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The paper presents the results of long-term permafrost and hydrogeological research conducted by Mel-
nikov Permafrost Institute SB RAS in the area of one of the perennial intrapermafrost springs residing in the
territory of Central Yakutia. Spatial boundaries of the intrapermafrost aquifer feeding Eruu spring are determined
from the drilling and geophysical survey data. Results of the groundwater level monitoring data processing al-
lowed to define conditions of groundwater accumulation and discharge, as well as to establish the major role of
icings (aufeis) in the hydrodynamic regime of intrapermafrost waters. The revealed specific geothermal charac-
teristics of the upper rock layers may serve as indicators of groundwater presence on the fourth (Bestyakh)
terrace of the Lena River, which is evidenced by the maximum thaw depth coinciding with the depth of zero

annual amplitude.

Intrapermafrost aquifer, groundwater level dynamics, natural resources of groundwater, aquifer top and base,
heat exchange, filtration parameters, accumulation of groundwater resources

INTRODUCTION

Recent growth in population of Central Yakutia
implies an increase in the consumption of clean drink-
ing water. Most of the water used by Yakutsk and
other large settlements of Sakha Republic (Yakutia)
comes either from the surface-water supplies such as
rivers and lakes, subsurface sources as groundwater
from taliks residing beneath many river channels and
subbotom lake talik, or, rarely, as subpermafrost water.

Uptake of surface water and water of hydroge-
nous (underwater) taliks usually involves chemical
and bacteriological water treatment. The seasonally
arising problems stem from the ever increasing pro-
bability of bacteriological and chemical substances
getting into drinking waters during the flood period
on the rivers.

Utilization of subpermafrost water requires drill-
ing, special equipment and maintenance of deep wa-
ter boreholes in a good technical condition, which, in
themselves, are expensive undertakings. Besides, as is
commonly the case with Central Yakutia, subperma-
frost waters fail to meet the established at the Rus-
sian Federation quality standards. All this necessi-
tates searches for less expensive and higher-quality
sources of potable water supply.

In Central Yakutia, a series of perennial high-
flow groundwater sources confined to intraperma-
frost aquifers are found on the right bank of the Lena
river, along the toe of the fourth above-the-floodplain
terrace scarp (between 61°17" and 62°20’ E). Their
natural resources calculated from the spring runoff,

are estimated at 50 thousand m?/day and more [ Pav-
lova et al., 2012], while the volumes (up to 220 L/s,
Ulakhan-Taryn spring) and quality (TDS (total dis-
solved solids) <1 g/L) of discharging groundwaters
allow using them as approved for drinking purposes
as well.

Groundwaters of intrapermafrost type forming
these unique perennial sources are highly susceptible
to man-induced impacts because of their shallow oc-
currence, which may result in contamination or even
depletion of the productive aquifer zones. To this end,
a detailed and thorough study of the permafrost-hyd-
rogeological conditions of the area of intrapermafrost
aquifers distribution has become one of the major
concerns of today.

The Melnikov Permafrost Institute (MPI) SB
RAS (Central Yakutia) staff has been engaged for
more than half a century in different types of research
deployed in the areas of intrapermafrost waters distri-
bution and their discharge. The conducted field works
include measurements of groundwater flow rate, wa-
ter sampling for chemical and analytical studies, mon-
itoring of the groundwater level and temperature, ic-
ing regime, etc. The main research results and findings
are available in scientific and geotechnical reports, as
well as in the MPI SB RAS publications [Shepelev,
1987, 2011; Shepelev et al., 2002, Balobaev et al., 2003;
Anisimova and Pavlova, 2014], etc.

The paper sets out to discuss the permafrost-
hydrogeological situation in the field of distribution
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of one of the most promising from the perspective of
drinking water supply of the intrapermafrost aquifer
feeding perennial Eruu spring.

CHARACTERIZATION AND THE LEVEL
OF CRYOHYDROGEOLOGICAL KNOWLEDGE
OF THE STUDY SITE

The fourth (Bestyakh) terrace of the Lena river
is located on the right bank of the modern river valley
[Soloviev, 1959; Tvanov, 1984]. Its width in the Lyu-
tenga river estuary is 2—3 km, and 19 km at the lati-
tude of Cape Tabagin, reaching 31 km in the vicinity
of Namtsy village. Absolute elevation marks on the
terrace surface gradually decrease from south to
north from 163 to 140 m [Soloviev, 1959]. Sand ridges
from 2—3 to 10—20 m in height, stream and small riv-
er valleys, and lake basins are widely developed in the
terrace relief.

