
1 
 

 



2 
 

Contents 
1. Project introduction ........................................................................................................................... 5 

1.1 Project origins .................................................................................................................... 5 

1.2 Dams and safety classification in China and Finland ............................................................. 5 

1.3 Purpose and implementation of the dam safety demonstration project ............................... 5 

2. Case Studies ........................................................................................................................................ 6 

2.1 Case 1 Pori town center ...................................................................................................... 6 

2.1.1 Introduction – protecting the city of Pori ............................................................................. 6 

3.1.2 Measurements in Pori ......................................................................................................... 10 

Bibliography .................................................................................................................................. 12 

2.2 Case 2 Patana earthfill dam ............................................................................................... 12 

2.2.1 Dam properties .................................................................................................................... 12 

2.2.2 Measurements in Patana .................................................................................................... 15 

3. Measurement technologies ............................................................................................................. 16 

3.1 Terrestrial laser scanning (TLS) .......................................................................................... 16 

3.2 Mobile laser scanning (MLS) .............................................................................................. 17 

3.3 Remotely controlled ADCP ................................................................................................ 19 

3.4 AquaticSonar Swathe Surveyor (Bathymetric water bed survey) ........................................ 20 

3.5 Multibeam sonar scanning ................................................................................................ 22 

3.6 Electrical resistivity tomography in 3D ............................................................................... 23 

3.7 Optical fibre in seepage detection ..................................................................................... 25 

3.8 Summary of technologies used.......................................................................................... 27 

4. Results, future developments and goals ......................................................................................... 28 

New business opportunities in the field of dam safety............................................................. 28 

 

Appendix 1: Sam safety legislation in Finland....................................................................................... 30 

 

 

 

 

 

 

 



3 
 

 

 

Summary 
 

The Memorandum of Understanding (MOU) on cooperation in the field of water resources 

between the Ministry of Agriculture and Forestry of Finland (MoAF) and the Ministry of Water 

Resources of China (MoWR) was signed in Beijing on 25 Feb 2014. This project, Dam safety 

technology project, is one of the ways to put the Memorandum in practice by testing, studying 

and developing technologies and promoting co-operation between R&D institutes and 

consultancy companies from both countries. 

This report describes the work done in Finland within the framework of the project. Report 

focuses on the case studies on two (2) Finnish sites, and presents the technologies used and 

data collected. Firstly, the project origins, dam safety classifications in Finland and China, and 

project purpose are introduced. Secondly, the case studies in Finland (Pori and Patana) are 

described. Focus is on dam properties and the data collected within the project. Thirdly, the 

technologies used in the project by partner organisations are described in detail. Finally, 

thought is given to goals, opportunities and developments going forward. 
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1. Project introduction 

1.1 Project origins 

The Memorandum of Understanding (MOU) on cooperation in the field of water resources 

between the Ministry of Agriculture and Forestry of Finland (MoAF) and the Ministry of Water 

Resources of China (MoWR) was signed in Beijing on 25 Feb 2014. As outlined in the MoU, 

one form of the concrete cooperation is the demonstration projects. These were later agreed 

to be implemented based on a “twinning” approach: The projects – one in China and one in 

Finland - will address the same theme and be implemented with inputs from both countries. 

The 2nd Joint Steering Committee (JSC) of the MoU (May 2016) concluded among others that 

“… possible themes for further collaboration could include water, energy and diffuse pollution 

solutions, recirculating aquaculture systems, as well as technologies for improving dam 

safety”. This project at hand is a response to the decisions and discussions on the subject 

matter.  

Sino-Finnish Dam Safety Demonstration Project was approved during the 3rd Meeting for the 

Joint Steering Committee on Water Resources Management Cooperation which was held in 

Chongqing on 1st June 2017. The project was proposed to be implemented from 2017 to 

2019.  

1.2 Dams and safety classification in China and Finland 

There is a total of 98 000 dams in China. The safety legislation applies to all dams that are 

higher than 15 meters and/or have a reservoir volume over 1 million m3.  There are 450 dams 

in Finland, which fall under the Dam Safety Act. The Act classifies the dams into three 

categories based on the severity of the impact in case of failure (size of the dam or reservoir 

volume is not a criteria). Some 60 of these dams are regarded as causing serious and severe 

impacts in case of failure (Class I). More about the legislation in Finland in the appendix 1. 

It is obvious that a number of dams in both countries are in need of safety supervision, 

structural safety/health check and condition monitoring. Consequently there is a need to 

learn each other, test new, state-of-the-art technologies and monitoring methods as well as 

develop policies and approaches for appropriate risk management purposes. 

1.3 Purpose and implementation of the dam safety demonstration project 

The general purpose is to establish the cooperation between the two countries in the field of 

dam safety and related technologies. This will be implemented by sharing experiences, testing 

new technologies and by developing monitoring methods and systems for risk management 

purposes. Further the purpose is to create cooperation opportunities and commercial 

openings for R&D institutes and consulting companies from both countries.  

Dam Safety Management Center of MoWR in cooperation with Nanjing Hydraulic Research 

Institute (NHRI) is the responsible Chinese organization. The Finnish counterpart is the Kainuu 

Center for Economic Development, Transport and the Environment (Kainuu ELY), which is the 
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dam safety authority in Finland under the guidance of MoAF. China Water Enterprise 

Confederation (CWEC) and Finnish Water Forum (FWF) are responsible for the company 

cooperation.  

