m , that is to
say for the 1,200-1,500 tons vessels, is 3.6 m , and the width
of water line is 37 m , thus the wetted cfoss—section amounts

to 92 m? (see sketch No. 13,).
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Thie w@btted cross & section asllows for the crossing of two
1,200 tons barges with breadths of 9,0 m or two 1,500 tons
barges with breadths of 10.5 m It is a typical shape of
crogs-gection for the proposed Oder - Denube canal,but in the
case of more stable soil,the slopes can be inereased owing

to the factyathat there would not be so much denger of the
seconring of the bottom and banks.

The second aquestion is the choice of protection of the banks,
wmhich ghould be settled by the locgl nature of the =s0il and
by the materinle for protection workiwhich are availsble in
the vicinity snd on the other hand by the maximum speed of the
Vesgeles and trains of barces,

The action of the counter-currents created along the sides and
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beneath the barge is variable, The effect is the more important
when the speed of the bosts is grester and the ratio of the
cross sections of the craft and of the wetted section of canal
is smeXkewx greater,

The wake waves are especially dangerous,when,in the case of

the overtgking of a loaded train of barges by another boat
sgiling alone st = great speed, the screw of the latter comes
too close to the bank, Also the overtsking of losded boshs

by other loaded boats causes a great decrease of the crosgs-
-gection of the esnsl,

Tadsine by my experience of a canal with s wetted cross-section

L) . &)
ap to 65 m , a2 depth of 3.0 m , and bargee having a draught of

2¢0 m , and a2 screw depth of 1.75 m , I can gay that there is

5

- no danger of the destruction of the bottom snd banks, when

the speed is not greater then 4,5 - £ ¥m/hour,for loaded
ool _
traina of bnwﬁea)ﬁham 7 ¥m/hour for celfnropelling boats and

8 km/hour for light vessels,

=

For a cansl with = greater wetted cross-secction between S0-100
mg, end o depth of 3.5 m , at the junction of the bottom

glopes which I propose for the Oder-Denube canal we can estimate
that the corresponding figures of non destructive speed would
be as follows: 7 km per hour for loadsA frain of berges and

of 10-12 km/hour for propelling boats.

Tests with gregter speeds were made on the modern @entral canal

in Germany and the following results were obtained;:

For a towed barse of 1,000 ton capacity with the hawser 100milongjr



fﬁhe ratio between crogs-section of the csnal and the wetted
gection of the frame of the craft was 4.27. At = enced of
shout 8 ‘--*_m,/hou.r the bow snd stern waves of the boaste vere
relatively small., The maximum drop in the water level at
the banks was observed to be 30 cm
In the case of a tug-boat sailing slone in the middle of the
canal ,the maxinmm drop in the water level at the banks was
observed to be 37 cm at a speed of 12.7 km/hour, snd the
waves which moved in a direction perpendicular to the bank,
beyond the stern,caused a destructive effect on the bank pro-
tection, T"hen the speed of the ZHAH tug-boat was lower than

=l
10 kxm/hour the effects of these wsves were nﬂ:,ﬁj_i.g%fble.
The protection of the banks againet the waves is more irmmortent
in nevigstion canale then in the censlized and frel flowing
rivers,owing to their greater bresdth.
The destructive effecte cavsed by the towage snd by celf
propelling vessels,are especially harmful ,because the unddation
lasts a long time,until it is =rkixkXy entirely sbsorbed by
the friction at the banks. Apart from the force of impact the
destructive effect of the waves and of the weke consiste in
the fact that the sand and fine stone material of the foundation
is washed sway. Thus the larger stones are loosened snd
hollows are created under the protection works,
Experience shows thet this effect occurs more easily and
rapidly in the case of stones closely set in a regular design,

than in the case of irregulariﬁﬁgf chegped stones on a foundation



of gravel; owing to the Tact thet the vertical continuous
joints offer\ easier conditions for the destructive effect,x
thean the very irregular spaces between the broken stones of
different dimensione.

The closely set large stones aglso slip more eagily becouse it
ig very difficult to fix them firmly under the water surface.
On the other hand véry small broken stones 4-10 cm , or gravel
roll too easilye.

In order to render the protection more comnact and stsble,it
is advisable to crush the lerger stonesyinto pieces of sbout
30 em , after they have been discharged. The stones used for
the broken stone protection should be resistant sgainst frost
and they must be hesvy,with high density, =0 that they are
likelyh%emain in place, in order to avoid slipping as nmnuch ag
possible, Purther,the broken stone protection must not have
too rough a surface,otherwise damage would oceur when wooden
boate,come into contact with the banke, an ZEEEXERREOCCUrIence
which it ie impossible to avoid.

Finplly I muet 2dd,that experience showe that if we use fksx
discharged broken stones of different sizes,large holes cannot
easily occur in the protection works,owing to the faet that
the smaller stones readily fill the holes between the larger
ones.

Experience has also proved that sglopes of 1 ¢ 1.5 and 1 ¢ 2 ,
are generally 00 steep; the saving made in the first con-

APy 4 4 :
straction work, is lost by the higher maintenance costs.

|



Such steep slopes must be avoided for use in navipgetion cansls
with heavy treffice.

Therefore,as is shown on the sketch Ho./13. I propose for

the protection of the banks @ a layer of broken stones 30 cm
thick on a foundation layer of gravel 10 cm thick laid at a
glope of 1 ¢ 2.5

Thie typical shepe of cross section of the canal is nroposed

for the following stretches:

Ratibor(Racibdrz) - Slovenice 95 T in length
Prerov - Tlumacev 20 km n
Hodomin - Post km 10 on the liorava 68 km "

TO0TAL 113 km in length

fe
As regards the protection of banks on the canalized rivers

Oder and liorava the problem must be solved as in the case of
the canal gtretches. But owing to the fact that 2 ratio between
the cross-section of the river and the section of the frame
of a typical boat is more favourable - the problem is of lese
importance from the etandpoint of the destructive effect of
the waves created by the boats.

On the other hand,in this case the actions resulting from the
conditions of flood water and ice nust be considered.

As regards the floods,we must consider not only the action of
the currents,but also the veriations in level. The protecting
works for the banks mmugt be below low water and repair work

mst h&wﬁlso be done, under water.



The problem for defence against the violent sction of currents,
ie generelly speeking carried out in two ways, by desipgning

g suitable lay out and by a correct choice of slope for the
banks,second by additionsl protection works in the facing of
the benke so that they may be sble to resist the further actions
in the more exposed mEmiikonz sectors of concave bends,

As regards the ice,which problem exists in the northern portion
of the OdeP;Dandbe canal,we must remember that the dangerous
action igs due to the destructive effect of shocks. 'This action
ig reduced where the ice can slip without violent impact
against projections and discontinuities in the banks,

As a2 rule we may say,that the steepest slopes in concsve bends,
protected by broken stone,which can sufficiently resist the
destructive effects, of flood water and ice are 1 ¢ 3 .

I would like to mention that in the present canalised Oder
downstream from KozZle to Ransern the banks were constructed

of hesvy stone bedded in a mat of fascines 20 cm thick,laid

at a slope of 1 ¢ 2 .

Even with this slope the flood water and ice had great de-
structive effect and the stones were frecuently washed away
from the protection walls of the bends,.

In order xx to render the discharge of flood water and ice
possible without inconvenience on the canalised rivers

Oder and Morava, on its lower reaches the weirs should be

constructed so as to be movable along their full width. They
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miet have a free cross-section ensble#gng the flow of high water
end ice in order to avoid the ™MAfAM WA mﬁ_singo the water
level to an inconvenient height. When the weirs are open

the cross—-section must be very much the same gize as it ie

in the normsl etretches of the river to be sstisfactory for
the discharge'of high water and ice.

These widths .On the river Oder vary from 40 to 50 m , and on

the river liorsva to 150 m .
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Modern types of moveble dams for the proposed csanal
ODER - DANUBE
The moveble dems for hydro-electric projects and for improve-
menks of the rivers by means of canalisation carried out in
order to facilitate navigation may be divided into four general
classes:
l.Crest control gates, which lower or raise the crest, as the
river disharge varies;
2.Crest gates, which are opened and closed to vary the capacitey
of the spillway as desired;
3.8luice gates, which are placed usuglly in the lower part of
the dam to assist the spillway in the discharge of the flood
flow;
4.8iphon spillwayf, which increase the capacity of the spillway
by providing a suction head in addition to the head on the
creste.
Many scientific tests for elucidating hydraulic problems, resear-
ches on lsboratory models and observations on existing movable
dams have been made in different countries, where an increase
in weir construction is in progresse. The extreme diversity of
the local and hydrological conditions create new problems in
the determination of the types of weirs bt fitted for each
position.
Before chosing the types of weirs for the projected canalisation
works to be carried out on the rivers: Oder,Luha,Beczva and

Morava, from which the navigable cshal ODER-DANUBE would be



formed - let us consider what are the modern types of movable
dems in Burope and America and what sre the largest dimensions
of each type at the present time.

The preliminary analysis points to the use of roller weirs,
lifting gates and segmental gates for this canal. Let us exa-
mine the characteristics of each of them.

Roller weirs (see Hketch 4‘(0-44-)

The closing structure consists of a sheet steel cylinder which
is made to roll down and up on slanting guide surfaces.

A cylindricel cross-section is particularly well adapted for
the sbsorption of the torsionsl forces to which such weirs are
subjected, In the case of large openings the resistance against
torsion of the cylinder is such that there is no difficulty

in operating the weir from one side. Therefore one lifting in-
stallation and one winch only are required for closing and
Opening the weir. This is the adventage of the roller weir over

the other types, offered by the rigidity of the roller.



owing to the cylindrical shsape of the retaining sidejspecially
good hydrostatic and hydrodynamic action of the forces is
obtained in this type of weir. These advantages permit of the
use of roller weirs in large openings with small and medium re-
teining heightse The largest longitudingl dimension which has
gso far been used is 45 m with 4.5 m closing height (Ladenburg)
and the greatest closing height 645 m was installed in Dsorggen
(Armenia) » The most favoursble ratio of closing depth to width
ie 1 ¢ 8 in the case of roller weirs and a large number of such
weirs have been installed in many countries.
In addition to the ordinary type of roller,variastions have
arisen in recent years, such as submersible rollers and rollers
with flapse
These variations were made because the simple roller weire in
certain cases have ca@rtain disadvantages: when the maximum =
level of the kapxafxkhExxeiksxx water may not exceed the level
of the top of the rollers it is necessary to evacuate a small
surplus of water,floating ice in winter or floating debris
collecting at the weir by raising the large heavy roller very
often snd even for small discharge.
The water discharged with great pressure and velocity uhder
the bottom of%ﬁgiler attakeks the bottom of the weir when
8ilting materials, ice e.t.c. pass through. To overcome this
defect a method is devised by allowing the crest of the roller

to be lowered to a certain extent (0.60-1.20 m) «
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For that purpose the lower retaining shield of the roller must
be lowered and sunk below the level of the sill.

The watertight closing at the sill of the weir of submergeable
rollers,has been carried out in several different ways. Some

of these are very complicated. One of khexe most modern -~ is

a sherkxxkrrEX water tank. The system consists of a sheet steel
tank which is fixed to the lower end of the closing shield.

The part of the box which faces the weir sill is provided with
a spring steel sheet at the free end of which the closing beam
is sttached, The tank is connected with the head water by means
of a pipee. Owing to the hydrostatic pressure of the head water

which acts in the tank the spring steel sheet and consequently
the watertightening beam are pressed against the sill, which

is reinforced by steel.

A drewback of this system, as opposed to the normal rollers,
which rests on the sill is the fact theat when the roller is
raised, the kinetic energy generated by the shooting water hite
the elastic edge of the watertightening system and may even-
tually cause damage. But actually no serious t@ﬁble has oc~-
cured with submersible rollers having this watertight system
especially when use is made of a spring for improving the
closing system of the tankee

Another drawback in these instsllatione is the fact that heavy
rollers, when thay are iﬁ$;ormal position, do not rest on the

bottom,but hang from the chain and racks.

In the more recent installations this unsatisfactory situation
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has been corrected by supporting the rolls , when they are iﬁ
their normal position , on special supports placed in the
concrete masonry of the recesses for the rollers, The rollers
are provided with corresponding stops on which the support can
act when reguired. The rollers move round an axis ﬁnd are
actuated from the wineh room by mesns of a lever.

By these means the 1lifting chains and the winches are generslly
relieved of the losd and are only put into asction when the
rollers are being raised or lowered,

The top of the weir gill under the rollers is usually placed
at the level of the river bottom , so that any rise of the
water level in the croes-section of the tiver at high water

is avoided and navigation can pass freely without using the
locke.

At the downstream side protection of the bottom of the river
should be provided.

The first - the adjacent dental concrete downstream floor ,
the surface of which lies 1-2 m below the level of the weir
gill; this deepening beyond the sill extends to a length of
1.5 - 2.0 times the retaining heightY , after which point the
bottom rises with a slopeof 1 ¢ 5 - 1 ¢ 6 »

The second - protected bottom, consisting of heavy mattresses
made of stone and fascinel The total length of protected bottom
should be determined by experiments on laboratory models. It

ususlly varies from 10 - 15 times the retaining heights.
<
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In order to avoid undermining when the weir installations
on the canalized rivers have to be constructed on sedimentary

material , which forms the river bed , a steel sheet piling

-

should be provided at headwater and the tailwater side of the
weir sills.

In particular these precautions would generally be necessary
on all canaglized rivers in Poland , where the rock is too
deeply seated to be reached.

The upstream sheet piling reaching down 8-12 m below the sill
of the weir , prevents or retards the trickling of the water
under the weir,

The downstream sheet piling 6-8 m high serves to protect the
construction against scour snd sliding.,

From the successful experiments msde with roller weirs
improvements in the ordinary or submergeasble rollers were

suggested leading to the adoption of rollers with flsps (see

ﬁ‘Q'LLER WEIR WITH FLAP_S; 15 ; The general shape of the

ordinary roller with its good

bottom watertightening system
is maintained and on the top
of the rollers torsion re-

sisting flaps are erected.

o — |  When the flaps are lowered

the roller resumesg its

’/’ -
A i //// _,., ;/;1//_;{
) i j . . '

- ,’,”z/ﬁ’f’/m,é/, ;//ruzﬂ_ e eylindrical form,
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The flap?s shaft is well protected, being lodged below the
gurface of the roller, and the risk of damage is avoided. The
flap is also actuated from one side by the winch and driving
chein which are used for léfting the roller®s.
This type of roller weir facilitates the regulation of water
level without the roller itself heving to. be moved. It is
especially important in the case of frequent and small regulation
of water level. In the case of the ordinary rollers or of sub-
mersible rollers, the heavy closing structures have to be moved
even when & small regulation of water ikx level is necessary.
Therefore the lateral and bottom watertightening systems’being
frequently lifted,lose their tightness and losses of water
occur. This weskness can be avoided by using the roller weirs
with flaps.
The height of flaps varies from 1.0 t0 1.5 m by a lenghﬁ of
30 - 40 m »

I propose this type of roller weir for the projected canal
Oder-Danube, where many small operations of water regulation
would be necessary, and also because there exists the problem
of frost, especially on the north portion of the canal i.e.
on the canalized river Oder. Thérefore it would be possible
to avoid the disturbanses, which are likely to arise, when it
1s no longer possible fo keep the chains and racks free from
ice during heavy frost‘

As I propose a meximum lenght of 40 m for the roller weirss
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and a maximum height of 1.5 m for the flaps it appears to be
advisable to place the torsion resisting tube of the flap in-
gide the roller, and to support the latter on to this tube in
order to avoid twisting.

The driving tube would have a diameter of 1.0 m and a length
of gbout 2/3 of the entire closing structure. The flap would
be supported on the tube by a frame in the shape of a paral-
lelogram. At the driven = end of the tube a lever would be
fitted to raise or lower the flap.

When the flap is in an erect position the support from the
tube would be so designed that the force transmitted to the
tube would be directly downwards and would not cause torsion.
The flep rests on a hinge which runs the whole length of the
plating of the roller. To eliminate secondary tensile forces
emanating from the deflection of the roller, it would be
adviseble to provide the plating of the flaps with two or
three watertight transvers joints.

The watertightening rubber would be affixed to the hinges
between the flap and the roller. Watertight joints between
the flap and the lateral plating ahould also be provided. In
this case, for example, a replaceasble rubber joint situated
at the tail water side and pressed into the lateral plating
by means of a brass spring, can be used.

In order to render the driving of the flgp independent of the
dPiving of the roller,separate winches would be provided for

the roller and for the flap.

£

L



By this arrangement we can avoid a drawback which exists in
the case of onedriving installation, and which is cansed by
the fact, that when the roller is being lifted, with erected
flap, the latter cannot be lowered.

I should like to add that this closing system has often
proved superior to all other known systems, during periods
of frost end ice, as owing to its cylindrical shape, the rol-
lers congeal less ice and are therefore less weighted down.
For these reasons I propose this type for the north portion
of the canal Oder-Danube i.e, on the canaglized river Oder
(members of dams: 22nd,23th,24th,25th,26th,27th and 28th),
see sketch.ﬂG,Lmu

Single and double lifting gates

The general principles of this closing system ggbwell known,
but remarkasble new improvements heWe been made in this system
in recent years.

Single lifting gate§ as a means of closing large openings,
over 26 m , are not generally used owing to their pronounced
tendency mf to vibrate. When the span increases the relative
mags and the rigidity of the gate diminish. The amplitude of
the oscillations becomes greater, and then the resonance
produces umisually great vibration. The increased strains of
the material thus EmxseEd somdStimes?%%gg{ﬁre of important
parts of the structure. These vibrations not only overstrain
the closing stfuctures,but they are transmitted to the piers

and the winches.
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The causes of vibration have not yet been completely explained
but in the case of new constructions in recent years great
care has been taken to diminish this action. The first was °
thoroughly to examine the correct height of the tail water
sbove the sill of the weir, as this is frequently a decéasive
factor in regard to the occurence of vibration.

At the seme time special attention has been paid to the
structurel parts,near the beam, which is to render the closing
wetertight, and where the jet of the water passing under the
construction and acting under a2 high pressure releases an
especially large amount of energy. Next, in the case of new
constructions, the weir closings are strengthened to resist
the horizontal, vertical and torsional forces, which arise
when they are in operation.

Owing to the increase in size and weight of the closings
through the tendency to use wide spanned lifting gates, the
problem of the dighange of small surplus water and of flotsam
materisls and ice, without 1lifting the heavy closing structure,
has arisen.

There are two slternatives: either a system of two indgr

gate is made to be lowered for water to pass over its crest,
or a system consisting of one lower gate with a flep on the

top, which can be lowered towards the tail water by rotation,
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In the case of double gates different forms of construction
are used. The first structure consists of two gates, usually
a larger lower gate with a smaller upper one. Bach gate can
be moved independently. This allows a discharge over the
upper and below the lower gate at the same time., The two
water jets destroy each other’s energy and the attack on the
bottom is considersbly reduced.

A comparison between 0ld and modern double lifting gates shows
that as a result of research into hydraulic conditions,the
same problem is now sol¥ed much more economically.

For instance the lifting force for the lower gate in Laufer-
burg on the river Rhine (built in 1911.) requires to be three
times the dead weight of the gate, whilst the same force in
the modern double gate in Kachlet (built in 1929.) on the
river Danube requires only l.4 times the dead weight.

In the latter dam there are six openings each 25 m wide. The

lower gate is 8.8 m high, the upper one is 3 m high.



The pressure of the transversal girders is transmitted by
Irollers and plates on the roller carriage, so that the rollers
are not influenced by the deformations of the girders and can
follow easily the slight irregularities of the rail. In order
to keep the closing system from freezing, the following im-
provements were made by electrical heating. The guide faces

of the lateral watertighness system of the gates at the piers
have each been provided with an electric resistance heater,
consisting of sheet steel, 3,600 mm long, by 2256 mm wide and
15 mm thicke.

They are each connected by means of copper rails to a mono-
phase alternating current transformer for a tension of 400 VOlt
and for a secondary tension of 4.75 Volt and 350 Amperez at
full load. The guide faces keep sufficiently warm,even at
times of heavy frost, to prevent the formation of ice,

Seme Europesn dams are fitted with double gates as EhEYExXxX
described sbove:for instance in Switzerland Altbruck-Dogern
(1045 m high), Leufernburg (16 m high), Augst-Wyhlen (95 m),
Olten-G8sgen (6.10 m high); in France Chancy-Pougny (11 m high),
Kembs (11.5 m high) and several in Germany.

However effective the use and_working of double gates may be,
they are recommended, only when the ﬁﬁghﬁ is such, that the
conditions for the construction of the upper gate (1engﬁh’t0
height) are sufficiently favourable. An upper gate which is
not sufficiently high and has a large spang must be of very

strong construction.
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The heavy water loads passing over the lowered upper gate
adday to its dead w?léﬁ: and may produce injurious deflexion.
An innovation was made in the construction of these closing
structures by adopting so called Hook-gates for instance

in Ryburg-Schw8rstadt (12.5 m high by 24 m wide) on the Upper
Rhihe or in Ladenburg on the river Neckar in Germany (8.10 m
high with span of 40 m ).

The hook-gate is glso a double gate but with a plunging top
gate, in the shepe of the hook.See sketch Mo.l],
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The strong top gate, which has only one top girder supports
theiprojecting cloeing partition, which is directed downwards.
This closing partition is supported by the fixed lower gate,
This typelclosing system with double gates offers the advantage
- as opposed to the other previously described - that the
height of the upper gate is not so dependent on the height of
the lower gate., From statistics gained from meny experiments
Wade in the past, the height of the upper gate should not

CXceed the ratio of 1 ¢ 4, maximum 1 ¢ 3.4 of the totel depth



of the closing system. By using hook-gates, it is possible to
glide the gates into one another to a height of nearly half

of the total depth, and therefore there are greater possi-
bilities for lowering the gate and for discharging water

over the crest. The 1lifting of the gates(upper and lower)is
effected as usual by chains and sep@prate winches, of the ceame
kind as those fitted to the ordinary double gates,

By giving the overfall crest the most hydraulically favourable
shape, the maximum discharge of water may be obtained with
reduced height of nappe.

When local factors militate agasinst the construction of double

The regulation of the water level is carried out by means
of a movable flap which is hinged at the bottom to a fixed

lower gate.



Girders running cross ways and lengthways stiffen the plating
of the flap; the latter forming a cantilever to a tube running
slong the top of the gate, This tube with a diameter 0.4~0.6m
should be torsion resisﬁihg.

This kind of closing system is in use for exeample in Herkein
(1929.) in Germany on the river Neckar : 3 openings, 25 m
wide, the closing depth is 5.4 m ; the flape - 1.5 m high

and in Obernau on the river Main: 3 openings of 35 m wide,

the cloging depth is 5.50 m; the flaps - 1,0 m high,

Some improvement can be made in the instsllation of lifting

gates with flaps.

19
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The lower 1lifting gate can be constructed in the shape of a
triangul ar prism.

This ides is similar to that of the torsion resisting sheet
steel cylinders in roller weirs, Triangular prisms (like
rollers) posseés fundamentally static qualities suited to

closing systems of wide spans.

The practical experience has shown that beams should be avoided
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in the constructionsl parts, near the watertight closing
systems; the gate in the shape of a triengular prism fulfils
this requirement.

In addition main girderse in the shape of triangular prismS

are able to absorb impacts snd torsional moments.

el NG GATE I[N THE SHAPE OF A
. TRIANGULAR PRISM WITH FLAP.

[ e [T T
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The girder on the tall water side would be constructed %o

stretch from one terminal partition to the other.

By this bearing system the transmission of vertical and
horizontal forces, as well as moments of torsion on the piers
would be very satisfactory.

This system would be superior to others because of the secu-
rity which it gives against the occurrence of oscillations,
occuring in closing systems of wide iﬂﬁﬁi;d;%ﬁbo

I propose this type of closing system/for the deme,which would

be erected on the lower portion of river Beczva, and on the

river lorava, where the water retaining heights are from
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5mto 7 m , and the regulation of flow discharpes is not so
great, as to meke it necessary to instal such a type as hook-
-gate, which is especially suitsble for the discharge of large
water volumes,

I have marked by the numbers 1, 7, 8, 9, 10 and 12 the dams
which I propose to construct on this closing system.

Segmental weirs (see sketch fo,0.)

I propose segmental weirs for nine gravity concrete dams
(No 13, 14, 15, 16, 17, 18, 19, 20 and 21) in the upper portion

(near watershed) of the canal Oder-Damube.

SEGMENTAL GATE
IN ROZNOW

21._5‘_'.-"" "
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Where dams are situated at the highest points in this section
they will be in narrow vealleys in relatively small catchment
areas and the most suitable type of gate appears to be the
crest gate,

I have more fully described the construction of segmental gates
in the supplement dealing with "Dam and Water Power Station

Roznéw on the river Dunajec'.
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Here I wish only to add, that the principal advantage of

using this type of closing system is its relatively small
wekht. The water retsining partition of the segmental gates

is shaped Fs the sector of a circle, and the resulting force
of dead wg%ﬁt and water pressure is directed downwards and
passes through the pivot. Consequently these gates are capable
of closing under free discharge by their own.wéﬁht and when
they are lifted a relatively small winch is required. The
driving system is secured by two racks working on the ends

of the closing structure. The movement of the gates can be
maintained even in times of severe frost, by arranging for

the heating of the lateral watertight closings.

This system of heating was provided in Rozndw.

In gpite of the fact that the gates varied greatly in detail
and covered a very wide range of conditiong, it is remarkabley
that the ratio between the weight of the gate and the value

of WYHh is reasonsbly uniform (W - width of gate, H - Height
of gate, h - head of center line).

The enveloping curve, based on statistics can therefore be
recommended for an approximate edtimate in preliminary designs.
The teble Nw. 3 gives the dimensions and weight of a number

of existing steel segmental gates.
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Teble N®. 3.

The dimensions and weights of a nunber of existing steel

segmental gates (21l dimensions in feet).

e T T S S N N T S e S =S - - — —

No. Widt Height  Head to W°Hh  Pounds weight
cenfigr/ 1000
o < i line of gate
of gate
'Ilh"
1. 5040 14.7 73 26840 91,000
2e 20.0 20.0 2040 160.0 46,000
Be 2540 14.0 11.3 99,0 37 600
Lo 256.0 14,0 7.0 61le3 27 ,100
Se 16.0 9.5 16.7 40.6 21,300
6o 2540 10.0 5.0 3le2 17,800
70 18.0 1200 6.0 25.5 12.500

Se 15.0 12.2 6ol 1647 9,700

s I o e S —— =
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The necessary regulation snd csnalisation works on the DANUBE _
bhetween thp mouths of thp > llorava and Tron anu, """

In order to form a continuous link between the Baltic and the
Black Sea it will be necessary to cerry out a number of
improvements ot the Upner and Middle Denube at Velky Zytny
Ostrov and at the Iron Gate.

S - ——————

Zytni Ostrov.

J01 ]
As was stated in Chepter Nd&%ﬁ?ase;eIODment of Waterways in
Czechoslovakia' there is a lack of stebility din ﬁhe bed of the
river over a distance of 173 km , caused by a great variation
in the slopes from 40-45 cm per km to 4-8 em per km ., Thuse
the Danube deposits a considersble quantity of Alpine gravel
to form a mass of boulders ot the junctions of the slopes,
especially on the stretch post km 1835 - post km 1810 .
It is most difficult to keep stability in the latter part of
the river Danube and consequently to obtain the conditions =
necesgary for modern navigstions. This problem recuires thoragh
investigation before deciding upon the method best fitied
for ensuring improvement.
In addition to the natural features of %ﬁ%ssectiOn of the
Danube, slready described, and the present results obtained by
regulstion works T would like to give a brief description of .
the results of geugings of the cross-sections of the Denube
at various points.

These gaugings have given the widths and depths of the cross-
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-gsections,the maximum and minimum areas snd the radii of the
CUTVES.
From these details a"Coefficient of Shape" of the bed of the

river is determined from the following sguabion:-
a

c b.hma}{
a area of the cross-section in m
b = width of the cross-section on the water-line in m ;
h mex = maximum depth in m ,

P

~ .
H

Tsble No.H: Lo )
Radius of = Area of pross-section Coefficient of shape of
curvatures m _hed "c*
m. maxX. NiNe aver, maXe ML e
Section on the Danube; post.km 1880 ~ 1866
2,000 817 332 684 0.69 049
700 238 067
2,000 6876 0.76
1,100 2 ; 0+66
2,000 400 0«65
Section on the Banube; posb.km 1866 - 1854
2,000 671 265 b4’ 0.71 D631
2,000 902 820 861 0465 0+42
Section on the Danube: post.km 1854 - 1794
e 524 262 439 8.7% 0429
2,000 BAA 175 460 «85 0441
1,500 287 136 212 080 061
1,000 732 A58 594 0462 0.46
800 790 299 505 0467 0420
e 528 435 573 Qe 0.58
9860 5568 0+64
Section on the Danube; post km 1794 —~ 1766
ot ot 11.47 557 793 077 04457
————— 814 5256 678 0456 0.48
Section on the Dernube; post.km 1766 -~ 1751
2,000 956 = 5580 769 068 0437
1,500 1124 661 920 0.86 0.61
Section on the Domube; post km 1751 - 1716
----- 1420 654 964 0.83 0+48

Prom these data we cen see,that the shape of the bed has a
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varisble coefficient "C", some[times very high viz. a flat
shape,and at certain places low, which corresponds to a
rectangular fomu.

In this case we are dealing with sn alluvial river which does
not heve a uniform channel and which actually changes its
location efter floods, as a relstively unimportant side branch
may become the main channelf,

In alluvial rivers of this ]‘ind there is a genersl tendency
to develop a long flat alluvial cone csused by the deposition
of sand and gravel,carried dowm from the upper z?éaches in the
periods of flood, As the tractive force of the river has for
the most part been used up in moving the detritus carried
from upstream,there is not gufficient enevsy left to cut fhe
channel through the deposit.

This phenomenom is indicated by the curve of the distribution
of velocity in a transverse cection,obtained by gauging the
flow of water. As the depth increases the subsurface velocities
8lso decrease considersbly,asnd at the bottom mey be very low
nearly zero, as ®Ex opposed to the distribution of velocity in
a river,with a stable bed,where it is practically uniform.,
The gquestion of regulating such sn alluviel river,with a lack
of stebility,is one of the most difficult probleme snd in
spite of numerous theoreticel and practical investigations it
hes not yet been satisfactorily solved.

According to Fargue’s theory,there exists a close relation

between the depths end the curves of river bends and among the



numerous possibilities there is one plan-shape that produces
the best combination of curvatures agnd denthe.
The principle which seems to have been generally adooted in
designing a route isg to lead the water by the shortest way
pogsible but not in stroicht lines,

found
It is fmxmeEr that in times of flood the behaviour of the river

quantity

depends on the mmaXitx of water and the rate at which the
level risses and that in long straight stretches there is much
more disturbance under such conditions then there is in sectins
made up of s series of curves. In the latter cese the water
is controlled feom point to point , these controlling points
being the summits of the curves,
This was proved,for instance on the lower Elbe or lower Vistils,
where regulation works were not successfuld , and where there
are straight sections,or unsystematical esuccessions of curvee
and strsight section=,
The miles for o well desicned channel vwhich has to be stabilized
are-generally derived from close observations of natural
phenomena., The basis for developing a channel lies in a co -
- ordinatined series of curves, the concave beﬁds of ‘which
should be protected againast the encroschment of water. The
stebility of the bends on the concave side is the most imnortat
megtion in regulation work,
If the vegulstion line is not close to the bank,it is necessary

t0 build strons training walls.
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These longitudinsgl works are not necesssary on the gonvex cide,
but on the contrery we have to apply trensverse works suitable
for direchting the flow line towards the concave side.

Thig rule was not followed on the sector of the Danmibe,which
we are now diseunssing,and therefore the resilation works with
their straight sections and unsystematicsl successions of
curves, hindered rather then helped the development of a stXsble
navigating channel. Purthermore,the longitudinal works which
were constructed on both sides did not direct the flow line
towards the concave banks,but caused secondary flow lines.

The results of the regulation works are still unsetisfactory
and nevigation gtill meets with many obstaclees,because the
lower water channel is unstable, and shallows are formed in
the wide and improperiy directed middle water channel.

We cen conclude,that generally spesking,middle water regulation
with longitudinsl works on both sides is not a good method;

it resulte only in a pertial solution of flood control and of
the sbolition of ice blocking; it does mot in any way secure
the gtability of the navigable channel,snd therefore it can
be congidered only as a preliminsry messure in preparation

for the regulation of low water flow. This main object,the =
stabilisation of the low water channel,csn be attained,if the
axis line of the channel is designed in a series of curves

in conformity with the characteristic bends of the river,

A further condition is that the water rising sbove the low water

=



level shall not be confined beteween two parsilel dikes,but
allowed to enread freely over the convex side,while on the
other hand,the concave side is to be provided with longitudinal
dikess These dikes on the concave side confine and direet the
low water in such a menner,that it contimies to keep in the
same direction even at rising water level,
If the form of the curve is well chosen,the longitudinasl dike
on the conecave side completely guides the river,
The water can gpread over the convex side,but care has to be
taken to prevent secondary flows in the deposits on that side;
thia ean e done by constructing transverse groins,sloping
upwards to the bank,
The veloeity of the current being retarded between such
trensverse groins, produces deposits end in the end the area
between them ig Tilled upe.
Returning now to the form and length of the curves,it is found
that experiments based on theoretiieal data are not helpful,
because not only the effect of low water on the formation of
the channel but also that of the varying high water have to
be teken into account and these cannot be expeesced theoretically
(npst be designed in imitation of the stable natural bends of
the river which have provided perfect models.
Observation of xxErx river - bends showes that the radii of
curves vary, the measure of curvature is not conetant slong
the curve,but changes gradually, and the variation of the

Curvature is accompanied by varietion of the depth. For this



regson a cirecular line is not suitsble for forming bends in
rivers,because the curvature of the cirele is constant and
does not conduce to the development of graduslly increasing
depthe.

In the sunmit of a good curve the radius is a minimam,snd from

there it increases towards the inflextion pointe; in conformity

=

L GH: this}@epths graduslly increase towards the summit.

As the slove has to be maintasined,the nroblem to be solved is

the number of inflexion pointg,or the length of the EmrxEsxx

curves; when bends already exist,the number of the inflection
not” -

points can be neither increased e dimifFhed. In the bends

the water flow spproching the summit runs against the bank and

ie driven off,

The kinetic force of water can be resolved into two components,

one parsllel and the other perpeﬁdicular to the bank at the

point of collision. The magnitude of the perpendicular componenrnt

depends on the mass of the water, the velocity end the sine

of angle between the water thread and the tangent dravn to the

curve,

The parallel component,which carries the water further depends

on these same elements but is proportional to cosine of angle

instead of sine of angle.

The component directed against the bank produces backwater,

the height of which is _EEH i Sin2 L for one water thread.

2g
The water level is varied in the ximx vicinity of the bank, and
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from the bank to the middle of the channel transeerse slopes
arise. This process is continuousg, and the effect of the
backwater comes into action glong the whole bank,until the
value of the angle L approaches zero,snd the collision ceases.
On account of the backwater and the corresponding decrease of
velogity,the maximum velocity and depth do not appear in the
inmediate viecinity of the bank,but at a certain distance from

it,where the effect of backwater does not prevail.

(28]

As a consequence of the superelevation and the transverse slope,

a longitudinal and also a spiral motion,acting downwards and.
side ways,is produced slong the bank,owing to which the water
erodes the bank and deepens the bottom,and the detritus is
gradually swept to the opposite side. This kind of movement
differs from that at the inflection points,where the water
thresds can be regarded as moving in parallel lines.
Superelevation on the conceve banks ig desirsble to a certain
limit,becsuse the stabilisation of the channel is dependent
upon it,but the superelevation should kE not be so great that
excessive depth would be produced slong the concave banks as
this might cause serious damage to the bank.

If the radius of curvature is too short,this resulte in
excessive erosion along the concave bank and of steep deposits
on the convex bank and slso in the destruction of longitudinal
slopes bepween the two inflection points.

In this cese the 3uiding effect of the conceve bank,which was

mentioned sbove,ceases,and the flow line recedes from the
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bend snd moveg towards the middle of the channel.

The development of the channel snd the depth is greatly
influenced by the angle L and the meximum value of this angle
may serve as a basis for designing the curvature of hends,
and this may be obtained by assessging ite value from well-
~-developed natural bends of the river,

Tarther,the object of maintiraim.ng the originsl slope is,as

a rale,in iteelf a reason for designing the Ghonnel in curves,
We can, to a certain extent alter the slope, by shortening
the length of a river having a very slight slope,but if the
glope becomes too great, we cauge excessive scouring,which
may cause deposits and thus obstruct the lower sections,

As is knowm from experiment/ tractive force is a function of
the slope i.€e T = 1,000 d°* g , wvhere "T" ig the tractive
force per sq@are metre, "d" the depth of water, and "s" the
average slope.

Therefore if we do not wieh to creste a harmful change in the
tractive forece,no considersble divergence from the original
slope can be allowed. This means that when the new channel is
being designed in curves,the sverage slope should not deviate
considerably from that in the original channel.

From the present discussion we can say that it would be no
easy task to carry out regulation works on such an alluvial
river,as the Danube on the Czecho-Slovakia Hungary frontier,
Owing to ite great changes in longitudinal profile in geologiceal

features, and in the constitution of ite soil,etc.



The aim of the past regulation works which have been carried
out to ensure a minimum depths of 2 M/, during low water,has
not been achieved so far, even with the present emergency work
of periodical dredging of bad passages,

flhat conclusions cen we draw with regard to future improvenents
on this section of the Dandbe?

From the standpoint of the high water regimen,the transverse
profile is governed by the existing protective dykes. For
economic regsons it would be difficult to move them,even if

at certain places they are not situated in conformity with

the mean water layout of the bed,and even if,owing to that,
they have 2n unfavourable influence on high water flow, in

the navigable channel.

The mesn water bed has been fixed by protective longitudinal
works for mesn water regulation, and it =z@mid would be very
costly to mske any great changes in the layout.

It may also be noted that under the existing scheme thewe is

a definite system ofibn@hrrigation and any attempt to modify

the present channel would csuse grest difficulties in this

The great differences in slopes in this section of the river
mgke the conditions for navigation very difficult for the
development of a navigation channel along the present route,
In order to find a solution to this very difficult problem it
will perhapns be necessary for hydraulic engineers to arrange

M international meeting to discuss the whole situation.
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It seems to me that two distinct kinds of regulation work would
he required.

l.According to invegtigations on the upper and lower sections,
excluding the stretch between km post 1835 - 1810 , it vould
appear that a suitasble depth for navigation can be attained

by narrowing the width of the channel, i.ec. by the low water
regulation works,which have already been started.

0f the two sections between 1888 and 1835 and between 1810

and 1716, mentioned above, the former has a relatively steep
glope while in the latter the slope is low. In both cases the
dlopes are uniform and rnormal regulation works can be carried
out,.