The dominant type of vegetation in the study
area is a mature pine forest with evidence of fresh, old
and ancient fires. Larch forests and hydrophilous
shrub vegetation grow in the relief depressions near
streams and lake basins. The periodically wet
(marshy) sites are dominated by tussocks and grasses.
Occasionally encountering are the patches of dry pine
forest, perished because of the increased level of the
suprapermafrost waters in the most humid years.

The study area is located in the zone of continu-
ous distribution of permafrost, whose thickness re-
aches 300 m and more, with through taliks occurring
only locally, mainly beneath large river channels and
lake bottoms. The Bestyakh terrace is characteristi-
cally featured by widely developed taliks of different
types (supra- and intra-permafrost, radiation-thermal
and hydrogenous) and thickness, whose areal extent
and projection surface (plane) limits have not been
reliably established [Anisimova, 1971; Boitsov, 2011].

Seasonal thaw depth varies from 0.5 to 3.5-4.0 m
within the Bestyakh terrace of the Lena river, de-
pending on the types of landscapes, and permafrost
temperature varying between —0.2 and -2.0 °C
[Skryabin et al., 1998)].

The study site is located on the Bestyakh terrace
on the left bank of the Tamma river at a distance of
12 km from its mouth, where an active perennial ic-
ing-forming source of intrapermafrost water is identi-
fied at the base of sandy sediments of the terrace
(Fig. 1). The volume of ice formed thereby reaches
200 thousand m? [Semernya and Gagarin, 2015]. The
average long-term flow rate of the source (in the pe-
riod of 1964-2014) is 41 L/s, which ensured 31 L/s
in 90 % over this time-span. Natural water resources
feeding the aquifer are calculated from the volume of
icing and varies from 893 to 1154 m®/day [Shepelev,
1975; Semernya, 2016].

The subsurface waters of the studied intraperma-
frost aquifer feeding Eruu spring are circulating in

the fine-to medium-grained quartz-feldspar sands, lo-
cally comprising Jurassic bedrock composed of fine-to
coarse-grained sandstones.

Pioneer information about the considered aqui-
fer distribution appeared in 1976, which was based on
the reconnaissance observations, drilling, experimen-
tal filtration and hydrochemical works conducted by
the monitoring team of Permafrost Institute of the
USSR Academy of Sciences. The obtained informa-
tion about the occurrence depths of the aquifer top
and base allowed to evaluate some of its filtration pa-
rameters (filtration and water absorption coeflicients)
and estimate the catchment area (26.5 km?).

The most significant result of the work consisted
in establishing of the aquifer recharge area. According
to chemical analyses, water infiltrates into the aquifer
through the water-absorbing hydrogenous taliks de-
veloped under the bottoms of Abaga-Kyuel, Elgen
and Bosogor lakes [Shepelev, 1976; Anisimova, 1981;
Shepelev and Lomovtseva, 1981].

The groundwater discharge occurs as ascending
and descending flows in the trough-shaped incision
expanding into the Bestyakh terrace sands to a depth
of 15 to 35 m and localized 1.5 km to the northeast of
the recharge area. Thermo-suffusion processes associ-
ated with the pressurized water-driven removal of
sand from the intrapermafrost aquifer transpire in the
discharge zone, as is the case with the Bestyakh ter-
race of the Lena river [ Gagarin et al., 2016].

Regular observations of the chemical composi-
tion of discharging waters were commenced back in
1976 and continue today. Results of the analytical
studies of water samples indicate a chemical composi-
tion of the groundwater stabilized over a long period
(more than half a century). Spring waters tend to be
sodium bicarbonate in composition, while their TDS,
largely governed by seasonality, varies from 0.2 to
06g/L.

METHODS OF CRYOHYDROGEOLOGICAL
INVESTIGATIONS

The comprehensive studies, including drilling,
along with geophysical, geothermal and hydrogeo-
logical works have been carried out since 2007, in or-
der to study the current cryohydrogeological condi-
tions during the formation of intrapermafrost aquifer.
In total, four hydrogeological boreholes were drilled
to a depth from 30 to 100 m in the area (Fig. 1).

