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THE PAPER deals with the design and construction of the Jochen
stein Project on the German-Austrian border, and with associated 
model tests. Models were used to investigate the relations between 
river flow, power turbine operation and navigation and lock operation. 
Unique features of construction are described. The influence on naviga
tion of waves caused by turbine stoppages and methods of wave control 
are discussed. 

LOCATION AND SIGNIFICANCE ( 1) 

In Passau, the old Bavarian town, which is situated close to the 
Austriarl~German border, the rivers Inn and Ilz flow into the Danube 
( fig. 1). It is here that the depth and width of the Danube increase. 
Here also the Danube starts to form the border between Germany and 
Austria for about 12 miles. Above Passau its drainage is 30,000 square 
miles and covers the area between the Alps, the Black Forest and the 
mountains of Swabia and Franconia ( fig. 2). 

Significant in the development of this site are the following two 
facts: The Bavarian Danube has its maximum discharge in the winter 
and spring, while the tributaries, Inn and Salzach, originating in the 
Central Alps and the glacier areas, have their maximum flow in the 
summer months when the snow melts. This explains the equalization of 
the high water peaks in the Danube at Passau so that the mean annual 
water quantity of about 36.4 millions of acre feet ( 45 Milliarden m3

) 

* Visiting Research Associate, Hydrodynamics Laboratory, M.I.T., on leave from the 
Theodor-Rehbock-Hydraulic Laboratory, Institute of Technology in Karlsruhe, West Germany. 
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FIG. 1.-MAP OF EUROPE SHOWING LOCATION OF JOCHENSTEIN PROJECT. 

FIG. 2.-DANUBE BASIN ABOVE JOCHENSTEIN, 
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is distributed equally through the entire year. Thus, the conditions 
were ideal for the construction of a river power plant. 

Preliminary investigations for the Danube power plant were made 
in 1920, but they were not finished until 1942. Because of the war and 
the conditions during the post war years, further steps could not be 
taken until 1951 when the governments of West Germany and Austria 
reached an agreement about definite construction plans and the later · 
operation of the power plant. The agreement between the two countries 
declared, that the power produced should be divided equally between 
Germany and Austria. 

The geological characteristics of the foundations, the inflow to the 
weir and power station, the high water discharge as well as the preserva
tion 9f the natural beauty of the landscape were taken into considera
tion in determining the. location of the power plant in the river .. 

PLAN VIEW OF THE POWER STATION 

Thorough investigations of the various possible arrangements of 
the power plant proved the layout of a "gulf power station," as shown 
in figure 3 to be the best solution. 

FIG. 3.-GENERAL PLAN OF JOCHENSTEIN PROJECT. 

All other possibilities, such as: "divided power station," "Tubular 
turbines located in the weir piers," or locating the power station in the 
main river current at the south shore, turned out to have too many 
disadvantages. In the device of this design, the requirement of favor
able high water and ice discharge was a determining factor. This could 
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best be obtained if the weir was located in the direction of the main 
current in the river, that is near the south shore. For this reason, the 
plan generally used in Europe for power plants was abandoned because 
in such a plan the power station and lock are usually connected by the 
weir. 

To determine the details of the general view, model investigations 
were carried out at the Institute of Technology in Graz, Austria. The 
important result of these model tests was the curved arrangement of 
weir and power station in the plan view ( see figure 3). This arrange
ment made possible a substantial improvement in the inflow to the 
turbines located at the southern end of the power station. 

THE SPILLWAY SECTION OF THE DAM 
The spillway section has 6 sluices, each with a width of 78'.8 ft, 

closed by double sluice gates with overflow guide. The maximum depth 
to which the upper sluices can be lowered is 14.0 ft, and the total height 
of the weir gates is 3 7. 7 ft. In order to reduce their heights, weir 
thresholds with a height of 8.2 ft were provided. 

As shown by the model tests, the weir openings with these thresh
olds have approximately the same discharge as those with a plane 
bottom. 

The stilling basin of the weir is protected from scour by means 
of a granite lining. The width of the weir openings was chosen such 
that the same stop logs could be used as in the lock chambers. 

The weir is able to discharge a flow of 298,000 cfs, ( 8400 m3 /s). 
This flow can be expected in this section of the Danube once in a 
hundred years. 

