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Abstract 

The article presents the results of experimental drilling of congelation ice in the branch hole 5G-5 at the Vostok 

Station (Antarctica) using the KEMS-135 coring drill in the PMS-3 organosilicon fluid. The studies were conducted 

during the 70th Russian Antarctic Expedition and were aimed at assessing the technology efficiency in deep glacier 

drilling and opening of subglacial reservoirs, as well as at determining rational drilling parameters. Borehole  

preparation included extraction of drilling fluid, a body of geophysical studies, and wellbore reaming. The PMS-3 

was delivered to the bottomhole using a specialized device called “Slonik”. Experimental drilling of congelation ice 

was conducted by the KEMS-135 coring drill. Two drilling runs were performed with core sampling of 1.10 and 

1.14 m long, drilling depth 3595.15-3597.39 m. The presence of PMS-3 at the bottomhole was monitored by geo-

physical studies and sampling. Particular attention was given to analysing drilling modes, including mechanical 

speed, cuttings properties, and the effect of PMS-3 on the drilling equipment elements. The results of experimental 

drilling showed an increase in the mechanical drilling speed in the PMS-3 organosilicon fluid environment by  

15-20 % compared to the used drilling fluid (kerosene + dichlorofluoroethane), as well as the absence of crown 

plugging and improved lubricating properties of the fluid. The article describes the promising areas of further re-

search related to the drill design optimization for operation in the PMS-3 environment and the study of the long-

term impact on subglacial ecosystems. 
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Introduction 

Subglacial lakes of Antarctica are unique natural reservoirs that preserve valuable geological, 

paleoclimatic, and potentially biological information [1-3]. Their study requires advanced drilling 

techniques that ensure minimal impact on fragile subglacial ecosystems [4-6]. 

Of particular scientific interest is Lake Vostok, the largest subglacial water body in Antarc-

tica, isolated from the ambient by an ice sheet about 4000 m thick for millions of years [7-9]. 

Since 1970, the Saint Petersburg Mining University, in cooperation with the Arctic and Antarctic 

Research Institute (AARI), has been conducting systematic research at the Vostok Station located 

above the cognominal lake [10-12]. As a result, the researchers drilled five deep boreholes,  

obtained kilometres of ice core, and in 2012 and 2015, successfully opened the lake [13, 14].  

In recent years, employees of the Mining University have been conducting research to create  
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new and improve existing glacier drilling technologies, as well as studying subglacial environ-

ments [15-17]. 

Since 1990, the KEMS-135 electromechanical coring drill with a drilling fluid (DF) based on a 

mixture of Jet A-1 kerosene and dichlorofluoroethane (HCFC-141b) as a weighting agent has been 

used for drilling in borehole 5G [18, 19]. The density of such a mixture is regulated over a wide range 

and is usually close to the density of ice (0.92 g/cm3). Despite the proven reliability of this technology, 

its significant drawback is low environmental safety of the reagents used [20-22]. 

During the 70th Russian Antarctic Expedition (RAE), an experiment was conducted to replace 

traditional drilling fluid with organosilicon fluid PMS-3, which has a number of advantageous charac-

teristics [23-25]: high environmental safety [26]; low crystallization temperature (–80 °C) [27];  

excellent lubricating properties; chemical stability over a wide temperature range*; bioinertness;  

ability to absorb gas emissions; optimal rheological properties [27]. 

The choice of the PMS-3 brand (manufacturer OOO Silan, TU 20.16.57-036-44216037-2023) 

for experimental drilling of the branch hole 5G-5 was due to its density being close to the density of 

ice under the borehole PT conditions and optimal rheological properties [28, 29]. During the work, 

the temperature-density characteristics of the fluid were studied in the atmospheric conditions of the 

Vostok Station. 

Methods 

Borehole 5G was prepared for experimental ice drilling in several stages: 

• DF extraction from the upper horizons of the borehole; 

• a body of geophysical studies of the borehole (barometry, thermometry, calliper logging); 

• reaming (expansion) of the branch hole 5G-5; 

• delivery of PMS-3 to the branch hole 5G-5 bottom; 

• quality control of delivery. 