An exploration hydrogeological borehole
(BH 7/05) drilled above one of the groundwater out-
lets in the discharge area to a depth of 100 m, pene-
trated the bedrock interval of Early Jurassic age from
a depth of 62.4 m, which is composed of sandstones
and siltstones overlain by fine-to medium-grained
sands of Quaternary age and underlain by a gravel-
pebble unit about 2.5 m thick. The intrapermafrost
aquifer is penetrated there in the 53.0-76.0 m depth
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Fig. 1. Hydrogeological map of the study site.

1 —local intrapermafrost aquifer complex of Quaternary—Lower Jurassic deposits (sands, sandstones, siltstones); 2 — Middle Cam-
brian subcryogenic aquifer complex (limestones, dolomites); 3 — topographic contour (contour interval: 5 m); 4 — borehole not
penetrating intrapermafrost waters (in the denominator is borehole number/drilling year, in the numerator is borehole depth);
5 — hydrogeological borehole (the denominator is borehole number/drilling year; the numerator is borehole depth; in front of the
fraction is the penetrated interval of aquifer); 6 — delineation of catchment area of the coalescent lakes: Elgen, Abaga-Kyuel, Bosogor;
7 — area of the Eruu spring icing; 8 — delineation of estimated sublake taliks area (bergstrich is pointed towards permafrost);
& — areal extent of subareal talik zone (non-scaled); 9 — geophysical profiles; 70 — permafrost (bergstrich is pointed towards frozen
strata); 17 — water-saturated sandy sediments; 72 — active layer; 713 — occurrence depth of hydraulic head of intrapermafrost
aquifer.
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interval. The underlying frozen Jurassic coarse-to
fine-grained sandstones have a temperature of —0.1...
-0.2°C.

Two boreholes were drilled in the transit area,
which is more than 1.5 km long. In one of them
(BH 14E/14) unfrozen sediments were reported from
the depth of 13 m, whereas their base was not pene-
trated by a 30 m deep borehole. The borehole is
equipped with an automatic gauging station measur-
ing temperature and groundwater level every 3 hours
on a year-round basis.

The second borehole (1E/76) drilled to a depth
of 67 m penetrated intrapermafrost aquifer in the
24.5-55.4 m depth interval. Subsequently, the bore-
hole was converted to a geothermal well, where the
sediment temperature is measured once per quarter.
In the recharge zone, between Elgen and Abaga-Kuel
lakes, according to the data from hydrogeological
borehole 1/07 drilled to a depth of 30 m, the water-
bearing deposits occur at a depth of 23.9 m. The bore-
hole depth did not exceed the thickness of thawed
deposits.

The three wells drilled to a depth from 10 to
40 m in the study area completely penetrated the per-
mafrost stratum, which indicated not ubiquitous dis-
tribution of the intrapermafrost talik.

For an update on intrapermafrost aquifer bo-
undaries delineation, the geophysical studies em-
ploying electromagnetic tomography were conducted
in its recharge and transit areas in 2014. The works
were conducted using Syscal-Pro multi-channel,
multi-electrode electrical prospecting tool and result-
ed in two profiles with a total length of more than
2.1 km.

Within the area of works, geothermal observa-
tions are carried out quarterly on seven boreholes.
The depth of geothermal wells ranges from 5.5 to
40.0 m. Soil temperature measurements are taken as
follows: in the first 5 m depth measurements are
spaced 0.5 m, from 5 to 15 m measurements are made
with 1-m interval, and further measurements are
spaced 5 m. One of the boreholes (BH 2L) is equipped
with automatic soil temperature gauge station re-
cording the data every 3 hours.

RESULTS OF FIELDWORKS

The drilling operations revealed that the intra-
permafrost talik aquifer is distributed locally, with its
top occurring at different depths. Thus, near the
groundwater discharge site the aquifer depth is re-
ported at 53.0 m (BH 7,/05), where the thickness of
water-laden sediments is 23.0 m, of which 13.6 m are
composed of deposits of Jurassic age. Notably, the
highest hydraulic head of groundwaters (38.8 m) was
reported in that same place. The minimum thickness
of permafrost (13.0 m) overlying the talik was docu-
mented in the intrapermafrost water transit area

(BH 14E/14); the hydraulic head of groundwaters is
1.75 m high. The maximum penetrated thickness of
talik was reported from BH 1E/76 at 30.9 m, with the
hydraulic head of groundwater being 10.4 m high.