7.0n the remaining stretch,between km poet 1885 and 1810 ,

it would appear,that this 4objective cannot be gbt ~ttained

by simple Xmwx low-water regulation,end it would be advisable
to create s latersl canal,similar to the Vienns-Cut, here good
results were attained under similar conditions. The length

of o new csnsl to be excavated slongside the river bank would
be sbhout 25 km.

This solution would be more expensive than low-water regulation,
but it would be the aquickest and most effective way to achieve
&2 modern navigsble channel,

This method would aleo be in conformity with the modern opinion
that repulation work should be svoided when the bed of the river

has not reached a state of squilibrium i.e. when considerable




erosion and deposition occurs., If one took the risk,in 5uch
a case, a contimious and unequal war would have to be waged
with nature, on the one hand to consolidate eroded parts,and
on the other to remove the deposits by dredging.

From the point of view of bank protection,there is also a
difference between the upper and lower sections of the Danube.
A specially strong bank protection has to be constructed on
the upper section,between km post 1888 - 1835 , where the
average slope is fairly steep.

Quarry stone is here the only kind of material,able to

defy the strong destructive wash. Fortunately,there are great
reserves of stone in the quarry near Devin km post 1880, at
the mouth of the Morava,and this can be easily sent downstream
to numerous points on the river for regulation works.

There may be different types of bank protection,some of which
are shown in the sketch No.%Z.

The types "a'" and "b", both possess the same lasting qualities
assuming tha same caﬁ% to be taken for their maintenance, The
cost of construction for type "a" is approximately 15-20%
below that of xke type "db" but it may be noted that the maintenance
cost of type "a" is sbout double that of type "b".The stones
to be used would be of a minimum weght of 35 kg. These types
can be adopted for the concave banks in average conditions,
but in the more exposed sectors it would be advisable to

arrange for slopes Oof 1 & 2.5 - 1 & 3.0
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In the case of convex bank protections,which can be lighter
and cheaper constructions, type "e" which consistes of discharged
smaller stones indicates a method which is found to be satis-
factory.

For #ie closing the side branches zmm dykes of type "a"
consisting of gravel in the core, and of stones in revetments
may be used,

Coneerning the lower section of the Danube with slight slopes,
downetream from km post 1810, the protection works may be

made a combination of feascine¢ and mtone,as is shown in the
gketch No.zs, owing to the fact that the destructive action

is less, and that stone is scarce and expensive in this
district.

In the case of a steep bank and of a great depth, a well pre-
pared fascine mattress as in type "a" can be used. The edge

of the mattress must be protected by large stones against
undermining, as also must be the upper part, so that the
mattress should not be torn away. The cost of a fascine
mattress, including stone ballasting end sinking work is sbout
2 - 3 shillings per mZ.

In the case,where the river bed is pebbled, the fascine works
may consist of a series of fascine rollers of gbout 1 m in
dismeter,filled with river pebbles as in type '"b". This type
has been gpplied in Poland with § good results.

In the case of a concave bank exposed to wave-action it is more
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satisfactory to apply a stone revetment as in ik® type "c".
When the large stones are laid on a bed of broken stone 30 to
50 ecm thick, a surfacing of dry stone usually gives good results,
but in many cases a layer of wegk concrete 30 em thick has
been used as s seating for the stones.
The sbove explanstions indicate that in the Danube, on the
Czecho-Sloveakie~-Hungary frontier it will be necessary to provide
for low water regulation worke and also for the construction
of an artificial canal along part of the route in order to
Obtain a navigable channel suitable for large craft,

The low water regulstion work must be such that it not only
provides g navigaeble channel by g;;;g%g the necessary depth
but the construction must be strong enough to withstand the
destructive forces caused by floods,ice and the wave action
due to the passage of boate at high speed.

2.The proposed canalisation works on the Danube near Iron Gate
on the Raumania-Yugoslavia frontier.

The second section of the Damube which particularly needs
further improvement is the section including the "Iron Gate",
on which the cataracts are situated.

The method of regulation adopted so far was not sufficient for
the glteration of this very difficult and rapid passage through
the Iron Gate,into a good navigsble waterway accessible to
large craft,

The fairly steep average slope,the small cross-sectional area

Of the stream and consequently the very rapid current offer



great difficulties to navigation especially for craft towed
upstream, and as a result it is necessary to tranship cargoes
at this part of the river.

For a distance of about 120 km the river runs through a very
deep narrow rocky gorge between the Transylvanisn and Banat
Mountains,

Owing to the fact that the width of the river is only sbout
200 m , instead of seversl hundred meters sbove and below the
Iron Gate, the average velocity at low water increases to
gbout 5 m/s or 18 km/hour,

Against such a velocity the passage of towed trains of barges
upstream requires a very considersble amount of power,

It is obvious that the alteration of this stretch into a mrax
navigsble waterwsy cannot be obtained by ordinary regulation
but only by canalisation.

On the other hand,the Damibe rapids constitute a very importent
and concentrated reserve of water power. The characteristic
discharges of the Damube on this section are as follows:
lowest 1,650 m°/s average 5,000 m5/s  highest 16,300 m3/s.
The estimeted water power resource of the cataracts at this
section smount to:

1,020,000 kW at low water discharge,
194'40,000 kW at mean " ;

and their output capacity,on the assumption that all flows,
except floods,could be used,would reach 7,000 million kWh .

The Iron Gate section may be divided into two parts,the
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condition of the upper one being such that it nust be canglised
to permit of navigation. The lower part may be used for
navigation in its present condition as there is an adequate
depth of water but at a later date it would probably be
advisable to canalise this also in order to utilise the water
powers

The present obstacle to & navigation caused by the cataracts
in the upper part, would be overcomeyby constructing two
moveble weirs with a totel head of a 17.5 m .

The places most suitable as frames for the movable weirs are
at Iron Gate itself and at Tachtslja in the district of town
of Orsove .

The variation of head,according to variation of tail water
level, would be from 11l.40 m to 4,20 m at Iron Gate and from
6.10 m to 3,90 m at Tachtalja. The totsl installed capacity
would be 700,000 kW with a yearly aversge output capacity

of 3,500 million kWh.

It would be the most concetrated power in Europe as compared
with the great Dnieprostroj power station with a capacity of
950,000 kW , which is installed at the dam constructed on
the Dnieper , and of which the reservoir covers the cateracts
over a length of 100 km .

The cost of the construction of moveble weirs,locks and
hydro-electric etations would be relatively small,smounting

to approximately £. 8 million .
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Projected schemes for later development as on extension of the
rea and Navigable Waterway Oder-Damube-Black Sea Canal.
{sketch NO.A]/I o)

The future extension plen has as its aim on the one
hand the improvement of the existing natural waterways,and on
the other hand the wuniting of the river and sea basins,hitherto
isolated, by means of comnecting canals. The completion of
these schemes will form a wide spreading navigsble netwowk and
will have a far reaching influence on the economic life of
the whole /East-Central Europe.

Of these schemes,it seems to me that the most important canals
would be those linking the Elbe-Damube,the Danube-Constanta,
the Danube-Tissa and the Danube-Aegesn Sea, see sketch No. 4/ .
For these I will suggest the possible solutions in the followirg
very brief descriptions.

1. The Elbe-Damube Canal (see sketch Nod¥.)

The route starts in the East on the reach of the proposed
Oder-Danube canal near Prerov,between the lock No 12 and No 13,
at an altitude of 205 m gbove sea level, and end$in the West
on the reach of the canalized Elbe near Pardubice,between the
lock No 20 and No 21 at an altitude of 217 m gbove sea level
(sez table No.b in Volume No I ).

The length of this canal would be 171 km.

Thie proposed branch from the Oder-Danube canal towards the
North-west would cross the watershed at an altitude,which

Varies from 370 m to 395 m sbove sea level.
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Supposing the watershed level of the canal to be at an
altitude 385 m gbove sea level the craft would complete a rise
of 180 m from Prerov to the watershed and a fall into the Elbe
of 168 m , giving a total availsble head of 348 m , instead

of 143,4 m which exists on the Oder-Danube canal from the same
point at Prerov,crossing the Morsva Gate and running to the
Upper Silesian cansl. This indicates that the construction of
the Oder-Danube canal as compared with the Elbe-Danube canal

has the easiest possibilities,since it has the lowest watershed.
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The individusl falls would vary from 4 m to 10 m , and the
locks would have the same dimensions of 85 main length and
12 m in width , suiteble for modern craft 1,200 - 1,500 tons,
ag on the Oder-Danube canal.
This canal would link up the existing and projected sectors
of the navigable waterways from the North 8ea to the Black
Sea and create a continuous route 2875 km in length from
Hamburg to Braila.
In addition this canal by connecting with the Oder-Danube
canal at Prerov would link the Elbe with the Oder snd Vistula.
The distances between Prague and several points towards
the North are as follows:

l.Prague to Myslovice in Silesia cogl basin -- 557 km

200 ! Warsaw 1077 km
Se | Danzig(Gdarisk) 1494 km
e nd" Stettin 1153 km.

The spproximate cost of constmctionoﬁhe Elbe-Danube canal
would amount to sbout £. 14~15 million .

2¢The Danube - Constanja cenal.

The lower course of Danube changes its genersl direction from
West to East at Silistra and runs northwards to the mexkx
portiBraila and Galaji, on a line parallel to the coast of
the Black Sea. Further downstream it again flows to the East
a8 a maritime reach.

The point at which the Danube spproaches the shore of the

Black Sea most closely is at Cerna Voda,from which it is only
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a distance of gbout 45 km to the port Constanf{a in a direct
linee

The watershed between Cerna Voda and Constanta constitutes

a plateau at an altitude of 55 - 65 m gbove sea level,

It would not be difficult to construct an artificial canal,
which would run in this flat terrain,forming a shortecut to
the Black Sea. The length of this canal would be gbout 55 km
and it would be necessary to build only two locks at each
end of the cangl situated on the high bank of the Danube and
at Constanfa.

For this purpose it would be necessaey to adopt the type(ﬁ:’l.ift
locks(boat-elevators) which have been used with sueccess on
the Central and Hohenzollern canals in Germany in which the
head smounts to 36 m .

By means of this canal the traffic coming from , or going to
the Middle East,will be diverted from the present long round -
—about route by river,delta and sea, and shortened to sbout
one tenth of the present length.

The cost of the new Danube-Constanpa cangl which I suggest as
a later development would be gpproximately £. 3 million .

% The Tissa - Damube canal.

An importent Hungarian export is wheat,from the valley of the
Tissa,which owing to its excellent quality compares favoursbly
with the best wheat from all parts of the world.

The output of wheat in Hungary was 3,069,000 tons in 1939, a

Considersble part of which was exported. To obtain more favoardie
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freight charges it is proposed to build a canal linking the
Tissa at Szolnok with the Danube at Budapest.,

The construction of this canal over a distance of gbout 100 km
will be very easy owing to the fact that the route lies in
flat lowland country.

By an investment of £.3.6 million to construct the Tissa-Damibe
canal the effect in reducing freight prices for exported

grain alone may be estimated as follows:

the average difference between the freight charges actually
paid for rail transport from Tissa valley to Vienna and those
as calculated for waterway transport amounts to sbout 25 sh,
per ton.

In addition the canal would serve glso to import stone from
the upper Danube in order to facilitate the protection works
in this rich valley.

4.The Danube-Aegean Sea Canal.

The southern half of the Balkan peninsula has very little
low-lying land except the mmmkmX coastal strips on the shores
of the Aegean Sea.

To bring the Aegean Sea port of Salonika into direct water
connection with East-Central Europe,through the existing and
broposed waterways system,the only possible route is along

the valleys of the Vardar and Yugoslavisan Morava.

To join up the river Vardar with the Morava the new canal would
have to run through a relatively high watershed at an altitude

of sbout 460 m .



Th{;s gshows that the junction hady not easy possibilities,
This scheme presents difficulties similar to those which have
been over tome during the construction of Rhine-Main~-Danube
and Rhine-Neckar-Danube canals.

The alteration of the river Vardar and Morava into a modern
navigable waterway is obtainsgble only by cansalisation over a
distance of gbout 600 km, and would take a considergble time
for its completion.

In addition to sbove mentioned schemes for later development
in the waterway system of the Danube I must mention two other
schemes which would improve the navigation conditions and
would also provide for the utilisation of water power in
Hungary,where resourees of energy are very scarce.

The first is the proposed canalisation fall on the Danube at
Visegrad,where the very high compact banks are suitable as

a freme for a movsble weir in which the head would be gbout

5 m « The power available is 60,000 kW with a capacity output
of 300 million kWh.

The second scheme would utilize the water power on the Moson
arm of the Danube zmmxE above Budapest,which can develop
35,000 kW and could deliver, on a yearly average an output of
140 million kWh,

The cost of these two water power stations,weirs and locks

would smount to spproximately £. 3.2 million .
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The ODER
The extension of the Oder - Damube canal in the North to form
part of a continuous network extending to the Baltic will be
done via(Existing\the/ waterway along the Oder and via the
proposed route Oder-Vistula-Beltic canal,which will be de-
scribed in the next Chapter.
The total basin area of the Oder is 118,611 km®, The Oder has
a length of 776 km , and is navigable over a total length of
705 km , but 4 for larger craft,only over a length of 641 km
i.e. from Kozle downstream,beyond the junction with the
Upper Silesien canal.{iFifa-fﬁ-ﬂv&)'
The slopes of the water surface of the Oder before canalisation
were:
on the upper course between KoZle and Ranse€rheccecec. ...0.54%
on the lower course between Rensern end Stettin........0.23%
The rate of flow varies,
at low water level,from 8 to 20 m3/s,
at medium " o "1 tolm M
at high water level from 2,000 to 2,400 m®/s .
The total yearly water flow also varies considerably from
10,800 million m® in a wet year (1903) to 2,900 million md
in a dry year (1933),giving a ratio of 1 & 3.7 .
The flood water,forming a large part of the total flow,is

lost for navigation purposes,for instance in 1930,the volume

m

of flood water smounted to 1,600 million m?’,which correspond

to 30% of the total yearly discharge for that year or 55% in
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a dry year.

The first improvements made at the end of XIXth century,were
regulation works,which were carried out in order to obtain
suitsble navigable depths at low water of

0.75 4, 1.056 and 1.30 metres respectively on the upper,middle
and lower stretches.

The results obtained were not completely satisfactory as it
was found that during a period of drought the depth in the
upper course near Opole was 0.3 m while that in the middle
course near Breslau was O.5 m .

The regulation works suffered considerasble damage,as the
method of construction,using fascines,was unsatisfactory and,
in order to improve the conditions,it was decided to canalice
the upper section,to strengthen the regulation works and to
provide storage reservoirs in the upper basin to regulate the
water supply.

Thf_llgggllfegj:i_on__of the Oder was gradually canslised,during
the years 1891-1896 and 1906-1922,for a distance of 168 km
from Kozle to Ransern below Breslau.

Twenty two weirs were built with a total head of 58 m as shown
in Sketeh No.%9,

General data regarding this canalised section of the Oder are

given in the following table NO.S .



Table No s 5-

L. Length of the canalised section 168 km
2, Number of falls 22

3, Total fall 58 m

4. Average length of the reaches 7.6 km

5¢ Minimum depth for shipping

a)at medium water level 2.3 m
b)at low water level l.5m
B8s Authorized draught of the boats l.4d m
Te Width of the weir openings 65-115 m
8 Number of water power stations 8
9. Water volume of the power stations 9-96 m%/s

The regulation of the water level is effected by needle weirs
xxx except on the lowest dam,at.&gnsern where a segmental WUt
is used.

These 0ld-fashioned weirs are not satisfactory from the point
of view of the regulation of water level and to ensure this
it is necessary to have a very thorough system of co-operatin
among the personnel stationed at the numerous dams.

Every change in the discharge or in the movement of ice,in %
the higher sections,which would influence the conditions in
the lower sections are immediately communicated to the lower
stations by telephone.

In addition to the series of locks there are two power

stations situated at Koppeln and Janowice,the discharge from

Froa



which varies with the load in the turbines and can be accurately
estimated.
The pondage at the lowest dam at Ransern is very small and,
On this account,the personnel at that point is kept regularly
informed,every four hours,of the orn{eoming water volumes from
the upper dams and power stations.
In the winter all needle weirs are removed in view of the fact
that they would be exposed,during long periods of from 2.5 to
3.5 months,to the risk of the formation of icicles and to the
impact of ice blocks,
At other times the weirs have to be fully opened when the
natural £k flow of the river exceeds‘ a discharge of 480 ms/s.
Al though the conditions for navigation on the upper course of
the Oder are better than those on the lower non-canalised
section,they still require much improvement if the river is
to be capsble of dealing with large craft and dense traffic.
It will be necessary to replace the present weirs by
those of more modern type and slso to improve the low water
levels by means of surplus water from storage reservoirs.
On the lower course of the Oder from Ransern down-stream,
the first regulation works carried out for the purpose of
main water regulation and of increasing km the depths consisted
of longitudinal training dykes and transverse groins. The
groins, consisting of fascine work,were directed upstream at
an angle of 70 degrees to the axis of the river,and were usually

Placed at intervals of from 100-150 metres apart on the concave



banks,and at twice those distances én the convex banks.

The crest of the groins generglly resched mgin water level
and the width of the crest »¥kisEdxfrem varied from 1.5 to 3.5m .
The longitudinal slopes varied from 1 in 50 to 1 in 200 towards
the banks and from 1 in 4 to 1 in 5 at thé river end, while the
gside slopes were from 1 in 1 to 1 in 4, -

BExperience showed that the fascine work was not dursble gbove
low water level,as it was liable to damage by flood water and
ice,and caused ungﬁﬁ)settling of the groins. For this reason
constructional methods have undergone several changes,such as
covering portions of the groins with stone revetment placed
directly on gravel or small broken stones and making the slopes
towards the river 1 in 10 instead of 1 in 4 or 5,

In addition to this the groins were extended into the river
for a distance of 5 m their crests being at low water level,but
it was found that this arrangement increased the difficulties
of navigation and the low groins were later removed.

On sharp concave bends longitudinal hzmk revetments or
training dykes were constructed with slopes of 1 in 2 but as
it was found that the stones were frequently washed away the
slopes were later changed to 1 in 2}? or 3.

In spite of the many regulation works which have been constructed
on the lower portion of the Oder, the aim of obteining a minimum
depth of 1l.4m , at low water level has not,so far,been attained

and,that further improvements are necessary,is indicated by

the following figures:-
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In 1930 the depth fell to less than 0.75 m on 57 days

1932 = i - 0.8 BiEw M

1932 " " 4 1.0 230" "
On all those days navigation was at a standstill.
Navigation may also be stopped,during winter periods,by frost
and the following table gives the number of days during which
navigation was possible in particularly dry years:-

In 1917 navigation was possible on 150 days

1921 4] 1" 200 n
1928 .U " 21.0 "
193% " " 190 "

In order to to minimise the variation in navigation depths on
the loweP Oder by means of surplus water from storsge resemwoirs
several dams have been built,in recent years,in the upper
basin of the rivers and particulars of the reservoirs and dams
are given below.

1.At Otmachowo on the river Nissa
The earth damp\ has a length of 6,500 m and a height of 17m,

The storage reservoir,having a total cgpacity of 143 million
m® and a useful cagpacity of 95 million md,provides efficient
regulation for natural flows which vary from 3.6 m5/s to
1,800 m®/g and also supplies a power station which has a
capacity of 2,000 kW

2.At Turawa on the river Mata Panew ' ]
The earth dam is 6,150 m in length and is 23 m in height.,

The storage reservoir has a total capacity of 105 million

m5 of which 88 million m5 are availsble for use and natural
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flows varying from 4 ms/s to 280 ms/s are completely regulated,

3,0ther reservoirs are in course of construction,at Sersno in

the Kloe<lnica valley,with a storage capacity of 80 million
ms, at Weistriz near Braslau with a storage capacity of 50
million m5 and ¥® a smaller one at Domanze,

The effect of these reservoirs has been to give a rise
of 40 cm on the reach of the river below Ransern and this
gradually decreases to 20 cm at the mouth of the river Warta.

The improvement effected so far has permitted of a
greater density of traffic and in 1934 the amount of goods
carried had increased to 1.3 million tons.

The standard size of craft used on the Oder is sgbout
600 tons but in recent years the tendency has been to increase
this up to 1,000 tons due to the progressive improvement of
the river and the increase which occurred in the traffic after
the completion of the Upper Silesian Canal.

The quantity of googls at present carried amounts to
approximately 5.4 million tons per year.

In Chapter VIIIVol.I statistics regarding the commercial
fleet on the Oder are given for the year 1934 but since that
date the figures have changed considersbly and the total number
of barges,tugs and other boats has probshly increased from

gsbout 3,000 to 8,000 at the present time.
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The Great Inland Navigsble Waterway along the Vistula.

Introduction
The situation of Poland in the heart of the Baropean Continent

and its suitebility for the construction of navigsble water-
-ways make it clear that a network of waterways may play not
onlyaﬁational role but also would be of the greatest importance
fgﬁvthe international point of view as regards transit from
South to North and from West to East.
The existing navigable waterways in Poland are,in many respects,
very fav&%;bly situated for their future development,in fact
mich more adventageously than in other countries,for the
following reasons:-
l.Poland forms,as a whole,an almost level plain,and to join up
the Polish system of navigsble waterways with the other
systems in Central Europe,the new linking canals would run
through the lowest line of the principel European watersheds.
Thus the river Vistula,being the prinecipal river in the
network of waterways in Poland,offers easy possibilities for
the construction of three canals, the Vistula-Oder-Danube,
the Vistula-Dnieper, and the Vistula-Dniester, to connect
Iwith the general system of transeuropean inland waterways.
2:The natural direction of the rivers in Poland with reference
to the shape and expghse of the country indicate the
advantage to the State of this development,
The natural riches of Poland,especially its coal mines,forests
and basalt quarries are far distant from the centre of the

country and from its sea-ports,with the result that raw m=



materials have to be transported over long distances of from
500 to 700 kilometres.

This applies particularly in the case of coal since ¥he
coal mines are situated in the south-west of Poland and cosal
mist be transported over long distances to the eastern and
northern districts for home consumption and to the sea-ports
for export.

In spite of the sbdundant reserves of coal in the country
the consumption of cosgl is relatively small,owing to the high
cost of transit on railways, being only 736 kg per head,which
is much below the general standard in western Europe.

The development of an efficient system of waterways would
greatly reduce freight charges with very beneficial results
to the country as a whole.
3¢It is of the greatest importance for the future development

of the Polish navigable waterways,that they should be sgble

to accept very heavy international traffic. The end of the
present war will immediately raise most urgent political |
and economic questions in East-Central Burope,and a future
federation of these countries,on an economic basis,is already
being visualised.

Among the fundamental problems with which the countries of

this ares are concerned both individually and jointly,the

two most important are the following:-

a) It will be necessary to create between these countries a

high degree of interdependance,
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b)the over-population in rural districts which leads,among
other things,to malmatrition demands changes in the agri-
© ecultural structure and a development of industriaglisation.
The solution of both these mx problems necessitd%s the
integration of markets,and in this connection transport must
play a decisive part.
For the cheap transport of bulk materiagls it would be
necessary to improve existing systems of waterways and to
join them up in one great network.
The improvement of waterways within one country must be a
matter of direct interest to the neighbouring countries by
improving the international development,by giving the Bxff
different countries better access to sources of supply and
to markets, and by facilitating international transport.
An effective network of inland waterways to tep the resourees
of the vast Centrsl European area must inevitsbly be linked
up with the waterways in Poland.
So far as Poland itself is concerned,there is considerable =
scope for the development of the existing waterways and the
canalisation of rivers. The latter would,incidentally,make
a congidersble amount of water power availeble.
The first new scheme,which I propose for the Polish post-war
development progrsmme,is an inland navigeble waterway along
the Vistula from Silesia to the Baltic Sea,with an extension
from the upper course of the river to the Oder,to provide an

outlet to the Black Sea.



To develop the Vistula,the largest river in Poland,as a modern
navigeble waterway availsble for craft of 1,000 - 1,200 tons
cepacity in the quickest and most effective way,it would be
necessary to carry out:

a)the construction of the Vistuls-Oder cansal;

b)the canalisation of the larger portion of the Middle sector;

c)the continuation of river training in the Lower sector.

The proposed new Vistula-Oder Canal.

The preliminary estimate of my project in volves the carrying

out of construction works,as represented by the following data:

l.Total length of the canal 110 km
2+Total available hesd 108 m
a)consisting of a rise in the Vistulas
valley of 58 m
b)and a fall in the Oder valley of 50 m
d.Number of falls and locks 15
4,The aversge fall gbout Te2 m
a)the maxinmum fall 10.5 m
b)the minimum fall 5,0 m
5.The average length of reaches sgbout 7e4 km

6.Dimensions of locks:

a)length 72 m
b)width 12 m
c)depth 3.5 m

7.Totsl estimated cost of construction £.5 million.

The route of the Vistula-Oder canal would start in the West
on the last reafh of the existing Upper Silesian Cansl near
the town of Gliwice and end in the East,at Krakéw,on the first

reach of the canalized Vistula river.
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From the point of view of the nature of the work and the future

eéﬁmated movement of traffic this canal can be divided into
sectors
three rErkiors: western,middle and eastern.

Western sector of the Vistule-Oder canal, see sketch No.za .
The most convenient route,which I have chosen from several

alternatives,would start from the end of the Upper Silesian
canal at the port ﬁi/Gliwice,then ran along the valley of the
Kxodnica river and would approach the relatively low principal
watershed between the Oder and Vistula,which the canal would
cross at an gltitude of 269 m .
From this dividing reach,the route of the cansl would run to
the valley of the Mleczna river and finally over fairly flat
country to the river Przemsza south of the town of lNMysZowice.
The total length of this sector,of canal amounts to 45 km ,
The craft would complete a rise of 50 m between Gliwice and
the watershed by means of six locks and the fgll of 20 m from
the watershed to the Przemsza river by three locks.
On the western slope,towards the Upper Silesian canal and the
Oder the six locks would be closely spaced within a distance
of 14,5 km. Two of these would be 10.6 m , three . 8 m and
one, 5 m in height.
On the eastern slope,towards the Przemsza,over a distamce of
3Deb km , it wouldﬁnecessary to build only three locks,two
with a head of 6 m and one 8 m in height.
Sketch No.ig shows the longitudinal profile of the whole western
sector of the Vistula-Oder canal, with the altitudes of the

ten regches.
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Weter supply for the lock operations_for navigation_and the_
regulation of the_water level in the reaches_and the construction

of locks.
The water required for lock operations is a most 1mportant

question in the watershed reaches,as I have described in Chapter
No.I2 on the Oder-Danube caneal.

In this case it may be estimated that the transport capacity
would be 10 million tons per year,which is 50% of that allowed
for the proposed Oder-Danube canal, it being assumed that

helf of the total traffic will be carried in the northern
direction via the Oder and the other half via the Vistule-Oder
canal to Silesia and to Gdarsk(Danzig).

The problem of water supply for filling the locks on each side
of the watershed pass,requires very careful consideration,both
for the dividing reach and for the lower reaches.

Let us begin the examinstion of this problem with the more
difficult question of the water supply for filling the locks
on the watershed reache.

The dimensions of the locks: 12 m in width and 72 m in length,
give a surface area of 860 mg, and for locks No VI and VII,
-on the watershed reach,with a head of 8 m , the water volume

smounts to 6,880 m°

in each lock.

Supposing the aversge capacity of the barges to be 600 tons,s
since in addition to larger craft of 1,200 tons, there would
also be small barges,especially during the first period, 50

lock operations per day would be necessary.
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NEW TYPE OF TWIN-LOCKS SURROUNDED BY A SERIES
OF SIX BASINS FOR THE PROP. VISTULA-ODER AND
ODER-DANURE CANAL ON THE DIVIDING- REACHES.
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In order to reduce the power required for pumping,the basins
are arranged at decreasing levels,® so as to keep the pumping
head as small as possible. For this purpose the electric-
-mechanical equipment of each lock would consist of three pumps
with a discharge of 3.78 ms/s connected by pipellines of 1.6 m
in diameter, and of electric motors with total capacity of

470 kW

Tp permit of the instalation of six basins for each lock the
canal must be divided into two chamnels,thus increasing the

excavation work and the length of pipe}lines.
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‘NEW TYPE OF TWIN-LOCKS SURROUNDED BY A SERIES

2 OF T‘HREE BASINS

== == 1:10

To avoid this drawback it is possible to use twin-locks placed
.side by side,and to surround them by a series of three basins,
see fig.No. 34 . The topographical,geological and hydrological
conditions at the site would determine which of the two methods

would be adoptede



In the remagining lockes No I,II,III,IV and V on the western
slope towards the Oder end the locks No VIII and IX towards
the Przemsza river the problem of water supply for filling the
locks ie simplified,as it would not be difificult to arrange

a supply of water from the natursl flow of the rivers Klodnica

and Mleczna,where it would be necessary to construct storage

E
%‘EW T_YPE OF TWIN LOCKS FOR THE VISTULA -ODER AND ODER - DANUBE CA WA LS
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However economy of water is desirable,especially on the westem
slope,where the highest locks No IV and V with a head 10.5 m
are situated.

The estimated movement of traffic passing these locks would
call for an average quantity of water,of 5.3 m5/s.

The river KZodnica in the upper course cannot provide this
mewRkx smount of water even with the storage reservoir in

the valley, For this site I propose to use a simpler form of

twin - lock,which would give a saving of nearly 50% of water
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volume,by filling the lock containing the craft going upstream,
with the water discharged from the other lock,containing the
ecraft going dowmstream.

As regards the materials which must be used for the construction
of twin-locks I propose steel-piling instead of concrete walls.
Recent applications of this method of construction have(it to
be entirely satisfactory.

Preliminary calculations show that for each lock with a head
of about 10 m in height we can save about £.25,000 by using
steel-piling,which would result in considerable economies in
the construction of the canal.

The steel sheet-piling would consist of single piles in the
shape of joist No 40/I, driven by a steam pile-hammer,deep

into the sub-soil.

For the highest locks No IV and V , se4 sketch No.3), with a
head of 10.5 m , the length of piles would be approximately

26 m , eight metres of which would be below the bottom of the
locks,until the impervious strata is reached and the lower
end of the piles can be fixed in the firmer earth layers.

Each metre of length in a lock requires about three piles

(3 X 0.36 = 1.08)., Reckoning that the lock is 72 m long and
that each fall consists of two locks,it would be necessary to
drive this type of pile No 40/I in the following numbers:-

BRxiRexkasksxNox¥ITTxandxIXxrxxexxR00xpikasykfmxin kength
BRXXREXxx#xxxHE T
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on the lock No I -- 800 piles, 16 m in length
on the locks No VIII and IX-1600 piles, 18 m in length
on the locks No II and III -1600 Mot 20, Mt W

on the locks No IV and V  =1600 W g260dn . M

The total number of piles would be 5,600 and the total lenghh

- 115,200 m with a weight  of gbout 14,000 tonse.

In order to eliminate the effects of earth pressure and to assure
the stebility of steel-sheet-piling the latter should be fastened
to anchor glabs or concrete blocks by tie-rods.

The iron tie-rods would be 354" in diameter,and the anchor
slabs would have a dimensiond§ which vary from 4 x 4 m to

4.8 X 4.8 m , according to the variation of the heads in parti-
cular locks.

The horizontal distance between the adjecent tie-rods would be
l.6 m .

The weight of these materisls for the western sector of the
Vistuls~-Oder canal would be approximstely 4,700 tons.

In addition to reducing the cost of construction and giving a
considerable economy in the quantity of water usedfthe twin-
~-lock offers another advantage.

With ordinary lock arrangements the flow into the lower reaches
is very varigble and is affected by fluctuations caused by the
operation of the locks,by the rise and fall of water level and
by wave motion X caused when a higher lock is fully opened.
These positive waves may reach a Big height of several centimetres

Over a length of from 1 to 3 km and may have velocities from
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from 2 to 5 m/s.

The reduction of these fluctuations in water level in a series
of locks necessitates constant supervision by the personnel
and there must be central control of the wogking.

If the proposed canal is provided with twin-locks and
suitably designed approach channels I do not anticipate s=x
serious effects of the sbove nature.

The earth works.
The features of the proposed shape of cross-section for the

Vistula~-0Oder canal gg&mnch the seme as for the Oder-Danube
canal. The bottom of the canal rises at first very slowly
with a slope 1 ¢ 156 - 1 ¢ 20 , from the centre of the cansal
towards the banks,then the slope increases tol ¢ 4 - 1 : 5,
and meets that of the banks with a ratio 1 : 11/2- L ¥ Bs

The water depth is 3.5 m and the width of water line is 37 m ,

thus the wetted cross-section gmounts to 90-92 mz,see gsketech

No. 33 .

L SHAPE OF CROSS SECTION OF THE VISTULA -ODER CANAL 33
F=91 m
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The advantages of the choice of the trough-shaped section
as opposed to the trapezoidal fonn‘;ﬁgfdescribed in
Chepter No.Imon the Oder-Danube canal.
The excavation for the western sector of Vistula-Oder canal
would smount epproximately to 17 million mg,but this figure
may decrease or increase by gbout 20% from the estimate that
will be given in the detailed plan. The excavation on the
particular reaches would be as follows:

Reach Volume of excavation
in million md

le 1.2
2e 2e4
Be 2e4
4 0.85
5 0.85
6. 0.9
T 440
8e 1.6
e 1.6
10, 242

Mechanical excavators are the most suitsble for mass excsa-
vations made during the construction of canals,because of
their much higher output.

In the Polish situation after the war,when the problem of

~ unemployment will have to be faced, earth work must be used

:}Cs

as a medium of preventing unemployment, and in the construction

of canals,since they include a great amount of earth work,
many unskilled workers may be employed. I therefore propose
a conbined method for carrying out the excavation,the upper
(shallow)layers by hand, and the deeper layers by means of

€Xcavating machines.



The deeper layvers will have be excavated mechanically because
the ground water infiltrations make this excavation too
difficult and costly , for underwster constrmictional work.
Dragline excavators are very adaptable machines for such work,
and meny types sre available for uge on canal schemes, Th-

range of dragline bucket capacity varies from 1/4 mS to 26 m

3
and the weight of machinee from 7 to 1,380 tons, snd con-
seguently the hourly output from 20-30 m5 to 2,500 ms. For the
Vistule-Oder cenal medium sized excavators would be used with
sufficiently long booms to reach the material from the banks,
The coet data and the unit of output of manual =nd mechanical
excavetion in Poland and other countries will be given at the
end of this Chapter.
workers

The guiding principles in deciding the nunber of weyks to be
employed and the limit of time for the completion of the
western sector of Vietuls-Oder cangl can be derived from the
following considerations.
Supposing that 60% of the excavation would be carried out by
hand and 40% - mechsnically , the total volume of manusl
excavation would be 10 million m® and of mechenical - 7 millionmS
The firgt figure , as I pointed out , relates to the upper
layers of the excavaﬁion.
Supposing further that the earthwork would tske 2 years and

3

that the aversge daily output of a worker would be 4 m®, we

find that 4,150 workers are required.



The volume of excavation,obtained in this way from manual
labour would be gbout 110,000 m5 a year and ém@ kilometer,
Supposing the average output of the excavators to be 75 m5

an hour(the maximum hourly output will be considerably higher),
10-15 excavators will be required for this canal.

The total output of the excavation would smount to 188,000 ma
per year and kilometer and as this is relatively high sas
compared with the output on the constructed canals in other
countries, gk it would be advisable not to base our estimate
on higher figures.

Incidentally,on the American csnals the maximum output obtained

was 700,000 m5

per year and kilometer on certain short sections,

but the average on the whole distance of the canal varied from
100,000 to 200,000 m® per year and kilometer.

To the sbove mentioned figure of 4,150 workers I must add

B850 workers to be engaged in the construction of locks e.tece
so that the total would be 5,000 workers.

This figure we must multiply by a coefficient representing

the weakened physical strength of the workers after the war,
which gives a final total of 1.5 x 5,000 = 7,500 workers,

.In addition to works connected with the construction of the
canal 11 arch-bridges of 45 m span, the unit cost of which %
would be on sn average sbout £. 300 per meter,several
reinforced concrete culverts and other suxilary works mmust

be built. These works would be carried out mostly in the

third year of construction,and thus the number of workers
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would not drop considerably during the last year.

The total estimate of materials,mechanical equipment,workers
and cost_will be summariezed at the end of Chapter Nbﬂl;gn

the Vistula-Oder-Canal.

The approximate cost of constructionathe western sector of the
Vistula~-Oder canal would smount to gbout £.3.2 million.

The middle sector of the Vistula-Oder Canal,
The middle sector of this canal would start near Jeleﬁ on ghe

Przemsza river and end on the agueduct across the Visgtula river

near Jankowice,almost below the estuary of the Skawa river,

see sketch No.dY M’L 25,

This sector would divide at the beginning into two directions:

l.ranning along the western sector of the Vistula-Oder Cansal
and further through the Upper Silesian and the Oder-Damube
canal. to the South, and

2.2long the canalized Przemsza over a short distance to the
centre of Silesia at Myszowice. At the eastern end this
canal would link up with the eastern sector of the Vistula-
-Oder canal, from Jankowice to Krakéw,which in turn would
go into the canalized Vistqla towards the Baltic.

The middle sector of the Vistule-Oder canal would therefore

Play a double part in the network of the Polish waterways :-

leit will teke over the whole water bornmg traffic in Silesia
and in an eastwérd direction, it will penetrate into the
country leading

a)to Gdarisk(Danzig)
b)through East-Prusdian waterways to Lithuania, and

C)through the Royal cangl to Russia , and
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d)finally through the proposed Vistuls-Dniester-Prut-Danube
canal to the Bz Balkans;
2.it will co-operate in the exchange of goods between the
countries situated dn the Danube valley and the centre part
of Poland via the Oder-Danube cgnal.
This means that for this traffic the last harbour will not be
in Silesia,but further on in the industrial and agricultural
centres,situated in Poland.
To accomplish this task the Vistuls-Oder canal,both at its
middle sector and at its continuation eastwards should be
adjusted to the heavy annusl traffic capacity.
I estimate that the quantity of annual traffic will be 15 million
tons, 2/3 of which would be downstream and 1/3 upstream.
In caleuleting the internal traffic the probsble increase of
coal consumption in the country is especially emphasized,
when its transport is cheaper and when at the same time the
general well-being and the industrialisation of the country
increases.
The railways would on the whole maintain their transport
_Etandard with a tendency to short distance runs transporting
high-priced goods. The surpluses would be directed to the
vaterways mainly for long distance traffic.
If we examiném%tandgrd of consumption in the period of Poland’s
Partition also that in the period of independence we find that

although the latter is higher,Poland has always had a compa-

ratively small coal consumption.
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The following figmxmx are the figures of coal consumption per
head before the war of 1914:

In the part occupied by Russia,on the right bank of the

Vistula 68 kg
In the " i By " ,on the left " 660 kg
In the " " by Austria 1,068 kg
In the " s by Germany 1,170 kg

In the same year the consumption of coal per head was 2712 kg
in Germany.
In recent years the consumption of coal has increased , but

it is still low as compared with that of other countries:-

1923, 1927.
Total production of coal in million
tons 36 3642
Left for home consumption in
million tomns 19.6 2547
Consumption per head in kg 600 736

In Germany industry,gas and electric stations used sbout

66 million tons in 1932 and 110 million tons in 1936 i.e.
within 4 years the increase was 67%. In 1936 the domestic

use o#‘coal was 40 million tons,thus the total home consumption
was 150 million tons,or six times more than in Poland.

