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This article covers the history of floods and describes de-

velopment of the St. Petersburg Flood Protection Barrier

(FPB). The project was initiated in 1979 – 1992 and sus-

pended from 1992 to 2003. In 2003 construction was re-

sumed, and the FPB was commissioned in 2011. The paper

reviews recent floods prevented by the FPB and outlines its

economic benefits, operation of the Flood Threat Warning

System (FTWS), and the validity of the implemented design

solutions.

The history of St. Petersburg, one of the most beautiful

cities in the world, founded by Peter I in 1703 in the Neva

River delta, is inseparably linked with the destructive force

of floods, since the city was regularly subjected to the action

of maritime elements. The first flood that occurred at the end

of August, 1703, when water rose 2 m above the customary

level, stopped construction of the bastions of the Peter and

Paul Fortress for a long time, after turning the building site

into an impassable bog. Since then, the history of St. Peters-

burg is the history of the search for ways to protect the city

from wind-driven sea floods.

Since 1703 there have been 308 floods recorded, i.e. wa-

ter level rise in the Neva River delta that exceeds the level of

the Baltic Sea by more than 1.6 m.

The catastrophic floods that caused the city the greatest

material damage and were accompanied by human victims

occurred in 1777, when the water rise in the Neva River delta

reached the level of 3.21 m, and in 1824, when it reached

4.21 m. The Petersburg tragedy of 1824 was the basis of A.

S. Pushkin’s poem “The Bronze Horseman”.

In 1903 the water level in the city reached 2.69 m, and in

1924, 3.80 m. The possibility of a storm lifting the water

level in the Neva River delta to 5.40 m has been scientifi-

cally proven, and such a flood could inundate up to 30% of

the urban area.

Floods in St. Petersburg disrupted normal living condi-

tions and development of the city, complicated the use and

operation of its coastal lands, caused great damage to its in-

dustries, urban economy, and inhabitants, created continuous

threat of destruction of the richest material and cultural val-

ues, and presented hazard to people’s lives.

The beginning of a solution to the problem of floods in

the modern history of the city is associated with the approval,

by the Council of Ministers of the USSR in 1966, of the Gen-

eral Plan of Development of the City of Leningrad, to ensure

protection of the city from floods and the development of

coastal territories of the Neva Bay. Following the instruc-

tions of Lengorispolkom, in 1967 – 1969 Lengidroproekt,

under the direction of Chief Project Engineer S. S. Agalakov,

developed a feasibility study for protecting the city from

floods, in which the reasons for floods were established, all

possible options are considered, and the option of construct-

ing the Protection Barrier System in the western part of the

Neva Bay was recommended.

The feasibility report was considered and approved in

1971 by the State Planning Committee and the State Com-

mittee for Construction of the USSR, and was developed in

1972 – 1977 by Lengidroproekt together with subcontractor

organizations of our city and the country. Then the Council

of Ministers of the USSR approved Order No. 2847r dated

12�29�1978 for the engineering project to protect Leningrad

from floods.

The St. Petersburg Flood Protection Barrier System

(FPBS), located in the Bronka settlement — Kotlin Island —

Gorskaya settlement alignment, includes six spillways

(B1 – B6), two navigational passages (C1 and C2) with ship
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channels, eleven protective dams (D1 – D11), and objects of

operational and service use. A six-lane high-speed roadway

is laid above the protection barriers. The complete length of

the protection barriers is 25.4 km (Fig. 1).

According to the project design, when there is a threat of

flooding the FPBS makes it possible to isolate the Neva Bay

from the Gulf of Finland by closing the locks on the spillway

and navigational channels located between the protective

dams.

Construction of the FPBS began in 1979 with the organi-

zation of construction and production bases and development

of open-cut mines. Minénergo USSR organized the general

contract organization Lengidroénergospetsstroi.

Landfill operations on the protective dams began in

1980, the first concrete in the main structures of the FPBS

was laid in 1981, a dry-ground road to Kotlin Island was

built on the northern section of the FPBS at the end of 1984,

and in 1987 a system of structures providing capability of

regulating the flowage was introduced at the northern gates

of the Neva Bay, with activation of temporary operation of

the hydraulic gates of spillway structures B3 – B6. Landfill

operations for dam D1 began in 1984 in the southern section

of the Neva Bay, with subsequent construction of spillways

B1 – B2 and protective dams D2 and D3.

It should be noted that the tempo of construction set up

in the 1980s, and the quantity and nature of equipment of the

general contractor Lengidroénergospetsstroi made it possible

to finish construction of the FPBS in the last century. How-

ever, in the early 1990s construction financing almost

stopped because of the discussions that ensued and the fears,

on a part of the city public, regarding the effect of the FPBS

on the ecology of the Neva Bay.