Extraction of drilling fluid from the upper horizons of the borehole. DF extraction from the bore-

hole lowered its level in order to create an optimal differential pressure of the “glacier – DF” system 

in the borehole when the drill was at the bottomhole [14]. 

The drilling fluid sampling device is a set of core pipes with a hole for collecting the fluid in the 

upper part and an electromagnetic valve for draining it at the lower end. The device with a closed 

electromagnetic valve is lowered into the borehole below the DF level, it fills the internal cavity of 

the core pipes through the hole in the upper part. Then the device is raised to the surface, the electro-

magnetic valve opens, and the fluid is drained into the tank. This device showed high reliability during 

repeated use and the ability to extract from 70 to 100 l of fluid per run. A total of five runs were made 

and 400 l of drilling fluid were extracted to the surface, while its level dropped from 51 to 70 m. The 

average volume of fluid extracted per run was 80 l. 

Borehole geophysical studies (BGS) were conducted to assess the technical condition of borehole 

5G after its re-entry. Such monitoring is performed annually at least twice a season – before the start 

and after the end of work [30, 31]. The last time BGS were conducted in January 2024 after the end 

of the seasonal work of the 69th RAE. 

The pressure and temperature were measured using the KMT-009 device (a borehole pressure 

gauge-thermometer), manufactured and calibrated at NPP Grant (Ufa) and tested in the freezing 

chamber of the AARI Climate and Environmental Change Research Laboratory (LIKOS). In ac-

cordance with the documentation, the resolution of the KMT-009 temperature sensors is 0.002 °C, 

and the systematic measurement error does not exceed ±0.1 °C [30]. The measurements were car-

ried out by the KMT-009 device lowered from the wellhead to the bottomhole with a step of 100 m 

(10 m in the bottomhole zone) and a stay of one minute, the lowering speed was 1000-3600 m/h. 

At each point, in addition to measuring pressure and temperature (Fig.1, a), the DF dynamic level 

                                                      
* Alekseev P.G., Skorokhodov I.I., Povarnin P.I. Properties of organosilicon fluids. Moscow: Energoatomizdat, 1997, р. 328. 
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was monitored in real time using a Sigma-Art echo-wave level metre with a resolution of 0.01 m 

manufactured by OOO Technopark-Sigma (Kazan). The DF level was defined by the time it took 

for the signal to pass to the “air – fluid” phase separation interface and back. 

Based on the barometry and thermometry results with the DF level control, the differential 

pressure of the “glacier – DF” system was estimated, reduced to the level of 50 m (the drill is at the 
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Fig.1. Geophysical survey data during borehole preparation 

for experimental drilling: a – dependence of PMS-3 density on temperature; 

b – differential pressure reduced to depths of 50 and 70 m; 

c – calliperograms of 5G-5 branch hole in the depth range of 2350-3593 m 
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bottomhole) and 70 m (the drill is on the surface) in borehole 5G. The differential pressure graph 

(Fig.1, b) constructed by V.Ya.Lipenkov (LIKOS AARI) shows that the pressure in the bottomhole 

zone is the same as it was on 21 January 2024, at the end of the previous season. Therefore, main-

taining the DF level of about 50 m when the drill is at the bottomhole allows work to be performed 

in the borehole without the risk of drill jamming due to the walls collapse. Additional delivery of 

dichlorofluoroethane weighting agent (HCFC-141b) to the borehole was not required. 

The calliper logging was made to identify narrowed sections of borehole 5G after a year of conser-

vation. The borehole diameter was measured with a lever-type calliper developed at the Saint Petersburg 

Mining University. Comparison of the calliper log curves of 27.01.2024 (end of the 69th RAE season) 

and 09.12.2024 (beginning of the 70th RAE season) (Fig.1, c) allowed us to conclude that the borehole 

diameter did not change over the entire depth during the conservation period, i.e. it was possible to 

continue work with preliminary reaming (expansion) of the lower section of the branch hole 5G-5, 

starting from a depth of 3540 m to the bottomhole.  

