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Assessment and Prediction of the Change of Geotechnical Conditions for the Purpose of 

Ensuring Stability of Buildings and Structures in Nadym 
 

I.V. Abaturova, I.A. Yemelyanova  

Ural State Mining University, Yekaterinburg, Russia 

 

Geological environment of urban infrastructure in the 

cryogenic zone is extremely sensitive to anthropogenic impact 

and is not resistant to it. When developing, this environment is 

seriously disturbed, this resulting in elimination of shrub and 

tree vegetation, slope trimming, filling construction sites and 

carriageways with sandy ground, snowdrifting of the area etc. 

All these factors cause a significant change of temperature and 

moisture conditions, depths of seasonal freezing and thawing, 

an increase in depth of the permafrost table, appearing of new 

permafrost formations. 

In this regard, the most prominent example is the town of 

Nadym. Construction works were launched there in 1972 due 

to the development of the Medvezhye major gas field. The 

buildings were erected in compliance with the construction 

method II using strip foundations. Basements and vent-holes 

were originally planned to be a part of constructions but they 

were later eliminated due to snow drifting and surface 

discharge water flooding of the basements. Development of the 

suburban areas started in context of the ongoing industrial 

development of the region. Construction works were performed 

in compliance with the construction method I, using pile 

footing and preserving frozen grounds there. Deformations 

such as cracks in plasters and walls started to appear just in 3-5 

years after operation of the buildings had started. The degree 

and properties of the deformations keep on getting more 

hazardous with time, so that the constructions may even lose 

their operational reliability and stability. 

Considering all that, there appeared a demand for an 

objective assessment and forecast of changes of the 

geotechnical conditions underlain by identification of the main 

natural components and regularities of their spatial variability, 

carrying out a special geotechnical zoning in order to ensure 

the optimal operation of the buildings. 

Assessment and forecast of conditions of a lithotechnical 

system of urban areas in complicated geotechnical conditions 

cannot be carried out by means of the traditional methods of 

the engineering geology. To this end, one should apply 

fundamentally new methods based on analysis and design of 

different interactions between the components of the 

geotechnical conditions and the urban structures considered as 

an integrated lithotechnical system which are interdependent 

and related to each other by cause-and-effect relationships. 

We suggest a methodology of prediction of changes of the 

geotechnical conditions based on integral evaluation of the 

natural components. The fundamentals of this methodology 

were developed by G.K. Bondarik and V.V. Pendin. The 

integral evaluation procedure is described in terms of the 

following algorithm: formation of a set of the components of 

the geotechnical conditions and their quantification, 

development of models of the fields of the geological 

parameters, choice of the target predicate, creation and analysis 

of the correlation matrix, calculation of the weighting 

coefficients, normalization of the characteristics, calculation 

and development of the model of the field of the integral index 

which, in its turn, is a basis for development of a special 

geotechnical zoning map of the city area considering stability 

degree and indicating zones favorable for construction and 

operation of buildings and structures. 

In order to reveal regularities in the spatial variability of the 

components of the geotechnical conditions, it is necessary to 

quantify the qualitative information obtained. The following 

geological parameters of the estimate of the components of the 

geotechnical conditions were suggested to solve this problem: 

granulation factor (Cd), peat thickness (mt), depth of peat base 

(ht), thickness of short-term permafrost (mper.), depth of 

permafrost table (KMMP), density of frozen ground (ɟmerz.), 

density of dry ground (ɟd), total moisture (Ws), moisture due to 

unfrozen water (Wn), total ice content (Ls), depth of seasonal 

freezing (hSP), depth of seasonal thawing (hSO). 

The models of the fields of the geological parameters have 

been developed by means of mathematic modeling using 

computer technologies and the ArcGis software, on the basis of 

the results of the geotechnical investigations. The models 

obtained enabled revealing of the general and local regularities 

in variation of the natural components which constitute a basis 

for the integral evaluation and forecast of the geotechnical 

conditions [Abaturova et al. 2010]. 

Wear of the buildings (according to the data of the 

Technical Inventory Bureau, the estimate of physical 

deterioration of all the structural elements of a building, %) is 

further chosen as the target predicate (the dependent variable) 

for the purpose of evaluation and prediction of variation of the 

geotechnical conditions in the city by means of the integral 

index. 

The statistically important correlations between the wear of 

the buildings and the geological parameters of the components 

of the geotechnical conditions were revealed by means of the 

correlation and regression analysis. These procedures have 

yielded the following multiple regression equation: 

If= 37.73 + 8.74Ŀ Cd + 1.03Ŀ mt + 2.12Ŀ ht + 0.96Ŀ mper. ï  

-Ŀ0.23KMMP ï 2.18Ŀ ɟmerz. ï 43.89Ŀ ɟd + 2.66Ŀ Ws +  

+0.01Ŀ Wn ï 1.47Ŀ Ls ï 2.48Ŀ hSP ï 2.36Ŀ hSO, 

where Cd is the granulation factor, unit fractions; mt is the 

peat thickness, m; ht is the depth of the peat base, m; mper. is 

the thickness of the short-term permafrost, m; KMMP is the 

depth of the permafrost table, m; ɟmerz. is the density of the 

frozen ground, g/cm
3
; ɟd is the density of the dry ground, 

g/cm
3
; Ws is the total moisture, unit fractions; Wn is the 

moisture due to unfrozen water, unit fractions; Ls is the total 

ice content, unit fractions; hSP is the depth of the seasonal 

freezing, m; hSO is the depth of the seasonal thawing, m. 

The value of the multiple correlation coefficient (0.92) 

indicates close correlation between the wear of the buildings 

and the components of the geotechnical conditions and, 

therefore, confirms that the conceptual model has been 

developed in a correct way. 
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The value of integral index of complexity of the 

geotechnical conditions was calculated for each of the 1310 

grid elements taking into account the mean values of the 

normalized estimates of the geological parameters. This 

integral index is a linear and additive function of the 

normalized values of the components of the geotechnical 

conditions weighted according to their contribution to the 

estimate: 

RgJ
n
i

n

i
i
Öä=

=
ä

1

 

where g i
 is the weighting coefficient; 

R
n
i  is the normalized estimate of the i-th parameter of the 

geotechnical conditions; 

n is the number of the value parameters of the geotechnical 

conditions. 

The diagram of degree of the wear of the buildings as a 

function of the integral index was made in order to determine 

the limit values of the integral index (Fig. 1). 

 

 

 

 
Figure 1. Degree of the wear of the buildings as a function of the integral index 

 

 

A special (predictive) geotechnical zoning of Nadym was 

carried out by means of matching the model of the field of the 

integral index and the diagram of the degree of the wear of the 

buildings as a function of the integral index. The four stability 

classes corresponding to geotechnical conditions of different 

complexity were identified. Class I corresponds to relative 

stability and J equal to 0.32ï0.4 unit fractions; Class II 

corresponds to medium stability and J equal to 0.4ï0.5 unit 

fractions; Class III corresponds to low stability and J equal to 

0.5ï0.6 unit fractions; Class IV corresponds to instability and J 

equal to 0.6ï0.76 unit fractions. 

The obtained estimates of impact of the geological 

processes are in good general agreement with both expansion 

of deformations of the industrial and civil buildings within their 

limits and the data on the construction geotechnical conditions 

at individual sites. 

The cartographic model proposed may be a basis for design 

of buildings and structures, development and organization of 

monitoring of the lithotechnical system in Nadym. 
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Introduction  

Permafrost soil organic matter 

Soils in the permafrost region contain more than half the 

worldôs soil organic matter (SOM), storing between 1400-1850 

Pg carbon (C) [Tarnocai et al. 2009], and 40-60 Pg nitrogen 

(N), assuming an average C:N ratio of 30:1 [Jonasson et al. 

1999, Weintraub & Schimel 2003]. Persistent cold and 

saturated soil conditions limit decomposition, leading to the 

buildup of this large SOM pool. As the Arctic warms and 

permafrost degrades, the soil temperature and moisture 

conditions currently protecting SOM will also change. Because 

the permafrost SOM pool is so large, the release of even a 

small portion could entrain serious consequences for regional 

ecosystem processes and global C and N cycles.  

 

Pathways of permafrost degradation 

As temperature increases, permafrost SOM will become 

vulnerable to release through two major pathways: 1, gradual 

deepening of the active layer or 2, catastrophic subsidence and 

collapse of soil structure due to the melting of ground ice 

(thermokarst). Thermokarst rapidly exposes ancient SOM to 

decomposition and hydrologic transport. 

Thermokarst affects C and N dynamics by deepening 

subsurface flowpaths, mobilizing sediment and SOM, 

modifying soil moisture conditions, disrupting soil structure, 

increasing soil temperature, and elevating nutrient availability. 

As a consequence, thermokarst formation catalyzes 

biogeochemical activity, and may have different effects on 

ecosystems compared with gradual thaw of permafrost. We 

hypothesize that thermokarst, compared to gradual thaw, 

increases the rate, bioavailability, and total amount of C and N 

released from SOM in the affected permafrost. 

 

Frequency of thermokarst formation 

While the pan-arctic rate of thermokarst formation has yet 

to be comprehensively characterized due to lack of monitoring 

and high resolution imagery, site-based estimates indicate a 

3.5-8 % average increase of the areal extent of thermokarst in 

the last 50 years [Jorgenson et al. 2009]. On the coastal plain 

of the North Slope of Alaska, thermokarst features currently 

cover 3.8% of the landscape and could impact another 10-30% 

with only a minor increase in temperature [Jorgenson et al. 

2006]. 

 

Methods 

Experimental design and analyses 

Because thermokarst formation causes both hydrologic and 

gaseous release of SOM, we employed a coupled 

terrestrial/aquatic experimental approach. We collected soil, 

water, and gas from upland thermo-erosional features in 

various stages of development. Over 60 features were sampled, 

split between three feature morphologies: thaw slumps, 

thermo-erosional gullies, and active layer detachments. We 

divided features into ecologically relevant surface patches 

based on type and severity of permafrost degradation (Fig. 1). 

 

 

 
Figure 1. Patch type classification based on form and severity of 

permafrost degradation for thaw slump (above) and thermo-erosional 

gully (below). Divisions are defined as follows: undisturbed tundra is 

at least 5 m outside visible disturbance, margins are within 5 m of 

visible disturbance but have not experienced subsidence, drapes have 

subsided but vegetation is still attached to surrounding tundra, tundra 

rafts have subsided and detached from surrounding tundra, exposed 

patches are bare mineral soil, and revegetated patches are previously 

exposed sites recolonized by moss and other plants. 

 

 

Soil, water, and gas samples were collected from features of 

various ages as well as undisturbed tundra, water tracks, and 

streams. Water collected from control and impacted soils and 

surface waters was analyzed for dissolved organic and 

inorganic C and N (DOC, DIC, DON, DIN) as well as anion 

and cation chemistry. We tested the lability of DOC from a 

subset of samples with 40-day incubations. Dissolved gas was 
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extracted from water samples in the field, and soil pore gas was 

collected from a 15 cm depth with metal straws. Gases were 

analyzed by gas chromatography for CO2, CH4, and N2O. Soil 

respiration, temperature, and volumetric soil moisture were 

measured in the field with an infrared gas analyzer and 

auxiliary probes.  

 

Site description 

We sampled three clusters of thermokarst features in the 

foothills of the Brooks Range on the North Slope of Alaska. 

Features around the Toolik Lake Field Station (68.63ÁN, 

149.60ÁW) were sampled three times a summer from 2009-

2011. We supplemented the temporally intensive Toolik 

sampling with spatially extensive expeditions to the Kelly 

River ranger station (67.94ÁN, 162.39ÁW) in 2010, and Feniak 

Lake (68.27ÁN, 158.34ÁW) in 2011, both in the Noatak 

National Preserve. All sites were located in the continuous 

permafrost zone with features occurring in areas of various 

vegetation and substrate (tussock, non-tussock, graminoid 

tundra, erect, dwarf shrub tundra, and non-acidic mountain 

complex).  

Results 

Gaseous carbon and nitrogen release 

Soil respiration was significantly elevated for raft, drape, 

and margin patch types compared to control tundra. In 

undisturbed tundra, soil moisture had a strong negative 

relationship with respiration, but within features had the 

opposite effect (indicating water-logging in the undisturbed 

tundra and water limitation within features). Temperature was 

more important than soil moisture, however, in predicting 

respiration within features across patches. The partial pressure 

of CH4 in soils was suppressed relative to control tundra for all 

patch types except revegetated where CH4 partial pressure was 

four times higher. Partial pressure of N2O was two times higher 

than atmospheric background in drape and raft soils indicating 

denitrification. 

   

Hydrologic carbon and nitrogen release 

Patterns of DOC and DON concentration varied by site, in 

some cases increasing dramatically within or below 

thermokarst features, but not varying in others. However, DIC 

and DIN concentrations were consistently greater in impacted 

waters than control sites. On average, the concentration of 

NH4
+ 

was twice as high in impacted waters, and concentrations 

of NO3
-
 and DIC were ten times higher. Dissolved CH4 and 

N2O were detected more frequently and at higher partial 

pressures in impacted waters than reference waters. DOC loss 

after 40 days varied from 12% and 20% for reference water 

tracks and rivers to 19%, 32%, 40%, and 65% for gullies, 

active layer detachments, thaw slumps, and Yedoma exposures 

respectively. 

Discussion 

Biogeochemical implications 

While upland thermokarst features vary in morphology, 

substrate, age, and size, some general patterns of this 

disturbance type exist. Thermokarst consistently increased 

inorganic N availability, particularly NO3
-
. This may be due to 

thermokarst simultaneously interfering with plant uptake by 

disrupting roots and also increasing N mineralization by 

warming and aerating soils. This surplus of inorganic N 

explains the drape and raft patch denitrification, a process 

which has previously only been detected in tundra in bare 

mineral soils. Soil conditions change substantially as features 

move from the initial active formation phase with wet and cool 

surface soils to a warm and dry state as ground ice is exhausted 

and features stabilize. This has implications for the type and 

timing of SOM hydrologic and gaseous release from 

thermokarst. 

The delivery of bioavailable C and N to downstream and 

downslope ecosystems has the potential to influence off-site 

processes. This release particularly could stimulate primary 

productivity in aquatic ecosystems and increase CH4 

production by delivering large amounts of organic matter to 

low-oxygen environments such as wetlands and lake-bottoms.  

 

Global implications 

As thermokarst formation becomes more common in the 

Arctic it will accelerate the pace of permafrost degradation and 

subsequent SOM processing. Because a large portion of the 

Arctic is susceptible to this pathway of permafrost degradation, 

thermokarst has the potential to enhance C and N release at a 

landscape scale. The labile nature of DOC released from 

thermokarst emphasizes that permafrost region SOM is not 

only abundant but also very bioactive. Because thermokarst is 

not incorporated into current C cycle models, it represents an 

important unknown in our understanding of the future behavior 

of the permafrost region. Identifying and constraining 

biogeochemical mechanisms driving patterns of elemental 

cycling in thermokarst would facilitate parameterization and 

understanding of this important pathway of permafrost 

degradation. 
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Introduction  

Kamchatka is situated in the Far East of Russia. The 

Klyuchevskaya volcano group is located in the Central 

Kamchatka Depression (55ï56ÁN, 160ï161ÁE) and consists of 

the active volcanoes Klyuchevkaya (4800 m a.s.l.), 

Bezymianny (2900 m a.s.l.), Ushkovsky (3900 m a.s.l.) and 

Plosky Tolbachik (3100 m a.s.l.) as well as ten other inactive 

volcanoes and numerous smaller volcanogenic landforms such 

as cinder cones or extrusive domes. There were no special 

permafrost investigations here until 2002. The first data about 

the properties of frozen volcanic deposits, ground temperatures 

and active layer depth were obtained by our expedition by 

drilling the boreholes in this area. The boreholes were drilled 

using compact equipment for slow rotary drilling. We used 

instrumental steel drilling bits with an inner diameter between 

5 and 10 cm. The upper 2m of each borehole were cased with a 

plastic pipe. Initial temperature measurements in the boreholes 

were made several weeks after drilling with the use of a 

thermistor string. Continuous measurements were then made 

using Onset Hobo Pro series and LPC data loggers. One of the 

sensors was usually installed on the surface and the others - at 

the various depths inside a borehole. Permafrost underlies 

about 2000 km2 here, and periglacial processes and landforms 

are widespread at the elevations above 900 m a.s.l.; the lower 

boundary of permafrost is around 750ï900 m a.s.l. on north-

facing slopes and around 650ï800 m a.s.l. on south-facing ones 

slopes with no forest vegetation. Numerous solifluction lobes, 

mud-boils, polygonal structures and areas of sorted patterned 

ground occur between 1000 and 1700 m a.s.l.  

 

Permafrost monitoring results 

Data about the air temperatures are available for the Klyuchi 

station, which is located in the Kamchatka river valley (30 m 

a.s.l.). The average MAAT for 2002-2011 is 0.3ÁC, which is 

higher than the value of -0.2ÁC for 1980-2000. Ground and 

surface temperatures were measured six times per day at eight 

locations, starting from 2005. The longest continuous record of 

MAGT (from September of 2007) is available for 1-06 

borehole which was drilled at 1630 m a.s.l. near Tolbachik 

volcano (Fig. 1). The mean annual ground temperatures 

(MAGT) in the area vary from 1.3ÁC at 950 m a.s.l. down to -

8ÁC at 2515 m a.s.l. The active layer thicknesses have been 

measured at three sites (100 m x 100 m and 50 m x 50 m) at the 

elevation range from 1300 to 1600 m a.s.l. as part of the 

CALM project (Table 1). The mean summer temperatures were 

in the range from 12,6 to 15,4ÁC, and the mean active layer 

depth ranged from 80 to 44 cm. During 2003-2011 the active 

layer depth didnôt show any significant increasing (more then 

10 cm). We assume that the properties of the volcanic cinders, 

which have high porosity and are good thermal isolators, can 

be a reason for this. The ground temperatures at 10-15 m depth 

increased for 0,1-0,2ÁC from 2003.  

 

 

 
 

Figure 1. The temperature data from the 1-06 borehole. 
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Conclusions and perspectives 

Despite of no significant changes in the ground temperatures 

and active layer depths in the area, some changes of the 

landscapes affected by permafrost are evident in the last 10 

years. Some thermokarst features and melting of dead ice have 

been observed during the field excursions. 

Temperature monitoring at 500 m a.s.l. in the forested area 

has proved the existence of the air temperature inversion in 

winter time. For more precise measurements of the inversion 

height we are planning to install some additional loggers. 

Weôre also going to drill new boreholes at the Erman plateau 

(2700 m a.s.l.) and install surface loggers at 4500 m a.s.l. 

(summit of the Kamen volcano) for more adequate calculation 

of the altitudinal temperature gradients. We are still waiting to 

find out some influence on the ground temperatures from 

volcanic activity near our boreholes.  

This research was supported by the ñThermal State of 

Permafrostò and ñCircumpolar Active Layer Monitoringò 

projects. 
 

 
Table 1.The results of active layer depth measurements at CALM sites 
in Kamchatka. 

Year 
R30A (1330 m) R30B (1630 m) R30C (1630 m) 

Data ɝ, cm Data ɝ, cm Data ɝ, cm 

2003 06/09 78 - - - - 

2004 28/09 67 29/09 49 - - 

2005 05/09 71 06/09 56 - - 

2006 19/09 73 23/09 54 01/09 44 

2007 18/09 72 19/09 53 16/09 45 

2008 16/09 73 16/09 56 19/09 49 

2009 24/09 80 24/09 63 20/09 49 

2010 29/09 76 29/09 58 25/09 50 

2011 05/09 72 05/09 59 02/09 50 
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Abstract 

Investigation into permafrost has been an important issue in the modern science as frozen ground occupies about 65% of the 

territory of Russia. Permafrost is uneven in lithology, structure, and extent. It is most often continuous (53% of the total 

permafrost area) and less often discontinuous (15%), sporadic (19%) or patchy (13%). 

 

Keywords: Groundwater; perennially frozen rocks; permafrost zone; permafrost; taliks 

 

 

Concept of permafrost  

The territory which includes perennially frozen rocks is called 

a zone of permafrost (or cryolithozone, from cryos and lithos, 

Greek for cold and stone). It consists of frozen and frost-bound 

rocks, cryopegs, and an active layer.  

Frozen rocks are ice-rich and have negative temperatures. 

Unlike these, frost-bound rocks bear neither water nor ice and 

are most often igneous and metamorphic rocks, or dry sand and 

pebble. Cryopegs (from cryos and peg, Greek for cold and 

saline water) likewise have temperatures below zero and are 

saturated by saline waters or brines.  

 

Division of permafrost 

The zone of permafrost encircles the Arctic Ocean and covers 

about 25 % of the Earthôs total land and 65 % of Russia. 

Perennially frozen ground occupies totally 3000,000 square 

kilometers existing also as isolated patches near mountain tops 

in the highlands of Alps, Caucasus, Tien-Shan, Pamirs, 

Himalayas, etc.  

Permafrost in southern areas is patchy, with 10-25 m thick 

frozen lenses among unfrozen rocks. North of sporadic and 

patchy permafrost, there lies a zone of discontinuous 

permafrost, up to 100 m in thickness, with numerous taliks 

(layers and lenses of unfrozen ground). Permafrost further 

northward is continuous and as thick as 1000-1500 m.  

Thus, the thickness of permafrost varies broadly from a few 

meters to 1000 or even 1500 m.  

 

Origin of permafrost  

Modern areas of perennially frozen ground appeared in the 

latest Pliocene-earliest Pleistocene, more than 2 Myr ago, but 

continuous permafrost which has never disappeared later on 

formed about 650 Kyr BP, in the Pleistocene, in the northern 

Siberian craton. The pattern of permafrost in continental 

plainland is latitude-controlled as the amount of net solar 

radiation decreases northward, mean annual ground 

temperatures decrease, while backscattered radiation increases 

due to long-lasting snow cover (albedo feedback): About 90% 

of incoming sunlight is reflected back from snow but only 7-

8% from tilled land. In highlands, there is also altitude zoning, 

and permafrost may be as thick as 3000 m in the high Pamirs 

and Himalayas.  

The permafrost thickness depends on many factors: latitude, 

landscape, terrain, geology, and heat flux.  

 

Structure of permafrost 

The permafrost table always lies at some depth below the 

ground surface corresponding to the thickness of the active 

layer. It consists of seasonally thawing rocks that thaw in warm 

seasons and freeze up completely in cold seasons; the 

seasonally freezing layer forms in winter in taliks above 

unfrozen rocks and thaws completely in summer.  

The depth of freezing (thawing) is a critical parameter 

depending on the amount of solar heat coming to the area in 

winter and in summer.  

Permafrost may have different patterns in geologically 

different areas. Some places are fully occupied by frozen 

ground while others, like those upon Precambrian cratons with 

a metamorphic basement and a thick sedimentary cover, consist 

of frozen rocks above (sediments) and frost-bound ones 

(bedrock) below.  

Zones of cryopegs exist on the coasts of seas fringing the 

Arctic ocean, with brine-saturated lenses grading smoothly into 

the surrounding cold rocks. The upper part of frozen ground is 

younger than the lower one.  

 

Groundwater in permafrost 

Formation of permafrost which acts as confining beds for 

waters has changed dramatically the conditions of the airð

ground water exchange. The greatest part of fresh groundwater 

in the permafrost zone is stored in taliks. Taliks are layers 

(lenses) of ground on the surface or beneath lakes and rivers 

that hold unfrozen for more than ten years. Taliks may be 

either open or closed: The former border frozen rocks on the 

sides while the latter lie over frozen rocks (supra-permafrost 

taliks). Or, taliks may exist between frozen layers or within 

them as tunnel- or tube-like lenses. Groundwaters may 

circulate above, below, between or within the confining frozen 

layers (cryogenic aquifuges), and are classified, respectively, as 

supra-, sub-, inter-, or intra-permafrost waters.  

Suprapermafrost groundwaters include ephemeral waters in 

the active layer and perennial waters of closed taliks. 

Ephemeral waters exist only in summer and never lie above the 

permafrost table. Groundwater is a principal agent in 

solifluction, liquefaction, slumping, and heaving processes.  

Perennial waters associated with closed taliks above the 

permafrost table are responsible for the origin of 

hydrolaccoliths, pingoes, and icing.  
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Interpermafrost groundwater commonly occurs between 

two frozen layers, e.g., between a Holocene layer above and a 

remnant Late Miocene layer below. Water of this kind is most 

often dynamically inert.  

Intrapermafrost water is confined within closed bodies 

(talik lenses) in karst limestone.  

Subpermafrost groundwater circulates near the bottom of 

frozen ground. It has temperatures above zero and high or low 

salinity; it may be pressurized or not, and may either contact 

frozen rocks directly or be separated from them by unfrozen 

rocks.  
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Background 

The bearing capacity of permafrost soils are usually high 

compared to non-frozen soils of the same composition. The 

strength of these frozen soils are challenged by the projected 

climatic ameliorations in the Arctic, which are expected to 

strongly influence the distribution and thickness of permafrost 

during the 21st century. In Western Greenland soil 

temperatures are projected to increase by 2-3ÁC inferring 

Permafrost Thaw Potentials of more than 2.5 m [Daanen et al.  

2011]. 

Fine-grained permafrost soils are especially affected by the 

transition from frozen to unfrozen state, primarily due to the 

ability to hold large amounts of ice and the influence on the 

soil strength and deformation properties resulting from thaw. 

However, also properties such as the unfrozen water content 

and the soil salinity play an important role [Arenson et al.  

2007]. With projected climate amelioration these property 

changes pose a challenge to the desired service life time and 

foundation design of new constructions. 

For engineers striving to enhance and optimize the service 

life time of new industrial facilities and general infrastructure 

in permafrost areas, the projected warming poses a dilemma of 

whether to accommodate the subsequent change of soil 

properties in the foundation design or having to avoid 

constructing on permafrost at all. This study aims to delineate 

trends for the strength properties of fine-grained permafrost 

deposits that can be used to forecast end-of-service-lifetime-

strength based on soil properties obtained from surveys 

performed at present day soil temperatures. The data basis is 

obtained from testing of natural permafrost soil core samples 

collected at two locations in inhabited areas of Western 

Greenland.  

 

Methodology 

Sample material 

Permafrost soil cores have been sampled from the top of the 

permafrost zone in the townships of Sisimiut and Ilulissat 

situated at 66.9Á to 69.2Á northern latitude. Present soil 

temperatures vary from -3.5ÁC to 0ÁC. The preliminary testing 

classifies the soils as silty to very silty marine clays at both 

locations. The chloride concentration in the soil is seen to be 

virtually 0 mg/L indicating fully leached conditions resulting in 

no residual salinity. The samples from Sisimiut have a 

volumetric excess ice content of 18.5 % of the frozen sample 

volume on average while the samples from Ilulissat are 

virtually free of excess ice (0.1 % on average). Sample data are 

found in Table 1 below. 

 

Test setup 

For each location three samples have been subjected to 

isotropic consolidation at 100 kPa followed by undrained 

triaxial compression testing at a constant rate of strain 

(0.72%/h) maintaining a confining stress of 100 kPa to 

determine the shear strength at near-thawing temperatures of -

3ÁC, -2ÁC and -1ÁC respectively. Tests were run until an axial 

strain of 4 %, defining the failure criterion, was obtained. 

 

Results 

Test results 

The maximum shear strengths recorded of the individual 

triaxial tests range from 840 kPa at -1ÁC to more than 2 MPa at 

-3ÁC. All maximum strengths were obtained at the failure 

criterion after display of ductile behavior. The strength data is 

normalized relative to the maximum shear strength at -3ÁC for 

each location, like shown in Equation 1: 

 

     (1) 

 

Where Űmax,T is the obtained maximum shear strength and 

Űmax,-3 is the maximum shear strength for test at -3ÁC. The 

resulting data points are then plotted against the temperature to 

obtain a trend for the development of the soil strength as a 

function of the soil temperature. See Figure 1. A global linear 

trend is expressed by the equation 

 

      (2) 

 

Where Űn is the normalized shear strength relative to the 

shear strength at -3ÁC and T is the temperature in the range of 

tested temperatures from -3ÁC to -1ÁC.  

From the shear strength failure values the soilôs 

corresponding undrained shear strength for use for bearing 

capacity evaluation based on Terzaghiôs bearing capacity 

theory can be determined as a function of the soil temperature.  

 

Discussion 

The two series of normalized shear strengths shown in Figure 1 

display a common trend of approximately 20 % decrease of 

strength per degree temperature increase compared to the shear 

strength at -3ÁC. This is in spite of the fact that the samples 

from the Sisimiut area contain moderate amounts of excess ice, 

which generally lowers the maximum strength compared to the 

Ilulissat samples. The trend of decreasing strength with 

decreasing dry density is also demonstrated by Li et al. [2004], 

who present uniaxial compression strengths of remolded clay 

with variations of dry density, temperature and strain rate.  
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A slight trend of a decreasing gradient of the curve for the 

Ilulissat samples may be deduced while the opposite seems to 

be the case for the Sisimiut samples, but further experiments 

must be performed before any conclusions are made in this 

regard. However, it makes good sense that the strength of the 

more ice rich samples should decrease more rapidly as the 

temperature close in on the freezing point as the amount of 

unfrozen water increase and the viscosity of the ice decrease. 

 
Table 1.  Classification data for the tested fine-grained permafrost 
samples. Location abbreviations: óILUô denotes Ilulissat and óSISô 
denotes Sisimiut. 

Sample 

ID 

ɟbulk 

[g/cm3] 

ɟdry 

[g/cm3] 

wi,vol 

[%] 

wnat*  

[%] 

Test 

temp. 

[ÁC] 

ILU 1A 2.01 1.68 0.1 19.4 -2 

ILU 2A 2.03 1.70 0.1 19.4 -3 

ILU 3A 2.00 1.65 0.1 19.4 -1 

SIS 4B 1.50 0.82 33.5 33.5 -3 

SIS 6A 1.77 1.32 8.2 29.2 -1 

SIS 7B 1.69 1.18 13.9 33.3 -2 

*  Gravimetric water content of sample after draining of excess ice 

upon thawing. 

 

 
Figure 1. Normalized shear strength for natural fine-grained 

permafrost samples tested in triaxial compression at a confing pressure 

of 100 kPa. 

 

 

If the shear strength of the design soil, having a present 

temperature within the tested temperature range, can be 

determined along with the expected soil temperature at end of 

construction service lifetime, then, given that the latter 

temperature also is within the temperature range of the tests in 

this study, the strength decrease due to soil temperature change 

can be estimated based on Equation 2. A series of these curves 

for different soil compositions could provide an efficient 

design tool for new construction designs in areas of fine-

grained permafrost if used in combination with an improved 

regional climate model capable of delineating the development 

of soil temperature at a sufficient resolution. In this way the 

development of soil temperatures within the service life time of 

the construction can be predicted and the foundations designed 

based on the resulting corresponding bearing capacity 

available.  

This approach is believed to contribute to a sustainable 

adaption of the new building mass to the projected climate 

changes and generally decrease maintenance costs of new 

constructions built on warming fine-grained permafrost and 

subsequently prolong the effective service life time.  

 

Conclusion 

Based on constant rate of strain triaxial compression testing of 

two series of natural fine-grained permafrost samples at near-

thawing temperatures it is demonstrated, that a relation exists 

connecting the temperature and the normalized shear strength 

across variations in sample excess ice content. In the tested 

range of temperatures from -3ÁC to -1ÁC, the shear strength 

decrease approximately 20 % per degree temperature increase, 

relative to the shear strength at -3ÁC. 

It is proposed, that the identified relationship can support 

the estimation of future soil strength properties for sustainable 

foundation design based on projected soil temperatures based 

on relevant climate models. 
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Introduction  

Research on permafrost has a long tradition in the Northern 

Hemisphere where hundreds of boreholes for temperature 

monitoring have been installed [Romanovsky et al. 2010]. 

Antarctic permafrost is less studied and the borehole network is 

scarce, with short time-series [Vieira et al. 2010]. In order to 

coordinate data collection and monitoring, the International 

Permafrost Association together with the WMO/GTOS/FAO 

have implemented the Global Terrestrial Network for 

Permafrost (GTN-P) and the Circumpolar Active Layer 

Monitoring System (CALM). IPY projects TSP and ANTPAS 

boosted permafrost monitoring activities, resulting in 

infrastructure and in new assessments of permafrost thermal 

state. There are currently 39 active layer and permafrost 

boreholes and 8 CALM sites in the Antarctic Peninsula region 

(AP). 

The AP has been one of Earth's regions showing a strongest 

warming trend, with ca. +2.5ÜC in the mean annual air 

temperatures since the 1950's [Turner et al. 2003]. Effects on 

glaciers and ice-shelves have been widely reported [Scambos et 

al. 2003], but impacts on permafrost haven't yet been properly 

addressed to. Vieira et al [2010] present an overview of the 

thermal state of Antarctic permafrost and show that permafrost 

is cold in most of the Antarctic, except in the South Shetlands. 

There, permafrost temperatures are slightly below 0ÜC and 

permafrost is at its climatic boundary. The northern AP is, 

therefore, an unique area in the Antarctic for evaluating the 

effects of permafrost degradation.  

In this presentation we present a synthesis on the present 

status of knowledge on permafrost distribution and thermal 

state in Hurd Peninsula, Livingston Island and discuss the 

significance of these results for other areas of the South 

Shetlands. Hurd Peninsula is a rocky and rugged peninsula, 

with altitudes up to 392 m and mostly covered by Hurd 

Glacier, but with several ice-free sectors. Geology is dominated 

by the Miers Bluff Formation, a low-grade metasedimentary 

flysch formation. Bedrock outcrops are frequent, but most of 

the ice-free surface is covered by a decimeter to meter thick 

cover of angular cobbles and boulders. In some areas, close to 

the glacier boundary, till is present. 

 

Methods 

Continuous activities for monitoring the thermal state of the 

active layer and permafrost in Hurd Peninsula started in 2000 

by the University of Alcal§ de Henares in collaboration with 

the University of Lisbon. During the International Polar Year, 

in the framework of ANTPAS project, in a joint effort with 

other partners such as the University of £vora, the University 

of Zurich and the Bulgarian Antarctic Institute a new set of 

boreholes, as well as active layer monitoring sites was 

installed. The objective is to analyze the spatial and temporal 

controls on permafrost thermal state in Hurd Peninsula and to 

use the area as a case study allowing to better understand 

permafrost characteristics in other similar areas at the South 

Shetlands. 