The core of the implementation are the “twinning” projects in which methods, technologies 

and approaches are studied, developed and tested in practise.  

This project demonstrates 2 (two) Finnish sites where methods, technologies and approaches 

were studied, developed and tested in practice. R&D institutes as well as technology and 

consultancy companies have all closely participated and been integrated in the 

implementation process. Pilot dams in Finland are one earth dam with hydropower (Patana) 

& one flood control dike with sedimentation and icing problems (Pori). Baseline and historical 

data of the pilot dams have been collected and analysed. Approaches, methods and 

technology, online data collection and monitoring networks have been tested to produce 

analysis and conclusions.  

 

2. Case Studies 

2.1 Case 1 Pori town center 

2.1.1 Introduction – protecting the city of Pori 

There are around 30 km of dams protecting the city of Pori. These dams are flood 

embankments or dikes, which are considered as classified dams in Finland because of the 

hazard they pose. The town of Pori is located at the mouth of the Kokemäenjoki River in the 

southwest Finland (fig. 1). The watershed of the Kokemäenjoki River covers an area of about 

27 000 km2. The length of the main Kokemäenjoki River is about 110 km and the level 

difference between the sea and the other end of Kokemäenjoki is 57 m. The percentage of 

lakes in Kokemäenjoki River area is 11% but the lakes are located in the northern and central 

parts of the watershed. There are four hydropower plants in the main River. The last power 

plant in the river 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 85 000 inhabitants in Pori making it 10th largest town in Finland. Around 

5 000 residence with 15 000 inhabitants are located in the dam break hazard area (flood area) 

(fig. 2). The economic cost of the hazard is estimated to be 3 billion euros.  
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Figure 1. The location of the Kokemäenjoki River and Pori in SW Finland. (Huokuna) 

Flood risk in Pori is quite complex because there are many issues which affect it. The most 

important issues are the seawater level, the flow rate in the river, frazile ice and ice jams. 

There has been several flood events. The toughest ones were in 1899, 1923–24, 1936, 1944, 

1951, 1955, 1961, 1966, 1974–75, 1981 and 2004. Half of these have occurred in spring time 

and half during the winter. Winter flooding is often hard only for the lower reaches of the 

Kokemäenjoki river of course including the city of Pori. Spring flooding is harder for the middle 

parts of the river and along the River Loimijoki.  

Flood area in Pori is around 50 km2 but only about half of this area is covered by buildings. 

The land behind the dams is low. If the dam would break or be overtopped a kind of large 

pool would form into the flooded area. It would be difficult to clear the water from this area.  
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Figure 2 Flood risk area in Pori centre. 

 

Figure 3 Flood embankments in Pori centre.          
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The Kokemäenjoki River flows in a single channel through 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 (Fig. 2). The delta of the Kokemäenjoki 

River is a very important bird area and belongs to the NATURA2000 network of European 

Union. 

The Kokemäenjoki River produces annually around 150 000 m3 of sediment. Most of this 

deposits in the delta area. The delta area is constantly reshaping because of the 

sedimentation and rise of land.   

A working group has been created for protecting the Kokemäenjoki river from flooding. This 

working group has made the flood risk management plan for the River.  The working group 

consists of water regulators from 3 authorities (ELY Centers), coordinating persons from the 

biggest hydropower operators and big cities etc. The working group meets at least once a 

year to communicate of the situation on the river and to plan how the flooding of the river 

should be prevented by regulating.  

Most of the dams, which are protecting the city of Pori, have been originally built in 1950’s 

and 1970’s. In 2008 started a long repair project with these dams. The existing flood 

embankments (fig. 3 and 4) in Pori were in unsatisfactory condition. Work has been done for 

about 10 years and there is still work to be done. Dams are 2-4 meters high. Figure 5 shows 

an example of a dam that has been significantly repaired.  

 

 

Figure 4 Flood embankments in Pori centre viewed from air. Picture by Fluvial Research Group. 
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Figure 5 Cross-section of a repaired dam in Pori. 

 

There is not a real possibility to improve the dams higher. One alternative possibility to 

improve the situation is to dredge. Year 2017 the dam owner (the city of Pori) had a 

permission to arrange dredging. Permission was not easy to get because of the areas nature 

values (e.g. Natura2000 area), even though this was actually maintenance work for an old 

dredging. Dredging was done on a small part of the river in front of the city center where the 

river divides in to two channels. If the seawater level is high the dredging will not ease the 

flood situation. In other flood situations the dredging will be very useful.  

A lot of work has been done to plan and prepare actions to ease the situation in Pori. In 

addition to improving the dams and doing the dredging there is plan or desire to:  

 Cut weeds from the side channels near the sea.  

 Rearranging the Harjunpäänjoki area (Harjunpäänjoki is a small river located in Pori 

where flood embankments are really poor and land stability weak.) 

 Dredging side channels and main channel near the sea.  

 Improving the hydraulic conductivity of the Huvilanjuova (side channel located right 

after Pori city center) by mainly cutting down trees.  

There are other actions planned as well e.g. raising bridges, drainpipes, excavation channel 

and new dams. What will be done and when is seen in the future.  