For the purpose of cglculation it may be assumed that the
waterway would tske over the transport of 7.5 million tons,
including 5 million tone for home consumption,and 2.5 million
tons to Gdarisk(Danzig) and Gdynia. Incidentally,railway trans-

Port to Gdynia was causing losses to the State,because the xx
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the rate was 5.2 shillings per ton or 0.,105.d per t-km ,
while their ovn running costs were 0,33 d per t=km .

Besides coal the other items of the goods traffic on this
waterway would be as follows.

Timber - The sversge asnnual cutting of thick wood in Poland
is ghout 16,000,000 mg, the maximam was 28,000,000 m?, The
reilway carried gbout 6 million tons of timber per year, a
great part of which was destined for foreign countries,

hen the'population in ‘the HEastern part of Poland is able to
obtain coal at a reasonable cost, several million tons of
wood will be ssved and it will be available for use in the
mining centres. I estimate that wood transport on the Vistula
- Oder canal would be 700,000 tons per year in the direction
of Silesia and this may be taken ss the avergge figure of
wood recguisition in that district.

Stone - The normel programme of road construction requires

an anmuasl consumption of 5 million tons of stone , from the
quarries near Krskéw (pophyry) and from Wozyh in the east of
Poland (bagalt). Town development uses yearly 1 ton of stone
per head , which amounts to severgl million tons for towns
situsted slong the valley of the Vistula. The transport of
stone on the stasndard gauge - railways amounted to 3-4 million
tone per year.

The quentity of -etone transported by the canal to Silesia may
be estimeted as 1 million tons.

Iron ore - The Sesndinavisn iron ore trensported to the Silesien



dletrict would be chiefly carried by the Oder,becsuse this is
the. u%heﬁbetween Stettin and Gdarisk(Danzig) but we can esti-
mate a fairly aﬁantity of iron ore§ from Kriwoy Rog in Russia,
which would be transported to Silesia and Czecho-Slovakia by
this canal.

A quantity of approximately 1.5 million tons mgy be allowed
for,

In addition 4.3 million tons are allowed for transport in both
directions during the exchange of goods with the Danubian
countries,

The imports will include mainly bauxite and fodder,the latter
being required because of a gradual transformation of the
sgricultural structure into a cattle breeding industry.

The exports will include,corn,mest products and salt.
Calculating that the agricultural crops in Poland smount to

50 million tons,on en average,with a tendency to increase,5%
of this production if directed through this canal to the west
and south,gives sbout helf of the quantity of traffic caleulated
above for the last group of foreign exchange.

It is quite obvious that the Middle sector of the Vistula-Oder
canal should be constructed for the same capacity of barges as
the previous i.e. to the 1,000 - 1,200 ton barges,and the locks
installed on it would have the same dimensions 12 X 72 m .

Since this canal would commence in the canalized Przemsza at

an altitude of zsdwﬁhOVe sea level and run steadily downstream
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whe re
to the eastern sector of the Vistula-Oder canal,aftér crossing

the Vistula near Jankowice,it would end at an altitude of

218 m above gea level - supply of the water filling the locks
would be obtained chiefly from the natural flow of the river
Przemsza. If necessary an additional water supply would be
taken from the Chechzo stream,where the route of the canal =
would enter into the valley of this stream near Jaworow.

A calculation must be made to find out whether the discharge
of water is large enough for the lock operations,using single
locks of larger dimensions:- 24 x 72 m for a double set of
barges,or whether twin-locks of dimensions 12 x 72 m , and
giving a saving of nearly 50% of water volume,should be used,
For the lock No XII where the craft has the highest 1ift wmmXz®
gz@x of 11 m , the volume of water for filling the lock with a
dimensions 12 x 72 m , will be 9,500 m°,

Assuming the average capacity of craft as § sligthly lower %
than on the previous sector,because there would be barges of
emaller cagpacity,coming from the eastern waterways,90 lock
operations per day would be necessary for = the anmual traffic
of 15 million tons. That would call for an average quantity
of water of 10 ms/s.

The river Przemsza does not provide such a discharge at low
water level. Therefore it is clear that the locks instslled

on the cangl should be twin-locks, as the amount of water to

be supplied would be reduced to 5.3 m°/s.
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From a series of stream gaugings made,at different stages of
flow,on the river PrzemsZa in 1934,it is evident that this
discharge 5.3 ms/s is availsble except in very dry seasons.
Great help in increasing the low water discharges willkéiven
by the storage reservoir in Kozzowa Gdéra,situated in the upper
basin of the Przemsza on its tributary the Brynica. This sto-
rage reservoir with a cegpacity of 15 million m? was built in
1938 , under my supervision,chiefly for the regulation of flow
for navigation purposes. Should this not be sufficient another
storsge reservdir ought to be built in Bxedéw on the Biaxa
Przemsza river. Surveys and plens for this reservoir have
already been made.

I emphasise especially the water supply problem for this sector
of the Vistule-Oder canal as being decisive for the efficiency
of the navigation.

From the stage-discharge curve developed from the data given
in the table No, 6 . the characteristic discharges were esti-
mated as follows:

at the low water level 5.3 m°/s

at the mean water level 9.0 m®/s

The results of these exact gaugings confirm the above conclusion

that the type of locks to be used should be twin locks.
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The following table NO.G shows,that at this point we are on
the lower limit of selfsufficiency based on the natural flow
of the Przemsza.

Tgble No « Results of stream gaugings in the basin of the
river Przemsza in 1934,

River lgGauging station Data Stage Discharge
2)catchment area cm 3 /s
in km? 1934 o
Czarna Prze- Piwon 153.4 10.IV 172 0.209
msza
b Preczdéw 10,IV 172 1.816
i Bedzin 492.0 9.1V 174 1.848
Biata Prze- S awké6w4l0 .4 27111 296 4,620
"mSZa Maczkéw625.9 27.I1I 116 5.270
) o 11,IV i I 4,608
* Bzeddéw 12.1IV - 2.380
3 = 30.V 91 1.880
Brynica BrynicalOO.2 4,1V 191 0.509
3 Jézefka 5.IV 222 0.960
¥ CzeladZz368.5 By IV 219 1.477
Y Sosnowiec 7.IV l 161 1.608
Przemsza Jezor 1,928.9 28.IV - 5 5.925
3 i 28.III 4 15,760
i Jeleh 2,005 29,III - 43 14,770
" Cheimek

2,090.8 24,111 55 15.080

1l
1
|
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I shell now describe further details of construction.
Downstream along the course of the liiddle sector of the Vistila
-Oder Canal, over a length of about 25 km , the water level

at the start would be at an altitude of 239 m ,whereas that

at the end would be at 218 m gbove sea level. Thus the total
fall is 21 m and the craft would complete a fall or a rise by
means of three locks, 4, 6 and 11 m in heigffye In order to
preserve the continuity of the numbering of locks I have
marked them with further consecutive nunbers X, XI and XII.
Let us first examine the upper stretch,which would follow the
course of the river Przemsza. Owing to the fact that the
Przemsza has a catchment area of 2,005 kmz, and is a small
river, it would be necessary to canalize it. The figure No.41
shows this arrangement , As a site for the construction of the
first weir and lock I have chosen Jelen, post km 456.5 on the
Vistula-Oder Canal reckoning from Gliwice. This site offers
very favoursble conditione for canalisation works,owing to the
fact that the valley is cémpactly situated between two hills:
310 m above sea level on the left and 309 m on the right
banks, and these are suitsble as a frameg for the moveble weir,
For the movable weirs on the canalized Przemsza I propose the
type of submersible rollers with flaps. The description of the
general principles of this closing system was given in Chapter

No.Ia on " The proposed Oder-Danube-Canal", see sketch Noséﬁkr%
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ROLLED WEIR WITH FLAPS

ON THE PRZEMSZA /MIDDLE

SECTOR OF THE VISTULA-ODER
CANAL/ !

PoST kM. 13

|

-

This type is §specially suitsble where the problem of frost
exists)as it is of simple construction}is perfectly static

and permits of large openings and easy water regulation,

In this case for the weir at Jeler om the Przemsza two rollers
with a width of opening of 40 m each,with a pier between them,
o m in breadth, would be required. The retaining height would
be 4 m ,

The top of the weir sill would be placed at the level of the
river bottom,so that any rise of the water level in the cross-
-gsection of the river gt high water would be avoided,excepting
a very small one caused by the pier.

As a protection against damage by ice the nose of the pier

would be provided at the head water side with a special steel
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protection extending to 1 m over normal head water level.
The winches for working the closing structures would be placed
at the top of the pier and would be capsble of raising the
rollers 50 cm higher, than the highest level known at the weir
gite.
At the downstream side the adjacent concerete floor would lie
1.5 m below the level of the weir sill, and this deepening
would extend to a length of 6 m « After this the bottom of
the weir would rise with a slope 1 ¢ 6 , then would come the
protected bottom,consisting of a heavy mattress made of stone
and fascine extending 40-50 m .
The correct length of the downstream floor should be ascertained
by tests made on models in the lsboratory. Tests would also
be made of other protective measures such as concrete prisms,
s0 called "dental concrete" to be placed on the downstream
floor, to neutralize the major part of the kinetic energy of
the shooting jet.
This weir would be constructedqiedimentary materisl ,because
the rock is deeply seated and cannot be reached easily. In
order to gvoid undermining at the weir, a steel sheet piling
mist be provided which would reach down gbout 10 m below the
level of the sill at the headwater side of the weir, and
dbout 7 m at the tailwater side.
On the right baﬁk,just beside the sbutment of the weir the lock

No.X, ®m would be installed as a twin-lock type, the openings
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of which would be used as additionsl open space for flow durig

the flood,if necessary.

The dimensions of the twin-lock would be the same as on the

western sector of the Vistule-Oder Cangl i.e, each 72 m long

and 12 m broad. Thus the clear span of the weir and lock would

be 104 m in length,

The total volume of concrete for the construction of the weir

and the lock would amount to approximately 45,000 m5, and the

weight of the rollers and lock gates to about 300 tons.

The earth works on the upper reach would require relatively

small excavations for the foundstion of the weir but thele

would be a larger amount of earthwork the raising of the crest
ﬁthe existing longitudinal dikes on the river.Przemsza,within

the limits of the retaining and backwater level.

The problem of flood control in the valley/Przemsza is not

so0 difficult owing to the fact that the difference between

the level of the lower water and that of the maximum high-water,

is relatively small,namely:

at Jezor 4.3

8 m
at Jelen 2.7l m
at Chezmek2.42 m

Approximate cslculations show that the total necessary earth
: the .
works,excavation and elevation on this stretch between weir at

Jelen(No.2) and the weir No.3 on the canalized Przemsza would

amount to sbout 400,000 mz.

On the second stretch of the middle sector of the Vistula-Oder

Canal, over a length of 14.5 km , between the lock No.X at
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Jelefi end lock No. XI at Bgix , it would be necessary to

build the following works:-(Fig.34,35)
1, the moveble weir on the river Przemsza at post km 9 near

Dab;
2. the gluice gate at post km 51.5 of the canal , just below

the start of the deviation near Dsb;

3« the twin-lock at post km 81 ;

4o the excavation for the cross~-section of the artificial
cangl , from the start of the deviation near Dab to the
lock No, XI over a length of sbout 10 km ; |

S+ the elevation of the crest of the longitudinal dikes on
the Przemsza over a length of 4 km .

The object of the movsble weir No, 1 on the Przemsza at post

km 9 would be to retain the water level up to an altitude of

235 m sbove sea level , and form a pondage over a distance of

4 ¥m' , thus conmnecting with the tail water of the weir No.2

at Jelen,
In addition the backweter csused by retaining the water level

would pags along the artificial canal , which would lead east-
-wards by a shortcut to the valley of the Vistula.

At post km 9 on the Przemsza it would be neceseafy to build

8 movaeble weir with a head of only 2.5 m , but longer than %
that at Jelen , because there will not be a lock here , which
in the previous weir extended the opening by an additional
length of 24 m , to let flood water pass through if necessary.
Keeping the same condition of the discharge of flood water,

there would be 3 openings , 35 m wide of the same type of sub-
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mersible rollers with fleps. The total volume of concrete for
the construction of the weir would be approximately 26,000 m5,
and the weight of the rollers would amount to about 100 tons.
After leaving the bed of the river Przemsza, the new arti-
ficial canal on the left bank would run eastwards to the Vistdila.
Just below the start of the deviation at post km 51.5 , it
would be necessary to build the sluice gate. The object of
the gate would be to close the canal during the flood and to
prevent the passing of high water flow through it as this
might cause damsge to the banks and further down to the
aquedult crossing the Vistula.
The bottom of the canal at post km 51.5 is at an altitude of
231l.5 m , and the normal water level at 235 m above sea level,
caused by the retaining of water level at the weir No.l on
the Przemszae.
The hydrographs i.e. the graphical indications of the rate of
flow of the Przemsza during the rainy year 1903 , showed the
highest levels at Jeled, and at Cheimek where the gauging
stations are installed. Taking into account the average slope
of the river 0.72900 between these two gauging stations I
estimate the high water level at the start of the deviation
of the canal to be at an altitude of 234.7 m sbove sea level.
But supposing a possibility of a higher water level than in
1903, I propose to allow for a maximum level of 236 m sbove

sea level. Hence the closing depth would smount to 4.5 m ,but
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the difference between the head water and tail water would be
only 1.0 m , except when the canal would be empty for repair.
I propose in this case to install the bowstring gate, a

convenient modern type hinged at the bottom, as, owing to its

speciel shape it is torsion resisting,see sketch No.3?l....

HYL 236 0l ke oo 31

BOWSTRING GATE

ON VISTULA-ODER
CANAL

POST KM. 31.5

e

The gate is fixed to the sill by means of strong hinges, and
when it is lowered it % rests in a cavity in the sill. The
advantage of this system is that it is quite watertight at
the bottom over the whole length of the opening,and also at
the sides when the weir is closed.

Furthermore; the bowstring gate is so torsion resisting that
it can be worked from one side. The winches are only subject
to tensile strain,resulting from the moment produced by the

deadweight and the weight of the water.
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Such bowstring gates,which have already been?:igcessfully,
have a width v@xrying from 25 to 50 m and a closing depth
vakrying from 6.5 to 2.5 m .
The dimensions of the bowstring gate for the Vistula-Oder Canal
would be 26 X 4.5 m .
The third work on this stretch would be the twin-lock No.XI
at post km 61 with standard dimension of 12 x 72 m , and the
craft would complete a rise of 6 m . The description of the
materials to be used for such a Zock was given sghove. The total
weight of the materisl for lock No.XI i.e. steel sheet piling
tie-rods etce would amount gpproximately to 2,500 tons.
The excavation for the canal which would lead by a shorticut
to the Vistula from Dab to the lock No XI, over a distance
of sbout 10 km,would smount to 5.3 million m3, The shape of
efaE® cross-section of the canal would be the same as on the
Western sector of the Vistula-Oder Canal.
Additional earth works would be necessary for the raising of
the crest of the existing longitudinal dikes on the river
Przemsza, within the limits of the retaining level,between
the weir No. 1 at post km 9 and the weir No.2 at Jelen,post
km 13,
The elevation works for this purpose would smount to about
250,000 ms,thus the total ampunt of earth works,including the
eXcavation at the weir No.l, on the whole second stretch of
the middle sector of the Vistuls-Oder Canal would be appro-

Ximately 5.8 million md,



On the third and last stretch of the middle sector of the

Vistula-Oder-Canal,over a length of 9 km,between the locks

No.XI and XII , it would be necessary to carry out the fol-

lowing works:

l.the aqueduct across the Vistula river;

2.the twin-lock No XIT on the right bank of the Vistula,with
a head of 11 m;

3.the excavation for the cross-section of the canal.

The construction of the agueduct across the Vistula river would

be inevitable,owing to the fact that the continuation of the

route of this canal eastwards to Krekéw is only possible on

the right bank of the Vistula,where the land is flat. Further-

more the construction of the lateral canal along the Vistula

from Smolice to Krakéw was started before 1939,

The governing principles for the dimensions of the agueduct

are, the open space under the aqueduct,sufficient for a

discharge of flood water of the Vistula, and the type of con-

straction.

With regard to the first condition,the Vistula at this place,

near Smolice,has a catchment area of 6,714 km?,and includes

the basins of the rivers: Soxza,Skawa and Mata Wista,which are

characterized by a very rapid and high flow during the flood

period,and the basin of the Przemsza,which does not very much

influence the flood discharge of the Vistula.

The most dangerous river in this respect is the Soza,with a

Catchment area of 1,388 xm®, Its maximum discharge was recorded
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as 1,300 m>/s, and the possible was estimated as 1,700 m®/s;
the speed of the increase of the water level during flood
amounted to 14.4 cm each hour,

The next river Skawa has a catchment area of 1,151 xme, Its
flood flow is relatively smaller)about 1,000 mg/s,with a less
speedy increase of the water level,9.7 cm/hour,

The Maxa Wisxa has @& catchment area of 909.5 kmg, the length

of the valley is relatively great,being double tha¢ of the

Soza or the Skawa,and therefore its maximum flood flow gene-
rally reaches the Vistula river later than the other tribu-
taries. In the past the maximum flows from all these tributaries
have never occured simultaneously but it is quite possible

that they may do so with particularly unfavourasble destributions
of rainfall end it is therefore advisgble to tske the maximum
discharge into account in spite of the completion of the
storage reservoir on the Soxa at Porgbka in 1937 , which is
capeble of reducing the flood flow from 1,700 m®/s to 340 m%/s.
In the construction of such an important structure as the
agueduct, the platform of which must always be above the highest
water level,allowance should be made evenﬁgadh an unlikely
event as the impossibility of reducing flood discharge by the
Porgbka reservoir.

Taking into sccount the maximum flood discharge of 2,500 m®/s

I estimate the span of the aqueduct as 160 m , and the level

Of the platform of the agqueduct to be,at an altitude of 226 m

dbove sea level.
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gketch N0a35..shows the shepe of the agueduct for which I
pPropose a large-sized reinforced concrete bridge. This type

is similar to that which I applied in 1937 in the construction
of the bridge with 75 m span which we built across the Soia

at Tresna,on the upper course of the storage reservoir at
Porgbksa,

The construction of large span structures entails very careful
calculations for the building and safety of the scaffoldings
which form the largest item of expenditure. When the rise-
~span ratiofd isjamaller, the height of the scaffolding sbove

the flooring is considersbly reduced,but the average section
of the arch increases.

When planning this type of bridge in Poland we studied the
relation between the shape of section,the working stresses

of conerete and the rise-span ratio. The results were as



1dd

as follows:- when the rise-spen ratio rises from 1/7 to 1/5
by the adoption of maximum working stresses 85 kg/em®, the
average section decreases sbout 20%; by the adoption of
maximum working stresses 120 kg/cmg ﬁ}the reduction amounts
to 15%. Thus the decrease in the volume of materials which
amounts to sbout 15% is relatively small as compared with the
considerable increase in the cost of the scaffoldings.

It seems to me that a ratio of 1/7 would probably be suitable.
For the normal size of bridges with a free width of 8 m , the
assumption is that each arch carries a load of sbout 7,000kgﬁmhv
length,in addition to its own dead weight. In the case of the
construction of this aqueduct this figure would be much
greater,owing to the fact that the free width would be 12 m ,
loaded by the channel with water 3 m in depth.

If a detailed investigation does not give entire satisfaction
from the stanqéoint& of cost,and statical strength - it

might be necessary to consider the erection of?%odern steel,
plate girder structure.

Just below the agueduct on the right bank of the Vistula

the twin-loeck No.XII at Smolice would be situated,at which
Point the craft would have the highest 1ift of 11 m . The
water-supply question for this lock was described gbove,and
from that we have seen,that in this case a simpler form of
twin-lock 12 x 72 m can be used,which would cell for an
average volume of water of 5.3 m9/s for lock operations,

The total weight of materials to be used for steel-sheet



piling,tie-rods,sluice gates e.t.c, would amount to sbout
5,800 tons.

The excavation for the third stretch of the middle sector of
the VistulasOder-Canal ,with the standard shape of the cross-
-gection described sbove,would smount to approximately two
million ms,over a distance of 9 km, between the locks: No.XI
at post km 61 and No.XII at post km 70 .

In addition to works connected with the construction of the
canal, 5 arch-bridges of 45 m in span,several reinforced
concrete culverts and other guxiliary wexk® works must be buil‘l:.,
liost of these would be carried out in the second period of
construction,which in all would take roughly three years to
complete,

Supposing the same combined method(are adopted for the exca-
Vation as on the Western sector of the Vistula-Oder-Canal, I
estimate that 6,000 workers would be required for all the
construction on this middle sector.

For the mechanical excavation 8-10 excavators would be neces=
sary. Furthermore on this sector of the canal it would be
necessary to use the steel-sheet-piles Larsen No,III for the
construction of the weirs on the Przemsza,to allow the water
of the Przemsza to be diverted,whilst the work wa=z was going
on. About 400 metres of this type of steel-sheet-piling would
be required, |

The approximate cost of construction of the middle sector of

the Vistula-0Oder-Canal would amount to sbout £.1.6 million,
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The eastern sector of the Vistula-Oder Canal(see sketch Nq}?,%b.
This sector is already in course of construction,and only the

completion of a relatively small part of the earth work and
three locks remains to be done,

The route of this sector of the canal starts at Smolice,post
km 70 , on the last reach of the middle sector of the Vistula-
-0der-Canal ,and follows the Vistula valley on the right bank,
then ends in the east,at Kbakéw,post km 110 .

The river Vistula from Smolice to Krskdéw,over a distance of
55 km , runs through open valley,its bed being fairly steep
and very twisted. For this reason we heve decided to build a
lateral canal instead of regulation or canalisation work for
the improvement of navigation conditions.

The route of the canal would be 40 km long , snd the craft
would complete a rise of 17 m by means of 3 locks:

at km post 82 with a head of 6 m

at " 92,5 " 1 5nm
at i 1LOT<5 " ¥ Y 6 m

The stsge which the woeks had reached in 1939 was as follows:
about 50% of the excavation,all necessary bridges and the

main part of the reinforced concrete culverts,which are quite
numerous ,were completed. According to unofficial news,the
excavations are being continued during the war,and possibly
all the earth works may be completed.

It ie likely however that the construction of three locks will

have been finished if they have been cormenced.

The problem of water supply for filling the locks is solved on
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the middle sector of the Vistula-Cder-Canal by the proposed
deviation from the Przemsza river at post km 50.5.

But if necessary,an additional water supply cen be provided
without difficulty from the river Vistula at the beginning

of the second reach near post km 83 or of the third one near
post km 93 .

Coming back to the construction works which are yet to be
accomplished on the lateral cenal Smolice-Krakéw,I give below
the estimate of materials for the locks XIII,XIV and XV .

In case they are not built during the war,it would be advisgble,
for economic ressons and uniformity of types, to provide the
same twin-locksg,of gteel constructionst propose for the majo-
rity of the locks,previously described on the Vistula-Oder-
~Canal.,

Apart from the economic factor it will be necessary from the
general point of view to provide the foundries and steelworks
with en adequate smount of orders in the post war period,Wwelem
when the war production will undergo the alteration into a
Peace time production.

The approximate weight of materials to be used for steefhggfing,
tie-rods,sluice gates etc. forfgonstructionﬁthe twin-locks

No. XIII,XIV and XV with a dimensions 2 x 12 x 72 m would amomnt
to 8,000 tons.

The total estimate of main materials,workers and cost for the
construction of the Vistuls-Oder Canal from Gliwice to Krakiéw,

over a distance of 110 km , with 15 locks and two weirs on the



[
)

Przemsza river,mey be summarized as follows:

1.Excavation 25,270,000 m°
2+.Concrete 180,000 m5
3.Cement 48,000 ftons
4.Iron and steel constructions 37,000 tons
S.Workers required 13,800
6+Cost £.5,000,000

Some data_of cost of engineering works.
The general cost of constructing a canal varies considersbly,

according to locality and size of cross-section of the canal.
According to the costs of the construction of modern navigsable
canals,capable for craft 1,200 tons, i.e, with 3.5 metres in
depth,and a welted cross-section of the canal about 90 m? - the
aversge cost smounted to sbout £.,110,000 - 120,000 per kilo-
metre in Germany.

The unit cost varied from 22 shto 25 sh per 1 m® of the wetted
cross-section of the canal in the recently completed canals
such as: Upper - Silesian Cansgl,Central Canal and Saale-Elster
Canal ,which is in course of construction.

Previously built canals in Germeny and France,capable for 300-
-600 ton crafts, cost on an average from £. 20,000 to 2.30,000,
and the smaller ones,running through the valleys of the rivers
in good topographic conditions,cost from £.8,000 to £.12,000.
In Great Britain the boat cenals,for inland navigation cost
from £,12,000 to £.22,000 per kilometre,and for ship canals
£4300,000-500 ,000«

In U.S.A. the cost of the construction of(WEIIand Ship Canal



with a navigation depth of 4.2 m , with 25 locks of a total
head of about 160 m was £.5640,000 per kilometre,
In Poland,where labour is relatively very cheap,the cost per

8 of the wetted cross-section of the canal for modern na-

lm
vigation,taking a craft of 1,200 tons, I estimate as about

15 sh-16sh,or about 30% cheaper than in Germany. Engineering
works completed in recent years in Poland proved the accuracy
of this ratio,

The probable costs of the Western and liddle sectors of the
Vistula~-Oder-Canal which I have just calculated,based on the
unit prices for different materials énd lsbour smount to sbout
£.70,000 per kilimetre,or 15 sh per m> of wetted cross-section.
In the following teble I have summarized the unit prices of
engineering works in the construction of dams and caneals,
executed in Poland in the years 1935-1939,under rather difficalt
conditions of foundation.

These prices comprise all costs of administration,such as wear
and tear of machinery and equipment used for the construction,
pumping required for works below surface of ground water,fuel,

use of engines,electricity,steel sheet piling scaffoldings,

Personnel salaries etc.

(see next page)



Table No.‘Y .

Excavation

Cost per mo...

+o Cost per m°

digglng not exceeding 2m.deep
in the 1ayerﬂ 2-4m !

1" 1
1" 1"

4—6m
5-8m
6-10m
10-12m
12-14m
14~-16m
16-18m
18-20m
20-22m
22) 24m
24~ 26m

supplementary in hard rock

requiring blasting
Drilling

made by diamond drilling
by the Greallas apparatus
e b depth 4 m
[1] 8 m
s «12m
A
" below 16 m

Injection

of liquid cement in

the holes drilled in the rocks

to a depth of 35 m
Concrete(vibrate)

as for construction

a dam

comprissing 4 aggregates
and 250 kg of cement per

me of concrete

Supplement for superior
concrete as for outer
facings with_300 kg of
cement per m® of concrete
Portland Cement-depending

on kind from - to

as for dam as for canal
sh d sh d
3 .01 I e
4 00 2 09
iy 4710 B 0
¥ 5 10 4 05
1 6 10 B 03
t 8 00 6 00
i 8 09
1 9 o7
" el0ni05
" 11 07
YoslP e 16
w34 00
L R &
4 05

Cost per metre

(excluding eement)

gh d

1600

BB

19 . 2

24 0

44 0
Cost per kg.

sh d

00 02
Cost per m®

sh d

25 00

4 00

Iron for reinforced concrete

(excluding cement)

Cost per 100 kg

3/5 - 572
0/7 per kg.

s
o
e

3



Hand Excavation. The output of a worker depends on the com-

pactness of the ground. In a light material as sand it comes

to 10 m°/daily; in ordinary conditions such as soft clay,gravel
- 4-6 m°/daily; and in a stiff clay - to 8 mS/daily, at the
pre-war rates. At a standard daily wage of 2/5 in Poland the
net price was between 3 d and 10 4 per ms.

A worker with a wheel-barrow is sble to push 1/10-1/15 m° of
earth on a truck or a plank over a total distance of 25 km

per day.

At a distance of 100 m from the place of excavation to#%umping
ground,the cost comes to gbout 6¢An5.

A horse cart with 2-3 assistants,so called Dutchmen,are often
used in Poland for dredging in the upper layers of excavation.
The daily output varies from 20-40 ma/daily,and the price is
Pelatively lower than by hand excavating.

As a comparison I shall add that in Great Britain the anit
prices of hand dredging as for rivers and canals varies between
6 sh to 12 sh per ydiﬂdﬁqhand the mechanical excavations from
2/9 to 3/3 in large areas not exceeding 5 ft.deep .

The proposed canalisation workd on the Upper Przemsza as an #-
extension of the Vistula-Oder-Canal to Silesia(see sketch No.7/)

It follows from the previous Chapter,relating to the liiddle
sector of the Vistula-Oder-Canal,that the route of this canal
rans partly along the Przemsza over a length 5.5 km,between
post km 14,5 and 9.0 . For this purpose two movable weirs were

pProposed No.l at Dab and No 2 at Jelen.
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If we left the scheme of the Vistula-Oder-Cansgl in this
condition§,this new navigsble waterway which is to be a link
between the centre of Poland and the Oder towards the Baltic,
and via the Oder-Damube towards the Black Sea - would not fulfil
the other important factor which is to include the coal and
industrial centre of Upper Silesia in the district MysXowice-
-Katowice in the range of water-transport on this route.

This is the reason why the construction of a modern navigsble
waterway as an extension running rmmiRk northwards along the
Przemsza would be necessary.

Owing to the fact that the river Przemsza is a small river with
a flow on an average,of 9 ms/s and with a fairly steep slope
1.10/00, the only possible method for the alteration of this
river into a good navigable waterwsy for 1,000-1,200 tons craft
is canalisation.

Of the total length of 15.2 km of this future extension along
the Przemsza,nearly half was described agbove , as the proposed
canalized sector comprising two reaches. For the remsining
upper sector from post km 16.5 to post km 24.2 at liyszowice it
would be necessary also to build two canelisation falls,by
means of movable weirs,provided with twin-locks,with a total
head of 8,0 m

The mumbering of the weirs No.3 and No.4 follows in succesion
from the two lower weirs,at Dab and Jeletfi.

There are no topograephical or hydrclogical reasons for an

alteration of the type of weirs, i.e. the sub-mersible rollers
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with flaps,and the twin locks,which I proposed for the previous
two weirs situated downstream.

The usé of the same type on all four stretches will produce
economy in the cost of the mechanical parts,as well as in the
working costs by the cooperative use of the concrete making
equipment liquid cement injection machines,steel-sheet piling
for diverting the flow river etc.

The following table gives the general data of the arrengements

of the proposed canalisation works on the Upper Przemsza.

Tsble No. ®
l.Length of the canalized region el &m
2.Number of falls 2
3.Total head 8 m
a)of which at the weir No.3
at post km 1645 3¢5 m
b)of which at the weir No.4
at post km 19.7 4.5 m
4,Twin-locks
agnuMber 2
b)dimensions: length 72 . .0
width 12 m
depth 365 M

S.Average water volume required
for lock operations,assuming
transport capacity of 15 mil- 3
lion tons per year 2.3 m°/s
G.Weirs:a)type of submersible
rollers with flaps

b)width of two openings 80 m
T.Workers required 2,500
during 2.5 years
8eTotal estimated cost of the
construction £.300,000
9.Total estimate of mean materials: 3
a)excavation 850,000 m
60% of which comprises dikes 3
b)concrete 100,000 m
c)cement 27,000 tons
d)iron and steel construction 1,000 tons

10.8ome mechanical equipment re-
quired for the construction:



Some mechanical equipment required for the construction:
a)Larsen’s steel sheet Pilingesesese.«400 m
biunber 0P ‘eXeavators . i i s vs duns U6

c)several power drilling machines,
alr compresors,concrete mixers etc,

The port at lMiysZowice is assumed to be the end of navigable
waterway along the canalised Przemsza which would connect the
mining and industriagl centres of Silesia with the network of
waterways in Poland and its outlets outside the ccuntry.

This assumption is not quite accurate because,for the estimated
future annugl transport capacity of 15 million tons,the dimen-
sions of the commercial port would be too large,to be situated
in one towm.

The necessary length of quays to accommodate shipping,loading
and unloading would extend to sbout 15 km . The last figure

is based on the estimate that loaeding and unloading capacity
wolld be a meximam of 1,000 tons per metre of the quay per
year.

This means that the extensions of the harbour would stretch
further than Mystowice. The lengthening of these quays would
be done in successive stages,depending on the requirements of
the market,and the development of traffic.

Fortunately the topographical and hydrological conditions are
favourgble to such an extension into a large port,as the forks
of the Przemsza along the Black Przemsza,the White Przemsza

and the BrynicaeMay be developed slong their low banks,which
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are not covered with many buildings.,

In the years 1938-1939 the dredging works and improvement of
the banks were started but on a small scale near liystowice,
and further surveys and works would be required on a large =
scales

As regards mechanical eguipment for the liysiowice port I may
mention that the requirement would be very large for different
kinds of quay cranes and conveying and elevating machinery.
As is known the working load of quay cranes varies from 1-90
tons,but for this portfgenerally cranes with 2,3 and 5 tons
working loads would be required.

The number of cranes after the development of the port would
amount to several handreds. As sn example I should mention
That Paris has 420 quay cranes,for its transport cspacity of
13 million tons per year,while Berlin has for its traffic of

11 million tons per year sbout the same number.
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The Proposed Canalisation works on the Vietula.

Introduction.
The basin of the Vistula,in Poland slone,comes to 92% of the

total of its catchmentrg;’195,254 km?,or 46% of the total area
of the country.

The existing caenals: Royal and Augustowski link up the Vistula
with the basins of Niemen and Prypeé rivers,thus increasing

the hinterland of the Vistula to about 270,000 km® or to 70%

of the total area of Poland.

In spite of such a large hinterland,water transport to the
Polish ports play a very small role in export,from 1.9% to 3.5%
of the total. To meke a comparison I teke the figures from
U.SeAe,where the Mississippi basin constitutes 64% of the total
area of the country,playing the sesme part in the U.S.A. as the
Vistula does in Poland. This river with its system of waterways,
tekes a large part of?géports of the U.S.A. namely 68% of the
total. The differences in the £® freights,as a result of the
differences in exploitation costs of navigation and those of
railway traffic yields a great economy of some hundreds of
million dollars yearlye

The present state of river traffic on the Vistula and on the
waterwsys directly connected with it cannot be accepted as an
accurste view of the future role of the Vistula in the economic
life of Poland.

For over a century the Middle sector of the Vistula in Central

Poland was neglected during the period of Poland’s partition.
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At the same time some regulstion works were done on the Upper
end Lower Vistula,but they did not contribute to the impro-
vement of depths,suitable for modern navigation.

Although the basin of the Vistula is but little smeller than
that of the Rhine and in spite of the regulation works carried
out on the Lower Vistula,navigation,during low levels of water
encounteredggéé/to cope with considersble difficulties and
obstacles. Regular navigation really stopped at Warsaw. On
the Upper Vistula only small boats sail as far es Sandomierz
and connection with the Lower Vistula,through the Middle Sec~-
tor is practically non existent.

The only commodity which reaches the Lower Vistula from the
whole hinterland is timber floated down in rafts.

The Vistula,excluding the Middle sector which looks extremely
deserted due to the lack of regulation works,is for the most
part contained within a single bed,but at low water level the
Tlow of water does not keep in g uniform navigable channel;
sandbanks and islets appear at many points and vessels have
constantly to seek new channels. When a low level of water
ensues,navigation is almost completely stopped,and even vessels
with a cargo of under 100 tons X csn only navigate with dif-
ficulty.,

The regson for the unsatisfactory results from the river re-
gulation works carried out on the Lower Vistula during the
period of Poland’s partition,is not far to seek:- misteken and

fallacious principles were accepted and gpplied during the
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course of the work;proper hydrological surveys fixing the
normal profile of the river were not made;the course of the
stream was too much straightened out;the application of a%

unsuitable meander-radii resulted in the main current not
keeping to the concsave bank.

I will come back to this question later when describing the
necessary improvement works on the Lower Vigstula.kEsmxim
When the Poligh suthorities took over the Vistula basin they
had to create a waterway over a long distance,without the
necessary equipment,without records and suveys and with only
a Tew properly trained personnel,having a specilal knowledge
of river regulation work.
During the years 1920-1939 all necessary surveys and hydro-
metrical geuging were undertsken and the preliminary research
work and plans of storsge reservoirs for feeding the rivers
in time of drought were carried out,and seversl of these have
elready been completed. Furtherlmore nearly all the damage
done to the regulation works was repaired,and some new re-
gulation works on the worst sectors have EeEm been carried out
in order to deepen the main channel. The building of ports and
wintering~berths e«teCe haév also been started.
The average expenditure of the Polish Government on the Lower
Vistula was sbout £.1,500 per km and per year,and sbout
£.1,000 per km and per year on the Middle and Upper Vistula,
over a total length of sbout 940 km .

This expenditure was necessary to cover the cost of the normal



maintenance of the works and of the channel,by mesns of syste-
matic dredging operations on the most difficult sectors.

AV phis
As will have been learned from the foregoingfthe state of the
Vistula when it was taken over by the Polish authorities was
far from mkzkix satisfactory,and the present state is not much
better,because difficulties were encountered in financing a
large scheme for the alteration of the Vistula into a modern
navigable waterway over the whole its length. There can be no
doubt that this river could,if properly improved,bear vessels
of at least 1,000 tons,while at present the Vistula is navi-
gable for craft of over 600 ton storsge capacity over a distance
of only 32 km; for boats of 400-600 tond§ capacity over a distence
of 394 km and on the remaining distance of 519 km it is na-
vigable only for boats of under 200 ton capacity.

Slopes on the Vistula - Before considering and proposing the

best method for improving the Vistula we have to look into the
distribution of longitudinal slopes =m on the particular sec-
tions.

The following tsble shows the characteristic data for the
Vistula,comprizing the catchment areas,post km , the altitudes
of the average water level in 1934 ,falls on the particular

sections and the average slopes there.