The following techniques are used: 

- Active layer monitoring boreholes from 0.8 to 4m depth at 

key sites along altitudinal transects and in different types of 

terrain; 

- Permafrost monitoring boreholes 15 and 25m depth at key 

sites planned for reflecting the regional climate forcing signal 

and characterizing permafrost thermal state; 

- Electrical resistivity tomography profiles for determining 

the spatial distribution of permafrost; 

- Snow cover monitoring using time-lapse cameras, 

temperature poles as well as remote sensing techniques; 

- Detailed geomorphological mapping to identify geo-

indicators of permafrost and periglacial dynamics; 

 

Results and discussion 

Bedrock sites 

Permafrost in bedrock in Hurd Peninsula was found in the 

boreholes located above 260 m asl, with a temperature of about 

-1.8ÜC at 20 m depth. In a borehole at 160 m, permafrost is 

possible but the deepest temperature sensor, placed at 4 m 

depth is in the seasonal frozen layer. At the same place freezing 

from below has been identified during autumn, indicating a 

possible presence of permafrost. The borehole at 35 m asl 

shows no permafrost. Plotting of average annual temperatures 

in bedrock sites with little snow cover along a vertical gradient 

shows a good regression fit (figure 1). Given the homogeneous 

topographical constraints of these boreholes, the limit of 

permafrost in bedrock seems to occur close to an altitude of ca. 

150 m. 

Electrical tomography resistivity supports the presence of a 

transition area with sporadic permafrost at around 100-150 m, 

with patches of frozen ground found in the profiles. Hauck et al 

[2007] have shown this for the vicinity of the Spanish station. 

Recent data from the area of the Bulgarian station shows 

similar results.  

 

Sediment sites 

Sediment sites are significantly more complex than bedrock 

sites due to their heterogeneous sedimentological 

characteristics and diverse water contents. Furthermore their 

geomorphic history is highly significant for their thermal state 
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and ice-content. Permafrost, mainly as buried ice-masses has 

been found at different sites down to sea-level by means of 

Electrical Resistivity Tomography [Hauck et al. 2007]. Those 

sites are located at rock glaciers and moraines, which are 

glacier-derived. Incipient protalus lobes also occur. Currently 

some of these features are being monitored but no results for 

deformation are available yet. 

 

 
Figure 1. Mean annual bedrock temperatures at 4m depth in 2008-09 

in boreholes in Hurd Peninsula. 

 

 

Conclusions 

Research in Hurd Peninsula shows that the area has warm 

permafrost in bedrock at least above 270 m asl in sites with 

little snow. At similar topographical conditions, sporadic or 

discontinuous permafrost starts to occur at 100-150 m asl. At 

lower altitudes, perennially frozen bedrock has not been found. 

However, permafrost can occur down to sea-level in 

sedimentary deposits, at least in those of glacier-derived origin. 

The high ice-content of such features may be the reason for the 

persistence of the frozen bodies reacting to climate change at 

lower rates. 

The differences found in permafrost distribution between 

bedrock and sedimentary deposits suggest that there are 

different rates of reaction of permafrost to change in both 

settings. Bedrock sites should react faster to warming, while 

lower sites with higher ice-content should still preserve a relict 

thermal state. If this hypothesis is correct, this can be 

significant since there are areas at low altitudes with a high ice-

content that could become unstable with warming, even at sites 

where permafrost is absent in bedrock terrains. Such a situation 

can also occur in other sites at the South Shetlands, a critical 

region at the boundary of permafrost. 
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Introduction  

The reported study was run in the Upper Chara basin located 

between the Kodar and Udokan Ranges in northern 

Transbaikalia. The territory belongs to the zone of continuous 

permafrost, with mean annual air temperatures about -7.2ÁC, 

and an active layer thickness (thaw depth) from 0.5 to 0.8 m in 

floodplains of rivers.  

Surface organic layers in boreal terrains include moss-peat 

and lichen components, forest floor, etc., which play a 

significant role in the air-ground heat exchange. This part of 

the soil cover has rapidly changing properties [Gavriliev 2004] 

and its thawing and freezing, as well as the related effects on 

ground temperature patterns, has to be taken into account in 

predictions of the temperature regime and the depth of seasonal 

thawing (freezing) of permafrost [Feldman 1988]. 

There is quite ample published evidence of thermal 

conductivity of surface organic layers [Zabolotnik 1966, 

Chernyadiev & Pakulin 1989, Shendera 1986, Feldman et al. 

1988, Fukui et al. 2008], but it is difficult to synthesize for the 

lack of specific information on water contents and densities of 

the objects.  

 

Methods and samples 

The surface organic layers (vegetation cover) in the study area 

consist of sod, moss, lichen, and grass. Moisture in the samples 

collected in the field varies from 250 to 375% and their 

densities are from 100 to 1000 kg/m
3
.  

The thermophysical properties of the samples were 

measured in laboratory using the method of first-kind regular 

thermal regime [Ershov 2004] and with an TPMïɚʩï10 

automated thermal conductivity meter.  

 

Results and Discussion 

Thermal conductivity (ɚ) and diffusivity (ʘ) were measured in 

the vegetation samples at positive and negative temperatures. 

The water contents and densities being highly variable, all data 

were synthesized depending on volumetric moisture (Wn ) for 

unfrozen and frozen ground, respectively: 

Wn=WĀɟd,      (1) 

Wn=WĀɟd / ɟi           (2) 

where W is the gravimetric moisture (%), ɟd is the density 

of soil skeleton (kg/m
3
), and ɟi is the density of ice. 

Figure 1 shows volumetric moisture dependences of 

thermal conductivity (A) and diffusivity (B) of the surface 

organic layers at temperatures above (1) and below (2) zero.  

Both thermal parameters are the highest in unfrozen and 

frozen sod samples (points at moisture above 70% in Fig. 1). 

The thermal conductivity of vegetation samples is lower 

than in peat (Fig. 2) because the former is less dense and bears 

more low-conductivity air.  

 

 
Fig. 1. Thermal conductivity (A) and diffusivity (B) as a function of 

volumetric moisture at temperatures above (1) and below (2) zero. 

 

 
Fig. 2. Thermal conductivity of peat (1) and vegetation (2) samples as 

a function of volumetric moisture at temperatures above (dashed line) 

and below (solid line) zero. 

 

 

The laboratory thermal conductivity data were compared 

with published results and synthesized as a function of Wn  

(Fig. 3). 

 

 

 
Fig. 3. Thermal conductivity of organic layers as a function of 

volumetric moisture at temperatures above (A) and below (B) zero.  

1 ï our data; 2, 3 ï published data: Gavriliev (2004) (2) and 

Zabolotnik (1966) (3). 

 

The laboratory thermal conductivity data we obtained 

showed good agreement with the published evidence and lent 

itself to generalization in a single Wn  dependence. 
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The comparison for thermal diffusivity is shown in Fig. 4.   

 

 
Fig. 4. Thermal diffusivity of surface organic layers as a function of 

volumetric moisture at temperatures above (1, 3, 5) and below (2, 4) 

zero. 1, 2 ï our data; 3-5 ï published data: Gavriliev (2004) (3, 4) and 

Zabolotnik (1966) (5).  

 

 

The dissimilarity of thermal conductivity and diffusivity 

coefficients may be due to the natural diversity of the surface 

organic layers.  

 

Conclusions 

Thus, the experimental study allowed us to  

¶ estimate the variation ranges of thermophysical properties 

in different surface organic layer varieties and to analyze 

them as a function of volumetric moisture;  

¶ compare the thermal conductivity and diffucisivity 

coefficients of peat and vegetation;  

¶ correlate our laboratory data with the published evidence.   

Thus new results have been obtained on the thermophyscal 

properties of the soil cover, which is necessary for modeling 

the temperature regime and seasonal thaw depths.   
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Abstract 

The study concerns the effect of Late Pleistocene glaciation on the contempoary pedogenesis. The effect shows up (i) as 

formation of different types and subtypes of soils upon various elements of paleo-permafrost polygonal pattern (soil cover 

level) and (ii) as difference in soil profiles and in physico-chemical parameters between genetic soil units (soil profile level). 
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The historic and genetic aspects of soil formation are 

becoming increasingly more important for the todayôs 

knowledge of soils as part of the Earthôs biosphere. However, 

the history of soil formation at the Pleistocene-Holocene 

boundary, when pedogenesis was subject to effects from 

Pleistocene cryogenic events, remains the least explored.  

The Late Pleistocene was the time of frequent changes in 

geological and ecological processes of different scales, and 

their consequences influence directly the contemporary soil 

formation.  

The modern soils and soil cover have a long and complex 

history since the Late Pleistocene and, for this reason, the soil 

science relies largely upon data from allied fields of research. 

The persistent cooling trend in the Pleistocene [Markov 1986] 

provided mainly anticyclonic conditions and a climate which 

was the most severe and strongly continental over the entire 

Pleistocene, and the Cenozoic in general. In the second half of 

the Valdai stage, Europe underwent intense periglacial 

processes [Markov 1986, Velichko 1973, 2009]. The main 

cooling peak (between 20 and 18 Kyr BP) led to a culmination 

of permafrost and produced a global-scale permafrost zone 

with its southern limits reaching 48Á N in the East European 

Plain.  

There are three main glacial intervals distinguished in 

paleogeography for the European Late Pleistocene section. The 

lowermost one (Smolensk) spans the time 100-110 (phase a) 

and 85-90 (phase b) Kyr. The second (Vladimir) interval 

disturbs soils of the Bryansk interstadial and has its main 

evolution phase at 25-23 Kyr BP. The Yaroslavl cold interval, 

the youngest one, that formed during the cooling peak 20-18 

Kyr ago, records the coldest climate. It was exactly the period 

when the Late Pleistocene periglacial zone of the Northern 

Hemisphere reached its maximum extent [Velichko 2009] and 

when networks of ice, ice-soil, and soil veins, up to 3-4 m high 

with 15-20 m polygons developed in the center of the East 

European Plain [Velichko 1973, Alifanov 1995, Alifanov et al. 

2010]. These conditions correspond to the phase a of the 

Yaroslavl glacial; during the phase b (Younger Dryas), the 

ground underwent active small-polygonal frost cracking. In the 

time of the Yaroslavl cooling, the permafrost propagated 700-

800 km southward.  

By the earliest Holocene, the polygonal micro-topography 

of the Yaroslavl glacial had become buried under newly 

deposited loam upon which modern soils were forming. 

However, even being at 1-2 m below the ground, the relict 

permafrost structure influences the contemporary soil 

formation as it controls the todayôs surface pattern. Namely, 

remnant depressions between blocks in the former polygonal 

ground became projected onto the ground surface having 

produced a regular network of depressions and, eventually, a 

pattern consisting of different elements (Fig. 1). 

 

 
 

Fig.1. Map of paleo-periglacial polygonal ground pattern. Gray forest 

soils. Southern Moscow region. 1 ï elevated blocks, 2 ï block slopes, 

3 ï depressions between blocks, 4 ï kettles. 

 

 

The modern soil cover consists of soil complexes which 

include soils of elevated blocks and depressions between them. 

The inherited origin of the depressions from the paleo-

polygonal ground is confirmed by the presence of large buried 

structures, up to 3 m high (Fig. 1) in sod-podzol and gray forest 

soils, as well as clusters of 1 m high tongue-like wedges in 

chernozem. 

The buried fossil polygonal ground we discovered affects 

considerably the soil hydrology, the morphology and 

physicochemical parameters of chernozems, gray forest, and 

sod-podzol soils, and thus controls the heterogeneity of the soil 

cover.  
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Fig. 2. Morphology of gray forest soil and a soil wedge. A depression 

between blocks. Southern Moscow region. ɸ1, ɸha, ɺ4, [ɸ11],D2, 

D3, etc. Are soil horizons. 

 

 

The effects of paleo-periglacial processes on the soils we 

studied show up at different levels, namely, (i) at the level of 

soil cover: as formation of different soil types and sub-types 

upon different elements of the fossil polygonal ground; (ii) at 

the level of soil profile: as difference in the structure of soil 

profiles and in physical and chemical properties of genetic soil 

horizons, as well as polygonal patterns of different orders that 

record uneven intensity of paleo-periglacial deposition at 

different evolution stages of soil-forming material.  

Thus, the current evolution of sod-podzol, gray forest, and 

chernozem soils superposed upon fossil permafrost polygonal 

ground produces structurally different soil profiles in elevated 

blocks and in depressions between them, which are the two 

zones of paleo-permafrost complexes. The jointly analyzed 

morphological and physicochemical parameters show that 

differences in the soil profile appear at the level of soil types 

and subtypes. Processes associated with the position of a soil in 

a remnant depression changes the soil classification status (Fig. 

3). The soil cover structure of the East European Plain consists 

of rhythmic circular elementary units.  

The reported results on the effect of Pleistocene glaciation 

on Holocene soil formation are based on ecological factors and, 

hence, may be useful for systematizing soils at the soil cover 

level.  

 

 
Fig. 3. Soil map. Black earth (chernozem). Kamennaya Step Reserve. 

Voronezh region. 1 ï common chernozem, 2 ï typical chernozem. 
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Introduction  

More than 60% of the Russian territory belongs to the kingdom 

of perennially frozen earth which is called briefly ñthe Northò. 

In spite of harsh living conditions, the high-latitude regions 

remain attractive for people as a storage of petroleum, gold, 

and diamond. In the first half of the 20
th
 century, with the onset 

of active development of the northern territories, many 

industrial, administrative, and residence buildings were put up, 

which formed rather large urban areas.  

The value of the North, with its tremendous mineral wealth, 

for the Russian national economy cannot be overstated. For this 

reason, the problems of urban planning, development, and 

servicing have been largely discussed. Construction in 

permafrost requires special technologies, thorough knowledge 

of soils, and monitoring of the state of structures and buildings. 

Any technological error or improper adaptation of an 

architectural design to the severe climate can lead to 

deformation and subsidence of constructions. Furthermore, the 

situation is becoming ever more serious in view of global 

warming. Ice does make a solid foundation for houses, unless it 

begins thawing.  

 

Solutions 

Construction in high-latitude regions can be successful only 

with an integrate approach, from minute geological and soil 

studies to strict energy audit. The work in the conditions of 

perennial cold does not end with a high-quality design and 

construction with full respect of all regulations. Careful 

technical examination of buildings in order to reveal flaws (if 

any), estimate the suitability of all structures, and predict the 

future service performance are indispensable post-construction 

measures.  

Thermal imaging is a good tool for detecting hidden flaws. 

The method consists in obtaining images at thermal 

bandwidths, imperceptible for a human eye, which furnish 

exhaustive information of temperature patterns on the surface 

of the object and highlight sites of air leakage, construction 

defects, sealant breakage, etc.  

Another problem for northern territories lies with energy 

saving. The efficiency of heat consumption depends on many 

things, including design solutions (appropriate glazing, heat 

insulation, etc.) and trouble-proof heating systems. Energy 

diagnostics of constructions helps estimating the true heat 

transfer resistance of buildings as a whole and their separate 

parts (walls). Examination can reveal drawbacks whereby 

energy consumption can reduce for 30-40% and the quality of 

the whole heating system can improve markedly. The 

examination results are recorded in a special energy certificate 

assigned to the object, which gives the operation characteristics 

useful for further work toward the general energy balance.  

 

Conclusions 

The prospective measures such as implementation of new 

construction technologies and appropriate diagnostic efforts 

can help withstanding successfully the severe northern nature 

and resolving the vital problem of urban development in high-

latitude Russia. 
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Geocryological components in the 1:2 500 000 Engineering Geological Map of Russia 
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Abstract 

The Engineering Geological Map of Russia complied in 2011 images the components of the engineering geological setting of 

the Russian territory at the scale 1:2 500 000. The geocryological components shown in the map include the extent and various 

properties of permafrost. 

 

Keywords: Geocryological mapping components; engineering geological map of Russia; mapping objects. 

 

 

 

The 1:2 500 000 Engineering Geological Map of Russia 

(IGM-2500) was completed in 2011 at All -Russian Research 

Institute of Hydrogeology and Engineering Geology 

(VSEGINGEO).  

The new map provides a general-purpose synthetic image 

of principal natural controls of the engineering geological 

setting in the near-surface crust which influence the 

construction conditions.   

The mapping objects of IGM-2500 include different 

components of the engineering geological setting and their 

characteristics (Fig. 1). 

 

 

 

 
 

Fig. 1. Information structure of mapping objects (first-order system). 

 

 

 

 

 

The IGM-2500 Map differs from the previous engineering 

geological map [Churinov 1972] in giving a more detailed 

image of the permafrost setting as a control of engineering 

geological conditions (Fig. 2). 
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Fig. 2. Information structure of second-order mapping object. Permafrost factors (see Fig. 1). 

 

 

The mapping objects of the geocryological (permafrost) 

factor are:  

¶ ground perennially frozen from the surface divided into 

continuous permafrost, continuous permafrost with sites 

of unfrozen rocks; discontinuous (sporadic and patchy) 

permafrost; areas of intermittent frozen and unfrozen 

ground;  

¶ permafrost below active layer;  

¶ observed and inferred cryopegs;  

¶ buried permafrost (second layer);  

¶ intermittent frozen and unfrozen rocks;  

¶ permafrost of different continuity;  

¶ permafrost of different temperatures (temperature ranges), 

with grades of below -5ÁC; from -3 to -5ÁC;  from -1Á to 

-3ÁC;  0 to -1ÁC; 

¶ ice content grades are: high; low; ice-rich ground upon 

low-ice ground; 

¶ wedge ice;  

¶ exposed massive ice;  

¶ maximum permafrost thickness.  

The continuity and temperatures of permafrost are shown 

by lilac oblique hatching of larger or smaller spacing; ice 

content grades are shown by different hatching line styles 

(heavy, solid, or dashed lines). The allied parameters of 

permafrost thickness and temperature have different hatching 

tilts for better presentation.   

Other mapped permafrost characteristics are:  

¶ permafrost below active layer;  

¶ thinly intermittent areas of frozen and unfrozen 

ground with mean annual temperatures about 0ÁC are 

marked by with specks of different kinds;  

¶ outcrops of massive ice;  

¶ wedge ice;  

¶ maximum permafrost thickness.  

¶ maximum permafrost thickness are shown by various off-

scale marks according to the legend. 
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Abstract 

Numerical simulation has been applied to study the operation of a cooling system for a 20,000 m
3
 oil container  at the 

Vankoroil field. The modeling shows that the performance of seasonal cooling systems depends on air temperatures averaged 

over certain time spans and wind speed, as well as on stochastic fluctuations of these parameters. 

 

Keywords: cooling system; simulation; soil; thermal siphon. 

 

 

The simulation procedure and the finite-difference scheme 

were as described in [Spasennikova 2011]. The work was 

performed on an NCS-30T SB RAS super-computer using the 

MPI technology of multiple programming [Korneev 2002]. 

The results are synthesized in Table 1, which shows that the 

cooling system not always operates during the winter season. 

Namely, it remained suspended for 258 days out of 729 days 

when the temperatures were below zero, over a three-year 

period.  

This effect is due to different rates of air and ground 

temperature changes: for instance, the cooling system turns off 

at a time when the air temperature rises above the ground 

temperature, though remaining negative, and turns on when the 

temperature again falls to below the ground temperature. The 

suspension time makes 35% of the total duration of the cold 

season.  

Thus, the numerical simulation has demonstrated that 

cooling systems remain suspended for a considerable part of 

the winter season (Table 1) as a result of air temperature 

fluctuations. 

 

 

 

 
Table 1. Simulated operation of seasonal cooling systems (SCS)  
Weather parameters are reported as monthly means 

 Air 

tempe-

rature 

(Áʉ) 

Evaporator 

temperature 

(average) (Áʉ) 

Condenser 

temperature 

(Áʉ) 

Temperature 

beneath 

polystyrene 

foam insulator 

(Áʉ) 

Time 

span 

(days, 

total) 

Suspension time 

at negative air 

temperature 

(days) 

Time of 

negative air 

temperature 

(days) 

Power of 

cooling 

system (kW) 

End of 

February 2010 
-37.9 -28.81 -29.89 -20.49 181 0 151 62.65 

End of August 

2010 
9.3 suspended suspended 0.37 365 74 243 suspended 

End of 

February 2011 
-37.9 -30.6 -31.7 -23.1 546 74 394 48.4 

End of August 

2011 
9.3 suspended suspended 0.13 730 166 486 suspended 

End of 

February 2012 
-16.3 suspended suspended -23.94 912 167 638 suspended 

End of August 

2012 
9.3 suspended suspended -0.25 1096 258 729 suspended 
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Introduction  

Methane measured in the air and water of the East Siberian 

Arctic shelf exceeds the mean-latitude concentrations. Excess 

methane was hypothesized to release from gas hydrates and 

vent into the atmosphere through rapidly thawing and thus 

permeable subsea permafrost with open taliks [Shakhova et al. 

2010]. This arouse much concern of methane hazard that may 

aggravate the greenhouse effect and cause dramatic global 

change. An alternative hypothesis, instead, attributes high 

methane emission rates rather to slow degradation of 

permafrost that became submerged in the East Siberian Arctic 

shelf about 6000-9000 years ago [Dmitrenko et al., 2011]. We 

investigate how the climate change over a few past decades can 

have increased methane emission in the area and predict the 

future scenario till the year 3000 using numerical modeling.  

 

Modeling subsea permafrost  

We used a physically complete hydrothermal model of subsea 

permafrost from [Lavrov & Anisimov 2011]. The calculations 

were performed with the input parameters of thermal 

conductivity, volumetric heat capacity, and porosity of shelf 

sediments, respectively, ɚ=2.2 W m
-1
 ÁC

-1
, C = 1.2Ĭ10

6
  J m

-3
 

ÁC
-1
, and ɖ = 0.2. The sought parameters were the time-

dependent vertical temperature profile T(z) and the subsea 

depths to the upper and lower boundaries of frozen sediments 

(ZPU(t) and ZPL(t), respectively) and gas hydrate stability zone 

(ZGU(t), ZGL(t)). 

The time span was from 25,000 years BP (t0 = -25000) to 

present, and on to the end of the second millennium. It was 

assumed that flooding of permafrost at tf= -9000 õ -6000 

caused an 11.5 ÁC warming of the mean annual temperature of 

shelf sediments: from -13 ÁC (about the air temperature) when 

the shelf was emerged to -1.5 ÁC (bottom water temperature) 

when it became submerged. The bottom water temperature was 

assumed to be constant till 1985 and then to rise at 0.09ÁC/yr 

till 2100, according to the trend observed over the period 1985 

through 2009; after 2100 the temperature was fixed and the 

calculations continued till 3000.  

The model included a warming effect from diffusion of salt 

into bottom sediments, with the bottom water salinity specified 

at 20.9 psu in summer and 26.6 psu in winter, which are the 

measured contemporary values [Dmitrenko et al. 2011]. 

The resulting time-dependent changes in the temperature of 

bottom sediments (T0 on the bottom surface and T200 and T1000 

at the 200 m and 1000 m subsea depths) and in the depths to 

the permafrost and gas-hydrate stability boundaries are shown 

in Fig. 1, for the above settings. 

 

 
Fig. 1. Time series of bottom sediment temperatures and depths to 

permafrost (upper and lower boundaries) and zone of gas hydrate 

stability. Depth  Temperature  Time (years) 

 

The thaw depth of bottom sediments from the onset of 

flooding at 9,000 ï 6,000 yr BP to the mid-1980s was slightly 

less than 10 m, while the mean annual water temperature 

remained subzero. Those temperatures were maintained due to 

penetration of salt into the pore space which transformed ice 

into nonfreezing saline water and made it permeable for gas. 

The modeling results failed to constrain the exact position of 

the thawing front: it looks smeared over a few meters. There 

appeared also an intermediate layer of frozen saline sediments 

with different ice contents and salinities. Sediments having 

negative temperatures and salinities no less than 0.02 psu were 

assumed unfrozen. 

For the past 25 years since the onset of warming, the 

bottom water temperature has risen for about 2.1 ÜC, which 

may have caused thawing of another 6-8 m thick layer of 

sediments below 10 m, to a subbottom depth of 16-18 m. This 

result obviously disagrees with the hypothesis of methane 

venting through permeable bottom sediments because of open 

taliks [Shakhova et al. 2010]. 

The future trend for 2050, 2100, and 3000, predicted with 

the above parameters, is that the subsea depth to permafrost 

table ZPU may move to 20 m, 28 m, and 90 m, respectively. The 

expected changes of the permafrost base depth from 1985 to 

3000 are as small as 20 m, from 235 m to 215 m, and the 

temperature below 150 m remains almost invariable over the 

modeling period. Thus, it is very unlikely that the thaw depth 

of subsea permafrost reaches the present gas hydrate stability 

surface through the current millennium, even with the extreme 

scenario of rapid sediment thawing, which is hardly realistic.    
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Conclusions  

The principal conclusion is that the permafrost table will stay 

above the methane hydrate stability zone at any expected 

temperature change, during the 21
st
 century, and probably as 

long as the end of the current millennium. Even in the case of 

an unlikely climate scenario with overestimated temperature 

range of bottom water, the bottom sediments will have thawed 

to depths about 90 m by 3000, while the zone of methane 

hydrate stability in the shelf, at sea depths of 10 ï 50 m, beings  

at the 140-100 m below the bottom. Thus, the zone of gas 

hydrates will remain isolated by permafrost with a nearly zero 

permeability.  

When estimating the effects of uncertainty in model 

parameters, one has to be aware that the predicted dynamics of 

permafrost thawing is more sensitive to the future temperature 

trends and to the physical properties of sediments than to the 

accuracy of paleo-temperature reconstructions. The effect of 

seawater salinity on the permafrost state was to increase the 

depth of the permafrost table for about 9 m, from the flooding 

event to 1985, while the bottom water temperature remained  

negative. The thawing resulted from salt diffusion rather than 

from a thermal effect, as perennially frozen bottom sediments 

became impregnated with supercooled saline water.  

Of special interest is the problem whether the present high- 

rate methane emission from the East Siberian Arctic shelf 

affects global warming. For this one has to estimate the 

contribution of the current annual flux of 7.9 Tg C [Shakhova 

et al. 2010] to the global atmospheric methane, taking into 

account the ~12 year average life time of a methane molecule 

in the atmosphere. Thus, at the equilibrium state, this methane 

flux will contribute more than 95-100 Tg, or 40 ppbv CH4. 

Note that a methane flux of 1000 ppbv increases the global 

mean annual air temperature for 0.3 ÁC [Semenov & Popov 

2011], i.e., methane emission from the East Siberian Arctic 

shelf is responsible for ~ 0.01 ÁC warming, which cannot cause 

any notable effect on the global climate. Even if the current 

emission rates become ten times greater, the related air 

warming will be within 0.1 ÁC, or notably below the 

uncertainty in climate reconstructions associated with 

insufficient knowledge of other climate controls.   

The reported results lend no support to the hypothesis of a 

pending climate catastrophe because of methane venting into 

the atmosphere from thawing sediments in the East Siberian 

Arctic shelf. This hypothesis is neither consistent with 

paleoclimate data. Namely, there was already a climate 

optimum in the Holocene after the Late Pleistocene glaciation 

maximum, but there has been no evidence of any change that 

could be called disastrous, though the processes on the shelf 

during that warming event were similar to the contemporary 

trends.  
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Introduction  

Permafrost-affected soils are widespread in subarctic and arctic 

tundra where great amounts of organic matter are stored 

[Tarnocai et. al. 2009]. We assume that predicted increase of 

global air temperature will mobilize this large reservoir of 

carbon and enhance biogeochemical processes in the upper 

layers of the permafrost-affected soils. Studies of 

biogeochemical processes in the Arctic region are particularly 

important because its ecosystems react more sensitive to effects 

of climate change and human impacts. Organic matter and 

permafrost table act as geochemical barrier that regulate 

ecosystem metal flows. Therefore, studies of organic matter 

composition, biological activity, and changes in active layer 

depth of permafrost-affected soils provide the basis for 

understanding ecosystem stability. Our research aims to 

discover how the function of permafrost-affected soils as a 

buffering system for metal pollutants could change in response 

to predicted changes.  

 

Investigation Sites and Methods 

Samoylov Island (N 72Á22ô10ôô; E 126Á31ô05ôô) is one of about 

1500 islands of the Lena River Delta, Northern Siberia. It is 

located in one of the main river channels (Olenyok Channel) 

and represents the south-central and eastern surfaces of the 

Lena River Delta [Akhmadeeva et. al., 1999].  

Two dominating geomorphologic processes can be 

observed on the island. The western part of Samoylov Island 

represents the middle floodplain and encompasses sediments 

that consist of mostly fine to medium sand and silt fractions. 

Frequent changes of the river water level create different 

periods of sedimentation and result in the formation of 

stratified soils and sediment layers which are dominated either 

by mineral substrates with allochthonous organic matter or 

pure autochthonous peat. In contrast to the accumulative 

floodplain site, erosion processes dominate on the eastern part 

of the island and form an abrasion coast. This part is 

represented by a fluvial terrace and composed of middle to 

early Holocene deposits, which cover about 70% of the total 

area of the island [Akhmadeeva et. al., 1999]. Polygonal tundra 

is typical for the landscape and is characterized by two 

different formations: polygon centers that are water saturated 

and feature a large amount of organic matter due to the 

accumulation under anaerobic conditions, and polygon rims 

that show evidence of cryoturbation in more or less all horizons 

of the active layer. They show a distinctly deeper water level 

and lower accumulation of organic matter. The high flood-plain 

fragmentarily is situated between the east coast of the island 

and the western border of the fluvial terrace above flood-plain. 

It hypothetically consists of a thermokarst depression of the 

fluvial terrace above flood-plain, because it is composed by the 

same layered peatish-sand deposits of the ancient delta flood-

plain. It is flooded with water only by high tide [Akhmadeeva 

et. al., 1999].  

The field work was carried out on Samoylov Island in 

September during the ñLena Delta 2010ò expedition when the 

seasonal thaw depth was greatest. In the course of field 

investigations to understand the influence of soil structure and 

soil properties on the distribution of trace metals, we chose 

three representative sites with five geomorphologic conditions 

and soil-forming processes: (1) ancient fluvial terrace 

represented by polygon rims (profile PJ1) and polygon centers 

(profile PJ2), (2) high floodplain with polygonal microrelief 

represented by poorly defined rims (profile PJ3) and centers 

(profile PJ 4), and (3) middle floodplain (profile PJ5). We 

focused our sampling on the thawed zones above the 

permafrost table where we suggested theoretically 

accumulation of trace elements. We determined the following 

soil characteristics: soil type, skeletal proportion, humus 

content, decomposition stage of organic matter, soil color, 

texture shape and size, inclusions, bulk density and root 

penetration. Macro- and microrelief forms, soil orders, 

anthropogenic changes, and vegetation cover were described as 

well. Soil types were determined according to both the Russian 

classification of Yelovskaya (1987) and the US Soil Taxonomy 

(2006) (Tab. 1).  
 
Table1. Soil classification according to US Taxonomy (2006) and to 
Yelovskaya (1987). 

Profile 

ID 

US Taxonomy 

(2006) 

Russian Soil Classification 

(Yelovskaya, 1987) 

PJ1 Typic Aquiturbel Permafrost Turfness-Gley 

Typical 

PJ2 Typic Fibristel Permafrost Peat 

PJ3 Typic Histoturbel Permafrost Peatish-Gley 

PJ4 Typic Histothel Permafrost Peat-Gley 

PJ5 Typic Aquorthel Permafrost Alluvial Turfness 

Typical 

 

Laboratory analyses were carried out at the Institute of Soil 

Science (Hamburg, Germany) including determination of soil 

acidity (pH) and electrical conductivity (CG 820 Schott 

Geraete GmbH, Germany; Cond 330i, WTW, Germany), C/N 

analysis (Vario MAX CNS), water content, grain-size 

distribution (Sedimat 4-12, UGT, Germany) of the < 2 mm 

fraction, extraction of Fe, Mn, Zn, Cd, Ni, Cu, As, Pb, Co and 

Hg using HCl 30% and HNO3 60%, with a microwave method 

(Mars X Express, GmbH, Germany) and determination of trace 

metal contents (AAS Varian AA 280 Series). 
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Preliminary results 

The first results of chemical analyses showed that the 

distribution of trace metals was related to geomorphological 

characteristics of the investigated landscape. Thus, the 

following factors strongly influenced on most of trace elements 

accumulation within profiles: (1) grain-size of sediment 

distribution, (2) redox conditions, (3) organic matter 

occurrence and (4) presence of permafrost table.  The profile at 

the middle flood-plain differed from the profiles representing 

the more ancient parts of the island. Its soils were described as 

Typic Aquorthels containing more sandy material on the upper 

part and silty material on the bottom part of the profile. They 

had a more alkaline reaction compared to the soils of the fluvial 

terrace. This finding suggested that apart from the parent 

material, the second potential source of trace metals at the 

middle flood-plain was allochthonous substance input during 

annual flooding. 
 
Table 2. Total metal concentration for investigated soil profiles of 
Samoylov Island (in mgĬkg-1, Fe in 103mgĬkg-1). Soil horizons are 
described according to US Taxonomy soil classification. 

Horizon 
Depth 

cm 
Pb Ni Cu As Fe Mn Zn 

Ancient fluvial terrace. PJ 1 Polygonal rim 

(location: 72Á 22' 17.663" N, 126Á 29' 11.659" E) 

Ajj1  0-3 5.0 15 4.2 3.1 18 313 43 

Ajj2  -13 5.1 11 4.3 2.8 18 354 42 

Bjjg1  -16 7.4 23 8.0 10 41 1206 58 

Bjjg2   -24 7.0 22 4.8 2.8 20 375 60 

Bjjg3   -44 6.7 20 2.7 2.1 18 224 61 

Bjjg4   -61 7.4 23 6.0 3.2 22 314 60 

Ancient fluvial terrace. PJ2 Center of polygon  

(location: 72Á 22' 17.663" N, 126Á 29' 11.659" E) 

Oi  0-10 8.0 19 11 3.4 21 481 49 

Oie   -18 31 18 11 3.8 17 160 35 

Oe1   -30 5.2 17 10 3.2 18 143 49 

Oe2   -40 7.2 24 12 3.3 20 213 60 

High flood-plain. PJ3 Rim of polygon  

(location: 72Á 22' 19.459" N, 126Á 28' 42.737" E) 

Oi  0-7 3.6 17 8.3 3.7 11 143 33 

Ajj1  -13 4.7 15 2.5 2.2 16 215 40 

Ajj2   -29 5.2 20 5.1 3.3 18 271 46 

Bjjg1   -35 4.0 11 1.0 2.5 
15 

138

5 

24 

Bjjg2   -40 5.4 19 4.5 3.2 17 568 48 

High flood-plain. PJ4 Center of polygon  

(location: 72Á 22' 19.546" N, 126Á 28' 41.765" E) 

Oi  0-10 6.6 24 14 4.0 20 633 36 

Oe   -22 5.7 20 12 3.0 16 354 55 

Bjjg1   -31 4.0 12 2.6 2.1 12 139 30 

Bjjg2  -50 5.0 16 4.1 2.6 15 165 40 

Middle flood-plain. PJ5  

(location: 72Á 22' 51.611" N, 126Á 28' 28.366" E) 

Ajj  0-8 7.2 21 4.0 5.1 27 315 55 

B(jj)g1  -24 4.6 12 1.0 3.1 17 190 33 

B(jj)g2 -29 6.0 20 2.3 4.6 22 293 50 

B(jj)g3 -33 8.2 21 8.0 6.2 30 384 61 

B(jj)g3 -37 5.6 19 3.0 4.8 25 387 55 

Bjjg4   -91 10 31 9.1 6.2 35 433 79 

 

Comparison of the polygonal rims and centers in ancient 

fluvial terrace and high flood-plain showed that average values 

of metals were higher in polygon centers characterized by 

accumulation of organic matter and more moist environments.   