Two commissions of the Academy of Sciences of the

USSR, studying the effect of the FPBS on the status of the

water area, came to opposite conclusions. Only in 1990 did

an independent expert international appraisal unequivocally

declare that the structures of the FPBS do not cause harm to

the environment, and recommended finishing construction in

the shortest timeframe according to the existing design.

However, completion of FPBS construction began only

in 2003, after adoption of the budgetary code of Russia and

the transfer of the functions of the client FPBS from the ad-

ministration of St. Petersburg to Gosstroi Russia, and then to

the Ministry of Regional Development of the Russian Feder-

ation.

The project to complete construction of the FPBS that

was developed by OJSC Lengidroproekt was examined and

approved by Glavgosekspertiza of Russia in 2008. In 2009

Glavgosékspertiza considered and approved the “Additional

Design Decisions for Safety and Reliability of the Main

Structures,” developed by OJSC Lengidroproekt.

On August 12, 2011, the Prime Minister of Russia,

V. V. Putin, in the presence of the Governor of St. Petersburg

and responsible representatives of the Government of Russia
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and the construction, design, design and research organiza-

tions — participants in the construction of the FPBS —

placed into operation the structures for protecting of St. Pe-

tersburg from floods with the closing section of the ring

highway around the city that was laid atop the FPBS. In his

speech, V. V. Putin noted the scale and constructive perfec-

tion of the system: “This grandiose construction is worthy of

Petersburg. It has technical beauty.”

Construction of a unique Protection Barrier System

equipped with modern systems of hydraulic engineering

locks, electronic management systems, communications,

protection, power supply, and flood threat forecasting system

has been successfully completed. New structures constructed

in close proximity to monuments of history and architecture

did not destroy for all time the existing landscape, but be-

came part of it and its protection. Throughout the extent of

Russia, there are no other projects equal to the FPBS.

Prevented Floods and Economic Effect

During the operation of the FPBS, thirteen potential

floods have been prevented, including the flood on Decem-

ber 26, 2011, which was comparable by its level of rising wa-

ter to the flood of 1955 that takes fourth place in the histori-

cal list of floods.

Just in 2015, seven floods were prevented. On January 3,

an especially dangerous flood with a level of rise to the

mark of 240 cm on the Baltic System of elevations (BS)

at the Mining Institute hydrological station (h�s MI) was

prevented, and on January 13 a flood with a mark level of

rise to 190 cm was prevented. In December 2015, five floods

were prevented, of which there were three in a row: Decem-

ber 5, 6, and 7. It must be noted that cases of three floods in

a row are absent in the history of monitoring floods in St. Pe-

tersburg.

The majority of the prevented floods belong to the list of

especially dangerous ones. Especially dangerous floods have

led to flooding of the historical part of St. Petersburg and

caused a significant economic damage to the city.

Large-scale research on damage from floods for Lenin-

grad was performed during engineering design for the FPBS,

which passed all necessary state tests in the 1970s. The cal-

culated design-projection method of determining economic

damage from wind-driven floods was adopted in that pro-

ject. This technique assumed a determination of direct loss

caused by wind-driven floods to any objects of Leningrad;

for each such object (or groups of homogeneous objects) the

negative consequences and costs of their elimination were

determined.

The magnitude of potential damage to the city from the

thirteen floods that were prevented, defined on the basis of a

design methodology with recalculation in modern prices,

was 94.77 billion rubles (see Table 1).

The high efficiency and reliability of the protection barri-

ers, as well as the flood threat warning system (FTWS) that

provides credible and timely forecasting, have been com-

pletely confirmed.

A decision to close the spillway and navigation channels

by locks in case of flood threat must be weighed (Fig. 2).

What is important is not just effective protection against the

elements, but also avoiding casual and useless closing of

locks of the System, and ship channels above all. Damage

from incorrectly taken decisions could be enormous: the Pe-

tersburg port would grind to a halt, and the transport sched-

ule of passengers and freight would be disrupted.
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TABLE 1. Estimate of Possible Damage to St. Petersburg from

Floods Prevented after Introduction of FPBS to Operation in 2011

(as of 12�31�2015)

Date

Calculated levels

of rise of water at Mining

Institute station, cm

Amount of

potential damage,

billion rubles

11�27�2011 205 0.53

12�26�2011 294 25.63

12�27�2011 260 14.83

Total for 2011 40.99

10�29�2013 267 14.83

11�217�013 212 0.53

12�13�2013 248 8.90

Total 24.26

01�03�2015 240 8.90

01�13�2015 190 0.41

12�05�2015 268 14.83

12�06�2015 220 2.28

12�07�2015 230 2.28

12�10�2015 185 0.41

12�26�2015 187 0.41

Total 29.52

Overall 94.77

Fig. 2. Lock C2 in operating condition.



The FTWS is a system based on interoperation of three

chief services: weather service, communications, and hard-

ware-software centers.