(see the next page)



Teble Noe 9- lMaa Wisza
Gauging Catch- Post km Altitude Fall Length Average
stations ment of water of slope
area2 level section
km km m ghove m km 0/00
gea le-
vel

SkOCZéw st 86.3 288.01 57 -04 15.1 2.850

Drogomysl 320 732 250495
BB 4.1 0.911

Strumien 399 691 247 .24
6.51 29.1 0207

Goczaxkowice739 40,0 240 495
5434 163 0.326

Jawiszowice 909.5 23.7 23559
779 2061 0,387
Nowy Bierunl779 de6 227 .80
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Tgble No.J(,Vistula between the mouth of the Przemsza and the
mouth of the Sane.
Geuging Catchment Post km Altitude Fall TLength Average

stations area, of water of sec~ slope
km' level m tion
above sea m km 0/00
level

1420 4,1 0,295
Pustgnia 3848 (0095 22660 XXEE

1,02 3e3 0.308
Dwoxry 5240.,0 348 224,58

8.27 19.8 OeddT
Smolice 6714.0 2346 216.31

7.96 28.0 0.332
Czernichdéw - 47 .6 208.55

5.86 15.9 0.369
Tyniec 7401 .0 6345 202.49

590 15.0 0.393
Krakdéw 8021.0 7845 196.59

0.94 340 03153
P aszdw —_— 8l.d 195,656

1.98 Teb 0.261
Przewoz —— 89,1 193,67

548 120 0.291
Niepozomice -~ 101.1 190.19

1.23 BT 0.333
KoZlica - 104.8 186.96

3404 10.0 0304
Nowa Wieg — 114.8 185,92

5634 15.7 04341
Staroskawice 9110.0 1305 180458

2.55 76 0.3%6
Popedzynka 10637.0 138.1 178.03

4439 15.0 0.292
Jagodniki 12826.0 153.1 173.64

3452 12.9 0.252
Karsy 19184.0 16640 17032

3438 317 0.289
PawXéw 23668 .0 1777 166494

4,49 1644 0.274

Szezuein 237520 194.1 162.45
4.06 16.0 02563

Otazagz e 210.1 158439
3465 15.5 0.270

Ostréwek 26532.0 22346 154.74
44l 1663 0.271

Kozo 3440 239.9 150393
L 4453 15.4 0.294

Dziké 758.0  255.3  145.80
g Sk 3.82  13.1  0.292

Sandani 268.4 141.98
e 1047 6.2 0.237

Dgbrowa Wrza-
wska 33358 274.6 140451

8729 278.2 04315
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Tabela No.“The Vistula between the mouth of the San and Warsaw.

Gauging  Catchment Post km Altitude Fall Length Average

stations area 5 of water of sec- slope
km®™ - km level m m tion km
above km 0/00
sea level
2458 10.1 0.256
Chwatowice 5H05E85.,0 284,7 137493
0.66 2.9 0227
Zawichost 50653.0 287.6 137 427
276 10,8 0.256
Annopol 51.605646 298.4 134451
8e32 3346 0« 247
Solec 54693.,0 332.0 126,19
- 9432 3941 04238
Pu gwy 57303.0 371.1 116.87
5¢13 2243 0231
Deblin 68447.0 393.4 111.74
9.95 3849 0.269
Kzoda 71L.973.5 43243 101.79
9.04 3346 0.256
Krélewski
Las 823219 465.9 92.75
12,98 47 .9 0.271
Warszawa 851760 51348 79477

6074 239.2 0.253
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Teble NO-I%*The Vistula between Warsaw and Bydgoszcz.

Gauging Catchment Post km Altitude TFall Length Average

stations area 5 of water of sec~ slope
km km level m tion
above sea m km 0/00
level
9elb ST o7 04243
lModlin ——— 55145 70462
0.84 445 04187
Zakmczym s 556-0 69'78
5,78 307 0.188
Wyszogréd 159632.0 586.7 64400
9,06 45,7 0.198
PXock 168362.0 632.4 54495
9.16 47,0 04195
WMoctawek 171250.0 679.4 45,79

4430 2340 0.187
Nieszawa 173111.0 X08.4 41 .49
3436 1744 04193

Silno 17414642 719.8 38413

261 1540 Oel74
To ruil 179990.0 734.8 35.52

4J72 28,2  0.167
Solec Ku-
jawski  eemem———— 763.0 30«82

2.49 11.9 0.+209
Fordon 185615.0 774.9 28431

Teble Ekxfb-The Vistula between Bydoszcz and Gderisk(Danzig).
5,96 31e9 04187

CheXmno 186277.0 806.8 22.35
4,92 28,0 0%175

Grudzigdz 189077.0 834.8 17.43
j 5.75 32421170178

Korzeniowo 191227.0 867.0 11.70

3.90 19.4 0,201
Matawski Cy-

pel 193009.0 B886.4 7..80
0'57 202 0.259

PRBKI0 vt o py v owssobiinss 888.6 7025
1.96 10.1 0,194

MaXa Storicg——----- 898,7 5+2%7
: 1.76 9.9 0.178

Tezew 193170.0 90846 3451
3,53 300, 0117

Schiewenhorst ---- 938.6 0.00

28.31 163.7 0,174
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From the gbove data we can see that the Vistula over its total
length of 1,024.9 km , including the upper course , called the
Smell-Vistula(liaXa Wisxa) , hes a fall of 288.01 m .

The average slopes of the water surface of the Vistula on its

different stretches at medium water level are:-

l.From Skoczéw to the mouth of the Przemsza 0,725 0/00
2.Between the mouth of the Przemsza and the

mouth of the San 0.315 0/00
3.From the mouth of the San to Warsaw 0.253 0/00
4,From Warsaw to the mouth of the Brds 04197 0/00

5.,From the mouth of the Brda #o Gdsisk(Danzig) 0.174 0/00

We must discard the first stretch , called the Small Wistula,
which is unsuitsble , for being altered into a modern navigable
waterway because of its lack of discharge and also because

it changes its course to the south away from the industrial
centre in Silesis. For this stretch I propose the construction

of the Vistulas-0Oder canal , described sbove.

Before deciding the prineiple question , namely the selection
of the method of improving the Vistula , I have studied the
results of regulation works on several rivers in Europe and
America , the hydrologiesl conditions , slopes and lengths of
which are similar to those of the Vistulas. I will mention only
four rivers:- the Elbe and the Oder on the Continent and the
Ohio snd the Tennessee in U.S.A. , the first two of which were

regulsted and fhe second two canalized.

The river Elbe on its upper course has been successfully canalized
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or the canalisation works are still in course of construction,
as I have described in the Chapter No.IIVQLfn the development
of waterways in Gzeeho-Slovaki;l On the contrary,on the lower
course,over a distance of 725 km in Germany,regulation works
have been carried out to improve navigation depths. It is
knowngthat the improvement of the waterways by means of re-
gulation works must of necessity be a long operation. In this
cage,on the Elbe these works were carried out over a period
of 50 years. It may be said however,at once that thismagn
object of obtaining a modern navigable waterway has Sé%n XER
reached,in spite of the relatively low aversge slope,which is
much lower than that on the Vistula.
The slopes on the Elbe vary from 0.218 0/00 in the upper
sector to 0.191 0/00 in the middle sector and to 0.132 0/00
in lower sector. -
The rate of flow varies: 3 3
at Torgau from 3,950 m /s to 47 m /s,

and at Wittenberge " 4,000 m3/s to 115 m%/s.
During the specially low water in 1904,1911,1928,1929,1933
and particular-ly in 1934,the minimum depth of the navigsble
channel dropped considersbly to 0.60 m at Magdeburg, to 0.70m
between Magdeburg and the mouth of the Havel and to 0.80 m
below the mouth of the Havel.
Although these minimam depths were displayed at few crossings,
the 3 average depth being greater nevertheless the presence

of these shoals compelled the river craft to reduce their

draught.
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It became gpparent that a further deepening of the river,by

narrowing the width,by means of training groins was necessary.

!
On the other hand if the bottom is too narrow and the bends =
are sharp the channel becomes dangerous for navigation,and at
low water levels the meeting or overteking of tug trains can-
not safely take place.

Several methods of so called subsequent regulation or low water
regulation hgve been adopted but these have given unsatisfac-
tory results, The subsequent regulation was mainly carried oub
by means of long submerged groins,having flat slopes 1 & 25
and estgblished,below average low water,at the heads of the
existing groins,as a prolongation of these groins, Towards the
concave bank the groins have steeper slopes than towards the
convex banks. This was an unsatisfactory experiment,especially
whére the medium water breadths were to wide, and the heads

of groins, extending far into the river and not visible to

/
Shipping,were o constant source of danger. The constructions
were freguently damaged by shipping and ice without its always
being possible to discover the damege soon enough to prevent
further destruction. The improvement for navigation could not

these
be echieved with #hEs regulation works,even with the added

help of extensive dredging.

In the places where low water training dikes had been built,
instead of submerged groins,there was also no considersble
improvement of the river conditions. At certain places behind
the works deep erosions occurred, which had to be filled in

at a great expense,so as not to endanger the constructions.
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Also the sandbanks at the inflexYion points have not disap-
peared. The failure of the low water training dikes is
explained by the fact that the most effective forces which
modify the cross sections of the river,act at higher water
levels., The water levels in the vieinity of medium water,are

of particular importance for the :;;i;x of the river bed chiefly
at the period of falling high waterfwhen the cross-sections

on certain stretches were estimated at too large zRigmre a
figure at medium water level,thus causing the velocity of the
flow to be too low for transporting and distributing uniformly
the gilt, - even a severe contraction at the level of low
water by training dikes was of no avail.

The next regulation work was done by means of a contraction of
the medium water breadth by 20 m or 30 m , as an experiment
over a short distence below the mouth of the Havel, The loceal
results were better and on the basig of these experiments im-
portant modifications were made in the years 1929-3l. The new
Plans provide for a general and continuous contraction of
medium water breadths and the works are in course of construction
Time will show if this method of improving the navigation
depths is successful.

In spite of the many regulation works which have been constructed
the aim of obteaining a minimum depth 1.256 m gbove and 1l.40 m
below the mouth of the Sasle at low water level has not, so
far, been attained.

In order to to minimise the variation in navigation depths by
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means Of surplus water from storage reservoirs two dams have
been built and others planned in recent years. These are :-

a)At Bleiloch in the Saale valley, a storage reservoir was

built in 1932 , having a total capacity of 225 million m® ca-
pacity;

b)At Hohenwarte in the Saale valley, a storege reservoir was
completed in 1939 , having a total capacity of ¥ 185 million ms.

8, 340 million m® of

The total storage capacity 400 million m
which is the useful capacity,will provide a maximum discharge

of 60 m%/s in times of extremely low levels on the Elbe., It

was expected that a rise of 0.45 m in the regulation level

of the Elbe at the mouth of the Saale, and of 030 m further
downstream would be obtained and so ensure a minimum depth of
L7 m o

The total expenditure on the low water regulation,since 1934
over an estimated period of eight years,and on the construction
of the above mentioned reservoirs amounts to sbout £.39,000,000.
From availsble records,after the completion of the first storage
reservoir in Bleiloch,and before the completion of regulation
works,the standerd Elbe barges of 700 tons cgpacity and with

a draught of 1.70 m could navigate,fully loaded only during

54 days in 1934,which was an exceptionally dry year. But on an
average in the years 1931-1936 this period extended to sbout

140 deys. It 1.«5: quite gbvious,that the task of improving the
Navigable conditions on the Elbe has not been completely achieved

through the low water regulation works and by means of surplus
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water from the valley dams of the Sasle.

The finel aim is to obtain a minimum water depth of 2.2 m

for modern craft of 1,000 - 1,200 tons capacity which could
be attained after still further improvements.

The proposal of the German engineers is to pump out the water
from the Elbe,when it is carrying a higher water flow than is
required for navigation.

The surplus water would be pumped out by utilising cheap
night electric current and would be stored in basins situated
along or in the vicinity of the river. This surplus water
could be returned to the river in times of %k low water level.
It is considered that the improvement in the water level could
be effected with considersbly greater accuracy end without
the loss of time required to convey the water from the dams
on the Saale which are at a distance of 200-240 km.

These go called compensation basing with a useful capacity of
300 million m® were planned near Pirne and Riesa in Saxony
Just before the war. Questions conserning the height of level
improvement,the manner of working and the ascertainment of
costs and rentsbility were still being considered and the
construction was not decided upon.

Farthermore there was discussion sbout a guestion of local
Canalisation or the construction of a seperate canal in the
district of Msgdeburg,which offers special difficulties to

Navigation.

The regulgtion of the navigsble channel of the Elbe corresponds
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in general to the method adopted on the Lower Oder,which I gave
as & second exampledtjansatisfactory regulation works,

The improvement of the Oder was described in the ChapterNo.Id Vol.
on "The Great inlend navigeble waterway Oder-Danube-Black Sea
Canal",

Thfse two examples prove the principle that the regulstion of

a river may be successful when the average slope of the latter
‘ is slight, but it becomes difficult and very costly and takes

a very long time to complete when the glope is steep. In that
case it is much better to canslize a river; the additional cost
entailed by this can be off-get by the construction of hydro-
~electric power stations slongside the lock-dams.

The Vistula belongs to this group of rivers,because on the
upper and middle sectors the slopes are toosteep, steeper even

than on the Elbe and the Uder,for the achievement of a modern

navigable waterway,by a simple regulation works.,
The other two examples,which I have given to compare with the

Vistula are the Ohio snd the Tennessee,see sketch No. L’Z

COMPARISON OF THE LONGITUDINAL PROFILES OF THE OHIO
THE TENNESSEE AND THE VISTULA
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The Ohio has a length of about 1,570 km , or 1.5 timee of that
of the Vistuls,and tﬁé total fall of 128 m or 57% of that on
the Vistula.

The aversge slopes vary from 0.18 0/00 in the upper sector ,

to 0.09 0/00 in the middle sector snd to 0.06 0/00 in the lower
sector,

In gspite of relatively slight slopes,the river was canalized,
to maintain a nsvigable depth of 2.4 m even at low water level.
Fifty one moveble weirs and locks were constructed with heads
of 2-4 m owing to the fact,that the elevation of the banks did
not permit a higher retaining water level. The dimensiong of
the locks are 33 x 180 m and a tug with a train of 8 barges
@Rl can be negotiated in these locks in one operation. The
results of the improvement of the river are very good and there
are 41,000 barges and 16,000 tugs in action and the aversge
anmual traffic on the Ohio amounts to 28 million tons.

The Tennessee river has a length of 1,050 km , similar to the
Vistula%its catchment area is 105,150 kmz,or 53% of that of

the Vistula, and the total fall is 153 m , as compared with
226.6 m on the Vistula, from the mouth of Przemsza dovnstream.
Thus the average slope on the Tennessee is 0.146 0/00 as
Opposed to 0.240 0/00 on the Vistula.

Also in this case, it was decided to canalise the lennessee

by means of only O dams,seven of which are completed.

The total capacity of the nine storage reservoirs will be

gbout 5,000 million ms,serving for flood control, The additio-

nal storage of water in reservoirs which are already completed




situated in the upper basin on the tributaries with a capacity
of sbout 5,200 million m5 help to regulste the flow and
considersgbly reduce the flood. At the same time the utilization
of water power of 2 million kW is provided.

The dimension of the locks are:- 33 X 183 m on the lower
stretch, and 18 x 110 m on the upper stretch of the river,

The minimum navigation depth is 2.75 m .

Resistences in the channel - As the technical and economic
conditions of the transport problem have steadily improved in
recent years,the hydro-technicians have to revise their views
on the necessity of improving the natursl waterways.

The natural advantages of waterways must be ezﬁited to the
utmost,by the simultaneous development of the maximum water
power availsble and by the reduction of resistances in the
channel.,

The importance of water power,which is becoming ever greater,
due to the demands for electricity,is quite obvious,and lead$
t0 the maximum utilisation of rivers which is the watchword
for the future plenning of the development of water resources.
The question of resistances in the channel and their influence
on navigation is important and cannot be neglected in modern
navigation.,

The aversge resistance to traction,calculated for a ton of
merchandise,depends not only on the speed of haulage,but also

on the slopes of the river.



From our experience of river traction in Poland I have
gathered the following data showing the relation between the
necessary horse~-power for a tug towing 600 tons barge upstream
g‘;i the different conditions of slopes and speeds of haulage,

see sketch No. LI?J .

200Hp _ 43
o ,/y// = RELATION BETWEEN NECE-
t—2,25mb-5/t.. i &
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AND THE DIFFERENT CONDITIONS| j
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100 HP| _ ¢
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0 s |
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Teble No. 14 .

Aversge slope depth Cepacity of Speed of Power of the

of the river m barge hgul age tug HP.
0.2 0/00 2426 600 5 km/h 6
1.3 0/00 it i 24
3.0 O/OO 1" 1 52
0.2 O/OO i 1" 10 " 64
1.3 0/00 " 1] woon 96

3.0 0/00 2 g it o 148




Surming up the problem of resistances on the waterway one
comes to the conclusion that it is desirable to construct
modern waterways so as to obtain g big depth,great breadth in
the bed,and slopes as slight as possible. This can be achieved
in the most effective way by canalisation rather than by
regulation works,which lead generally to a reduction of the
ecrogs-section of the channel,and consequently to an increase

in the velocity of the water.

Non s4couring non silting canal - Before considering the pro-

posed canalisation works on the Vistula,let us think over the
alternative of the constructionq; separate lateral channel
along the Vistula valley. Such a channel constructed with o
natural slope might avoid or reduce the construction of locks.
The first principle for a canal is that it mast be non siltingmMAa
non scouring. To esteblish these conditions it is necessary

to congider a number of factors:-

a)the quantity and nature of silt tremsported by the river;

b) the hydrsulic factors of the most suitable slope,hydraulic
radiMe snd mean velocity;

¢) the channel shepe; width,depth and side slopes.

To prevent scouring or deposit of silt in the channel,it is
necessary that the velocity along the bed is sufficient to
move gll the rﬁaterial brought into the channel from the river,
and should be y=% not so high as to cause scouring.

Thus there are two limits:- the lowest is the point at which

the deposit of silt beging) the upper,is the point at which the




scouring beging.
To establish the extent between them is g very difficult task,
because data and formulas from various existing canals may be
unsuiteble for the new canal in which conditions of quantity
and nature of silt may be different and may change considerably
from time to time.
The first study of non X silting cangl sections was made by
Ge.Kennedy in 1895 and his work is a classic in this guestion,
and has resulted in the saving of million$of pounde in reducing
the cogt of cleaning canals in India and elsewhere.
He developed a formula of the type:

Yo =@ & dr
which expressed the relation between the critical mean velocity
"Vo", and the depth "d" ; the coefficient "C" varies with the
quality snd quantity of silt, and "n" is nearly constant.
For the Lower Bari Dosb Cansl this formmla is expressed as

follows :- 0.64 J
V = 0.84 ¢« &°° in English units

.64

or
"

Tt U L in metric

A nunfber of other equations of the same type as those of
Kennedy were developed,suitable to the various local conditians
in U,S, A, sEgypt,South America - and the coefficient "C" varied
from 0.38 to 1.83 and exponent "n" from 0.44 to 0.73 , but
generglly was sbout 0.64 }the value developed by Kennedy.

For many years 1little further progress was made.

In 1917, w.Woods proposed a general formula covering velocity



e
" , average depth "d", mean width "B", slope "S" and discharge
"Q", based on an analysis of data from the Lower Chenadb Canal
System,as follows:

i BO.434~

Vo= 1.4%34 log B

g= 1
24000 log @

According to this formula for a given discharge there is a
single condition of depth,width and slope that will produce

a stsble channel., Woods mekes no suggestion that these relations
might be influenced by the cuentity or the waslity of the silt.
In 1930, G. Lacey developed the formulas:-

Qe+ £2 = 3.8 Vo©

Yor= 1417 ‘m"

in which "f" is a silt factor, related to the diasmeter "D" of

and.

the bed material in inches by the expression:-
f=8Yp
' w
Lacey stated also that the wetted perimeter of stsble channel

is a simple function of the sguare root of the discharge:-
P = 2.668 5

and that the shape of a stable channel gpproximated to an
ellipse, in which the ratio of the major(horizontal) to the
minor axis ;J:larger when the silt became coarser., I..acey
introduced the' effect of the size of the sgilt,but d&g not
congider the quantity of silt to be transported.

In 1936, R.Pettis from experiments on the Miami river developed



a formmula which indicates the proper value for the main
velocity in a stable channel as

V = 0.8 g2
Assuming C = 1 from a Kennedy type of formula for aversge
conditions in alluvial sections,he developed an equation for
the maximum depth "A" as follows:-

d=v® - a.715 Q03
Pettis suggests that the cross-section of a stable cenal should

o
be parsbolic type indicated by dBk and that the exponent of

rhow
involution "K" should be not less than 2 nor more/& , and a

value of 2.5 probably gives the ideal shape for a staeble channel.

Assuming that "B" is so large that it may be taken as being
equal to the wetted parimeter P. Pettis has given the following
formulae:-

hydraulic radius. R = 0.511 @°*3

i

B = 2.45 Q0°5

8
B .43 Q03

The Pettis fommila was developed from the standpoint of
breventing scouring snd represents the upper limit of safe
velocities,beyond which erosion will occur; on the contrary
Lacey’s formula was developed from the point of silting and
represents the lower limit of safe velocities,below which the
8ilting will oe:cur.

Between values so obtained,giving the limits of velocjty‘ there

is one which can be applied as the best velocity for non-

scouring snd non-sgilting canal,but the interval between these

==
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limite is relatively great , and the proper choice is not easy.
The sbove formulae and many others which have been developed
have the disavantage that while they suit the particular

cases for which they were developed they cannot be used with
accuracy for the calculation of problems in which the conditions
may be very different.

In 1922-23 I was responsible along with Vil Okecki for carrying
out research on the question of silting problems on the Vietula,
This work was continued later by Born and Debski -and much
information obtained as to the quality and quantity of the silt.
From meny gaugings which have been made in different places

and gt different levels of water , each class of sand carried
in each gauging station has been determined and also its
quantity. But the results were very varisble and did not lead
‘to any definite relation between the velues of width to depth,
together with slope and silt character to form a formula
suitable for a channel design.

It was found that silt percentages i.e. the weight of dried
8ilt over the weight of clean water is cuite considerable in
the Vietula and increases with the increase of flow , but not
in the same degree for every high water even when the dis-
charge was the same. The proportional quantity of suspended
8ilt and the bed load(drag on the bed) carried by the river is
Varisble at different stages of water level but not in an uniform

way.
M though these measurements have not been completed , we may
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definitely conclude,that as the Vistula flows in slluvial
material, a Sisws  gitt problem exists; consequently stability
in a chennel deviated from the river would be difficult to
attain,

Finally by this alternative,which would not be much cheapery
than cenalisation,the scheme would be limited only to the
navigation problem. But navigsble inland waterways can and mst
be as far as possible a source of diverse public utility.

The ultimate possibillities of a navigsble river should be
determined with a view not only to navigation,but also to
hydro-electric power., This two-sidedness of the utilization

of a river results in a higher profit from water development
;L%a long period of exploitation.

The proper arrangement of the river in its middle and lower
sectors for improvement of the navigation as well as the
development of the water power should coincide with flood and
8ilt control in the upper basin by means of the construction
of storage reservoirs and the control of the mountain torrents,
The plangwhich I now proposey for the first time, for the
pPost-war improvement of the ¥istula is based @n the principle
of the coordination of the arrangements in the whole basin

to develop the maximum utilisation of the river for @x all

Purposes,



Canalisation works - The alteration of the Vistula into a mo-

dern navigable waterway accessible at its ordinary water

level to craft 1,000-1,200 tons with a possibility of a

speed, of 10-12 km an hour, and to trains of barges towed up

the stream is obtaingble in the quickest and most effective

way by -

a)canalisation of the larger portion of the upper and middle
sectors,from Kbakéw to Torun,

b)contimustion of existing regulation in the lower sector,
from Toruni to Gdarisk(Danzig).

The preliminary estimate of my project involves the carrying

out of construction works,the genersl details of which are

represented by the following data:

l.Length of the canalized region 657 km
2¢ " of the regulated " 203 km
3.Total available head on the canalized
gtretch 177 Im
4. Munber of falls 39
a)the maximum fall 11 m
b)the mininum fall 545
Se«Average length of the reaches 17 km
B«Number of movsble weirs and locks 39
7.Width of the weir openings vary from 180 m - 480 m
8+Dimensions of locks:
gbove Warsaw below Warsaw
a)length 15" m 225 mm
b Wig%h 20 m 12 m
c)depth ' 3.5 m 3¢5 m

9.Estimated yearly quantity of goods traffic 20 million tons

10.Nunber of h tations:
yadro-electric statl :

a)the power capacity 807,000 kW ;
b)the output capacity per year 4,325 million kWh



Total estimated cost of construction -- £. %6 million .

From the point of view of the nature of the work,and the
future estimated movement of traffic the canalized stretch
on the Vistula,over a distance of 657 km can be divided into
three sectors:-

l.The upper sector from Krskéw to Sandomierz,

2.The middle sector from Sandomierz to Warsaw,

3«The lower sector from Warsaw to Torud.

The_upper sector of the Vistula from Krskéw to Sandomierz,

—— — —

see” gketch No. Y, Y3, 4B,
From the outlet of the Vistulae-Oder Canal at Krakdéw to the
Sandomierz,just sbove the mouth of the San viz, over a
distance of 192 km}the Vistula would be cansglized by means of
15 movgble weirs with a total head 59 m .

Firstof 11 I must mention the results achieved up to the
present by regulation works,which were begun in the first
decade of the present century and were continued during the
years 1920-1939.

On the one hand the creation of a single river bed and the
consequent contraction of the flow by longitudinsgl walls or
transversal groins into a medium water channel permanently
fixed on both sides is almost completed over the whole length
of this stretch.

On the other hand it can be said,that there still is an

XrEw insdequate development of the low water channel which

elters ite position within the medium water bed, with the
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result that navigation has to be sbandoned at low water,because
the lowest navigable depth may drop to below 1.0 m .
Generslly spesking such low water regulation works have not
been carried out. It seems to me that the desired depth could
not be obtained over an channel sufficiently wide and deep
solely by low water regulation works,owing to the facty that
the average slope is too steep,and the low water flow is too
small for developing a modern navigsble channel.

In order to raise the water level it is advisable to canalize
the river and replace the natural slope by several steps.

But +the contraction and embankment works which have been
carried out on this stretch would be very helpful for future
canslisation because they would serve as fremes for movable
weirs,and as longitudinal embenkments, in a single bed, for
future pondages.

Incidentslly,during the years 1921-1933 sboat 90,000 md of
training wslls and groins were built and dikes for protection
against flood are still in course ®m of construction.

As the embankment of the Vistula serves as the only means of

éjshe

retained water level should be to adopt the low type of moveble

0
flood-control, the first step in the choice of the height

dam§ in order to alter the natural hydrologicel conditions in

the valley as little as possible.
The present differences between the level of the low and

medium water snd that of the maximum high-water are summarized

in the following xskk table No. lg .



'.'ll. )
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T@ISNO-AS:

Altitude of the water level
Post km at low water at medium at high
water water
in metres sbove sea level

Gauging station

s —— 1

Krekdw 785 195,77 196,59 203.91
Proszéw 8l.5 194494 195,65 20217
Przewdz 891  102.84 193,67 200,04
Niepozomice 101.1  189.18 190,19 194.84
Kozlice 104.8  187.99 188,96 193439
Nowa Wies 114.8 184,89 185,92 189.72
Sierostawice 130.5 = 179.52 180.58 185.52
Popedzynka(uj.Rsby)138,1 17719 178.03 183,58
Jagodniki 2 55305 bl 72 173464 179.51
Karsy(uj.Danajca) 166.0  168.96 170,32 176465
Pawxow T 165 73 166494 172433
Szczucin 194.1 161 .21 162.45 168,91
Otazez 210.1 156 98 158.39 164418
Ostréwek 293,46 155455 154.74 159475
Koxo 239,9 149 15 150.53 154,77
Dzikéw 255.3  144.54 145.80 150427
Sandomierz 2684 140+ 67 141,98 147,03

145,07
Dgbrowa Wrzaska  274.6 1539 15 140.51



The sltitudes of the high water level in this tsble do not
correspond to the same flood flow,but to the highiest

recorded at the particular gauging stations.

Beginning from NiepoZomice downstream they correspond to the
flood flow of the year 1925,and upstream to Krskdéw of the

year 18l3. To complete my review I must add that the recorded
high water level below Karsy is kmwe lower than it may be in
the future,for the following reason. A bresk in the levee at
Karsy ceused by extremely high fkood water,running from the
Dunajec valley, inundated a large area between the tributaries
Dunajeec and Wiszoka in 1934,thus creating a temporary storage
of water,xEx®% and in consequence a lowering of the water
level in the river bed of the Vistula.

From the sbove table No. 15 we can see that the differences
between the low water level and that of the meximum vary from
about 5 to 8 m and those figures constitute the limits within
which the Vistula valley is almost protected egainst the flood,
These figures give us an idea of the permissible heads for

the canalisation falls without risk of flooding,but taking
into account that the moveble dams will cause a back-water
heightening’I propose that the standard head should be lower,
namely sbout 4 m at medium water for each weir.

By such an arrangement there would be a congidersble difference
between the present and future conditions. While at present
the high water levels last a short time,only in flood periods,

in future the highesteretained water level would be steady,




From this the following conclusions should be drawm:

l.The levees should be stsble enough to restrain the flow and
withstand the prolonged pressure of the head water;

2.The size of the structures should be increased by broadening
the crests and by 1engthening:ggcreasing the land-side
slopese In this way we can avoid the unstsble condition,due
to the hydrodynamic forces created by seepage scting on the
slopese The top-most flow line of seepage travelling through
a BEEEimx section should be covered by the shape of the levees
and the outlet should not be gbove the elevation of the
natural ground surface;

3¢In the interests of agriculture on the adjacent lands,great
care must be taken not to exceed the normal ground water level,
Any surplus of water must be discharged immediately along
side the levees downstream to below the dam,by means of
trenches,situated at the land-side.

In addition) at the placeseawhere the level of natural ground is

especially low, pumping stations would be instelled to 1ift the

water collected at the land-side of the levees,

The matter of pumping would not be a very big problem,as I have

calculated that for one reach it would be necessary to provide

& power of 0.3 - 0.5 % of the energy which is available at each

fall.,

All these precautions against the adverse influence of canali-

sation works are normal in such improvements of rivers and are

insignificant compared with the adventeges gained by the crestion
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of a modern navigable waterway with the simultaneous utili-
zation of water-power.

Incidentally,the levees on the Vistula are so worn out,that
even irrespective of the canalisation works which I propose,
they would have to be rebuilt.

The necessity for this was proved by the occurence of flood
flow in 1934,

I will come back later to the description of the shape of the
levees.

Canalisation works on the upper sector of the Vistula from
KrgkOw to Sandomierz would be done by constructing 15 weirs,
locks, and hydro-electric stations,some data of which are
S Bt e Tl lontug: e Nou A0

Table No/{ "

Nos, Pogst km W B I R Dimensions Hydro-electric
of altitude Tall at of locks stations
weir of head medium m capacity output
water water kW million
Mmeabes.Le m k'h
1.
at Krakéw 80 .0 201 4 105 x 20 X 36 4,000 21
Ze 89.%7 197 3 » 4,000 P
de 10542 194 4 it 4,000 22
4o 116.0 190 4 Ly 4,000 23
B T2 .06 186 4 L 4,000 2
Be 13940 182 4 , 5,000 2
Ge) - 152.6 178 4 - 5,000 28
8.  168.9 174 4 " 8,000 42
s 185, 170 4 # 10,000 53
10. 197.8 166 4 i 10,000 53
L, 2913,4 162 4 1 12,000 64
12. 22842 . 158 4 Yy 12,000 65
13, P42 .7 154 4 ! 15,000 82
14, 256,53 150 4 u 15,000 82
15 2705 146 4 " 15,000 83
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The weirs -- Before chosing the types of weirs,best fitted
for the Vistula,I wish to emphasize that this river would
require a very extensive continuous system of dams.

Hould be Bualsr

Three of the necessary weirs, one at Popowo and a second at
Wrocxawek which would have comparatively high heads,owing to
the favourable topographical conditions, and a third at
Warsaw which would have special local condibions necessitating
separate treatmentibut the remaining thirty six weirs would
be constructed in very mach the sasme topographical and hydro-
logical conditions. It would be advisgble to adopt a standard
type of movahle weirh?gggng to the considersble total length
of the openings amounting to sbout 14,000 m to use mot only
the most suitsble type,but also the most economical in cost
and in maintanance.

Roller weirs which I have described before would be a very
suitable type,but they would be expensive.

Bear-trap weirs (see sketch NO.H1 ) ,are generally recognized
as the cheapest type of low-head movable weir,and it is also
very satisfactory owing to the fact that it may be operated
with greater ease,safety and speed,than other types.

They are advisable for wide sluice-ways with moderate heads
and very suitsble for rivers that carry down ice ®.t.C.

A bear-xmmtrap weir consists of two leaves which,when down,
rest upon one another;one being hinged downstream and one
upstresm, Its cost is relatively very low,for example,for a

head of 4 m and a opening of 30 m it smounts t0 £.3,000 sWhich
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is much less than for any other type,except the needle weirs.

The features of this type of movable weir are as follows:-

l.They are actuated with either water or air pressure or
both and the slowness of raising can be overcome by the
feeding of compressed air beneath the downstresm leaf. The
time required to raise the bear-traps to a heigth of 4 m
is 8-12 minutes, and they may be lowered within 4-6 minmites.,
Mud or fine matter that remains deposited in the recess
below the trsp may cause some trouble in the working of the
dam,but this drawback can be remedied by means of water
discharged under pressure;

2+eThe best ratio between the length of upper leaf to that of
lower leaf is sbout 7 : 10.

The most severe spresses occur under the following two con-
ditions of operation. In thzxe the girders of the lower leaf
with low water in the lower pondage,and full pondage above,
when the trap is partly up, and a head of water gpplied
with sufficient force to raise the trep to the top. In the
girders of the upper leaf,with the same maximum difference
between head and tail water,when the water is emptied from
the recess under the trap;

S«The widths of the piers from which the bear-traps are
Operated and supplied with water or compressed air are 4 m
while the oﬁenings may be 30 m in length;

4.Gonsidering the question of tightness, it is proved that

bear-trgp weirs can be made as tight as any other type of
dam;
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5,To avoid trouble from sanding the sill should not be placed
too low;
6.4part from the saving of money,this type of movable weir
effecte a considersble saving in time of construction.

Finally I must add that with the general adoption of this type
of movable weir it would be necessary to build a special weir
in one opening, to regulate the height of the water in the
upper pondage. In this case the submersible roller with flaps
would be reguired.
Protection against scour below the dams wowld be provided by
rock filled cribs, 7.5 metres in width,placed against the
dovmstream edge of the sill,and by a thick layer of stone below
the crib to an extent of 15 times the retaining height.
The exact length of protected bottom should be determined by
B experiments on lsboratory models.
A steel sheet piling cat-off diaphragm would be provided at
the toe of the sill to a depth of 12 m , end the same on the
downstream edge of the sill to a depth of 7 m .
These precautiong would be necessary owing to the fact that
rock is too deeply seated to be reached.
Because rock is not availsble,the weirs and sills would be
supported on wooden piles, 10 m long.
The closings for the weirs would have the following spans:-
leat the dams-NOS- 1,2,3,4 and 5 the movable weirs would

consist of 6 openings 30 m wide;

2.8t the dems Nos. 6 and 7 , these would consist of 8 openings

30 m wide;

S ——




3.,at the dams Nos. 8,9,10,11,12,13,14 and 15,the weirs would

consist of 10 openings 30 m wide.

Locks -~ The second item on each canalisation step would be
the locke. On the Vistula the water supply problem for lock
operations would not be difficult as at every water level
there would be an excess of water. This is why the single
lock type could be gpplied.

On the modern waterway with a large quantity of traffic the
length of lock has increased up to 330 m and the width to
33 m o For the previously assumed anmual traffic of 15,800,000
tons for this stretch two dimensions are to be considered
12 x 2256 mor 20 x 105 m .

In the latter lock type, a tug with a 1,200 ton barge or a
tug with & train of 2 barges of 600 tons,or 3 barges of

400 tons can negotiate in one operation.

The rhomb shape (see sketch No.H43) of this lock, which I
propose,instead of a rectangular shepe usually employed
creates an economy in the installation of the gate,which
would remain the standard width of 12 m , while the lock is
20 m broad. It seems to me that this type of lock will form
an improvement on the existing type by decreasing the cost
of construction.

The situstion of the lock would be on the opposite bank
from the hydro-electric station.

Both of these structures should be based on the banks, as they
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will form sbutments and the centre will be left free for the
passing through of flood waters,

The water side (river) wall of the lock ought to be continued
by the upper and lower guide-walls of the lock,upwards 150 m
long and downwards 100 m so that wh?le entering and waiting
for entrance to the lock the craf;r%e in quiet water,

Rolling or mitre lock gates may be used. On the river wall

of the lock,theBe would be installed a small turbine pit in
which the water wheel would be directly comnected to an air
compressor at locks provided with rolling gates,or to an oil
pump at those provided with the mitre gates. When the head
exceeds 1.5 m the turbine would furnish the compressed air
or 0il to provide the necessary power to operate the lock
gates.

When the movsable dam is down,and the head is lower than

le5 m air or oil would be supplied through compressors or
bumps by prime movers situated in the power station.

To prevent underscouring the side walls of the entrances and
the lock-chamber would be made up of steel sheet piling,which
would be driven to a depth of 4-5 m below the bottom of the
lock. Steel sheet piling would also surround the gate chamber
and the transverse sheet piling which would be driven to the
same depth as the piling for the loek walls)should be pro-
vide with watertight connections to the latter at both ends.
The bottom of the lock chamber would consists§ of reinforced

concrete with a thickness of 2x8® 0.5-C.7 m , so that the
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weight of the concrete will be greaster than the 1ift of the
water which may come into action from beneath the bottom of
the lock. Bach gate chamber would rest on 8-10 piles brought
down to bearing ground.

Hydro-electric stations -- The surplus of slopes of the
Vistula concetrated in the heads of moveble weirs would be m
used for the purpose of electrification as?gy—product.

The utilization of such water power is regarded as sn ad-
ditional profitébla evelopment of canalisation works,whese
the chief objectﬂi% the improvement of the navigation con-
ditions on the river.

The profits to be gained by the canslisstion work for impro-
ving the navigation conditions would be so great that it may
be possible to charge the hydro-electric stations with only
a part of the costs of the canslisation work i.e. only with
the cost of the construction of sub and super - structure of
the power stations.

The hydro-electric stations on the Vistula,would collsborate
with the steam power stations some times as the base power
stations,some times as the pesk power stations,depending on
naturaj_ stream flow and on the possibility of regulation of
the stream flow during the day by the storage pondages.

I have undertsken sn analysis of the many factors which enter
into the determination of the most economical capacity of the
instellations for water-power development and the extent of

storage pondages in order to utilize the flow of the river to

the greatest economic extent.
[ ™
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Now I would like 03}yk ention that the solution from this
calculation showsTthergﬁzguld be an economic ce@llaborastion
between the water power stations on the Vistula and the steam
power stations,due to the daily storage action by the pondages;
so that by avaéiding losses of water through the spillways the
water power station might be utilized to the utmost. This
would aleo provide a reduction of reserves in the steam power
station, and consequently a reduction in the average cost-
-price of the energy produced.