Reaming (expansion) of the branch hole 5G-5 was carried out in order to eliminate wall irregu-

larities and increase the borehole diameter to reduce hydraulic resistance during bottomhole circula-

tion of the DF and prevent accidents during drilling [32, 33]. 

In the 70th RAE season, two rock-cutting tools were used for reaming: a four-cutter crown 

(Fig.2, a) and a six-cutter mechanical reamer MR-138 (Fig.2, b). The four-cutter crown with an outer 

diameter of 138 mm was previously used for drilling an additional fifth branch hole of 5G during the 

64th RAE season (2018/19) [34]. Two runs were performed with it in the range of 3540.0-3584.5 m 

with a mechanical drilling speed of 10-12 m/h. The MR-138 reamer (outer diameter over cutters  

137.5 mm), developed at the Saint Petersburg Mining University, underwent well tests this season. 

Two runs were performed in the range of 3584.6-3595.0 m with a mechanical drilling speed of  

16 m/h. After testing, during a visual inspection of the MR-138 reamer, no cuttings were found on 

the cutters and flushing windows on the surface. 

The borehole reaming with a crown and a reamer was stable and without troubles. However,  

a higher mechanical drilling (reaming) speed was achieved with the reamer and an increase in the 

cuttings size was noted, leading to an increase in the drilling progress per run. Well tests of the new 

MR-138 reamer were successful and revealed a number of advantages over the four-cutter crown. Its 

use in further drilling operations for reaming and expansion of borehole 5G is recommended. 

PMS-3 delivery to the bottomhole of the branch hole 5G-5. The work was aimed at creating a 

PMS-3 column in the bottomhole zone of branch hole 5G-5, necessary for conducting experimental 

drilling operations. 

The main idea of the method of delivering the drilling fluid was its step-by-step laminar injection 

to the bottomhole with a discrete lift of the well delivery device developed and manufactured at the 

a b 

 Fig.2. Technical means for widening the branch hole 5G-5: 

a – four-cutter crown; b – new mechanical reamer MR-138 
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Vostok Station by experts from the Saint Petersburg 

Mining University and the AARI, which was called 

“Slonik” (Little elephant) due to its design features. 

The device allows delivering a specified volume of 

fluid to the bottomhole zone of the borehole to the 

required depth. Its design includes the following  

elements: cable lock, electrical compartment, fluid 

tank, filter compartment, pump compartment, flow 

metre, electromagnetic valve unit, and dispenser. 

The “Slonik” device specification is as follows: 

outer diameter 127 mm; length 12.9 m; weight  

210 kg; fluid tank volume 87 l. 

At the first stage, the device was tested on the 

surface, and then in the borehole at depths of 1250 

and 3595 m. The tests (Fig.3, a) enabled to choose 

the optimal operating modes of the device. In par-

ticular, the performance of the ECN-91 electric 

centrifugal pump, the method for delivering the 

drilling fluid to the bottomhole was adjusted, and 

instructions for working with the device were 

written. 

Three runs were made to deliver the PMS-3 to the bottomhole zone of the branch hole 5G-5. The 

volume of the delivered PMS-3 was 261 l, which made it possible to create a column 17.46 m high in 

the depth range of 3577.69-3595.15 m. During operation, the device pumped PMS-3 into the bottom-

hole zone of the borehole through the dispenser, and through the holes in the upper part of the tank, the 

drilling fluid was supplied to the device, thus replacing the drilling fluid with the PMS-3. After the 

device was pulled to the surface, DF samples were collected in sterile containers in 5 l increments with 

measurements of its density and temperature. A total of 58 fluid samples were collected, 43 of which 

were sent to the Saint Petersburg Mining University for chemical analysis. 

Quality control of PMS-3 delivery to the bottomhole of branch hole 5G-5. To analyse the quality of 

PMS-3 delivery to the bottomhole, as well as for subsequent DF chemical analysis, it was necessary to 

determine the concentrations of PMS-3, kerosene, and freon in the DF in the bottomhole zone of branch 

hole 5G-5. 