While the trace element concentrations for all sites did not 

exceed typical crustal abundances given by Vinogradov [1957] 

and average concentrations of metals in World soils given by 

Bowen [1979], the maximum concentrations of most of the 

metals were observed within the soil profile at the middle 

flood-plain. High gravimetric concentrations (related to dry 

mass of soil material) of Mn and Fe were found within all soil 

profiles and vary from 143 to 1385 mg kg-1 and from 11Ĭ103 

to 41Ĭ103 mg kg-1, respectively. The highest concentration of 

iron we observed in profile PJ1 at the horizon at the 16 cm 

depth, characterized by sandy silt. The maximum value of 

manganese was found on the high flood-plain site at the 35 cm 

depth horizon. Higher concentrations of Pb, Ni, Cu and Zn 

were detected in most soil profiles in the deeper soil zones than 

in the top soil. That supported our suggestion that permafrost 

table, acting as a geochemical barrier, retarded further 

migration of elements into deeper horizons. We found highest 

values of As in silty layers of the middle flood-plain. In organic 

rich soil horizons of polygon centers (Tab. 2) high values of 

arsenic have been detected within in the first 10 cm. This 

observation reflects the general finding that higher 

concentrations of arsenic relate most often to alluvial soils and 

soils enriched in organic matter. 

 Correlation analysis between element concentrations, 

grain-size distribution and carbon content revealed a strong 

relationship of the element distribution with the mineralogical 

composition of soil materials for all soil profiles. Thus, trace 

metal concentrations were higher in silt horizons with high 

organic matter content and lower in horizons formed by fine 

sand and low organic matter content. Based on the results 

obtained, we suggested that the investigation site shows only 

negligible atmospheric depositions caused by human activity. 

Therefore, this site can serve as a reference point for 

determining human influences on permafrost-affected 

landscapes or comparing similar pristine areas in the Arctic 

region. 
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Introduction   

A bridge across the Norilskaya River in the Norilsk industrial 

area offers good examples of problems the waterworks in 

permafrost may face. The object exists in complicated 

cryological conditions imposed by large amounts of ground ice 

in the area. A number of solutions have been suggested to 

ensure safe operation of structures of this kind.  

Building transportation infrastructure in the permafrost-soil 

conditions of the Extreme North is a challenge, especially in 

the case of foundations with abundant ground ice or natural 

high-temperature permafrost. Heavy static and dynamic loads 

require footing with a high carrying capacity. Perturbations to 

heat exchange in the system ñambient air ï active layer ï 

permafrostò are especially dangerous for waterside bridge 

footing. Commonly the ground is unfrozen beneath large rivers 

and lakes but is frozen in their sides. Construction works 

interfere with the fragile natural thermodynamic balance 

whereby the boundary between the unfrozen (beneath a river) 

and frozen zones moves to the riverside soils, while 

unpredictable gradual thawing leads to instability of foundation 

soils [Are 1985]. The built transportation objects experience 

major deformation. The situation aggravates largely if the risky 

effects are not revealed timely [Grebenets 2007]. 

  

Study area  

The study area in the vicinity of Norilsk city belongs to the 

subarctic climate zone. The mean annual air temperature over 

the period of observations has been 9.8ÁC; the mean annual 

precipitation is relatively low and makes about 300-400 mm 

[SNiP 23.01.99 1999]. The site is located on a watershed, in the 

Valyok lake terrace. The area lies in the forest-tundra zone but 

there are tundra patches within the site [Sheveleva & 

Khomichevskaya 1967]. 

Rapid development of the territory began with the 

construction of the Norlisk Nickel Combine since 1935, and a 

narrow-gauge railroad to Dudinka was built in 1938. Before 

that time, most of the local infrastructure consisted of Valyok 

port in summer and winter trails in winter. Valyok port became 

ever less used with increasing role of the Dudinka 

transportation junction. After construction of Talnakh city in 

1960, it was decided to build a bridge across the Norilskaya 

River. The bridge was put up in 1962-64 upon anchored raker 

piles (45 cm in diameter) embedded to 20-25 m into the ground 

and relying upon the Valyok varved clay [Grebenets 2007]. 

 

Results and discussion 

Threatening deformation and displacement of the left-side 

footing began almost immediately after the Norilskaya bridge 

construction had finished (Fig. 1).  

The bridge, about 1 km long, has its left part lying upon 

frozen ground, with the following downward profile: 2-4 to 18-

20 m of coarse-grained riprap embankment; 1 to 5 m of ice-rich 

(20-40 %) loam; 12-20 m of ice-rich (to 20 %) clay. In the 

depth interval 18-28 m, there is an ice lens which remained 

actually undetected during engineering geological surveys 

[Grebenets et al. 1999]. The ground ice began thawing as the 

natural permafrost balance was disturbed during piling. The 

bridge footing has undergone heavy deformation for 20 years 

and became displaced: subsided for 1800 mm and moved to 

650 mm downstream. The unacceptable deformation damaged 

the rail- and motor-roads and caused traffic accidents. The 

bridge footing was lifted with powerful (5000 kN) jacks and 

adjusted four times. In 1978, a slurry pipeline was laid along 

the bridge which added 40 t more load. The left support was 

surrounded in 1983-84 with 123 vapor-liquid installations for 

freezing it into the riverside ground. The freezing units were 

mounted to depths of 20-40 m. The soil subsidence and footing 

displacement settled up for the first 4 or 5 years, and then 

stopped [Grebenets 2007].  

 

 
Fig. 1. Deformed motor- and rail-road bridge across Norilskaya River, 

with deeply embedded vapor-liquid thermal units along the left pile 

contour (Photograph by A. Maslakov, July 2010). 

 

 

The right footing part lying upon unfrozen soil was set 

stable with a drilled pier foundation after a soil subsidence 

event in 1980. The todayôs situation remains unclear.  

 

Conclusions  

Engineering geocryological exploration work has to include 

prediction of possible natural changes, especially, climate- 

sensitive permafrost conditions, with due regard to the duration 

and magnitude of anthropogenic loads. It is urgent to perform 

field studies of the thermal regime of waterside structures 
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operated with the use of artificial freezing of soil foundations 

in the Norilsk district, to undertake geocryological prediction 

of the state of footing, and to develop recommendations for 

increasing their stability. These measures will provide the 

security of cutoff curtain grouting, save labor costs, and reduce 

the costs of artificial freezing works.  
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Hydrocarbon extraction in the Far North, as well as other 

types of economic activity, is accompanied by changes of 

natural environment. The scale and the nature of these changes 

depend on intensity and peculiarities of the impact made. This 

determines the properties of the anthropogenic geoecological 

situation at local and regional levels. What is more, a 

successful operation of the manufacturing equipment and 

conditions of the infrastructure depend on natural 

geoecological conditions in areas of exploration of deposits 

(e.g. on resistance of the grounds to thawing, which, among 

other factors, depends on vegetation cover type). At the same 

time, criteria of evaluation of the existing geoecological 

conditions must include characteristics describing probability 

of occurrence of its eventual adverse changes and their 

significance.  

These criteria include risk factors calculated considering the 

international methodology of critical loads and the data on 

emission amount of pollutants, mainly nitrogen oxides, because 

these compounds determine probability of occurrence of both 

eutrophication and acidation effects in ecosystems. Ranking of 

the total data on the risks followed by its analysis makes it 

possible to perform, based on this criterion, a retrospective, 

ongoing and/or predictive evaluation of the geoecological 

situation within the area of the economic responsibility of the 

enterprise.  

When performing evaluation of the risk parameters, one 

takes into account the status of natural territorial complexes. 

For example, as regards specially protected natural areas, the 

forecast estimate of the geoecological situation in the area of 

activity of Gazprom Dobycha Yamburg LLC can be 

satisfactory provided that the risk level is low, i.e. probability 

of excess of the critical loads is confined within an interval of 

5% - 25%.  As to areas of traditional natural resources 

management (e.g. deer pastures, hunting lands, wetlands), the 

forecast estimate can be satisfactory if the risk level is 

moderate. That is, the probability of excess of the critical loads 

shall not exceed 25% either. Higher risk levels, namely 75% ï 

95%, are tolerated in case of areas located within the 

boundaries of sanitary protection zones.  
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Introduction  

Guidelines and regulations are typical tools for engineers. In 

most engineering professions, such documents exist to help 

engineers in their design but probably even more importantly to 

protect the public from poorly designed infrastructure. 

Guidelines, whether those are binding and of legal character or 

not, also help clients, who may not be experts, to obtain an 

engineering product that conforms to a certain standard. Hence, 

guidelines also help to ensure safe and economic design 

solutions. The permafrost engineering profession is no 

exception and various guidelines and documents exist around 

the world. The Permafrost Engineering Working Group 

(PEWG) of the International Permafrost Association (IPA) 

took the initiative to prepare an overview of such, 

internationally available documents. The main objective of this 

abstract, together with discussions during the Tenth 

International Conference on Permafrost 2012, is to identify 

potential gaps and needs for international guidelines to be 

prepared under the patronage of the IPA Engineering Working 

Group. We have prepared a summary of binding codes and 

enforced guidelines, non-binding guidelines as well as 

additional documents used by permafrost engineers for various 

design purposes. The focus lies on recent documentations. Page 

limitations do not allow for the full references to be listed 

herein, but enough information is provided so that the 

documents are trackable.  

 

Binding Regulations 

Only very limited number of documents exist that are legally 

binding. Code 50-305-2004, Building Foundations on Frozen 

Ground [2005], is such a document prepared by the Permafrost 

Institute Yakutsk together with several Russian organizations. 

This regional code applies to building foundations in 

permafrost and frost-susceptible seasonally frozen soils in the 

Chita Province, Russia.  

In Switzerland, binding technical guidelines exist for the 

planning of snow supporting structures [Defense structures in 

avalanche starting zones, 2007]. Chapter 7 addresses structures 

build in permafrost environments. 

 

General Guidelines 

A different class of documents are guidelines that are not 

necessarily binding, but form the basis for engineering projects 

for governments, for example a department of transportation. 

Further, engineering associations present guidelines that 

formulate current state of the art and best practice. Such 

documents may become legally binding when defining best 

practice during potential legal actions. The American Society 

of Civil Engineers (ASCE) has presented various documents on 

permafrost engineering: 

1983 Cold Regions Construction: A State of the Practice 

Report 

1985 Thermal Design Considerations in Frozen Ground 

Engineering: A State of the Practice Report 

1996 Cold Regions Utilities Monograph, Third Edition 

2001 Design and Construction of Frost-Protected Shallow 

Foundations 

2004 Thermal Analysis, Construction, and Monitoring 

Methods for Frozen Ground 

2004 Bridge Foundation Design Methodology in Alaska 

2007 Permafrost Foundations: State of the Practice 

Similar to the ASCE Standards, the Permafrost Institute in 

Yakutsk has published several documents that help permafrost 

engineers in their design: 

2000 Guidelines for Hydrogeochemical Studies as Part of 

Geotechnical Investigations in Permafrost Areas 

2000 Design, Construction, Operation and Maintenance of 

Small Dams in Permafrost Areas (on the Example of 

Yakutia) 

2001 Permafrost Hydrogeology, Practical Course 

2002 Engineering Structures, Methodological Guide 

2002 Temperature Regime and Stability of Small Dams and 

Canals on Permafrost 

2003 Basics of Integrated (Hydrogeological, Engineering-

Geological, Geocryological and Geoecological) 

Surveying in Northern Areas 

2004 Frozen Ground Engineering, Glaciology and Ice 

Engineering: Fundamental Information Sources in 

Russian 

2009 Manual on Monitoring Site Establishment for 

Permafrost Temperature Observations 

In 1999,the Institute of Geography, Irkutsk, 

Russiapublished theñGeocryological Monitoring Guidelines for 

Railroadsò that addresses various components of monitoring, 

including observations to control icings, snow, embankment 

thermal regime, frost heave and thaw settlement, frost 

disintegration, thermal erosion, drainages and culverts, power 

and communication lines, and land rehabilitation. Further, an 

extensive list of applicable standards, codes and references is 

given. 

Foundation guidelines are available in North America, 

Europe as well as Russia. They generally provide assistance in 

thermal and settlement analysis for shallow and deep 

foundations in various permafrost environments or areas 

affected by seasonally frost. Some of those are: 
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1969 Foundations of Structures in Cold Regions (CRREL), 

USA 

1980 Design and Construction of Foundations in Areas of 

Deep Seasonal Frost and Permafrost (CRREL), USA 

1983 Arctic and Subarctic Construction Foundations for 

Structures. Department of the Army and the Air Force, 

USA 

2000 Design Manual for New Foundations on Permafrost, 

Alaska, USA 

2001 Design Manual for Designing Foundations on 

Permafrost, Alaska, USA 

2002 Analysis of Shallow Foundations, Russia 

2009 Structures in Permafrost (WSL), Switzerland 

Additional guidelines are available for road construction 

and maintenance, preliminary via department of transportation 

or similar agencies.  

2007 Alaska Geotechnical Procedures Manual, Alaska 

Department of Transportation and Public Facilities 

2010 Guidelines for Development and Management of 

Transportation Infrastructure in Permafrost Regions, 

Transport Association of Canada 

In 1998, a network from northern Finland, Norway, 

Scotland and Sweden started a collaboration known as 

ROADEX (www.roadex.org), which was later joined by 

Greenland and Iceland. In an initial phase road condition 

management and winter maintenance was the focus of the 

initiative. Additional stages followed with ROADEX II, 

ROADEX III and most recently the Northern Periphery 

Programme. Even though there is no particular focus on 

permafrost, various aspects of cold regions roads are addressed 

and discussed in some of the documents. Practical manuals for 

engineers, videos and brochures, and an e-learning tool were 

developed. The various programmes focuses are: 

New monitoring techniques, new survey methods and new 

analyses to identify trends in road condition; 

New road design and maintenance methodologies 

specifically suited to the climates, ground conditions and traffic 

flows of northern Europe; 

New policies and protocols for politicians and decision-

makers to give greater weight and funding to rural roads. 

Site investigation is another key element in permafrost 

engineering, since ground information forms the basis for any 

design: 

1963 Engineering Site Investigations in Permafrost Areas 

1966 Description and Classification of Frozen Soils 

2009 Guidelines for Permafrost Investigation by Dynamic 

GPR Method, Russia 

2010 Geotechnical Site Investigation Guidelines for 

Building Foundations in Permafrost, NWT, Canada 

In a recent publication by Hugh French and Yuri Shur 

[2010] called ñThe principles of cryostratigraphyò, the need for 

mapping cryostructures in addition to a commonly used 

descriptive ground ice system, e.g. Johnston [1981], was 

reconsidered. The importance of understanding and 

characterizing the cryostratigraphy for an engineering design is 

an important aspect for permafrost engineers to consider. 

Finally, designing infrastructure in permafrost 

environments taking into account scenarios for climate change 

has become a major challenge for engineers. Many guidelines 

address this aspect, but the focus of the following documents is 

on climate change impacts: 

1998 Climate change impacts on permafrost engineering 

design, Program of Energy Research and 

Development, Canada 

2005 Infrastructure: buildings, support systems and 

industrial facilities, Arctic Climate Impact Assessment 

2010 Infrastructure in permafrost: A guideline for climate 

change adaptation, Canadian Standard Association 

Textbooks 

This abstract would not be complete without listing 

textbook-like documents that address and cover various aspects 

of frozen ground engineering, hence act as basis for many 

designs: 

1978 Geotechnical Engineering for Cold Regions 

1981 Permafrost Engineering Design and Construction 

1983 Introduction to Cold Regions Structural Design and 

Construction 

1985 Frozen Ground Engineering (Phukan) 

2004 Frozen Ground Engineering (Andersland&Ladanyi) 

2008 Cold Regions Pavement Engineering 

2010 Engineering Geocryology 

 

Conclusions 

Documents that help permafrost engineers for designing 

infrastructure have been available for more than 60 years. 

Interestingly, there seems to be generational waves. A first set 

of documents was published in the 1960ôs then in the 1980ôs 

and now during the last 10 years. This trend is a clear indicator 

for the cyclic activities in the North, mainly driven by the 

resource industry around the world. The available documents 

are prepared with the aim of carrying out better and 

standardized designs in permafrost environments. As 

demonstrated herein, a good number of documents exist today. 

However, there are discrepancies between some 

recommendations, which may make it challenging for 

multinational clients (e.g., mining and energy sectors) and 

engineering firms to prepare designs in a globalized world. It is 

therefore believed that it would be beneficial if the IPA would 

initiate general guidelines on permafrost engineering. 
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Publishing the atlas ñGeomorphology of Antarcticaò is an 

excellent accomplishment of geomorphologists and 

geographers from the Saint-Petersburg State University. No 

edition of this kind has ever come out, neither in Russia nor in 

the world. The Atlas is a new type of special cartographic 

works which synthesize fifty years of investigations by 

Antarctic polar expeditions. This is an event of utmost national 

value. The ways of presenting cartographic data employed in 

the Atlas may be a useful experience to share with scientists 

from different countries engaged anyhow in studies of high-

latitude regions and shelf areas of the Arctic and Antarctic seas. 

In this respect, the Atlas is a rare example of mapping diverse 

geographic data.  

Geology, geomorphology, and geophysics are the principle 

lines of todayôs polar research. Among these,  geomorphology 

is especially important for Antarctica as it provides knowledge 

of the surface topography and thus lays basis for many other 

geological and geographical disciplines. Russian scientists have 

gathered an ample collection of data for the past 50 years, 

which has been scrutinized and synthesized with great care.  

Unlike all previous atlases of the southern continent, the 

one we present is a unique collection of subject maps. The 

maps image the sub-ice and sub-sea topography which can be 

analyzed and used for reference when describing different 

geological and geomorphic processes and structures. The 

novelty of information and processing technologies command 

the layout of the Atlas and the data sequence, which 

corresponds to the multipurpose character of the integrated 

geomorphic research.    

The compiling work addressed three basic groups of issues:  

(1) region-oriented issues of mapping the sub-ice and sub-

sea topography of different areas of Antarctica and the related 

geological, lithological, and glacio-dynamic processes and 

structures. The mapping stems from most comprehensive and 

reliable evidence and is performed at different scales;  

(2) theoretical and methodological issues required for 

developing new approaches to mapping and research of terrain-

forming processes;  

(3) practical objectives of testing the methods and ways of 

solving various applied problems, which are published for the 

first time.  

The data shown in the Atlas include results of general 

mapping, structural-morphometric analysis, and specialized 

geomorphic mapping. General mapping has been performed at 

three levels: elements, geomorphic systems, and geomorphic 

provinces. The structural-morphometric analysis of topography 

is made in the vertical dimension and in map view, 

simultaneously at two angles and in side view. Specialized 

mapping includes morphotectonic mapping and zoning, 

estimating quantitatively various parameters of geodynamic 

processes (by the balance method), mapping the topography of 

the ground, sub-ice, sub-sea, and intermediate surfaces, with 

implications for glaciological and morphological dynamics; 

additionally, there are maps of separate elements and forms of 

the sub-ice and sub-sea surfaces that record dynamic processes 

in pre-glacial periods of the continent evolution, prior to the 

formation of the ice sheet. Research in terms of morpho-

dynamics concerns issues of practical importance which cannot 

be studied by other methods or sciences. They are neotectonics, 

glacial processes in basal layers, and many others. The 

practical outcome is that the Atlas provides information for 

reliable predictions, especially in mineral exploration, for 

precise geothermal measurements, as well as studying for 

changes in ice thickness, sealevel, and global climate.  

The Atlas is a product of joint efforts of many people, not 

only the compilers but also those who run field and laboratory 

work in the extreme conditions of Antarctica. They are, 

specifically, members of the Russian Antarctic expeditions and 

people from different institutions engaged in polar research, 

such as the Arctic and Antarctic Research Institute (Saint-

Petersburg), Polar Marine Geological Survey Expedition  

(Saint-Petersburg); Institute of Geography of the Russian 

Academy of Sciences (Moscow); All-Russian Research 

Institute  for  Geology and Mineral Resources of the World 

Ocean (Saint-Petersburg), etc.  

The ideology of the Atlas has been elaborated at the 

Department of Geomorphology of the Saint-Petersburg State 

University, by A.N. Lastochkin, Honorary Professor, Doctor of 

Geology & Mineralogy. The maps have been compiled and 

prepared for publication at the Karta Corporation, the first 

Russian private publisher of cartographic  materials.  

Special methods of comprehensive artistic design have been 

employed in preparing the Atlas for publication, for the first 

time in the Russian scientific publishing practice. Due to this 

design, the Atlas has become more  austere and consistent, in 

both form and content, with perfectly systematized maps, 

legends, tables, and plots, which makes the book easy to handle 

and just very nice-looking: one of best books of Russia.  

The Atlas consists of 256 pages, 25ʭ35 cm, divided into 

eight sections. It contains 105 maps, of which many have never 

been published before. This is really a pioneering work, in 

Russia and abroad.   

As it often happens, comprehending the content of the 

whole collection of data and its exceptional value will take 

some time. The ideas that stand behind the Atlas will probably 

become a reference against which to check the results of future 

research for at least fifty years ahead. What is obvious today is 

that the Atlas ñGeomorphology of Antarcticaò opens new 

avenues in Antarctic studies and will be useful for all scientists 

interested in the Earthôs polar regions. 
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The expansion of the oil and gas production into regions 

characterized with complex natural and climatic conditions 

determines the new requirements for all associated 

technologies. Despite the use of modern technologies in the 

hydrocarbon production, transportation and processing sphere, 

the level of environmental objects' pollution with this raw 

material or its products remains very high. The accidents (in 

the example of spillage of million tonnes of oil in the Gulf of 

Mexico) showed that such phenomena can be not only of local 

but also of intercontinental nature. 

The ecosystem of the Far North is characterized with a high 

susceptibility to anthropogenic impacts. The development of 

deposits inevitably leads to the increase in the technogenic load 

on the northern regions' ecosystem. This has an adverse effect 

on the ecological safety and raises a question about 

development of new approaches to the solution for 

environmental protection problems. 

The prevention of the soil and vegetation cover degradation 

is one of the main conditions for preservation of the natural 

environment in the Far North because the indicated cover 

represents the main structure-forming and the most vulnerable 

element of natural landscapes. The stability and the integrity of 

the soil and vegetation cover ensure the safety not only of the 

natural environment but also of technical structures. The 

development of hazardous erosional and geocryological 

processes resulting from the soil cover disturbance can cause 

damage or destruction of fields' facilities. 

The pollution of the soil and vegetation cover with such 

liquid hydrocarbons as gas condensate, oil and their processing 

products leads to its intense degradation and often to its 

complete destruction. Self-purification and restoration of the 

polluted areas occur very slowly and last for more than one 

decade in the Far North conditions. 

A number of authors point out that the disappearance of the 

vegetation cover including the case when it disappears as a 

result of oil pollution leads to the development of the long-term 

thawing of frozen grounds. 

Since 2009 the specialists of Gazprom VNIIGAZ LLC 

carried out extensive work connected with the study on 

application of modern methods for purification and restoration 

of disturbed and polluted land on the territory of the Yamal 

Peninsula. 

The work describes the results obtained from the use of 

biotechnological purification methods (bioremediation) of oil-

polluted soils as well as from the use of technologies of the soil 

and vegetation cover restoration.  

The research on soil purification from hydrocarbon 

pollution was carried out with the use of the Bioros 

biopreparation on the basis of hydrocarbon-oxidizing 

microorganism cultures. A series of experiments was 

performed with the use of ex-situ methods (with soil 

purification in the solid-phase fermenter (with soil extraction)) 

and in-situ methods (at the area of pollution localization). The 

results of the experiments showed that purification is more 

efficient in the solid-phase fermenter than on open ground. The 

87% degree of polluted soil purification was achieved for 14 

research days. 

The investigations on restoration of the soil and vegetation 

cover were carried out at technogenic sites having no 

vegetation. The Pseudomonas putida biopreparation was used. 

It represents a cultural liquid of soil microorganisms where the 

culture and the products of its activity contribute to 

optimization of the soil medium and improve the plants' 

resistance to the outer unfavorable factors. This accelerates 

plant growth and development and reduces the recovery 

periods of the grass stand. 

The results of the research showed the high efficiency of 

biotechnological methods and determined their potential for 

application to purification and restoration of technogenically 

disturbed lands in the Far North regions. 
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The effect of neotectonic movements on the structure of 

permafrost and periglacial processes has been relatively little 

explored. However, the tectonic framework and neotectonic 

activity largely influence both the permafrost extent and the 

surface processes in frozen ground (e.g., formation of 

thermokarst, according to Velikotsky [1972]).  

In this study, the relationship of cryogenic processes with 

tectonic framework and neotectonic uplift is investigated with 

the example of two key sites in the Russian Arctic (Buor-Khai 

Bay near Tiksi and Preobrazhenie Island in the Khatanga Gulf), 

using morphostructural analysis.   

The island of Preobrazhenie (Russian for Transfiguration) 

is a tilted block within the Khatanga graben. The block is 

highly uplifted and is strongly asymmetrical, with a gentler 

western slope descending smoothly offshore and a steeper 

eastern slope delineated by a scarp, possibly of a tectonic 

origin. The scarp is locally counter-sloping and is composed of 

Cretaceous and Jurassic sandstone, siltstone, and mudstone 

[Romanenko 1996]. Note that the island rises quite high 

(altitudes above 80 m asl the highest), even above the elevated 

land of Taimyr Peninsula and Bolshoi Begichev Island located 

in the same area. On the other hand, it is surrounded by a 

relatively gently sloping seafloor rise where water depths are 

increasing slowly.  

The steep eastern edge of the island most likely follows a 

young active fault, judging by its map-view configuration and 

up to 80 m high bedrock cliff walls. The fault zone has a 

pinnate structure with smaller cross faults and fractured zones. 

The western border likewise may correspond to a fault but of 

less prominent geomorphic expression. It is noteworthy that the 

NðS trending fault borders of the island show neither 

northward nor southward extensions, possibly, because they are 

buried under sediments (Fig. 1).   

The island may be a crust block with, at its base, one of salt 

diapirs which are widespread in the Khatanga Bay, and the 

diapir may be responsible for the uplift. Another possible cause 

may be associated with neotectonic activity driven by mantle or 

asthenospheric processes. The two agents may have acted 

jointly and strengthened one another. The asymmetry of the 

block may have been due to the eccentric position of the diapir  

whereby the western and eastern parts of the island, though 

both being involved in general motion, uplifted at different 

rates.  

The island has been subject to thermal erosion and slope 

processes at extremely high rates as a result of fast uplift along 

with high anthropogenic loads (from a polar station). Gullies 

reach a density of 1.6 km/km
2
 and are growing rapidly, e.g., 

one gully became 20-30 cm deeper after a two-hour heavy 

rainfall [Romanenko 1996]. The surface area of the island 

decreases along its eastern cliff at the account of intense 

gravity processes (slumping and landsliding) and thermal 

erosion with formation of cirques.  

Thus, rapid tectonic uplift accelerates strongly the 

cryogenic processes in the island.  

The setting of Muostakh Island located within the Buor- 

Khaya Bay in the Laptev Sea is different. The coast of the 

island is likewise being eroded. However, rapid thermal 

erosion eating up ice-rich rocks of its ice complex is rather 

associated with general subsidence of the island. The surface 

area decreases progressively every year as a result of coast 

retreat at a rate from 13 to 6 m annually. The subsidence 

tendency is further confirmed by the fact that the ice complex 

constitutes the entire visible section of soft sediments and 

continues below the sealevel [Grigoriev 1993]. 

 

 

 
 

Fig. 1. Morphostructure of the Khatanga Bay around  

reobrazheanie Island 

 

The western side of the Buor-Khaya Bay at Tiksi, though 

being proximal to Muostakh Island, is undergoing considerable 

uplift. However, unlike the previously described sites, it mainly 

consists of bedrock while unconsolidated sediments (mostly 

peat) are restricted to plainland and closed subsided areas. 

Formation of permafrost polygonal ground and ice wedges in 

these rocks is controlled by tectonic fractures: frost cracking 

follows weak zones corresponding to fractures in the 

underlying bedrock. The orientation of polygons evidently 

correlates with dominant lineament directions in rose diagrams 

of fractures. Linear chains of lakes likewise align with weak 

zones, because fractured rocks maintain active groundwater 

circulation thus providing warming of frozen ground.  



TENTH INTERNATIONAL CONFERENCE ON PERMAFROST   33 

Thus, cryogenic processes and the surface topography are 

in most cases closely linked with neotectonic movements and 

the existing tectonic framework.  
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Introduction 

Rock glaciers are large masses of ice/rock debris mixture 

acting as sediments conveyors moving typically in the order of 

0.1 to 1.0 m/year in the mountain periglacial environment. At 

their snout some rock glaciers may regularly deliver volumes 

of loose material in steep slopes or torrential gullies, hence 

contributing significantly to the so-called sediment cascade on 

mountain slopes. According to recent studies, ground warming 

in the 20th century seems to have generated an acceleration of 

slope movements related to the creep of permafrost, 

particularly since the end of the 1980s. Consequently, an 

increase of potential natural hazard for people and 

infrastructures cannot be excluded and requires the knowledge 

of the regional overview of slope instabilities as well as the 

process understanding of slope movement in permafrost areas. 

Several rock glaciers displaying surface velocities (much) 

larger than 5 m/year have even been described during the last 

decade especially. 

The use of differential SAR interferometry (DInSAR), 

especially ERS-1/2 DInSAR, to estimate magnitude and spatial 

pattern of slope motion has been evaluated and shows the 

efficiency of this remote sensing for inventorying creeping 

landforms in mountain periglacial environment, but also 

estimating and categorizing their displacement rates [Delaloye 

et al. 2007, Lambiel et al. 2008]. Several studies have also 

demonstrated the efficiency of DInSAR for monitoring large 

width rock glacier displacements with velocity up to half a 

meter per year in alpine environment [e.g. Strozzi et al. 2004]. 

According to a recent study [Barboux et al. 2011], it is possible 

to monitor some very active rock glaciers (1 to 3.5 m/year) 

when geometrical distortions do not hide them with the shortest 

Terrasar-X (TSX) repeat pass of 11 days and especially using 

mode facing slope (i.e. ascending, resp. descending, mode for 

west, resp. east, oriented slope). Lower velocity rates could be 

well monitored using longer time lags. At higher rate velocities 

TSX appears, like other radar sensors, to be unsuitable for a 

precise analysis of these kinds of landforms.  

  

Method and Datasets 

The present contribution intends to briefly describe a 

method for monitoring very active rock glaciers using X-Band 

DInSAR [Barboux et al. 2012]; and to illustrate, through 

different case-studies, to which level DInSAR can be used 

independently of field surveying as a monitoring tool of mass 

wasting dynamics in rough alpine terrain topography. The test 

sites consist of several rock glaciers located in Valais Alps 

(46Á4ô0ôôN/7Á36ô0ôôE) and being for the most part annually or 

seasonally surveyed by DGPS field measurements. TSX data 

used for this project are acquired with facing mode during the 

late summers 2009 to 2011. Only high quality interferometric 

pairs are selected according to well-known requirements (small 

perpendicular component, no perennial snow patches, and no 

weather/atmospheric influences). 

Due to the relative small size and the complex movements 

of the studied rock glaciers, the spatial distribution of their 

surface deformation derived from the DInSAR data using 

conventional unwrapping processes failed in most cases. Thus, 

we have developed a method consisting on defining a profile 

through the rock glacier on which the quantification of 

movements will be estimated. The profile is firstly used to 

roughly evaluate the change in the activity rate along the 

landform by analyzing the coherence trend combined with 

interferometric phase interpretations. Then, when the quality is 

efficient (high coherency values), the interferometric phase is 

used to estimate precisely the deformation rate along the profile 

in the radar Line Of Sight (LOS) direction.  

 

Results on case-studies 

Results were finally compared with existing GPS 

measurements, and show a good correspondence of DInSAR to 

monitor velocity with respect to different parameters: the size 

of the landform (minimum narrow width of the landform), the 

velocity (deformation rate lower than ɚ/2 in the LOS, that is 

1.55 cm/11 days with 11-day TSX interferograms), the quality 

of interferometric products in term of period of acquisition (no 

noise related to weather, snow, rain, atmosphere) and in term of 

phase stability (no high drops in interferometric phase), as well 

as the acquisition date (snapshot of InSAR comparing to 

seasonal GPS measurements).  

For successful results, a large dataset of SAR scenes is 

recommended increasing considerably the relevance of 

DInSAR measurement for seasonal behavior analysis free from 

in situ measurements. When the interferometric phase cannot 

be accurately explored, the analysis of only the coherence 

parameter offers all the same the possibility to estimate annual 

variations. Finally, the combination with GPS measurements 

could even more reveals some intra-seasonal variations. 
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Figure 1. a) Orthoimage of Gªnder rock glacier and localization of 

profile and GPS points - Swissimage É 2005; b) Coherency along the 

profile for 3 snapshots in 2011 and c) Displacements in the LOS along 

the profile for 3 snapshots in 2011 compared to seasonal GPS 

measurements projected in the LOS acquired during summer 2011. 
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Introduction  

The Norwegian government has established an International 

Seed Vault for the worldôs future generations. The Seed Vault 

is located in rock caverns on the Norwegian arctic island of 

Svalbard. In this location the ground contains permafrost as far 

down as 200 m below surface in the mountainous areas. About 

5 m below the surface the temperature of the permafrost 

remains around 5 ÜC below zero all year round. In order to 

meet with the special storage demands, the Seed Vault must be 

cooled further down to 18 ÜC below zero.  

 

Design 

Barlindhaug Consult and Multiconsult have been responsible 

for the planning and detail design. The total time available for 

the planning and the construction was limited to less than one 

year and the facility was completed in November 2007. The 

limited time available for the planning did not give room for a 

detail investigation and the design was therefore only based on 

the information given by the shape of the surface and 

geological maps. The geological map indicates that the Seed 

Vault would be located in bedrock containing layers of 

sandstone and very loose mudstone. The mudstone is so weak 

that rock normally will start weathering immediately after 

exposed to air with temperatures above zero. The bedrock at 

the selected location was covered by a thick layer of moraine. 

 

Construction 

Open cut excavation 

Excavation of the portal was carried out during winter with 

air temperature below zero. Due to the permanent frozen 

ground, all excavation could be carried out with vertical slopes 

in both the moraine layer and in the weak rock underneath. 

These vertical slopes in the moraine and the loose rock would, 

however, not be stable when the air temperature rose above 

zero. For safety reason the open cut excavation and the 

beginning of the tunnel work had to be completed while the 

ground was completely frozen.  

To maintain a safe access through the open cut, a steel pipe 

was erected and backfilled. The steel pipe was designed to 

allow access for all drill and excavation equipment and 

remained as the permanent access to the rock tunnel and 

caverns once the excavation was complete.   

 

Underground excavation 

Rock caverns in frozen ground will have only minor 

stability problems even if the rock is very weak. The principal 

challenge when excavating rock caverns in frozen ground is 

therefore during the construction period when warm ventilation 

air and heat from the equipment causes thawing.  