The hydro-electric power stations on the Vistula,would be of
low-head types (see sketch No.q9) and in this case the best
type of the turbines to be used is Kaplan turhine,with a
vertical axis and adjustable runner blades. The Kaplan turbine
gives higher speed and,permits the use of lower-priced gene-
rators,

The efficiency of a Kaplan turbine is equal to or higher than
that of a Francis turbine at its point of best efficiency,
but the alterations in efficiency of the Kaplan turbine are
insignificant)about 5%’in spite of the great variations in
the working conditions of the power stations.

In the case of the Roznéw power station in Poland it was

caleulated that the use of Kaplan turbines would allow 7% more

energy than could be obtained with Francis turbine .
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On account of the relatively high velocites in the discharge

from Kaplan turbine,the design of the draft tubes and the most

effident selting of the runner (itselevation) s of the first

importance - and should be tested on models, in order to avoid

cavitation and to determine the greatest elevation of runner

gbove tail-water,at which cavitation does not occur.

The following table No. ’7 gives the general estimate of ma-

terials and works for carrying out the canalisation works on

the upper sector of the Vistula,from Krskéw to Sandomierz.

Teble No. f?

le

2e

Be

4,

Se

Ge

7o

Be

the earth work for heightening of
embankments of the Vistula

Concrete

Iron snd steel constructions for
the movable weirs and lock-gates

Wooden piles

Steel-sheet piling of 7-12 m in
height

Turbines and generators of capacity

Workers required -
during

Total estimated cost of the
construction

33,000,000 m°

800,000 m

9,200 tons

100,000 m®

9,000 m
127,000 kW
37 4000
5-4 years

£. 8,800,000
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The _middle sector of the Vistula from Sandomierz to Warsaw
see sketch 1‘\7054'!'52]5:3:“ e = 3 aw,

The middle sector of the Vistula from the tail water of the
proposed dam No,1l5 at Sandomierz to Bielans sJjust below Warsaw,
over a distance of 251.3 km would be canalised by means of

15 movable weirs with a total head of 64.7 m .

This sector of the Vistula,as I have mentioned above, looks
extremely undevelopend due to the lack of regulation works.
For this reason the route of the river is frequently too
bread being forked in several arms, with a constant movement
of silt and a tendency to change the shape of the cross-sec-
tion and the slopes of the bed.

On this account the navigstion has been so far confined to an
irregular traffic of passengers and goods on a very small
scale,

There ie no doubt that this sector having too steep an average
slope would require casnalisation in order that an efficient
modern navigable waterway may be created in the shortest pos-
gible time., In contrast to the upper and lower sectord, there
is on this sector considersble scope for preliminary regulation
before starting canalisation works. The object of the re-
gulation works would be to concentrate the flow at medium and
high wster level, within a single bed,with consolidated banks.
These preliminary works would not affect the whole length of
the middle sector,for the upper reach at Popowo and the lowest

reach at Warsaw would not be included. In the first of these
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the topogrsphic conditions sare favoursble for the construction
of a high dem and storage reservoir in a compact hilly valley.
In the second reach in the district of Warsaw the preliminary,
concentration works are completed.

These existing conditions of the river lead to the division
of the programme of works into two stages.

The first - the construction of the dams locks and power
stations No 16 at Popowo and No 30 at Warsaw end the simmik:
similtaneous regulation works for the concentration of flow
and consolidation of banks on the remaining stretch,comprizing
the future 13 reaches which should be canalised.

The second - the construction of 13 movable weirs locks and
power stations between Popowo and Warsaw.

The first stage --
l.The dam and hydro-electric station at Popowo.

The compact Vistula valley over a distance of 38 km between
the mouth of the Kamienica has hilly banks at an altitude

of 170-230 m zbove sea level,while the mean water level of the
Vistula is at an altitude of about 140 m in the upper and

130 m in the lower point of this stretch.

The narrowest part of the Valley,suitable for the construction
of a dam is at post km 308,where it would be necessary t0 Tz
retsin the water level up to an altitude of 142 m sbove sea
level, in ordér to reach the teoil water at the movable weir
No 15 at Sandomierz. Thus the head of the dam No 16 at Popowo

would be 10 m at medium weater level or 11 m at low water level



. ™

<0

and the length of the reach would be 37.5 km . The available
water power would be 50,000 kW and the yearly output of energy
about 200 million kWh.
The nature and depth of the alluvial subgoil of the dam at
Popowo is suiteble for the construction of an earth dam on
the right bank of the velley with a moveble weir in the bed
of the river,
Foﬁyiong time it was considered that an earth dsm should not
be built unless impervious material is available., But in recent
succegsfgllx/ :
years earth dams have beer built of alluviel sand and gravel
of every degree of fineness and coarseness., All that is
necessary, is to carefully design a suitable shape, based on
thorough investigations and tests of the materials to be used
for the construction of the proposed earth dam.
The chief rules for the design of?%érth dam,on which we have
based the construction of the daml|Turniszki, near Wilna,for
which I have been responsible,are as follows.
The control of seepage through the earth dam is the prominent
feature of its design. The outlet of the top-most flow line
should be well under the downstream toe,and the velocity of
the flow passing through and = under the dam should be so
small,that it would not be capsble of lifting any materials
of the foundations end dam. It is recognized that the slopes
of the infiltrstion line should be b a minimm 1 : 8 - 1 :10,

For lowering the slopes of the infiltration line end for

increasing the distence which the water must krsmz traverse,
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imprevious core-walls of clay , concrete and steel sheet

piling are very often used , and the stsbility of the structure
is increaged.

FPor this came precaution blankets of fine materiale are used
spread over the bottom of the reservoir and one part of the
upstream slope of the dam.

Furthermore , in many earth dams the downstream part is drained
in order to lower the line of infiltration , and to prevent

the saturation of the downstream toe. In the dams at Turniszki
and Czchdéw (on the left bank , where the earth dam is cons t ructed)
a system of drainsge is used , by constructing trenches filled
with broken stone perpendicular snd parallel to the axis of

the dam.

The materisl adjacent to the Popowo dem would be used for its
construction , whether it is sand or clay.

I believe that there would be enough clay pits to design a
normgl shape with core-wall extending from the top to the
imperrious foundation layers , if not , a concrete core-wall
misht be used,

However let ue consider another alternative for a dem without

a core-wall , in the centre of the dem. In this case the more

important features are the side slopes and foundation.

he h.ppl:i.catio-n of soil mechanics makes it possible to develop

(=]

a design for the dam , based on the strength of the material,
to obtain the desired factor of safety.

The method of design depends on the nature of the materisl, on



whether it is cohesion-less,as sand}or cohesive,as silt and
’

clay,or mixed fine sand and clay.

For the side slopes formed of sand the slopes must not be
steeper than the angle of internsl friction. The stability
of eslopes formed of cohesive materisls depends upon the zhexm
shearing strength of the materisl along a deep-seated

cylindrical surface, called the arc of failure,see sketch

o, U 50+ &rqe 172) .

The segment of the slope lying sbove the arc of failure,has

a tendency to slide downward,rotating sbout the centre of

the arce

The method of locating the approximate position of the centre
of rotation for various slopes has been tested in some labo-
ratories. I had the opportunity to visit the lsboratory of
Prof.W.Fallenius in Stockholm in 1933, and the lsboratory of
Prof.Charles Targaghi in U.S.A. in 1936,and I have been res-
pongible for carrying out research in the laboratory in Poland
in connection with the construction of the dame at Turniszki
and Ozehéw’on the gquestion of the failure in shear due to the
over-stressing of the material.

If we disregard the effect of seepage on the stability of the
dam,the steps.to be taken in the design are relatively simple.
We must Fix the approximate position of the centre of rotation

for the arc of failure and the gravitational force,which is

resolved into its normal and tangential components acting



along the arc.

For the calculation of the tangential force,the part of the
dovnstream slope gbove the gurface,defined by the arec of faibire,
is divided into vertical segments,

The tangential components on each of the segments,acting along
the arc at the vertical projection of the centre of gravity

of the segment on the arc of failure are added together,giving
the total force "T",tending to produce displacement.

The force registing this tendency is the sum of frictional and
cohesive forces acting along the arc. The frictional force

"N" ig the sum of the normal components of gravitational forces
multiplied by the tangent of the angle of internal friction''g",
The cohegive force may be obtasined by multiplying the unit
cohesive strength "C" by the length of the arc "1",

The cohesive strength is to be obtain by a shear test made upon
a specimen of the materisl,prepared in a condition to simulate
the most adverse situation that could be expected in natural
circumstances. Cohesive strength is considered to be independent
of the pressure and dependent upon the materisl and its con-
dition.

Thus the factor of safety may be estimated by the formula

S=N°*ten@dsec?t1
C T

which should be multiplied by a coefficient 1.25 in order to
obtain a greater assurance of stability,if we adopt the shape

of the dam,based upon the lsboratory tests.
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Another element enters into the stability of the tailwater
glopes of the dam when we take into account the hydro-mkxzmkxiz
-dynamic force created by seepage water,which produces an
over-turning moment in the part of the slope lying sbove the

e
arc of the failure,see sketech No. 05.
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~ The loss of head "h" occuring tnrough the part sbove the arc
of failure "bdef" is due to the friction over-come by the
seepage water through the material. The effect of this loss
of head is considered as a force acting in the direction of
the tangentisl component which tends to produce failure., The
force "F" tending to cause displacement in the direction of
seepage is equal to the loss of head "h'"; multiplied by the
weight of water and by the area surface "fb" of unit thickness.
The proper design for an earth dsm without a core-wall should
be considered very thoroughly snd based on lsborstory tests
upon aveilable material adjacent to the proposed dsm. The
results of experiments made with the soil of other localities,
where the material was very much the same classification,can~
not be gpplied to new places unless local conditions are
tested first,because there is no such thing as a standard side-

-slope., In the case of the dam at Popowo the detailed plan
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and leboratory tests would fix the best slopes, which might
vary from 1 ¢ 3.5 to 1 ¢ 4.5 , if such a type were adopted

instead of a type with core-wall, see sketch No.gil.

EARTH DAM AT POPOWO “ 54

An alternati.ve without a core-wall

On the left side of the dam, i.e. in the bed of the Vistula
a movable weir would be constructed for the discharge of high
water snd for the regulation of water level, The spillway
capacity should be so great that there would be no danger of
overtoping the dam.
An spproximate calculation shows that the total opening should
be 320 m wide.
Owing to the fact that the head at Popowo is 10 m at mean
water level it would be necessary to install a type of weir
suitsble for the discharge of large water volumes, and for
the easy discharge of ice. I propose in this case to use the
hook-double gates.

This type of movable weir was described in Chapter Noda Vol.2
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on the proposed Oder-Danube Canal. This system offers the
advantage that the height of the upper gate is not dependent
on the height of the lower gate,and can be lowered at least

5 m and therefore the discharge of ice can be very successfully
accomplished over this structure., In the times of very high
water it would be possible to raise the lower gate, so that
its bottom would be placed sbove the high water level., On
account of the fact that the two gates slide into each other,
the winches can be placed fairly low and a saving in expense
can be effected in the height of the piers.

The shape and the lengths of the weir bottom and the further
dovnstream side protection of the bed would be fixed from the
results of test on models.

The power station would contsin 4 Kaplan turbines with a
capacity of 12,500 kW each, and the triphase generators,each
having 15,600 kVA ,

The lock with dimensions 105 m in length and 20 m in width
would be constructed in this seme way,as was described above
Chapter No.IIc,1lsV0l.?2

The second part of the first stage of the works on the Miédle
sector of the Vistula would be the consolidation of banks

and concentration of flow in a single bed.

The method of regulating rivers with a view to the imp rovement
of navigsble conditions,some principles and exsmples of which
I have described sbove,is only successful in the case of
rivers in a state of equilibrium, and when the slopes are

slight,
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It must be replaced by canalissgtion,when the slopes are steeper
and when hydrsulic power can economically be turned to account.
The middle sector of the Vistula belongs to the latter group
and the preliminary regulation works which I propose are not
designed to develop a navigable chennel,but only to concentrate
the flow in a single bed at medium water level,to improve the
layout of @k protective dikes and to stregthen and heighten
them to an elevation suitable for the future retained water
level caused by canalisation works.

The first aim would be obtained by the construction of groins,
training walls and revetments on the conceve banks,but asbove
all by closing the lateral arms.

The material to be used for the construction of the groins
would be stone,fascine and gravel.

The cores of the groins,where erosion by the current is not
too great,would consist of gravel or sand,covered with fascines
and broken stones, and in the deepest places an additional
piling would be used,see sketch No. 56 ,the slopes would be

Lo
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In the sections where the flow is more rgpid the groins would
be built of stone fig.ﬂb.gjwith slopes 1 : 1.5. On concave
bends, longitudinal revetments or training walls would be
constructed of broken stones with slopes of 1 : 2 » and on
the’ sharp benda 1": 245 o'l §'3

In the case of a steep bank with a great depth and moderate
velocity of flow'revetmente formed of a combination of fascine
and sand,obtained from the bed of the river,by means of a
suction dredger would be adopted. This arrangemeht is
illustrated in the sketch No. 56.

The high water regulation would provide for the discharge of
the highest spring and summer flood flows between longitudinal
levees,which would be erected for a distance of 400-600 m .
Between these levees it would be necessary to excavate at
many places on the banks between the medium water level and
the levees so that the ground level between the levees would
be made to lie 1-2 m sbove medium water level and to rise in
an gversge slope of 1 ¢ 800 - 1 : 1,000 towards the longi-
tudinagl levees. This regulation of the shore level would
lead to uniform and quick evecuation of the high water dis-
charge and ice during the first period and also during the
second period when the canalisation works would be completed.
The congsolidation and the raising of the existing protective
levees or construction of new levees in those sections where
they do not exist would require a shepe similar in many XEExE

respects to that of modern earth dams teking into account



the prolonged action of the retained water level,caused by
canalisation works,

The bases for the determination of the elevation of the longi-
tudinal levees are the existing records of high water level,
teking into account the incresse of the high water channel
constructed in a single bed.,

The following tsble Xmxzshaws No.i% shows the differences
between low and medium water level and that of the highest
water level over the distance between Sendomierz and Warsaw.

Table No. 1D .

Gauging station Post km Altitude sbove sea level at flow:

low medium high
Sandomiersz 268,44 140,67 141.98 147.03
Dabrowa Wrzaska 274.6 139,15 140,51 145,07
Chwatowice 284.7 13643 137,93 141,33
Zawichost 28766 185,38 13727 141 .43
Annopol 208.4 18522 134,51 157.80
golec 352.0 124,95 126,19 129.84
Puz awy 3711 115.52 116.87 122.64
Deblin 393 ¢4 110.08 11174 115+62
Kiodaxa 43243 100.89 101,79 104.60
Krélewski Las 465,9 91.64 92.75 95.92
Warszawa 51348 78457 79.77 84,68

e e e e

From this tgble it is evident that the amplitudey of water levels
Varies from 3.7 m in Xzodakg where a very large inmandation

area of the river is formed by flood flow,due to the lack of
protective dikes, to 7.1l2 m at Puiawy .

The high water levels in the above table correspond on the whole
t0 the flood in 1934,except at Zawichost and Putawy where a

higher water level was noted in 1819. The same relates to Warsaw,



where the highest level was recorded in 1844,

It must be mentioned that the flood flow in 1934 on thie
sector of the Vistula was not the biggest which could be
expected , because it was caused by an extremely high flow
ranning only from two tributaries the Reba and the Danajec
whereas the tributaries running below Sandomierz had not =
very high flow at that particular time. For a similar reason
the 19 th century showed even greater and more catastrophic
floods. The greater part of these floods happened during the
period when there where no protective dikes #&®m on the Vistula,
and therefore when the natural retention action of the valley
was unrestricted. That is to say that should the same flow

be repeated now, or in future , the high water levels would

be even greater , considering the narrowing of the channel by
longitudinal levees. I emphasise this fact as a rule for the
raising of thes levees. Unfortunately the only records made
during the 19 th century are at the geuging stations at Zawidwost,
PuZawy and Warsaw , therefore for the remaining sectione of

the Vistula the data for calculation must be obtained by
deduction. The comparison between the highest water levels

at Warsaw during the floods , where the gauging records have

been kept since 1799 is as follows:i-

Year high water level

1813 605 cm

1839 585 cm

1844 635 cm

1845 564 cm :

1867 592 cm &
1884 546 cm 5

1934 549 cm



The sketch 1-{0,5:?,’ gives the typical shape of cross-section of
the protective levees for sectors where the difference between
low and high water levels is very great.

The estimate for the materials required for the construction
of the levees and regulations works to concentrate the flow
will be summarized in the tshle Mo, A0 .

Regarding the Vistula valleyfl think that the area inundated
at high water,comprising slso the land at the mouth of several
tributaries,cannot be greatly improved and protected by

emb ankments or other methods of enclosure,as the accumulated
effects of such measures would produce inconvenient rises in
the high water of the river,and congsequently lead to still
further ﬁﬁgﬂ%ning of the crests of the levees.

In this wey later devastating floods couldgoccur in the valley,
in spite of the protective measures which were previously de-
vised to keep the flood waters within bounds.

Therefore a plen for a system of reservoirs should be carried
out st the same time and it should include the control of
flood waters at or near their sources.

The co-ordination of all the improvements in the upper and
lower courses is essential in the Vistula valley.

The study of flood frequencies and magnitudes kmm# led me to
the conclusion that the improvement of the Vistula by regul atim
or canalisatioﬁ works in the middle and lower gsectors and the

flood control there,cannot be successfully planned if the flood

VD



and silting control in the mountainous areas were not solved
in the same time.
For this reason,after the flood in 1934 I proposed a Drogramme
for the construction of 22 storage reservoirs, the effect of
which would be to decrease the high water level from 2.0 m
in the middle sector of the Vistula to 1.0 m in the lower
sector,
Therefore the pre-war water development in Poland was chiefly
concentrated on the construction of a number of storage re-
servoirg,for which I have been responsible. The largest of
them was the Rozndéw storage reservoir on the Dunajec with
8,000 million cubic £&qt capacity.
I present below some cost for the construction of the regul etion
works,which vary considersbly,according to locality and size.
In U.,S.A. the cost of groins snd training walls :-
a)on the Tennessee +the unit cost of stone groins 8sh 3d per m?
b)on the Little River " " ! M W ggh A e M
c)on the Mississippi(upper) for the construction of 9 million m°
of training walls in stone and fascine the average cost
amounts to 3 sh 6 4 per ms,which corresponds to 74 sh per
one metre of walls. Later the prices rose snd amounted on
the average to 4 sh 4 d per ms,during the construction of
400,000 m® of training walls. The cost of stone for thie

work was 6 sh 8 d per m& and of fascine it was 2 sh 9 d per

mB;

d)on the middle and lower Missiseippi the unit prices of the



construction of training works varied from 54 sh to 435 sh
per one metre of dikes,according to their height snd size.

In France the cost of groins and training walls:-

a)on the Garonne the unit price of training wells and groins,
for the construction of 21,000 metres was on an average
62 sh per one metre of dikes,

In Russie on the Don where fairly high dikes have been built

the unit price amounted to 85 sh per one metre of dikes.

The maintensnce and the up~keep costs of the regulstion works

varies between 1% on the Weser to 6% on the Rhone.,

The third part of the first stage of the works on the middle

sector of the Vistula would be the construction of the movable

weir,lock and hydro-electric station at Bielany in the Warsaw

This canalisation fall will have to fulfil some spebbal

functions as I previously pointed out. They are as follows:-

le.the improvement of navigation conditions in the district of
Warsaw;

Reproviding the Warssw district with a part of its electric
power consumpbion,especially for the electrification of the
railway system in the Warsaw area;

3.ensbling the sewage pipe-lines to Dbe carried across the
Vistula by placing them in the sill of the dam. Thie would
lead them to a dump,which would be ®kx situated on the
other bank of the river from the outskirts of Warsaw;

4.carrying the gas pipe-lines and electric cebles across the



S.the linking up of the construction of the dam with the
building of the bridge,which is urgently required;

6+to build a commnication tunnel plasced in the concrete sill
of the moveble weir,

Thig project was worked out by Prof,K,Pomisnowski, H.Herbich

and Z.Zmigrodzki before the war,and a swmary was published

in the“Proceedings of Polish National Committee of Energyn

in 1938 and in;%ater Heonomy of Polandqin 1939,

The availsble power gt this site would be 20,000 kW and the

output of energy would amount to 140 million kVh per annum.

The cost was estimsated as £. 1,320,000.-

The second stage of the works on liiddle sector of the Vistula,

After the completion of the preliminary regulation works with
the object of concentrating the flow in a single bed,and of
consolidating the longitudinal levees,which would telje a
period of 3 years, the remaining works for the improvement

of navigation conditions would be the construction of 13 mo-
vable weirs,provided with locks and hydro-electric stations,
This number does not include those at Popowo and Warsew which
were included in the first stage.

The type of constructions would be similar to the csnalisation
works on the Upper sector of the Vistula described sbove.

The difference consists only in the fact that the moveble
weirs would have larger openings due to the increased flood

water,



The totel length of the bear-trap weirs would smount to 5,040 m
for 13 canalisation falls of gbout 4 m in height at medium
water level. The smellest opening would be 330 m and the
largest 420 m in width.

Also the available water power on the liiddle sector of the
Vistula would be greater than on the Upper sector i.e. it
would amount to 300,000 kW with an average output of energy
1,630 million kWh per snmum.

The following table Nb.'? gives some data of the proposed
instellation of hydro-electric stations.

The total estimate of main materisls,mechanical equipment,
labour required,and cost for the proposed canalisation works
on the liiddle sector of the Vistula is summarized in the

t@e Hos SO,

(see next page)
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Table O, '9 +The following tsble gives some data of the pro-
posed installation of hydro-electric stations.

25
26
27
28
29

30
(Bielany-Warsaw)

Head at Hydro-electric station

medium  capacity output million

water kW kWh

level m
3080 o 10 50,000 200
32546 4 15,000 70
34142 4 15,000 85
3578 4 15,000 85
37443 4 15,000 90
392.4 4 18,000 95
40749 4 18,000 100
425.7 4 18,000 100
4390 4 18,000 100
4534.8 4 18,000 105
46848 4 20,000 110
48345 4 20,000 110
49842 4 20,000 120
507 «0 BeT 20,000 120
521 .8 3 20,000 140
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Table No,:LO.The.total estimate of main materials,mechanical
equipment,labour required,and cost for the pro-

posed canalisation works on the Middle sector of
the Vistula,

First stage Second stage Total

l.EBarth work million m® 36 3 39
2.Concrete thousand m® 400 1,000 1,400
3¢Groins and training
walls 5
a%length thousand m 160 160
b ) volume " md 2,400 2,400
stone )i 0 1,000 1,000
fascine " 1,400 1,400
4.Wooden piles " " 22 85 107
5.3teel construction for weirs
and lock-gates thousgand tons 3.2 il 14.2
6eSteel-sheet piling m 2,000 5,000 7,000
TeInstallation of Kaplan
turbines thoussnd kW 70 230 300
8.Generators MO AR 8745 28745 375
9.Workers required 40,000 20,000
10. Period of construction B4 =4 6-8
years

1l. Cost of construction
S.million 78 40 14,8
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The lower sector of the hatulq from Warsaw to Bydeossz
See sketech 110, bol“ln' - Bydgoszez,

The lower sector of the Vistula from Warssw to Torid has been
treated separately in the plan for canalisation works,to
emphasize its double importance in the network of Polend’s
waterways. This sector with its extension to the mouth of the
Brda forme a common link between the two internstionsal water-
-ways -

l.S.. along the Vistula to the Baltic;

2.WeZe along the Transeuropesn waterway.

This overlapping of the two main navigeble waterways in one
route will result in a bigger annual traffic, than that carried
on the previous sectors,

The economic importance of the Vistula from Warsaw dovmstream
has been recognized for a long time in the past,snd rafting
and navigation dates back to the 13th century.

In the 13th century the export of timber was commenced with
shipments of Magovian wood;whilst the export of corn t'{-oagn
Gdaisk(Denzig) srose during the l4th century.

The economic upheaval which took place in Europe towards the
close of the Middle Ages, the decline of trade with the East
and the rising demand for corn in West Furope caused the corn
trade to develop very regpidly. Thus, at the end of the XV th
century,sbout 700 vessels annually were navigating the Vistula

to Gdarisk(Danzig) with goods mostly destined tn%g:e West Barope.

The rapid growth of the corn trade was likewise favoured by the
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opening of the Baltic Ses,as a result of which the number of
countiies,including Scotland,having direct trade relations
with Poland,increased considerably.

An average of 1,200 vessels entered Gdarisk(Danzig)every
year at the close of the 16%th century and at the beginning
of the 17th century,the pesk figure of 1,867 vessels was
reached in the year 1618.

Trom the middle of the 17th century,with the destructive
wars afflicting Poland,at that time,and with the breakdown
of economic life, river traffic on the Lower Vistula begen
steadily to declinee.

Only once, during the reign of King John III Sobiesgki did
the returns of goods traffic rise to their former level,to
shout 400,000 tons.

The second rise of traffic took place in the second half of
the 18th century,whilst the construction of the Regal Canal
and Ogifski Canal were completed,thus the hinterland of the
Tower Vistula increased in area from 74,430 =g miles to
188,400 sq. miles. The goods traffic on the Vistula to
Gdaﬁsk(Danzig) reached at this time 300,000 tons.

After the first partition,when Prussia annexed Pomerania,
but not Gdsfisk(Danzig),Frederick II,took over the Customs
House at Fordon, in 1772,where he levied @dn increased duty
of sbout 12% "ad veloraum" on all goods passing that point,
the duty thus charged by him being nearly ten times greater

then that levied in Polish times. So at the end of XVIII
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century the export of com through the Vistula to Gdarsk
(Danzig) fell to 25,000 tons.

When the congress of Vienna undertook the delimitation of the
new frontiers of the countries of Burope,it endeavoured to
minimize the economic difficulties,which were sure to arise
as a result of the changed conditions., Freedom of navigation
upon the rivers of the former Polish territory was guaranteed,
to the inhabitants of the partitioned state. This resolution
of the Congress was of great signifiea’gq‘bw;n for the sea-borne
export of farm produce from Polsnd, as navigation on the lower
Vistula was then pExigms¥y obviously of prime importsnce to
that trade. But it so hgppened that it was just in this
question,that the decission of the Congress remained but a
serap of paper. Prussia raised the duty,once again,on agri-
cultural produce passing in transit through Pomerania to
Gdarisk (Danzig) .

As a result the export from the Kingdom of Poland through

that port fell year by year,and reached the low level of less

than 20,000 tons in 1822.

g this time Poland checkmated the schemes of Prussia by

setting up a plan for a waterway,along the Narew, through

Augustowski Cansl,along the Niemen river and the Windsua Cansal

o  Loa mouin
to the port of windau,and go avoid the Tower Vistula

But before the works necessary for putting this plan in action

were commenced,Prussia concluded a new commercisl treaty, in

1825,which envisaged better treatment of ﬁolish economic interests.



The quantity of goods traffie on the Lower Vietuls
increased and the export of corn grew to 150,000 tons of
the middle of XIX th century , and the number of timber
rafte varied from 1,500 to 2,000 snd the highest figure for
timber was of gbout 1,7 million mg.

The enormous economic development of Burope during the past
century as a result of inventions and a prowth in overseas
trade,couced a revival of interest in waterways as a medium
offering cheap and eagsy facilities for goods trensport. In
many countries new canals were bult,the rivers were improved
by regulation snd canalisation.

The Lower Vistula was not entirely overlooked but the re-
gulation works were carried out very slowly and the river
remained in the condition for the navigation of small sized

craft.
The highest goods traffic on the Lower Vistula was reported

to be only 600,000 tons while that on the Rhine was 50 times
greater.

The economic history of the Lower Vistula,briefly reviewed
-here,clearly showe that there are not only very close efimical
but also close economic bonds connecting the Baltic and
Pomersnia with the rest of Poland , which furnishes an erormous
hinterlsnd served by the Lower Vistula and its mouth nesr
Gdariek (Danzig). The Lower Vistula area cen only benefit by
serving this interland when it is bound by close political
ties with the rest of Poland. The same applies %0 Gdansk

(Danzig) and its port. Whenever these ties become loosened
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or fall apart, a period of stagnation ensues for navigation
on the Lower Vistula and for the port of Gdarisk (Danzig) .

But the river must be regulated and the improvement should

be such,that the crestion of?ﬁodern navigable waterway would
EEakkzinrd be obtained in the quickest and most effective

Way e

With a system of waterways planned to embrace about 755 of the
whole of Poland,the chief export commodities which would

pass alonéﬂzawer Vistula would be cogl,farm and forest products
and also those goods manufactured by the industries working

up forest end agriculturel raw materials. In that case,the
ergstwhile role of the Vistula would in a great measuréobe
regtored. The import trade would consist of raw materials

necessary for the industries set up on the areas served by

the waterways.

The Vistula from Warssw to Torutl is more or less in the same
conditiony from the standpoint of surplus of glopes as on

the upper or middle sectors. Secondly, the navigation conditions,
though better than on the middle sector,are Very far from

those reguired in a modern navigable waterwey.

The past regulation works which have been carried out did not
improve the river in the strictest meaning of this word,
therefore we must state that the regulation must be done

elmost from the beginning. I put this "almost" because some

regulation works preliminary to the next censlisation works
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were carried out by the Polish Water Sermvice., %0 there would
be less preliminary work having the object of concentrating
the flow in a single bed at medium water level and keeping
the flood waters within levees , compared with the middle
gsector Sandomierz-Warsaw,

Therefore it would be possible in a short time to start the
proper regulation by canslizing the river, The lower sector
of the Vistula from Warsaw to ToruA presents various possibi-
lities for retaining water level from the topograﬁhic gtand-
point of view. There is the stretch between Wrockawek post
km 679.4 and Pzock post Xm 632.4 with a compact valley with
high banks , allowing the construction of dams with a high
head of sbout 10 m , similar to the proposed dam at Popowo on
the middle sector of the Vistula. On the other reaches the
conditions are worse requiring the construction of a lower
type of movable weir , with heads varying from 3,5 m to 4.4 m ,
at medium water level.

There is no doubt at all that the right plan would be to
start the works in several places so that the final effect
would be to complete the modern nsvigsble waterway , with the
utilisation of water power along the whole route at the same
time.

The total length of the Vistula sector between the tail water
at the dam NO.ISO at Bielany in the Warsaw district , to the
last dam No. 39 at Torurd would be 213 km .

The remainding stretch from Torun to Bydgoszcz over a distance
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of 37 km i.e. to the outlet of the Transeuropean navigsble

waterway from the West to the East s requires only additional

regulation works relatively on a small scale to improve it
for taking craft of 1,000 tons.

The canalisation works on the lower sector of the Vistula

downstream from Warsaw would present many similarities with

the previous middle sector upstream from Warsaw.

In the first stage the following works would be undertaken :-

l. concentration of flow in a single bed at medium water level
by means of groins;

2. consolidation and raising the protective levees to a proper
level , taking into account the future retained water level
due to the canalisation falls;

3e construction of the dam No. 36 at Wroctawek , for which the
reach over a distance of gbout 55 km does not recuire
preliminary work owing to the existing high banks,

In the second stage after the completion of the preliminary

regulation works , which would take a period of 3 years , the

remaining work of canalisation would involve the construction
of 8 moveble weirs , locks , and water-power stations.

The rales for the preliminary regulations works have been

described sbove as well as the design of the longitudinal

protective levees.

The bases for 'I:he projection of elevation of these levees

might be drawn from the existing records which are summarized

in the following tsble No.d4 , taking into sccount , in md#x
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in addition , the retaining effects caused by mo'vable welrs
and by the enclosure of the flood flow within the levees,

Table Noe. 94/1 o

Altitude ghove seg level

Gauging station Post km a_ t el
Tow medium high
Bielany 521 .8 75452 77 +80 (82.50)
Modlin 501le5 68499 70462 74,57
Zegkroczym 55640 68.+00 69.78 T4 .46
Wyszogrdd. 58647 62475 64.00 68419
Pzock 63244 538456 644,95 60.05
xocx awek 879.4 44453 45,79 50466
Nieszawa 70244 39,74 41 449 47,25
Silno 719.8 35448 58413 44,29
Torun 734.8 33458 35452 41,86
Solee Kujaweki 763.0 28,78 30480 36405
Fordonii TT74.9 26449 28431 55450

The altitudes of highest water levels do not correspond to
the same flood. A part of it applies to early records as in
Prock in 1844 , in Toruri in 1871 , in Nieszawa in 1888 , the
others at Modlin and Zakroczym which are more recent apply to
the flood in 1929 , the remaining are derived from the spring

flood of 1924 .

Trom the foregoing data we can see that the difference between
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the low water level and that of high water varies from 5.6 m
at Modlin to 8.8 m at Silno.

The dem at Wioctawek with s head of 10.2 m at the medium
water level,would be of very similar construction to that at
Popowo,described sbove. The estimate of works would be
glightly different, because the abutment as an esarth dam would
be shorter}but the length of the movable weir consigting of
the hook-gates type would be greater.

The biggest difference would be in hydro-electric arrangement
for water power station. The availsble power and the output
of energy would be much greater namely 100,000 kW and
550,000,000 kWh per snnum. This would be the greatest power
station on the Vistula, snd its unit cost per kWh would be
the loweste. The economicygl features of this power station came

from the favoursble topographical and hydrological conditions.

The high heead coincides with a large quantity of flow.
The following table No.fl% shows us the renge of flow obtained

from the discharge gauging made on the Vistula at Wroczawek
in 1934,

Table No, 1%‘

River Gauging station Date Gaui?l height Disch;gg:
1934
Vigtula Wiocx awek 9.11 134 952
'- 307 350 3,151
2347 413 4,215

24,7 480 5,290
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From the developed stage-discharge curve,see sketch No,.bJ
it is evident that for the medium water level discharge

. t5)
amounts to 1,200 m"/s or 42,500 cubie feet,
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The remaining 8 movable weirs which would be built in the
second stage,would be of the standard bear-tap type,which

I have proposed on the upper snd middle sector of the Vistula,
because they perhit easy lowering in order to discharge.

The dimensions of locks would be 225 m in length, 12 m in
height and 3.5 m in depth,owing to the fact that the estimated
traffic would be greater on this sector of the Vistula,and
that the probllem of water supply for lock operations does not

Present any difficulty since it constitutes only a very small

pProportion of the Vistula flow.
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The canalisation of the lower sector of the Vistula from
Warsaw(Bielany) to Torud will develop the following values
of power and energy.

Table No.:l.l?J

Number of weir Poet km  Hydro-electric station

capacity kW Output million

ki

31 541,53 25,000 130
32 56142 35,000 180
33 Wyszogréd 588.3 35,000 180
34 60745 40,000 200
35 6277 40,000 200
36 Wrocawek 682.0 100,000 550
37 70048 35,000 190
38 719.0 35,000 190
39 Torun 734.,0 35,000 190

380,000 2,010

The total estimate of main materials and equipment for carrying
the canalisation works on the lower sector of the Vistula
from Warsaw to Toruni, over a distance of 213 km , and the
regulation works from Torufi to Bydgoszcz @k over a length of

37 km is summarized in AR4 spproximate figures as follows:i-



Table NO.%LL

First stage Second stage Total

l.Barth work million mz3 2 Lid 29.5

Z2.Concrete thousand ms

200 1,000 1,300
5.Groins end training

walls of stone snd

fascine thousand md 1,300 - 1,300

4.Wooden piles i m° 16 75 93

5.,5teel construction
for weirs asnd lock

gates thousand tons 348 946 13.4
6eInstallation of XKgplan

turbines kW 100,000 280,000 380,000
7e.Generators kVA 125,000 350,000 475,000
8.3teel sheet piling of

10-12 m in height m 700 5,000 5,700
9.Workers reguired 29,000 16,000

10.Period of construction 3~4 3

1. Cost of construction £. 4,900,000 6,400,000 11,300,000
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Regulation Works on the Lower Vistula,
The remaining sector of the Tower VisTula from the mouth of

the Brda to the Baltic,rung norgvards through the fertile valley
called Pomerania (Pomorze). If ymm we look into the dim past
Pomerania appears as an area freed from the bondage of the
last Ice Age as a belt of hills; the northern slopes of which
decreased to the Baltic, whilst at the foot of the southern
slopes a great post-diluvial river flowed from east to west
along the primeval Torun-Eberswald valley.

Daring some geological cataelysm the Vistula broke through
northwards and its huge discharge with the help of time eroded
a wide valley which offered a convenient passage to the sea
from East-Central Burope. Thus the Vistula at that time
acted as a route linking up the wide plains of the hinterland
with the rest of the world; this state of affairs has lasted
to the present, albeit conditions have greatly changed.
Other kinds of transport pass through the valley of the
Vistula and the river itself plays an exceptionally small
part in Poland’s transport traffic because the improvement of
the Vistula especially in the upper reaches has not been
completed,

The first regulation works were projected by Severin in 1830.
The longitudinsl profile of the new river channel was
determined on ﬁhe basis of insufficient hydrological data.
The breadth of the river and the dimensions of cross-sectins

were calculated by Severin on the basis of a survey of 27
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cross-sections at a period of medium water level, the sverage
area of which amounted to 940 m?. Teking the necessary depth
of 2.5 m , Severin calculsted a breadth of X 375 m , just
above the mouth of the Nogat., Maintaining the same depth

and wishing to direct two-thirds of the flow through the
Vistula and one-third through the Nogat, the breadths of

250 m for the Vistula and of 125 m for the Nogat were applied.
In spite of very extensive hydrological studies conducted
subsequently the width of the river was not changéd during
the Prussian occupation,

When in 1880 improvement works were undertsken on a larger
scale the aim was to create a channel with a depth of 1.67 m
at low water level to pemit the uninterrupted navigation of
400 ton barges, having a draught of 1.47 m . In effect,
however the downward moving sand-bars have csused the main
channel to become so tortuous that depths of up to 10 m have
appeared at the bends, whilst sand shoals have arisen at the
inflexion points and often reduced depths to less than one
metre with a consegquence stoppage of all navigation.