 

3.1.2 Measurements in Pori 

Measurements conducted within the project in Pori include terrestrial laser scanning (TLS) 

and bathymetric water bed survey. TLS measurements were conducted by Fluvial Research 

Group in University of Turku. Bathymetric water bed survey was conducted by Mitta Oy with 

their AquaticSonar Swathe Surveyor. These measurement techniques are described in more 

detail in section 3 of this report. 
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Data from TLS and bathymetric surveys were combined to create a complete 3D model of 

measurement area geometry both above and below water surface in Pori town centre around 

Kirjurinluoto. This complete 3D model can be used to estimate flood discharge risk, locate 

areas for dredging and examine dredging results. The used methods offer a cost-effective and 

fast way of collecting data for purposes such as flood risk estimation and dredging planning. 

Combining such cutting-edge accurate 3D point clouds enables the most reliable analysis of 

flood risk estimation and countermeasure planning. 

 

Figure 6 Terrestrial laser scanning and bathymetric water bed survey data from Kokemäenjoki River in Pori 
town centre. Picture by Fluvial Research Group. 
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2.2 Case 2 Patana earthfill dam 

2.2.1 Dam properties 

Patana dam is located on the border of two provinces in Finland 

South Ostrobothnia and Central Ostrobothnia (fig 7–10). The dam 

was completed in 1967 and it was originally made for flood 

protection. Power station was constructed in 1996.  

Highest parts of the regulating dam are zoned earthfill dams. 

Lower parts are homogenous earthfill dams built of moraine. 

Maximum height is 19.7 meters. The dam forms a reservoir with 

around 10 km2 of water. The catchment area of the lake is 100 + 

300 km2. This includes the area of the lake and the inflowing river.  

Water level and discharge at the lake are monitored 

automatically. It can be followed through the internet 

(http://wwwi2.ymparisto.fi/i2/49/l490922001y/wqfi.html). This 

webpage also has the information of the air temperature, 

precipitation, evaporation, water equivalent of snow, the 

percentage of the lake area that is covered by snow, soil moisture, 

runoff and ground water storage.      

Figure 7 Location of 
Patana dam in Finland. 

http://www.pori.fi/
http://wwwi2.ymparisto.fi/i2/49/l490922001y/wqfi.html
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Figure 8 Map illustrating Patana reservoir and earthfill dam. 

 

Figure 9 Patana earthfill dam imaged from air. Picture by Jouni Salmela/Fluvial Research Group. 
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Figure 10 Sectional drawing of Patana earthfill dam structure. 

 

The regulating dams that are earthfill dams are owned by The South Ostrobothia ELY Centre 

(the state). The hydropowerdam is owned by Vetelin Energia Oy (power company).  

The dam has been classified as class 1 dam, which in the event of an accident causes danger 

to human life and health or considerable danger to the environment or property. There are 

several buildings downstream of the dam in an area where flood wave caused by a dam break 

may damage them or people inside these buildings. Some of these buildings would be reached 

extremely fast by the flood wave. Addition to this there are also many bridges which would 

be under a considerable danger in case of the dam accident. The latest update for the dam 

break hazard analysis was made 2012.  
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After the hydropower structure was built 1996  some leaking and moisture accured. Grouting 

solved most of the problem. How ever seepage has been problem before the hydropower 

structure was built and after it.  

2.2.2 Measurements in Patana 

Measurements conducted within the project in Patana earthfill dam include mobile laser 

scanning (MLS), multibeam sonar scan inspections of underwater structure and bathymetry, 

coarser bathymetric and flow measurements with acoustic Doppler current profiler (ADCP), 

and electrical resistivity tomography (ERT) imaging. MLS measurements were conducted by 

Solid Potato. VRT Finland was responsible for multibeam sonar scanning measurements. 

ADCP measurements were conducted by Fluvial Research Group in University of Turku. ERT 

imaging was done by VTT. These measurement techniques are described in more detail in 

section 3 of this report.  

Data from MLS and bathymetric surveys were combined to create a complete 3D model of 

measurement area geometry both above and below water surface in Patana (fig. 11). The 

complete 3D model can be used to estimate flood risk and condition of external dam 

structures, while ERT imaging reveals the dam internal structure. Accurate point clouds of 

dam structure both above and below water surface enable the analysis of dam structure’s 

state. When combined with bathymetric data, the causes for structure problems may be 

found from erosion processes in dam basin bottom. ERT imaging in 3D completes the analysis 

of dam structure’s state. Such an accurate and thorough combination of methods hasn’t been 

used together before. 

 

Figure 11 Example illustration of multibeam sonar data of underwater structure of dam basin outlet in Patana. 
Picture by VRT Finland. 
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3. Measurement technologies 

3.1 Terrestrial laser scanning (TLS) 

Terrestrial laser scanning measures accurate geometry from surrounding objects with relative 

accuracy better than 1 mm. Maximum measurement range for a single scan is up to 800 m 

and efficient measurement rate is up to 122 000 measurements/sec. Measurement range is 

at minimum ~80 m in high speed mode (300 kHz) and ~130 m in long range mode (100 kHz), 

with low reflectance targets in medium haze conditions (visibility 5 km). The scanner creates 

three-dimensional point clouds containing millions of points, which can be used to create very 

accurate digital 3D-models of the world. Such models can be utilised in dam safety inspections 

to analyse dam structures and slope. 3D-models can be combined with additional data, e.g. 

bathymetric measurements, to analyse for example flood embankments’ ability to handle 

extreme flood events and assess flood hazard likelihood. Data collection is cost-effective and 

fast compared to traditional survey methods. Demo area presented in the video is 

approximately 900 m in length and comprised of six scans (fig. 1). Field measurements of this 

structure was collected in one day of fieldwork. 

