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The town of Pori is located at the mouth of the Kokemäenjoki River in the southwest Finland.
The Kokemäenjoki River is known for harmful winter floods. There used to be ice break-up jams
almost every spring in Pori, but the risk for spring ice jams decreased after the watershed
regulation was started about 40 years ago. However, when winter comes the reservoirs are
normally filled up and the available regulation capacity is not large enough for winter floods.
The flood in January and February 1975 caused a lot of damage for housing and industry in Pori.
Extensive constructions including channel excavations and flood embankments were started after
that flood. However, due to high expenses all the necessary improvements could not be made.
Because of the favorable hydrological conditions between 1983 and 2003 there were practically
no flood problems in Pori. However, it was understood that Pori is a potential area for high flood
damages. In 2003 the town of Pori and the Southwest Finland Regional Environment Centre
started a project together with the Finnish Environment Institute to check over the conditions of
the existing flood defense constructions and to study the possibilities to improve flood protection
in Pori. The project was called "Porin Tulvat" (Floods in Pori). In the final report of the project
several measures for improving the flood protection in Pori were listed. For example the use of
ice booms, extensive channel excavations and the development of discharge regulation are listed
in the report. This paper gives a description of the flood problems in the lower Kokemäenjoki
River and reprsents some results of the Floods in Pori –project.
During the project in winter 2004-05 all the elements for a serious flood did exist. However, the
reservoir capacity enabled a successful discharge regulation at the critical moment and the flood
caused only minor damage.

1. Introduction
The town of Pori is located at the mouth of the Kokemäenjoki River in the southwest Finland.
The watershed of the Kokemäenjoki River covers an area of about 27000 km2. The length of the
main Kokemäenjoki River, which starts from the Lake Liekovesi and ends to the Baltic Sea, is
about 110 km and the level difference between Liekovesi and the sea is 57 m. There are four
hydropower plants in the main Kokemäenjoki River. The lowest power plant is the Harjavalta
power plant which is located about 40 km from the sea. Below the Harjavalta power plant the
Kokemäenjoki River flows first in a very deep sandy river valley before it flows through Pori
and reaches the delta which is one of the largest delta areas in the Nordic countries. There are
about 76000 inhabitants in Pori making it 10 th largest town in Finland. The location of the
Kokemäenjoki River and Pori are represented in Figure 1.
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Figure 1. The Kokemäenjoki River watershed.
The hydrology of the Kokemäenjoki River is affected by the high proportion of lakes. The total
area of lakes in the watershed is about 3000 km2, which means that the percentage of lakes is 11
%. However, the lakes are concentrated in the northern and central parts of the watershed. The
lake percentage of the main tributary, the Loimijoki River, located in the southern part of the

watershed, is less than 3 %. The Loimijoki River is connected to the main Kokemäenjoki River
some 90 km from the sea.
A high discharge in the main Kokemäenjoki River is resulted only after a long rainy period, but
the Loimijoki River responds to the rains much more rapidly having an effect on the floods at the
lower part of the Kokemäenjoki River. At the mouth of the Kokemäenjoki River the mean
discharge is about 225 m3/s. The highest observed discharge has been 946 m3/s in 1966 and the
highest observed water level at the centre of the town has been 2.78 m (in N60 level system)
(Koskinen 2006). The effect of the climate change on river discharges in Finland has been done
by using an extensive runoff modeling system (Veijalainen 2007). According to those model
studies the high winter discharges are considered to be significantly (20-30%) higher in 20702100 than now (Koskinen 2006 ).
The Kokemäenjoki River flows in a single channel thru the central area of the town Pori. After
that the river is divided into several branches which are again gathered together near the sea.
Then the river is again divided into several branches in the delta (Figure 2). The delta of the
Kokemäenjoki River is a very important bird area and belongs to the NATURA-2000 network of
European Union.

Figure 2. The Lower part of the Kokemäenjoki River. Town of Pori and the river delta.