In 1903 more than two hundred shOals.and a like number of sand-
-bars were counted and it was estimated that they usually
occupied sbout two-thirds of the regulated channel and in
addition the sand-bars constantly changed their positions,
The vagaries of the flow not only hindered navigation but also
destroyed or damaged the regulation works. Furthermore the

very costly work in dividing up the volume of water with
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two-thirds brought down by the Vistula and one third by the
Nogat Tailed to yield the results expected. The mass of water
passing through the Nogat was greater;fluctuated very Widely}
and the entrance was being constantly dameged or eroded.,
This led the German Waterways Board%ak%% the radical step
of closing the entrance to the Nogat by means of a lock and
of regulating the flow of water to a fixed volume by means
of a sluice gate. These works were finally completed in 1915,

This method of solving the problem could not bu't have its
effect on the Vistula,whose channel below the Nogat had been
planned to hold only two-thirds of the high-water volume.,
Every period of high-water was marked by enormous erosion of
the river-bed,often approaching the 20 m sounding.

akso atse/

The German authorities@'onducted certain regulation works in
the Vistula delta.
In 1847 the Vistula as a result of its course being dammed up
by ice-packs broke its way through the sand-dunes near Neuf;hr
and entered the Baltic at a new place some 12 km from its
former mouth.
In order to ensble vessels to reach Gdarisk(Danzig) the sbandoned
river bed was cleared ﬁp and closed by sluice-gates near
Danzig-Krakau . When ,however,dﬁring the course of regulation
works conducted later the volume of sand brought down by the
Vistula increase;d}it was feared that ice-packs would again
arise and dam up the channel; it was then decided to excavate

a new channel for the river by the simple extension of ite bed



PR AR

to the north through the chain of dunes at Schievenhoret, This
work was completed in 1895 snd the Danzig (Gdarisk) and the
Elbing%bre closed by means of locks. In consequence of this
additionsl shortening of the river’s course the longitudinal
slope inereased and became very mach steeper during high-water
flow,thus csusing enormous erosion of the river bed and cone-
sequent considersble damsge to the river regulation works.

The shortening of the course of the Vistula by the creation
of a new mouth at Sxhievenhorst has had no favoursble effect
on navigation vesselsﬂgre still obliged to pass through the
Dead Vistula to Gdarisk (Danzig) or through the Elbing arm.
Passage through the main mouth is still not easy as Poland’s
experience in 1926 and 1927 demonstrated., The medium water
channel over the last seven kilometre of its course has been
broadened from 200 m to 400 m , whilst the distance between
the dikes has been reduced from 1,000 m to 750 m .

This facilitates the current carrying the sand out to the sea
but simultaneously is the cause of sand-bars arising immediately
beyond the mouth and further off-shore,

This state of affairs made it necessary to undertske dredging
operations with a view to obviating dangerous accumilations
of ice packe which might again dam up the river.

As we have Bmem learned from the brief foregoing report,the
state of the Lower Vistula when it was taken m& over by the

Polish authorities from the German Administration in 1919 was

far from gatisfactory.
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There can be no doubt that this riverp could if properly re-
gulated bear vessels of at least 1,000-1,200 ton capacity.
Polish authorities have undertsken detailed studies with a
view to transforming this sector into a modern navigable water—
Way e
Research works and gauging on the question of ks i and
suspended silt have been continually conducted to-;éford the
basis for a sgheme for regulating the river at lowwater con-
ditions in accordance with Girardon’s principles. This plan
was being tried out on a trisl sector of the river just before
the war broke out.
Iﬁ“ﬁéantime since 1920 nearly all the damage done to the re-
gulation works especially during the war 1914-1918 was repaired
by the Polish asuthorities over the total length of the Lower
Vistula, and additional dredging works have been carried out
continmially,to maintain navigation for medium sized boats.
Thus the state of the river bed for navigation conditions has
) Mk& he
been at least at the same or higher level as Im%Prussian
(times) occupation.
According to the records 1901-1910 the number of sand-banks
and shoals was mEEXx over 200 where the depth was 0.6 m less
than that required for 400 ton barges. After the completionc4«
the most urgent regulation works fthe soundings showed that
there were in recent years 45 inflexion points having a depth

0f 035 m legs than that recuired for 400 ton barges at the

lowest water level. During only four months in the year at
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higher then medium water level the Tower Vistula was capable
for 1,000 ton barges. Therefore the size of the craft
navigated on the Lower Vistuls is rather small. The vessels
cen be divided into three categories:-

26% are those of under 200 ton capacity , 50% between 200-300
ton and 24% are vessels of over 300 tons.

The Lower Vistula is equipped with a large number of quays and.

hs

0]

several wintering ports at Torwi, FordohA , Korzeniowo ‘.
Gradzigdz and Tczew. The only large river port which has
proper railway connections and which is eauipped with trans-
loading equipments is at Toruri; it also has a specisl bagin
for timber rafts. The smallest one with transloading equipmentd
and railway connections was built in Tezew some years before
the war.

The flood control on the Lower Vistula is satisfactory, the
longitudinal dikes having been improved. The largest Xmzxx
improvements works have been done in the sector where the
Kwidzyh valley was menaced. The maintenance of the banke have
been kept at a proper standard by conservation works snd these
protected the Vistula valley over the highest recorded high

water levels , the figures of which are summarized in the

eoTlotiiEt dile Nopay Dns

(see the next page)
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Taeble No. ZSI .

Gauging station Post km Altitude sbove sea level
low water medium water high water

Fordon 74,9 26449 28,31 35 ¢ 60
Chezmno 80648 20417 22435 28436
Grudzigdz 854..8 15.09 17 .43 24443
Korzeniowo 867 +0 9437 11.70 19.06
Matawski Cypel 886+4 590 7480 15.64
Mexa SZorica 898.7 2491 5427 12.85
Tczew 908.6 1,15 5e51 11.59
Schievenhorst 03846 = = e
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The construction of a modern waterwsy has not been resliged

to date since the detailed project for low-water regulation
had to be based on fairly long studies,which have szlready been
undertaken,

These regulation works for improving the river navigation
conditions to tske the 1,000-1,200 ton vessels over g distance
of 166 km from the mouth of the Brde to the Danzig(Gdanisk)

would call for the following main materisls and investigations:-

«Training worke and ine in length 180,000
é E;’gi.ll;lng worke and groins i g 1,000:000111%
3.fascine 1,700,000m

s 13,500m

4,wooden piles £ 506
S.workers I’equil“ed..uo.......-.......;‘.u ’OOO
6.cost of construction £.920,
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The completion of the regulation works on the Lower Vistula
must coincide with the canslisation works and with the im-
e
provements in centre,eaetfand south of the contry. If this is
not done,only a part of Poland would use the Lower Vistula
for its transport trade. This fact is all the more striking
when it is congidered that rich and fertile regions are in the
Middle Vistula valley(Lublin end Sandomierz district); the
mining and industrial centres are in the Upper Vistula valley
(in Silesia and Carpathien district); the forest and basalt
quaries in the east district,situated on the Prypeé¢ and the
Vigtuls basins,
With the modern system of waterways which I propose and which
would embraee 75% of the whole of Poland,the chief export and
import trade would pass slong the Vistula.
If this is accomplished the former role of the Vistula will be
re-estsblished snd so the ambitions of the economiste and the
visions of the poets will be realised.
In closing this technical report I should like to guote
from two of the most famous of the latter:
"Mow,beloved Vistula to Danzig’s port
And rescue,since you can from every hurt
The Common wealth"
MeRey
(XVI Century)
and .
"Silence,dear one,stay your weeplng
Vistula her course is keeping, .
While her flow our lands may pourlsh
Poland’s people shall not perish?
Lenartowicz

(XIX Century, in the period
of Polandsg partition)
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The Wegt-Hast Inland Transeuropean Navigable Water-way (see

sketch NoWbSé0)s — — ~ T T T T o aA R

The second scheme,which I propose for the Polish post-war

development programme, is an inland navigable water-way,which

would create a middle link scrogss Polish territory,between:-

lethe canslisation system on the West,stretching from the
Rhine to the Polish frontier, and

2.the system to the Bast,connecting the Polish frontier with
the Black Sea, along the Dnieper,

Such a link ascross Poland would be 1,048 km in extent and the

route would run over the lowest line of the principal Baropelan

watershed in the Polesia area at an altitude of 142 m gbove

sea level.

This is the lowest point along the whole length of the water-

shed extending from the Ural Mountains to the Pyrenees and,

for_thgs regson, the water-way which I propose,would be the

most eagily constructed to form a connecting link between

the network of navigable waterways in Central EufoPe and the

Danubisn or Ukrainian systems and the Black Sea,

The great importance of this new waterway as a part of the
West-East system lies in the fmmxm facty that it would be
availsble for heavy two-way transport of coal,stone,tinber,
corn etc. over long distences for home consumption and it
would be capeble ofwaccepting very heavy international
traffic.

It is likely that there would be a great deal of traffic
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by this route to and from Russia in preference to the long
journey by sea, an instance of which is the transport of iron
ore from Krivoi Rog in the Dnieper Basin, which hitherto has
gone round via Gibraltar.

In order to form an idea of the proportions which the
traffic may reach in the future, on this waterway, it is perhgps
advisable to base the estimate, not on the traffic of the past
twenty years, but rather on that carried between Riussia and
the West and Central Europe before the war of 1914-1918 ., This
amounted in all to gbout 35 million tons per annum.

Iﬁ 1911 the following quantities of goods were carried:-

l.at the Russian ports Export Tmport
(a) on the Baltic 6,400,000 tons 6,600,000 tms
(b) on the Black Sea 5,600,000 “ 3,000,000 "
(¢) on the Azov Sea 4,200,000 450,000 "

2+.by rail via the present
Russo-Polish frontier 5,800,000 " 25600 ;000 0=

22,000,000 tons 12,650,000 *ns

Thus, the railway lines crossing the present Russo-Polish

frontier,carried altogether 8;4 million tons of goods.,

From the standpoint of navigsable conditions the EIxmkxSmmxwim

Prirprrxzanxhe West—-Bast waterway, connecting the Rhine with

Black Sea via Dnieper can be divided into three sectionsi:-
l.the Western, 1074 km long;

2.the Central or Poligh 1048 Xk
3.the Bastern or Ukrainian 142

33

m 1o
6 km long.
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The_Wegtern Section.
By the completion of the Centrsl Canal(littel-land Cansl) by

the Germans)the rivers BRhine,Weser,Elbe,Warta and Oder were
joined up. A great part of this waterway is suitable for large
craft of 1,000-1,200 tons, except on the Warta and Cder on
which the conditions are not suitable for barges over 600 tons,
The_Eastern Section.

This section is formed by the Dnieper and its tributary the
Lower Prypet and as these rivers have sglight slopes, 0,07 0/00
- 0.09 0/00 the existing regulation works have given satis-
factory results for navigatione.

These regulation works were commenced,before the war of 1914/18,
et certain places on the Upper Dnieper and the navigsble depth
which was originally sbout 1 m was increased to l.2 m, 1,8 m
and finally to 2.0 m by additional dredging work,

The lower part of the river, 330 km long, below the cataracts
called "porohy" had been partially regulated, on a stretch of
gbout 50 km sbove Nikopol, before 1914 . These works were
continued, on a very extensive scale,during the second five
years plan (1934-38) and included canslisation work on the
part where the cataracts are situated.

The reservoir at Dnieprostroi, which was completed at this
period covers the cataracts over a length of gbout 100 km ,

and the power station has an installation of 550,000 kW capsacitys
Generally speaking the eastern section has been developed to

accomodate craft of 1,600 tons.
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The Uentral or Polish Section.
Tn order To Torm a sultsble connecting link between the Western

and Eastern sections a consideraeble amount of work will require
to be undertaken in the Polish portion of the waterway.

This will involve river training, the canalisation of
certain rivers and the construction of some new artificial
canals.

It will also be necessary to reconstruct some of the existing
canals to make them suitable for modern requirements.
The following table shows the length,depth and number df locks
on each section of the existing waterwsys with notes on the
reguTgtlon work alresdy undertasken or proposed for fubure

development.

Table No,. M .

Stretch Length Depth Number Remarks
of
locks
» km m
Western section
Rotterdam~Rhine-Ruhrort 215 340 -
Phine-Herne Cansal 38 3sD 7
Dortmind-Fms Canal 101 Db i
Emg Can.-Weser 169 2D -
Weser-Elbe 1565 2D 2
Ihle-Plauen-Havel 135 1.8 6
Hohenzollern Canal 94 25 6
Oder 49 1.5 - regulation
works in
War»ta 69 1.4 - construction
Hoteé 49 2eD 12

1,074 B4

=
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Table No. ?ﬂJ ®
1
Stretch Length Depth TTumber Remarks
o1
locks
km m
gentral Section (proposed improvement to obrain
a depth of 2.5 m )
Noteé 142 l.5 11 proposed dredging
worke
Bydgoszcz Canal 27 240 9 " “ 5
Brda 14 1.8 o A " tt
Vistula to Warsaw 259 0.9 - " 10 locks
Vistula-Bug Canal 84 - - n 2 "
Bug 188 0.6 = AT )
Regal OCanal 214 0.9 74 " rebuilding
Prypet ;120 0«8 - " regulation
1,048 31
Eastern Section
Prypet 375 0.8 - canalisation
: works
Dnieper to Kiev 101 0.9 - completed during
1934~1938
to Aleksandrovka 625 1.0 - W 1" u
4 to Kakhovka 210 2.0 - increased the
depth for craft
" to Kherson 115 340 - of 1,600 tons
1,426 T

The navigational conditions throughout the Central Section

vary considerebly but plans have already been worked out by the



Polish Water Service to deal with most of the problems. I have
Rexmxirai d¥scussed these fully in my Polish report but in
this thesis I wish to refer to additiongl schemes which I now

propose for further improvements.

The_ improvement of the canalized Noteé and Bydgoszcz Cgnal.
The waterway along the canalized Noteé¢ and Bydgoszcz canal is
utilised by vessels up to 600 tons capacity and in the past
the greatest quantity of traffic amounted to 537,000 tons per
year,

The construction of the eastern part of the Bydgoszcz canal
was commenced in the second half of the XVIII th century by
the Polish Government and,after the first pesrtition in 1772,
Prussia resolved to complete the Polish project. The object
in view was to divert the entire goods traffic,passing to the
sea,from Danzig to Stettin,K since Danzig was not in Prussian

!
hands. Prussia at &= time determined to ruin Danzig and

her efforts were rewarded with almost complete success. Exports

of corn and timber through Danzig fell to a minimum at the end

of the XVIII th century.

This waterway at present comprises four sections:-

(a)the canalised Noteé, 79 km long, on the German-Polish

frontier,

(b) the 2 B 65 km long in Polsnd,

(c)the Bydgoszcz Canal, 25 km long , which is now linked up
with a new canal,completed in 1939 coming from the south

from the river Warta at Konin, through the Gopo lake,

(d) the cenalized Brda, 14 km long.
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The whole length is provided with 22 locks,eleven of which

are on the frontier section of the Noted. Many of the locks
were rebuilt at the end of the XIX th century snd the remainder
were altered in 1915 .

In order to make this waterway suitsble for craft of 600 tons
over its whole length at the lowest water level it ie only ne-
cessary to carry out dredging operations. This would form a

first stage,but later)as the development of the whole Poligh

)
network proceeded’it would be necessary to reconstruct this
waterway to take craft of 1,000-1,200 tons.

Dredging work was carried out continuously on this waterway
during the years 1893-1926 @n a2 small scele but with modern
equipment the final necegsary depth could be obtained repidly.
The suggested present first stage would consist mainly of the
removal of egilt,from the slopes end the bed, and some repairs
to the locks.

For the removal of the silt I advise the use of & medium sized
waelking dragline excavator as this is capable of cleaning and
deepening the existing canals and at the same time throwing

up the banks or levees. For this purpose the boom of the
machine is epecially constructed with a guide pulley on the
underside of the beam so that the bucket may be lifted clear
of the banks and deposgit the material on the levees behind the

towing path.
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WALKING DRAGLINE 87

Thigs work slthough carried out for improvement of the waterway
mould at the same time increase the protection sgainst floods.,
Allowing two years for the completion of this work it
would be necessaBy to use b or 6 dragline excavators and the
amount of material to be removed would be gbout 1,000,000 1115.

The approximate cost of the excavation and repairs to

the locks would be £. 160,000,

The_propoged Vistula-Bug ngé;.

Oraft]proceeding to the south~east of Poland,after passing
the last lock on the canalised Brda, near the junction withi"'b
canalised Vistula,would go upstresm along the latter for a
distance of 259 km and would rise sbo¥€ a total head of 45.5m,

by meang of 10 locks, to reach Warsawe. This stretch of the

Vistula was described in Chapter o ¢IICed3.V01l.2,
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Farther to the east it is proposed to construct an artificial
canel to link up the Vistula at Warsaw, with the Bug at
lazkinia and go with the whole of the eastern waterway system
in the Prypet basin.

Thig artificial ceanal seems to be the only retional plan for
obtaining this connection since it would not be possible to
canglise the lower part of the river Bug owing to the unsuitable
nature of its banks.

The new canel which I propose would accomodate craft up to
1,200 tons Pnd),in addition )would. offer several important
advantages.

By this arrsngement the two great navigable waterways,from
South to North and from West to East would cross in Warsaw

and not in liodlin at the mouth of the Bug.

This would give the capital city great opportunities for
influence over the whole waterway nebtwork and a large share

in the export and import traffic,

The Vistulae-Bug ceanal, on its approach to Wersaw would engble
Qé to builﬂxa commercial and industrial port,with a constant
water level, on the right bank at the junction with the Vishia.
Such a port is much needed by the city on account of the
differences in levels which occur at present on the Vistula,
Another advantage which would be obteined by the building of
this canal would be the shortening of the navigstionsal distances
in gll directions. The distance from Warsaw to Msikinia along

the proposed canal would be 84 km as compared with 170.5 km



along the rivers Vistula and Bug and sgain for the transport
from the West and from the lower Vistula the curtailment would
be about 50%’3 sufficiently remarksble figure.

This proposed canel would glso be suitsgble for the utilissgtion
of water powers. The difference of water levels would be
17.3 m and the power available would smount to 30,000 kW with
a yearly capacity of 180,000,000 kWh .
In my opinion it would not be satisfactory and indeed might
be impossible to obtain a waterway suitable for craft of
1,200 tons simply by the regulation of the lower Bug,and even
if this could be donerthe utilisation of the water power could
not be achieved ot gll,
In addition to the advantages already mentioned the canal would
have great urban importance for the EEm=E capital. Suburbs
and holiday settlements could be erected along its route, as
in other cities, thus developing the lasnd on the river banks
and in the forests through which it would pass.

From the last resgh of the canalised Bug the canal would
deviate on the left bank, at Matkinia, sbove weir No, 1.

Just below the start of the deviation an inteke sluice gate
t_!roul-c'l_ regulate the flow into the canal up to a maximum discharge
of 210 m®/e, which corresponds to the meximum consumption of
the turbines installed on the canal. The lowest flows into
the canal would be sbout 60 m®/s in winter and 80 m®/s in 2

dry summer.

The total head between the inlet level at lisxkinia and the outlet
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level at Warsaw would be 17.3 m and two locks would be required.
The locks would be of the stendard dimensions used on the
Vistula, 105 m long, 20 m broad and 3.5 m deep .

The following teble give the general data and the quantities

of materigls for the proposed Vistula-Bug Canal.

Table No.i-% .

l. Length of the canal 84 km
2+ Total head 17.3 m
3« Number of locks 2

4, Available water power 30,000 kW

5. Yearly output of energy 180,000,000 KVh

6e Bestimate of main materigls:-

(a)excavation 96,000,000 m°
(b) concrete 100,000 m®
(e)iron and steel construction 600 t
(d) steel-sheet piling
10-12 m in height 600 m
7« Workers required 14,000
during & years

8. Cost of construction £.4,000,000
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ed_cenalisation works on the Bug between Maikinia
(See sketch No €6 )+

The fourth sector of the Transeuropean waterway from the West
to East covers a distance of 188 km on the Bug from liastkinia
to Brzesdd.

The area of the Bug basin to KMazkinia, just a@bove the start
of the deviation of the Vistula-Bug Canal, amounts to

554855 kmz, or asbout WM B@% 40% of that on the Vietula at
Warsaw.

The sversge slope on the Bug is fairly steep, being 70% of
that on the middle sector of the Vistula,between Sandomierz
and Warsawe

Teking into account the fact that the regulation of the Bug,
with its inadecquate flow and fairly steep average slopes,mey
not give sufficient depths for boasts of 1,200 tons,the only
rational plan seems to be the canalisation of the river.

The alteration of the river Bug into a modern navigable water-
way, by means of canalisation works, would present no
difficulties calling for special attention.

Owing to geological and climatic conditions of the basin the
water flow is not lisble to sudden changes,particularly by
increase of flood water and decrease of low flow, The Rifkfex
differences between them are relatively smell, which is
evident from“%gllowing table N0.29 « In addition there is
practically no silt problem. The quantity of suspended silt -

end the bed 1oad(dr§§ged detritus) carried by the river during




flood flow is very small and practically negligible,
Table No. 2‘% .
7

Gauging station Post km Catch Altitude of water level

ment at flow
km? low medium high
Brzedgé 5208 22,496 129.4 13045 13346
Kozodno-Legi 29445 28,242 125.2 12645 130.0
Mezkinisa 132.8 53,853 9640 97«1 100.8
I- 188 km h = 33.4

From these records radgﬂgéd at the gauging stations we can see
that the maximum difference between the low water and high
water levels varies from 4.2 m to 4.8 m , and these constitute
the limits within which the Bug valley is almost protected
against the flood.

These figures give elso the permissible heads for the canglisation
falls, without risk of = flooding.

Teking into account that the movable dams would cause a back-
-water heightening, I propose a standard head of 3 m at medium
water for each weir,.

Thus the availsble water power would be 48,200 kW , with an
average output of energy of 272 million k'h per annum.
Canalisation works on the Bug would require the construction
of 11 movable weirs, 11 locks, and 11 hydro-electric stations,

some data of which are summarigzed in the following table.
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Table No.VUs

Nos. of weirs Post km Altitude Dimension Hydro-electric

of head of stations
water
m above locks capacity output
sea leve. kW million kWh
1 132,0 100 (105+204345) 5,000 28
i 148.2 103 i 5,000 28
Be 164.5 106 : 5,000 28
4 180.7 109 " 4,300 25
Se 197.0 112 o 4., 300 25
Be 2033 115 i 44200 24
7 2295 118 i 4,200 24
8. 245.8 121 i 4,100 23
9. 262.0 124 i 4,100 23
10. 27843 187 i 4,000 22
11l.Kotodno 294.5 130 y 4,000 22
Total 48,200 272

Locks. On the Bug the water supply problem for lock operations
would not be difficult, as at every water level there would

be an excess of water. I propose therefore to use the single
lock type with a rhomb shape, which would afford an economy

in the installation of the gates. These would be of the stamdard
width of 12 m with a lock width of 20 m .

(Y
The hydro-electric stations,instelled on the Bug, of low-head
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typed, provided with Keplen turbines,would colleborate with
the steam power stestions in the interconnection system of
electrification. They would be mostly used Bo carry some of
the base load parts of the demand, but sometimes, at low water
seasons,especially in the winter, they might be used to carry
pesks, or the upper part of the load curve, due to the daily
or nightly storage action of the pondages, so that the turbine
installations might be utilized to the utmost, thus saving
steam consumption. These elastic working conditions covering
the best positions in the load curve,either at the top or at the
lower part,depending on the natural stegm flow and the market
requirements would call for meximum variation of level in the
pondages within a margin of 27 cm asbove or below the normal
retained level,

is
This subject deslt with in Chapter No.IV which also contains
the table of analysis for the power stations on the canalized
Bug.
The hydro-electric working conditions snd the utilisation
factor, i.e. the ratio of power output to availsble power
would be considerably improved if a storage reservoir were
built on the Bug at Wtodawa. Thig storage reservoir at km
post km 419.3 or 98 km sbove Brzesé was planned before the
war, xiirk with the great storage csapacity of 500 million mB.
The cost of the storsge reservoir at Wrodawa would be relatively
small, owing to the fact that it would include seversl natural

lakes, of which SwiteZ and Pulmo are the largest.

= S



The reservoir at Wtodawa was designed:

(a)to reduce flood water to a flow which corresponds to a
medium discharge;

(b) to improve the conditions for navigstion considersbly over
the whole length of the Buggand also of the Vistula;

(c)to improve the working conditions in the hydro-electric
power stations on the Bug and the Vistula and to increase
their output by an additionsl supply of water in times of

drought.

Type of weirs. In the canalisation of the Bug where the
falls are low and where the ice problem exists, bear-trap
weirs or shutter weirs may be used.

The first type which I have proposed for the Vistula, would
also be very suitable for the Bug. I have mentioned before,
that this type of weir i;yvery simple installation, and may
be very easgily contrdlled from one point and gpecial gangways
or foot-bridges ascross the river cgn be dispensed with.
Moreover, a very slight difference in level between the head
and tailwater 1is euffiéient to raise the lowered weir}since
the span under the leaves are brought into connection with
the headwater.

An additional precautionary measureN for the rapid raising of
the dam, can be obtained, by the use of a compressed air

installation, which involves only a small expense, and which

provides very good means of flushing the space under the leaves



from time to time , so that the unsvoidable deposits of silt
may be washed sway.
But these advantsges although very important are not the‘
chief ones for the river Bug , where the problem of ice is
more difficulte
Owing to the fact that both leaves of the bear-trap can be
bullt of wood which is a bad conductor of heat,this type of
dam can easily be kept in good working condition as the water
below the leaves has never been known to freeze even in times
of severe frost. The working of the bear-trap weirs during
the frost and particularly during times of evacuation of ice,
which can be very easily effected, are the most interesting
features of this type of movsble dam , for low and medium heads,
 When the dam is fully raised the leaves can be interlocked
‘in a simple manner , so that st any time the space under the
leaves can be emptied , inspected and repsired , the head
water level being fully maintained.

would/
I believe that this type be most suitseble for the conditions
on the Bug. However let us consider another alternative for
the moveble weir , which is already being successfully used

in Poland . on the Regal Canal.

(see sketch No., 68 the next page)
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It is a shutter or wicket weir, on the Chanoine Pascand system
improved in keeping with modern construction (see sgketch mo,GB )
This syetem is very popular in the U.S.A. but in Burope, on

the contrary, it was considered as being sbsgolutely ouit~of-date
and for a long time was not built, until an improved model was
perfected on the Upper Seine in France sbout 1930-1932 , and

in Poland about?géme time.

The complete sbandoning of this type of dam was fully justified,
in spite of the other advantages of the system, by the fact
that it n;& not possible to raise the shutters of the old types
when the head is too great. But if the head does not exceed

6 m this type has many advantages.

1. The width of the sluiceways is in this case not restricted
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by the permissible dimensions of the shutters or wickets,
but solely by the span of the sgervice bridges and in effect
it is easy to build passes of over 50 m width;

2¢The water pressure is borne directly by the %loor and not
by the piers as in most instances, with the result that tl’le
the closure-weight is much less than that of large gates;

3.The mnning-off of the water is done by overflowing and it
is possible to ineline the shutters in three positions,thus
increasing the discharge, without completely 10we'ring the
dem. This overflowing discharge is advantageous from the
astandpoint of scouring dovmnstream, and it is possible to
restrict the length of the floor and consequently to lower
the cost of the structure;

4.As the shutter is articulated on trestles it is possible for
floating matter,ice or boats that have broken adrift, to
cross a weir without causing damege over the whole length;

5.In order to reduce the number of piers, and provide wide
navigeble passes, in the case of high water, there isaéendency,
by constructing movahle weirs of various types,to use large
0pénings. Some times these openings(elements) have a width
of 50 m or more bhetween piers. Nevertheless, such dams with
large elements have the drawback, in case of dsmage caused
for instance by a blow from a bargelof not being able to be
repaired without being dried. A much less costly design for
a dam is with small elements such as shutters,having a width

Ofl"105m'
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6.The early shutter weibs were worked from barges,but such a
procese required o large staff and could not be rapidly
carried out. This drawback can be avoided if the various
succegsive elements are worked from a truck running on a
Plying bridge placed sbove the weir. Such a service bridge
may be a very light structure as the working of the various
shutters is succegsive, and the bridge never has to bear
more than the strain csused by the water on a single element

at one time.

I think that this type of weir with its advantages from the
congtractional point of view, and with some possible alterations
to speed up its working, by using a mamm manoeuvring track
driven electrically, may be considered as a good type in many
cases.

Before the construction of new dams on the Bug, numerous tests
on models would be necessary in order to study, in each case,
the best shape of dam, the probsble scour and the minimum
thickness of foundations. The fingl design of the dams would
be then adqoted to the results of the tests.

In the following tsble No. 34 are surmarized the general data
of the arrangements of the proposed casnalization works on the

Bug and an estimate of main materials in approximate figures:-
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Length of the canalized region 188 km
Total head at medium water level 3344 m
Tumber of weirs,locks and power stations A
Aversge length of reaches 17.1 km
Dimensions of locks:

(a) in length 105 m

(b) in width 20 m

(c) in depth 3o
Water power available 48,200 kW
Average yearly output of energy 272,000,000 kWh
Total length of movsble weirs 1,740 m
Estimate of main materials:

(a)earth work 14,000,000 m®

in which excavation 15%

in which consolidation

of levees 85%

(b) concrete 650,000 m®

(e¢)wooden piles 50,000 m3

(d)steel constructions 3,000 tons

(e)steel sheet piling 3,500 m
workers reguired 23,000

during 5-4 years

Cost of construction

£495,400,000
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The _reconstruction of the Regal Canal (Krélewski Canal).

The fifth sector of the Central section of the Transeuropean
waterway West-East is the Regal cansl covering a distance of
214 ¥m . This canal already existe, and consists of the
censalized Muchawiec(tributary of the Bug) and csnslized Pina
(tributary of the Prypet) sbout 114 km in length, and of an
artificial cenal, 100 km long, which crosses the watershed at
an altitude of 142 m gbove sea level, connecting the Vistula
end Prypet waterwsy systems.

This waterway with total head of 19,5 m is provided with seven
old fashioned sluice gates and must be rebuilt to make it
suitable for modern recuirements,

The Regal Canal affords such extensive possibilities for the
future development of water transport, both for domestic and
foreign trade, that it can be safely stated that the present
traffic could be increased a hundred times.

This waterway must be regulated apart from any considerations
of navigsbility,because of the losses in crops suffered by
the population living in the vicinity of this route. The
improvement works would be carried out at the same time ag a
1arge drainage canal in the marshy Polesia area.

In such an area every artificial waterway such as the Regal
Canal must necessarily also serve for the drainage of the

adjacent marshes and swamps.

Daring the years 1926-1933 a very thourough investigation was
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undertaken over the whole marshy region of Polesia by the

Polish Water Service. This work comprised gll necesgsary surveys

and hydrometrical ,geological and meteorologival gaugings in

order to find the best solution for the coincident schemes for

drainage, navigation and flood control.

On the bgses of these surveys,some of the improvement works

have already been commenced, by starting the rebuilding of the

Regal Canal, by the regulation of the Prypet and by starting

the artificial canal linking up the Horgm basin’where there

are important basalt guarrie$, with the Prypet.

To complete the improvement of the Regal Canal the following

works would be reguired:-

l.the deepening of the cansl to a proper depth, by means of
dredging;

2ethe cleaning of the water supplying cansal from the lakes
BiaXe, Volaniskie and Orzechowskie to the dividing-reach;

3.the rebuilding of six locks ( a seventh is glready completed),

The general estimate for this development scheme has been

calculated by Polish Waterway Service as £. 270,000 - .

The completion of the regulation of the Prypet from Pinsk to_

¥he Polish frontier,

Beyond the junction of the three rivers: Prypet,Pina and
Strumiern at Pinsk, the Prypet for a distance of 120 km is a
navigseble waterway accessible at medium water level to craft

of 400 tons, except in some sectors ggg;ethe navigable conditions

are not suitshble.
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At present it serves as the only means of communication in the
marshy Prypet valley.

Owing to the slight slopes (0.07 0/00 - 0.09 0/00) the Prypet
belongs to that group of rivers, on which regulation works

may be very successful and it is hoped, that we shall be sble
to get a sufficient depth to tske large craft, after the com~
pletion of the training works.

The regulation of the Prypet however is a delicate task,becauce
the problem is a very large and complex one,comprising not

only the improvement of the river from an irrigation standpoint
but also the problem of flood control,

The regulation of the river in order to obtain sufficient
navigeble depth at low water level would actuslly be the fingl
stage of the whole process of river control.

The most urgent need in the Prypet valley is the regulation
of the high water flow by narrowing the space between the
embankments so that there may be a quicker evecuation of flood
water and ice in spring.

It is not impossible however to combine these two problems
and, by doing so, 2 considerable saving would be effected in
carrying out the work.

Another important factor which must be tegken into account in
this area is thet of.drainage and the river control work must
be done in such a wey that the ground water is maintained at
a proper levele. With correct drainage it will be possible

to develop large new sgricultural areas but on the other hand
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Length of regulation region 120 km
Groins and training walls 350,000 m
Stone 4,000,000 m°
Fascine 1,000,000 m5
W.o rk.e r.sg 5,000
during

Barges for transporting materiels 100
Dredging machines 10
Cost of construction £41 4,440,000

6 years
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In e2ddition to the two above schemes for cresting navigable
waterways in Polisgh territory, slong the Vistuls and the West-
~Hast Transeuropean inland waterway, I propose a number of
projects of an suxilisry nature. Thege relste to the con-
struetion of several storage reservoirs in order to regulate
the flood flow and to control the movement of the large amount
of silt which is carried down by the rivers,

Both of these factorsg influence considerasbly the stability
of the bed and banks in the lower courses of the rivers and
the working conditions of the hydro-electric stations snd to
minimize their effects it is essential that there should Dbe
co-ordination between all the technical operations in the
upper and lower courses of the rivers,

I have discussed these projects in my Polish report but
I submit as a supplement to my thesis, a description of the
large storage reservoir, on the river Duanajec, and the water—
-power sbation at RozZnéw which have been completed and for the
design of which I was responsible.

The description was published in the French journsl"Travsux!

but I heve glso given a shortened translation in English.
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The survey of the possibilities of hydro-electric development
in the Polish power systemn.

The total availsble water power on the proposed canalized
rivers in Poland gmounts to:

1.011 the Viet-ﬂlao LR B I R R ] 80? ’OOO k".’.f "“rith yearly O-lltpu'tr Of
4,325 million kWh

2.0n the Transeuropean water-
way East-West 78,200 kW " " 158 " "

3.by the completion of 7 storage
reservoirs in the firet stage
(which are slready in course
of constraction) 115,000 kW . * " 485 ) J

T 0 & 8l 998,200 kW " "5,232 million kWh

These hydro-electric stations with those already existing
wduld form part of the future programme of electrification in
Poland and would be in close cooperation with the steam power
stations so that interchange of R energy between them may
be made to a greater extent.
The interconnection of the stesm and water stations by means
of an extensive network of transmission lines would reduce the
cost of power,but the actual profit which would accrue cannot
at present be accurately calculated,as it depends on a number
of unknown quantities_,-"such ag the future market requirements,
theIVariation of the load factor, the necessary stand-by
capacity, the possible fuel economy in steam stations etec.
From the point of view of this report however it is possible
to give definite information regarding the effect of the re-
gulation of flow in the rivers, and theextent to which the

hydro-electric stations,which I propose,would assist in dealing
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with the general supply and with pesk loads in particular.
The supply of energy for pesk loads is always very expensive
since it is RKwym=® found that the top 20% of the annual load
curve,containing the peaks, represents only from 1-2% of the
total annual output of energy.

Thus forf a single station the capacity factor i.e. the ratio
of the average load per annum to the installed capaeity may
only be from 2-3% whereas the annual capacity factor for the
electrification system as a whole may be from 30-40%.

It is obvious that the cost of supplying high peak loads from
steam stations is very great and that water power stations,
especially when provided with ample Peservoirs}off‘er great
advantages in this respect.

In the first stage of the Polish development it is proposed
to complete seven peak load stations snd at a later date, as
the pesk loads increase, to construct further stations in

the Carpathian lMountains. This development would coincide
with that of flood control and would extend over a considerdile
number of years.

It is glso proposed to construct hydro-electric stations in
conriection with the canalisation of the rivers Vistula and
Bug and,if these are provided with adequate pondages,they
would form an important supplement to the steam stations and
would probably be gble to supply the average dally variagtion
in peak load. They would also be able to supply the pegk load

energy during the periods of low flow.
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The most economical results are obtained from such a combination

of steam and "run-off" river stations,by working the system

in two ways.

(a)During periods of medium flow the hydro-electric stations
generate maximum energy and carry the basic 1oad,while a

portion of the steam stations desal with the pesk 1oad¢demands,
with a consequent saving in fuel costs;

(b)At times of low flow the steam stations carry the basic
load with a high load factor and the hydro-electric stations
teke the pesk loads. In this wey steam is used economically
end in spite of low natural flow the hydro-electric stations
can carry from 30-50% of the pesk load capacity,which
corresponds to from 10-15% of the daily energyldepending on
the type of load curve and the load factor.

Such a combination generslly resultse in a reduction of the totsal

cost of power production.

In the case of the rivers Vistula snd Bug the major part of

the hydro-electric development,the dams,weirs snd pondages

would be constructed in the first instance for the purpose of

improving the nevigationsl conditions and a large proportion

of their cost would fall on the transport services.

The actual cost of particular items varies considersbly,

depending on the topogrephical,hydrological and local conditions,

for example,dams’pondéges etc., 50-70%; power station 30-10%

end expropristion 5-20%.

In order to obtain the highest utilisation factor,ie. the ratio
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of possible power output to the power available at the site,
the instsallation cepacity should be fairly high.

In earlier "run-off" river schemes it was usual to provide
en installation capacity corresponding to the low water flow
which was availsble for from 80 to 90% of the years

Such an arrangement is not suitable for a modern development
based upon an interconnected system of electrification.

Modern hydro-electric stations are based on a much higher
water flow , available during 50-30% of the year or , in other
words , the installation capacity of the station is gix to
eight times greater than that corresponding to low water Ilow.

The ration for special pesk load stations is very much
greater , for instance at Porgbka it is B0 and at Rozndéw
40 times greater than the low water capacity.

The provision of additional capscity in a hydro~-electric
station , to deal with pesk loads and an increasing utilisstidn
factor , ie relatively low in investment cost as this is
generally limited to electro-mechanical eguipment only , whereas,
in a steam station an imsxezmx increment cost nmust include the
whole plant. It is fbund in practice that the increment cost
in a stegm station is l.5 - 2 times grester than that for
water power,

It may also be noted that the operating cost of a hydro-electric
stetion represents only & small part of the totsl cost 30 Ghe
principal part being the fixed investment charges for the dam

and pondages for which the depreciation period is very long ,
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generally from 50-~75 years.
Then the construction work has been completed an increase in
the instellation does not greatly increase the total fixed
charges and the operating costs are practically independent
of the output of energy. This is a remarkable difference hthieerw
of the water and steam power stations.
The modern trend in hydro-electric stations is to develop the
maximam economicel capacity and for this reason the initial
storege or pondage must be designed to regulate and utilise
the naturel flow to the utmost extent.
I shall now examine the possibilities, in the sbove respects,
of the proposed installations on the rivers Vistula and Bug
and discuss the results of the calculations which are
surmarised in tsble Nok34-Hi
It is extreﬂiy difficult to make a forecast of the future
collaboration between water and steam power stations in Polsand
particularly for the first period of electrification,when the
load factor for the whole area would be very varisble from
year to yegr and when the demands on the power stations would
be subject to varying market requirements.
I have therefore bassed my calculations on a probable future
load curve,when the load factor,ie. the ratio of the average
power to the peak power would be fairly high,corresponding to
a stabilised condition‘in industry.
The typical summer snd winter load curves which I have chosen

for considerstion are shown in sketches Nos. é’(j o \Jfo ‘
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and in these the load factor in summer is 65%, in winter 54%
and the demand of peak capacity is estimated at 35% higher

than in summer,

I have made calculations for the following five typical stationss

I . on the Vigtula sbove the mouth of the Dunajec, station No.l

[Tog " below " " o No.9
L. t u the mouth of the San t M0ld.9
LV, . % " of the Bug i Nod5

V. on the Bug at liazkinis A No.l

The natural low discharges are celculated from the hydrographs
and duration curves which have been developed for these
rivers by the Yolish Hydrographic Institute.