 

 
 

Figure 1. Open cut excavation. Photo: Sverre Barlindhaug. 

 
Layout 

There were no special design criteria for the cavern except 

for the required storage capacity. The shape of the caverns was 

therefore adjusted during construction according to the rock 

condition and to obtain the optimal construction cost. The final 

solution was three caverns, each 9.5 m wide and 27 m long. 

However, only one of the caverns will be needed for the 

storage requirement the first 10 years.  

 

Additional freezing 

The rock cavern is made without any additional insulation 

of the rock surface. The necessary energy required for the 

initial freezing of the cavern to 18 ÜC below zero will be higher 

without inside insulation compared to insulated rock cavern. 

The energy cost would however be lower than the cost to make 

lager caverns and erect an insulation room inside the cavern. 

After the initial freezing period, the rock mass surrounding the 

cavern will also be cooled down. Due to the frozen rock 

surrounding the cavern only a small amount of energy will be 

required to maintain the low temperature in the cavern.  
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The history of permafrost research in West Siberia, generally 
same as in other large high-latitude provinces of Russia, is 
instructive in view of ever changing social, political, and 
economic conditions in the country. 

Permafrost studies evolved in three major stages.  
 
Stage 1 (before 1940-1950s): expeditions for exploring the 

natural conditions of the area, which were insufficiently 
covered in the Yamal Encyclopedia. The results furnished 
important evidence of the local engineering-geological and 
cryological settings. 

 
Stage 2 (1950s-1990s): purposive studies of permafrost 

conditions as a background for organizing geological surveys 
and construction in northern West Siberia. Several research 
teams from different institutions of Moscow and Leningrad 
(NIIGA, VSEGEI, VNIGRI, Geologcial Surveys, Institute of 
Permafrost, Moscow University, etc.) provided the first 
description of regional cryological conditions of the West 
Siberian Plain. The collected data indicated the existence of 
another permafrost layer south of 66-67Á N, which arose during 
past cold events and stored records of the long history of 
glaciation. 

Permafrost studies were of special value for the 
construction project of the Lower Ob Hydro near Salekhard. 
Unfortunately, there is very little data on that project in the 
Yamal Encyclopedia. The project included four-years long 
continuous monitoring (1953 through 1958) of permafrost 

dynamics in the construction area undertaken for the first time 
by the Gidroproekt Surveys (Moscow) in cooperation with the 
Subdepartment of Permafrost of the Moscow University. The 
work has had no match afterwards. Exploration was run along 
four prospected dam sites where about 500 boreholes were 
drilled over an area of ~400 square kilometers; some holes 
were designated specially for permafrost surveys. The research, 
exceptional in its great scale, yielded a detailed engineering-
geological cross section of the Ob valley near Salekhard. 
Permafrost mapping was with the use of all available soil study 
techniques (soil mechanics, geobotany, geophysics, etc.). 
Continuous monitoring of ground temperatures allowed 
estimating the true temperatures of permafrost, and furnished 
independent proof for the existence of two permafrost layers. 

 
Stage 3 (since 1990s): mostly random permafrost studies, 

without a single national strategic plan. New data remained 
deposited in reports of different departments and were almost 
never synthesized. At the same time, geological surveys for 
exploration of new mineral and hydrocarbon fields have almost 
ceased. 

More difficulty arose with closing down the center 
responsible for working out national-scale methodlogical 
standards for construction development. Since then, each 
economic department and administrative unit have produced 
their own regulations which not necessarily follow a general 
strategy of studies specific to engineering-geological 
conditions in high latitudes. 
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Abstract 

Landscapes, vegetation, soils, as well as deposits of watershed plains, sides and bottoms of dry thaw kettles in the middle 

reaches of the Yuribei River were studied in the course of landscape and geocryological surveys in 2011. The studies revealed 

a complex of structures produced by permafrost thermal erosion, karst, and frost cracking processes that control the 

contemporary patterns of surface topography and landscapes. 
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Introduction  

The study area (Fig. 1 A) is located in the central Yamal 

Peninsula, in the middle reaches of the Yuribei River 

[Ogorodny 1971]. The area belongs to a zone of severe climate 

with tmax = 25-28ÜC; tmin = ï50-52ÜC, mean annual precipitation 

å 300 mm (lowest moisture in February and march), snow 

seasons as long as 8-9 months, and snow thickness 16-17 cm 

[Kazachkova 1982].  

The local geomorphology consists of a Late Pleistocene 

plain, river terrace I, a floodplain, and dry lake basins [Badu et 

al. 1984]. The Late Pleistocene plain, with elevations 20-25 m, 

has loam and loamy sand in the uppermost section, locally 

overlain by sand. The river terrace I and floodplain deposits are 

loamy sand with biota and peat [Trofimov 1975]. According to 

the landscape division, this is a zone of southern tundras 

[Ogorodny 1971].  

Permafrost is continuous, with closed taliks under shallow 

lakes and rivers. The thickness of permafrost in the coastal 

plain reaches 275-300 m, and its mean annual temperature is 

from -1ÜC to -8ÜC. The upper 5 or 10 m of permafrost consist 

of Late Pleistocene sediments frozen while deposition, and the 

sediments below froze up after being deposited (syngenetic and 

epigenetic units, respectively) [Ershov 1989]. 

 Studies carried out in 2011 in remnants (outliers) of the 

coastal plain with khasyrei (dry lake) basins at two sites in the 

Yuribei valley (Fig. 1 B) allowed characterizing the local 

landscape patterns. A landscape is meant [Kozin & Petrovsky 

2005] as a piece of ground surface, of any size, within which 

the environment components are in a complicated and 

continuous interaction making up an integral system. 

Site 2 (Fig. 1, B) is located in the Yuribei valley, at the 

Khutyakha inlet. There is a floodplain fragment (5 m asl) in the 

right bank of the river, and a coastal plain fragment (26 m asl) 

and a repeatedly flooded khasyrei in the left bank. The plain is 

divided into local landscape zones according to micro-terrain, 

moisture, vegetation, and soil patterns (Fig. 2), which are 

grouped into three geomorphic and cryologic genetic units 

(Fig. 3). 

Limnic landscapes (j,k in Fig. 2; 5-10 m asl), the 

youngest landscape group, are associated with syngenetically 

frozen fluviolacustrine peated sand and loamy sand. There are 

neither polygonal ground nor frost heaves, the soil cover is thin 

and the vegetation is azonal. The active layer has the highest 

water content; the thaw depth is 1.3-2.3 m. 

 

 
Fig. 1. Location map of study area. 

1 ï coastal plain; 2 ï khasyrei complex; 3 ï floodplain with remnants 

of terrace I; 4 ï altitudes above sea level; 5 ï sites of detailed studies; 

6 ï study area in map of Yamal (A); 7 ï railway. 

 

 

Slope landscapes (l, m in Fig. 2; 10-25 m asl) are 

composed of Holocene and Present syngenetically frozen 

fluviolacustrine peat and sand to loamy sand deposits. This is 

the most dynamic element of the area, with wedge-polygon 

patterns, isolated frost heaves, and azonal vegetation. The 

active layer is 0.5 to 1.2 m thick and has a uniform water 

content distribution.  

Plain landscapes (n-q in Fig. 2; 20-26 m asl) lie upon Late 

Pleistocene loam and sandy loam with interbeds of 

autochthonous and allochthonous peat and with signatures of 

ice-rich soils at elevations between 6 and 14 m. The landscapes 

typically have a rugged wedge-polygon surface pattern, thin 

soils, and zonal-azonal vegetation. The thaw depth is 0.7-1.5 m 

Floodplain landscapes in the Yuribei right bank, with a 

uniform sandy lithology, differ in elevation, vegetation 

composition, and thaw depth controlled by elevation and 

greater snow thickness in depressions.  

The landscape structure of a plain outlier and a khasyrei  

side were studied at site 1 located 5 km downstream of a bridge 

across the Yuribei at Obskaya-Bovenenkovo railway station 

(Fig. 1). Landscapes at the site belong to three genetic groups: 

limnic, slope, and plain landscapes similar to those described 

above for site 2. 
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Fig. 2. Zoning of site 1, Yuribei valley.  

1-8 ï landscapes (environment and environment-territorial complexes) 

distinguished according to landscape and permafrost conditions: 

lakeside flat depression (1), high floodplain (2), gently dipping 

hummocky slope (3), drained slope with low hills (4), high drained 

plain with a wavy terrain (5), tussocky depression in the plain surface 

(6), high poorly drained polygonal plain (7), dry polygonal depression 

in the plain surface (8); 9 ï water surface; 10 ï gully; 11 ï floodplain; 

12 ï flat low floodplain, with tussock patches; 13 ï flat floodplain 

with small low hills; 14 ï observation points on profile; 15 ï sampling 

sites for ice and biota.  

 

 
The landscape and permafrost characteristics revealed in 

the course of the studies indicate reduction in lake areas and 

drying of thaw kettles (limnic group of landscapes, with a 

concentric pattern).  

The kettles are filled with deposits shed from slopes. In the 

lower part of slope peatland, there are wedge-polygon systems 

with traces of thawing (slope landscapes).  

Thermal erosion and denudation act upon higher elevated 

plain outliers while polygon structures form in depressions, 

possibly of Holocene ages.  

The landscape characteristics will be used in mapping the 

landscape and permafrost conditions in the middle course of 

the Yuribei.  

 

 

 
Fig. 3. Permafrost profile, points 1-10. 

1 ï sand and loamy sand; 2 ï peat; 3 ï loamy sand with peat; 4 ï 

loamy sand; 5 ï loamy sand and loam; 6 ï ice; 7 ï observation points; 

8 ï inferred layer boundaries.  
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Bacteria isolated from permafrost and ice as old as tens of 

thousand or possibly even millions of years arouse great 

scientific interest. Microorganisms that keep active in extreme 

conditions of retarded metabolism may become a unique 

source of molecules able of exerting pronounced biological 

effects on multicellular organisms [Gilichinsky 2000; 

Katayama et al. 2006]. However, the influence of these 

bacteria on physiology of extant organisms remains almost 

unexplored. In this study we investigate immune and 

physiological responses to some permafrost-borne bacterial 

strains in outbred laboratory white mice.   

The bacteria used in the experiments were isolated from 

drill  core permafrost samples at Tarko Sale, Yamal (strains 

8/75-1, 4/25, 2/03) and Mamontova Gora (Mammoth Hill), 

Yakutia (strain F2) sites. The strains were identified by the 

ribosomal DNA sequence analysis as Acinetobacter spp (4/25), 

Enterobacter spp (2/03), Bacillus megaterium (8/75-1), and 

Alcaligenaceae bacterium (F2). The isolated strains were 

cultured at +26Á C on fish protein  hydrolysate (FPH). After 

two days of incubation, bacteria were washed off the solid 

nutrient medium with sterile saline. Thus obtained bacterial 

suspensions of a cell density up to 1ʭ10
6
 cells/ml were injected 

intra-abdominally in mice, in a dose of 50,000 bacterial bodies. 

There were sixty mice divided into five groups of 12 mice in 

each. In two weeks after injection, the mice were tested for 

humoral immune, visceral, and blood responses. The immune 

responses were analyzed as counts of antibody-forming cells 

(AFC) and delayed-type hypersensitivity (DTH), in six animals 

from a group in each of two tests.  

Visceral responses to bacterial injection showed up as 

confident spleen weight increase (to strains F2 and 4/25). All  

strains stimulated growth of thymus, which is a place of 

maturation and differentiation of T cells. No change to liver 

weight in response to infection was identified. The thymus 

increase records a Th1-dependent immune response.  

The immune system is a basic regulator involved with 

biological adaptation to stress. In order to estimate its state, we 

investigated humoral immunity (Fig. 1), specifically the 

behavior of antibody-forming cells (AFC). Numbers of 

lymphocytes in spleen did not show confident change. Injection 

of 8/75-1, 4/25, and 2/03 caused growth of AFC/mln LP ratios 

and AFC in spleen as evidence of activity of antibody-forming 

cells and the organ as a whole. Thus, the mice developed a 

marked humoral response to small doses of strains 8/75-1, 

4/25. 

The optimum immune response includes both humoral and 

cell-mediated components, the latter being expressed in 

delayed-type hypersensitivity (DTH). 

Strain 4/25 inhibited the cell-mediated immune response 

(Fig. 1), this indicating Th1 activity and generally lower anti-

inflammatory activity of the organism as a whole.  

DTH and, as a consequence, inflammatory activity 

increased slightly in response to F2, 8/75-1, and 2/03 

injections.  

Peripheral blood values represent the percentages of cells 

that mediate the immune response and adaptation to invasion of 

an alien agent. 

 

Fig. 1. Humoral immune 

responses in mice, 14 days after 

bacterial injection. 

Note: * denotes statistically 

confident difference (ʈ < 0.05) 

from the control group 

 

In response to strains 4/25, 2/03, mice showed lower 

monocyte and granulocyte but higher lymphocyte counts, i.e., 

the inflammatory activity increased correspondingly.   

Thus, the bacterial strains isolated from permafrost caused 

immune and physiological responses in the tested animals. The 

effect of strain F2 was minor; the others stimulated markedly 

the humoral immunity but influenced less strongly the cell-

mediated immunity. In general, small doses of the studied 

strains activated T helpers of both types (Th1 and Th2, 

especially Th2-dependent responses), anti-inflammatory 

activity, and humoral immunity. 
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Introduction  

Polygonal tundra is characteristic of poorlydrained 

permafrostlandscapes. Frost cracks are filled in spring by re-

freezingmelt water. Annual repetition of this process leads to 

the formation of ice-wedge polygons [French, 2007]. Elevated 

polygon rims and depressed polygon centers form a very 

heterogeneous landscape which has been investigated to be 

today a carbon sink [Wille et al., 2008] But further 

development of arctic ecosystems depends on complex 

interactions between hydrology regime, plant-species 

composition and nutrient supply [Weintraub&Schimel, 2005; 

Schuur et al., 2008]. Hence, understanding of the nutrient 

dynamics in arctic soils is an important factor to predict further 

responses of arctic ecosystems to climate change.  

 

 
 

Fig. 1: Polygonal tundra in the Lena delta (Photo: S. Zubrzycki) 

 

 

Questions 

How are soil nitrogen and phosphorus contents distributed 

within the polygonal tundra landscapes?  

What effects do cryogenic processes have on the 

bioavailability of the organic material and on nutrient 

transformation? 

What effects may (global) warming have on the 

bioavailability of the organic material and on nutrient 

transformation? 

 

Methods 

Fieldwork has been conducted during the expedition 

POLYGON 2011 ï Kytalyk. The POLYGON project 

(Polygons in tundra wetlands: State and dynamics under 

climate variability) is a DFG funded (KU1418/3-1) German-

Russian joint project. 

 

 
 

Fig. 2: Study areas of the POLYGON-project. 

 

 

At the study area in the Indigirka-lowlands, one polygon 

has been investigated at a high resolution grid (2*2m). Also a 

soil core of 120cm has been investigated. On all samples, 

Ammonium, Nitrate and Phosphorus as well as water content, 

pH and electrical conductivity have been measured during the 

expedition. 

More detailed analyses on nutrient-pools and nutrient 

availability are planned to be done in the laboratory. 

 

Preliminary results 

In Figure 3, data from the investigated peat core are shown. 

There has been a coinciding maximum of water content and 

amount of extractable Ammonium at a depth of 75cm. In the 

first twenty centimeters, the amount of extractable nitrate was 

following the water content. 

The amounts of nutrients seem to correlate with the water 

contents of the soils. But whether the ammonium peak is 

indicating a state of wet soils in the past or can be explained by 

recent microbial activity has to be answered in the further 

progress of the project. 

 

 



 

 

 
 

Fig. 3: Chemical data from one investigated peat core (Depth: 120cm) 

 

Outlook 

On a second expedition in 2012, foremost patterns of seasonal 

variability of nutrient availability shall be investigated. For this 

approach, a new method to monitor amounts of nutrients in 

soils shall be established. 
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Introduction  

A grid of water-balance stations operated in the former USSR. 

Detailed observations of the water balance elements were 

conducted at them within the framework of a single program. 

The stations were located in all main natural regions of the 

country. The data of water-balance stations served as the basis 

for complex studies of the runoff formation regularities in 

different physiographic regions and also as the basis for the 

development of runoff calculation methodologies.  

 

Natural conditions 

The Kolyma Water Balance Station (KWBS) is located in the 

upper reaches of the Kolyma River, in the mountain area, in the 

zone of continuous permafrost. The climatic conditions are 

severe at the station - the multi-year mean air temperature is 

about -12 ÁC, and the amount of precipitation is from 250 to 

440 mm per year. Most of the area is covered by rock slides, 

cedar elfin wood brush and larch light forest. The permafrost 

thickness reaches 400 m. The summer thawing depth is from 

20 cm in bogged lowlands to 3 m and more on southern rocky 

slopes. 

There are no other experimental catchment basins in the 

world that are characterized by such natural conditions. As the 

work [Nasybulin 1976] shows, runoff formation conditions and 

runoff characteristics at the station are representative of a wide 

area of the Upper Kolyma and the adjoining areas of the 

northeast of Russia. 

 

Station history 

The KWBS was organized in severe post-war years. Extended 

research of a number of areas was conducted in the upper 

reaches of the Kolyma River during 1947. The catchment basin 

of the Kontaktovy Creek characterized by a wide variety of the 

vegetative cover and soils is acknowledged to be the most 

suitable for observations. The station was built on the 15th of 

October 1947. First observations of the water runoff were 

started in May 1948 already, at the Kontaktovy and the 

Vstrecha Creeks. A grid of rainfall recording stations operated 

at the Vstrecha Creek catchment basin during 8 years (between 

1949 and 1957). Multiple special observations were initiated at 

the same time on runoff, water-balance and water-non-

permeable sites, including observations of the evaporation from 

the soil, water and snow surface as well as observations of 

ground freezing and thawing in different conditions. The 

observations program expanded from year to year, and the 

most remote and hard-to-access station zones were covered 

(Fig. 1). In 1968 runoff measurements were started at the 

unique object, in the basin of the Morozov Creek having no 

vegetative cover and completely composed of rock slides. 

Before 1978 the water runoff was observed in nine catchment 

basins with the area from 0.27 km
2
 to 21.6 km

2
. The summer 

thawing depth was registered with 20 permafrost 

measurement devices located in different conditions. Purely 

experimental studies were also executed. For example, they 

included the study of the impact of intra-ground condensation 

on the water runoff with the use of original devices and 

installations [Boyarintsev et al. 1991]. The station team 

included about 30 people with professional higher or 

secondary-level education.  

Water balance observations were suspended at the KWBS 

since 1997. Only observations at the weather station as well as 

runoff observations at several creeks are presently carried out 

there without the participation of specialists-hydrologists. 

According to some data, the house where the station employees 

lived and where the long-term data record was kept, burnt out 

together with unpublished observation materials. 

 

 
Figure 1. The map of the Kolyma Water Balance Station. 

 

Huge material of hydrometeorological observations was 

accumulated during 40 years of work at the KWBS. By 1989 

they were published in 30 issues the first one of which covers 
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the period between 1948 and 1957. Later issues were published 

every year (KWBS observation materials, 1948-1987). 

The observation results were reflected in multiple 

publications (there are more than 100 of them) dedicated to 

different aspects of the runoff formation in the continuous 

permafrost zone, the active layer dynamics, the structure of the 

underlying surface and its impact on hydrological processes.  

In 1976 the station was visited by a team of American 

scientists (Fig. 2). They appreciated the professional and the 

personal qualities of station employees and their dedication to 

business. These qualities served as the basis for large-scale 

field and theoretical works despite the simplicity of the 

equipment available and severe climate. The American 

colleagues' report also noted the solicitous attitude to nature 

from the part of the Soviet scientists. According to Slaughter 

and Bilello [1977], the materials received at the KWBS do not 

have analogues in the world practice. A joint suggestion to 

regularly exchange the observations data, devices, research 

results in the form of articles and methodological instructions 

and other materials between American and Soviet scientists 

was made on the basis of the visit results. This initiative was 

not implemented unfortunately. 

 

 
Figure 2. The article in the Magadanskaya Pravda newspaper dated 08 

August 1976, Issue 4 

 

Prospects of use of the KWBS data in academic 

and applied problems 

The materials of special observations of rare duration (40-50 

years) were gathered at the station. They characterize the 

natural conditions that, on the one hand, are not actually 

illustrated by the data and, on the other hand, are representative 

of a wide area of the Russia's northeast. Precipitation and flow 

rate observations together with such rarely measured values as 

evaporation, water loss from snow, surface runoff, ground 

thawing and the like make it possible to study the interactions 

of the particular processes of hydrological cycle with each 

other and with the landscape components in detail. The 

regularities of the runoff formation processes in the unstudied 

basins of the Russia's permafrost zone can be identified on the 

basis of the KWBS work results analysis. 

The collected materials are invaluable for building and 

testing of different models: runoff formation, climatic, 

environmental and vegetation dynamics [Kuchment et al. 2000;      

Lebedeva & Semenova 2012]. 

The KWBS data could become a valuable indicator of 

climate changes and the basis for the study of their impact on 

the permafrost state and the hydrological regime of rivers, 

making it possible to penetrate the mechanisms of the ongoing 

processes. The absence of data for the period after 1990 is 

especially problematic within the framework of this scientific 

question because the most significant changes are thought to 

have begun at that time. Recommencement of the observations 

right now is very important due to this reason. 

There is an urgent need to restart experimental studies at the 

Kolyma station due to the increased interest to the natural 

processes of the Arctic and the possibility of development of 

the Eastern Siberia rich natural resources. 

29 water-balance stations were operating within the USSR. 

Now only four of them work. The observations program is 

significantly reduced at all currently active stations, up to 

standard runoff and meteorological measurements. Therefore, 

now they have the status of water-balance stations only 

conventionally. 
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Intr oduction 

Massive ground ice (MI) is widespread on the continental coast 

of the Kara Sea. The discussion about the MI genesis has been 

going on since when it first became the object of study. Some 

researchers believe that MI is of intrasedimental origin, while 

the others assume that it is of buried origin. Even now, after 50 

years of studying the issue, there is no agreement of opinion. 

Researchers are still debating even over such well-known and 

well-studied areas of MI occurrence as the territories of the 

Marresale Polar Station, Bovanenkovo gas condensate field 

located in the valley of the Seyakha River on the Yamal 

Peninsula, or Shpindler stow located on the coast of the 

Yugorskiy Peninsula. In 2005-2008 MI collected in two key 

areas ï the western coast of Baydaratskaya Bay in the area of the 

Oyuyakha River mouth [Belova et al. 2008] and in the area of 

Kharasavey village located on the Yamal Peninsula ï were 

studied [Belova et al. 2010]. It was found out that the MI of the 

southwestern coast of the Kara Sea occurs in sediments of 

various age and genesis and that it varies in the formation time 

and mechanisms. 

 

Massive ground ice on the western coast of 

Baydaratskaya Bay 

A 25-45 m high steeply-sloping plain is adjacent to the shore in 

the area of the Oyuyakha River mouth. Along the shoreline it is 

lowered down to 15-20 m by numerous thermokarst basins 

(hasyreys). A number of sections are underlain by a clayey 

stratum with fragmentary material. The stratum is compared by 

F.A. Romanenko and his co-authors [2007] with Kara diamicton 

described by V.N. Gataullin [Forman et al. 2002]. Its uneven 

table which often retreats under the sea waterline is 

unconformably overlain by a sandy stratum having a complex 

structure, the thickness of up to 28 m and enclosing MI. Most of 

the stratum is composed of fine sand and silty sand that are 

enriched with plant detritus or are peaty. The sands bedding is 

cross, oblique and convolute, often interlaid with sandy silts, 

clayey silts and rolled pebble size coal. The stratum contains 

fragments and scallop shells of marine mollusks, bones and 

tusks of mammoths. The sandy stratum is characterized by a 

continental type of salinity and is dated using the radiocarbon 

method from 22.5 (1 date) to 44.9-49.6 (3 dates) thousand 14ʉ 

years ago, i.e. at the limit of the method operation [Romanenko 

et al. 2007]. This lets us assume that the stratum began to form 

earlier, as early as 60-50 thousand years ago (MIS 4-3) during 

the phase of the retreat of the Kara Sea shelf ice sheet. 

MI occurs in the sandy stratum in two layers. The ice of the 

upper (habs.= 9-15 m) and lower layers (habs. = 0-9 m) differ in 

thickness, structure and composition. The upper layer MI with 

the thickness of 3-6 m has an erosional upper contact, the 

isotopic composition of ŭ
18
ʆ = ï21.8é ï15.0ă (Table 1), and 

its structure is similar to that of basal glacier ice. The ŭ
18
ʆ (ŭD) 

and deuterium excess (d) values do not have a visible 

connection, which is the evidence against the assumption that 

MI was formed as a result of liquid water freezing. The lower 

layer MI with the thickness of up to 3 m occurs conformably to 

the enclosing sediments and has a lighter isotopic composition, 

as compared to the upper layer MI (lighter by 3.2ă based on the 

ŭ
18
ʆ value). The chemical composition of the MI in both layers 

is ultra-nonsaline. 

 

 
 

The composition of pollen and spores in the upper layer MI 

was determined by A.K. Vasilchuk at the end of 2011. Exotic far 

transported pollen of thermophilic grounds that is characteristic 

of the polar glaciers ice is not present. The ice contains spores of 

green mosses which are not present in atmospheric glacial ice. 

According to A.K. Vasilchuk, such composition of 

palynospectra indicates the intrasedimental mechanism of ice 

formation (Vasilôchuk & Vasilôchuk 2010). However, we 

believe that the upper layer MI is basal glacial ice which is very 

different from atmospheric glacier ice in the mechanisms of 

formation and in composition. Such palynospectra components 

as spores of green mosses could be included into the basal 

glacier ice together with bed sediments. In this case ice would be 

highly contaminated and dislocated [Vasilôchuk & Vasilôchuk 

2010], which corresponds to the characteristic of the upper layer 

MI. 

The primary indicator of the fact that MI is of buried origin 

is the erosional upper contact of MI that shears the stratification 

in ice with angular unconformity (there is no sign of secondary 

thawing in the overlaying sediments). The upper layer MI can be 

classified as glacier ice due to: 1) complex MI structure with 

lying folds and shear deformations; 2) similarities between MI 

facies and basal glacier ice facies in modern glaciers; 3) absence 

of the connection between ŭ
18
ʆ (ŭD) and d, absence of 

significant fluctuations in the isotopic composition (5-6ă based 

on the ŭ
18
ʆ value). 

We can assume that the MI was formed 60-50 thousand 

years ago during the Yermak (Early Weichselian) period (QIII
2
, 

MIS 4-3) at the stage of degradation of the Kara Sea shelf ice 
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sheet. The lower layer MI was formed in the sandy stratum of 

fluvioglacial, coastal-marine and lacustrine-alluvial sediments. 

Apart from the buried perennial snow patches and lacustrine ice, 

there were also formed small ice and ice-ground strata as well as 

lenses and veins in the sediments. The upper layer MI was 

formed later, after a brief process of the ice sheet regeneration as 

a result of burying basal ice and its selvages. 

 

Massive ground ice in the area of  

Kharasavey village 

MI in the sediments of the northwestern coast of the Yamal 

Peninsula in the area of Kharasavey village is confined to the 

elevations of the table of sandy coastal-marine sediments 

conformably with the marine sediments overlaid by the clayey 

silty stratum. The marine sediments compose a 10 m high 

terrace. All the transitions between the benches of the sediments 

enclosing MI are gradual. 

The MI occurs conformably with the stratification of the 

enclosing sediments and follows the sharp bends of the 

enclosing sands table. A series of lenses (with the thickness of 2-

20 cm) that follow the contours of the deposit table was 

recorded in overlaid sediments at the distance of up to 2 m 

above the upper MI boundary. The thickness of the ice body 

under study is 1 m. The MI is represented by separate ice 

interlayers with the thickness of 5-35 cm that are separated by 

ground horizons (1-10 cm). The sands under the MI have a high 

ice content. They also contain tilted ice schlieren that form a 

reticulate-lenticular cryogenic structure. 

MI has an ultra-nonsaline mineralization and mostly sodium 

chloride salinity type. The isotopic composition (Table 1) 

gradually becomes lighter in the direction from the ice lenses 

above the MI towards the upper part of the deposit, and the d 

values increase proportionally to the decrease in the content of 

isotopes 
18
ʆ and D, which indicates that the freezing goes from 

the top downwards. There is no uniform trend of changes in the 

content of 
18
ʆ and D in MI. However, the inverse relationship 

between the ŭ
18
ʆ (ŭD) and d values is preserved. It is probable 

that some interlayers of MI were formed in several stages of 

freezing. 

The first data on the composition of pollen and spores in the 

deposit described were obtained in January 2012 by 

A.K. Vasilchuk. Ice contains a large amount of palynomorphs. 

The palynospectra are similar to the spectra in the sediments of 

the Kharasavey village area that were studied by A.K. Vasilchuk 

[Vasil'chuk 2006]. No signs of atmospheric origin of MI 

[Vasilôchuk & Vasilôchuk 2010] were found in the deposit. 

The reasons in support of the assumption that the formation 

mechanism of the MI in the Kharasavey village area is 

intrasedimental mechanism are:  

1) occurrence in conformity with the enclosing sediments; 

lensoid structure of the MI whose table follows the bends of the 

enclosing sediments stratification;  

2) the chemical composition of the MI that coincides with 

that of schlieren ice and is similar to the chemical composition 

of water extracted from the enclosing sediments;  

3) the inverse relationship between the changes in the 
18
ʆ 

(ŭD) and d values; the values of the isotopic composition that 

becomes lighter gradually in the direction from ice lenses above 

the MI towards the upper part of the deposit; and 4) the 

composition of palynospectra in ice is similar to the spectra in 

the enclosing sediments. 

 

Conclusions 

1. MI of the western coast of Baydaratskaya Bay forms two 

layers which differ in the thickness of strata as well as in ice 

structure and composition. The upper layer was formed in the 

process of burying the glacier ice by the sediments of the 

lacustrine-alluvial periglacial plain. The lower layer MI partly 

represents various primary surface buried ice bodies, partly ï 

intrasedimental. 

2. MI of the northwestern coast of the Yamal Peninsula in 

the Kharasavey village area is confined to the elevations of the 

table of sandy coastal-marine sediments in conformity with the 

marine sediments overlaid by a clayey silt stratum. MI occurs in 

conformity with the enclosing sediments. The composition is 

similar to that of structure-forming ices. It was formed during 

the epigenetic freezing of the enclosing sediments. 
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Abstract 

New drilling evidence and field reports are used to investigate the origin of heaves in the northern taiga of West Siberia. The 

heights of heaves are correlated with the total thickness of ice and depths of fine-grained sediments. 
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The study area is located in the northern taiga of West 

Siberia within lake-river terrace III, with elevations of 20-40 m. 

The mean annual air temperature is -5.6ÁC. The surface is 

covered with peat, 1.5 m or less often to 5 m thick. Below there 

lies a fluviolacustrine section of intricately alternating loamy 

sand, loam, and sand, the latter being water-saturated. 

Furthermore, older (presumably Salehard stage) loam, from a 

few to 10-15 m thick, which may bear frost heaves, lies near 

the surface. We studied a hummocky flat surface of terrace III, 

often swampy, where heaves and hummocky peatbogs occupy 

more than 70 % of the area. The heaves are high, other things 

being equal, in the case of near-surface loam swelled 

cryogenically in a zone of maximum temperature gradients. 

Flat peatland formed with minor or no participation of 

segregation ice.  

The origin of heaves along the southern margin of the 

permafrost zone is most often attributed to frost jacking. In this 

interpretation, heaving results from moisture flow toward the 

coldest parts of peatbogs. The classical view is that the heave 

height depends on the total thickness of segregation ice lenses 

within the depth interval 8-13 m which is the most favorable 

for ice of this kind.  

However, there is a model which suggests a thermokarst 

origin for some heaves interpreted as remnant hills (outliers) 

that rise above the surrounding surface subsided as ground ice 

beneath it has thawed out [Timofeev & Vtyurina 1983]. 

Peatland with large heaves forms by erosion of polygonal 

ground (Piavchenko, Pers. Commun.). The presence of heaves 

as thermokarst remnants in northern taiga of West Siberia was 

reported in [Tyrtikov 1979]. 

The studies were performed at two geomorphically 

different sites, with 6.6 m and 2 m high heaves, those at the 

first site having larger base diameters. Possible indicators of 

the thermokarst origin of some heaves were observed at site 1. 

It was, namely, their inconsistent morphology, with relatively 

flat surfaces, which abruptly slope down, instead of dome 

shapes as signature of heaving. 

A heave which was difficult to interpret from its 

morphology was traversed by a special drilling profile. Drill 

holes in the heave slope and on the nearby flat peatland 

stripped sections almost fully consisting of sand (Fig. 1), 

except for one hole on the top where ice-rich loam was found. 

The shallow position of the latter during freezing led to 

segregation ice accumulation that shows up as a heave on the 

surface. Correspondingly, ice layers became widespread due to 

loam. The volumetric ice content at the account of ice lenses in 

the stripped portion of the loam section is 35 %. The total ice 

thickness in the upper part of loam drilled in the heave axial 

part is 110 cm while the heave itself is 6.6 m high. According 

to the classical point of view (that the heave height is defined 

by the total thickness of segregation ice within the depths 8-13 

m), this structure cannot be a frost heave. However, there is 

evidence [Vasilchuk 1983] that some heaves may have their ice 

cores lying deeper than 12-15 m. Thus, the ice-rich core at a 

depth below 10 m may influence the heave height as well.  

Assuming the 35 vol.% ice content in loam to be depthward 

uniform, the depth to the bottom of the ice-rich layer that 

controls the heave height can be estimated at about 25 m. This 

depth lies within the active layer (to 20-30 m) where moisture 

flow may influence the surface pattern. Therefore, the studied 

landform is most likely a frost heave. Without the layer with 

the maximum ice content in loam, the true thickness of the 

swelled loam would be much less than 25 m, i.e., no more than 

18-21 m. Furthermore, the total thickness of ice may be 

underestimated as a part of ice is lost on core retrieval.  

In most cases, heaves have their heights greater than the 

total thickness of ice lenses, the difference occasionally 

reaching 4 or 6 m [Vasilchuk 1983]. 

The total ice thickness estimates from the stripped part of 

loam (borehole 3) do not contradict the idea that the studied 

landform may result from frost heaving but does not rule its 

origin as a thermal erosion outlier.  

Frost heaving is supported by the conformable bedding of 

loamy sand and sand immediately beneath peat in the upper 

section (Fig. 1). 

Another flat peatbog (site 2) was drilled 1 km away from 

the profile. The loam top was stripped at the depth 6.7 m but 

the total thickness of ice lenses between 6.7 and 10.2 m deep 

was 40 cm (12 vol. % ice content). In this case, no considerable 

heaving occurred though loam lied relatively close to the 

surface (possibly, because of low soil moisture). The 2 m high 

heave at the site is located near the flat peatland. According to 

field reports, the total ice thickness in the drilled section (3.75-

10.5 m) reaches 120 cm, the ice lenses making up about 17 vol. 