THE POWER STATION 
The power station was designed for a normal operating. discharge 

of Q = 61,800 cfs (1750 m3/s). This flow is available about 100 days 
a year, on the average. 

After the lowering of the river bed downstream for a distance of 
about 4.4 miles an effective head of 31.0 ft ( 9 .60m) was obtained. 

For the power station, 5 units were chosen with Kaplan-turbines 
and generators, each with a rating of 38,700 HP. On the average, a 
yearly output of 940 million KWh is expected, of which about 46% 
is produced in the winter and 54% produced in the summer. The height 
of the power station is 166 ft. Two rack cleaning machines are pro
vided to keep the rack clean from floating debris. 
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The offices of the power station are situated at the north side of 
the plant. Beside them, the switchyard is located. From here the pro
duced energy is carried by means of a 220 KV-power line over a dis
tance of about 3 7 miles to a transformer station which supplies both 
the Austrian and the German network. 

LOCKAGE FACILITIES 

The lock facilities situated on the German side of the Danube, 
consist of 2 lock chambers, each with a length of 7 50 ft. and a width 
of 79 ft (see fig. 3). 

Each lock is able to hold a whole tow, as usual on the Danube, 
consisting of a tug and 4 barges coupled in pairs. The expected traffic 
capacity of the whole navigation area amounts to about 16 million 
t/year, that is about 5 times the·preconstruction tonnage. 

The navigation channels, located upstream and downstream from 
the locks have lengths of 1600 ft and 1100 ft respectively and serve to 
keep the ships out of the main stream in the Danube during the opera
tion of the sluices or the power station. Simultaneously, they give the 
necessary space for waiting ships. 

For the design of the filling equipment and the gates of the lock 
it was important, that: 

a) one of the locks must be able to function merely as a naviga
tion channel without raising the water level during the con
struction of the power plant. 

b) both locks must be able to be used for high water and ice dis
charge and 

c) the filling and emptying of the lock chamber should be carried 
out by means of the lock gates themselves. 

These requirements resulted in the construction of filling and 
emptying systems in conjunction with the chosen lock gates. The oper
ation of both locks was investigated by model tests in the Theodor
Rehbock-Research-Laboratory at the Karlsruhe Institute of Tech
nology, headed by Professor Wittmann. 

The upper end of the south-lock was built with a deep entrance 
in order to maintain ship traffic during the construction period, as well 
as to use the lock for high water and ice discharge. 

The upper gate of the lock consists of two parts. In order to fill 
the chamber, first the lower part of the gate is lifted about 4.3 ft with 
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a certain velocity. To obtain a quiet inflow into the lock, the under 
part of the gate is aligned with a curved shield to guide the inflowing 
jet. When the lock is filled, the upper part of the gate is lowered, leav
ing the exit free for the ships waiting in the lock. 

The upper end of the north-lock was designed with a high lying · 
entrance, that means this lock can be used only after the reservoir is 
filled. The upper gate was chosen in such a way that it can be opened 
only by lowering. In order to fill the chamber, the gate is slowly 
lowered about 5.5 ft and when the lock is filled completely, the gate is 
lowered about 12 .4 ft more, leaving the exit free for the ships in the 
chamber. · 

At the lower ends of both locks miter gates were arranged. In 
each wing 3 openings are provided which are closed by movable sluice 
gates. In order to empty the lock, these gates are opened at a constant 
rate. The best arrangement of the baffle blocks and thresholds down
stream from the lower gates was determined by means of model tests 
in the Karlsruhe Laboratory. 

In using both of the locks for the high water discharge a maximum 
flow of 388,000 cfs ( 11.000 m3 

/ s) of the Danube can be discharged, a 
quantity which can be expected once in 1000 years. By this measure, 
the savings in construction costs compared with a corresponding en
largement of the weir were considerable. 

THE CONSTRUCTION PERIOD 

There were 4 different phases which are to be distinguished in 
the construction period. Their order was determined by the require
ments of safe high water discharge during the building periods as well 
as of undisturbed navigation. For the latter especially free passage 
had to be guaranteed. 

Therefore in the spring of 1953, the building of the power plant 
started with the construction of the locks and of a part of the weir. 
During this first phase, traffic was displaced to the middle of the river 
and the navigation channel was kept free by means of dredging. Figure 
4 shows the construction progress during the first phase in May 1953. 