Table 1. Technical information about the TLS used in this survey. 

TLS Riegl VZ 
   400i 

  

Usability As-Built Surveying, Architecture & Facade Measurements, Archaeology 
& Cultural Heritage, Building Infrastructure Management (BIM), 
Forensics & Crash Scene Investigation, City Modeling, Tunnel 
Surveying, Civil Engineering, Forestry, Research, Monitoring 

Survey method 1.2 MHz Laser pulse, Infrared 

Additional 
measurement 
unit 

Digital camera, GPS 
 

Survey coverage View 100° vertical / 360° horizontal, range from 0,5m  up to 800m 

Resolution 1-4 cm, depending on the scanning program 

Accuracy  5mm Accuracy  / 3mm Precision 

Note Infrared is more diverse than green laser, it’s working better in bright 
and freezing conditions, though green laser penetrates water more 
efficiently 
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Figure 12 Terrestrial laser scanning in Pori centre. Picture by Fluvial Research Group. 

 

3.2 Mobile laser scanning (MLS) 

Mobile laser scanning utilizes a profiling laser scanner combined with a navigation system to 

collect 3D point cloud of the surroundings while moving. Navigation system is comprised of a 

global navigation satellite system (GNSS) antenna and receiver, and an inertial measurement 

unit (IMU). Data collected with navigation system is used to compute the scanner position 

and attitude, i.e. the scanner trajectory data, at high rate. Trajectory data is used to convert 

every laser scanner observation (distance and angle) into a 3D point of the object which was 

hit by the laser beam. The scanner used in the demo measures up to 1 million points/sec and 

250 profiles/sec, and the scanner position and attitude is obtained 200 times/sec.   

Depending on the application, MLS can be operated on various platforms such as a car, a boat, 

an ATV or a backpack (fig. 2). Data acquisition is often even more cost-effective and faster 

than with TLS. As the data is collected under motion, the point distribution is more even and 

avoiding occlusions is easier.  In the demo the area of a 300 m long land embankment and 

complex dam structures were mapped in less than one hour with repeated overlapping data 

acquisitions using a backpack MLS. 
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Table 2. Technical information about the MLS used in this survey. 

MLS Riegl VQ-
450 

  

Usability As-Built Surveying, Architecture & Facade Measurements, 
Archaeology & Cultural Heritage, Building Infrastructure 
Management (BIM), Forensics & Crash Scene Investigation, 
City Modeling, Tunnel Surveying, Civil Engineering, Forestry, 
Research, Monitoring 

Survey method -200 Hz Laser pulse, infrared full waveform 

Additional 
measurement unit 

GNNS navigation system 

Survey coverage 1 million points/sec, 250 profiles/sec, 360 degrees, ~500 meters 

Resolution 10 mm 

Accuracy  8 mm 

Note Can be operated from various platforms like boat, car, backpack 
etc. Shorter range than in TLS, but faster coverage. 

 

 

Figure 13 Conducting measurements with the backpack-MLS in Patana. Picture by Hannu Hyyppä. 
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3.3 Remotely controlled ADCP 

Remotely controlled acoustic Doppler current profiler (RC ADCP) uses acoustic beams to 

measure depth, discharge and flow velocity and direction in 3D. Depth points are used to 

create bathymetric models of dam outlet and inlet areas. Further, continuing bed surfaces 

can be created based on these 3D depth points and calculate volume of dam pools. Flow 

velocity and direction measurements are useful to analyse how likely it is for outlet channel 

structures to erode. ADCP is attached to a remotely controlled mini-boat and is manoeuvrable 

in shallow and narrow channels where normal-sized boats cannot navigate (fig. 3). The sensor 

uses four 1 MHz and four 3 MHz slanted beams and one 0.5 MHz vertical beam. Velocity can 

be measured 0.06–40 m deep waters and up to 20 m/s velocities. Range for depth 

measurements is 0.2–80 m with vertical beam and 0.2–40 m with slanted beams. Discharge 

monitoring requires 0.3 m depth and is measurable in up to 80 m deep waters. Data 

acquisition with the ADCP is fast, example data was collected in 1.5 hours. 

 

Table 3. Technical information about the ADCP used in this survey. 

ADCP SonTek 
RiverSurveyor M9 

 

Usability Open water channels, Current profiling, Discharge, Velocity, 
Bathymetry, Depth, Floods, Droughts, Moving boat measurements, 
Stationary measurements, Shallow to deep waters, Moving bed 

Survey method Multi-band acoustic frequencies, Nine (9) Transducers; 
Dual 4-Beam 3.0 MHz/1.0 MHz Janus 
at 25º Slant Angle; 0.5 MHz Vertical Beam Echo sounder, Bottom-
tracking, GPS, 360º compass, two-axis tilt sensor 

Additional 
measurement unit 

RTK GPS or DGPS 

Survey coverage From 0.20 cm to  80 m (depth), From 0.06m to 40m (distance), +/- 
20 m/s (velocity), From  0.3m to 40m (discharge with bottom-track), 
From 0.3m to 80m (discharge with RTK GPS or DGPS ) 

Resolution Velocity 0.001m/s, Depth 0.001m 

Accuracy  Velocity ±0.25% of measured velocity, ±0.2cm/s 
Depth 1% 

Note - 
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Figure 14 ADCP survey with the sensor attached to a remotely controlled mini boat. Picture by Fluvial Research 
Group. 