The Weather Service System studies the current state of

the weather and water. All information is gathered and pro-

cessed in automated mode at special points constructed on

the FPBS and at other sites remote from the System. They

are located on spillway and navigation channels, on the coast

of the Gulf of Finland, at the Ozerki and Shepelevo settle-

ments, on the Neva River in Petrokrepost’, and in St. Peters-

burg at the Mining Institute.

Data collected by the Weather Service System goes on

the communications systems for further processing to the

hardware-software centers based in the FPBS Management

building.

The hardware-software centers include powerful com-

puter equipment as well as software developed especially for

FPBS. The centers make it possible to predict the level of

rise of water, and decisions on FPBS lock operation are made

based on this. The chief tasks of the FTWS are to assist

FPBS personnel to prevent a rise of water that is hazardous

to the city, minimize losses from terminating navigation

when closing navigation channels, and avoid city flooding by

the Neva’s waters.

Working continuously, the system in automated mode

will, with sufficient advance time (60 h), send information 4

times per day to the FPBS control computer CPU the calcu-

lated water levels at the Mining Institute h�s, a weather fore-

cast, and an estimate of meteorological factors for the next

several days. When there is a flood hazard (i.e. potential rise

of water level above the 1.6 m mark), the FPBS control com-

puter receives from the Crisis Management Center of the

Ministry of Emergency Situations a preliminary 8-h forecast

and a refined 6-hour forecast warning of the flood hazard,

and notifies the managers and the corresponding FPBS ser-

vices.

At the “Flood threat”announcement, each service per-

forms necessary preparatory work on reducing objects,

equipment, and systems in readiness for closing the locks

and operating in flood conditions. If the size and intensity of

the rise of water level correspond to the forecast or exceed

the forecast, then by order of the general director of the

FPBS the “Flood threat” mode transitions to “Flood situa-

tion” mode.

Based on information arriving at the FPBS CPU, the de-

cision-making support system (DMSS) develops recommen-

dations regarding the time to close the Protection Barrier

System.

The control computer sends information on FPBS clos-

ing time to the lead personnel of the FPBS and to subdivision

field services, and also notifies the organizations of the city

of St. Petersburg whose work depends on the time of closing

the System.

At 45 min before the specified time, the operator of the

central control panel gives the command for rollout of float-

ing gates from C1 well-docks and lifting the vertical lift gate

to C2, and then for 30 min, lowering the 64 segment gates on

all spillway structures.

During the time that the FPBS is in the closed position,

continuous observations are conducted over the change in

water levels at each structure in the headwater and tailwater.

Regularly (each hour) the sequence and predicted time of

opening of the locks are determined.

When the water level in the Gulf of Finland decreases to

the required marks, a decision on the time of opening the

locks is adopted upon achieving the main conditions:

— the water level at the FPBS from the Neva Bay side

must exceed the water level from the Gulf of Finland side;

— there is no forecast of a repeated storm surge.

In the early stages of creation of the FPBS project, one of

the main objectives facing designers was the environmental

purity of the project: it was necessary to create a barrier sys-

tem that would not only provide protection of the city against
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Fig. 3. Removal of floating gate from a well-dock by traction machinery.



floods, but would also not destroy the environmental situa-

tion in the Neva Bay and the Gulf of Finland, i.e., would pro-

vide free water exchange between the two water areas, and

maintain the migration paths of fish and living conditions of

plants and organisms. Therefore the number, location, and

dimensions of the six spillways (B1 – B6) and two naviga-

tional channels (C1 – C2) were defined in the project based

on careful natural observations and model studies conducted

on hydraulic and mathematical models. And today, when the

spillways and navigation channels that were constructed

carry out their functions to full extent, it is possible to say

with confidence that all decisions that were put into the pro-

ject were correct and well-founded. This is confirmed also by

the results of the monitoring that is conducted by the envi-

ronmental services of the city in this area. All circumstances

that could affect the environmental situation in the Gulf of

Finland were considered in designing the FPBS. Following

the requirements of the Water Code and Water Strategy of

Russia for the period up to 2020, the plan for water security

actions has been successfully implemented. Annual precipi-

tation in St. Petersburg is 700 mm annually for every 1 cm of

area. The roadbed together with atmospheric precipitation

could send half a million cubic meters of pollution to the

Gulf. In order to prevent the incidence of pollution, 50 km of

trench drains are installed on both sides of the highway.

Along the trench drains the polluted water goes into 175 lo-

cal treatment facilities that provide thorough physical and

chemical cleaning of the entire volume of stormwater and

thawed drain water from the carriageway of the high-speed

highway. Only after cleaning to admissible values does the

clarified water go to the Neva Bay, Gulf of Finland, and the

Baltic Sea.