Floods in Pori are also affected by the sea level. The level in the Baltic Sea is controlled by air
pressure, wind and flow through the Danish Straits. The highest and lowest observed sea level at
Mäntyluoto observation station which is located near Pori, are +1.34 m and -0.80 m compared to
the theoretical mean sea level. Tide has practically no effect on water level at the Baltic Sea.
The special feature of the coastal area is the land uplift caused by postglacial rebound. It is about
7.5 mm/year in Pori and the effect on the mean sea level is about 6 mm/year (Johansson et al.
2004). Because of the land uplift and the sediment transportation the river mouth is becoming
shallower. The rise of the global sea level due to the climate change is expected to slow down the
effect of the land uplift. According to the studies (Johansson et al. 2004) the relative land uplift
(the effect on the mean sea level) is going to be much smaller or even stopped at the Finnish
coast after 100 years. The estimations differ strongly depending on the location along the coast
and the scenario used.
2. Kokemäenjoki Ice Jam Floods in the Past
The Kokemäenjoki River is known for harmful winter floods. There used to be ice break-up jams
almost every spring in Pori, but the risk for spring ice jams decreased after the watershed
regulation was started about 40 years ago. Several high spring floods occurred during 1920’s,
1936 and 1951.

Figure 3. Ice jam in the centre of Pori in January 1975. (Photo Kari Syrjälä)
The winter flood 1974-1975 was exceptionally severe in the Kokemäenjoki River. Firstly, the
end of the year 1974 was extreme rainy. Because of the high discharge and the mild weather no

ice cover was formed in the lower Kokemäenjoki River. When the weather turned cold in the
beginning of January frazil jams were formed in the delta area. Because of the frazil problems at
the power plants, the discharge was decreased and the ice cover was formed in the lower part of
Kokemäenjoki. After this event the weather warmed up and became rainy again and a partial ice
break-up occurred in the river. A large ice jam was formed in the river right in the centre of the
town and large areas were flooded (Figure 3). The winter flood 1974-1975 caused a lot of
damage for housing and industry in Pori. Extensive constructions including channel excavations
and flood embankments were started after that flood. However, due to high expenses, all the
necessary improvements could not be made.
3. The "Porin Tulvat" (Floods in Pori) -project
Because of the favorable hydrological conditions between 1983 and 2003 there were practically
no flood problems in Pori. However, it was understood that Pori is a potential area for high flood
damages. In 2003 the town of Pori and the Southwest Finland Regional Environment Centre
started a project together with the Finnish Environment Institute to check over the conditions of
the existing flood defense constructions and to study the possibilities to improve flood protection
in Pori. The project was called "Porin Tulvat" (Floods in Pori). The project included the
following subprojects:
1. Inspection of the condition of the existing flood defense constructions
2. Survey of the river bed of the lower Kokemäenjoki River
3. Estimation of the effect of sedimentation
4. Collection of the flood observations
5. Statistical analyses of the hydrological conditions
6. Flood analyses and flood hazard maps (open water)
7. Observations of the ice conditions in the Lower Kokemäenjoki River
8. Study of the effects of different mitigating measures on river ice floods in the Lower
Kokemäenjoki River
9. The estimation of the flood damages in Pori
The existing flood embankments in Pori were in unsatisfactory condition and the reparation of
those embankments has already started. A lot of topography data and hydrological observations
were collected during the project. Flood maps were produced for different flood scenarios
including one ice jam scenario. Some results of the numerical simulations done in the subproject
"The study of the effects of different mitigating measures on river ice floods in the Lower
Kokemäenjoki River" are represented in the following chapter.

4. The study of the effects of different mitigating measures on river ice floods
A numerical river ice model (JJT-model) and HEC-RAS model were used to study the effects of
different mitigating measures on the river ice conditions in the lower Kokemäenjoki River. The
studied measures were the use of ice booms, discharge regulation, channel excavations and a
bypass channel. The study was not a detailed study, but the meaning was to give a general
understanding about the effects of different mitigating measures on the river ice conditions.

The effects of different measures on the ice cover formation were calculated using a numerical
river ice model (JJT-model). The model was developed during the Finnish River ice Project in
1980’s and it is one dimensional unsteady flow model which is combined with the calculation of
the ice processes. The calculation method is described in a paper by Huokuna (1990). Model can
be used to simulate ice cover formation in channel networks. In the Kokemäenjoki River
calculations the model consisted of 13 reaches and 599 cross sections. The reaches used in the
calculation are represented in Figure 4. To compare the effect of different measures on river ice
formation a constant “weather condition”was used. The air temperature was assumed to be -15
ºC during the whole freezing period. The calculations were made using different discharges
(Q=300, 400, 500, 600 and 700 m3/s). In the calculations it was assumed that the embankments
are high enough and water does not flow over them.