 

3.4 AquaticSonar Swathe Surveyor (Bathymetric water bed survey) 

The AquaticSonar "Swathe Surveyor" has been designed especially for shallow water 

applications like all phases of dredging projects and environmental monitoring like 

sedimentation control to flood protection. Swathe Surveyor is reduced to the smallest size 

possible to mount to even small survey vessels which are capable to maneuver at shallow and 

narrow subjects. Bathymetric survey measures accurate water bed topography from survey 

vessel with relative accuracy better than 5 cm. The system works with adjustable frequency 

100 - 155 kHz and required survey depth is 1 - 80 m.  

 

AquaticSonar produce high performance with the widest shallow water survey width on the 

market. Survey coverage width is 10 times water depth in all cases. Even in the shallowest 

situation Swathe surveyors needs only 40 cm water depth beneath the transducers to gain at 

least 4 to 5 m survey width. With 1 m water depth beneath the transducer the AquaticSonar 

can gain at least 10 meters width with accurate data based on the good condition of river bed. 

Because the survey width is wide, the system can gain survey data very far from transducers 

close to shoreline. So it should not be necessary to sail close to risky and hazardous shoreline 

waters like river banks by survey vessels to get water bed topography extend close to 

shoreline. AquaticSonar innovative adjustable frequency and transducers angle adjustment 

increase the performance of effect of data collecting in difficult circumstances like 

sedimentation rivers and dredging areas by improving the data quality. 
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Swathe Surveyor is tested together with the highest resolution multibeam system by third 

party professionals. Both survey systems were mounted to the same vessel at the same time. 

Figure 3 shows the cross-section of both systems in test to provide data close to shoreline. 

The purple line is that of the AquaticSonar, the red line of the multibeam. The cross-section 

shows that the Swathe Surveyor can survey further onto the slope than respectively 7.5 m, 

even though AquaticSonar was mounted 25 cm deeper than multibeam and the survey area 

wasn’t very shallow. 

 

 
Figure 15 AquaticSonar performance compared to highest resolution multibeam system. 

 

The interferometric survey system, designed to shallow water applications, can collect very 

high data density and wide data coverage. Because of principle, the data density even 

increases when the side distance of the water bed grows from transducer unit, to keep 

accuracies of the data constant. The system produces only one beam, but it is wide, almost 

180 degrees. For example, in the case of survey width of 60 meters, the shallow water system 

produces more than 1300 raw data points for each transmission. This high volume of data 

enables the production of very large survey coverage and also reliable detailed bathymetric 

data of the shallow areas like river banks, where even shoreline can be detected. That makes 

the system workable also in high water sedimentation applications.  

 

The system must be connected to set of sensitive auxiliary devices like motion sensor, 

compass and positioning system (GPS) to detect all vessel movements and motions and water 

Water level + 6 m 

Purple line 
 

72 cm 
 
 
 
 
176 cm 
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quality factors during survey. Demo area presented in the pictures is approximately 900 m in 

length. Field measurements of this area was collected in half a day of fieldwork.  

 

3.5 Multibeam sonar scanning 

Multibeam sonar equipment is installed in a VRT survey vessel. By using a multibeam sonar in 

a moving vessel, a relatively extensive area can be scanned in a relatively short time, in the 

case of Patana dam approximately 3 kilometers of dam structures were scanned in 3 days.  

Scanning is done by steering a vessel along specified lines. Sonar creates one pulse of sound 

and echo is detected fan-shaped. GPS and inertial measurement units gather data for 

accurate location and position, simultaneously with the sonar observations. These data are 

combined with a timestamp to form a 3D point cloud. Hundreds of data points are received 

simultaneously.  

When inspecting structures, the scanning is performed as close to the target as possible and 

with the highest possible frequency (~ 700 kHz). This way, the acoustic footprint remains as 

small as possible and the final result is as sharp as possible. Point density, spacing in 

between points shall be less than 5 cm. Multibeam sonar scanning requires depth of at least 

1.2 meters for measurements.  

Table 5. Technical information about the Multibeam Sonar used in this survey. 

Multibeam Sonar 
scanning 

 

Usability Underwater vertical structures, river / seabed topography. 

Survey method Drive-by scanning from a survey vessel. 
 

Additional 
measurement unit 

Positioning unit, including IMU and GNSS. 

Survey coverage Selectable swath coverage from 10⁰ to 160⁰, selectable on the fly, 
in real time during the survey operation. Range: 1 m to 400m +. 

Resolution Focused Beam widths 0.3⁰x 0.6⁰ at 700kHz. 60kHz signal 
bandwidth over primary frequency range. 

Accuracy  Bottom  detect range resolution of 3mm. 

Note Specification are related to the used equipment 

 



23 
 

 

Figure 16 Multibeam sonar scanner mounted on VRT survey vessel. Picture by VRT Finland. 