The values of hydraulic conductivity coeflicient
T (T=100-111 m?/day) for the aquifer and specific
flow rate g of boreholes (¢ = 0.8-1.1 L/(s-m)) were
derived from the results of individual PFTs (pumping
for test) in boreholes. The coefficient of pieso-con-
ductivity for water-laden deposits calculated from
multiyear results of the Eruu spring rate monitoring
is 1.02-10% m?/day [Semernya, 2016]. The results of
chemical analyses of water sampled from lakes, bore-
holes and from Eruu groundwater spring, indicate
that the chemical type of water does not change be-
tween recharge and discharge areas and that it is sta-
ble hydrogen-sodium (Table 1). The geophysical data
interpretation allowed delineating talik boundaries
(Fig. 2) and the inferences below.

1. The measured within the studied section resis-
tivity (p) varies widely in the range from 50 to
50 000 Ohm-m. According to our experimental da-
ta and the data obtained by previous research [Bau-
lin et al., 1984; Zakharenko et al., 2012], water-bear-
ing thawed sands have resistivity in the range 50—
2000 Ohm-m, while resistivities of higher-tempera-
ture (0.2 °C) water-bearing sands are in the range
2000—10 000 Ohm-m, and that of very ice-rich sands
range in the 10 000-50 000 Ohm-m interval.

2. In the area of intrapermafrost waters transit
(profile A—A1), the aquifer has an elongated shape
and is about 650 m in width. The aquifer top occurs at
depths from 13 to 30 m, while its base failed to be
identified by the geoelectric tomography method.

3. In the recharge area, the intrapermafrost aqui-
fer (profile B-B1) also has an elongated shape and a
width of about 500 m. Its top occurs at a depth from
0 to 24 m. A subaerial talik zone is revealed 150 m
eastwards of the extension line of Elgen and Abaga-
Kyuel lakes; this zone is likely liable for feeding the
intrapermafrost talik. The occurrence depth of the
aquifer base in this area is not established.

The formation of subaeral talik between Elgen
and Abaga-Kuel lakes is not an singular case. Thus,
the formation of a similar subaeral thaw zone is re-
ported in the Bestyakh terrace, Lena river basin, in
the area of Ulakhan-Taryn groundwater source lo-
cated 15 km North from Eruu spring | Gagarin, 2015],
which in the authors’ opinion, is associated with in-
tensive summer precipitation in a relatively short
time span, significantly replenishing moisture
amounts in the active layer (AL). At this, supraper-
mafrost runoff persists throughout the winter season,
while seasonal freeze depth is limited by the 2.0—
2.5 m interval, ensuring the 0.5 m high hydraulic head
in this aquifer during the winter.

Based on the new cryohydrogeological data we
have built a hydrogeological map, showing both the
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Elgen lake

07.09.2016

Abaga-

Kyuel lake

07.09.2016

Eruu spring | 6.96 | 475
07.09.2016

07.09.2016

transition over 0 °C to positive values (April 23-27)
is accompanied by the maximum amplitude fluctua-
tions in the groundwater level (up to 0.32 m). This
can be explained by ice melting on the groundwater
outlets during the daytime spring thaws, while at

Conducted by:LYu. Boitsova, O.V. Shepeleva (Laboratory of permafrost groundwater and geochemistry, Melnikov Permafrost Institute SB RAS).

Analysis date: 13.10.2016.
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Fig. 3. Cryohydrogeological section of the study area (line I-1II in Fig. 1).

1 — alluvial sands, quartz-feldspathic, fine-to medium-grained, Mavrin Fm (alQ?Imv); 2 — alluvial gravel-pebbly deposits of igne-
ous and sedimentary rocks, Bestyakh Fm (alesbS); 3 — sandstones, fine-to coarse-grained with intercalations of siltstone (J;);
4 — hydrogeological borehole (notations: at the top — is its number; at the bottom — is borehole depth/ penetrated aquifer interval;
on the right — is the occurrence depth of static level; on the left — the numerator is hydraulic conductivity coeflicient of aquifer
(m?/day); the denominator is TDS (g/dm?)); 5 — intrapermafrost water head (IPWH); 6 — permafrost (bergstrich is pointed to-
wards frozen strata).
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Fig. 5. Results of geothermal observations in boreholes.

a — representative temperature fluctuation envelop curve for boreholes located outside the area of intrapermafrost aquifer distribu-
tion; b, b’ — idem for boreholes located within the area of intrapermafrost aquifer distribution; ¢ — single temperature measurement
in BH 7/05, penetrated the intrapermafrost aquifer from its top to base (according to the data from Yakutian Exploration Survey
Expedition, 11.07.2005); 7 — positive values envelop curve; 2 — negative values envelop curve; 3 — permafrost (bergstrich is
pointed towards frozen strata).
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May, due to the reduced size of groundwater discharge
outlets during the sediment freezing and the forma-
tion of icing, arresting the groundwater free-flow.
With the onset of a warm season and associated melt-
ing of icing, followed by degradation of the ice barrier
to the groundwater flow, the waters accumulated in
the talik during the winter experience a drawdown.