%.  

As drilling shows, the heaves are higher where swelling 

loam lies closer to the surface, but this regularity is restricted to 

small areas similar in water content. High heaves with the most 

ice-rich soil may lie over deeper buried swelling loam.  
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Fig. 1. Engineering-cryological cross section 

 

 
Heaves (and peat) show no strict correlation of their heights 

with the total thickness of segregation ice lenses, but they all 

correlate with the volumetric ice content. 

The origin of some heaves with ambiguous geomorphic 

features has to be inferred taking into account the total 

thickness of ice lenses, but reliable interpretation requires 

drilling deeper than 10 m. Nevertheless, shallow drilling data 

allow extrapolations of ice contents onto larger depths within 

the active layer (to 20-30 m) and estimating approximately the 

missed total segregation ice thickness which may show up in 

the terrain pattern.  
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There are enormous hydrocarbon reserves in the Far North 

of Russia, but its production is associated with extremely harsh 

environmental conditions of the region. The largest 

hydrocarbon reserves are concentrated in Yamal-Nenets 

Autonomous District (YNAD), with many elements of its 

landscapes being of cryogenic origin. The YNAD landscapes 

are relatively stable. However, due to an active industrial 

development of these areas in recent years, there is a problem 

of monitoring them in order to ensure industrial safety of oil 

and gas facilities.  

Among the indicators of cryogenic phenomena being 

manifested in the landscapes the most important are 

geomorphological indicators such as thermokarst, patterned 

grounds, and frost heave. They are the main ones in permafrost 

area. The change of permafrost state in the first place affects 

the processes of termokarst (the distribution of thermokarst 

lakes). Therefore they can be regarded as the main indicator of 

thawing of frozen ground, hence, the key indicator of landscape 

change.  

Both activation and fading of geocryological processes is 

primarily associated with the index of the heat exchange 

intensity (energy exchange) above the roof of permafrost and in 

its upper layers (down to the depth of 10-20 m). As a rule, the 

anthropogenic impact increases the heat exchange and disturbs 

the state of dynamic balance in permafrost. As a consequence, 

the activation and emergence of geocryological processes 

occur. The degree of activation largely depends on the nature 

of anthropogenic impact and the state of permafrost. 

The change of heat exchange rate can be identified by 

examining the thermal channel of satellite images. When 

comparing images taken at different time, temperature 

anomalies are identified, their origin is analyzed, and some 

conclusions about possible temperature dynamics are drawn. 

In order to identify thermokarst subsidence, it is reasonable 

to use the differential radar interferometry method. It can help 

to detect the subsidences and uplifts of the earth's surface with 

an accuracy of about 1 cm. 

The use of materials of aero and space imagery is suitable 

for obtaining not only quick and objective information about 

the state of natural and anthropogenic sites, but also for the 

organization of the monitoring of the northern landscapes 

changes. Since thermokarst lakes are well displayed in the 

satellite images and the methods of their interpretation are 

thoroughly studied, aerospace topographic monitoring is the 

most appropriate method to monitor their dynamics (and hence 

the dynamics of landscapes). 

Topographic monitoring is a technique of periodic and 

continuous observations of the changes of natural or 

anthropogenic sites located on the earth's surface and 

possessing defined and undefined borders, the presentation of 

the information on a site's changes in satellite images or on a 

topographic basis, as well as the classification of changes and 

the creation of a database containing information on such 

changes. However, the use of only visual interpretation is not 

sufficient. It is necessary to use additional processing 

techniques for the data of remote sensing for more accurate 

estimate of the changes of natural and anthropogenic sites 

(hence, also the landscapes). Such techniques are the ones 

described above: the analysis of temperature anomalies in the 

area, the differential radar interferometry method, etc. The 

combination of all techniques gives a complete picture of the 

situation and allows to carry out a detailed analysis of 

landscape dynamics and to predict future situations. It is 

advisable to combine the techniques through a geographic 

information system (GIS) that will include the following: 

measurements taken, cartographic materials, satellite and aerial 

photographs, and other related information. The final result is a 

prediction map of the Far North landscapes dynamics in the 

study area.  
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The Yamalo-Nenets Autonomous District is located in the 

arctic zone of the West Siberian Plain, with  more than half of 

it being outside the polar circle. The district is one of the main 

oil and gas bearing regions of Russia. It provides up to 15% of 

all oil reserves and 91% of all gas production in Russia 

[Beshentsev 2006].  

The district's area is hydrogeologically referred to the 

northern extremity of the West Siberian megabasin consisting 

of three independent complex superimposed hydrogeological 

basins: Cenozoic, Mesozoic and Paleozoic [Matusevich 1986]. 

The Cenozoic basin (its first hydrogeological complex, to be 

more exact) is frozen in different degrees. The hydrogeological 

complex is represented with the Cenozoic-Cretaceous system 

of drainage basins [Matusevich & Smolentsev 1998].  

Five hydrogeological regions (Fig. 1) were identified in the 

basin based on the peculiarities of permafrost distribution and 

permafrost structure and on the subsurface runoff modulus. 

 
Figure 1.   Zonation of the Yamalo-Nenets Autonomous District's area 

based on the peculiarities of permafrost distribution and on the 

peculiarities of the subsurface runoff modulus 

1, 2, 3, 4, 5 ï the numbers of hydrogeological regions 

 

10-30% of permafrost is typical of the first region with the 

subsurface runoff modulus equaling 3.5 l/sec km
2
. These 

characteristics make up from 30 to 70% and 2.5 l/sec km
2
 

respectively in the second region. In the third region, the 

percentage of permafrost increases up to 90% with the runoff 

modulus decreasing down to 1.5 l/sec km
2
. In the fourth region, 

the permafrost makes up 90-100% with the runoff modulus 

equaling about 0.5 l/sec km
2
. The zone with the 100% content 

of homogeneous permafrost without segregated ice is spread in 

the Far North, with almost no subsurface runoff (<0.05 l/sec 

km
2
) [Ivanov & Beshentsev 2005]. The West Siberian 

permafrost is characterized with latitudinal zonation. The 

latitudinal zonation occurs in the distribution of permafrost 

thickness and permafrost temperature, in the permafrost 

structure and in its ice content as well as in the permafrost 

relief of the earth's surface. Three main permafrost zones were 

formed on the territory of the West Siberian Plain from north to 

south due to the combined impact of paleohydrogeological 

factors and contemporary ones [Beshentsev, Ivanov, 

Beshentseva 2005]. 

1) the zone of continuous bedding of thick modern and 

ancient permafrost ï it occupies the northern half of the plain 

part of the region (approximately to the north from 66Á) as well 

as the Polar Urals and the Pre-Urals; 

2) the zone of discontinuous bedding of modern and ancient 

permafrost ï it is located in the southern part of the area under 

study; 

3) the zone of deep bedding of ancient permafrost - it is 

developed on the limited area in the valley of the Ob River, 

from the southern boundary of the District (the village of 

Kazym-Mys) to the confluence of the Great and the Little Ob 

Rivers, and it is also developed in the upper reaches of the 

Kunovat River. 

The presence of thick and complex permafrost excluded a 

significant part of the geological profile of the North of West 

Siberia from water exchange and influenced the formation and 

the regime of subpermafrost, intrapermafrost and 

suprapermafrost waters. The indicated regime is almost entirely 

determined by geocryological conditions on the research 

territory. Seasonally thawed, suprapermafrost, subpermafrost 

waters and open talik waters are formed here. 

Groundwater is alimented by means of infiltration of rain, 

snow and river groundwater. The waters are discharged into the 

nearest watercourses. There is no inflow of groundwater from 

remote regions on most of the area due to the fact that the 

ground water-bearing systems of some river basins are 

disconnected. 

The regional distribution of low-mineralized (70-

150 mg/dm
3
) ultrafresh waters is a typical feature of fresh 

groundwaters of the Yamalo-Nenets Autonomous District that 

are associated with the sandy and clayey unconsolidated 

sediments of the Eocene and Quaternary Period. The main 

components of general mineralization of groundwater include 

the salts brought by precipitation, the salts leached by water 
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from water-hosting grounds and from the soil layer and the 

ions synthesized from water and from carbon dioxide. The 

groundwater is characterized with low concentrations of such 

main salt-forming components as calcium (from 3 to 50 

mg/dm
3
) and magnesium (from 2 to 40 mg/dm

3
). The high 

content of iron ions (from 1.4 to 6.5 mg/dm
3
), manganese ions 

(from 0.01 to 2.2 mg/dm
3
) and silicic acid ions (from 2.4 to 35 

mg/dm
3
) sharply stands out against the background of the low 

values of these ions. 

The chemical composition, the mode of occurrence and the 

hydrogeological parameters of the groundwater of the Eocene 

and Quaternary sediments reflect the history of landscape 

development and the paleohydrogeological history both in the 

general mineralization and in other hydrochemical 

characteristics. Besides, the indicated groundwater is subject to 

the regular latitudinal-concentric zonation. The in-depth study 

into the impact of permafrost-hydrogeological and 

paleogeographical factors on the formation and distribution 

conditions of the fresh groundwater of the cryolithozone will 

allow us to more purposefully approach the search and 

exploration of groundwater deposits as well as to forecast the 

change in the groundwater composition at operating water 

intake stations. 

The following conclusion can be drawn on the basis of the 

geological history of drainage basins development: the 

processes of cryogenic metamorphization of groundwater 

occurring due to repeated freezing and thawing of the 

sediments of the Eocene-Oligocene-Quaternary 

hydrogeological complex represent the main factor of low 

mineralization and latitudinal-concentric zonation of 

groundwater from fresh to ultrafresh [Beshentsev, Ivanov, 

Beshentseva 2005]. 

The groundwater was repeatedly frozen during the Early 

Zyrianka and the Late Zyrianka Ice Ages and was washed by 

thaw and flood waters in the interglacial periods, when the 

system of northern rivers' runoff and, therefore, the system of 

subsurface runoff of this region was almost completely formed 

at the end of the Pleistocene - the beginning of the Holocene. 

Repeated processes of metamorphization of the chemical 

composition of freezing and thaw waters occurred in the course 

of formation of the groundwater chemical composition at the 

described area. They included [Ivanov & Beshentsev 2005]:  

a) cryogenic concentration (the gradual growth of the 

mineralization value of the freezing water);  

b) directional change in the chemical composition of ice 

and water that underwent at least one freeze-thaw cycle; c) 

seasonal redistribution and reduction of the ion (chemical) 

runoff of rivers as a result of the chemical sedimentation of 

cryogenic sediments (minerals in the form of salts, hydroxides 

and organocomplex compounds);  

d) ice desalination in the process of thawing;  

e) the formation of hydrochemical stratification in 

continental and marine water bodies in the process of their ice 

cover thawing;  

f) the accumulation of ʉʘʉʆ3 and of soluble compounds in 

marine ice, icing ice, glacier ice and ground ice;  

g) the salinity fluctuations of the World Ocean waters in a 

thousand-year cycle as a result of the glaciation state 

variability. 

As a result, clearly expressed hydrochemical zonation of 

the groundwater of the Yamalo-Nenets Autonomous District is 

observed against the general background of low mineralization 

(70-150 mg/dm
3
).  

The amount of permafrost grows and the ground 

permeability falls from south to north. This increases the period 

of water interaction with the grounds and leads to more 

intensive leaching of cations under the conditions of a more 

complicated water exchange.  Besides, the impact of lower 

temperatures increases this factor, which, as is known, leads to 

calcium carbonate sedimentation and magnesium carbonate 

accumulation in the solution [Ivanov & Beshentsev 2005]. 

The growth of the sulfate and chlorine content is also 

observed in the northern direction. These elements serve as 

indicators of direct cryogenesis processes according to the 

research results [Beshentsev, Ivanov, Beshentseva 2005]. The 

direct cryogenic freezing-out traces in the vertical profile can 

also be seen in the increased salt content in the lower part of 

the Upper Cretaceous - Quaternary water-bearing level. In a 

number of cases, the groundwater mineralization here grows up 

to 0.7-1.5 g/dm
3
 in the relatively water-bearing Upper 

Paleocene horizon (the tibeysalinskaya suite). Consequently, 

the increase in the relative content of sodium and magnesium 

ions and the decrease in the groundwater mineralization with 

the reduction of the water exchange intensity convincingly 

demonstrate the role of cryogenesis processes in the formation 

of the hydrochemical conditions of the cryolithozone in the 

north of the West Siberian megabasin. 
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Abstract 

The Yamal territory is subject to high anthropogenic loads as a result of intense and large-scale nature management. Main 

environment risks come from drilling and works associated with transport and primary processing of petroleum, which pollutes 

the ground surface, surface and ground waters and causes changes to landscapes (degradation of vegetation, acceleration of 

erosion, etc.). 
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The Yamal territory is subject to high anthropogenic loads 

as a result of intense and large-scale nature management. Since 

the late 1980s the Yamal-Nenets Autonomous Area has been 

among world largest gas producers yielding more than 90% of 

gas and 12% of oil and condensate in Russia. The greatest 

impact is on the most highly developed and richest Pur district. 

The Polar Urals, the highland part of the area, is a province of 

active chromite mining, and other mineral deposits 

(manganese, base metals, gold, PGE, gemstones) are being 

explored there. Sand and gravel quarries are operated all over 

the area to supply material for laying roads and construction. 

There are many modern cities and villages (Nadym, Novyi 

Urengoi, Noyabrsk, Muravlenko, Gubkinsky, Tarko-Sale, 

Vyngapurovsky, Purpe, Yamburg, etc.), more than 1000 km of 

rail ways and 4000 km of motor roads, and thousands 

kilometers of gas and oil pipelines and power lines. Extraction 

and use of groundwater and surface waters has been ever 

increasing.  

The greatest environment impact in areas of petroleum 

production is from drilling and works associated with 

transportation and primary processing of petroleum, which 

pollutes the ground surface, surface and ground waters and 

causes changes to landscapes (degradation of vegetation, 

acceleration of erosion, etc.).  

Urban load is another major source of environment risks, 

after petroleum production and transportation, especially the 

impact on Eocene-Oligocene-Quaternary aquifers. About 60 

million cubic meters of waste water is discharged annually in 

water bodies: about 90 % into rivers and lakes and 10% into 

the subsurface. Sewage water pollution consists of industrial 

(50%), household (47 %), and other (3%) components. Rivers 

of the Pur catchment are being especially heavily polluted. In 

2002, 47.2 mln m
3
 of sewage water was discharged (37.9 mln 

m
3
 or 80% into waters and 9.2 mln m

3
 or 20 % into quarries 

and storage basins in the watershed territory). 

The watershed area of the Pur catchment has been polluted 

with tons of waste products: petroleum (34.2), suspended 

matter (586), dry residue (2430), synthetic surfactants (11.2), 

sulfates (0.26), chlorides (0.32), ammonium nitrogen (69), 

phosphorus (0.18), diethylene glycol (343), methanol (2880). 

Non-treated wastes dumped onto the ground surface become 

washed off by spring waters and thus pollute both surface 

water bodies and underground aquifers.  

Annual emissions into air exceed 0.8 mln ton, mainly from 

permanent sources of petroleum production objects. The 

emitted gases are mostly carbon oxide (54%), hydrocarbons 

(39.0%), and nitric oxide (7%, as NO2). 

Burning tremendous amounts of gas in flares (more than 

1500 in the area) causes irreversible damage to the 

environment: e.g., 4.2 billion cubic meters of gas was burnt in 

2004.  

The company Gazprom Dobycha Nadym Ltd. is developing 

the Medvezhie, Yubileinoye, and Yamsoveiskoye deposits in 

the central Yamal-Pur interfluve. Medvezhie, the northernmost 

one, stretches for 120 km in the NðS direction across two 

landscape-climate zones of northern forest tundra and tundra, 

with continuous permafrost. Two other deposits are located in 

the zone of Holocene sporadic permafrost, where frozen layers 

are often separated by unfrozen rocks. The temperature of 

permafrost varies from 0 to -3Á C. 

The development of the territory has changed its 

permafrost-geological conditions. The seasonal thaw depth 

became 40-70% greater as a result of soil cover removal and 

changes to snow accumulation conditions and soil composition 

at development sites. Deformation of foundations mostly 

results from precipitation associated with warming and 

permafrost thawing, from heaving of cooling soil and high 

temperature gradients, as well as from increasing soil moisture. 

The situation aggravates because of growing water saturation 

of soils at some industrial sites.  

Principal measures undertaken at enterprises to maintain the 

carrying capacity of foundations include decreasing ground 

temperatures with various cooling systems and piling. 

Large-scale temperature monitoring at tens of specially 

equipped wells in oil fields is being run by Nadymgasprom. In 

2004 the Subarctic Research and Education Station was set into 

operation where research activities are performed in addition to 

training students. There are three 30 m deep geothermal holes 

within the Yubileinoye field drilled in natural landscape 

conditions. Two holes are near sand dumps where clusters of 

gas wells are located and the third one is rather far away, in an 

open tundra area. The temperature logging is automatic, with 

readings at every six hours.  

The coldest temperature is -2.3ÁC throughout the drilled 

depth in the undisturbed part of tundra while mean annual 

ground temperature at the base of the active layer approaches 

0ÁC, and the ground is mostly unfrozen. The ground 
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temperature in the upper section, about the depth of the active 

layer base, may reach 2ÁC and is within negative temperatures 

in hole 2. There may be two reasons for the latter fact: (i) 

infiltration of melt and rain waters in the sand dump which 

makes the groundwater table shallower and increases heat flow 

in areas of water transit thus warming up the ground; (ii) 

different positions of the holes with respect to the dump. The 

head of well 1 is below the site level, and a thick snow cover 

accumulates there, which prevents soils from cooling in the 

cold season.  

Thus, the underground hydrosphere is suffering the greatest 

impact, especially the most valuable freshwater of the Eocene-

Quaternary aquifer which is the principal source of drinking 

and household water in the Yamal area, as well as in the entire 

Tyumen region. The anthropogenic loads change the conditions 

of groundwater circulation and cause transformations of waters 

and hydrogeological systems.  

Preventing further pollution of various kinds requires 

continuous monitoring of environment at urban and isolated 

water supply points, which has to address water intake, position 

of the dynamic level, groundwater chemistry, and the state of 

boreholes and drinking water protective areas.  

There is one important control of groundwater quality and 

composition in West Siberia, which often remains beyond 

consideration. This is namely the permafrost dynamics, 

especially, permafrost degradation as a result of global 

warming. Water withdrawal stations in the permafrost zone 

exist in special conditions where the state of frozen ground that 

acts as ion-exchange shields and filters is a factor of protection. 

In addition to hydrodynamic and geochemical observations, the 

monitoring program in the area has to include development of 

methodological recommendations for temperature monitoring 

of ground conditions, water at well heads, and the water budget 

within the area where useful groundwater resources originate. 

This will allow constraining the correlation between permafrost 

and hydrogeological parameters and predicting possible 

changes to water quality.  
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Water and salt movement during freeze-thaw is one of the 

fundamental problems in geocryology, and the former 

president of International Permafrost Association Pewe [1983] 

pointed out that founding out the law of water and salt transfer 

during freeze-thaw is a new way for controlling salinization. 

Due to the subjective influence and instrument condition, the 

study on freeze-thaw affected on salinization is not available.  
 

Influencing factors on water movement  

in soil during freeze-thaw 

Water movement in frozen ground is due to the comprehensive 

effect of manifold causes. Research on the influencing factors 

have indicated that water movement is predominantly affected 

by temperature, the initial moisture content of soil, salt content 

and the structure of the soil.  

Temperature gradient: Temperature is one of the external 

agents of the soil water movement. During freezing under a 

temperature gradient the unfrozen water potential induces pore 

water to transform from the unfrozen zone to the freezing zone. 

So temperature gradient is the key inducing factors on water 

migration, or some other factors change due to the changing of 

temperature gradient, and the factors are influencing water 

migration. 

Initial moisture content: When the initial moisture content 

of the soil is big, there is enough water for ice growth and 

forming continuous ice lens, so the ability of water migration is 

weaker in a denser massive frozen zone. The initial moisture 

content may affect frozen depth of the soil, the frozen depth is 

shallower to the soil with bigger initial water content [Pikul et 

al.1991].  

Salt content: Salt has a substantial impact on water 

pressure, unfrozen water content and water movement. The 

presence of salt will lower the freezing temperature to 

temperature below 0ÁC, and different salt type and 

concentration have different influence on the freezing point 

[Bing & Ma 2011]. At the same temperature the unfrozen water 

content in saline soil is bigger than that in soil of salt free.  

Soil structure: The water migration depends not only on the 

external condition, but also largely upon the physical structure 

of soil, the variation of dry density has a significant influence 

on the flux of water migration. Under the freezing state, the 

water permeability to the soil with coarse particle is stronger 

than that of fine-grained soil, but the ability of water movement 

is weaker. 

Influencing factors on salt  

migration in soil during freeze-thaw 

Solute moves with water since we know water is one of the 

main factors to salt migration. The denser of initial solute 

concentration and the quicker of freezing velocity, the fewer of 

transfer salt. Water is not only the solvent of salt, but the 

transfer carrier of salt as well. So water transfer controls the 

salt migration except the salt variation for the physical and 

physicochemical causes.  

In the process of salt migration following various physical, 

chemical and biological processes, the amount of salt migration 

is fluctuating in soil profiles due to the stochastic distribution 

of micro structure of soil and its variance at time and space 

[Celia & Bouloutas 1990]. Salt migrates from freezing zone to 

unfrozen zone in high permeable medium like sandy soil; 

however, the direction is reverse to the medium of low 

permeability. And the process is more complete provide that 

the permeability is higher and freezing ratio is slower. During 

freezing salt can transfer with water, but their transfer become 

more and more difficult due to the occupied access, thus the 

main direction of the transfer is to the freezing zone.  

Given all that, the salt migration is complex during freezing 

which influenced by the soil type, initial moisture content, salt 

content, temperature, temperature gradient, and cooling rate. So 

the migration process is the result of the various factors 

mentioned earlier. 
 

Mechanism of salt and water movement  

in soil during freeze-thaw 

Three types of experiments were performed with the same soil, 

all with a bottom boundary temperature of +2ÁC: (i) 

unidirectional freezing with the upper surface of the sample at -

10ÁC; (ii) cyclic freeze-thaw with the upper surface 

temperature varying sinusoidally from -10ÁC to +10ÁC and (iii) 

cyclic freeze-thaw with the upper surface temperature varying 

sinusoidally from -10ÁC to 0ÁC (Figure 1a, b and c). The three 

experiments had a sodium sulfate solution reservoir connected 

to the sample through the bottom cap so that provide an open 

system during freezing and thawing. At the end of the 

experiments the samples were divided into 1 cm thick discs to 

measure moisture content and dry density. 
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Fig.1 Boundary temperatures during the experiments: (a) during 

unidirectional freezing; (b) during cyclic freeze-thaw from -10ÁC to 

+10ÁC; (c) during cyclic freeze-thaw from -10ÁC to 0ÁC. 
 

Fig.2 and Fig.3 shows the moisture and salt content profiles 

after the experiments. In the unidirectional freezing 

experiment, the unfrozen moisture potential induced water to 

move from the unfrozen zone to the freezing zone, causing 

increased moisture contents in the freezing zones and reduced 

values in the unfrozen zones (Figure 2a). It should be pointed 

out that the upper part of the soil remained frozen at the end of 

the experiment. The two cyclic freeze-thaw experiments, which 

ended with thawed soils, developed high moisture contents 

further up the profile. This was especially true of the soil 
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cycled from -10ÁC to 0ÁC at the surface which showed the 

maximum moisture content in near-surface layer (Figure 2b 

and c). 
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Fig.2 Moisture content profiles after the experiments: (a) following 

unidirectional freezing; (b) following cyclic freeze-thaw from -10ÁC 

to +10ÁC; (c) following cyclic freeze-thaw from -10ÁC to 0ÁC. 
 

To unidirectional freezing, the unfrozen water potential 

induces pore water to transform from the unfrozen zone to the 

freezing zone. The ice lens (segregational ice) developed when 

freezing front drove forward. The maximum moisture content 

layer was lower compared to the second experiment (Fig.2b). 

During the freezing water migrated from the lower section to 

the upper, which leads to the drainage of the all soil column 

and a lower permeability. Thus, water cannot infiltrate to the 

original site when thawing. So there is a thawing interlayer 

causing moisture retention and with a greater moisture content 

after several cycles. But when the soil is only experienced 

freezing and thawing actions at minus temperature, there has 

not interlayer water accumulated, segregational ice layer and 

the unfrozen water potential gradient exists at all times. Thus, 

water continues to migrate to the upper layer. 
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Fig.3 Salt content profiles after the experiments: (a) following 

unidirectional freezing; (b) following cyclic freeze-thaw from -10ÁC 

to +10ÁC; (c) following cyclic freeze-thaw from -10ÁC to 0ÁC. 
 

Due to the ice self-purification during the unidirectional 

freezing, the freezing front serves as a partition layer to salt, so 

the amount of salt migration in frozen zone is very little though 

the moisture content in the zone is great. To the unfrozen zone, 

salt migrates with water and the amount of salt migration 

decreases at the soil column. So salt migrates for convection. 

When the soil experienced freezing and thawing, the 

temperature gradient varies. The trend of the moisture content 

in unfrozen zone is the same as the unidirectional freezing; the 

moisture content after the experiment is smaller than the initial 

for the drainage and the consolidation. And the biggest 

moisture content exists at the middle of the soil column. At the 

beginning of the action, the pore of the soil, particle grain size 

and mineral composition is random; the migration access has 

not yet formed, so the migration is taken place in local soil 

sample. With increase cyclic freeze-thaw numbers the access 

for salt and water migrating forms. At thawing the water 

migrated can not thoroughly back to the original place under 

the influence of gravity, so water migrates at the first cyclic 

freeze-thaw. With increase cyclic freeze-thaw number, the 

amount of migrated water increase, thus making a big amount 

of water at the middle of the soil. The amount of salt content is 

bigger at the detention layer of the water, partly because the 

salt source for the convection at the early stage applies salt to 

move up, making a bigger salt content at the top of the soil 

column, for one reason or another that there is a concentration 

gradient between the upper part of the soil with bigger salt 

content and the lower part soil water, which makes diffusion of 

salt to the lower part of the soil.  

The unfrozen water potential exists all the time to the soil 

experienced cyclic freeze-thaw from -10ÁC to 0ÁC, but it is 

various, so water migrates to the upper part of the soil column, 

making a bigger water content at the top of the soil. Compared 

with the unidirectional freezing, the salt content increases in 

the unfrozen zone because of the supplement. However, water 

takes salt to migrate up for the existing temperature gradient. 

Though the temperature at the top is -10ÁC, the temperature is 

given stage by stage, the freezing front at the early stage 

formed at the higher of the soil column and forward slower, so 

the salt content is bigger. 

Conclusions 

Water migration during freeze-thaw is influenced by 

temperature gradient, initial moisture content, concentration 

gradient and soil structure. Temperature gradient is one of the 

external agents of the soil water movement. Water is not only 

the solvent of salt, but also carrier of the salt, so salt migration 

is influenced by factor influencing water movement besides 

various physical and physicochemical matters. So the 

mechanism of water movement determines a large extent the 

mechanism of salt migration. Salt migration is controlled by 

concentration gradient and temperature gradient. Salt migrates 

with water for convection accompanying diffusion for 

concentration gradient. 
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The Quaternary section of the Canadian Beaufort Shelf 

consists of a sediment wedge in excess of 800 metres in 
thickness that accumulated in the subsiding Tertiary age 
Beaufort-Mackenzie sedimentary basin [Blasco et al, 1990]. In 
1988 ConocoPhillips Limited completed a 500 m deep 
borehole in 32 m water depth [Ruffel, 1990] on the southern 
margin of the Quaternary depocentre of the Beaufort-
Mackenzie sedimentary basin on the central Beaufort Shelf. 
Sediment samples recovered from the deep borehole were 
analyzed for permafrost, sedimentological, biostratigraphic and 
geochemical characteristics.Borehole stratigraphy indicates the 
inner shelf is composed of a thick section of eight 
regressive/transgressive sediment cycles consisting of sea level 
lowstand deposits of thick clastics and sea level highstand 
deposits of thin marine muds [Blasco, 1995].  

The clastic sediment layers are characterized by thick, low 
density fine sand containing fresh pore waters of glaciofluvial 
origin, terrestrial pollen assemblages and macrofossils. Primary 
depositional structures such as laminations and trough cross-
bedding are preserved. In contrast the marine muds contain 
saline pore waters and marine microfossils. Permafrost consists 
of pore ice, vein ice, reticulate and massive ice. Ice fabric 
indicates rapid crystal formation at shallow depths with no 
evidence of degradation, deformation or reformation. 

Interpretation of this stratigraphy suggests the Beaufort 
Shelf was not subject to deltaic progradational processes 
associated with proto-Mackenzie River discharge over geologic 
time. During glacial maxima and low sea level the Beaufort 
Shelf was subaerially exposed and sediment starved as the 
Mackenzie River drainage basin was blocked by ice sheets. 
Initial deglaciation was accompanied by major meltwater 
events (catastrophic?) that flooded the shelf with thick 
glaciofluvial clastic outwash sediments. The deposition of 
meltwater sediments on the exposed shelf was rapid. During 
interglacial periods rising sea levels resulted in the deposition 
of thin marine muds as Mackenzie River sediment discharge 
mostly bypassed the inner shelf. 

This stratigraphic model explains the observed distribution 
of ice-bearing permafrost. During sea level lowstands 
associated with glaciation the shelf was exposed to subzero 
temperatures that maintained underlying previously frozen ice-
bearing sediments. Catastrophic? sediment laden meltwater 
discharge across the shelf resulted in the rapid subaerial 
deposition of clastic sediments with contemporaneous 
aggregation of ice-bearing permafrost. Subsequent rising sea 
levels associated with deglaciation flooded the shelf 
accompanied by the deposition of marine muds. During 

interglacial periods seawater warmed the subsurface to -1.5ÁC.  
Insufficient heat was available to melt the ice in the sediments. 
A subsequent glaciation and resulting drop in sea level exposed 
the shelf again and resulted in the freezing of the now exposed 
marine muds and dropping the temperature of underlying still 
frozen sediments below -1.5ÁC. Deglaciation led to the rapid 
deposition of another layer of glaciofluvial outwash that 
quickly froze in the cold subaerial environment. Rising sea 
levels again resulted in the deposition of another layer of 
marine muds. In this manner the 8 cycles of ice-bearing 
sediments accumulated on the shelf as the Tertiary age basin 
continued to subside. 

The age of the section sampled in the borehole is not clear 
but a decomposed undated tephra at the base of the core is 
normally magnetized suggesting the section post dates the last 
magnetic reversal and would be younger than 780,000 years.  

At no time during interglacial periods did seabed 
temperatures rise above 0ÁC,  thus preventing widespread 
thawing of the ice-bearing permafrost . Significant thawing of 
these low density clastic sediments would have resulted in 
dewatering, densification of the lose sands, the deformation of 
sediments and the loss of primary depositional structures such 
as trough cross-bedding. Localized thawing occurred only 
where warm Mackenzie River outflow exposed the seabed to a 
positive temperature regime. This model accounts for the 
observed occurrence of ice-bearing sediments on the shelf.  
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Introduction  

According to the existing world assessments, the planetary 

maximum of mean annual carbon dioxide concentrations is not 

above tropic forests and not between 20Á and 60Á N where  

95% of the produced fossil fuel is burned. It is at 70Á N ï above 

tundra and northern forests. It is northern ecosystems that 

represent the main source of carbon dioxide and provide its 

planetary maximum in the atmosphere. 

Most of the authors showed that the organic carbon content 

has the greatest impact on the value of greenhouse gas 

emissions from frozen soils. Nonetheless, the qualitative 

composition of the soil organic matter was not examined. 

However, there is no doubt in the fact that this composition 

determines the availability of the organic matter to 

microorganisms and the mobilization speed. The additional 

carbon emission into the atmosphere in the form of greenhouse 

gases will strengthen the greenhouse effect in the future based 

on the feedback principle and can become comparable with the 

annual technogenic increase in these gases in the atmosphere. 

The problem of the direct impact of cryogenesis both on the 

qualitative composition of the soil organic matter from the 

perspective of its availability to microorganisms and on gas 

behavior in the soil profile remains understudied at present. 

 

Area of Research 

 The area of research is located in the north of Western Siberia 

(Nadymsky District, Tyumen Region and Yamalo-Nenets 

Autonomous District of the Russian Federation) within the 

northern boundary of north taiga, in the contour part of the 3rd 

lacustrine-fluvial plain of the Nadym River.  

 According to the soil-geographic zoning [Dobrovolsky & 

Urusevskaya 2004], this area is referred to the Nizhneobskaya 

province of the cold long-freezing soil facies of the subzone of 

the gley podzolic and podzolic soils belonging to the north 

taiga of the European-West Siberian taiga-forest region of the 

boreal belt.  

 The area under study is located in the zone of permafrost 

islands. The permafrost is discontinuous, being absent under 

forest land islands and bogs, and is confined to peatlands, frost 

mounds and ridges. Landscapes of different ages characterized 

with a various degree of cryogenesis manifestation are widely 

developed in the area at present. 
 

Objects and Methods 

The research was carried out at three sites: the forest site, the 

flat-topped polygonal peatland and the degrading peatland.  

The forest site represents hummocky dish lichen pine 

forest. No permafrost was discovered in the soil cover. The soil 

forming in the conditions of deep permafrost bedding was 

classified as the illuvial-ferriferous finely light-colored sandy 

silt podzol.  

The flat-topped polygonal peatland represents flat and 

slightly inclined large-hillocky main surfaces of peatlands with 

cloudberry-ledum-sphagnum-lichen cover. The active layer is 

represented in this case by a peaty horizon underlain by a 

mineral stratum. Permafrost occurs below 55 cm on average. 

The following type of soil was identified: peat flow-humic 

fine-peaty sandy silt-light clayey silt cryosoil. 

The degrading peatland represents small-mound ridge 

surfaces consisting of mounds raised above the bog level. It is 

characterized with locally developed bare peat spots, sparse 

vegetation and permafrost at the depth of 60 cm on average in 

the peat layer. Degrading peatlands are relict formations. The 

soil is classified as peat oligotrophic destructive permafrost. 

The following studies were conducted in field conditions: 

regime monitoring of the carbon dioxide emission from the soil 

surface with a chamber method [Smagin 2005] and regime 

monitoring of the carbon dioxide concentration in soil horizons 

with a "tube method". Hermetically sealed tubes of a 1 cm 

diameter leading to the surface were placed in the soil at the 

depth of 20, 40, and 60 cm to fulfill this task. Concentration 

measurements in both methods were made with the help of the 

portable DX6210 Gas Analyzer. Also, regime monitoring of 

the temperature was conducted with the help of Thermochron 

iButton
TM

 .  

All measurements were fulfilled many times every day 

during a month, during the peak of the vegetation period and 

during three field seasons of 2009-2011. 

The content of the general carbon and the content of the 

carbon of labile (water-soluble) organic matter of the soil were 

determined in laboratory conditions. The first one was 

measured with the help of the AN-7529 express-analyzer. 
 