For the first time in Europe, 100% cleaning of surface

drain water from a highway carriageway is provided. The

spillways and navigational channels provide optimal water

exchange between the Neva Bay and the Gulf of Finland,

which maintains the conditions of life of plants and organ-

isms, the most important factor of environmental safety and

the good sanitary state of the water pool. These measures

have become an important part of the performance by the

Russian side of the “Convention on the Protection of the Ma-

rine Environment of the Baltic Sea.” The favorable state of

nature is confirmed by the fact that about 60 bird species that

migrate annually through the Gulf of Finland stop in the re-

gion of the System during flight.

The Flood Protection Barrier System of St. Petersburg

is a hydraulic engineering construction of Class II category

of importance, and in accordance with Federal Law

No. 117-FZ, dated 7�21�1997, “About the safety of hydrau-

lic engineering structures” must “ensure the protection of

life, health, and the legitimate interests of people, the envi-

ronment, and economic objects.” In compliance with this law

and the developed regulations, work is carried out at the

FPBS on maintaining the operability of all systems and

mechanisms, and periodic system-wide testing under load of

the equipment of the navigation channel and spillway con-

structions. On all especially important objects of the FPBS,

round-the-clock operation is organized for duty services to

monitor the state of the main systems for power supply, man-

agement of the industrial control system, hydromechanical

equipment, fire alarm, and access control.

By this, the operability of objects of the FPBS and its

readiness to protect St. Petersburg from floods at any time is

confirmed.

More than 8000 units of control and measurement instru-

mentation (CMI) were installed when constructing the Sys-

tem for site observation over the hydraulic engineering struc-

tures. Some of the installed sensors were intended for the

construction period in order to solve technological and engi-

neering tasks, but they are also being used during the opera-

tional period. Measurements are made according to the in-

structions developed for each structure, but is at least once

per quarter. If necessary, especially during floods and storm

periods, measurements are carried out more often. The sys-

tems installed on the FPBS for information reading and pro-

cessing provides the opportunity to conduct measurements

with frequency to 30 min, depending on weather conditions.

Measurement frequency also increases during repair work, in

which the stress state of a structure significantly changes.

Every half year, analysis of the state of the FPBS is con-

ducted based on information obtained from all types of ob-

servations, and measures for restoration (preservation) and

necessity of installing additional CMI are determined and

production schedules of measurements are adjusted.

In all reports compiled during the period of operation,

the state of the System’s hydraulic engineering structures has

been recognized as safe, where the concrete structures and

the mechanical equipment installed on the spillway struc-

tures, as well as the majority of dams had served out more

than 25 years by the time of setting into service in 2011.

These structures are subject year-round to the action of sea

waves and also ice fields during the winter period, hence re-

quire constant attention and timely repair. The highway road-

bed located on top of the structures and passing more than

10,000 cars daily wears out especially quickly.

Confirmation by the Declaration of Safety of the FPBS

testifies to the safe state of the hydraulic engineering struc-

tures. The Declaration of Safety was developed for the hy-

draulic engineering structures of the Flood Protection Barrier

System of St. Petersburg at the design stage of the FPBS,

construction, commissioning, and directly the operations ac-

cording to the legal requirements in the field of safety of hy-

draulic engineering structures. The period of validity of the

last Declaration of Safety is four years from the date of its

agreement on July 22, 2013.

It is necessary to mention also a problem that can soon

affect city life. The Protection Barrier System was under

construction for more than 30 years. During this time many

things have changed in the life of St. Petersburg. The city is

growing and expanding its borders, including at the expense

of the Neva Bay. New territories on Vasilevsky Island and on

the southern and northern coasts of the Neva Bay are being
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washed, and an increase in the area of Kotlin Island is

planned. Such human activity will lead to a significant de-

crease in the heat-sink ability of the Neva Bay in comparison

with what was used in the project. The example of three pre-

vented floods in a row, when over nearly 40 h the System

withstood the pressure of the elements, provides evidence

that nature can bring an unexpected “surprise,” and then

flooding in the city could occur from the water that comes

along the Neva from Lake Ladoga, instead of from the Gulf

of Finland. It is necessary for City leaders to think of this to-

day already. If the area of the city increases at the expense of

the Neva Bay, then waterworks construction in the upper

reaches of the Neva is necessary, in order to impound water

flows arriving from Lake Ladoga during the period of opera-

tion of the FPBS.

The constructed and successfully working Protection

Barrier System is a unique hydraulic engineering object,

where the spillway and navigation channel structures and the

dams comprise a whole that extends more than 25 km over-

all. Even the smallest details of this large and complex sys-

tem are functional and well-founded. The form of the struc-

ture corresponds to its city-forming significance: these are

the real sea gates of Petersburg. On days when the elements

approach, they are reliably locked, protecting with all their

strength the peace of mind of the northern capital.
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