To these low discharges I have added the daily supply from the
regervoirs which X have been recently completed or are in
course of construction and the improvement of the low flow of
the Vistula by these additions in dry seasons and in winter
would be as follows:-

l.from the reservoir(existing) on the Brynica at KozXowa

Géra 5m° /g
Do U y on the Soxa at Porgbka et
@ o " on the Dunajec at Roznéw 34 "
4, " " (in construction) " i at Czorsztyn 6 "
AL " on the Sen at Solina 26 "

The additions to the flow and the number of dsys on which the
natural flow of the Vistula could be improved will be still
further increased when the additional storsge reservoir in the

Carpathian Mountains are constructed for flood control and the



regulation of flow.

Meantime,without teking into account this further improvement
the availsble low flows, in the near future, for the five
stations mentioned gbove are as follows -

On the Vistula for station No. l. at Krakéw 30 m3/s

0 _ " No. 9 below the Dunsjec 85

i 3 No.19 " Sen L7 Qna
" ! No.35 at Pxock 440 "
On the Bug & No. 1 at Markinia 80 M

To meet all power demands it will be necessary to effect the
maximum regulation of the natural flow in order that the
hydro-electric stations may be avsilsble for use at the time
of the peek losd on the system.

The mamber of hours per day during which water could be used
and the hours required for storing water in the pondages would
differ and depend on the volume of natural flow.

From the tables 1\1’05.3“,35136‘3');5‘5‘5%110,1{}‘Hfu it ig evident that
pondsege requirements, for increasing the natural flow to the
value necessary for the maximum possible use of the installations
vary from 33 cm in the Upper Vistuls to 104 cm in the Lower
Viefula and are about 30 cm on the Bug.

Thix These figures correspond to the maxinum variations in
water level in pondages,above the normal head water level to
obtain the necedsary storage of water during the night and part
of the day,when the flow would not be used for the generation

of power,



These figures are relatively small and indicate that the
pondages,which I have suggested,would be adecquate for economicsl
collaboration between "run-off" river stations and steam power
stations, with changeable Operat:l'_%\r!(5 in which the water power
stations carry the basic load at medium water,and the peak
load at low water.

Tableg Nos.&?%mm 33 ghow the final results of these cal-
culations and indicate the meximum power and maeximum daily
output which the 52 proposed power stations, on the canslised
rivers Vistula and Bug,would develop.

Teble No3dA Power capacity

Season Hydro-electric Auxilary power Total pesk demand

stations from steam sta
kW % tions kW %
kW %

Summer 622,500 70.5 262,900 29.5 885,200 100

Winter 827,400 70.1 351,600 29.2 1,179,000 100

Table No.33 B. Output capacity.

Season Hydro-electric Auxilary power Total demand per
stations from steam stations day
kWh % thousand % thousand %
thousand kWh k'h "
Summer 7,834 57 5,916 4.3 13,750 100
Winter 7,726 50.9 7,524 49,1 15,250 100

The following index refers to information contained in tsbles

Nos, 3|-| — HY and the corresponding sketches Nos .(Dﬂ”ﬂn‘ﬁq



These tables give data regarding the distribution of loads
between hydro-electric stations and steam stations under
varying conditions of flow in the river:-

"A" the casse , when the flow is gresbter then that required for
the average demand during the day. Some of the excess flow
miet be discharged over the spillway;

"B" the case,when the flow is equal to that corresponding to
the average demand flow. No 1oséﬁ%ower Qccurs and no
auxilary power reguired;

"Gl"the case, when the flow is rather low, but not the lowest
i.ce 385%~50% of that corresponding to the average demand
during the day, and slso if the hydro-electric stations
have to carry base loads. ot an economic solution;

"Co''the same case with an availeble flow as in "C;", but with
correct assumption , that the hydro-electric stations would
carry the upper part of the daily load curve , including
the peak loade. In this case the necessary auzmilary steam
power is very much lower than in the case "Cp";

"D" the case, when the river flow is the lowest available in
the summer time , and when hydro-electric stations would
carry the pesk load;

"E" the case, when the river flow is the lowest in winter time
and also when the hydro-electric stations would carry the

pegk loads which at that time are higher then in sunmer,
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Farther explanation of marks in these tables:-
(1) The regquired market power capacity in kW ;
(2) The load factor ;

(3) The daily demand energy capacity in kWh ;

(4) The daily available capacity of energy in the river in k'%h

(4a)The " " " of energy in the river in
percentages of the total demand capacity of energy ;

(5) The power capscity in the river which corresponds to the
uniform flow during the day in kW ;

(5a) The power capacity in the river which corresponds to the
uniform flow during the day in percentages of the demand
peak capacity ;

(6) The necessary and possible collection of water in the
pondages reduced to equivalent kilowatt-~hours ;

(6a) Thfs, required pondage gnergy in percentages to the total
daily demand energy ;

(7) The meximum available power capacity in the day obtained
from the power in the st®am and that availasble from the
pondage ;

(72a) dtto  in percentages to the installation capacity
in hydro-electric station ;

(7o) dtto  in percentages to the pesk load capacity ;

(8) The flow which cannot be used and must be washed over the

spillway reduced to kWh equivalent ;
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(9) The necessary variation in the height of water level in
the pondage sbove the normal head water level to obtain
the required pondage energy for peak purposes in cm ;

(10)The required auxilary output capacity from steam stations
in kWh ;

(108) deto in percentages of the total daily demand ;

(11)The required asuxilary power capacity from ste.m power
stations in kW ;

(1a) dtto in percentages of the installation capacity in
hydro-electric statiohs ;

(mb) di’bto in percentages of the total daily peak load
capacity ;

(12) The average power cgpacity in the steam station).
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teble No. Tl Typicsiidtstribution ot losd fomiths abations
on Upper sector of the Vistula sbove the mouth
of the Dunajec.
Water power station No.l. at Krakow
the installation cepscity 4,000 kg
max.discharge of turbines Q& 123 m°/s
87 m®/s 80 mg/s main low flow lowest flow in
alt.l alte2 sumner winter
A B Cq Co D E
Power and output capacity demand
l. kW 4,000 4,000 4,000 4,000 4,000 5,320
2¢ G 65 65 65 65 65 54
a. kW 2,600 24600 245600 2,600 2,600 2,860
3« klh 62,200 62,200 62,200 62,200 62,200 68,800
Hydro-electric station
4, kWh 68,000 62,200 56,200 36,200 23,500 23,500
a. %5b 109 100 58 58 38 34, B
s kW 2,850 2,600 1,520 1,520 980 980
ae %k (& 65 38 38 24,5 24.5
6. kWh 6,560 11,200 34270 10,600 8,100 11,200
ae % 105 18 B 1574 13 16.3
Te kW 4,000 4,000 3,870 2,840 2,180 3,120
Be % 100 100 59 L 5445 78.3
be %% 100 100 59 o 54,5 58,5
8« XkWh 5,800 - - - » -
9. cm 18 31 9 29 23 31
Steam power station
10. kWh i - 26,00 26,000 38,700 45,300
a. %% - - 42 42 62 6545
11s k% - - 1,630 1,160 1,820 2,200
ae 5 - - 41 29 4555 55
be %h - - 41 29 45,5 41,5
12 kW —— - 1,08 13080 1,610 1,890
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Typical distribution of load for the stations
on Upper sector of the Vistula below the mouth

of the Dunajec.
Water power station No.9 in post km 183

The instellation cepacity 10,000 I\W
max. dlscharge of turbines Q_ 205 m3/s

216 m5/h 108 mo/s main low flow

e e s
e e o e e o o i e i B i s St . e M B . S . it S B P B S S S B o . et s S

lowest flow in

alte.l alt.2 summer winter
A B Cq Co D E
Power and output cap acity"d;r;:a;la ______________________
l. kw 10,000 10,000 10,000 10,000 10,000 13,300
a. % 65 65 65 65 65 54
2e kW 64500 6,500 645500 6,500 6,500 7,200
3. kWh 156,000 156,000 156,000 166,000 156,000 172,000
Hydro-electric station
de kWh 170,000 156,000 91,000 91,000 6'7 ,000 67,000
ae S 109 100 58 58 43 39
S5e¢ kW 7,100 64500 3,800 3,800 2,800 2,800
ae ek 71 65 38 38 28 28
6« kWh 16,400 28,000 8,200 26,000 22,300 28,700
2. % 10,5 18 53 1646 143 16.7
T kW 10,000 10,000 55900 ~75100 5,800 8,150
a. % 100 100 59 733 58 8l.5
be % 100 100 59 71 58 6le4
Se kWh 14,000 - - - - —
Qe cm 28 a7 14 43 38 47
Stesm power station
10. XkWh = -~ 65,000 65,000 89,000 105,000
a. Jobb - - 42 42 57 61
1l kW - - 4,100 2,900 4,200 5,150
e 7;% g . 4.1 29 42 51.5
be % e - 41 29 42 38,6
12. kW - - 2,700 2,700 3,700 4,400



Toble N .36

Typicel distribution of load for the stations
on the liddle sector of the Vistula,below the
mouth of the San.

The installation capacity 15,000 kW

Water power station No 19 in post km 358

1l

e e e ey

395 ms/q 300 m3/s main low flow lowest flow in

altel alte2 summer winter

K B C; Cs D E

Power and output capacity demand

le kV 15,000 15,000 15,000 15,000 15,000 20,000

de ,o;o

65 65 65 65 65 54

2e kW = 9,750 9,750 9,750 9,750 9,750 10,800
Se kWh234,000 234,000 234,000 234,000 234,000 257,000

Hydro-electric station

4.  kWh255,000 234,000 157,000 157,000 133,000 133,000

8e Jofo 109 100 67 67 87 52
Se kW 10,650 9,750 6,525 6,525 5550 5,550
a. %k L 65 4345 4365 a7 a7
Be k¥Wh 24,600 42,000 17,300 42,500 37,500 52,000
ae G 105 18 T4 181 16 20.2
e kW 15,000 15,000 9,980 11,800 10,500 14,350
8e % 100 100 662 79 70 95,4
b ° :;0?5

100 100 66e2 79 70 71.8

Be kWh 21,000

Oe cm

54 b7 24 58 52 70

Steam power station

10, kWh
2.

Lile ki
Qe gn/g
bee jospo

18 kW

=2 -~ 77,000 77,000 101,000 124,000
== L 33 33 43 48
- —— 5,060 3,200 4,500 5,650
e == 338 21 6) 37 6
- e 338 21 20 28,2

- - 3,200 3,200 4,200 5,170
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Teble No.?f] Typical distribution of load for the stations on
the Lower sector of the Vistula.
Water power station No.35,post km 627.1 at Pxock
The instellation capacity 40,000 kW
mex.discharge of turbines 1,100 m3/s =Q

e e e e e e e e e e e e e e e — SIS, i s P Shor

790 m57; 720 ms/s mein low flow  lowest flow in
altel alt.2 summer winter
A B 0y Co D E

Power and output capacity demand

1. kW 40,000 40,000 40,000 40,000 40,000 40,000

a. %% 65 65 65 65 65 54
2. kW 26,000 26,000 26,000 26,000 26,000 28,730
3. kWh624,000 624,000 624,000 624,000 624,000 686,000

Hydro-electric station

Le kWh 681,600 624,000 432,000 432,000 384,000 384,000

a. % 109 100 69 69 615 56
5 kW 28,400 26,000 18,000 18,000 16,000 16,000
ae % 21 65 45 45 40 40
6« kWh 65,800 112,000 53,000 112,000 109,000 146,000
Be Jojo 105 18 88 18 175 21+2
7. kW 40,000 40,000 28,000 32,000 29,750 39,200
ae %% 100 100 70 80 745 98
be % 100 100 70 80 745 7566
8. kWh 57,600 - - - = =
9. eom a7 80 38 80 78 104

Steam power station

10. kWh -

- 192,000 192,000 240,000 302,000

8e ol - * 31 31 380 L

g i kW e - 12,000 8,000 10,250 14,000

a. %k - - 30 20 25,5 35
be %% = ~- 30 20 2546 2644

12. kW - o 8,000 8,000 10,000 12,600
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Table N0.5% Typical distribution of load for the stations on
the Bllg °
Water power station No.l post km 132 at latkinia
The installation cap301ty 5,000 kW
max discharge of Laﬁblnes Q= 203 m /s

145 m5/q 132 m5/q main lOW flow lowest flow in
alt.l alt.2 summer winter

Power and output capacity demand

Tog kw 5,000 5,000 5,000 5,000 5,000 6,650
8. %% 65 65 65 65 65 54
2 kW 3,250 35250 34250 3,250 3,250 34590
3e kWh 78,000 78,000 78,000 78,000 78,000 86,000
Hydro-electric o
4., kWh 85,000 78,000 60,000 60,000 47,400 35,400
e oo 109 100 LAt 7iige Al 4742
e kW 34550 345250 2,500 2,500 1,975 1,475
ae %% 71 65 50 50 3945 2945
Ga kiWh 8,200 14,000 8,500 14,300 13,600 15,000
e Job 1058 18 10.9 1853 17.4 175
T kW 5,000 5,000 3,850 4,250 34680 4,225
Se mﬁ 100 100 rdd 85 A5IPS) 84,5
be % 100 100 77 85 756 635
Be kWh 7,000 - - - - -
Qe cm 15 26 1:5eb 26 25 o
Steam power stationg
10. kih - -— 18,000 18,000 30,600 50,600
Qe Hf - - 23 23 39 5848
Tl kW - —— 1,150 750 15520 2,425
cle ;Oga —_— fabar 23 15 26.4 48 .5
be % e e 25 s 2644 3645

12, kW e el 750 750 1,280 2,110
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Table No.sg The totel distribution of load for 52 hydro-electrie
gtations on the Vistula and Bug in the case "B"
the flow is equal to that corresponding to average
demand flow.

Group of water power qtablons Total
1 2 3 4 5
Nog.of atations 8 i 16 8 13 52

Inst.cap. KW 38,000 89,000 325,000 355,000 78,200 885,200

%% of total 463 10 568 40 849 100
Power and output demand

le k‘ﬂ! 46,000 89,000 325,000 355,000 78,200 885,200

2e  pop 65 65 65 65 65 65

a. kW 24,700 57,850 211,250 230,750 50,830 575,380

3. kWh thous., 580 1,385 5,040 9,025 1,220 13,750

Hydro-electric station§

4, XWh thous. 580 1,385 - 5,040 5,525 14220 13,750

Qe Joj0 100 100 100 100 100 100
be KW 24,700 57,850 211,280 230,750 50,830 575,380
8¢ %0 65 65 69 65 65 55
6. kWh thous 105 250 905 990 220 24470
e 070 18 18 e 18 18 18
& I{c"f 38,000 89,000 325,000 355,000 78,200 885,200
8. % 100 100 100 100 100 100
bie ,3/5 100 100 100 100 100 100
9. cm 30-35 40-50 50-60 70-80 20-25 v 58

-
L]

Steam power station

10. XWh thous. - = “ o

Se Jojb = * = T % 7
1Les. I\ = = = = = 5=
ae #h - = = i % z
be % - - = % 5 5

12. kW = - = i

——————— e e e e e e S T L T I S S S S N I S T S S L S S S S S ==




Table ])TO-HO The total distribution of load for 52 hydro-eleectric
stations on the Vistuls and Bug in the case "C_™
the uniform flow in the river correspond to thé
main-water flow.

Groun of water power stations Total
I e S AR & 5
Nos.of stations 8 T 16" 8 13 52

Inst.cap. XW 38,000 89,000 325,000 355,000 78,200 885,200

%% of total g S o 368 40 849 100

Power gnd output demand

1¢ kW 38,000 89,000 325,000 355,000 78,200 885,200
e %o 65 65 65 65 65 65
a. kW 24,700 57,8501 211,250:230,750 50,830 575,680

3« kWh thous. 580 1,385 5,040 5,028 1,220 13,750

Hydro-electric stationk

4, kWh thous. 346 800) 3,38070 3,820 940 9,276
ae 5 58 58 67 69 drd 6755
5. kW 14,400 33,900 141,000 160,000 38,000 387,300
8e 7o/ 38 38 435 45 50 487
6« XxWh thous. 99 230 920 990 2253 2,462
8e %% 17 16.6 18.1 18 165 1749
7« kW 27,000 63,000 256,000 284,000 66,500 697,500
ae % 7, 71 79 80 BB T ER0
be %b 71 1y 79 80 85 78,9
9., cm 30-55 35-45  50-60 70-80 20-25 v 57

Steam power station

10. kWh thous. 244 585 1,660 1,705 280 4,474
8o oo 42 42 BB 31 23 325

1l. kW 11,000 26,000 69,000 71,000 11,700 187,600
Be ol 29 29 21 20 15 2152
be 0% 29 29 21 20 15 SR

12.. kW 10,200 24,400 69,000 71,000 11,700 185,200
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Table NO.HI The Total distribution of load for 52 power stations
on the Vistula and Bug in the case"D" when the
rivers flow is the lowest availsble in summer.

e e e e e s e e e e e T o e e o e e e . e

Group of water power stations Total
1 2 3 e 5}
Nogs.of stations 8 @ 16 8 13 52

Inste.cap. kW 38,000 89,000 325,000

555,000 78,200 885,200

%% of total 43 10 56,8

40 80 100

Power and oubtput demand

le kW 38,000 89,000 325,000
25 %h. 65 65 65
a. kW 24,700 57,850 211,250

3« kWh thous. 580 1,386 5,040

Hydro-electric stationk

4, kWh thous, 220 597 2,870
8. %% 38 43 57
Be kW 9,300 24,900 120,000
8o 7% 24,5 28 5104
6. kxWh thous. 76 197 810
2e 5% 13 14.3 16
7. kW 20,700 51,800 227,000
Be % 54¢5 58 70
De 550 _ 5445 58 70
9. cm 15-25 35-40 45-50

Steam nower station

10. XkWh thous. 360 788 2,170
8. 5% 62 57 43
11, kW 17,300 37,200 98,000
a. %k 45,5 42 30
b. %% 45,5 42 30
12, kW 15,000 32,800 90,500

355,000 78,200 885,200
65 65 65
230,750 50,830 575,380
5,525 1,220 13,750

3,400 74T 7,834

615 61 57
142,000 31,000 327,200
40 D5 37
970 212 2,265
17.5 74 15.4

265,000 57,800 622,300

74,5 736 05
4.5 7386 7
70-80 20-25 w54

2,125 473 5,916

38,5 39 43
90,000 20400 262,900
25,5 26.4‘“"L“§§5

e e

2545 26.4 290
89,000 19,700 247,000
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Table No.l4% The total distribution of load for 52 power
stations of the Vistula and Bug in the case "E"
when the rivers flow is the lowest availgble in

winter.
""""""""""" Group of water power stations _ Total
i 2 3 4 5
Noge.0f stations 8 7 16 8 18 52

Inst.cap. XKW 38,000 89,000 325,000 355,000 78,200 885,200

%% of total 4ed 10 5648 40 849 100

Power and output demand

l. kW 50,300 119,200 433,000 472,000 104,500 1,179,000
e Tt 54 54 54 54 54
8. kKW 27,400 64,000 234,000 255,000 56,000 637,000

3+ kWh thous. 650 1,565 5,610 6,110 1,545 15,250

Hydro-electric station

4, kWh thous 224 599 2,920 34,430 553 7,726
5y l{ 9,300 24,900 120,000 142,000 23,000 319,200
Qe j;é% 24.5 28 37 40 29.5 36
Be Wh thous. 106 256 ISR I 15 5% 1,295 236 5,028
a %% 163 167 2042 21.2 1745 19.9
Ta W 29,700 72,600 311,000 348L00 66,100 _Eég_'_?_, 400
8« % 78 81.5 954 o8 845 032
g ‘//ﬁ 59 61«4 718 736 635 70
Qe 50-35 40-50 60-"70 95-105 25-30 e

Steam power station

10. kWh thous. 426 936 2,690 2,670 792 7,524
e b 6545 61 48 44 58.8 49,1

i 1 kW 20,600 46,600 122,000 124,000 38,400 351,600
be 6% 41 5846 28.2 2644 5645 29,9

12. 'kﬂ 17,800 39,000 112,000 111,000 33,000 314,000
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ort enquiry into the relative costs of waterway and
wey transport.

It is genersally recognized that one of the principsl factors

in the economic development of a country is a transport

o

network , in which the various mesns of communication cooperate

in harmony.

General principles of cooperation must be estgblished so that
each meang of communication may play the role best suited to
the kind of transport with which it has to deal to ensure,
the greatest national profit.

In order that 211 megns of transport may work smoothly
together, there must be careful considerstion of all their
elements such as weight,volume snd velue of the loads, the
digsteance of haul and the frequency of the journeys.

FTor heavy treffic of goods of lessefvalue over long distances
ranning in a definite constant direction the inland waterways
are the most effective mesns of transport in spite of a heavy
initisl capital cost.

Goods of lesser value can compete in the more remote markets
of consumption only when the freight charges are in accordance

with the costs of production.

The profit aceruing to agriculture and industry and indirectly
through these to trade from cheap water-transport, proves the
economic vglue of inland waterways.

At the end of this Chepter I have shown the profits which would



be obtained by the use éﬁ-the proposed modern inland waterways
in Poland,in order to give some idea of the economie value o=f
this scheme,

The celculstion of the ssving due to the differences in ExXpIm
exploitation costs between water and railwey transport is based
on the principles and statistics presented,in a brief summary,
belows

The primary measure of the economic value of a waterway system
ig the saving in transport costs which it effects.

In the cost of water transport the charges of interest on
capitel investment in the waterway improvements plus the annual
cost of operation and maintenesnce should be included.

From these charges a part of the investment cost which corresponds
to the improvements for other purpogses suach as flood control,
water power utilisation and drainage problems may be excluded.
Many statistics are available regarding Ay costs of water and
railway transport but they are not elways strictly comparative
as all countries do not take the same items of cost into
account. In this respect I mey mention, in particular the
totsl capital expenditure,reckoned over a long period of years,
for.the improvement of o river and the proportion of that
expenditure which may be charged to the navigation service or
to flood control, irrigation etc.

The assessment of these charges varies widely in different

countries.



The remaining items of water transport costs also vary in
different countries,due to the local conditions and standard
of life, but are more comparable.

I shall now examine sbome examples of thése costs,

Operating cost.- Operating costs include the costs of wages,
fuel,lubrication,repairs to craft,supervision and miscellaneous
charges.,

The wege item depends upon the size of the train of barges
employed. For a train, which would be perhaps the normal in
Polend, consisting of a2 tug and barges with a total capacity
of 5,000 tons, the crew would comprize 20-~25 men, The wages
of towboat crews vary on an asverage rate from £. 200 - 300 per
year and per man; the barge-men’s wages may vary from £.40(in
Poland) to £. 180. To this must be added subsistence costs,
from 3 to 5 sh per man per day.

Fuel and oil regquirements are best expressed in ton-km of
cargo transported per barrel. TFor towboats worked by Diesel
-engines this ratio varies from 4,000 to 8,000 km t-km per
barrel of fuel and it depends upon the slopes of the rivers

or canals and navigable depths.

Lubricating costs for towboats with Diesel engines vary from
0.2 to 0e4 4 per HP and per full day off service,

The costs of repairs to barges depends chiefly upon the service
for which they are used. If used for handling bulk cargo,which

ie unloaded by heavy machinery, the total annuisl costs are



B
highex)being gbout 5% of the first cost of the barges, and in
the case of package-freight barges it is much less,gbout 1%.
Costs of supervision vary with the character of service and
the area covered by the water system, and may vaery from 1% to
2% of the cost of the crews.

Bouipment costs. Although there is a wide variety in costs of
towboats, due to differences in size and class of operating
machinery, the modern type of steam tow-boats varies as follows,

in approximate figures:-

for towboats with capacity sverage cost per HP
from 500 to 1,000 KP £¢50
"1:000,50.1,600 HP £445
11,500 to . 2,000, HP £e40 o

Towboats using Diesel engineg are glightly higher in cost.
There is glso a wide range in the costs of barges, but they

may be grouped, gpproximately, as followsi-

Hopper type £« 34 per ton of cargo capacity
Deck barges 8, 4-5 " 1 n "
Package freighters £. 6-8 " " " "

The fixed charges which include g1l items, such as interest,

depreciation,insurance,taxes and annusgl overhgul usually

applied to transport cost are 16-18% of the original cost of 5
towboats and barges.
Incidentally,these equipment costs are much less in water, than

in railway transport,I have calculated that under Polish con-



conditions the craft charges would be 40% cheaper than that

of reilwsy rolling stock. Thus for each million t~km of
transport the saving effected on the purchase of the means

of transport alone would be sbout £.1,000 .

Returning now to the whole costs of water transport and tsking
into account the items of operating and eguipment costs, these
costs may vary from 0.02 to O.1 4 per t-km, depending on the
distances,wages and prices of ecuipment and fuel and also very
mich on the load factor. |

The load factor in water transport is the ratio between the
total nunmber of ton-km resulting from one year’s operation of
a unit and the theoreticglly possible total output.

Thus the load fector, the difference between these two Ffigures,
springs from the normally lower average loading of barges and
towboats as compsred with the theoretical load capacity. In
sddition the number of hours during the year in which the craft
igs in commission is less than the total theoretical nuniber of
hours snd a deduction must be made for terminal and mechanical
delays, and for channel delays, such as time lost in passing
through locks, etce

TheIIOad Tactor varies considerably on the existing waterways,
the lowest recorded being 20% for towboats and only 6% for
barges.

The asversge figures are sbout 40% for towboats and 25% for
barges and the meximum figures, recorded in Germany before

the war, were about 50% greater than the average,

AT
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Thus the load factor may influence the exploitation cost of -
water transport considerably.

Finally I should like to mention some cost data of water
trangport on existing waterways.

In U,S.A. the cost of water transport on an average amounted
to sbout 0.05 d per t-km, as opposed to the sverage cost of
rail transport 0.33 4 per t-km .

In this comparison the cost of wabter transport requires
adjustment as the water distances are generally longer than
those by rail. This coefficient on an average is sbout 1.5 ,
thus the compareble cost of water transport increases to
0.075 4 per t-km .

The cosgt on the different kinds of waterweys varied conside-

rebly for instance:

on the canglized rivers 0,09 d/per t-km
on the great free rivers OLGsa i
on the great lskes OxQg, it &, G,

On particular waterways in U.S.A. the following costs of

transport have been recorded:-

on the lMonongahela River 0.05 d per t-km

on the St.Marys Falls canal 0,036 4 " o

on the Mississippi from 0505 4 " H
to 0s0B: @ it

on the New-York Barge canal 0,09 a " 1 s




In Bermany, where there are chiefly canslized rivers or
artificial canals, and where the averasge distances of water
transport are not so greaﬁjthe cost of water transport varies
from 0.06 to 0.02 d per ton-km .

In Poland we have developed the following formmla for the cost

of water transport,based on the local conditions:

c = ( li}' 4+ 0.29) %X 0.01 4 per t-km
where "n" is the distance of hsulage.
To this cost should be added the charges of interest on capital
investment which would be different for particular distances,
but on an average may estimated as 0.06 d per t~-km . Thus the
total cost of water-transport would vary in the region of
O¢l 4 per t-km, and is from 1/2 to 1/3 of the cost of railway
transport.
Teking into account some modifications in the cost of water
transport based on recent prices, I have developed comparative
curves of exploitation costs from recent water transport and
rail krxzffxE tariffs in Poland; see sketch Nb.’]l <
In order to form an estimate of the quentities of goods carried
and the prdbéblf'costs of transport for the completed system
of navigable waterways,l have visuglised a period some years
after the completion and calculated probable values as follows:

(a) The amount of traffic estimeted from recent figures of
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existing traffic by adding to thig the smount of the increase

which msy be expected
in population and the

and industry ba

m

to

follow

from the natural increase
constant development of agriculture

ed on the consumption of coel per head;

(b)Bxtre traffic which may be expected owing to the transference

of goods from rail to water

e -

transp

ort due to lower freights;

(¢) Increas ed traffic to and from neighbouring states which

would be attracted by the = shortening of routes and

immroved internationsl trade.

d pertha }r/t- ‘ﬁ"‘

0,5

0.4

0.3

01

0.1

-z e
By considering the centres from which

despatched and to which they would be

5

COMPARATIVE

- |

CURVES OF EXPLOITATIONS
COSTS FROM WATER TRANSPQRT AND RAIL
TARIFFS IN POLAND.

RAIL TARIFFS

TOTAL COST OF WATER TRAN
ﬂ OPERATING , EQUIPMENT AN

OF INTEREST/

500

1000

1500 k. _

the goods would be

delivered I have fixed

for each group, the cost of water transport and the saving as




T2
=
(£}

compared with rail costs, taking the lowest tariffs for bulk
materials.

These %Xxx tariffs aré indicated by the indexes "C" and IX in
sketch No. 7/ .

Trom this provisional estimste it sppears that, within a period
of gbout ten years, after the completion of the network of
waterways, the asmount of water-borne traffic in the interior
of Poland may be expected to be in the region of 13 million
tons of domestic trade and 7 million tons of foreign tfade

per year.

By transporting this total quantity of 20 million tons by water
the saving in freight charges would amount to sbout 13.5 million

sterling per year as compared with the railway costs.
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Conelusion,

If this great development of the Polish system of rivers and
cansls tskes place, nearly the whole of Poland would become
the hinterland of the Lower Vistula and would be provided
with an outlet to the Baltic Sea.

In addition, by the creation of a wide-spreading international
network, these waterways would provide all the neighbouring
countries with outlets to the Baltic and Black seas, and with
direct and shortened through-routes.

I stress the importance of the intermational charactef of the
waterways, for their development would be a vital factor in
the economie co-operation between East-Central European
countries and their neighbours,lying to the East and West, as
they would provide cheap transport for mass products over
long distances.

In my Polish report, snd in this thesis, I have discussed

the posgsibilifies of improving the existing natursl waterways
in the basing of the rivers Danube,Blbe,Oder,Vistule,Bug,
Prypet and Pruth and the means of uniting Xkexx these river
basing by important cbnnecting canalss,

I have given an account of the civil engineering work which
is required for the improvement of the rivers and the existing
canals, and I have 2lso given details of new connecting
canals. The suggestions and designs are original and are

now published for the first time.




I am strongly of the opinion that, along with the construction
of the navigsble waterways, every effort chould be made to
develop hydro-electric power to the maximum extent , and

also to deai with the problems of irrigation , drainsge and
of flood end silt control snd I heve kept these objects in
view in preparing my schemes,

In the politicsl sphere discussions are slredy taking place
regarding post-war politicel and economic plans for Eaet -

- Central Burope , in order to facilitate and accelerate the
re~-orgaenisation of social economy and to formmilate schemes

for the development of agriculture and industry.

In such schemes well-developed waterweys would be of almost
inegtimable value snd I hope that smongst the post-war
measures for reconstruction , the question of inlend nsvigsble

woaterweys will be considered as a matter of primary importsnce,

In this thegis I have endeavoured to produce a
comprehensive scheme to ensure the maxinum utilisation of the
Vast svailable water power resources of the East - Centrasl
Buropean countries in the hope that it may form a basis for
#ix digcussions which will lead totg%richment and peaceful

development of many countries and peoples.

In conclusion I desire to express my grateful

thonks to the University of Edinburgh, for affording me

facilities for research in the Engineering end Geography



departmente , and to the various libraries in Edinburgh ,

for giving me access to all sources of information.

Edinburgh, 25th liarch 1943.

/-/ Henryk HERBICH
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The Dam and Hydro-electric Power Station at Rozndéw on the
DUNAJEC (Poland).

1 The basis of the scheme

e v e e, e e m maem e

largest constructions made before the outbreack of war. It
protects the basin of the river Dunajec and its inhgbitants
against the destructive effects of flood and conduces to the
improvement of navigable conditions in the basin of the
Vistula.

The construction of a water power station with a capacity of
50,000 kW and of an spproximate yearly output of 142 million
kWh , and the installation of transmission lines with a
voltage of 30 kV and 150 kV will allow the provision of current
to the central industrial district of Poland in the triangular
piece of country between the Vistula and the San.

The dam at Rozndéw, which was begun in June 1935 , is situated
30 km from Nowy Sacz and 50 km from Tarnéw, and 80 km from the
junction of the Dunajec with the Vistula.

In order to decide upon the power to be installed and the
average annual output of energy to be produced by the electric
power station, the hydrsulic regimen has been based on
observations made over a period of 34 yearse.

The sutomatic gauging recorder at Propie, situated 8 km down~
~-stresm from Rozndw, ﬁas used to calculate the flow of the
Dunajec, in order to determine the productive capacity of the

power statione.
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The result of these observations has shown that in order to
carry out the plan for spillway arrangements and for their
construction, it was necessary to tske into account the great
variations in their flows, the limits of which are from
Qmine.= 4.5 ms/s to Q max. = 3,500 ms/s » The extent of their
variations is therefore enormous for it is 1 : 800 .

The average anmial flow is Qm= 67.5 ms/s « The average monthly
flows vary from 111.2 m5/s to 34,4 ms/s s taking into account
that the minimum flows are reached in the spring and summer,
A tgble based on the law of probgbilities shows that the
flood flows of the Dunajec are as follows:

Tgble No 1

Average Once in Once in Once in Once in
3 years 4 years 10 years 100 years

50 3343 20 10 1 %% of pro-
bability
1,195 1,436 1,602 1,953 2,605 m% /s

The average gltitude asbove sea-level of the bed of the Dunajec
in the section of the axis of the dam is}on a rough estimate,
237.50 m , whereas the average elevation of the water-level

is roughly sbout 239 m .

The bed of the river, gbout 90 m wide, is bordered on the

left bank by hills of the Bilsko mountain range, which ran
down steeply straight'into the river and rise roughly to an

eltitude of 450 m  The right bank forms a plain comprising

an area of 300 m , running progressively to an elevation of
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rage for exceptional floods will,therefore be gbout 11641 mil-
lion ms. In this way all the floods known up to the present
will be much reduced and rendered completely harmless,

The regulation programme provides other precautionary defence
measures against constantly recurring floods, a phenomenon
that often occurs in the rivers of the Carpathians.

It is only in Beptember that the storage water reaches its
maximam retaining level of 270 m ,and maintains it during the
autiumn.

The gbove scheme necessitates the installation of sevén crest
gates 12 m x 6 m at an elevation of 264.0 and five sluice-gates
3.5 m in diameter at an elevation of 242.5 .

The retaining of the water level at 270 m entailed the neces-
gity of buying land up to an elevation of 271.5 - 272.0 m »
The amount of land purchased covered a surface of about 1,950
hectars.

In the electric power station, which was designed to overtake
the peak loads, there have been installed 4 Kgplan turbines
each of 12,500 kW . Taking into account the considerable
variations produced in the reservoir as a result of the
hydréulic regimen adopted for protection ggainst floods,it

was necessary to instel Kaplan turbines with adjustable runner
blades. Bxperience having proved that these turbines, even
with the fairly large variations in the height of the head

or discharge vary little from the%‘maximum efficiency.

With regard to the turbines at Rozndw their efficiencies are



guaranteed within the limits of 5% of variation according to
the loads(from 0.4 to 1.0), and of the head (from 196 to

5lel m).

The reservoir at Rozndw was designed also to improve the
conditions of navigation in times of drought by raising the
water level with water stored during the floods.

This is how navigation on the Vistula will be improved:

l.The daily supply from the reservoir in dry seaséns will
increase the natural flow of the Vistula at the mouth of the
San to 40% .

2.The duration of the flows necessary for navigstion will be
prolonged, with the result,that during the year, the navigation
period will be extended from 530 to 40 days.

3.The mumber of days in the year,duaring which the Vistula

will receive additional flows from the reservoir may be
approximataiBEQO days, thus improving the navigsble conditions,
4,The interruption of the navigation periods on the sector of
Vistula ss far as Sandomierz will be reduced to a few days

a year, excluding the winter period during which the rivers

are frozen.

The ﬁdvantages to navigation obtained by storage expressed

in figures, represent a profit rising on an average tofh,,OOOJy
a year, an increase that, reckoned at a rate of interest of

Lo
5%, represents aboutfééo,ooo.ﬁ.
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In the ssme way, the profits resulting from the reduction

of dsmage as a result of floods, rice on a average to£;7,160$\
a year, which at a rate of 5% interest represents a sum of
Boutl MiTion wiotyaViss ,000+ &

Consequently, the importance of the saving realized by the
Roznéw reservoir, is indicated by the figure oﬂééé0,000 & ’
teking into account only the two gbove mentioned aims, and
not including the profits from the hydro-electric output,

This sum, reduces proportionately the cost of constructing
the electric power station at Roznéw, when we calculate the
production of energy; that is to say, the water board services
(navigation and protection against flood) would cover part of
the total cost and the remainder would be charged to the elec-

tric power station.

2e Geological conditions
The geological conditions existing in the Carpathians are

such, that it is difficult to find a stratum of sandstone
sufficiently extensive to form & contimuous foundation for

a dam over its whole length. |

One must, therefore, reckon with the fact that in the
Carpathians, it will be necessary to make provision for
foundations placed on a sub-soil composed of sandstone,clayey
schists and conglomerates covered by a stratum of alluvia
(gravel,clay,chalk and-sand).

It is well known that sandstone has a great resisting power;

it is, on the other hand, of relatively greet permeabilityy
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On the contrary clayey schists,although they are impermeable,

have 1little resisting power. The conglomerates, the resistance
is greater that

of which zx® xxzkex than xXkmg® of the schists, but less than

that of sendstone,have the defect of being too porous, Schists,

as well as conglomerates, appear in thin seams that are generdly

mixede. The impermesgbility of a Carpathian sub-soil is,

generelly spesking, based particularly on the water-tight

nature of the gchists, which makesit suitable for the con-

straction of dams.

Close collaboration between the engineer and the geologist

is necessary when a choice and examination of a site is being

made, and in order that every preceution may be taken to

ensure_the gsecurity of the desm during the course of construc-

tion.

At Roznéw, elements such as: the resistance of rocks, the

water-tight nature of the sub-sgo0il, and the slope of the strata

are satisfactory.