The geothermal observations have revealed that
the geothermal state of the area within which the in-
trapermafrost talik zone develops, differs from that of
the surrounding area. Thus, in boreholes located out-
side the aquifer extent (Fig. 5, a), the AL thickness
varies in the range from 2.5 to 3.5 m, and the base of
the depth of zero annual amplitude range from 6.5 to
10.0—15.0 m with the deposits temperature varying
between —0.3 and —0.6 °C [Semernya, 2014].

Within the area of the intrapermafrost aquifer
distribution, the AL depth varies from 3.0 to 5.0 m
(Fig. 5, b, b"). Noteworthy is that the annual deposit
temperature fluctuations in this area are distributed
in the same range (3—5 m) and their depth coincides
with the AL depth. Moreover, during the winter, an
active suprapermafrost water runoff at a depth be-
tween 3 and 5 m was reported from BH 1E/76
(Fig. 5, b"). The authors explain this assumption by a
drastic reduction in the amplitude of temperature
fluctuations from a depth of 3 m (Fig. 5, b"), which is
associated with phase transformations of moisture
during the winter months. The sediment temperature
in the span from the AL base to aquifer top does not
change with depth and corresponds to the sediment
temperature at the base of the zero annual amplitude
depth (0...-0.2 °C).

Thus, the coincident thicknesses of the active
layer with the base of the depth of zero annual ampli-
tude at the deposit temperature varying from 0 to
—0.2 °C can be considered as a target signature of in-
trapermafrost groundwaters within the Bestyakh ter-
race area.

CONCLUSIONS

Results of the data processing obtained by drill-
ing, geophysical and hydrogeological studies in the
area of the Eruu perennial spring formed by intraper-
mafrost water allowed the inferences set out below.

The intrapermafrost aquifer, by itself, is a tube-
shaped talik zone, trending towards the extension
line of the coalescent Elgen, Abaga-Kuel and Bosogor
lakes. The width of the talik varies from 500 to 900 m,
its upper limit (aquifer top) is reported at a depth in
the range from 13 to 53 m, and the lower limit (aqui-
fer base) at a depth of 55.4 m and more.

Results of the geophysical profiling between El-
gen and Abaga-Kuel lakes bear the evidence of a sub-
aeral talik about 100 m width, whose formation under
modern climatic and landscape conditions of the
Bestyakh terrace of the Lena river appears highly
probable [ Gagarin, 2015]. Heterogeneity of the aqui-

fer filtration parameters inferred from the experimen-
tal filtration data attests to the identity of the water-
bearing sediments throughout the entire area of its
distribution.

A rise in hydraulic head of groundwaters in bore-
holes located in the transit zone of intrapermafrost
waters is associated with the formation of icing
around the groundwater outlet, acting as a barrier
significantly arresting the free-flow of discharging
groundwater. Further, when the maximum hydro-
static pressure is reached in the aquifer, the draw-
down (lowering) of the groundwater level is caused
by the formation of cracks in the ice body, through
which the groundwater is intensively outpouring.
The results of geothermal observations allowed to
identify one of the target characteristics of intraper-
mafrost aquifers, which is evidenced by coincident
depths of seasonal thaw and the base of zero annual
amplitudes, at the sediment temperature from 0 to
—0.2 °C at this depth. The investigated specific fea-
tures of the permafrost-hydrogeological structure of
the study area indicate that the area of the intraper-
mafrost aquifer recharge where subaeral talik zone is
developed is the most susceptible to anthropogenic
impact, and any disturbances of the conditions of
groundwater discharge can affect the groundwater
reserves accumulation because of the changes in the
icing regime.

The work was carried out within the R&D project
NIR VI1.69.2.1 and financially supported by the Rus-
sian Foundation for Basic Research (projects No. 15-
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