Results and discussion 

It can be concluded on the basis of the received averaged data 

(Table 1) that the values of carbon dioxide emission are low in 

this region. This testifies to low biological activity of all 

investigated soils. The soils of forest ecosystems are charac-  

terized with maximum emission values. This is associated both 

with lack of the permafrost roof in the soil profile and with 

microclimatic peculiarities. The monitoring showed that the 

heat income to the forest soil surface is higher. The lowest 

emission values are typical of the degrading peatland soils. 

This is associated with close bedding of permafrost soils and 

with the substrate quality ï this is ancient almost completely 

processed peat. 

The clear daily dynamics of gas emission was identified. It 

is associated with the daily air temperature dynamics. 

Among research objects, the forest site and the flat-topped 

polygonal peatland are characterized with maximum averaged 

values of carbon dioxide concentration in soil horizons. The 
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general trend of the change in the carbon dioxide concentration 

and emission over the objects is preserved because it depends 

on the closeness of bedding of permafrost soils. 

 It is established that the soils under study function in 

different temperature regimes dependent on the presence or 

absence of permafrost in the profile. Cryosoils of the flat-

topped polygonal peatland can be regarded as "cold", while the 

podzols of forest ecosystems with no permafrost in the soil 

profile can be regarded as "warm".  

 
Table 1.  Carbon dioxide production by soils 

Soil Emission, 

mgʉʆ2/m
2hr 

ʉʆ2 concentration,% 

20 cm         40 cm         60 cm 

Peat-cryosoil  116 0.30 

 

0.29 0.3 

Peat oligotrophic 

destructive 

permafrost 

42 0.10 0.16 NA 

Illuvial -

ferriferous 

podzol 

205 0.15 0.31 0.23 

 

It was found out on the basis of the received data (Table 2) 

that the following is typical of the peat-cryosoil of the flat-

topped polygonal peatland: a high content of general carbon in 

the peat horizon, with abrupt reduction in mineral horizons and 

further increase in the suprapermafrost horizon. This confirms 

the humus retinization theory. 

The soils of the degrading peatland are characterized with 

the highest general carbon content within the entire profile 

among all soils under research, with the lowest values of 

biological activity. We think that this is associated with the low 

content of labile organic matter. 

 The highest content of water-soluble organic matter was 

discovered in the organogenic  horizon of podzol at the forest 

site and of peat-cryosoil of the flat-topped polygonal peatland. 

The highest biological activity values are typical of the forest 

ecosystem soils. This testifies to favorable conditions of 

organic matter transformation, as compared to other objects. 

 
Table 2. General and water-soluble carbon content 

Soil Horizon 

(thickness, 

cm) 

ʉ gen,%  ʉ water-

sol, % of 

soil 

 ʉ water-

sol, % of 

C gen 

Peat- 

-cryosoil 

ʆ (0-6) 36.77 0.670 1.822 

ʊ (6-12) 42.85 0.789 1.841 

ɺ1 (12-16) 1.26 0.039 3.105 

ɺh (16-24) 1.33 0.027 2.037 

B3 (24-35) 0.93 0.025 2.678 

BC (35-43) 5.06 0.024 0.474 

Peat 

oligotrophic 

destructive 

permafrost 

ʊ1 (0-17) 50.10 0.232 0.463 

ʊ2 (17-33) 49.73 0.236 0.474 

ʊ3 (33-48) 50.19 0.274 0.546 

Illuvial -

ferriferous 

podzol 

ʆʊ (0-11) 42.43 1.093 2.576 

ɽ (11-16) 1.16 0.051 4.394 

ɺ (16-35) 0.58 0.019 3.254 

ɺʉ (35-61) 0.23 0.012 5.221 

 

The interrelation between the content of water-soluble 

organic matter in the upper organogenic soil horizon and the  

values of carbon dioxide emission was identified.  

Thus, the value of carbon dioxide emission for the soils 

under study is determined both by hydrothermal and 

geocryological conditions, and by the organic matter 

composition, particularly by the labile fractions content. 
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Introduction  

The Lama Lake area is unique in terms of its natural conditions 

and serves as a recreational zone for the residents of the 

Norilsk region. The geocryological conditions of this area were 

hardly studied before. The geocryological studies in which the 

authors participated were carried out by the Expedition of the 

Geocryology Department of Moscow State University (1991-

1993) and the Russian-German Expedition (1997). The annual 

mean ground temperature is the main characteristic of 

geocryological conditions in any area, and the analysis of 

specific and general regularities in its formation is of primary 

importance.  

 

Description of the area 

The Lama Lake basin is located at the foot of the western part 

of the Putorana Plateau. The area is located outside the polar 

circle; its climate is elevated continental with the annual mean 

air temperature of -9.3 Áʉ. The annual mean amount of 

precipitation makes up 429 mm including 236 mm falling in 

the form of snow. The area is referred to the north taiga 

subzone and is mainly covered with forest consisting of fir, 

larch and birch as well as of light forest. The research area 

covers the plain territory of the northern and the southern shore 

of Lake Lama (the absolute heights are 45-175 m). The plain 

territory includes lake terraces, the Mikchangda River terraces 

and the highest level of glacial genesis. Permafrost is 

discontinuous and forms islands according to geophysical 

research data. 

 

Research methods 

The special landscape microzoning of the territory was made 

and the corresponding map was prepared to evaluate the impact 

of natural factors on the ground temperature formation. We 

chose the following zoning indicators: the relief and the 

microrelief of the surface, the composition of the grounds in 

the upper part of the section and the nature of vegetation that 

represent the main temperature forming factors. At several 

points of each identified microzone, the surface conditions 

were described, the seasonal thawing depth was measured, the 

section of deposits was studied and the frozen and seasonally 

thawed grounds were sampled for determination of the 

moisture content as well as of the volume weight of the ground 

skeleton. 2 thermometric wells were drilled in peatlands during 

the fieldwork in 1991. The annual mean ground temperature 

was determined to be within the range from -1.5Áʉ to -2Áʉ. 

Since the data of the direct thermometric monitoring are 

limited, we estimated the impact of various natural factors on 

the ground temperature and on the thickness of the seasonally 

thawed or the seasonally frozen layer with the help of 

S.N. Buldovich's method [2001] in order to determine the 

regularities in the formation of the annual mean ground 

temperature. This methodology is based on the analysis of the 

connection between the thermal regime of grounds and the 

level of annual heat exchange in them. The calculation is 

conducted through the value of annual heatturns defined by a 

whole series of landscape-climatic and geological factors, by 

the annual mean ground temperature and by the thickness of 

the seasonally thawed layer (seasonally frozen layer). In 

addition to the annual mean ground temperature at the bottom 

of the seasonal thawing or freezing layer (tɝ), we estimated the 

impact of the components of the radiation-heat balance and the 

impact of the snow cover and of the soil vegetation cover. We 

also calculated the temperature shift occurring due to the 

difference between grounds' heat conductivity coefficients in 

the thawed and the frozen states. All these procedures were 

performed for each microzone. The temperature map of the 

western part of the Lama Lake basin was drawn on the basis of 

calculation results.  

 

Research results 

Impact of the radiation-heat balance 

The annual mean temperature of the day surface differs 

from the annual mean air temperature by the radiation 

correction value (DtR). DtR makes up on average 1.0 Áʉ for 

open forestless parts of the area under study, and it makes up -

0.2 Á for forested surfaces (under the forest cover).  

 

Impact of the snow cover 

The snow cover is one of the most important temperature-

forming factors. The impact of snow (ȹtsn) is defined not only 

by its thermal resistance but also depends much on the value of 

heatturns passing through the soil surface. We should 

emphasize the irregular distribution of the snow cover in height 

and density within the area of research that causes differences 

in ȹtsn. A thick snow cover up to 0.8-1.1 m (sometimes 

reaching 1.5 m) is accumulated in the forests with undergrowth 

and thick bushes. High snow thickness (up to 2 m) is also 

observed in inter-ridge depressions typical of dissected glacial 

surfaces. The snow thickness varies from 0.2 to 0.6 m in open 

forestless areas. The ȹtsn values in different microzones are 

within the range from 5.0 to 8.5Áʉ. The snow warming impact 

grows regularly with the increase in the snow cover thickness. 

The highest ȹtsn values (from 8.1 to 8.5ÁC) are observed in the 

microzones covered with forest or thick bushes and in inter-

ridge depressions. The lowest value of ȹtsn is registered on the 

islands with no vegetation in the Mikchangda River's delta with 

a thin snow cover (0.3 m).  
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Impact of the soil vegetation cover 

The impact of the wood and bush cover, as is shown above, 

is expressed in the change of the components of the surface 

radiation-heat balance and in the redistribution of the snow 

cover. Being heat insulators, the moss-lichen and green moss 

soil vegetation covers impede the summer warming of the soil 

and, at the same time, reduce heat emission from the soil 

surface in winter. The calculation results showed that soil 

covers have a cooling impact on tɝ (ȹtʨ from -0.1 to -0.7 ÁC). 

The higher the thickness of the moss cover is, the greater 

impact it exerts on tɝ. Thick green moss covers on the low lake 

terrace have the highest cooling impact (from -0.6 to -0.7Áʉ). 

The higher the moisture content of the soil cover is, the greater 

cooling impact this cover exerts in summer and the lower 

warming impact it exerts in winter. The ȹtʨ value is almost 

twice as high for moist moss as that of low-moisture moss.  

The impact of factors determining tɝ is interdependent. The 

amplitude of monthly mean temperature fluctuations increases 

at the surface of vegetation cover when the snow cover 

decreases. This leads to the increase in the value of heatturns 

and to the increase in the cooling impact of vegetation. The 

heatturns' value and the impact of soil vegetation covers go 

down when the snow cover thickness increases. For example, 

ȹtʨ fell by 0.1ÁC at the low terrace of Lake Lama within the 

site composed of clayey silts when the snow cover thickness 

increased by 0.1 m. However, the quantitative input of the 

snow warming impact under the same climatic conditions 

significantly exceeds the cooling impact of soil vegetation 

covers.  

 

Impact of grounds' composition and properties 

The composition of grounds in the seasonal thawing 

(freezing) layer is distinguished with a great diversity: from 

pebble-boulder deposits with sandy and sandy silt filling to 

clayey silts and peat. The temperature shift (ȹtɚ) caused by the 

difference in the heat conductivity coefficients of grounds in 

the frozen and in the thawed state rises with the increase in the 

difference of the heat conductivity coefficients and depends on 

the ice content of grounds. The ȹtɚ values from -0.1 to -2.1Áʉ 

were obtained as a result of calculations. The highest ȹtɚ values 

are reached in peats; ȹtɚ in clayey silt varies from -0.4 to -

1.4Áʉ, and in sands and gravel-pebble deposits it ranges from  -

0.1 to -0.4Áʉ.  

 

Ground temperature formation under the impact of the 

complex of factors 

The formation of tɝ occurs under the impact of the complex 

of natural factors. Besides, the change in the impact of one 

factor leads to the alteration of the impact of all other factors 

because the heatturn is altered. A complex combination of 

factors in different microzones results in the variety of tɝ on the 

territory. The lowest temperature microzones (tɝ reaches           

-2.1Áʉ) are referred to peatlands with the highest ȹtɚ. tɝ from  -

0.3 to -1.3Áʉ is formed on glacial deposits. The lowest 

temperature was obtained for inter-ridge depressions composed 

of dusty sandy silt and covered with a peat layer. The close tɝ  

(-0.3 to -1.7ÁC) values are observed at lake terraces where the 

highest temperatures are typical of low-moisture sand grounds 

with a thick snow cover, while tɝ = -1.7ÁC was obtained for 

open sites with a low amount of snow that are composed of 

sandy and clayey silts. The positive tɝ values can be formed on 

water-glacial sand-pebble deposits at the sites with a high snow 

accumulation. Complex temperature conditions are formed on 

the floodplain islands in the Mikchangda River's delta that are 

composed of sandy silt and silty sand. tɝ is about -3ÁC at these 

sites with no vegetation. This is mainly associated with a low 

thickness of the snow cover and with its higher density 

resulting from strong wind loads.  The positive tɝ values 

(0.4Áʉ) are formed on the islands covered with thick bushes 

that intercept loose snow.   

 

Conclusions 

The temperature conditions abnormal for high latitude 

developed in the area of research. Thawed grounds and high 

temperature permafrost are developed here. The tɝ values vary 

from +0.4 to -3.3Áʉ. The snow cover has the greatest impact on 

the tɝ formation. Its thickness and density vary much within the 

area under study. The impact of the bush and wood vegetation 

manifests in the snow accumulation conditions. In the forest 

the temperature at the day surface is lower by comparison with 

forestless lands. Soil covers have a low cooling effect and thick 

moss covers reduce the warming impact of snow in a number 

of cases. The temperature shift is negative and considerably 

reduces tɝ especially on peatlands. 
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Russian economy stability in XXI
st
 century will be mostly 

relied on development of hydrocarbon reserves of Arctic shelf. 

Unique resource potential allows considering Central Arctic as 

a region guarantying long-term national energy security.  

The area of the region is 2.5 mkm
2
, 1.4 mkm

2
  are onshore 

and 1.1 mkm
2
  in marine shelf. The Central Arctic consists of 

Yamal and Gydansky peninsulas (YaNAO), Taimyr peninsula 

(Krasnoyarsk District), system of gulfs and Kara sea.  

Total initial reserves of the region are estimated over 100 

billion TOE with significant dominance of gas reserves 

amounting about 85%. Approved estimations of the recent 

assessment amount over 90 billion TOE seeing underestimated 

in Gydan petroleum province (NGO) and Severo-Karskaya 

SPNGO.  

As of 01.01.2011 , 51 onshore hydrocarbon fields 

discovered in the region: 26 in Yamal peninsula, 12 in 

Gydansky peninsula, 14 in Enisey-Khatangskaya NGO. Two 

fields ï Rusanovskoe and Leningradskoe ï discovered in the 

South-Kara shelf, four fields ï in the Gulf of Ob. Major part is 

multilayer fields, gas accumulations dominated/ 

Geological and geophysical knowledge of the Central 

Arctic region differs depending on situation. Onshore drilling 

acquaintance measured by 1.5 thousand deep wells taped 

completely only Cretaceous part of section. Some wells were 

drilled in marine conditions: 2 in Rusanovskoe and  2 in 

Leningradskoe fields, 3 in Bely Island, 1 in Sverdrup Island. 22 

wells drilled in the Gulf of Ob. 

Volume of seismic profiles in the Kara Sea shelf amounts to 

113.99 thousand lin.m.  

On the basis of geological and geophysical survey deep 

structure of sedimentation mantle is studied at a depths of 11-

17 km, main tectonic elements are specified and 84 local 

structures are identified. 

Seismic surveys performed in Gydansky peninsula and in 

the northern part of Kara Sea in recent five years allow 

forecasting significant prospects of these territories; 

underestimated reserves assessment of these territories 

becomes clear in a view of new data and requires correction on 

a basis of complexion of acquainted results and development of 

complex geological model of onshore and offshore areas of 

Central Arctic Region.  

Hydrocarbon field development in the Central Arctic plays 

important economical and geopolitical role for Russia. 

Industrial development of the territory allows further extension 

to other Russian Arctic Regions. Russia could settle in Arctic 

shelf in a safe manner and long-term basis. 

Yamal peninsula has unique potential for industrial 

development. Prepared for commercial production natural gas 

reserves of Yamal peninsula allow to forecast annual gas 

production 300 bcm during 50-70 years.  

Construction of the biggest Russian LNG capacities is 

projected in the north of Yamal peninsula. Potential LNG plant 

production capacities should be over 40 million tones. Selling 

of  LNG requires building of large sea port which exploitation 

should support renovation and further development of the 

Northern Sea Route. Construction of sea port will result in 

diversification of  hydrocarbon supplies as liquefied natural gas 

could be shipped by tankers both to Europe and Asia.  

Development of oil and gas fields in Central Arctic Region 

requires utilization of innovative technologies saving fragile 

ecology balance of Arctic and giving the opportunity to 

indigenous ethnic communities of the North to live on their 

traditional way (nomadic reindeer herding). 

Due to development of oil and gas fields in Central Arctic a 

great number of social problems arising in single-industrial 

towns during production decline could be resolved. Such town 

could get ñsecond lifeò and become the base for exploration of 

Central Arctic potential. 

Progress of the region will require huge capital investments, 

but it is absolutely substantiated giving unique reserves volume 

and constantly rising world hydrocarbon demand in a long-

term prospect. 
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Introduction  

Climate change in the Arctic will significantly affect the 

physical environment over the coming decades, to a large 

degree through changes in the hydrological cycle. Along with 

permafrost thawing, increased surface water flows, rising 

groundwater contribution to streamflow and increased 

precipitation are some changes that so far have been observed 

in the Arctic and also may have direct and substantial effects 

on the environment and infrastructure in the region. 

Climate projections provide information on expected future 

changes to key atmospheric parameters such as air temperature, 

precipitation, and wind speed. However, practical adaptation of 

society also requires information on how such changes are 

propagated further through the terrestrial ice-water system, 

changing permafrost and water flows. Here, we extract and 

summarize some permafrost-indicative findings in our recent 

study [Bring & Destouni, 2011] where we investigated a recent 

period of observed climate and concurrent river discharge 

changes in the Arctic. We use the nature of the physical 

watershed as a natural boundary for water flow and compare 

precipitation-runoff change relations that indicate considerable 

permafrost changes across the largest Arctic basins.  

 

Method 

From the Regional, Hydrometeorological Data Network for the 

Pan-Arctic Region (R-ArcticNET) database of river discharge, 

we identified 13 independent drainage basins for which the 

most downstream hydrological monitoring station covered an 

upstream drainage area of more than 200,000 km
2
 and for 

which recent discharge data was accessible. For these basins, 

we combined observed distributed precipitation data from the 

CRU TS 2.1 dataset, and observed discharge data from the 

Water Survey of Canada, the Arctic Rapid Integrated 

Monitoring System (ArcticRIMS), and the R-ArcticNET. We 

compared the reference period 1961-1990 with the more recent 

period 1991-2002, the latest for which distributed CRU data 

were available. 
 

Results and discussion 

Changes to precipitation and discharge for the 13 basins 

between 1961-1990 and 1991-2002 are shown in Figure 1. 

In the figure, 1:1 changes are indicated with a solid line, on 

which all basins would fall if all change to precipitation 

translated directly to a corresponding change in runoff. Such a 

situation would require that evapotranspiration and water 

storage in the drainage basins remained constant under climate 

and other changes in the region. Most basins instead fall above 

this line, indicating a considerably greater increase (or smaller 

decrease) in runoff than the increase (or decrease) in 

precipitation. 

 

 
Figure 1. Changes to precipitation and runoff from 1961-1990 to 

1991-2002 for 13 major Arctic basins. From Bring & Destouni (2011). 

 

 
Establishing the source of this excess water is important 

both for a full process understanding of climate-hydrology 

interactions in Arctic basins and for relevant transformation of 

climate model projections into reliable hydrological 

projections, of importance for local and regional adaptation to 

climate change.  

Other studies have also indicated increased discharge to the 

Arctic Ocean, in several cases identifying precipitation as the 

main driver. However, several of our study basins exhibit 

contradictory historic changes, with increased discharge even 

through precipitation has decreased or remained stable. A 

partial explanation to the observed excess discharge water may 

be gauge undercatch in combination with reported increases in 

snowfall, which would tend to increase the portion of 

underestimated solid precipitation during the year. Other 

contributing factors may be anthropogenic water-use changes 

that have changed evapotranspiration, in combination with 

changes in snow and groundwater storage. However, part of the 

explanation may also be permafrost degradation. 

Simulations have shown that climate change in cold regions 

with permafrost entails complex and non-linear changes to the 

precipitation-runoff relation [Bosson et al, in press]. A 
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combination of mechanisms may then contribute to the excess 

water in major Arctic watersheds, with the relative importance 

of permafrost thawing along with different other processes 

varying from basin to basin [Adam and Lettenmaier 2008].  

In comparison to relying only on large-scale climate model 

results, a multi-model approach that links such results to 

hydrological modeling, which can better resolve and represent 

permafrost storage changes, along with groundwater, 

evapotranspiration and other runoff-affecting processes would 

enable better distinction, understanding and projections of 

permafrost-related hydrological change. 
 

Conclusions 

We analyzed and compared basin-wise changes to precipitation 

and river discharge across 13 major Arctic basins between the 

periods 1961-1990 and 1991-2002. Results indicate a general 

pattern of excess discharge compared with changes in 

precipitation. A combination of factors, including permafrost 

degradation, along with measurement errors and changes in 

groundwater storage and evapotranspiration can explain this 

result. Fully resolving the relative importance and contributions 

of these factors to the found complex, non-intuitive relation 

between (e.g., decreasing-stable) precipitation and (increasing) 

discharge changes requires further, physically based and well-

resolved model studies of regional hydrology under climate 

change. 
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Introduction  

Degrading Alpine Permafrost 

Cryogenic features in the high mountains of the Alps react 

sensitively to global climate change. Rising temperatures in 

mountain permafrost zones caused by heavy rainfall events 

contribute to degradation, which can lead to accelerations of 

the ground within a rock glacier [Arenson et al., 2010; 

Springman et al., 2012]. The consequences can extend to 

initiation of landslides, causing hazards to human life and 

infrastructure.  

Fundamental knowledge about the expected behaviour of a 

rock glacier is essential to predict whether instabilities are 

likely to develop. Coupling between mechanics, hydrology and 

temperature of a rock glacier is not well understood. Research 

efforts are necessary to gain a better system understanding, 

which can help to initiate preventive steps to protect the 

population from natural hazards.  

 

Research collaboration 

Three Institutes of the Swiss Federal Institute of 

Technology of Z¿rich (ETHZ) collaborate in this project. The 

research group consists of the Institutes for Geotechnical 

Engineering, of Geophysics and of Environmental Engineering 

(hydraulics). The research programme consists of three main 

parts: characterisation, monitoring and modelling of the rock 

glacier.  

 

Goal of the project 

The interaction between geotechnics, hydrology and 

thermal regime, together with the time dependent behaviour of 

the frozen soil, is not well understood. The goal of this project 

is to combine these four parts in one constitutive model and to 

embed this in a numerical model. Such numerical simulations 

can be developed to analyze the response and obtain a more 

detailed view of the different processes. Ground parameters 

from laboratory tests, as well as displacement and temperature 

measurements directly from the field, are indispensable in 

calibrating parameters and in validating the numerical model. 

 

Method 

Characterisation and long term monitoring 

Long term monitoring showed numerous rock glaciers in 

the Turtmann valley (Valais, Switzerland) are exhibiting 

thermally degrading zones accompanied by acceleration of the 

surface displacements over the last 40 years [Roer et al., 2005; 

Kªªb et al., 2007; Roer et al., 2008]. A rock glacier below the 

Furggwanghorn was chosen as a site for field characterisation 

and long term monitoring. Locations for boreholes were 

defined in summer 2010 in cooperation with the Institute of 

Geophysics and with reference to geomorphological aspects. 

The boreholes should give clear information about the 

availability of permafrost. Five boreholes (139 mm diameter) 

were drilled to a depth of 25 m. All boreholes are located in the 

upper part of the rock glacier, where thermal degradation was 

expected. A change in the thermal conditions and the growth of 

thermokarst could explain why the rock glacier shows 

increasing irregular creep behaviour. Formation of crevasses 

confirms this trend. Borehole F1, F2, F3 and F4 are arranged 

along one of the principal axes of the rock glacier. The distance 

between F1 and F4 is 26 m. Borehole F5 is located around 5 m 

from F4, transverse to the axis.  

Percussion drilling with high pressure air cooling delivered 

some information about the different soil characteristics 

through the material blown out, although this was not ideal. 

Rocky blocks, with dimensions greater than the drill diameter, 

also made the drilling campaign more difficult. The ground 

was very heterogeneous, with no consistent layers. The top 2-3 

m were covered with blocks of loose granular material. The 

soil below was a mixture of frozen silty sand and big blocks.  

 

Instrumentation 

Thermistor chains (Typ MEAS 44031) were installed in 

four of these boreholes (F1, F2, F3, F4) to measure the 

temperature distribution within the rock glacier. Each chain 

contains 30 temperature sensors that were fixed at different 

depths. The distance between the sensors is 0.5 m in the upper 

5 m and 1.0 m in the lower part. Ten supplementary 

temperature sensors were placed on the surface around the 

boreholes F1, F2, F3 and F4. A chain inclinometer was 

installed in the fifth borehole F5. The inclinometer consists of 

48 stiff segments (Shape Accel Array, Measurand, Canada), 

which are connected with a hinge that rotates through 360Á. 

Each of these 50 cm long segments measures the inclination in 

two vertical directions. The displacement of the rock glacier 

can be determined by integration of the inclination over the 

whole instrument length and assuming there was no 

displacement at the base. The position of the borehole on the 

surface has to surveyed by a stationary reference point to 

convert the movements measured into absolute displacements.  

The data collection occurs automatically so it is possible to 

monitor data over the whole year, even when the boreholes are 

covered with a thick layer of snow and hands-on measurements 

are not possible. The measurement interval of the thermistor 

chains and the inclinometer is six hours.  

The subsurface measurements were supplemented by a 

meteorological station. Meteorological parameters such as 

precipitation, air temperature, snow depth and radiation are 

especially important to be able to form the energy equation. 

Details about the different measuring parameters are given in 

Table 1. Meteorological data are collected every 5 minutes and 

are recorded on data loggers. The electricity supply to all 

instruments is achieved through solar charged batteries.  

http://de.pons.eu/englisch-deutsch/indispensable
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Table 1.  Summary of the measuring instruments 

Description Measuring range 

Air Temperature -40ÁC to +60ÁC 

Humidity 0-100 % rel. humidity 

Short & long wave radiation 305 to 2800 nm 
Snow depth 0.5 m-10 m 

Precipitation  0 to 50 mm/min or 0 to 3000 mm/h 

Wind direction mechanical 360Á,electrical 355Á 
Wind speed Max. accuracy between 1 m/s to 60 m/s,  

 

Results 

Field Monitoring 

The drilling campaign revealed ice at some depths. The 

temperature measurements in the four boreholes confirm that 

permafrost can be identified on average below 3 m although 

readings only extend to 10 months. All boreholes show a 

similar temperature distribution below the active layer. The 

temperatures stay mostly constant and very close to 0ÁC, 

without any obvious seasonal effect for the first year of 

monitoring. 

 
 

Figure 1. Temperature distribution in borehole F2 

 

The temperatures are above the melting point at some 

depths, especially in borehole F3. This could also be identified 

during the drilling campaign, when liquid water was blown out 

with the cooled air. Borehole F1 contains permafrost until a 

depth of around 22 m. The permafrost base could not be 

reached at a depth of 25m in the other three boreholes. 

The active layer depths were interpreted from the boreholes 

with the thermistors. The active layer in F1 is around 2 m and 

6 m in F2 (Fig. 1). F1, F2 and F3 show clear signs of a winter 

cooling effect. Time lag up to a depth of 12 m can be seen in 

F2. Heat transport superimposes temperatures below zero in the 

active layer after the snow has disappeared in the spring. A 

corresponding effect cannot be found in borehole F4. Figure 1 

shows the temperature distribution in Borehole F2 at different 

depths. The uppermost graph illustrates the measured air 

temperature at the meteorological station on the rock glacier. 

The displacement measurements in borehole F5 are of 

major interest for the numerical simulation. As expected, the 

inclinometer broke as result of the large movements in this 

area. Nevertheless the results obtained over nine months show 

significant deformation rates with depth during the whole 

period. 

Conclusion 

Fieldwork 2011and outlook 

Field data collected over approximately one year confirm 

the existence of permafrost in this rock glacier. This was a first 

important step to achieving a combined numerical model. Two 

new boreholes were planned and were drilled in August 2011 

more or less on the same axis and below the others. Various 

types of pressuremeter tests were carried out to measure the in 

situ response to constant strain rate and constant stress creep 

tests. A thermistor chain as well as an inclinometer was 

installed in each borehole. The field characterisation and 

monitoring will be supplemented with geotechnical tests in the 

laboratory. 
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Introduction  

The first evidence of anomalously low thermal conductivity in 

methane hydrate was obtained in 1979, and was supported and 

updated through later studies by different authors. Generally, 

thermal conductivities of pure monolith gas hydrates have been 

quite well documented today. According to experimental data, 

gas hydrates have their thermal conductivity (~0.6 W/m*K) 

about that of water (~0.6 W/m*K) and almost 4 times lower 

than in ice (~2.23 W/m*K) [Groysman, 1985; Wright et al. 

2005; Bukhanov et al. 2008].  

However, unlike pure gas hydrates, thermal conductivities 

of their sedimentary hosts remain quite poorly studied. The 

reason is that hydrate-bearing sediments have complex element 

and phase compositions and diverse macro- and microscopic 

structures.  

Much attention has been given lately to gas-hydrate 

exploration in different areas of the subsurface, including 

permafrost, as well as to technologies for gas extraction from 

natural accumulations of gas hydrates. However, no solution is 

possible without minute investigation into physical (and 

thermal) properties of sediments. This knowledge is also 

important for development of classical deposits of natural gas 

in Arctic areas and in permafrost where producing formations 

lie close to the permafrost base and to zones of hydrate 

stability, and have rather low temperatures. The temperature of 

rocks near well bottoms may approach that of hydrate 

formation.  

Therefore, the behavior of thermal conductivity in gas-

saturated sediments where gas hydrates are forming at low 

positive and negative temperatures has important implications.  

  

Method 

The thermophysical studies were carried out using a specially 

designed test system which allows measuring thermal 

conductivities of wet gas-saturated fine-grained sediments in a 

pressure chamber during formation of gas hydrates in their pore 

space, at both positive and negative temperatures.  

The system consists of a cooling box, which maintains the 

required temperature, a 200 cm
3
 pressure chamber, a 300 cm

3
 

gas container, supply tubes, and a thermal conductivity meter 

mounted directly into the pressure chamber. The latter 

configuration allows measurements in pressurized gas-

saturated samples. The instrument error is within 5%.  

Thermal conductivities were measured in sediment samples 

of different grain-size compositions: fine quartz sand, silt-size 

loamy sand sampled from permafrost (Vorkuta region), and 

silt-size sand from the Laptev Sea shelf. The grain-size data are 

summarized in Table 1.  

Methane was used as the hydrate-forming gas (99.98%). 

The experimental procedure included the following steps: 

conditioning of samples with a given water content and 

charging them into the pressure chamber, sealing and 

vacuuming the pressure chamber with charged samples, filling 

the chamber with the hydrate-forming gas (CH4), and creating 

conditions for hydrate formation in the pore space of 

sediments. Note that hydrate saturation of samples occurred at 

both positive and negative temperatures [Chuvilin & Kozlova 

2005; Chuvilin et al. 2011].  

 
Table 1. Particle sizes of tested sediment samples 

Sediment 
Particle size distribution, % 

1-0.05 mm 0.05-0.001 m <0.001 mm 

fine sand 94.8 3.1 2.1 

silt-size sand 89.4 10.6 --- 

loamy sand 41.8 53.7 4.5 

 

Thermal conductivities of samples, as well as temperatures 

and pressures in the chamber, were recorded at each step. 

There were several cycles of hydrate saturation for each 

sediment type. In addition, the samples in the chamber were 

frozen and thawed both at ambient and high (up to 3-4 MPa) 

pressures, for comparison. The pressure was created by 

nitrogen (N2) which did not form hydrates at the conditions of 

the experiment.  

The parameters of phase transition in the soil samples were 

inferred from PT changes in the pressure chamber in the course 

of hydrate formation, using the PVT method. Namely, hydrate 

saturation (Sh), volumetric hydrate content (Hv), and hydrate 

coefficient (Kh, share of pore water transformed into hydrate) 

were derived from measured pressures and temperatures 

[Chuvilin & Kozlova, 2005; Chuvilin et al. 2011].  

 

Results and Discussion 

Thermal conductivities of the tested sediment samples (Fig. 1a) 

showed quite moderate changes during hydrate saturation at 

low positive temperatures (+1é2 ÁC).  

A notable thermal conductivity increase was observed in 

gas-saturated samples at high Kh (more than 0.5). For example, 

in a fine sand sample (W = 16%) it grew from 1.80 W/m*K to 

1.96 W/m*K, or almost 10%. This may be due to local re-

distribution of water in pores during hydrate formation, which 

influences thermal interactions in the samples.  

As for the thermal conductivity behavior at negative-

temperature hydrate formation (Fig. 1 b), samples with higher 

hydrate saturation showed lower thermal conductivities.  
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Fig. 1. Behavior of thermal conductivity during hydrate saturation at t 

= + 1é2 ÁC (a); t = -6é-4 ÁC (b). 

1- fine sand, W=16%; 2 ï loamy sand, W=16%; 3 ï fine sand, 

W=22%; 4 ï silt-size sand, W=15%; 5 ï loamy sand, W=22% 

 

 

For instance, the thermal conductivity of silt-size sand (W = 

15%) decreased from 2.15 W/m*K to 1.89 W/m*K (for 12%) 

as Kh grew to 0.25. This tendency of thermal conductivity 

decrease in the course of hydrate saturation may be due to 

changes in the shares of pore ice and pore hydrate, specifically,  

to a greater share of the hydrate component which has a 4 times 

lower thermal conductivity.  

Thus, as methane hydrate accumulates in the pore space of 

sediments, the latter change their thermal conductivity, in 

different ways depending on the phase state of the pore water. 

Thermal conductivities decrease at temperatures below 0ÁC, 

when pore water exists mostly in the form of ice and slightly 

increase with hydrate saturation at positive temperatures. 
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Today the problem of new efficient methods search for 

assessment of environmental pollution and the biota state at all 

levels of its organization is very acute. The ecosystem state 

analysis is required for provision of the environmental safety of 

regions with potential oil fields, pipeline construction and the 

areas of other associated engineering structures, where 

significant technogenic impact on the natural environment is 

formed. Permafrost zones arouse special concern. Here oil 

pollution can cause serious transformation of physical and 

chemical soil, water bodies and atmosphere conditions. This in 

turn can lead to plant cover degradation. The permafrost state is 

changed as a result. The use of the phytometering method 

allows to identify the species capable of growing on oil-

polluted lands, serving as phytomeliorants that can be used for 

oil-polluted land reclamation. They can be also used for 

diagnostics of the soil biological activity and its pollution 

monitoring. 

Hydrocarbon environmental pollution in the northern 

regions of Russia becomes a serious environmental problem 

due to the development of the trunk pipelines network. 

Permafrost zones arouse specific interest and concern. This is 

preconditioned by the peculiarities of the cryolithozone 

hydrocabon pollution. Oil pollution influences adversely not 

only cryolithozone soils and grounds, but also the plant cover. 

This impact is studied very poorly yet, and this is 

preconditioned by the complexity of its transformation in the 

biosphere and the variety of the ways of impact on plants. 

Consequently, the assessment of the current state of the plant 

cover in oil production and transportation regions, 

determination of vegetation responses with regard to impact 

doses (chronic or impulse) and forms, and determination of 

main indicators of the integral chemical pollution are the 

required tasks for solution to a number of ecological and 

economic-production tasks.  