 

3.6 Electrical resistivity tomography in 3D 

Electrical resistivity tomography (ERT) is a geophysical technique for imaging sub-surface 

structures from electrical resistivity measurements. Measurement lines (~200 meter long) are 

scanned automatically and measurements made mostly at the surface, but can also be made 

in one or more boreholes. VTT has applied during the years ERT for different geotechnical, 

hydrological and environmental studies to map and monitor for example soil structures and 

their behavior and properties in the embankment dams as well as in the mining dams and 

heaps. The method can be used in two ways. Firstly, resistivity investigations at single 

occasions may detect spatially anomalous zones along the dam, and can be used to 

investigate suspected structural weaknesses. Secondly, repeated measurements offer a 

method to monitor resistivity changes (caused by seasonal temperature variations and/or 

reduction of fines) and further internal erosion and seepage processes. The ERT method has 

the obvious advantages of being non-destructive, non-invasive and continuous in the sense 

that it may measure on a large earth volume and is especially powerful when applied together 

with conventional pointwise geoinformation.  

 

The recent VTT development has concentrated to improve signal-to-noise ratios (S/N) of the 

measured resistance responses as well to improve 3D/4D inversion (tomographic) process 

using geological constraints. 3D/4D inversion of full waveform electrical resistivity data can 

be applied to image both resistivity distribution and resistivities as a function of frequencies 

(simultaneously also induced polarization information).  The signal processing of full 

waveform data has also turned out to be an effective way to remove noisy data and increase 
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time-lapse noise. Innovations in the design of the high resolution receiver channels have 

improved data quality, and the built-in channel optimizer ensures optimal use of available 

channels and simplify the design of new protocols. Advanced signal processing, high 

resolution dynamic-range receivers and high power constant current transmitter technology 

of the applied ERT scanning instrument delivers the highest possible accuracy and resolution. 

The effective field time is reduced by use of parallel receiver channels and a zero dead time 

measuring cycle. 

 

Table 6. Technical information about the 3D ERT used in this survey. 

3D ERT ABEM 
Terrameter LS 2 

 

Usability Geological mapping,Geotechnical pre-
investigation,Groundwater prospecting 
Mineral exploration, Mapping and monitoring of contaminations, 
Geothermal prospecting, Sub-bottom mapping of marine 
environments, Monitoring of permafrost,Archeology 

Survey method Resistivity and induced polarization survey from the surface, 
boreholes, between surface and boreholes, between two 
boreholes 

Additional 
measurement unit 

 - 

Survey coverage Depends on the electrode spacing and line length. With 2 meter 
electrode spacing and 80 meter line length the investigation 
depth is ~15 meters, with 5 meter electrode spacing and 200 
meter line length the depth coverage is from the surface down 
to 40 meters 
 

Resolution Up to 3 NV at 1 sec integration (theoretical) 
 

Accuracy 0.2 % 

Note  - 
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Figure 17 Tomographic imaging data from Patana earthfill dam. Picture by VTT. 

 

3.7 Optical fibre in seepage detection 

 

Seepage processes can be detected by installation of optical fibre.  Opctical fibre is used for 

temperature observation in the water bed. The fibre is in cable form and the optical unit is 

stored in that cable in loose tube filled with gel. In the loose tube there are different modules 

made from high quality plastic. The monitoring of temperature profiles over long distance by 

means of optical fibres represents a highly efficient way to perform leakage detection along 

pipelines, in dams, dykes, or tanks.  

Different techniques have been developed taking advantages of the fibre geometry and of 

optical time domain analysis for the localization of the information. Among fibre optics 

distributed temperature sensing techniques, Brillouin-based systems have demonstrated to 

have the best potential for applications over distances up to several tens of kilometres. In this 

study the area of interest was approximately 170meters. First plan was to dig the cable near 

the dry slope. Came out that the drainage collector was placed so deep that we had to change 

plan. Now cable is installed in drainage collector. 
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Figure 18 The structure of the optical fibre cabel. 

 

 

Table 7. Technical information about the Optical Fibre used in this survey. 

Optical Fibre GDFZY -4 
OM2+3*2.5 cable 

 

  
Usability 

Measuring temperature profile in ground. 

  
Survey method 

 Temperature measuring with optical fibre 
 

Additional measurement 
unit 

 - 

  
Survey coverage 

Max. 10km 
 

  
Resolution 

  
3 meters 

  
Accuracy  

  
+/-1°C 

  
Note 

In optical fibre there is also heating element. By heating 
the cable, temperature differences are bigger and 
easier to measure.  
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3.8 Summary of technologies used 

Some technologies used by project organisations have overlapping targets. They can be used 

to measure the same dam properties but they do so in differing ways. Below is a table that 

summarizes and compares technologies used by project organisations and their associated 

benefits (table 8). 

 

Table 8. Comparison of the methods used. 
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4. Results, future developments and goals 
 

Study results 

According to the measurements in Pori, dredging relieved the flow conditions on the city 

centre area. After dredging the wetted perimeter increased as the channel got more storing 

capacity for the water. Discharges increased as well after the dredging as the channel had the 

capacity to run bigger amounts of water. As the channel cross section got wider and wetted 

perimeter increased, also the friction of the bed increased. Though, the change in the water 

velocity is not significant.  

The Kokemäenjoki River has strong transportation capacity and most of the sediments are 

either suspended or moving as a bed load along the river bed. Due to the blocking effect of 

the sea the flow velocity decreases on the downstream of the river. It causes sediment 

accumulation to the river bed on the Pori centre.  As the sediment accumulation is surprisingly 

rapid, the dredging should be done regularly to prevent flooding in the Pori centre. 