DF samples from deep horizons of the borehole were taken by a multi-section sampler (MS) with 

a forced-suction operation principle designed by prof. N.I.Vasiliev (Fig.3, b). The device controlled 

from the operator’s console allows for taking several DF samples of 400 ml at different depths in one 

run. Each MS section operates autonomously. The used device configuration had three sections, the 

total length was 1.1 m, and the outer diameter of the body was 127 mm. 

Due to the 10-year mothballing of the MS, before starting work in the borehole, it was necessary 

to perform the following tests: full technical maintenance; surface bench tests to check the MS opera-

bility, determine the operating parameters of the built-in pumps and the filling time of each section 

(tests were carried out in a mixture of Jet A-1 kerosene and HCFC-141b dichlorofluoroethane 

weighting agent, as well as separately in PMS-3); well tests at depths of 1250 and 3590 m to determine 

the operating parameters and operability under conditions of high hydrostatic pressures and low tem-

peratures. 

The tests revealed that due to the great length of the load-carrying cable (4000 m), there is a 

drop in DC voltage by 91.2-91.4 %, which had to be considered when conducting borehole opera-

tions. Also, as a result of the tests, a number of changes were made to the design: check valves and 

some pumps were replaced, a mesh was installed throughout the interior of the MS body. A fine 

mesh with a diameter of 0.375 mm served to filter the fluid from mechanical impurities. 

a b 

 Fig.3. Technical means for working  

with organosilicon fluid: 

a – downhole delivery device “Slonik”;  

b – multi-section sampler 
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Five runs were made to collect DF samples 
from the branch hole 5G-5 bottomhole, including 
three runs before the PMS-3 delivery, one run  
after the PMS-3 delivery, and one run after the ex-
perimental drilling.  

The samples from the MS were transferred 
on the surface to sterile containers, and then their 
density and temperature were measured for com-
parison with the original components of the fluid 
mixtures and thermobarometry interpretation.  
A total of 15 samples were collected. 

Figure 4, a shows the results of measuring the 
temperature-dependant density of fluids sampled 
by MS on 16.01.2025 from a depth of 3589.6 m 
(before the PMS-3 delivery) and on 23.01.2025 
from a depth of 3587.0 m (after the PMS-3 deli-
very). Each curve is constructed using three mea-
surement points and has a linear dependence. The 
graph shows an increase in the DF density after 
delivery of PMS-3 to the bottomhole zone of the 
wellbore, measured at atmospheric pressure (the 
average annual pressure at the Vostok Station is 
460 mm Hg), which indicates the presence of 
PMS-3 in the bottomhole zone. The obtained sam-
ples were sent to the Saint Petersburg Mining Uni-
versity for chemical analysis – determination of 

the PMS-3, Jet A-1 kerosene, and dichlorofluoroethane HCFC-141b concentrations, which will allow 
a final interpretation of the sampling data. 

After the PMS-3 was delivered to the bottomhole zone of borehole 5G, the pressure and tem-
perature were measured. Unlike previous works, the descent and ascent speed at a depth of  
3550-3594 m was 40 m/h. Such a low speed was adopted to prevent mixing of the PMS-3 with a 
mixture of Jet A-1 kerosene and HCFC-141b dichlorofluoroethane weighting agent. The results of 
wellbore barometry and thermometry taken before the PMS-3 was delivered to the bottomhole zone 
of the borehole (09.01.2025) and after (23.01.2025) are presented in Table 1. In the presence of a 
number of initial data on pressure, temperature, and the DF level in the borehole, obtained by direct 
measurements under the same conditions, a comparative analysis of densities was made. 

Based on the barometry results, the average density of the fluid in the borehole was estimated at 
the measurement ranges using the following formula: 

    
51

avg 1 1 avg

ρ 10 ,n n

n n n n

P P

g h H h H



 


 

  
 

where Pn is the fluid pressure at the bottom of the n-th range, bar; g is the gravitational acceleration, 
m/s2; hn is the borehole depth at the bottom of the n-th range, m; Hn avg is the DF level from the 
wellhead, measured when the KMT-009 device was set at the bottom of the n-th range and estimated 
as the average over three measurements, m. 

