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SUMMARY 

The main purpose of research is interpret the data of long-term observations of surface-water and 
ground-water regimes with determination of the factors of influence that lead to disturbance of 
hydrogeological conditions of the territory of the Kyiv-Pechersk Lavra. 
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Introduction 
Due to the different processes, the architectural monuments of the Kyiv-Pechersk Lavra undergo 

various deformations every year and are subject to damage and destruction. One of the most intense 
processes is the flooding of their ground and surface waters. That is why, in the complex monitoring 
of historical sites, the main attention should be paid to the study of hydrogeological conditions, in 
particular - the groundwater regime and the nature of expansion of aquifers in protected areas of these 
sites (monuments). 

The purpose of this work is to interpret the data of long-term observations of surface-water and 
ground-water regimes with determination of the factors of influence that lead to disturbance of 
hydrogeological conditions of the territory of the Kyiv-Pechersk Lavra. 

The urgency of the work is to determine the impact of the change in groundwater regime on the 
state of the architectural monuments and protected areas, as well as further leveling and eliminating 
the negative factors. 

Method and/or Theory 
The geological structure of the territory of the Kyiv-Pechersk Lavra was studied by the results 

of the drilling of 22 wells (survey conducted in March 2013), taking into account engineering and 
geological explorations carried out in 2006-2007, as well as on the basis of archival data. According 
to drilling data (Levashov & Pischanyi, 2008) it is established that in the geological structure of the 
research areas the following is involved:   

– neogene deposits (N) – represented by marine formations of the Novopetrivsk suite (N1pt) – 
sandstones in width of which cave complexes are carved;  

– quaternary deposits (Q) – represented by width of subaerial brown clays (Q1);  
– techno-genic holocene formations (t IV) – represented by bulk soils with significant content of 

construction waste.  
Geological structure, conditions, forms of deposits of layers and their capacity are shown in 

engineering-geological sections (Figure 1). 

 
Figure 1. Engineering – geological sections of the territory of the Near Cave Garden  

 
Three soil aquifers are widespread in the territory of the Kyiv-Pechersk Lavra: 
1. in the Quaternary Aeolian-Deluvial and Lake-Glacial sediments on the plateau (Upper Lavra, 

upper part of the slopes, the Guest House, the Far Cave Hill); 
2. in the Quaternary deluvial soils on the slopes; 
3. everywhere - in the Oligocene (Kharkiv) sands (Levashov & Pischanyi, 2005). 
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The status of monuments and territories is indirectly influenced by the first and partially the 
second aquifers, which are in fact one group (Figure 2). 

 

Figure 2 Zones of distribution of 
permanent and temporary aquifers 

Figure 3 Negative processes caused by 
wetting of the soil massif and distribution of water 

flows, unloading of aquifers through retaining 
walls and cave mazes  

 
Value analysis of groundwater levels according to the wells drilled in the wells studied area 

shows that within the territory of Upper Lavra it is at 178.0-181.0 m. During the observation period 
(1990-2019) the highest levels were observed in 1996, 2008 and 2009. In recent years, long-term rise 
in levels have been recorded in wells located near the street Lavrska, where the city water-mains of 
water-transportation networks are located. In particular, the longitudinal oscillation amplitude of 
mode well No. 1 (located near the housing No. 6) is 1.7 m. 

In the territory of the Lower Lavra (Guest House), where the number of wells is limited, 
fluctuations of groundwater levels are usually cyclical. Thus, the highest levels are observed in the 
spring of each year and the lowest in the winter. The annual amplitude is 0.4-1.5 m. 

On the slopes of the Lavra ravine, the ground water lies at a depth of 0.9 to 3.2 m from the daily 
surface (fixed by observed wells in the Near Cave Garden) with absolute markings of 147.8-161.2 m. 
The capacity of the aquifer is 1.0- 5.0 m. The amplitude of the oscillations is 1.2-3.4 m. Accordingly, 
in the upper part of the territory the aquifer has a permanent character, in the lower part it is 
temporary, it is formed on the surface of clays during snowmelt and long periods of rainfall and lasts 
for 6- 8 months. 

Examples 
From the interpretation of long-term regime observations it follows that the main violations of 

the natural hydrogeological regime (Figure 3) are due to: 
- accumulation of surface runoff, for the most part, accumulation of snow masses at local sites; 
- leaks from water-transportation communications; 
- significant inflow from the adjacent urban development; 
- construction of buildings on deep pile bases; 
- elimination of existing drainage galleries. 
Leaks from communications have repeatedly led to the local formation of a topsoil, sharp rise in 

groundwater levels, flooding of basements, waterlogging and deformation of structures of buildings 
and more. Regime observation data for 1994 indicates that groundwater levels rose by 4.6 m. This 
was due to the heating boiling in the Upper Lavra Economic Yard. Also, in 1998-2008, water-supply 
lines crashes repeatedly led to significant elevations of groundwater levels - by 1.5-2.4 m. The result 
was the over-wetting of the lower part of the thickness of forest soils, which underlie in the basement 
of all the monuments in the Upper Lavra and their subsidence. And, as a consequence, there was a 
heterogeneous subsidence of the foundations of structures with the formation of structural cracks (for 
example, housing No. 5 "cracked" almost in half, a crack with an opening of up to 5 cm was formed). 
After repeated water-supply lines accidents near the building № 35 in 1995 and 1998 in the Near 
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Caves garden, water flowed in the form of springs, moistened the soil mass and led to the formation 
of large-scale displacements (up to 100 m3 each time). 