In Patana dam, the measurements showed that there are no leaks in the dam structures. Still, 

there are clear evidences of seeping water in some spots where the soil is porous. Now, these 

specific spots can be closely monitored with the Optical fibre. With the fibre we can see if any 

changes happen on the seep water spots. This method enables fast reactions to the possible 

changes. The 3D model of the dam showed no signs of undesirable changes. 

New business opportunities in the field of dam safety 

Organizations participating in the project included, in addition to authorities, R&D institutes 

and consultancy companies that provide cutting-edge know-how in technologies and 

methods that can be used in dam safety issues. Following is a vision of how a co-operation of 

both Finnish and Chinese organizations working in the field of dam safety could create new 

business opportunities and sustainable growth. Innovation in the way of new technologies 

and solutions can rise from co-operation, as ideas, know-how and expertise are exchanged. 

New business opportunities in the field of dam safety can arise directly from within the 

project. As R&D institutes and technology and consultancy companies from both China and 

Finland demonstrate state-of-the-art technologies and monitoring methods, new possibilities 

for business could be created in both countries. Finnish R&D institutes and consultancy 

companies could gain new markets for their innovative products and services in China. 

Demand for technologies increasing dam safety can be expected to be significant since there 

is 98 000 dams in China. 

Innovative technologies developed by Finnish partners can attract Chinese investment, 

creating jobs and growth. Active co-operation between companies and researchers is one of 

the factors attracting Chinese investment in Finland1, 2, highlighting the possibilities of this 

project to create new co-operation opportunities in business. 
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Appendix 1: Sam safety legislation in Finland 

Dam Safety legislation in Finland 

The reformed Dam Safety Act was enacted in 2009 when previous act was 25 years old. The 

reformed Government Decree on Dam Safety was enacted in 2010. After the new legislation, 

the new Dam Safety Guide was published in 2012 and it was translated into English and 

Swedish. The Dam Safety Guide was updated 2018 and the updating of the translations will 

be carried out in year 2019.  

The Dam Safety Guide explains and simplifies the contents of the Dam Safety Act and the 

Government Decree on Dam Safety. The Guide contains recommendations on how to meet 

the dam safety legislation requirements and some general guidelines e.g. about planning, 

design, construction, operation, inspection and maintenance of a dam.  

The main partners on dam safety issues 

In Finland, dam owner can be private person, municipality, city, state, company, association 

or organization. The dam owner has the total responsibility for the dam. In the event of the 

dam incident, the dam owner must e.g. notify Emergency Response Centre and the Dam 

safety authority and he has to take care of the emergency repairs.  

The dam safety authority is the Kainuu ELY Centre (The Centre for Economic Development, 

Transport and the Environment). The dam safety authority’s task is to supervise that the dam 

owner carries through his responsibilities.   

The rescue authority is responsible in the event of the dam incident for the measures that 

have to be taken urgently, and which require the good operational readiness, facilities, and 

professional skill that the rescue services have. 

The local ELY Centre supervises the waterbodies. The ELY Centre takes care of regulating the 

waters that are on state responsibility as well as supervises others to fulfil their regulation 

limits.  

A person who designs a dam must have appropriate education and possess sufficient 

expertise and experience in the design of similar structures. The staff responsible for the 

operation of the dam must possess sufficient knowledge and expertise on the circumstances, 

which affect dam safety, operation of the dam and related safety systems. There is not any 

real definition for the competence requirements as well as there is no real specific education 

on dam safety in Finland.  

Dams subjected to Regulation 

The dam safety legislation covers all dams in Finland, although not all dams are classified.  

There are some 425 classified dams in Finland. The legislation applies to all dams regardless 

of its height: watercourse dams, flood embankments, tailings dams  and waste dams. All 

dams, including non-classified dams, have to be kept in such a condition that the dam is safe.  
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Dams are classified by the type of hazard they pose if an accident occurs: 

• Class 1 dam, which in the event of an accident causes danger to human life and health or 

considerable danger to the environment or to property.  

• Class 2 dam, which in the event of an accident may cause danger to health or greater than 

minor danger to the environment or to property.  

• Class 3 dam, which in the event of an accident may cause only a minor danger. 

 

Even a threat to one single person living on dam hazard area places dam into class 1. The dam 

safety authority makes a decision on the classification of a dam. The classification is not 

needed if the dam safety authority considers that the dam does not cause any danger. Dam 

owner has to begin the process by writing a document where he describes the dam hazard 

and he may suggests the dam class.  

A permit application must be made first if someone wants to build a new dam or do repair or 

alteration works which significantly affect dam structures or dam safety. In a permit 

application of a new dam, the dam owner shall describe, in sufficient detail, the potential dam 

hazard and its impact on dam dimensioning and design criteria. When resolving a matter 

concerning the construction of a dam, the permit authority shall request a statement from 

the dam safety authority concerning the fulfilment of the dam safety requirements. Dam 

safety authority does not give a permit to build a dam but his opinion if the project is sufficient 

according to the dam safety legislation. The dam safety authority must also be notified before 

building work starts.    

In Finland last new hydropower dam was built 2001. There might be one new hydropower 

dam project ahead but otherwise merely huge amount of repair works. Some new flood 

embankments have been built recently as well as waste dams and tailings dams.  