Figure 4. The location of the reaches used in the numerical river ice modeling done with JJTmodel. The locations of the assumed (simulated) ice booms are also represented.
The effect of ice booms
Ice booms have not been used to control ice conditions in the lower Kokemäenjoki River. After
the 1974-1975 winter flood the plans were made to install ice booms but that was never done. In
the calculations the ice booms were assumed to be installed in three locations upstream of Pori.
The booms were assumed to be located about 6 km, 11 km and 18 km from Pori. The locations
of the ice booms are represented in Figure 4. Simple timber ice booms were assumed to be used
and in the calculations a critical Froude number of 0.08 were used at the booms for river ice

cover progression. The calculated water levels in the centre of Pori are represented in Figure 5
for the case without ice booms and for the case where ice booms are used. The discharge used in
this calculation was 500 m3/s. Some water level rise is needed before the ice cover upstream of
the lowest boom begins and the ice discharge downstream is decreased. If the high discharge
flow condition and a very cold weather last for a long time the same water level is reached in
both cases. However, according to this calculation, ice booms give several days more time for
river regulation.
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Figure 5. The effect of the ice booms on water level in the centre of Pori (at Tiimanni) when
discharge is 500 m3/s. Ice booms give several days more time for river regulation. The level is in
N60 level system.
The effect of discharge regulation
The discharge of the lower Kokemäenjoki River can be controlled by storing water to the many
regulated lakes of the watershed. The correct discharge regulation is an effective method to avoid
ice jam problems in the lower Kokemäenjoki River. However, the storage capacity of the lakes is
limited and the moment when discharge is cut down have to be well chosen. There may be only
one possibility to reduce the discharge. Accurate weather forecasts and runoff forecasts are very
important for correct regulation decisions. The regulation is made by the Pirkanmaa Regional
Environment Centre. The extensive runoff forecast system run by the Finnish Environment
Institute SYKE is used to choose the right moment for discharge regulation. An example of the
effect of the discharge regulation on ice conditions and water levels is represented in Figure 6.
In the calculation the discharge is first assumed to be 600 m 3/s and then it is reduced to 250 m3/s
within one day. This low flow period is assumed to last for two days. After that the discharge is
increased back to 600 m3/s within two days.

Jäätymisen aiheuttamat vedenkorkeudet Seikussa Q = 600 m3/s säännöstelyn vaikutus
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Figure 6. The effect of the discharge regulation on water levels caused by ice. In the regulated
case the discharge is first 600 m3/s,then it is decreased to 250 m3/s and then increased back to
600 m3/s. In the other case the discharge is constant 600 m3/s. The level is in N60 level system.

The effect of channel excavations
Because of the sedimentation and the land uplift the river mouth of the Kokemäenjoki River is
becoming shallower. To keep the floods at an acceptable level some channel excavations are
planned. Different excavation options and locations were studied using the JJT-model and the
HEC-RAS model. The studied excavation sites are represented in the Figure 7. In the delta the
aim was to increase the flow capacity of the sub channels adjacent to the main channel. The
effect of excavations on the river ice conditions during the freezing period was calculated using
JJT-model.
HEC-RAS was used to calculate ice break-up jam formation in the main Kokemäenjoki in the
centre of Pori. It is also the most critical point of the Pori flood defense because the possible
overflow or a break of the embankments would cause a lot of damage. Only the main reach of
the Kokemäenjoki River was used in the HEC-RAS ice jam calculations. The extent of the HECRAS model is represented in the Figure 7. It was assumed in the calculations that the ice jam had
a volume of 450 000 m3 of ice. The volume was estimated by taking 50 % of the possible ice
volume downstream of the Harjavalta power plant (the ice cover was assumed to be 0.4 m thick
before the break-up.) The ice jams were assumed to be formed in three locations (A, B and C in
Figure 7) and the calculations were made for the constant discharges 400, 500, 600 and 700 m3/s.
After each calculation the upper edge of the jam was moved downstream or upstream so that
every calculated ice jam had the same amount of ice. The results of the ice jam in the location B

and for the discharge 600 m3/s are represented in the Figures 8a and 8b. The calculated ice jam
for the existing channel is represented in Figure 8a and for the channel with excavation in Figure
8b. The difference in the water level upstream of the ice jam is about 70 cm.