In the territory of the Lower Lavra, the hydrogeological situation (Figure 4), where the depth of 
groundwater is 1.1-4.5 m, is complicated by the dependence of the groundwater regime on the nature 
of the nutrition - infiltration of precipitation, mainly snowmelt. 

 
Figure 4. Lines of ground water flows in Near Cave Garden 

Observation results show that in the spring of each year due to the nutrition of the aquifer with 
melt and rainwater, the groundwater levels increase by 0.5-1.5 m and the area of the aquifer (or the 
formation of a temporary one) expands. The role of a kind of dam for the flow of groundwater is 
played by retaining walls, recessed line foundations of buildings. 

Flooding has the biggest impact on cave complexes, which are the most significant monuments 
of the Kyiv-Pechersk Lavra. The data shows that the flooding of cave complexes is mainly confined 
to spring snowmelt, and less often to periods of long-term rainfall. Repeated flooding of the 
complexes was caused by man-made factors. Far caves constantly suffer from seepage into labyrinths 
of ground and infiltration waters. In the Near Caves, such phenomena are rare but catastrophic. Thus, 
in 1988, due to over-wetting here was an accidental collapse of the walls and arches in the entrance 
gallery (Cherevko & Kutsyba, 2011) (currently this entrance does not work). In May 2005 for the 
same reason there was a fall of soil up to 10 m3 into underground gallery with collapse of arches 
(restored in 2006) (Cherevko & Kulyk, 2007). In March 2013 there was an emergency seepage of 
water from the vault and ventilation hole in the branch of the "Crested" cave (up to 2 m3 of water per 
day was appearing in the cave) (Rybin, et al., 2001; Cherevko, et al., 2015). In April of the same year, 
there was a collapse of the vault and the fall of the soil, up to 2-3 m3 in volume, near the ventilation 
opening of the Far Caves (Cherevko, 2016). The most damaged areas are areas of caves located at a 
slight depth - from 2 to 7-8 m. 

During the long-term period of regime observations of the groundwater levels in the Near Caves 
Garden (Levashov & Pischanyi, 2008), an annual increase in the area of distribution of the aquifer in 
the spring was recorded due to snowmelt and infiltration of precipitation and its decrease in the dry 
periods of the year (Figure 5). 
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Figure 5. Distribution of temporary aquifer and the territory of the Near Cave Garden 
Precipitation infiltration leads to the over-wetting of the soil massif, the raising of the 

groundwater level and the subsequent distribution of the aquifer into the direction of cave labyrinths 
by lateral paths - initially along the valleys of the eroded surface of the brown and mottled clay layer, 
afterwards – all over the whole area. The accumulation of water above the caves is caused by the its 
stop by retaining wall of the light opening along the buidlings No. 36-48. The defensive wall around 
the Far and Near Caves, 1039 m in length, is situated on a difficult relief, with variations of absolute 
marks from 116 to 187 m and correspondingly with variations of different in  physical and mechanical 
qualities soils that underlies the foundations. The foundations of the walls, the depth of which is 1.5-
3.0 m (Cherevko & Kulyk, 2007), lie below the groundwater level and are therefore are flooded. This 
leads to uneven settling of parts of the foundations and the formation of deformations in the masonry 
(cracks, separation of masonry units, destruction of mortar and brick masonry, etc.). 

Conclusions 
According to the interpretation of the regime observations on the territory of the Kyiv-Pecherska 

Lavra, several zones being flooded by groundwater are defined. The most significant negative effects 
of flooding are cave complexes. 

In general, it is necessary to solve the problem in a comprehensive way, but each object requires 
an individual approach.  

- replacement (reconstruction) of engineering water-bearing networks, including those in the 
adjacent urban area; 

- development and implementation of groundwater drainage projects, installation of linear 
structures, discharge holes in retaining walls and, in some cases, deepened foundations; 

- development and implementation of improvement projects, namely the drainage of surface 
water (reconstruction of existing and installation of new drainage trays, vertical planning and drainage 
of the day surface, etc.); 

- arrangement of the waterproofing of foundations with the accompanying (if necessary) 
arrangement of the drainage of the small laying at their basis. 
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