When analysing the DF density estimation in the branch hole 5G-5 based on the barometry before 
and after the PMS-3 was delived to the bottomhole zone (Fig.4, b), a noticeable increase in the DF 
density from a depth of 3570 m to the bottomhole was noted. The density extremum (ρ = 948.09 kg/m3) 
was at the level of 3575 m (the midpoint of the measurement range), corresponding to the upper 
interface of the created PMS-3 column. This allowed us to conclude that PMS-3 was present in the 
bottomhole zone of the branch hole 5G-5 and, consequently, that the technology and technical means 
for delivering PMS-3 were implemented successfully. 
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 Table 1 
 

Results of barometry and thermometry of the branch hole 5G-5 

before and after delivery of PMS-3 to the bottomhole zone 
 

Item N h, m Р1, bar t, °С Havg, m havg, m ρ, kg/m3 

 09.01.2025 

1 3400 304.58 –10.75 48.68   

2 3500 313.68 –8.68 48.06 3450 921.91 

3 3550 318.20 –7.63 47.61 3525 913.23 

4 3560 319.12 –7.39 47.62 3555 938.76 

5 3570 320.02 –7.21 47.57 3565 913.47 

6 3580 320.92 –6.99 47.54 3575 914.08 

7 3590 321.82 –6.79 47.50 3585 914.08 

 23.01.2025 

1 3400 305.06 –10.76 43.29   

2 3500 314.16 –8.71 42.62 3450 921.45 

3 3550 318.68 –7.64 42.10 3525 911.90 

4 3560 319.60 –7.45 42.14 3555 942.22 

5 3570 320.48 –7.19 42.27 3565 908.86 

6 3580 321.38 –6.93 42.60 3575 948.09 

7 3590 322.28 –6.77 42.71 3585 927.64 

8 3594 322.65 –6.64 42.71 3592 942.92 

 

Discussion 

The objective of the experimental drilling in the branch hole 5G-5 using the KEMS-135 elec-

tromechanical core drill on a load-carrying cable in an organosilicon fluid environment was to de-

termine the optimal drilling modes, identify the peculiarities of drilling warm congelation ice, and 

clean the bottomhole from cuttings. The standard KEMS-135 electromechanical core drill with a 

total length of 12.4 m is equipped with three cuttings pipes (4.95 m) with three filters and two core 

pipes (CP) (3.3 m). 

Before the experimental drilling, the drill underwent a complete maintenance, and the tele-

metry complex sensors – axial load, rotation, and power (current) measurement were repaired. The 

performance of the rotary pump installed in the drill was measured when pumping PMS-3 at a fluid 

temperature of –2 °C and a density of 903 kg/m3, which was 94 l/min. Two runs of core drilling in 

the branch hole 5G-5 were performed using KEMS-135 in the PMS-3 environment: N 22 

(25.01.2025) and N 23 (26.01.2025). 

When lowering the drill, a special drilling operation prevented mixing of the drilling fluids and 

ensured that the internal CP space and the cuttings collector were filled with PMS-3 fluid. In the range 

of 3570-3580 m, the lowering was at a speed of 30 m/h. Considering the rotary pump productivity 

and the internal diameter of the coring drills, a rational lowering speed of the KEMS-135 with the 

pump turned on in the range of 3580-3595 m was determined, which was 500 m/h. At this lowering 

speed, the speed of the fluid, which is sucked in by the pump and passes through the CP and the 

cuttings collector of the drill, relative to the borehole walls is zero. The drill replaces its own displaced 

volume considering the pumping, the DF fills all its internal cavities, and the drill passes through the 

DF without mixing it. Next, standard drilling was carried out with the CP rotating and the pump 

turned on; the descent to the bottomhole was at a speed of 8 m/h. 