Figure 7. The locations of the excavations and the extent of the HEC-RAS model used for ice
jam calculations. The locations of the assumed ice jams in the calculations are also represented..

The effect of a bypass channel
The effects of a bypass channel on the river ice conditions were also studied. The location of the
Varvourinjuopa bypass channel is represented in the Figure 7. There used to be a small channel
at the same site but it was closed when the flood defense embankment was built on the southern
bank of the river after the 1975 flood. The calculations show that the water levels caused by ice
jams could be significantly reduced if the Varvouri bypass channel is built. It would has effect on
the water levels at the location which is the most critical for flood damages. Unfortunately there
are new buildings on the site of the possible Varvourinjuopa bypass channel and it was estimated
to be too expensive to build.

However, the need for a bypass channel was well understood. After the Porin Tulvat project the
town of Pori made a reservation for a bypass channel on the northeast side of the town. That
bypass channel would be quite long (about 10 km) and therefore very expensive. However, there
is now the reservation in the city plan for the bypass channel and it may be built later.

a)

b)

Figure 8. The ice jams calculated by the HEC-RAS model for the existing channel (a) and for the
excavated channel (b). The location of the jams is the location B in Figure 7. The discharge is
600 m3/s in the both cases.

5. Lessons learnt or just good luck? The winter flood 2005
During the project in winter 2004-05 all the elements for a serious flood were available.
However, this time the reservoir capacity enabled a successful discharge regulation at the critical
moment and the flood caused only minor damage.
The ice cover was formed in the lower Kokemäenjoki River in November 2004. The discharge
was relatively small and there were no problems during the freeze-up. In December the weather
turned warm and very rainy. The existing ice cover melted and the discharge increased in the
river. Before the Christmas the discharge at the Harjavalta power plant was over 500 m3/s. Then
it came a cold period and there was frazil jam formation in the delta area. Because of the high sea
level and the frazil jams some cottages suffered wetting damages in the end of December. In the
beginning of January the weather turned warm and rainy again. The highest discharge at
Harjavalta was over 650 m3/s. The ice cover and the frazil jams melted in the delta. During that
time it was tried to keep the discharge from the lake area of the Kokemäenjoki watershed as high
as possible in the purpose of getting regulation capacity available in the lakes.
A colder period began after 20th of January. Frazil jams were formed in the delta. The discharge
was slowly decreased but only a little because more capacity was still needed in the lakes. The
ice cover edge moved slowly upstream. It was still about 10 km downstream of the centre of the
town when a several days period of very cold weather was forecasted. The discharge was then
decreased to 180 m3/s during the night between 27th and 28th of January. After the decrease of the
discharge a smooth ice cover was formed in the river. Also the runoff decreased rapidly and the
discharge could be increased slowly in the river. Before the discharge was decreased the water
level at the center of Pori reached a value of 1.5 m.
The decision to keep the discharge as high as possible as long as possible in January 2005 was a
very successful decision. The edge of the ice cover could be kept long downstream from the
town and it was possible to gather regulation capacity into the lakes. When the weather turned
colder there was enough capacity in the lakes to reduce the discharge. This time the threatening
flood could be avoided.

6. Conclusions
The Porin Tulvat (Floods in Pori) was started 2003 to check over the conditions of the existing
flood defense constructions and to study the possibilities to improve flood protection in Pori. The
final report (Koskinen 2006) of the project includes among others the following
recommendations:
-development of hydrological observations in Pori
-installation of ice booms in the Kokemäenjoki River
-immediate reconstruction of the weakest embankments
-better usage of flood information in land use planning
-a detailed study of the excavations and embankments including the expenses
-a flood risk management plan for the whole watershed
-development of the regulation of the lakes in the watershed

Now (May 2007) the reconstruction of the weakest embankments have started and the more
detailed planning of the embankments and excavations is going on It has also been decided that
the Kokemäenjoki watershed is going to be the Finnish pilot watershed for the new flood risk
management planning which will be required by the European Commission. The climate change
studies imply that winter discharges are going to increase significantly in the Kokemäenjoki. By
implementing those mitigating measures listed in the Final report of the Porin Tulvat project, the
town of Pori will be better prepared for the future floods.
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