At the end of 1953, two spillway openings were put into operation 
and the excavation of the· construction pit II as well as the construc
tion of the power station was started. Figure 5 shows the construction 
pit II during the winter of 1953~54 as seen from the Austrian side. 
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FIG. 4.-Vmw UPSTREAM DURING FIRST CONSTRUCTION PHASE. 

FIG. 5.--Vrnw FROM AUSTRIAN SHORE OF CONSTRUCTION PIT II 
DURING WINTER OF 1953-54. 

285 
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The height of the cofferdams surrounding the construction pits 
was calculated for a high water level of a 6 to 7 year recurrence in
terval. During the second construction phase, however, in July 1954, 
an unexpected flood flow of about 339,000 ds (9600 m3/s) occurred. 
This was caused by extremely unfavorable weather conditions and con
tinuous heavy rain. At the location of the power plant, the discharge 
of the Danube rose from 91,700 cfs (26000 m3/s) to a maximum flow 
of 339,000 cfs (9600 m3/s) within 40 hours (fig. 6). This peak is 
equal to a discharge with a recurrence interval of approximately 350 
years, and it is perhaps of interest that the last recorded flood of equal 
stage occurred 450 years ago. 

Frn. 6. 

Construction pits II and I had to be flooded in order to prevent 
greater damages and overflow catastrophes. Figure 7 gives an im
pression of the high water discharge in July 1954. Nevertheless, the 
loss of equipment and time was large enough to require an increase in 
manpower and equipment to offset it. The maximum number of workers 
at the construction site reached about 3300 men at this time. 
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FIG. 7.-FLOODED CELLS OF CONSTRUCTION PIT JI DURING JULY 1954 FLOOD. 

In spite of all these unfortunate incidents, in October of 19 54 the 
southlock could be opened to shipping and the construction of the 
cofferdam for the construction pit III was begun. In April of 1955 
the power pool was partially filled and the first three turbines were 
put into operation. The whole power and navigation project was com
pleted at the beginning of 1956. 

· Figure 8 shows an upstream view of the completed project in 
operation. 

MODEL TESTS FOR LOCK AND TURBINE INT AKES 

Before the beginning of construction, the filling and emptying 
characteristics of both locks were investigated by means of model 
tests in the Karlsruhe Laboratory. 

During the operation of the lock, the permissible longitudinal 
forces on a ship, caused by the filling waves in the lock chamber, 
should not exceed a magnitude of 1/700 to 1/800 of the ship's weight. 
The transversal forces, however, should be only half of that value. 

With these limits, a maximum force of about 25% to 30% of the 
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FIG. 8.--VIEW UPSTREAM OF COMPLETED PROJECT. 

breaking load can be expected, as the actual force on the tow ropes, 
the type and diameter of which are determined for each size of ship 
according to its tonnage. 

By assuming this, it was possible to obtain from the model tests 
the permissible velocities of the gates and sluices, the times for the 
filling and emptying processes as well as the most effective design for 
the "lock heads" with their energy dissipators. 

In addition to these investigations, pressure measurements at the 
lock gates gave some idea about their buoyancy in several positions 
and with various water levels in the lock. 

Other model tests covered the necessary shape of the upstream 
"separation pillar," which must be located between spillway and power 
station (see fig. 3 ). The width and shape of the former is important 
for efficient operation of the turbine nearest the spillway. Because of 
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poor streamlining, the flow often does not follow the shape of the 
pillar, and separation and vortices in the turbine intake are the result. 
As shown by measurements, carried out at existing power plants in 
the prototype, the performance loss of the first turbine, caused only 
by the separation from the pillar, can amount to 5%. 

The pillar shape, as shown in figure 9, was obtained by means of 
extensive model tests for the J ochenstein power plant. In order to get 
the necessary curvature for the diversion of the inflow, the pillar head 
was enlarged in the direction of the weir. In this way it was possible 
to save the length b for the dam. 

FIG. 9.-SEPARATION PILLAR. 