On the ofher hand, the following conditions are not satisfac-

tory: the homogeneity of the sub-soil and the coefficient

of friction between the strata.

These conditions were revealed in the course of construction,

when deep excavations were being made; they were not shown

during geological explorations, which were made by diamond

drilling by the Crealius spparatus(to a depth of 60 m ), which

costfﬁfooo 8.
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SeFoundations
The sbove mentioned geological conditions were the cause of

some modifications made in the foundsmentel priciples of the

plan for the dam and power station.

The following plan wkke adopted:

a)the foundation of all the blocks received a slope of 1 ¢ 10
towards tdﬂﬁ%ad—water;

b)the pneumatic gunnite method of placing concrete was used
over the whole lengﬁ@)of the important surfaces of clayey
schists, in order to prevent infiltration, either while
excavationswere being carried out or while the concrete
was being set;

c)the foundations of the blocks of the power station are laid
deep ® int&i%ubusoil and are trisngular in shgpe at the
bottom to correspond with the slopes of the seams,towards
ﬁ&ﬁheadrwater;

d)the foundations of the blocks of the power station and a
part of the blocks on the left bank agre firmmly fixed in
the sub-so0il by means of a series of anchorages from
le5 ¢ 2.0 m in diameter and from 6 to 7 m in depth, strongly
reinforced by railway lines.

Moreover,taking iﬁto account the inequality of
elasticity in the sub-go0il, a reinforced concrete slsb was
constructed in the lower part of the dam, sufficiently rigid

snd with sufficient flexion and shearing resistance, This sleb



comprises two naeppes of reinforcement(lower snd upper) at
the 6ap @nd &t the boktom of Blahy at the vats of 4.0 55 m
per meter, The lower nsppe wés placed on the bottom of the
foundations, which %%gemade level by a layer of cement at

a gradient of 1 ¢ 10 ; whilst the upper nappe was placed
horizontally at an altitude of 241.0 m . The total weight
of reinforcement for one block was asbout 33 tonse The blocks
of the power station are more strongly reinforced and about

150 tons per block was used.

4 Concrete Lsboratory.
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the dam, a laboratory was set up, for that special purpose,
and it was the first in the operations at Roznéw excluding
hydrometric and geological explorations for the works that
had just begun. \

The large extent%e concrete m has involved the
necessity of finding a solution to the fpundemental problem
concerning the preparation of concrete for the dem at Rozndéw
with the materials at M disposal.

The principal aim of these tests was to determine:

1)the resistance, 2)the impermesbility and 3)the compsct
nature of the concrete to be used.

In order to solve these problems it was necessary:

a)to find a suitable grevel-pit;

b)to determmine the best proportion and size of the components;

c)to make a choice of suitable cement and the exact proportion
of its ingredients(dose);



d)to decide upon the guantity of water necessary;
e)to analyse the properties of the water.

Next it was necessary to test the setting of the concrete that
had already been made for the construction of the dam.
The lgboratory is fitted with indispensable instruments such
as: an Ameler hydrasulic press of 200 tons pressure, a set of
instruments to test permesgbility,pumps,mixers,mallets,
apparatus for determining the shrink—age of the concrete(Amsler),
sets of sifters,balances,Graff-tebles,moulds for cylinders
and plataa,a Vicat needles etce
Two kil\metres from Rozndéw a sufficiently large gravel-pit
was found and after an analysis of the quality of the products
of this pit, it was found to be sultable for development. A
reserve pit was discovered higher up, at Zaxeze on the Dunajece.
The quantity of different sizes was determined by
sifting the components through a fine sieve, Next the question
of the choice of cement and & the proportion of its
ingredients was studied. In the construction of ordinary
buildings rapid hardening cement is often used,because its
resistance quickly increases, but this is not suitable for dams.
By the use of ouick setting cement a chemical reaction is
produced,accompanied by a discharge of heat, a phenomenon fhat
causes perceptible variations in temperature in the large
blocks,which results in‘supplementary tensional strain and
thus causing fissures. In spite of their small dimensions,

these figsures lessen the resistsnce of the whole construction,
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That is why for dams a special zmsm cement must be used,that
has a lower heat evolution.

The Large dams Committee of the World Conference in which

I took part is still dealing with the question of special
cements for liass-Concrete, with a view to reducing shrinkage-
-cracking.

The proportion of water depends especially on the way of
placing the concrete. Tests which have been carried out have
shovn that the vibration of cement by means of apparatus
called vibrators,mekes the concrete more compact. Needle
vibrators transmit the vibration of the concrete uniformly;
they are easily handled because of their simple construction.
The vibratory method produces a drier concrete,containing
less sand and water in proportion tgm%ame quantity of cement,
which incressed8 its resistance and water-tightness.

In this way an amalgemation of sand,cement and water produces
a mortar that would be sufficient to fill up the gap between
the different sizesof gravel and to'coat'thems. On the basis
of these analyses and after a series of tests, a suitable
cement was chosen and its proportion was determined at 250 kg
per cubic meter of concrete; this proportion becames 300 kg
to every cubic meter of concrete for outer facings.

Finglly, it is necessary to point out,that concrete is placed
in layers 2 m thick. Before pouzing in the next layer of
cocrete,the surface with which it comes into contact is

cleaned by means of jete of clear water under fairly high-pres-
sure,and by wire brooms,and then it is pricked to a depth of



3 cm and cleaned again. These surfaces are then covered over
with a layer of special concrete,called "super sPecialj several
centimeters thick. This process prevents seepage through the
gseams of the dam.

Parther tests were carried out on the resistance and water %
tightness of the concrete blocks. Holes were drilled to a
depth of 76 em in the outer facings of the blocks,into which
water was injected under a pressure of 8 atmospheres;next,

the lowering of pressure and reduction of infiltration were
observed on the surface of the blocks. Repeated tests contimed
to give results consistent with these obtained from model

experiments carried out in the laboratory.
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gorge that offers favourable conditions for closing the valley
by a relatively short dam.
This site is the more advantageous because of the dip of the
rocky strata rising up stream and the direction of the strike
running parallel to the axis of the dam.
The length of this dam is 550 m ; its total height including
the foundation is 50 m at the lowest point of the foundations,
and the net head reaches 3l.b m
The storage capacity.isfﬁ& have glready said, 228.7 million

6]

m®, and the backwater stretches as far as lMarcinkowice,that

is to say a lenght of about 22 km .



Plastic conerete has been used as the material for building
the dam. For its construction,the total length was divided
into 36 principal blocks 15 m long (the blocks of the power
station are 17 m long and those of the left zkemk sbutment
less than 15 m) separated by expansion joints made necessary
by thermic conditions resulting from the hardening of the
cement %%%%agy varistions in temperature,which may sub-
gequently result from atmospheric conditions.
Each expansion joint is made watertight by a copper plate
fixed into two adjacent blocks by a vertical shaft 20 x 20 cm ,
ranning up to the crest(upstream from the dam) and filled
with a special kind of asphalt. Further, the surfaces in
contact were coated with bituminous paint and in the shafts,
electric wires have been placed to heat the asphalt.
The volume of concrete used for construction was 390,000 ms.
Before choosing the type of dam, all the principal designs
for this kind of construction were examined, and the initial
rough-drsft showed the sketch of a "T" shaped dam, i.e. each
of the blocks was to be in the shape of the letter "I",the amm
of which would be turned towards the storage water, whilst 5
the jamb, 7.5 m wide , would form a buttress(contrefort) to
supporﬁ the arms and, seen in outline, would be triangular,.
After the excavation had been carried out,consequent
on the results of geological investigations,the initisl plan
was partially modified,but, at the same time, a triancular

gsection was kept.



A slope of 0.8 (0.1 and 0.7) was given except in the case

of the spillways,where the slope is 0.9 (0.l and 0.8),
because of the gaps made in the dam to dispose of the
spillwaysdischarges.

For the power station, the type of dem was adopted which is
composed of blocks,forming the shape of the letter "C", and
the tufbinegigiternators have been installed in it.

The chenge in the type of dam has entailed an increase in
the concrete volume of about 20%. In order to observe fhe
working of the dam arrangements more easily,arrangements have
beeﬁﬂggr:

a)lift shafts,control galleries(horizontal and vertical) and

b)the installation of measuring spparatus for deformation,

tensions(straing) ,temperatures and displacements.,

6.Constraction.”
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up of the lsboratory,the construction of hutments, a telephone
line, roadwaye and many other preparatory labours., Next came
the construction of a narrow gauged railway (750 mm) from
Marcinkowice to Rozndw,l9 km long,so as to carry materisls
ratéd at about 120,000 tons to the buildings yards. The
construction of the railway made it necessary to arrange for

a temporary wooden bridge over the Dunajec 166 m long and

15 m high. At the same time,the regional electric power
station at Tarnéw(Moscice) built a temporary electric power

station(in reserve) with a Diesel engine 300 kW together
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with a transmission line with a voltage of %0 kV and a capacity
of 1,200 kW .

The whole length of the foundations were only finished in
1938. The excavation for the foundations and the tailwater
cangl amount to 570,000 m3. This figure includes that of the
rock excavation which is 215,000 ms.

The plan that was adopted did not provide for the costly
construction of subterrenean gayé}ies which should allow the
water of the Dunajec to be diverted,whilst the work was going
one This is the reason why the bulding programme had to pro-
vide against several successive diversions,which, in view of
rather restricted space,was not an easy task, in spite of the
use of steel sheet piles(Larssen-Rombas piles).

The year 1936 was devoted to preparatory work: the
building called "e concrete factory" was completed,and the
machinery for the preparations of concrete set up there;
machinery for transporting and placihg the concrete was also
set up. These Tittings were provided by Allied lMachinery Co,
At the same time: 1)a crane with a range of 600 m and a 1if-
ting power of 3 tons, to 1ift the materials ebove the excava-
tioh;this work was carried out by Societe Bleichert; 2)Machine
for injecting cement were installed; 3)Derrick cranes and m%
other gpparatus were brought; 4) a narrow gauge raillway
leading to the gravel-pit on the Dunajec was constructed;
driwen }n

5)a steel sheet of Larssen-Rombas piles 450 m long was

6)a group of 5 dwelling houses(excluding several barracks)



were erected for temporary office use,but they will be used
later for the workers in the power station, and towards the
end of 1936 concreting of the rocky sub-soil was started andcof
the same time 1t was made water-tight by the injections of
cement. Concreting was carried out in a direction parallel
with the axis of the dam. The liquid cement was (injected)
compressed at a pressure of 2 to 30 atmospheres in the holes
drilled in the rocks to a depth of 35 m

In the third and fourth season of the work,excavationswere
finished and concreting went on; the daily concrete production
reaching 1,000 mﬁ; the total volume of concrete placed up to
April 1939 was 312,000 m° , i.e. sbout 80% of the totsl volume
that was planned.

Purther,the installation of outlet pipes and sluice gates, and
the equipment of turbines was begun.

Daring this same period,work was also carried out on spillway
gates on the crest of the dam,for the discharge of flood water
and two rows of "chicanes" for the destruction of spillway
water energy,based on tests made on small scale models in the
laboratory.

During the winter 1937-1938 , the first diveriions took place
from the river into temporary channel,prepared towards the

end of 1937 . This channel passes over the foundations of

5 blocks of the dam, it is bordered by the blocks 13 and 18 ,
which had been constructed beforehand and by the adjacent defence

walls. To connect the separate parts of the buildingff yard By oveL
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this temporary channel, a wooden bridge was built with 5 spans
Qg

of 16.2 m , supported on 4 concrete piles,

7.The concrete yvorks,
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buildings commected together. The railway lines that carry
the materials run between the buildings. The machinery
congists of a riddle to sift the materials,silos for the com—
ponents,mixers and conveyers.

The riddling apparatus,consisting of cylindricel riddles,
washers,crushung machines and grinders,produces 4 kinds of

components :

fine sand 0e25 = 2 mm
coarse sand 2 -10 mm
fine gravel 10 -30 mm
coarse gravel 30 -80 mm

The materials brought from the pit to the concrete work pass
through the silog and the riddling apparatus,whence it is
conveyed by means of conveyers to the place where the com-
ponents undergo a preliminary riddling through perforations
(90 mm x 90 mm ) with a diameter of 1.22 m and length of

4,27 m « The coarse gravel eliminated by the riddle falls into
the primary crushing machine. The other materials are carried
by a bucket elevator to the secondary riddle which is 1,53 m
in diameter and 6.70 m in length,cylindrical in shsape,with
perforations 30 mm in dismeter and occupying 4/5 of the whole
length of the riddle; the remainfing 4/5 of the length of the
riddle has a perforations 80 mm in diameter. The materiasls

are riddled in this machine by redividing the components and



putting then through an intensive washing process by means of
powerful water jets inside the riddle. The products that are
more than 80 mm in diameter pass E&ough a channel to the secon-
dary crusher. The materisls that hsve been crushed by machine
are mixed with the pPoducts of the secondary wriddle. From
this riddle they are carried by conveyers to the silos beneath
which are placed dosing spparatus(ingredient apparatus) into
which they fall by force of gravity.
From there,the components in well defined proportion,reach
the machine for meking concrete with a capacity of 1.6 m® and
with a (output)production capacity of 50 to 70 m® per hour,
There are two dosing(ingredient) machines,each supplying one
concrete-making machine.
The dosing of coarse materials is cealculated by volume,whereas
that of fine sand,water and cement is calculated by weight,.
The sand and water are proportionetgly mixed together,because
the degree of humidity of the sand alone is much too variable,
The conveyer for the transport of concrete consistsof one
belt,placed parslled to the axis of the dam,and another placed
transversally,which is moved according to the position of the
placing of concrete(building-yards).
The conveyers are suspended on cables,resting in the middle
of their span on a metal cross-bar(portique) 87 m high from
the base to the top.

The conveyers consist of a series of sectiomsabout 30 m long.



The concrete when it reaches the end of one section,falls into
the next one. Each section is made of a steel girder encircled
by a belt with no join and moved on a roller and each has an
independant motor. The belt is made of reinforced rubber 10 mm
thick and 80 cm wide.

The machinery in the concrete works is wurkpmExwaxrk® worked by
electric motors.

To complete the full description of the concrete work, I must
add that the gravel is extracted by means of a bucket exca-
vator(steam); the production capacity of which reaches 150m®
per hour. The gravel-pit has been dug to a maximum depth of

7 m end an average depth of 4.50 m .



Auxilliary Constructions. 8, Fish ladder
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The closing of the valley of the Dunajéc by the dam gave rise

to the problem of fish ledders. Investigations show that in
American dams fish 1lifts have been adopted,whereas in REurope
types of pool or cascade ladders are usedjin these the fish
are forcedto leagp from one pool to another over the whole
course of the pools. The difference in level between the
consecutive pools varies between 0.20 m and 0.60 m »
After o study of the construction and working of existing
ladders in Germany,Switzerland,France and Scotland, the guiding
principles for the plan for a ladder at RoZznéw were settled.
This ladder is composed of 60 pools on the right slope of the
valley; each pool is 3 m x 6 m in dimension and 1l.60 m deep.
Bach beffle-board between two adjacent pools has an opening
O+8 m X 0,45 m at the bottom and at the top a notch 0.4m x OJdfm,.
The difference in water levels between two adjacent pools is
ODe4d m « Bvery hundred metres there is a larger pool which
forms a resting place for the fish. The totel lengfh of the
60 pools ie 360 m and the difference in level between the
first and last pools is 24 m . The second part of the ladder
leads into the body of the dam to mske up for the remaining
difference in level (7.20 m ) between the elevation 270.00
and 262.80 « It igs composed of 18 pools.

9.Roads. ' with
As a result of the construction of the dem a lske a surface

measurement of 18 km?has been created.



At one end of this are a number of hamlets,buildings and roads
among othembeing the road that connects Nowy-Sacz with Tarndw
through Zgkliczyn - on the one side and by the pass of Justéw
on the other side of the river. In order to keep up commini-
cations between the hamlets situated sbove the storage reserwir,
and the business centres, it was necessary to plan new roads,
taking into account the growing needs of the tourist traffic
in the Beskides of Nowy-Sgcz. The building of roads was begun
on the right bank of the Dunajec by the year 1938-1939 (and
the embankments haﬁe already been constructed) on the sector
from Rozndéw to Dagbrowa. The construction of 56 reinforced con-
crete culverts, both large and small, and 5 bridges was com-
pleted. The width of the road is 7 m , 5 m of which is allowed
for the rosdway and 1 m for each footwaye.

On the left bank embankments were begun and the construction
of a bridge at Smolnik and of 24 fairly large culverts, The
road is 8 m wide, 5 m for the roadway and 150 m for each
footwaye

The length of the newly marked out roads is 6.1 km on the
left bank and 178 km on the right bank.

The cost of the construction of roads,culverts and bridges
with a higher level than that of the future level of the

river xixgr was 180,000 £,

Puarther, to create and complete the network of roads from

Roznéw, the roadways have been widened and improved(by means
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of concrete slabs or regular sized paving stones); and certain
EBEX sectors of the roads with gredients that are too steep
and bends that are too sharps have been remade, This relates
to the sections of roads on both sides of the river,particularly
from Dabrowa snd Marcinkowice to Nowy-Sacz. The cost of this
work was about 180,000 £.

In order to complete the roadway construction, 3 km of rosdway
hag been made,connecting the network of roasds on the left
bank with that on the right bank,near the crest of the dam,as
well as 6 km of public roads and side roads which connect the
villages with the system of roads from Rozndéwe.

The plan for the rosds in the Rozndéw system was made with a
view to the mountainous lie of the land, so that on certain
sectors,the largest possible surface of the newly made lgke
may be seen.

10.Appropriation of land .
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The gppropriation of land at Rozndw which included arable

land was carried out by the Goverhent and gssessed on an

evaluation by experts. A special commission set up by the

Ministry of Transport deslt with various problems connected

with the survey of the land and the legal aspect of the matter.
At the same time steps were taken to buy up properties in

the district, to divide them up into lote and to transplant

the dispossessged owners so that they might create new homes

and means of livelihood. As far as possible land is bought

and sold by muatual agreement before the time for sppronriation

has expired. The property bought comprised 1,950 ha of arshle
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land,forests and fallow land (flood surface including banks).

Gunk
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was being carried on, work on the control of the torrents

and streams was also going on. Storage water sbsorbed a number
of Tairly large torrents.

Their special characteristics are e smagll discharge pool, a
narrow course and a very steep slope to their beds. The su&’
soil of the pool is formed by impermesgble strata, the result
of which is a fairly rgpid discharge of flookd water and
consequently a large acuentity of silt is deposgited dovmstream,
To protect the reservoir against silting or the deposgit of
gravel it was necessary to include the control of stregms

in the scheme of work connected with the constraction of the
d.ame

12.The Eguipment of the Dam.
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The dam at Roznéw necessitated the installation of spillway-
-gates and sluice-gates,also arrangements for destroying

the energy of spillway water.

The site of the spillway-gates is gdependent on the regularisation
of the bed beyond the dams,s0 that the out-let of the drained
water reculated by passing through the chicanes does not

injure the bottom of the bed. In this way an even discharge

of water from the_spiilway-gates and sluicegates into the bed

of the river is obtained whatever the state of the water

dowvnstreasm méy be.
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The shape of the crest of the spillway-gates was calculated
by data verified on emall sized models. The ghape chogen
appeared the best in the case of maximum discharge. The
contraction of the nappe through the spillwsy-gates must be
so adjusted that the presure exerted on the sloping surface
of the facing of the dam is s mininmum.

Further, in order to reduce the contraction of the surface
water thvoﬁgh the spillwey-gates, a console was installed
on the hesd-water side,

13sSegmental Crest-Gates
At The seme Time a nlan was made for 7 segmental crest-gates

which were ordered in the country from Ridzki and Ltd Soc.An.
The machingry of these gates is fitted up in the crest of

the mxmxk dam, under the road; the gates are 6.2 m high(the
elevation of the sill is sbout 263,80 , so the maximum
elevation will reach 270.00) and their lenghth is 12 m  They
are made of riveted and welded steel.

The plating of the gates is made of sheet-steel and is ecylin-
dricsal in shape(radiue 8 m) on which the presure of the water
is exerted according to the radius. The axis of rotation of

the sector is at an elevation of 261,20 #2nd i= nlaced 10 m from
the axis of the dsm. The sheet-steel is reinforced by

U shaped iron joists No 16,welded to it and placed horizontally
at intervalf so that the pressure on the iron joist is

. 4 £A-S
approximately equale. The plan necessitates vertical guideX aﬂa¥-



sheet-iron armour-plating 8 m , of varying height and two

iron U sheped joists 80 x 80 x 8 . The main guiders consist

of latiice work frames regting on jointed supports,placed

on the axis of rotation of the sectors. According to the plan
the main guiders are made of riveted angle-iron.

The segmental crest-gates turn on steel pivots 240mm in ¢ ,
fitted up on plummer-blocks farnished with bronze pads( a
pressure of 180 kg : em® has been alloved for).
Water-tightness at the bottom has been secured by sealiﬁg a
steel sill which is let into drilled holes and fixed by means
of bolts.

The regulation of water-tightness is rendered possible by
lowering the crest-gates and, under the full pressure of water,
assuming that access to the bolts by tightening will be down~
-stream from the crest-gates. Lateral water-tightness is
obtained by steel plates with a high resistance,zboutl.5 mm
thick and 20 em broad,ending in a drilled hole made in the
corresponding iron plating of the piles.

Theoretical 1lifting forces &= of 25.8 t and 35 t have been =
allowed for the winches.

The.two Galle chains of S.l. steel,each link of which measures
95 mm , hooked to the ends of the segmental crest-gates, are
worked by a single eleptrie motor,with the help of two hydraualic
levers,connected by a shaft 12 m long. Eadh lever is composed

of a screw @ipped in oil and fixed into cog-wheels. The motor
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and the screw have ball-bearing plummer-blocks,the other parts
have ordinary plummer blocks.

The appafatus is provided with an electro-mechanical brake.
These brskes may also be actuated by hand.

1l4.51luice-Gates,
As has been said above,in the dsm are set up 5 sluice-gates

with grooves and with sliding gates and hoists. The axis of
the sluice-gates are at an elevation of 242,50 , i.c.about

21 m below the sill of the segmentsl crest-gastes. The sill of
the grooves of the sluice-gates is at an elevation of 240.00 .
Bach sluice~gate at the entrance is 6,000 mm in diameter and
funnel-shaped; over a length of 2,200 mm its diameter is
reduced to 3,500 mm but keeps a circular section.

The sluice tube is made of steel plate 12 mm thick.According
to the working conditions certain sectors of the tube are

more or less strongly reinforced by weiding a collar of sheet-
-iron 15 x 120 mm « The various sections of the tube are as

follows:
the first-circular section-182,800 mm ; the second(1=3,500mm)

composing the passage between the circular section and the
rectangular one (reinforced in the shape of a cross) ;the next
3,700 mm containning the sluice-gates, then 1=5,400 mm with
an inereasingly rectangular section(h=3,500 mm to 4,750 mm);
and the last -9,850 mm long is made up of only three walls:
the bottom and lateral walls(to an elevation of 244.8 m)
evenly reinforced by wekding sheet-iron.

These sections are wélded or rivelfed together on the building

gide.
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Bach sluice gate is closed by two sliding gates 2700 mm x 3500 mm
According to the plan these sliding gates are made by a frame
work welded together and they are calculated for a maximum
pressure,allowing for gtension limit of 100 kg cmg.

These gates consist of an iron girder in the shape of = double
"T”,horizontallplaced at intervals of sbout 0.5 m and covered
(towards the tail head and at the sides) by a plate 14 mm.
Towards the gross-head,watertightness at the sides and at

the top is obtained by bronze bars that sre easily changesble
and slide on steel bers fixed on the frames that form the
grooves of the gates.

When the sluice-gates are wide open,the sliding gates jut

out a little so that they may be kept,resting against the
groove by the pressure of water,to avoid oscillation.Water
tightness at the bottom is secured by a cast steel or by

a steel bar attached ;; the gill. The gliding gates are
worked by hydrsulic hoists(servo-motors)fitted with centri-
fugal pumps and with hand brakeS, The length of time tsken to
open and close a sliding gate mechanically is sbout 30 min.
The hydrsulic hoist (servo-motor) of the sliding-gates is
provided with a long distance control (florked from the power

the/
station or from control room of the gates) and with g signgl

apparstus,



16. Turbines (the clectro - mechsnical equipment of the Power
: Station) .

The building of the electric power works is situated on the

right benk of the Dunsjec. It is built of stréngly reinforced

coberete and provides for the installation of 4 srounse with

a2 total capacity of 50,000 kW .

The floor of the machine room is at an elevation of246,00 m;

the distance apart between the 2:;; of the turbines is 17 m,

the axis of the spiral caesing is at an elevation of 236,75 m

snd the axis of the adjusteble runner blades of the wheel at

an elevation of 235450 m.

The power works contain 4 Kaplen type turbine with vertieal

axee, © runner and 6 adjusteble runmner blades end with a

capacity of 12,500 kW and 214 revolutions per minute,

The runner of cast-steel has bronze plummew-blocks for the

axis of the blades,which are made of rustless steel,

The operating cylinder for the runner blades and for the guide

vanes ensures the closing of the gpiral case within 2.5 to b5

cseconds, and that of the runner is 40 to 50 seconds,

The guaranteed efficiency of each turbine is: -

l.for minimum heed (h & 19.6 m - 85,5 % ) for full loads;
88.5 % for 0.6 of the load ; 86.0 f for 0.4 of the load;

2.the maximum head h = 31.5 m i.e. the corresponding figures
are 91%,90% and 87.5%s

Thus slterations in efficiency are insignificant in spite of

the great variations in the working conditions of the power

stations; it is precisely this quality that reprecsents the



advantace of Kaplan turbines over the Francis mske, Tor the
choice of the type of turbine to be used at Rozndéw it was
calculated that the use of Kaplan turbines would sllow an
estimated production of 11 million more kWh a year i.e. 7%
more than could be obtained with Francie turbines,which will
effect a saving of several hundred thoussnd zlotys o year,
reckoning on a bagis of a selling price of a few "grosze" a
kWh . The weight of 4 turbines is 375 t.

The intake tubes are welded;they are 5,5 m in length and have
a dismeter of 3,8 mj;these tubes are of sheet-ivon 12 mm thick
gstrengthened by collars.

The spiral casings are also welded and furnished with cast-
~-steel rings supporting the fixed vanes and Jjoining the spirals
to the operation cylinde®.

The instellation of the turbines has been carried out by So-
ciety HEscher Wysse

The ims=kakkatisgw intake tubes are supplied with double sliding
gates on a roller tradn 2 x 2,56 m x 6 m , that close by
their own wéght under the pressure of a maximum discharge; =0
they must be supplied with steel rollers on both sides, The
sliding gates have a strong welded freme work 6 m high,

The gliding gates are worked by servo-motors. The lengkh of
time teken to op@n them is sbout 10 minutes and they may be
clogsed in 40 seconds.

The power station comprises in addition;sets of cast-steel

stop log gates on the intake and draught tube sides,which



can be lowered to control the sliding gates or to close the
exit from the Adreught tubes. A cross~bar to manipulate the
stop log gates on the intske side snd to the turbines,is in-
stalled on the bridge of the crest of the dam st an elevation
of 270.00 m « The cross-bar for the stop log gates on the
draught tube side with racks and pumps for the discharge from
the draught tubes and of infiltration water are also installed
in the dame

The gbove machinery has been made in Polsand.

17 Generators.
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rating (24) of 15,600 %E%!agd a speed of 214 revolutions per
minute. The characterﬂiéxégéﬁg of the generators are 6,300 V;
50 eyeles,cos ¢ & 0.8,which corresponds to 1,430 A .

The efficiency of the generators for cos @ = 0.8 veories
within the limite of 96.7% to 93.0%. The first figure is for
full loads - 15,600 KVA , the second corresponds to -0.25 of
full loads is.ece 3,900 kVA .

The generators with a vertical axis are supnlied with upper
beerings and its two girders that support the weight of the
rotors of the generators and the turbine,and alsoc the wéght
of'the water. These girders are made of plated steel. The
lower girder of the bearings serves as a support to the brakes
of the hoist. The 0il cylinders of the brakes are set in them,
thus making sure that the brgke of the rotor of the generator

can be sgpplied in 5 minutes.



The total weight to be borne by the bearing is about 325 t.
The total weight of the steel constructions in the groups
including the rolling bridge,sliding gates,stop-log-gates
for the intske and draught tubes,as well as the gquipment
of the spillway apparatus i.e. segmental crest gates and
sliding gates,is 2300 tons.

18+ Hydro-electric system.
In the hydrasulic power station the problem arose as to what

capacity should be instslled,from the economic point of view.
In a steam power gtation,the mseximum output capacity can be
calculated by starting from a fixed capacity with reserves
simply/ :
and then by =XEEXX multiplying that figure by the number of
hoursin the year or by the estimated nunber of hours of use;
en the other hand,for a hydraulic power station,the first
estimate to be made is the possible maximmum yearly outpubt in
kWh end the choice of the power capacity most appropriate to
the purpose Tfor which the power station in question is de-
stined,is of secondary importance. If it is a question of a
power station without pondage, an estimate for the construction
of the production plant is a simple matter,
Theoretically the total amount of flow,excluding the flood
flow,is used for the turbines;thst is whify the choice of the
power to be installed is easy,fo§ it is fixed for the largest
possible period of use,in order?géke the production of the

maximum of energy possible., This period varies between 6000

and 7000 h.



The problem is more difficult in the case of a power station
with storage reservoir;for it has to fulfil two or even three
different functions,which are incompatible)for example -
protection against floods,the production of energy and navigation
gaR1% purposes.,

With a view to protection sgainst floods,it is necessary to
BXEYXHEE®E arrange for frequently empiying the upper volume of

he storage reservoir in order that it may receive and store
flaod water,and this is f&Ekrx detrimental td the production

of energy which is immediately reduced. For,if this was the
only object in view,the level of the storage water would be
meintained as high as possible.

For navigation purposes it is necessary to have the outlet

from the drsught tubes of the turbines ss invarisble as possille
RerxRav iz skXon P rNesEE ik sxnerrEsaryxkaxhavexthe in order

to ensure the continuity of navigation during the course of

the year as well as during the daye.

On the other hand,an hydraulic power station must be completely
Pree to work £o that it may be sble to addpt itself to the
variations in the demand for power,especially if it is to Dbe
used to cover the peak loads.

A compromise between these incompatible functions when the plan
ig carried out and a judicious use of the storage water and

the plant may lead to the best use of a power installation,
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In the present case,the power station at Roznéw is the property
of the Govermment which is obliged to allow for all the gbove
mentioned functionsg;there the storage water is used in such
a way as to get the greatest economic edveantege from it for
the country.
The development programme published by the Office of Wavigable
Waterways shows that during the period when flood may be BX
expected,i.e, during the summer half-year,the level of the
storage water is maintained at 3 m below the maximum 1éve1,
which gives a reserve capacity of 50 million rn5 of water,
After that,other discharge spperstus is used only if there
is warning of sn unusual flood. The time during which a
forecagt of the possible height of the flood cen be obtained
(about 24 h ) is long enough to allow the reservoir to be
emptied down to the necessary level (the volume of storage
water necessary for the greatest flood would be 11.5 m deep)
80 that the water flowing from the reservoir at that time may
createdspillway discharges that are not dangerous for the

:
valley ‘O!stream.
Thus,bv sacrificing a relatively negligesble quantity of
energy,the use of the total capacity of the reservoir is ensared
in view of the fact that during the year flood precautions
are of short duration and are rarely necessary (often once
only) - specificationé show that for this purpose,i.e. pro-

tection against flood,it is necessary to use,on an sverage,m



6% of the anmial/
only\il® flow passing through the sluice gates and snillway

gates, This means that the working coefficient of the power
station would be 94% and it would produce,on sn gverage
141.8 million kWh instead of 150.8 million kWh,which would k=
have been produced of it hed not been necessary to tske pre-
cautionary meacures against floods.
The coordination of electric power problems with those of nas-
vigation has been obtained by the constriction dovmstream
(k3 xm dovmstream) of agnother dsily ecualizing reeervoir at
Czchéw,the function of which is to retain and store the
uneven epillways discharges from the turbines at Roizndéw(often
the discherge of a whole day’s supply during a few hours)then
to send this downstream in an aversge discharge lastince a
whole day of 24 hours. Thus the lower course of the Dunajec
gets
ond after that of the Vigtuls ggig = steady discharge which is
regularised seasonally by the storage reservoir at Roznéw and
daily by the pondage at Czchdéw. The power station at Czchdw
has as a second function the production of power to cover the
base loads;the output capacity of this power station is
10,000 kW with an averasge yearly output cepacity of 47 million
1.
The result of the programme for the production of energy by

over each month as follows! -
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This is an average distribution calculated according to
observations Nede during a number of years of the gauging
power in the streams; it may happen that considersble de~
vigtions are ascertained,

The result of this monthly distribution of output capacity
is that the varhations in the available power capascity over
a period of 24 hours rans from 10,507 kW in Pebruary to
23,087 kW in Maye.But the power station does not work in this
way; the length of time it works in 24 h. is much shorter and
is adépted to the demands of the market. The huge reservoir
has a very great storage capacity which permits:

le¢a choice of the length of working time,2.the supply at any
moment of any capacitf up to a maximum of 50,000 kW, For
example Dbasing my opinion onﬂkassumption(whieh is purely

theoretical) that the market demend is a steady maximum capacity



of 50,000 kW , I should say that in 24 h, the length of the
use of this power would vary in the @ifferent month§ of the
year between &@zxkxim 5.04h in February and 11.02 h in lisy,
iefe 8N aversge of 7.74 h per 24 h over a period of many
yearse.

In the same way,the heights of the net head vary on an average
between 26,01 m and 3%0.01lmfx; the maxinmum head being 31.5 m
(in spring and sutumn),snd the minimmum being 19.5 m during

the very short period of 4few hours during which preparations

are made to XREXXE receive and store flood waters,

_____________ Profits to be made by a Power Station.
Tn conclusion it is necessary to add a few words sbout the
cost of the hydro-electric power station at Roznéw and its
possibility as a profit meking concern. As I have already
said,the profits to be gained by the plant may allow the
Government to have part of the cost of the dam and power
station covered by other brenches of the Water Servicess

The following estimate has been made,based on two different
principles:-l. to saddle the power station with the whole
cogts, 2.t0 charge it with only a part of the costs which
would be obtained after the deduction of expenges inereased
by navigation and defence against f;oods.

The rate of interest on the capital invested in these projects

has been sssessed at 4.5% msking allowance for the security

of this assessment,the sele of power being assured.



The length of the amortization of the copitsl invested in
ci¥il engineering works was fixed at 60 years,which is the
normal length of concessions for hydro-electric power stations,
and at 20 years for electro-mechanical equipment. Allowance
has 3lso been made for a period of 20 years for the formation
of a sinking fund with which to buy spare parts for the electro
-mechanical equipment. In addition,allowance mist be made for
maintenance costs(20% for the mechanical and 1% for thecivil
engineering part)and a generg¢ﬂ@en§es fund for the ruhning
costs based on the normal Tigures in similsr establicshments.
The total cost of construction wss assessed at £ 1,800,000 ,
£21,140,000 &, of which were estimated for the civil engineering
sidef%bo,ooo N\ for the electro-mechanicel equipment?'28o,oco_a
for the purchase of 1and,and;180,ooo M for new roads (neces-
wxYy siteted by the creation of the artificial lake).
The anmual expences of the power station may be estimated as
follows:
le.Amortization and payment of interest on the mechanical
EqUIDMENLsssesssroscsasasssscarssessrssserensssseaeo 15,360

S.mortizstion and payment of interest on the civil
Bn.gineeri'ng T-_m?ks..-uon--o-noo.o.--qonoo-oo-oono¢¢E:. "77,q00

S.Si'ﬂl{ingF‘dlld..........-.....--.-...-............. 6,1’50
4. Maintenance of the Machineryeesssceossessvcasccse 4,000
5e - - of the civil engineering works 11,400
6.1.".?01’1{11'1.5; expences 0 0 8 9 008 A0 F0 6N 00808 0N S0 0NEREN S R0 l0,000
7.Taxes and general €XPeNCESeseesecssccsersseccccess 8,000

Total £.132,520
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Starting from zm first principle,i.e. by charging the electric

power station with the whole cost,the cost price per unit
reckoned in kWh can be estimated at 2.36 grosze (gigsd),for
a yearly output of XwmxmiXXiwm 142 million kWh , this being
the net cost per unit when it leaves the power station.
On the other hand (second principle), allowing for the fact
that it is necessary to charge part of the costs to the na-
vigation and flood defence services,which sllow for a profit
estimated at £.40,000 a year the cost price of the kWh would
155 grosze(0.16 d)
be BXEEXZ (xxgsxgﬁagaﬁ). This estimate does not allow for
the cost of transportation snd the transmission of current.
In practice,and generally speaking,when the cost price of
current is being estimated %ﬁgmust not count as the whole
being sold,so it is necessary to include in the estimate the
coefficients that allow for estimated genergl expenées. Ge-
nerally speaking the first years are thin for all normally
planned power stations , and their profit making capacity
cannot be assessed in exact figures and for the first few years
of development,but it must be reckoned over a working period
of seversl years. In the case in question,the power production
at Roznéw and Czchéw,the first working years promised to be
ouite profitable. The two power stations,i.e. the pesk power
station and the base power station,with a total output capacity
of ghbout 200 million-kWh and having a very different distribiuhion
of loads,are connected with the steem power station(worked by

coal and gas) also situated on the territory of the C.0.P. at



Moscice and Nigko to feed that industrial region and to trans-
mit current to the centre of the country. By this collsborstionk
the distribution of loads at the steam power station are spe-
cially adanted to the output capacity of the water power station
during the different seasons of the year,and the length of
working hours per day,so that the water power station may be
utilized at sbout 100% to avoid losses of water through the
spillways.

Such a collsboration allowenot only the ssle of electricity,

but glso a saving in running expenses at gll the power stations
working together,by the reduction of reserves in the steam m
power station,and consequently o reduction in the sverage cost-
price of the power produced.

I wish to emphasize this fact all the more,because there are
people kRmrxzxzmmke who meintain:

l.that it is not considered possible to reconcile the work of
an electric power station,the function of which is to answer
the demand for power,with the simultaneous part the dam is to
play in regularising the spillways discharges of the river in
order to prevent floods;

2.that it is not believed possible xx to use the whole of the
available energy from the reservoir,which mesns that ;gzieis

no belief in the low price of the unit of energy produced with
very low working expénses in the power-station.

The sbove survey of the cost and profit meking possibilities

of the power stations at Roznéw and Czchdéw emphasizes this
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truth,that has been recognized relatively late,that the
development of hydraulic force must be treated in the same
way as the development of any other source of energy,with
the object of collaborating with the electrification of
the country that has already‘been'begaﬁ and based em 511

the sources of energy scattered over the whole country.
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