In addition to the Dam Safety Act:  

• the provisions of the Water Act and under it apply to construction in watercourses 

• the provisions of the Environmental Protection Act and under it concerning the prevention 

of environmental pollution and the provisions of the Waste Act and under it on preventing 

and combating the risk to health and the environment arising from wastes apply to waste 

dams 

• as regards mine safety, the provisions of the Mining Act and under it also apply 

• the provisions of the Land Use and Building Act concerning the permits required for 

building activities, structures and other action apply to dams. 

 

Dam operation according to the Dam Safety legislation 

The dam owner must prepare monitoring programme of the factors that may affect dam 

safety when the dam is brought into operation and when the dam is operating. The 

monitoring programme presents the dam monitoring frequency, which objects are to be 

monitored and measures relating to monitoring.  Program includes also annual inspections 
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(for class 1 and 2) and periodic inspections at least every five years. Dam safety authority 

approves the monitoring program. The dam owner ensures that the dam is monitored 

according to the monitoring program.  

According to the Dam Safety Act, the dam owner is obliged to keep the dam in such a 

condition that it functions as intended and is safe. A dam shall be operated in such a way that 

it causes no danger to human life and health. Sufficient safety arrangements shall be in place 

to ensure public safety and the safety of the operation of the dam 

The hydrological design of a watercourse dam (design flood) depends on the classification of 

the dam: class 1 dam with a return period of 5000-10000 years, class 2 dam 500-1000 years, 

class 3 dam 100-500 years. The bigger the potential hazard is, the bigger the hydrological 

capacity must be.  

The owner of a dam must organize a periodic inspection of classified dam at least every five 

years. The dam safety authority and the rescue authority have the right to participate in this 

inspection. The monitoring data and the assessment of the condition of the dam must be sent 

to the dam safety authority in advance. Dam safety authority participates all periodic 

inspections. This is one of the important way to carry throught the supervision. 

Based on a periodic inspection, the dam safety authority may order the owner of a dam to 

update a dam break hazard analysis or the monitoring program. The periodic inspection 

report shall include an evaluation of the condition and safety of the dam. If in the periodic 

inspection it cannot be established with sufficient certainty that the dam meets the safety 

requirements set for it, the dam safety authority may order a thorough study of the condition 

of the dam or its part.  

The structural stability of a dam and the functioning and dimensions of the structural 

components must be sufficient to ensure the safety of the dam in all operational situations. 

Effective transport connections to the dam must be available. The possibility for dam 

maintenance also in case of flood and dam accidents must be planned and ensured. The dam 

owner must provide the dam safety authority with the plans of the dam that show how the 

technical safety requirements of the dam are implemented and how the raising of water 

levels takes place when the dam is taken into operation. 

The protection of the population  

The owner of a class 1 dam must prepare a more detailed dam break hazard analysis and 

emergency action plan for a dam. The dam break hazard analysis is approved by the dam 

safety authority.  

The owner of dam must prepare and regularly update a plan of measures in case of accidents 

and disturbances concerning a class 1 dam (emergency action plan of a dam). An emergency 

action plan is done based on the dam break hazard analysis. It presents the measures to be 

taken by the owner of the dam: 
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• to prevent accidents in case of disturbances as well as to prevent and limit damage at the 

dam 

• to protect humans, property and the environment against damage 

• to report an accident. 

 

The emergency action plan also presents the materials and equipment to be kept ready for 

preventing an accident and the available staff. In addition, an emergency action plan for a 

waste dam presents the type of the impounded substance, properties causing hazard, 

volume, contents, movement and conversion as well as other special characteristics of the 

dam. ‘ 

Sufficient safety arrangements shall be in place for class 1 and 2 dams to ensure the safety of 

the operating of the dam. These measures include:  

• arrangements to ensure the operation of the dam in case of disturbances 

• warning and other arrangements (e.g. warning signs, booms, warning signals before 

starting discharge, emergency hoisting system, fences or gates to prevent entrance) 

concerning the discharge of a watercourse dam to prevent danger to those above or below 

the dam 

• arrangements to prevent damage caused by sabotage or vandalism. 

 

Dam safety information system 

Dam safety information system hold the information of all classified dams. The owner of a 

dam must provide to the information system: 

• permit decisions and other official decisions concerning the dam; 

• information on the hydrological dimensioning of the dam; 

• planning documents concerning the plan which show the realisation of the technical safety 

requirements when the dam was being constructed and in the alteration and repair works on 

the dam; 

• dam monitoring programme; 

• dam break hazard analysis, if such an analysis must be prepared for the dam; 

• emergency action plan, if such a plan must be prepared for the dam; 

• description of the safety arrangements, if such a description must be prepared for the dam; 

• periodic inspection data; 

• condition studies prepared on the dam. 

 

The dam owner can see the information of their own dam in the dam safety information 

system and they can give permit to others (e.g. consultants) to see this information. The dam 

safety authority and the rescue authority and some other autorities can see the information 

of all dams in the system.  

The dam safety authority and owner of the dam must keep up-to-date printouts from the 

information system for each dam as well as other important documents as regards dam safety 
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so that these are readily available in case of disturbance (dam safety file). The information is 

checked every five years in the periodic inspection.  

Training for incidents 

Occasionally training and exercises for maintaining readiness are arranged.  Dam owners may 

arrange their own exercises but every few years there are bigger exercises where dam safety 

authority, rescue authority and other actors are participating. 