Because of the special position of the J ochenstein spillway in the 
main current of the Danube, this pillar shape could be used without 
influence on the discharge performance of the sluice beside the power 
station. 
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MODEL TESTS FOR WAVE PHENOMENA IN THE REACH OF 
THE RIVER UPSTREAM OF THE POWER PLANT 

AND THE LOCK 

As kmg as the power plant and the spillway operate under normal 
conditions, there will be no disturbance of the navigation from the 
river flow. The forebays of the lock upstream and downstream are 
chosen with a sufficient length to guarantee a safe entrance and exit 
of the ships into and from the lock ( see fig. 3). 

But there is another possibility which we have to consider. When 
the network suddenly breaks down due to fluctuations in electrical 
load or due to lightning, all generators may be put out of service. In 
this case normally with a river power station the wicket-gates of the 
Kaplan-turbines close in a few seconds, throttling the flow to about 
10% of its normal value, called "idling flow." 

Suppose this diminution of the inflow does not take place imme
diately then a very rapid increase of the turbine R.P.M.'s would result 
and the danger of burning the turbine bearings arises. 

The quasi-steady flow upstream and downstream of the power 
plant is changed as a consequence of the closing wicket-gates. Up
stream, the kinetic energy of the inflowing water changes into potential 
energy in front of the power plant. Thereby a difference between the 
water level in front of the power plant and that further upstream arises 
and a positive translation wave, moving upstream with a certain wave 
velocity w results. 

Downstream, a negative translation wave is created, caused by 
the sudden diminution of the flow going through the power plant. 

Mathematically, the wave height produced upstream and down
stream depends on the change of flow dQ [m3/s] and the cross-section 
and width of the river. 

Itis: dz = --with w :::::: g · - ± v dQ J Am 

where: z 
V 

Am 

. Wm•w Wm 
wave height 
average river velocity 
mean cross-sectional area of the river upstream or 
downstream from the power plant 
meari width of the water surface upstream or down
stream from the power plant. 
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The slopes of the waves Sw however depend very much on the 
dQ 

rate of change of flow, in other words on the value - [m3/s2
], as 

dt 
shown in the following equation ( 2 ) : 

1 dQ 
Sw ::::::'. -- · - with w :::::'. 

w2 ·Wm dt 
✓ Am g•-+v 

Wm 

The meandering and the variation in depth of the river cause deforma
tions of the wave because of their reflections on the banks and changes 
in the wave velocities. 

When the positive or negative translational wave reaches the 
beginning of the navigation channel, a part of it will be reflected in 
the direction of the lock. Height and slope of this reflection increase 
whenever the navigation channel i_s narrowed. 

With regard to this fact, it is extremely unfavorable, if the wave 
can enter the lock chamber itself through an open lock gate. In this 
case, wave heights and slopes in the lock can be expected to be con
siderably larger than those which are observed in the navigation chan
nel. The reflections of the waves on the other lock gate which is closed 
cause an oscillation of the whole water surface in the lock. 

These waves, propagating in the navigation channel, the forebay 
of the lock, or even in the lock chamber, can become a serious problem 
for the ships which are waiting in the forebay or lying in the lock. 
Thereby it is the slope of the waves rather than their height, which 
can become a danger for the ships. 

A ship, floating on a sloped water surface, is subjected to the laws 
of the inclined plane. That means that there is acting on the ship a 
force Fs, which depends on the weight of the ship Ws and the water 
surface slope (fig. 10). For small wave slopes the following formula 
applies: 

Fs = Ws · Sw. 
A ship which is not held fast would be accelerated from its position of 
rest under the action of this component of its weight. Collisions in the 
lock forebay or bumping of a ship against the lock gate could result. 

However, if a ship is fastened by means of tow ropes, the force 
acting on the ship has to be compensated by the ropes. In reality, the 
ship will be able to move slightly under the effect of the force F. 
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because of the slack which normally exists in the tow ropes. The 
kinetic energy gained by the ship in moving on the wave slope must be 
changed into elastic energy in the tow rope. Measurements in the pro
totype on tow ropes made from the Karlsruhe Laboratory and theo
retical calculations showed, that in this case the peak forces, produced 
in the tow ropes, can reach easily three to five times the acting force 
caused by the wave slope. If the tow ropes are very long and slack, 
even greater peak forces can be caused because of the possibility of 
greater motion of the ship. 

------

Ws 
fs=~·sina 

FIG. 10.-SHIP ON SLOPED WATER SURFACE. 