The peculiarities of the geographical location of oil fields in 

Western Siberia and the abundance of wide bogs 

preconditioned the unusual location of field facilities and the 

unusual labor organization for their servicing. The maximum 

environmental impact of technogenic factors is usually 

observed in industrial zones of oil gathering and delivery points 

concentration, where natural landscapes turn to be completely 

destructed. While pollution of natural ecosystems frequently 

occurs in linear structure zones, the species composition of 

plant communities is changed, transpiration falls and the 

surface runoff is slowed down as a result. This intensifies 

swamp formation processes, and the area albedo is changed. 

This leads to change of the permafrost state.  

Since vegetation is an easily disturbed component of 

geosystems in case of external impact and it is capable of self-

restoration, the dose, the power and the duration of this impact 

can be defined on the basis of its state. Nonetheless, the impact 

of oil fields on the plant cover remains understudied yet. This 

is preconditioned by the multi-component composition of 

toxicants, the complexity of their transformation in the 

biosphere and the variety of the ways of impact on plants. This 

is why the modern phytometering studies are mainly aimed at 

searching non-specific indicators of the total chemical impact 

on plants, both from the air and through the soil. 

The work describes the analysis of the current state of plant 

complexes in the area of one of the largest fields in Western 

Siberia ï Samotlor ï with the purpose of detection of chemical 

pollution phytometers. The Samotlor oil field is located in the 

southern part of the middle taiga subzone. Fir-cedar forests 

with abies, sometimes cedar-fir, short grass-red bilberry-green 

moss forests are typical of it. They occupy relatively well-

drained fields. The soils under them are podsolic, eluvial-gleyic 

on middle and light clayey silts or eluvial-gleyic non-podsolic 

long-seasonally frozen on heavy-clayey silt deposits. 

Nonetheless, forest vegetation ranks significantly behind non-

zonal bog communities in area (field bogginess is 

approximately 90%); the area covered with lakes makes up 

12%. With regard to this peculiarity, the analysis of the species 

variety and the vegetation classification were carried out with 

the Brown-Blanke method, independently for forest and bog 

communities. Special attention was paid to the list of 

underbrush species, the grass-bush and the moss layers, taking 

into account the irregular sensitivity to pollution and its 

transformation speed for different ecological and life forms of 

plants. 

Multiple oil spillages are observed within the field, mainly 

along pipelines. Most frequently they are restricted by sites 

stripped of forest, but oil is accumulated in great quantities in 

linear depressions together with surface waters or intrudes into 

adjoining bog or forest plant communities. The response of 

plants and plant communities depends on habitats and on a 

pollutant. The following vegetation response trends can be 

identified within the Samotlor field for all types of chemical 

pollution. 1. Almost all vegetation dies in case of surface oil 

spillage. First plants growing on toxic soils, depending on the 

moisture content, include: reed (in places oversaturated with 

water), marsh sedge, moss crop, mace reed, rush, persicaria, 

water plantain, woodreed and meadow foxtail. The domination 

of these species in plant communities currently testifies to the 

fact that vegetation restoration occurs very slowly. 2. 

Alteration of the anatomic-morphologic parameters of plants 

occurring in the form of needle necrosis and chlorosis can be 

considered the external evidence for the oil and its 

decomposition products' impact on plants. These phenomena 

are most evident on pine in bogs and on pine undergrowth in 

well-drained habitats. In general, 50% of needles are exposed 

to necrosis and chlorosis, and this is developed everywhere. 3. 

Woody plants are the first ones to suffer from oil spillage. They 

die immediately at the spillage center. The analysis of the 

undergrowth linear increment showed that its significant 

reduction is observed, as compared with the maximum possible 

for this area. For example, the increment values were noted for 
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the most widely developed coniferous species: cedar ï 2-3 cm 

(with the background value of 10 cm), fir tree ï 3-5 cm (with 

the background value of 12 cm), abies ï 4-5 cm, and pine ï 6-

7 cm. 

Therefore, needle chlorosis and necrosis are easily observed 

total pollution indicators, while the reduction of the increment 

of all coniferous species undergrowth, especially of cedar (the 

main forest-forming species) is an easily observed chronic 

pollution indicator. The results received allow to predict the 

development of the field vegetation in the future. It is safe to 

say that reduction of the increment of the main forest-forming 

species undergrowth will continue even in case of complete 

removal of the chemical load. Moreover, forest restoration will 

get worse, because toxic substances accumulated in the soil. 

Plant restoration processes within toxic habitats are rather 

problematic because chemical impact is supplemented by a 

physical one (underflooding and flooding) and in some cases 

by mechanical destruction near the sites, on the sites, along the 

power transmission line, and along pipelines. The identified 

species ï the first plants that are capable of growing on toxic 

soils ï can serve as phytomeliorants. They can be used for 

reclamation of oil-polluted soils.  
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Introduction  

Permafrost soils contain ~1672 Pg of organic carbon [Tarnocai 

et al., 2009], much of which is relatively inert and not currently 

included within the global carbon cycle. Under increased 

temperatures permafrost degrades and a proportion of this old 

permafrost carbon becomes more vulnerable to decomposition 

and subsequent release into the climate system. Like fossil fuel 

burning this is an irreversible process which will cause a 

further increase in greenhouse gases in the atmosphere and 

hence have a positive carbon climate feedback [Schuur et al., 

2008]. This paper estimates global temperature change caused 

by permafrost carbon release (P-GMT) that might be calculated 

by the Hadley Centre Climate model if permafrost carbon 

release were included [Burke et al., 2012]. 

 

Approach 

Simple framework for calculating P-GMT 

A highly simplistic large-scale model for the release of 

permafrost carbon to the atmosphere is proposed here.  

1. Physical changes in the near-surface permafrost were 

quantified using Hadley Centre Climate model (HadGEM2-ES) 

AR5 simulations [Jones et al., 2011] for a range of 

representative CO2 pathways (RCP). 

2. These physical changes were combined with knowledge 

of the distribution of Arctic soil carbon [Tarnocai et al., 2009] 

to assess the amount of carbon in the thawed permafrost made 

vulnerable to decomposition.  

3. The vulnerable carbon was assigned to three pools: a 

passive pool which is not released over the timescale of this 

study; an active pool which decomposes almost immediately 

the permafrost thaws; and a slow pool which decomposes 

slowly over time. 

4. The amount and form of slow carbon released to the 

atmosphere was estimated given representative CO2 and CH4 

decomposition rates; CH4 oxidation rates; CH4 transport 

pathways; and knowledge of the Arctic land cover.  

5. The impact of the released CO2 and CH4 on the global 

temperature was quantified using a simple climate energy 

balance model tuned to replicate the behavior of HadGEM2-

ES.  

 

Uncertainties 

There are large uncertainties in the future RCP pathway, the 

decomposition model parameters, and the distribution and 

amount of soil organic carbon (SOC). Therefore, for each RCP 

pathway, 4000 Monte Carlo simulations of P-GMT were 

estimated with the parameters sampled from the range of 

values shown in Table 1 and the SOC sampled from 

uncertainties estimated from Tarnocai et al. [2009]. This gives 

the plausible spread in P-GMT. 
 
Table 1.  Spread of parameter values for the large scale permafrost 
carbon decomposition model. 

Parameter Min. Max. 

Slow pool (% total SOC) 10 60 

Fast pool (% total SOC) 0 5 

Aerobic decomp. (mg C g C
-1
 day

-1
) 0.03 0.5 

Anaerobic decomp. CO2 (mg C g C
-1
 day

-1
) 5 70 

Anaerobic decomp. CH4 (mg C g C
-1
 day

-1
) 0.1 15 

Lowland proportion respired aerobic 0.0 0.3 

Upland proportion respired aerobic 0.7 1.0 

Proportion methane oxidized wetlands 0.1 0.7 

Proportion methane oxidized lakes 0.0 0.3 

Proportion methane oxidized mesic 0.5 1.0 

SOC in 1-2 m as fraction of 0-1 m 0.5 0.9 

SOC in 2-3 m as fraction of 1-2 m 0.4 0.8 

 

Results 

Simulation of P-GMT 

HadGEM2-ES simulates a loss of near-surface permafrost 

of between 25 % and 65 % and an increase in the active layer 

of between 24 and 59 cm, depending on the RCP pathway. This 

causes an increase in carbon vulnerable to decomposition from 

a few Pg up to 870 Pg. This wide range of values reflects the 

large uncertainty in our knowledge of the distribution of SOC.  

The proportion of this vulnerable carbon added to the 

carbon cycle each year mainly depends on the decomposition 

of the slow carbon pool. At the beginning of the 21
st
 century 

the slow pool is small and the majority of emitted carbon is 

from the active pool. As the slow pool grows in size the 

amount of emitted carbon increases rapidly. By 2100 CO2 

emission rates are between 0.02 and 4 Pg C yr
-1
 (5

th
 ï 95

th
 

percentile range) depending on RCP scenario. Maximum CH4 

emission rates are around 60 Tg CH4 yr
-1
. Although this 

represents a relatively small amount of carbon, CH4 is a much 

more effective greenhouse gas than CO2 and by 2100 a quarter 

of P-GMT is caused by CH4.  

The large uncertainties in the input data result in large 

uncertainties in P-GMT which varies between 0.01 and 0.3 C̄ 

by 2100 (5
th
 to 95

th
 percentile), although values up to 0.6 C̄ 

cannot be ruled out. Overall P-GMT is about 2 ï 4 % of the 

temperature increase simulated by HadGEM2-ES without 

permafrost carbon release. 

 

Uncertainty assessment 

The Monte-Carlo simulations were used to determine the 

relative importance of the different processes/parameters on the 
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value of P-GMT. Any differences between the RCP scenarios 

near the beginning of the 21
st
 century are small. However, by 

2060 they begin to dominate the uncertainties. Since the future 

CO2 pathway is hard to determine, and depends on many 

unpredictable factors, this uncertainty is difficult to reduce.  

Figure 1 shows how the relative uncertainty caused by: (1) 

the distribution of the soil organic carbon; (2) the quality of the 

carbon; (3) and the decomposition model parameters, impacts 

the spread in P-GMT over time. These uncertainties can be 

reduced through further observational-based analyses. 

 

 
Figure 1. The sensitivity of the spread in P-GMT to the permafrost 

processes for the high CO2 concentration pathway. The proportion of 

the spread in P-GMT attributable to each process is defined by the 

difference between the characteristics of the whole ensemble and 

those of sub-ensembles with the parameter ranges limited. 

 

At the beginning of the 21
st
 century, when the temperature 

change is smallest, knowing the quality of the available carbon 

is most important and contributes to over 80 % of the spread in 

P-GMT. The spread in P-GMT caused by uncertainties in the 

quality of the available carbon change little over time. 

However its contribution to the total spread decreases over 

time. As the amount of soil carbon builds up in the slow pool 

the importance of knowing the soil organic carbon content and 

the parameterization of the decomposition model increases. By 

the end of the 21
st
 century about half the spread in P-GMT is 

caused by uncertainties in the soil carbon distribution, a quarter 

caused by the quality of the soil, and a quarter by the 

parameterization of the soil decomposition model.  

 

Conclusions 

If permafrost carbon release were included within HadGEM2-

ES, there would be an additional increase in temperature of 

between 0.05 and 0.6 ̄C by the end of the 21
st
 century for the 

high CO2 concentration pathway. The proportion of this 

temperature increase caused by the release of methane is ~0.25.  

By the end of the 21
st
 century, of the permafrost related 

processes considered, the distribution of soil organic carbon 

contributes to about half of the spread in P-GMT with the soil 

decomposition model and the quality of the organic carbon 

contributing a quarter each. A reduction of these uncertainties 

though improved observational-based analysis will improve 

our estimates of P-GMT. Additional uncertainties caused by 

biases in the simulation of the active layer thickness have not 

been considered here but are likely to have some impact on P-

GMT.  

There are many other processes such as thermokarst 

development; fire; the formation of ice wedges within the 

permafrost; cryoturbation; the presence of peat soils; and self-

sustaining heat generation by microbial activity, which could 

additionally be included to refine estimates of P-GMT. Again 

future observations will help determine which of these 

processes are potentially significant and need to be included 

within a modeling framework.  

This simple model of permafrost carbon release can be used 

as a tool to develop an understanding of the impact of 

permafrost carbon on the global climate system and help 

develop an appropriate representation of the permafrost climate 

feedback within a global circulation model.  
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Problems of data acquisition in permafrost  

Anomalous physical properties of frozen ground  

Permafrost has always posed problems to geophysical 

surveys though frozen ground has prominent anomalous 

physical properties. Although it may appear paradoxical, it is 

the anomalous behavior of permafrost relative to unfrozen 

ground that causes ambiguity in geophysical models. Contrasts 

in geophysical parameters would be expected to make the 

surveys  especially efficient but, on the other hand, the 

changeability of permafrost states and its high lithological 

diversity, along with hard acquisition conditions almost cancel 

the advantages and make it difficult to relate interfaces to 

specific geological causes.  

 
Methods of electromagnetic  induction soundings  

According to the available experience, the problems of 

geophysical surveys in permafrost are generally resolvable, but 

special approaches to technologies and methods  of data 

acquisition and processing may be required.  

Resistivity and seismic measurements in winter seasons in 

frozen ground have their specificity. In seismic exploration this 

is, namely, the presence of a high-velocity zone in the upper 

section which screens seismic waves off the layers below.  The 

classical resistivity surveys may face serious problems with 

earthing the transmitter and receiver electrodes, and it is better 

to collect data by unearthed lines. Linear measurements may 

imply studying a certain strip of land along the profile (100-

150 m wide), which allows some freedom in choosing the line 

position depending on engineering-geological and geodetic 

settings. In view of large lengths of profiles, additional array 

surveys have to be very high-performance and cheap.  

The necessity of integrating several methods is associated 

with non-uniqueness in the correlation of geophysical 

parameters with the permafrost state. The non-uniqueness of 

resistivity data may be due to the fact that soils of different 

states (e.g., frozen loam and unfrozen loamy sand) may have 

similar resistivities. In seismic exploration, high-velocity 

reflections may be produced either by dense rocks or by 

permafrost. In this respect, joint processing of data from 

different methods increases the reliability of geophysical 

models. To sum up, joint processing of induction  resistivity 

and seismic data appears to be a promising way of geophysical 

profiling in permafrost. Electromagnetic induction 

measurements without earthing are of a very high performance 

and are highly sensitive to the state of frozen ground. 

Furthermore, there exist modern technologies of both surface 

and remote electromagnetic scanning (GPR or ground 

penetrating radar). The powerful GPR technologies (8ï10 

km/hr on the surface and 120 km/hr from air) allow scanning 

permafrost to a depth of 150ï180 m at every 0.2ï0.5 m and 

10ï15 m, respectively. Seismic exploration integrated with 

electromagnetic scanning has to be applied at local sites in 

order to specify the cryogenic conditions of soils, check and 

correct electromagnetic data, study the dynamic properties of 

soils, and to make the inferred predictions more reliable.  

 

GPR electromagnetic surveys  

Aerial surveys were performed as continuous scanning on 

the basis of time-domain GPR measurements. The method was 

chosen for its high performance and cheap costs (compared to 

the surface analogs), and for high spatial and depth resolution 

with respect to resistivity.  

The technology was first applied in West Siberia by 

Sibgeotech Ltd. in 2006 at the prospected oil pipeline 

Kharôyaga ï Indiga in the Yamal-Nenetsk Autonomous Area. 

In 2007, similar work was undertaken at some Olympic objects 

in Krasnaya Polyana (Sochi).  

The possibility of using the GPR techniques arose due to 

research and development studies at the Siberian Research 

Institute of Geology, Geophysics, and Mineral Resources 

(SNIIGGIMS, Novosibirsk) and Sibgeotech Ltd.  This line of 

research extends the helicopter surveys broadly used in western 

countries. The helicopter platforms have better technical 

characteristics than the aircraft systems due to novel 

technological solutions for special carrying structures, a 

powerful electromagnetic channel, and a closer position of 

sensors to the object of study.    
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The intensive industrial development of the cryolithozone area 

in the process of hydrocarbon field development and operation, 

together with the increase in climatic characteristics 

fluctuations in the Subarctic, led to the activation and the 

development of hazardous geocryological processes in natural-

technical systems. Thermoerosional processes are the leading 

slope processes of destructive technogenesis in natural-

technical systems. The development of technogenic ravine 

formation integrates the results of interaction of slope 

geocryological processes: thermal erosion, thermokarst, 

solifluction, landslides and falls of ground etc. The necessity to 

develop methods for geotechnical monitoring of slope 

processes in the cryolithozone is an acute problem in the aspect 

of a complex system of monitoring, control, hazard evaluation 

and  forecast of thermoerosional and ravine formation 

processes, with the purpose of control of the state of natural-

technical systems.  

Stationary studies of the dynamics and the regularities of 

thermoerosional processes and ravine formation development 

in natural conditions were conducted in 2008-2011 in the 

process of execution of the project documentation "Liquidation 

of ravine formation in the area of gas processing facility 

UKPG-1V at the Yamburg oil and gas condensate field", and 

during subsequent monitoring of design facilities. Seven ravine 

systems located in the area of gas field GP-1V of the Yamburg 

oil and gas condensate field are the objects of the research into 

thermoerosional processes and ravine formation. 

 

Monitoring methods and methodologies 

1. Measurements of morphometric parameters of ravine 

systems and the watercourse temperature.  

Monitoring time period: the linear measurements of ravine 

systems are conducted in the 1st-2nd ten days of July (those 

changes are registered that occurred in the ravine during the 

spring snow melting period) and in the 3rd ten days of August - 

1st ten days of September according to the method of water 

section line division [Lobastova 1990]. The large-scale 

topographic survey was used for results comparison. Reference 

points were chosen with an interval the value of which depends 

on the dimensions of ravine formation. The following was 

measured for the identified ravine cross-sections: length along 

the valley bottom, width, bottom width and the depth of the 

ravine; the thickness of the seasonally thawed layer; 

watercourse temperature; the position of the washout and thaw 

fronts; the areas and the dimensions of fracture formation were 

registered along the edges and near-top zones. 

The field measurement results are given in the database in 

the numeric and the graphical forms (Fig. 1). 

 
ʘ) morphometric parameters; 

 
b) watercourse temperature. 

Figure 1. Field measurements: Ravine No. 1 of KGS 117V 

 
The quantitative characteristics of thermoerosional 

processes and ravine formation received on the basis of 
measurement results include volume of the disturbed ground 
V=V(a,b,h,L) and its annual increment coefficient K=K(V,T), 
intensity of bottom washout Jh=Jh (h, L, T) and of side washout 
Jʘ= Jʘ (ʘ, L, T). [Lobastova  1990]. Hydrothermal monitoring 
at the natural objects of thermoerosional processes and ravine 
formation was conducted for the first time in August 2011 with 
the purpose of identification of the watercourse heat and 
mechanical energy input into thermoerosional processes during 
the period of liquid precipitation fallout. The watercourse 
temperature was measured in the bed of ravine systems with 
simultaneous registration of the thickness of the thawed 
interlayer ŭ. Thawing intensity Jŭ = Jŭ (ŭ, L, T) is the estimated 
quantitative characteristic. 

 
2. Snow-metering observations and the methodology of 
determination of runoff hydrophysical parameters. 

Snow-metering observations for thermoerosional processes 

and ravine formation in natural-technical systems were 
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conducted for the first time in April 2009. Height h and density 

of the snow cover ɟ are measured in the 1st ten days of 

November and the 3rd ten days of April in accordance with the 

developed methodology: in the natural area of the catchment 

basin, in the catchment basin area occupied by the 

technosphere, and in the ravine system. 

The snow cover distribution in the ravine system body with 

different types of snow accumulation is represented in the 

numerical and the graphical forms. Water reserve in the snow S 

(cm), water runoff layer H (cm) and water runoff volume W 

(m
3
) are estimated on the basis of the average values of snow 

height and density. 

Water discharge during the snow melting period in the 

ravine Q=Q(W, Vʩʥ, t) is the main quantitative hydrophysical 

characteristic in the thermoerosional processes and ravine 

formation dynamics. 

Runoff layer H is defined according to the empirical 

Formula calculated by means of natural observations in Central 

Yamal [Baranov 1999]. 

Runoff volume W (cm
3
) from the catchment basin area: 

)()( ʪʝʭʪʝʭʧʨʧʨ HFHFW Ö+Ö=
, (1) 

where Fnat, Ftech ï natural area of the catchment basin and 

the technosphere area, m
2
. 

The water volume in the ravine is estimated in the 

following way: 

ʩʥ.V
ʚ

ʩʥ
ʚV
r

r
=

   (2) 

Vw - snow volume in the ravine, cm
3
, ɟsn ï snow density in 

the ravine, ɟw - water density, g/cm
3
.  

The averaged water discharge for the snow melting period 

is calculated according to Formula (4): 

t

 VW ʚ+
=Q

   (3) 

where W - the runoff volume from the catchment basin 

area, cm
3
, t - the mean statistical period of snow melting, also 

including the time of snow melting in the ravine.  

The main hydrophysical characteristics are estimated for 

the natural site of the catchment basin, the technosphere and 

the ravine as such. Altogether, this allows us to evaluate the 

input of the corresponding watercourses into the dynamics of 

thermoerosional processes and of ravine formation. 

 

3. Research results 

The thermoerosion and ravine formation model with regard 

to the annual cyclicity of hydrophysical and geophysical 

factors is developed on the basis of multi-year studies. The 

following periods are identified within the annual cycle on the 

basis of hydrophysical and hydrological parameters of slope 

processes: I. The zone of formation of factors of 

thermoerosional processes and ravine formation and II. The 

zone of development of thermoerosional processes and ravine 

formation. The process intensity is defined by the factors of 

thermoerosional hazard that are formed during the fall  and the 

winter periods of the annual cycle. The activation of 

thermoerosional processes and of ravine formation in natural-

technical systems occurs in spring, summer and fall during 

42% of the total year time in the research area. 

The input of thermoerosional processes into ravine 

formation is defined by the mechanism of watercourse 

concentration in the ravine valley bottom. The water reserve in 

the snow and the runoff volume at the elements of the 

catchment basin area form the main watercourse source during 

the snow melting period (Fig. 2). 

 
Figure 2. Dynamics of the volume of erosional disturbances and the 

snow accumulation volume for ravine No. 1 of KGS 117V. 

 

The calculations of hydrophysical parameters on the basis 

of the snow-metering observations data (the case of seven 

objects of thermoerosional processes and of ravine formation) 

showed the significant excess of the height of the snow cover 

in the ravine, as compared to the catchment basin area, hrav > 

hw. The excessive height of the snow cover is formed ïȹhadd = 

hrav - hw. This provides for the additional water reserve in the 

ravine body ȹSadd and increases the snow melting period by 

time ȹtadd.. In this case the additional runoff layer goes along 

the ravine valley bottom the area of which is by tens of times 

smaller than the ravine area along the edge. For ravine systems 

at the active development stage, the input of hydrophysical 

parameters of the ravine as such into the thermoerosional 

processes by 100-150 times exceeds the input of the 

watercourse from the catchment basin area. 

The period of the main snow melting for the catchment 

basin is about 26 days. This includes the period of snow 

melting in the ravine after snow melting is complete at the 

catchment basin. The average period of additional snow 

melting ȹtadd can make up 20-30% of the main one. The 

specific water reserve in ȹtadd will by 50 times exceed the 

specific reserve from the catchment basin in relation to the 

ravine valley bottom area.  

The zones of runoff concentration are formed in the ravine 

system as a result of irregular accumulation of the snow cover 

in the ravine body. These zones are characterized by a 

significant seasonally thawed layer thickness and high 

temperatures of base grounds. These are the zones providing 

for the increment of the ravine system in summer. 
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Introduction  

Perennial frost heaves located on the 5th Salekhard plain, in the 

Nadym-Pur interfluve (40 km to the west of Novy Urengoy) 

were investigated in July, 2009.A frost heave is a convex form 

of a cryogenic terrain with an ice or an ice-ground core which 

forms in seasonally frozen and perennial frozen ground areas 

due to irregular ice formation in the grounds [General 

Geocryology 1978]. There are three heave groups with 

different ice formation type, namely, the segregation, the 

intrusion and the intrusion and segregation group [Popov, 

Rozenbaum, Tumel 1985]. The heaves are up to several tens of 

meters high, their foundation diameters being up to several 

hundreds of meters large. As to lifetime, there are seasonal and 

perennial frost heaves. Seasonal frost heaves are usually 

located in southern and relatively continental permafrost areas 

where deep seasonal thawing conditions are present. Ice 

accumulations in such heaves are often constituted by frozen 

water of the seasonally thawed layer which is pressed between 

the freezing grounds and the permafrost table [General 

Geocryology 1978]. Seasonal frost heaves are not large. In 

spring, they either settle or explode which is accompanied by 

flow of the intrusive water onto the surface. Nevertheless, their 

lifetime can sometimes reach a few years. Perennial frost 

heaves are rather widespread in the Arctic regions that are 

notable for their severe permafrost and climatic conditions. 

These large terrain forms dominate over flat plains being good 

reference points. They may be up to 90 m high, their 

foundation diameters reaching up to 300 m. Formation of 

perennial frost heaves is to a great extent associated with 

intrusive ice formation. There are, however, frost heaves of 

segregated and intrusive-segregated origin. Intrusive and/or 

intrusive-segregated frost heaves are often confined to terrain 

depressions which are partially filled with water (e.g. alases). 

 

Research Methodology 

The field study included route descriptions of the depression 

and ridge terrain genetically associated with ground ice 

thawing-out (thermokarst), morphometric measurements of the 

frost heaves, cleanup of the outcrops, ice and soil sampling for 

laboratory investigations, measurements of the seasonally 

thawed layer's depths depending on the microlandscape 

conditions on the surfaces of the heaves. 

 

Results and Discussion 

Within the area studied (the 5th Salekhard marine terrace), 

there are perennial frost heaves of the intrusive-segregated 

origin. The deposits of the terrace were formed during the cold 

sea transgression period in the end of the Middle Pleistocene 

and transformed later (subaerial conditions, erosion and 

cryogenic processes) [Popov, Rozenbaum, Tumel 1985]. The 

modern appearance of the terrace was especially influenced by 

the cold Sartan time and the Holocene optimum warming (5-7 

thousand years ago). 

Formation of the large frost heaves is associated with the 

cooling which has been taking place during the last six 

thousand years after the Holocene optimum and, locally, with 

discharge of the large thermokarst lakes. It should be also noted 

that the 5th Salekhard marine terrace has the highest elevation 

levels within the area studied (the absolute elevations are 70-

90 m).  

A frost heave located 40 km to the west of Lake Nashe-to is 

rather typical, see Figure 1. It is situated in the middle of a vast 

alas being slightly displaced to the south. The surface of the 

alas is bogged and covered with lakes. The lakes located on the 

alas are up to 100-200 m large, have irregular shape and low 

coasts. In this region, we have found 13 frost heaves on an area 

of 60 km
2
. We have named the heave studied Vershinin-pingo. 

It stretches from the north-east to the south-west being 7.2 m 

high. 

 

 
 

Figure 1. A frost heave within the 5th Salekhard marine terrace near 

Novy Urengoy 

 

Intensive fissuring and active slope and other cryogenic 

processes may indicate that the heave keeps on growing. 

Intensive solifluction and formation of spot medallions on the 

solifluction terraces were noted. An irregular ground heave 

which occurs during freezing of the seasonally thawed layer 

causes formation of straightly stretching furrows and dikes. An 

active grading of the ground material is taking place. The 

surface of the spot medallions is covered with gravel and 

pebble. Individual small boulders are also present. The 

fragmentary material is well rounded. It is of the glacial-marine 

origin. The large (up to 2.5 m) ground spots in the top of the 

frost heave resemble sandy-clayey bulges. Apparently, aeolian 

processes are of significance for them as well (in addition to 

cryogenic and erosion processes). The surface of the heave is 

hummocky and has a lot of solifluction mudflows and peaty 

knolls associated with an irregular heave of the seasonally 

thawed layer's grounds. A significant variation in the surface 

heat transfer conditions has caused a significant variation in the 

seasonal ground thawing depth: 36 cm, 39 cm, 82 cm on the 

knolls, 27 cm, 29 cm, 40 cm between the knolls, 115 cm, 
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104 cm and 120 cm on the ground spots (July 15, 2009). 

Different drainage conditions and variations in snow 

accumulation have caused variations in the vegetative cover: 

the depressions around the heave are occupied by sedge-moss 

communities, the lower part of the heave is occupied by dwarf 

birch thickets, and the top of the hill is occupied by shrub-moss 

communities and sparse larch trees. 

Relatively small (up to 2.2 m - 2.5 m high, with a diameter 

of up to 7 m - 10 m) growing segregated-intrusive frost heaves 

surrounded by bogged and flooded moss and sedge tundra 

areas were also found at the site and described. Drilling of one 

of these heaves performed under the supervision of 

A.V. Boytsov, an associate professor at Tyumen State Oil and 

Gas University, demonstrated that the upper 2.5 m thick layer 

consists of ice-rich peat with varying decomposition degree, 

whereas inclusions of mineral substrate in the peat appear at a 

depth of at least 2 m ï 2.2 m. Large areas with hummocky 

microtopography or heaved peatlands which snow is blown 

away from in winter are rather typical for the territory within 

the alas regions. Evidently, some of these formations are kind 

of "cold areas" and able to cause development of perennial 

segregation frost heaves. 

 

Conclusions 

Perennial frost heaves are a common type of cryogenic terrain 

in the relatively southern areas of the cryolithozone of the north 

of West Siberia: in the Tazov Peninsula, the Nadym-Pur 

interfluve and so on. The field observations have revealed that 

the frost heaves located within the bogged alas areas at the 

place of drained-off thermokarst lakes are growing despite the 

regional climate warming trends. 
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Introduction  

Due to the high sensitivity of permafrost to changes in climate, 

long-term monitoring of its thermal state has become important 

over the last few decades.  A network of the permafrost 

observations can serve as a fundamental informational base 

both for the Arctic ecosystem evolution scenarios and 

engineering purposes. 

One of the keys to any kind of large monitoring system is 

data storage and distribution to a broader community [Pavlov, 

2008]. One of the most convenient ways of providing data 

access is through internet data portals. 

This abstract describes an internet data portal established 

for the NSF funded project ñRussian ï USA Thermal State of 

Permafrostò (TSP). 

 

Thermal State of Permafrost project 

The ñRussian - United States Thermal State of Permafrostò was 

initiated in 2007 as a part of the International Permafrost 

Association IPY project #50 ñThermal State of Permafrostò 

[Brown et al., 2010] in order to develop a better understanding 

of the response of permafrost to climate changes in the Alaska 

and Northern Eurasia.  The project is aimed at establishing a 

network of boreholes, instrumented for permafrost temperature 

observations. Currently the network consists of over 860 

boreholes [Brown et al., 2010], including 60 points of 

observation in Alaska and 160 points of observation in Russia 

[Romanovsky et al., 2010a, b]. 

 

TSP website structure 

The TSP internet data portal is located on the website of the 

Permafrost Laboratory, Geophysical Institute, University of 

Alaska Fairbanks (http://permafrost.gi.alaska.edu).  The 

website is running on Drupal, an open source content 

management system, and a MySQL database is used as a 

backend to store the content used to create the webpages. 

The website provides two ways of navigation: an interactive 

map and a list of observation stations.  The interactive map 

uses Googleôs map as a base and has four base layer options 

(Satellite, Hybrid, Normal, and Physical).  In addition other 

data layers such as permafrost extent, ground ice content, or 

Kenji Yoshikawaôs borehole sites can be enabled for Alaska.  

From the map or list view there is also an option to download 

the sites as a KML file for viewing in Google Earth on local 

computers.  The main structural unit of the portal is an 

individual webpage for each observation point (Figure 1). 

 

Webpage layout 

The webpage contains three types of data: textual 

(metadata, site description, etc.); graphic (maps, images of 

research sites, plots with data); and numerical (tables with 

results of observations). All of the information is organized in 

the following sections: 

 

Site webpage sections: 

Site Name; Site Code (The 3 character code for the site); 

BoreholeID (Unique code assigned to the borehole for the TSP 

project); Borehole Depth (in meters); and Borehole Class 

(Classified as surface (SU) <10 m, shallow (SH) 10-25 m, 

intermediate (IB) 25-125 m, and deep (DB) >125 m according 

to the Global Terrestrial Network for Permafrost (GTN-P) 

classification). 

The Description section contains a brief description of the 

natural conditions at observation site (landscape type, 

vegetation, etc.) and information about the organization and 

researcher conducting the observations at the site, including 

contact information.  

The Site Location shows a zoom-able map, geographic 

coordinates and observation point elevation. 

The Measurements section lists the measurements being 

taken at the site. 

The Data section contains links to observation data files 

stored at the CADIS portal and at the CALM web site (for 

selected points of observations) as well as to data files stored 

on our own server. 

The Other Resources section provides information about 

ongoing research projects that are being carried out at the site 

and links to the corresponding web resources if available. 

The Images section has pictures of the observation site and 

some plots of the observed data. 

 

Real-Time Data 

In addition to providing archived data as mentioned above we 

are also starting to provide near real-time data for some of our 

sites.  Due to the remote nature and large area covered by our 

sites acquiring real-time data requires a variety of technologies.  

For the most remote sites we are using Iridium satellite 

transceivers to collect the data once per week.  In areas where 

cellular telephone coverage is available we are using cellphone 

modems to collect the data once per day.  Additionally, we are 

also taking advantage of existing radio communications 

networks to collect data where we can.  The data is all collected 

using Loggernet software from Campbell Scientific Inc. and 

stored on a local computer.  Recently we have started to use a 

software package, Vista Data Vision, to archive and provide 

web access to this real-time data 

(http://permafrost.gi.alaska.edu/VDV).  We hope to also 

populate this software package with historical data to provide 

an interface for exploring the existing datasets. 

 

http://permafrost.gi.alaska.edu/
http://permafrost.gi.alaska.edu/VDV
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Conclusions 

The presented system provides a brief but informative look at 

the permafrost temperature monitoring in Alaska and Northern 

Eurasia. It has a user-friendly interface and provides easy 

access to the measurement data and reflects interaction with 

other permafrost related research projects. 
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Introduction  

Numerous accidents on oil pipelines in the cryolithozone are 

caused by insufficient consideration of permafrost-geological 

conditions of pipeline routes at the design stage, by missing 

assessment of reliability of design solutions and by the absence 

of forecasting methods for potential hazards and cost of risk. 

This work describes the approach to assessment and 

optimization of reliability of geotechnical system "oil pipeline - 

environment", which will result in an increase in its quality on 

the basis of developed methods of analyzing permafrost-

geological conditions when designing oil pipelines with the use 

of reliability theory provisions.  

Probability-statistical calculations are aimed at forecasting, 

evaluation and control of geotechnical system reliability. The 

calculations employ analytical method of reliability 

assessment. Reliability of oil pipeline system to a large extent 

depends on the method of pipe laying. The work describes the 

methodology of selecting the best pipeline route arrangement 

on the terrain and pipeline laying method, using engineering-

geocryological cost maps.  

