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STUDY OF FORMATION FEATURES OF TECHNOGENIC
MEROMIKTIC RESERVOIRS WITHIN THE OIL FIELDS TERRITORY

Introduction

Rybalske oil field is located in Okhtyrskyi district in Sumy region. Exploitation of the field is carried out
since 1958. At the stage of exploration and the initial stage of Rybalske field development difficult
emergency situations like open fountains appeared while drilling wells Ne5 (1966) and Ne111 (1967).

Problem statement

During the drilling of well Ne5 of Rybalske field, when the depth of the hole reached 3267 m, an
intense gas seep and gas release happened and passed into an open gas fountain that started burning.
The accident was eliminated in four months by pumping water, clay solution and cement into a well
through the hole of a specially drilled directional well that is hydraulically connected to well Ne5. The
crater with an area of 4 hectares filled with water was formed around the well-head as a result of open
fountaining (fig. 1).

b)

FIGURE 1. Location of crater of well Ne5: a) view from Google maps, b) view from the shore
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Two gas-bearing horizons (Middle Jurassic horizon and sandy-carbonate Triassic thicket horizon)
were discovered in the process of drilling of well Ne111 on the same field. The gas seep started during
the drilling at 750 m, a clay solution was thrown out of the well, and it turned into an open gas-water
fountaining with a small amount of fine and fine-grained sand. There was an admixture of hydrogen
sulfide and fossil water in the gas. As a result the technical column at the withdrawal of the preventor
under the drill tower was blurred by the sand, griffins appeared, foundation pit began to form. The
tower collapsed as a result of the platform sweep under the drill. The crater with the area of 2.9
hectares formed around the well (fig. 2). All of this made it impossible to muffle an open fountain
through the well-head. Two directional wells were drilled one after another to muffle the fountain. The
open fountain was eliminated by pumping the clay solution through one of them.

b)

FIGURE 2. Location of crater of well Ne111: a) view from Google maps, b) view from the shore

As a result of accidents fossil water got into the underground water horizons. The pollution of the
water horizon at Rybalske oil field was discovered for the first time in the beginning of 2000, when a
highly mineralized water inflow appeared as a result of tests of water supply wells 197 and 198.
Nowadays the area of craters has decreased. Their area within the well Ne111 is about 0.6 hectares,
within the well number Ne5 it is 0.2 hectares.

Research methods

Different scientific organizations conducted monitoring of surface and underground water objects
within the territory of Rybalske oil field for several years, in particular, reservoirs of man-made origin,
emergency craters of wells Ne5, 111 were included to the monitoring network [1, 2].

For the assessment of the surface water condition NPPI PJSC “Ukrnafta” was carrying out for several
years sampling of water from craters of wells 111 and 5, both around the area and at set depths.
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Sampling was carried out from a boat using a specially constructed sampler (the author was its co-
author), the opening and filling of which occurred after the descent to the appropriate depth.

In 2007, 2011 and 2015 11 samples from the crater of well Ne111 and 13 samples from the crater of
well Ne5 were selected.

Presentation of the main material

The obtained research results show that the water quality indicators according to the area and depths
(maximum depth of 5.5 m) did not exceed the normative indicators in the crater of the reservoir of
well Ne111 during the research period. The mineralization of water both on the surface and at the
depths is almost identical and varies from 591 to 700 mg/dm3, chloride content varies from 92.2 to
194.98 mg/dm3. The patterns of water mineralization change according to the depth of the crater were
not established (fig. 3, 4).
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FIGURE 3. Change of the total water mineralization according to the depth of the crater of well Ne111
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FIGURE 4. Correlation of chloride content and total water mineralization of the crater of well Ne111

In the crater of well Ne5 water mineralization increases with the depth. Figures 5, 6 show that water
mineralization correlates well with the depth and content of chlorides. In the winter the surface of the
crater freezes. Fluctuations in mineralization occur in the surface layers of the crater as a result of water
level falling (mineralization increases), or its rise (mineralization decreases). At the bottom of the
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reservoir the fluctuations in total mineralization are not so significant. In general, the concentration of
chlorides ranges from 397.0 mg/dm3 on the surface of the crater to 112553.0 mg/dm3 at the bottom of
the reservoir, the total water mineralization ranges from 976.0 to 218630 mg/dma3.