When setting to the bottomhole, the current on the driving electric motor (DEM) of the drill 

increased sharply, the drill feed was stopped until the current load stabilized (Fig.5, a). After the 

current stabilized, the borehole drilling began with the minimum possible mechanical drilling speed 

and its smooth increase to 2.1 m/h. 
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The bottomhole of run N 22 was at 3595.15 m, after 0.35 m of drilling, the mechanical drilling 

speed increased to 3 m/h, the drilling was stable. However, a smooth constant increase in the DEM 

current was noted, which is typical for filling the filters with cuttings, but with greater intensity than 

usual. After drilling 0.7 m, the DEM current reached more than 4 A. When drilling 0.9 m at a depth 

of 3596.05 m, the drill began to turn over, its feed was immediately stopped. After three minutes of 

downtime without feed, the drill turnover completely stopped, and drilling continued with a mecha-

nical speed of 2.1 m/h. After drilling 0.05 m, the mechanical speed was reduced to 1.1 m/h, while the 

DEM current did not stabilize and was constantly increasing; drilling was stopped at a depth of 

3596.35 m. The nature of the increase in the DEM current without returning to optimal modes indi-

cated complete plugging of the filter system with cuttings. 

Ice drilling (run N 23) began with the minimum possible drilling speed, which gradually in-

creased to 2.5 and then 3 m/h. After drilling 0.3 m, the drill turned over at the bottomhole, which 

preceded by an obvious increase in the current load (Fig.5, b). The drill feed was immediately 

stopped, after three minutes the turnover ceased, and drilling continued at a speed of 2.1 m/h. The 

drilling was stable, after drilling 0.95 m, a ragged current load graph was noted, while the drilling 

speed was reduced to 1.7 m/h. Drilling was stopped after an intensive increase in the DEM current 

at a depth of 3597.5 m. 

a 

b 

  Fig.5. Current load on the drill engine during drilling: 

a – run N 22; b – run N 23 
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The core breakoff when drilling in the PMS-3 environment is similar to breakoff when  

drilling in kerosene with freon. In run N 22, the core broke off on the first try, and in run N 23 – 

on the third try, while in the second case the breakoff was not obvious, and an increased tension 

of the load-carrying cable was also noted, which is characterized by an increase in the winch 

current value to 80 A. 

The drill was lifted from the bottomhole to a depth of 3570 m at a speed of 50 m/h to prevent 

mixing of the drilling fluids, then at maximum possible speed. 

The data obtained during the experimental drilling runs with KEMS-135 in the PMS-3 environ-

ment are presented in Table 2. 

 
 Table 2 
 

Results of experimental drilling with KEMS-135 in PMS-3 environment 
 

Parameter 
Run number 

22 23 

Drilling progress, m 1.2 1.1 

Drilling time, min 25 26 

Average mechanical drilling speed, m/h 2.88 2.54 

Maximum mechanical drilling speed, m/h 3.00 3.00 

Core length, m 1.10 1.14 

Run duration, hh:mm 05:05 04:54 

 
After both runs, when extracting the core from the coring drill (Fig.6, a), cuttings plugs were 

found above the core: 0.215 m long and 0.112 m in diameter (Fig.6, b) (run N 22), 0.15 m long and 

0.107-0.109 m in diameter (Fig.6, c) (run N 23). The core obtained in run N 23 has grooves from 

the core-pulling knives (Fig.6, c), which happens when the core is not broken off the first time. No 

cuttings plugging of the crown and core-pulling knives was observed after drilling. The nature of 

the DF outflow from the cuttings collector changed during servicing the KEMS-135. Thin streams 

of DF were observed along the pipe perimeter (Fig.6, d), and the cuttings collector was completely 

filled with DF. 

During the filter system disassembly, we discovered that the cuttings completely plugged the 

check valve (Fig.6, e), which remained open during the drill lifting from the borehole. This situation 

was observed after both runs.  

Filter plugging with cuttings after run N 22 was as follows: the upper filter – 100, the middle 

filter – 70, the lower filter – 50 %. The lower filter after the run turned out to be very dirty (Fig.6, f). 

Mechanical impurities were on the outer side of the mesh, which characterizes an intensively  

contaminated bottomhole zone of the borehole. Filter plugging with cuttings after run N 23 was as 

follows: the upper filter 80, the middle filter 70, the lower filter 70 %. 