Sw 

Theoretical considerations and calculations showed that the per
missible slope of the waves in the lock chamber should not exceed a 
value of Sw < 1.3 o/ oo, since the safety factor existing in the tow ropes 
would otherwise . become too small. 

Now, for a certain power plant with a given discharge and river 
cross section there are several possibilities for the reduction of the 
slopes of waves, caused by sudden load rejection, in the upstream area 
of the power plant as well as in the navigation channel and in the lock 
chamber: 

The first possibility would be that the inflowing water might be 
diverted the same instant of load rejection when the wicket gates close. 
This can be done in different ways: 

By directing the power water through "bypass conduits" or "de
chargeurs," especially arranged in the power plant for this purpose, as 
built in the new French power plants at the Rhine-Side-Canal in Alsace 
( Ottmarsheim, Fessenheim, Vogelsgriin). However, it is very expensive 
to place those large additional openings in the power plant. Therefore, 
this method is only used in cases where the effects of the translation 
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waves must be expected to be extremely dangerous. For example, in 
locations where a navigation canal is used as the head race of a power 
plant. 

The second possibility would be to change the kinetic energy of 
the inflow into heat in so called "water-resistances." In this case it 
is possible to switch the network to the water-resistances in about 0.2 
sec. Therefore, an oscillation of the water level upstream is not to be 
expected. But, this method too is an expensive one, because of the 
relatively great space which is needed for the installation of these 
"water resistances." Therefore, today it is seldom used. 

A third possibility would be to direct a part of the arising positive 
translation wave over the weir in lowering the sluice gates as quickly 
as possible in the moment when the network breaks. Tests in the 
model and in the prototype showed that the available lowering velocity 
of the gates in general is not high enough to obtain sufficient effect on 
the wave heights and slopes upstream. Even if the gates are allowed 
to fall freely, as has been tried at the Rhine-power-plan Birsfelden, 
near Basel, Switzerland, they still don't open quickly enough, to be 
effective. Because of the temporal delay, the positive translation wave 
caused by load rejection can be followed by a negative translation 
wave caused by the lowering of the sluice gates. The superposition and 
crossing of these two waves together with the effect of their reflections 
can easily give a greater wave slope in the navigation channel, or in 
the lock chamber, than would have occurred without the weir opera
tion. Therefore, today this method is used but little. The results con
sidered were proved by model tests and theory for some individual 
cases. However, the irregularly shaped ground plan of the river cross 
section upstream and downstream of the power plant, make an exact 
calculation of the wave motions including all possible effects of wave 
reflections very difficult.. Therefore, model tests always will give the 
best results for the special case. 

For the Danube powerplant Jochenstein, model tests were carried 
out at the Theodor-Rehbock-Research Laboratory in Karlsruhe/Ger
many ( 3). The water level changes were recorded in each test at 40 
measuring points, which were distributed over the whole water surface 
of the model upstream of the weir and powerplant as well as in the 
navigation channel and in the lock chamber (fig. 11). The measure
ments were carried out with a special electric measuring and recording 
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FIG. 11.-MODEL OF JocHENSTEIN PROJECT WITH MEASURING POINTS. 

device. All runs were made with throttling of the turbine discharge to 
several "idling flows" within a closing time limit of 7 or 10 sec. The 
influence of the weir lowering on the wave slopes in the lock chamber 
was determined by the tests. The results of these investigations are 
shown in figure 12 ( 4) . 

The slope of the positive translation waves measured in the lock 
chambers increased about linearly till a flow of Q = 61,800 cfs ( 17 50 
m3 /s), if the turbines were closed in 7 sec to an "idling flow" of 0.08 Q. 
The wave slope was a little greater, if only one of the lock chambers 
was open. However, in both cases it was higher than permissible. The 
measured slope was 1.70/1000 with two locks open and 1.87/1000 
with one lock open ( curves 1 and l'). 

By means of enlargement of the "idling flow" through the turbines 
to 0.3 Q ( curves 4, 5 and 6) and 0.5 Q ( curve 3) and an additional 
lowering of the sluice gates, finally the wave slope in the lock chamber 
could be limited to a permissible magnitude. If the turbines close in 
10 sec to an "idling flow" of 0.3 Q, closing further within the following 
66 sec to a steady flow of 0.08 Q, with additional lowering of the sluice 
gates, starting 5 sec after the beginning of the turbine stoppage, the 
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wave slope in the lock chambers could be reduced to 0.69 o/oo (curve 
6, both chambers open) and to 0.81 o/oo (curve 6', only one chamber 
open). With these wave slopes there seemed to be no longer any danger 
for the navigation. 