On the basis of the conducted research the author can state that the crater of well N25 is a drainless
reservoir, which is one of the conditions for the formation and existence of meromictic reservoirs. In
addition, the meromictic reservoir can exist if the fresh water is received from the surface
continuously, or the salt water is received from the bottom. In our opinion, the meromictic reservoir,
in this case, was formed precisely with the help of surface freshwater runoff, because otherwise the
mineralization of water, both at the bottom and on the surface of the reservoir, should increase due to
the constant arrival of salts with fossil water (mineralization of fossil waters at Rybalske oil field is
about 293000 mg/dms3).
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FIGURE 5. Change of the total water mineralization according to the depth of the crater of well Ne5
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FIGURE 6. The correlation of the chlorides content and the total water mineralization of the crater of well N5

A similar situation was observed at the Kechygyniv gas condensate field. It was described by the
authors in the work [3] and the results of researches of physical and chemical properties of water of
the crater of well N26 were presented. According to the research results the water mineralization on
the surface is 10 times smaller than at the bottom of the crater. In addition, the authors conducted the
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study of groundwater from observation wells and mine wells within the area of the crater location.
According to the research results the impact of the crater on underground waters of the surrounding
territories was not observed. Therefore, drainless meromictic reservoir was formed by the surface
runoff in the Kechygyniv field due to the emergency situation.

It should also be noted that the peculiarity of this kind of reservoirs is the following: there is actually
fresh water on their surface. Therefore, the authors recommend to select in-depth samples during
monitoring studies that will allow to assess objectively the ecological situation in the field.

Thus, we have determined that the formation of technogenic meromictic reservoirs is possible as a
result of the emergency situation due to the entry of fossil water to the surface on the territory of oil
and gas fields. At the same time the concentration of total water mineralization and the main ions of
water-soluble salts increases with depth increasing according to linear dependence. This is confirmed
by the crater of well Ne5 at Rybalske oil field.

The formation of such reservoirs undoubtedly has a direct potential threat to freshwater aquifers and
surface bodies of water objects located hypsometrically below the crater. Therefore, their elimination
is an important task for ensuring the ecological safety of the region [4, 5].

Therefore, on the basis of determining the stagnant character of reservoirs the authors proposed to
eliminate salinity by selecting high-mineralized waters from the bottom of the reservoir continuously.
Such water can be used in systems for formation pressure support that are used in the field. Water
utilization must be carried out by its preliminary preparation and cleaning. In the process of water
selection there will be a gradual replacement of highly mineralized waters with freshwater surface
runoff. Eventually, the mineralization of the water of the crater will decrease until the safe
concentration indicators of water mineralization are reached.

The author proposed a fundamental scheme of water preparation of the crater of well Ne5 to the
injection into the system of formation pressure support of Rybalske field, which includes the
following: organization of water intake from the bottom of the reservoir; purification of water from
suspended particles with the help of a sedimentation tank, hydrocyclone or clay separator based on a
centrifuge; water treatment with bactericide, acidification of hydrogen sulfide dissolved in water to
sulfate by oxygen; mixing the water of the crater with the water pumped to the deposits of Rybalske
field; removal of sludge from hydrocyclone (clay separator) on a sludge platform for further
dewatering and removal.

Taking into account the fact that the flooding of the deposits of Rybalske field is partially made from
special water intake wells, an annual water saving used for flooding can be 6.5%-10%.

Conclusions

1. The formation of technogenic meromictic reservoirs is possible as a result of emergency situation
because of the entry of fossil water to the surface of the oil and gas fields territory. The
concentration of total water mineralization and the main ions of water-soluble salts increases with
depth increase according to linear dependence.

2. The decrease in water mineralization of the crater of the well N5 of Rybalske field will not only
allow to eliminate the potentially environmentally hazardous object, but also lead to savings in the
use of fresh water for injection into fields for reservoir oil recovery increase.
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