During the drill maintenance, two DF samples were taken from the filter system and six cuttings 

samples from each run (Fig.6, g). Visually, an increase in the cuttings size was noted compared to 

drilling with kerosene and freon. All samples were sent to the Saint Petersburg Mining University for 

further laboratory studies.  

During the drill maintenance after two runs in the organosilicon fluid environment, we found 

that the drive elements (gear wheels and bearings) were covered with a thin PMS-3 film (with lubri-

cating ability), which has a positive effect on the mechanical operation of the drill. 

Analysis of two core drilling runs into the borehole using KEMS-135 in an organosilicon fluid 

environment (PMS-3) showed the following: an increase in the mechanical drilling speed to 3 m/h; 

an increase in the cuttings size; no plugging of the crown and core-breaking knives; no sticking of 

the cuttings; stable flow of the drilling; a positive effect of the fluid lubricating properties on the drill 

drive elements. 
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Conclusion 

Experimental ice drilling in borehole 5G (Vostok Station, Antarctica) using organosilicon 

fluid (PMS-3) as a drilling fluid allowed us to obtain significant results confirming the prospects 

of this technology for deep glacier drilling. Based on the results, we can draw the following key 

conclusions.  

Efficiency of use. The use of PMS-3 showed a number of advantages over the traditional mixture 

of Jet A-1 kerosene and HCFC-141b dichlorofluoroethane: increased mechanical drilling speed to  

3 m/h; increased drilling progress per run; improved lubricating properties, which had a positive  

effect on the operation of the KEMS-135 drill drive elements; no cuttings plugging the crown and 

core knives, as well as no cuttings sticking, which indicates the drilling stability. 

Environmental safety. PMS-3 is highly bioinert and low-toxic, which makes it environmentally 

preferable for work in the unique natural conditions of Antarctica. This is especially important for 

projects related to the study of subglacial lakes, where minimizing environmental pollution is a 

vital task.  

Technology issues. Successful delivery of PMS-3 to the bottomhole using the “Slonik” device 

confirmed the possibility of creating a stable fluid column in the bottomhole zone. Quality control of 

delivery, including sampling with a multi-section sampler and barometry, showed high accuracy and 

 

Т В 1 Т Т В В 2 3 

a b c 

d e f 

g 

Fig.6. Results of experimental drilling: core in the core pipe after the drill was removed  

from the borehole (a); core and cuttings plug from run N 22 (b); run N 23 (c); DF leakage from the cuttings collector  

during drill disassembly after run N 22 (d); check valve plugged with cuttings (e);  

lower filter after run N 22 (f); cuttings samples (g) 
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reliability of the method. Wellbore reaming with the MR-138 reamer allowed to increase the drilling 

progress per run and reduce hydraulic resistance. 

Features identified. An increase in the cuttings size was observed, which requires further study 

to optimize the operation of the drill filter systems. Intensive plugging of filters and the check valve 

indicates the need to modernize the drill design for operation in the PMS-3 environment.  

Prospects for further research: development of a modernized drill adapted for operation  

with PMS-3, with an improved cuttings removal system; in-depth study of the interaction between 

PMS-3 and various types of ice, including basal and congelation ice; additional experiments to 

optimize drilling modes and assess the long-term stability of PMS-3 under high pressure and low 

temperature conditions. 

The results of experimental drilling confirmed that PMS-3 is a promising alternative to tradi-

tional drilling fluids. Its use both increases the efficiency of drilling operations and complies with 

modern environmental standards. To implement this technology in deep drilling practice, it is  

recommended to conduct additional studies of fluids under various PT conditions, develop  

methodological guidelines for the use of PMS-3, and ensure monitoring of the fluid chemistry  

during long-term operation. 

The work performed opens up new opportunities for the projects studying subglacial lakes and 

other unique natural features in Antarctica with minimal impact on the environment. 

 

The authors express their gratitude to the staff of the 70th Russian Antarctic Expedition for their 

assistance in organizing and conducting research at the Vostok Station. 
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