FIG. 12. 

The model tests showed, that additional lowering of the sluice 
gates had only a very small influence on the magnitude of the wave 
slopes. 

INVESTIGATIONS OF SOME TURBINE FACTORIES 

By means of tests on a model turbine at a scale of 1 : 10.3, the 
turbine factory VO ITH, in Heidenheim, Germany, made investigations, 
about the effects of enlarging the "idling flow" to 0.3 Q ( 5). 

Of special interest in the investigations were the pressure condi
tions in the draft tube as well as the tendency of the turbines to run 
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away after load rejection. Possibilities were tested to avoid low pres
sure or even cavitation in the draft tube. 

The measurements showed that pressure oscillations of large mag
nitude were superimposed on the mean pressure in the draft tube, when 
the turbine flow was diminished only to values between 0.4 Q and 
0.55 Q. These pressure oscillations reach about the range of the head 
H in the draft tube elbow ( 31.5 ft). Along the dividing wall in the 
draft tube fluctuations of about 0.1 H occurred. 

With an increase of the turbine r.p.m. to 30% of normal revs, the 
pressure values increase at the draft tube wall to about 0.6 H and in 
the draft tube elbow to about 1.5 H. 

By means of aeration it was possible to diminish the pressure 
oscillation to about 50% of the previous values in the model. Since 
there was no guarantee about the similarity between the model and 
prototype with regard to the volume of air required, the VOITH com
pany recommended that the desired increase of the "idling flow" be 
obtained by adjusting the turbine blade angle to prevent an increase 
. ' m r.p.m. s. 

The Escher Wyss Company, Switzerland, proposed another meth
od ( 6). They consider a runaway speed of 40% above normal as per
missible during load rejection. 

The wicket gates are closed only until the turbine power output is 
reduced to zero, at the same time however the r.p.m.'s increase. During 
this first phase, the opening of the propeller blades remains approx
imately invariable. Then, the wicket gates are closed so that the steady 
turbine r.p.m.'s for the constant "idling flow" will be reached after an 
additional 60 to 80 sec. Because of its relatively long time, this second 
phase of the closing operation can be easily combined with an effective 
lowering of the sluice gates. 

For a general case, figure 13 shows the variation of these opera
tions with time. At point B, the discharge through the turbines is 
greater than 7 5 % of rated discharge because of the higher turbine revs. 
This circumstance has of course a very good effect on the wave phe
nomena upstream from the power plant. 

Further closing of the wicket gates throttles the turbines to the 
final "idling flow" of about 0.1 Q. However, this diminution of the dis
charge need not be considered dangerous since the wave slopes pro-

duced are very flat since dQ is now small. 
. dt 
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As shown on the diagram of figure 13 further reduction of the 
wave phenomena can be obtained, if the sluice gates are lowered si
multaneously in the second phase. 

Fm. 13. 

Measurements in the prototype at some existing river power plants 
on the Rhine, Inn, and Danube, carried out by the Escher Wyss Com
pany showed the good effect of this method. The wave heights and 
slopes could be reduced to 25% or 50% of their original values in this 
way. The minimum pressure, measured at some places in the draft 
tube was also less than it was before. Figure 14 shows the results ob
tained during the tests at the Birsf el den power plant on the Rhine. A 
comparison of the waves, recorded upstream and downstream from the 
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FIG. 14. 

power plant as well as.a comparison of the pressure oscillations meas
ured in the draft tube show the beneficial effects of the method de
scribed. 

Summarizing, it can be stated, that the methods developed by 
both turbine companies were satisfactory in ~educing the heights and 
slopes of positive and negative translation waves upstream and down
stream from the power plant. 

The application of either method will depend on the type, size 
and performance of the turbines as well as on the local conditions and 
the navigation demands prior to the construction of the power plant. 

The best and safest way of judging the efficiency of various 
methods in reducing the wave slopes in the region of navigation facil
ities would be to make a model test in each case. 
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