 

 

Terminology 

Geotechnical system means an engineering structure and 

geological environment interacting with it. The reliability of oil 

pipeline system is understood as the system capability to 

withstand all external impacts (natural and climatic, 

anthropogenic, thermal and mechanical) within the specified 

period with normal operation (serviceability) of the system. It 

is evaluated by the system no-failure (no-accident) probability 

within the specified service life. Breakdown hazard is also a 

random value that is measured by complementation to a unit of 

reliability. Mathematically expected costs for liquidation of an 

accident and ecological consequences associated with it is 

called a cost of risk.  

 

 

Task formulation 

Thus, the solution to the assigned task includes the following 

stages: 

1. Analytical method of reliability calculation 

2. Reliability optimization 

3. Preparation of an engineering-geocryological cost map. 

 

Selection of the best route for laying an above-

ground pipeline based on the example of the 

Vankor-Purpe pipeline section  

Let us consider a section of the existing oil pipeline route 

"Vankorskoye Field ï NPS Purpe" having the length of about 

10 km. The selected oil pipeline section "Vankorskoye Field ï 

NPS Purpe" is located in Tyumen Region and starts at the 

north-east at the distance of about 20 km from the border of 

Tyumen Region with Krasnoyarsk Krai. The section of the 

designed oil pipeline route is located in a zone of thick 

permafrost (up to 200-400 m). This section belongs to the Taz-

Yenisey area. One of the peculiarities of the area is its 

extremely high number of swamps and lakes. The average 

annual temperature of grounds varies from minus 2.4Áʉ to 

minus 0.1Áʉ. The site is characterized by mainly discontinuous 

spread of permafrost. According to the results of geotechnical 

site investigations, the continuous length of the sites composed 

of thawed grounds reaches 0.5-1.3 km. The distribution of 

permafrost along the profile varies from 75 to 90 %. On 

individual, rather long sections of the route, permafrost does 

not adjoin the layer of seasonal freezing, i.e. there are areas 

with deepened permafrost table. The project provides for 

above-ground laying of oil pipeline on pile foundations. 

 The territory, through which the oil pipeline in question 

runs, is subdivided into 12 engineering-geocryological sites (on 

the map the number of a site designates a type of lithological 

section, hatch ï permafrost depth, a letter ï temperature of 

grounds). For each of the distinguished sites the best total cost 

is calculated. In addition, on the basis of this cost the 

calculations are made for foundation reliability, depth of 

preliminary freezing of the ground and the length of a pile. 

These are main governing parameters of the foundation (The 

example of the calculation is given in the article "Methods of 

estimation of the reliability of oil-trunk pipelines", 

L.N. Khrustalev, M.Yu. Cherbunina. Kriosfera Zemli, 2010, 

Vol. XIV, No. 3, 69-76). 

Each site is marked with the Total minimum cost (ʉtotal), 

reliability (R), Depth of preliminary freezing-thawing of the 

ground (Hfr), pile length (l) (Fig. 1). Then, the best solution for 

laying of a pipeline is selected by applying different route 

options to the map. The best routing option is then selected. 

 

Conclusions 

The proposed method of assessing reliability of main oil 

pipelines in the cryolithozone allows one to take into account 

the stochastic non-uniformity of the system "oil pipeline ï 
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permafrost foundation ground" and loads affecting such 

system, to control the quality of this system, foresee system 

possible failures and evaluate their consequences materially (in 

conventional units).  

The task for optimization was formulated: the sum of costs 

for system creation and the cost of risk tends to minimum. The 

solution for this task makes it possible to find the best way of 

pipeline laying and respective design parameters. 

This work proposes the method of making cost maps for 

selection of the best solutions when laying oil pipeline in the 

cryolithozone. 

Based on the example of the Vankor-Purpe route section, 

the best alternative route for oil pipeline laying and its design 

parameters were selected. 

 

 
Fig. 1 The fragment of the engineering-geocryological cost map of the Vankor-Purpe oil pipeline section. 
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Oil in the Far North regions is produced by multiple drilling 

method. Injection wells participate in the production cycle.  

Heated solution with the temperature of 120 Áʉ is pumped 

through their wellheads. The process of such facility operation 

is accompanied by thermal interaction with grounds, which 

causes the changes in geocryological conditions. This results in 

formation of a thawing zone that can transform into a 

thermokarst pit. Merging of such zones around production 

wells is not permitted, as this is an extremely adverse factor for 

stability and long service life of the multiple well platform 

facilities. 

The report surveys the results of using a set of borehole 

geophysics methods. During the period from 2010 to 2011 the 

research and production company Radionda LLC conducted 

works at some producing fields located within Krasnoyarsk 

Krai and Yamalo-Nenets Autonomous District, beyond the 

Arctic Circle, for studying geocryological  composition of the 

upper part of the section and assessing a thawing process of 

permafrost at the multiple well platforms of producing fields. 

Geophysical investigations included: 

Well temperature survey; 

Gamma-ray logging; 

Electromagnetic well logging by method of one-hole radio-

wave profiling (ORWP); 

Interwell space examination by method of radio-wave 

geointroscopy (RWGI) 

On the multiple well platform of the first field the fact of 

thawing was confirmed by positive temperature anomalies in 

the inspection well located in the immediate vicinity of a high-

temperature injection well. For other investigation wells 

located at a distance from the heat source, the temperature was 

negative (Fig. 1ʘ). Figure 3 presents a layout of wells.  

For lithologic differentiation of rocks the gamma-ray 

logging was used. It detected great differences of strata by clay 

content. Natural radioactivity value (ɔ) does not depend on the 

frozen-thawed condition of rocks.  

OWRP is a high-frequency electromagnetic method, but, 

unlike electric resistivity logging, it can be used in dry wells or 

wells with polyethylene pipe casing, and, if compared with the 

induction logging, it has a wider range towards high 

resistances, therefore it can be used for permafrost studies.  

When comparing the OWRP data and the gamma-ray 

logging data, a close correlation between electric properties and 

clay content was found. In the wells where a thawing process 

was detected, abnormal increase in electrical conductivity is 

registered (red area in Fig. 1b) Thus, electric characteristics of 

grounds depend not only on the lithological type of grounds but 

also on their physical state.  

The interwell space was studied by method of radio-wave 

geointroscopy (RWGI) based on evaluation of the rate of radio-

wave energy absorption by grounds located on the wave 

propagation path from the source to the receiver (grounds with  

low values of wɟeff and Ůeff are characterized by more intensive 

radio-wave absorption). Fan-shaped layout of measuring 

equipment ensures high density of studies (Fig. 2).  

 

 
Figure 1. Data comparison of: well temperature survey (1a);  gamma-

ray logging and OWRP (1b). 

 

 
Figure 2.Fan-shaped layout of measurement. 

 

 

During interpretation the interwell space was divided into 

equal cells. Multiple ray intersection within each cell makes it 

possible to calculate effective electrical resistance. 

RWGI data are processed by known methods 

[Radcliffe 1979] with the help of software package developed 

by Radionda LLC. 

Figure 3 depicts the instance of fragments taken from a 3D 

geoelectrical map created with wave algorithm of data 

processing. Comparison of the RWGI data with logging data 

makes it possible to relate low-resistivity regions (ʊ) to the 

area of spread of thawed grounds near the high-temperature 

injection well. 
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Figure 3. Fragments of the 3D geoelectrical map (horizontal plan at 

the depth of 13 m and section along the AB line). 

 

 

Measurements with the use of RWGI method within the 

frequency range of 5 õ 31 MHz, when jointly processed, made 

it possible for the first time to make a 3D map of specific 

inductive capacity (Fig. 4). As is known, Ů of water and ice 

differ 40-fold in such frequency range, which allows one to use 

this parameter for evaluation of frozen-thawed condition of the 

grounds at the foundation of multiple well platforms. 

 

 
Figure 4. Fragments of 3D map of specific inductive capacity. 

(horizontal plan at the depth of 10 m and section along the ɸɺ line) 

 

 

At another field, when conducting investigations for 

multiple well platforms, the described complex was 

accompanied by collecting of core samples for subsequent 

laboratory analysis of petrophysical and thermophysical 

properties in the frozen and thawed states (thermal diffusivity 

coefficient (ʘ), thermal conductivity coefficient (ɚ), volumetric 

heat capacity (ʉɟ)). The analysis of the population of obtained 

data made it possible to find out correspondence among 

individual engineering-geological elements (EGE) and 

geophysical data  (ɟeff, Ůeff, ɔ). (S.V. Bomkin) 

 
Table 1. Parameters of engineering-geological elements  

 ɟʢ 
Oh

mÅm 

Ů 

 

ɔ 

micro-

roentge

n per 

hour 

ɟ 

g/cm

3 

a 

m2/s 

ɚ W/m

ÅK 
C 

J/m3

K 

EGE1 400 6 6 1.96 1.14 2.15 2.59 

EGE2 30 30 13 1.97 0.63 1.46 3.01 

EGE3 90 10 10 2.24 0.86 1.92 2.87 

 

On the basis of these data and RWGI data, a real three-

dimensional thermophysical model of the designed working 

site was created, which became the material for calculation of a 

thawing process during operation of a facility with the help of 

numerical mathematical methods.  

Summarizing the results of the performed works, it is 

possible to draw basic conclusions that the proposed complex: 

¶ Enables assessment of frozen-thawed state of grounds at 

multiple well platforms in conditions of complex geology 

of the permafrost upper layer; 

¶ Three-dimensional study of grounds in the direct vicinity 

of producing wells will make it possible to monitor the 

condition of multiple well platforms and to track the 

dynamics and spatial spread of a thawing process; 

¶ The information obtained through interwell methods is 

necessary for mathematical modeling of changing thermal 

conditions near producing wells. 
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On average, 250 emergency situations related to hazardous 

natural processes occur on the territory of the Russian 

Federation for a year. 

We performed expert assessments of values of the average 

multi-year damage caused by the most hazardous processes for 

the whole territory of Russia.  For example, Figure 1 shows 

these values for the Northern economic region. 

After analyzing 13 major damage-causing processes on the 

territory of the Russian Federation, we concluded that the 

average multi-year damage caused by them is about 15 billion 

dollars (Table 1). 

 
Table 1. The values of the average multi-year damage caused by the 
main hazardous natural processes on the territory of the Russian 
Federation. 

Processes Damage, 

in millions of $ US 

  

Floods 2793.6 

Cryogenic processes 2478.0 

Landslides, rockfalls 2160.0 

Earthquakes 1720.0 

Hurricanes, cyclones 320.0 

Tsunamis 40.0 

Avalanches 13.2 

Mudflows 40.0 

Abrasion 47.0 

Karst 676.0 

Erosion 364.0 

Waterlogging 3546.0 

Land subsidence 454.0 
  

Total: 14652.0 

 

According to the previous studies [Koff & 

Chesnokova 1998], it was determined that the extent of damage 

depends primarily on the confinement of the corresponding 

economic region or a constituent entity territory of the Russian 

Federation to certain ground masses and, secondly, on the 

intensity and the extent of technogenic processes. The most 

damage-causing processes prevail in economic regions with 

specific classes of characteristic massifs. This primarily relates 

to seismic and permafrost areas. 

Analysis of composition peculiarities, structure and 

properties of characteristic massifs as well as analysis of the 

damage origination determined by characteristic massifs and 

manifested during the interaction of technogenesis with them, 

shows that the latter are distinguished by some invariant 

properties of the geological environment. These distinctions are 

presented in the form of property ratings. Their first place 

reflects the maximum, and the last one - the minimum 

manifestation of the corresponding property. 

The analysis of expert assessments of social-economic 

damages formed within economic regions is a complex 

scientific task. This is explained by the fact that some damage 

assessments correspond to the observed actual damages, while 

other assessments are only forecasts. Damage caused by many 

processes, especially geocryological ones, is prevented 

stepwise, this is why the final assessment of losses is often very 

undersized. Analysis and calculation of indirect damage and 

damage caused by secondary impacts are carried out very 

rarely. This also reduces the overall assessment of damage. Not 

only losses but also manifestations of hazardous geocryological 

processes are not monitored within a number of difficult areas. 

This also deprives the obtained results of a sufficient factual 

basis. 

 

 
Figure 1. The average multi-year social-economic damage caused by 

the consequences of hazardous natural processes in the Northern 

economic region. 1 - Arkhangelsk region, 2- Vologda region, 3- 

Murmansk region, 4  - the Republic of Karelia, 5 - The Republic of 

Komi 

 

It should also be noted that the damages formation is 

connected with various operational errors. Therefore, the losses 

are usually determined not only by the initial "configuration" of 

the interaction between technogenesis and a set of massifs, but 

also by the trajectory of the territory's social-economic 

development, including environmental management. The latter 

is determined by people when they develop building 

regulations, rules and projects, and reflect massifs properties 

and results of their interaction with technogenesis objects in a 

way in which they understand them at the time of planning, 

design and research.  

The principled position during this work is the territory 

differentiation according to the   degree of social-economic 

value. The steps of such assessment can be presented as 

follows. 
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1. General geocryological assessment of the territory. 

2. Social-economic assessment of the territory. 

3. Economic assessment of the territory - the assessment of 

damages caused by separate hazardous processes. 

4. Assessment of the territories based on the total risk. 

5. Determination of the territories insurance ratings. 

Considering the territory of Russia as land and territory 

resources, we approach the determination of corresponding 

insurance indexes of the territory. The insurance index 

primarily reflects the (risk) probability degree of activation of 

hazardous processes, including extreme geocryological ones, 

on the given territory and the degree of its stability (sensitivity) 

in relation to these processes. More specifically, the degree of 

probability that these processes would cause damage to the 

main industrial funds and to the population. Since the industry 

and the population are unevenly distributed over the territory, 

the insurance indexes are determined primarily for large units 

(centers, focal points etc.) of settlement in economic regions of 

Russia. These include urban agglomerations and economic 

regions centers.  

Considering exomorphodynamic and geocryological 

conditions of the territories, the risk values for industrial funds 

and population and the set of the most damage-causing 

processes, we can speak about the territory's insurance index 

that reflects the risk degree and the insurance rate value. It also 

determines the order of regions (territories) that need safety 

measures and insurance against the most damage-causing 

geocryological processes. 

Collection, organization and analysis of the data concerning 

hazardous geocryological processes manifestation allow the 

insurer to determine the danger extent for each region and the 

acceptable level of risk that corresponds to the tariff and the 

resources of the insurance fund. 

As we already noted, the regions located in the zones of 

high seismic activity and in the zones where 30-50% of the 

territory is subject to hazardous and potentially hazardous 

permafrost processes (insurance index I-II) primarily need 

safety measures. 

Another important problem is the problem of sensitivity. 

And, while we have an integral idea concerning geological 

environment and technogenesis, the problem of sociosphere 

sensitivity (to hazardous geocryological processes) is still 

poorly studied. It is closely connected with the problem of 

people's attitude towards natural risk. People's attitude towards 

risks that is derived from their views and life circumstances is 

analyzed in the works of sociologists.  

Economic mechanisms reducing the risk of social losses, 

destruction of buildings and structures and environmental 

pollution during the development of a set of hazardous 

geocryological processes should be oriented, on the one hand, 

towards the decrease in risk level and, on the other hand, they 

should be oriented towards creating new and efficient sources 

of financing of corresponding measures in northern regions.  

The need to solve the problems of the informational base of 

insurance against the consequences of hazardous 

geocryological processes requires the use of geographic 

information systems, not only to visualize the acquired 

information' but also to solve the certain scientific and practical 

issues.   

The informational base is primarily required to obtain 

specific results for urban territories [Chesnokova 2011]. It 

includes information on the following main groups of 

indicators: 

¶ data on the territory's seismic hazard with regard to its 

regional and local features; information on structural-

tectonic structure and activity; 

¶ information on engineering and geological, 

hydrogeological and geocryological conditions; 

¶ information on the sensitivity of the city's territory as a 

whole, on the sensitivity of individual buildings and 

structures, on engineering infrastructure in relation to 

hazardous processes, including the information on 

potential secondary anthropogenic influences, their extent 

and manifestation conditions; 

¶ information on the social characteristics of an urban 

environment, population number and population density, 

age, professions, daily and seasonal migration, the level 

of readiness for hazardous processes and on the 

composition and arrangement of saving and life-support 

forces; 

¶ information on individual and integral risk indicators, 

including a probabilistic assessment of consequences of 

hazardous processes.  

In conclusion, the following should be noted: 

¶ insurance against the consequences of hazardous 

geocryological processes is a modern and a very urgent 

issue as well as an interesting subject for scientific 

research; 

¶ insurance against hazardous processes is an international 

problem; 

¶ no other area of insurance brings together so many 

scientists and specialists of different professions 

(geocryologists, geologists, seismologists, economists, 

construction workers, insurance experts and others); 

¶ the social significance of insurance against hazardous 

geocryological processes is very high. It enables rapid 

restoration of buildings, economy, and most importantly, 

restoration of normal human life. 
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Instructions 

The Lena River is one of the main Russian rivers flowing to the 

Arctic Ocean. River mouth of the Lena River is one of the 

biggest Russian Arctic deltas. It has more than 800 channels 

and cross horns with the total length of about 6500 km. The 

total area of the Lena delta is 25000 sq km if the top of the 

delta is Stolb Island and 32000 sq km ï from Tit-Ari Island 

where the first channel Bulkurskaya branches off 

[Geoecological stateé, 2007]. At presents time the Lena delta 

consists of 1500 islands [Are and Reimnitz, 2000] and 60 000 

lakes of different forms and sizes mainly thermokarst and 

polygonal lakes with area less than 10 sq km.  The Lena River 

basin lakes like other objects of permafrost zone have not 

studied enough. Morphometrical and hydrological data are 

available for only about 800 lakes or 0.2% of all lake 

catchments. A standard hydrometrical lake net is very poor.  

Samoylov Island is situated on the first terrace of Holocene 

alluvium sediments genesis with 10-13 m height and 7 000 yr 

BP [Makarov 2009]. Samoylov Island is the mark point of 

environment studies including hydrographical net formation of 

this region. Every year investigations hydrological and 

hydrochemical regimes of the island lakes and channels of the 

delta are being carried out. Observations of polygons and their 

water features are considerably importance. 

 

Study area  

Field work was conducted at the Samoylov island (72Á22ôN, 

126Á29ôE), situated on the first terrace of the Lena River in 

2008-2010. Two different parts of the island can be allocated ï 

high part (first terrace) and low part ï alluvial part.  

The main factors of formation of island lakes are 

thermoerosion and river influence and that in also a basis for 

the recognizing of the main types of Samoylov osland lakes: 

thermokarst lakes, polygonal lakes and flood-former riverbed 

lakes. There are a lot of different types of lakes could be find 

out on the island: thermokarst lakes, flood-formed riverbed 

lakes, polygonal lakes and lakes of mixed types. Most part of 

the island is occupied by polygonal lakes or ponds. 

Thermokarst and formed riverbed-thermokarst lakes are the 

biggest lakes located on the noth-west of the island. 

 

Results and discussion  

Determined hydrophysical and hydrochemical characteristics 

of lakes depend on features of their formation. The result of 

field measurements in June-July 2009 and August 2008, 2010 

and laboratory analyses (Table 1) are hydrochemical 

characteristics of water objects of Samoylov island and 

Olenekskaya channel of the Lena River.  

 

 
Table 1.  Hydrochemical characteristics of island lakes and 

Olenekskaya channel of the Lena River Delta (June-August, 2009-

2010). 

 

Type of lakes P-PO4 mg/l Si, mg/l t, Áʉ ʨʅ 

Flood-former 

riverbed 
0,02-0,03 1,7-2,2 6,4-11,6 7,2-7,7 

Former 

riverbedï 

thermokarst 

<0,01-0,03 0,04-0,9 7,7-9,7 6,7-7,6 

Thermokarst 0,01-0,05 0,02-1,5 5-10,4 7,1-7,6 

Polygonal- 

termokarst 
0,01-0,05 0,04-1,2 7,2-10,3 7,1-7,7 

Lena River, le-

nekskaya channel 
0,03-0,05 1,5-2,2 14,5 6,7-7,6 

 

Water temperature 

Temperature regime of the studied lakes largely depend on 

an air temperature but it is also depend on morphmetrical 

characteristics: more shallow lakes had a temperature up to 14 

C, temperature of termokarst and flood-former riverbed lakes 

was 6-8 C on the surface in August 2008.  

Summer water temperature (June-July, 2009) was vary 

from 5 to 10,7 C in early July, it was not higher 7,6 C at the 

end but could reach 10,7 C even at depth. 

 

Main hydrochemical characteristics 

Hydrochemical data are conformed to previous obtained 

values for small polygonal ponds [Wettrich, 2007]. It has been 

determined that all ponds are oligotrophic and have neutral 

water. However, we have marked quit high concentrations of 

phosphates (up to 6 mg/l) that is probable connected with 

different time of sampling. Mineralization is less than 100mg/l 

and varied during the field work season from 5.3 to 11.3 mg/l 

(from 34 to 68 mg/l according to our results), conductivity was 

varying from 27 to 254 ɛS/ cm, or all water bodies have low-

mineralized water with dominance of calcium (magnum) and 

hydrocarbonate ions that also correlate with our results. Lakes 

have colorized water - less than 10 degrees of coloration, 6,7-

7,7 pH values or neutral and alkalescent water.  

Phosphates varied from <0,01 mg/l to 0,07 mg/l,  

concentrations of Si varied up to few milligrams per liter. The 

reason of elevated concentrations of Si is cryogenic processes 

typical for arctic regions. The variability of nutrients for the 
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most water bodies is characterized by elevated concentrations 

phosphates and Si during the period (July-August). 

 

Geochemical characteristics of lakes bottom sediments 

Research of geochemical composition of island lake 

sediments, which are under influence of the Lena River, in 

future will permit a possibility to estimate the self-cleaning 

ability of lake ecosystems and their stability to the 

anthropogenic affect. It is shown that concentrations of trace 

elements in lakes sediments donôt exceed the concentrations of 

their Clarks in the Earth crust [Viogradov 1962]. Distribution 

of elements along cores quite progressively increases without 

abnormal picks. That fact supports a conclusion about nature 

geochemical composition of lacustrine cores of the Samoylov 

Island and all delta lakes, potentially. Concentrations of main 

petrogenic elements correspond to their natural values in soils 

and rocks of the Lena River catchment.  

Sediments of considered lakes have a high (for north 

regions) capacity of cation exchange (16-58 mg eqv./100 

gACB). It could be assumed, that lakes of Samoylov Island 

have a possibility to self-cleaning due to high accumulative 

ability of sediments and also due to an intensity of exchange 

reaction with water. But the level of self-cleaning ability of 

ecosystem is individual and depends on many factors such as 

geographical location (intensity and set of abiotic processes), 

concentration of elements influencing biodiversity progression 

(content of nutrients, trace elements, toxicants, pollutants and 

ect.), and efficiency of substances utilization due to 

photosynthesis and restructuring of the diversity of alga 

complexes. Geochemical transformation of substances in the 

system also can be a criterion of self-cleaning. 

 

Conclusions  

Comparison and analysis of hydrological, hydrochemical and 

hydrobiological field measurements and laboratory data of the 

lake water and sediments from one of the many islands of the 

Lena River delta allows us to obtain some new results about the 

current state of arctic water bodies. 

Hydrochemical composition of lakes and geochemical 

characteristics of sediments depend on changes taking place on 

the lake catchments, for instance, an increase of biogenic 

element input due to an increase of seasonable melting layer, 

and also they depend on extend of the influence of river water 

that inflows an island of a channel. 

Further research of geochemical composition of island lake 

sediments, which are under influence of the Lena River, in 

future will permit a possibility to estimate the self-cleaning 

ability of lake ecosystems and their stability to the 

anthropogenic affect. Additional observations on low-

investigated elements of water and mineral balances of 

Samoylov Island lakes are in the scheme of future research 

such as ground influx of water and nutrients elements from 

catchments, water exchange between sediments and lake water, 

a circulation of biogenic elements in the trophic lake chain and 

etc.  
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The background 

A significant volume of data on geotechnical and 

geocryological processes influencing the engineering state of 

gas pipelines and the associated infrastructure was received in 

the process of geotechnical monitoring of the Zapolyarnoe-

Urengoy trunk gas pipeline system in 2006-2011.  

Spatial systematization of the data reflecting the spatial 

association of processes was necessary to improve the quality 

of management of the geotechnical system "gas pipeline - 

environment". This was required for further work, specifically 

for correction of the project "Reconstruction of the 1st, 2nd and 

3rd Branches of the Zapolyarnoe-Urengoy Gas Pipeline 

System. Water Disposal and Flood Alleviation". 

 

Work performance 

The available information on the state of the pipeline 

geotechnical system for the observed period (2006-2011) and 

engineering investigation materials were gathered and analyzed 

at the first stage. The result of the first stage was the summary 

register of the state of the facility under study in the MS Excel 

format as well as the systematized photo material. 

The second stage included the georeference of the prepared 

summary register of the study object's state that was realized 

with the help of the problem of linear coordinates (ESRI 

ArcGIS). Remote sensing materials were chosen with the help 

of the spatial organization of the database on the geotechnical 

system state. They included satellite images of high spatial 

resolution (0.5 m, "WorldView-1,2", "GeoEye-1"), coordinates 

system UTM-WGS84/44 and actualization of the period from 

Autumn 2010 to Autumn 2011.  

The georeference of the description of the sites, registers 

and images of monitoring was the result of this stage. 

Moreover, helicopter flight images of the report period (more 

than 5 thousand images) were georeferenced. 

The third stage consisted in determination of the pipeline 

system state by employing the method of interpretation of 

remote sensing materials. The assumed mapping methodology 

generally consists of the following operational sequence: 

detection of causes and consequences of spatial differentiation 

of geosystems with regard to the field materials analysis Ÿ 

identification of homogeneous sections of the gas pipeline 

route with the adjoining territory Ÿ interpretation and 

tabulation of the attributes of the data on the research site state 

Ÿ verification and generalization of the data on the gas 

pipeline route state. 

Homogeneous sections of the gas pipeline route were 

detected in accordance with the concepts of geotechnical 

systems of an oil and gas complex [Kozin, Marshinin, Osipov 

2008] on the basis of the landscape analysis. Meanwhile, we 

considered not only the current state of the geotechnical system 

but also the retrospective analysis of the operation of the 

hosting geosystems as well as the development forecast of the 

geotechnical system. 

The analysis of the situation for the previous years and the 

interpretation data allowed us to make a classification of the 

states of the geotechnical system sections that consists of 

sections' types, sections' groups and kinds of sections. 

A type of the section state is a position in the sequence of 

the state change from the designed to the disturbed one.  

A group of the section state is defined by the nature of 

change in the given gas pipeline position.  

A kind of sections is defined by the intensity of the process 

that isolates them. 

In total, four types of section states were singled out for the 

gas pipeline geotechnical system: 

¶ within deviation norms; 

¶ position disturbance; 

¶ position restoration (repaired); 

¶ repeated position disturbance. 

A type of the state of sections with disturbed positions 

includes five groups of section states for the gas pipeline 

geotechnical system: 

¶ the group with embankment erosion; 

¶ the group with the deepening lesser than the designed 

one; 

¶ the group of aerial crossings with the deviation from 

the designed position; 

¶ the group with the development of slope thermal 

erosion and of thermokarst on the temporary 

technological passages along gas pipelines; 

¶ the group of embankment deflation. 

Each group of sections is subdivided into kinds of the state 

of the gas pipeline geotechnical system on the basis of the 

process intensity. For example, aerial crossing sections with the 

deviations from the designed position are represented with the 

following types: 

¶ the aerial crossing with arch development; 

¶ the aerial crossing with bend development; 

¶ the aerial crossing with the rise of the pipe bottom less 

than 1 m from the land level; 

¶ the aerial crossing with destruction of slopes at the 

points where a gas pipeline comes out from the 

ground; 

The data on gas pipeline sections were included in the state 

table by homogeneous sections with continuous description. 

The ending of the previous section was the beginning of the 

next one. 

 

Results 

The spatial database of the pipeline system state in 

MapInfo/ArcGIS formats was the result of the work. This made 

it possible to: 
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¶ improve the quality of management solutions for 

pipelines reconstruction; 

¶ trace the dynamics of exogenous processes, trace their 

spatial interaction and calculate the rate and the 

prospects of development; 

¶ maintain the data bank of the state of the gas transport 

geotechnical system, enriching it after every helicopter 

flight and surface investigation; 

¶ identify the sections for top-priority repair and 

monitoring, such as: erosion processes, underflooding, 

thermokarst, and unauthorized actions of the outside 

economic entities in the zone of responsibility of the 

gas transport enterprise. 

 

 
Figure 1. Example of GIS application in the analysis of the vertical 

bend of an aerial crossing at the gas pipeline 

 

 

The work results were applied in correction of the project 

"Reconstruction of the 1st, 2nd and 3rd branches of the 

Zapolyarnoe-Urengoy gas pipeline system. Water disposal and 

flood alleviation" for the work period of the winters of 2011-

2012. 

 

Prospects 

Involvement of new data on the natural and technical 

environment into the spatial database of the gas pipeline 

geotechnical system as well as completion of user's versions on 

the basis of the user-friendly interface for thematic consumers. 
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Abstract 

This work considers the issues of influence of ambient air low temperatures on fuel consumption of automobiles operating on 

compressed natural gas and gasoline. Graphical dependences were obtained. Mathematical models describing these 

dependences were proposed. The conclusion was drawn regarding the issue which of the considered fuels is less sensitive to 

changes in air temperature from the perspective of fuel efficiency. 
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Nowadays more and more vehicles are fitted with gas 

cylinder equipment operating on compressed natural gas that 

represents the most promising developing trend, as regards 

economy of traditional oil motor fuels. Besides, natural gas, 

when combusted in engines, emits a less amount of harmful 

substances with exhaust gases, as compared with oil motor 

fuels. 

There is a certain time period until large-scale gasification 

of transportation means in our country. But the problems that 

are faced when using natural gas as a motor fuel require 

solutions already now.  

For example, when operating transportation means in 

Russia, much attention is paid to natural-climatic factors. The 

cold climate zone occupies the biggest part of our country ï 

about 70% (central and northern parts of Russia, Western 

Siberia, Eastern Siberia and the Far East), therefore low air 

temperatures dominate on significant part of Russia. 

In particular, when vehicles are operated at low 

temperatures, fuel consumption changes. These changes lead to 

improper correction of standards and norms of technical 

operation, including fuel consumption norms. The more 

adequate correction of fuel consumption norms can be obtained 

on the basis of adaptiveness of compressed natural gas and 

gasoline-operated vehicles to low temperature conditions. This 

evaluation will make it possible to find out, with which fuel 

(gasoline or natural gas) a vehicle is more adapted to the 

temperature change in operation conditions. 

Rig tests were conducted at the Department "Vehicle 

Transport Operation" of the Tyumen State Oil and Gas 

University for engine ZMZ-4062.10 (with a brake unit 

consisting of balancing stand AKB 92-4 (DC motor-generator), 

weighing device VKM-32, type RP-10 SH13, and liquid 

rheostat) operating on gasoline and compressed natural gas. 

This engine as the subject matter of analysis is selected based 

on the fact that it is mounted in microbuses of GAZel line, in 

particular, in GAZ-32213. This vehicle is widely used in our 

country for transportation of passengers and goods. 

Gasoline consumption was measured by a flow meter 

consisting of a measuring flask built in a gasoline pipe. Natural 

gas consumption was calculated according to reference data 

[RD 3112199-1095-03  2002]. 

Based on the processed results of rig tests, we built the 

graphical dependencies reflecting the influence of ambient air 

temperature on fuel consumption (Fig. 1-3). They allow us to 

draw the conclusion that: the minimum gasoline consumption 

is reached at air temperatures from -5 to +15 Áʉ, and the 

minimum natural gas consumption ï at air temperatures from -

10 to +15 Áʉ, depending on the engine operation mode. When 

deviating from the optimum, fuel consumption increases. It 

should be also noted that under other equal conditions 

consumption of compressed gas is slightly higher than that of 

gasoline. Instruction [Instructioné 2008] specifies that 1 l of 

gasoline corresponds to 1 +/- 0.1 m
3
 of compressed natural gas 

(depending on the natural gas properties). Therefore, this small 

growth of gas consumption can be explained by its chemical 

composition. 

 

 
Figure 1. The fuel consumption change vs. engine inlet air 

temperature curve at ʈ = 26.4 kWatt, n = 2500 min-1 

 

 

Processing of experimental data resulted in numeric values 

of parameters included in mathematical models (with the help 

of the "Regress 2.5" program) describing the influence of 

engine inlet air temperature on the change in fuel consumption. 

If engine load (ʈ) = 26.4 kWatt and crankshaft rotation 

speed is (n) = 2500 min
-1
, fuel consumption change equations 

take the form (Fig. 1): 

for gasoline: 

( ),51016,118,9
23 -ÖÖ+= -

ʬʪ tq    (1) 

for compressed natural gas:                
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( ).31005,144,9
23 -ÖÖ+= -

ʬʪ tq  (2) 

 

 
Figure 2. The fuel consumption change vs. engine inlet air 

temperature curve at ʈ = 57.2 kWatt, n = 2650 min-1 

 

 
Figure 3. The fuel consumption change vs. engine inlet air 

temperature curve at ʈ = 64.7 kWatt, n = 3000 min-1 

 

 

If ʈ=57.2 kWatt, n=2650 min
-1
 (Fig. 2), the equations take 

the form: 

for gasoline:  

( ),51003,130,18
23 -ÖÖ+= -

ʬʪ tq    (3) 

for compressed natural gas:                

( ).31060,985,18
24 -ÖÖ+= -

ʬʪ tq     (4) 

If ʈ=64.7 kWatt, n=3000 min
-1
 (Fig. 3), the equations take 

the form: 

for gasoline:  

( ),41014,107,19
23 -ÖÖ+= -

ʬʪ tq     (5) 

for compressed natural gas:               

( ).41098,969,19
24 -ÖÖ+= -

ʬʪ tq    (6) 

Numeric values of correlation coefficients of fuel 

consumption change equations for different engine operation 

modes are as follows: q ï 0.85...0.98, and the determination 

coefficient value for q ï 0.76...0.98. 

The works of L.G. Reznik, V.N. Karnaukhov, 

D.A. Zakharov and others present U-shaped fuel consumption 

vs. ambient temperature curves for gasoline engines. This study 

presents similar curves obtained for compressed natural gas.   

After analyzing these curves, the following conclusion can 

be drawn: since compressed natural gas graphical dependences 

do not have such pronounced U-form as gasoline-related 

curves, then natural gas is less sensitive to changes in ambient 

air temperature than gasoline from the perspective of fuel 

economy. And this means that the GAZel vehicles with the 

ZMZ-4062.10 engine operating on compressed natural gas, 

under other equal conditions, adapt better to change in 

temperature conditions than those operating on gasoline. 
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In troduction 

Rockslides pose a significant geohazard in periglacial 

landscapes with frozen ground. Focus has been on mapping 

and detecting large rockslope instabilities due to their potential 

large risk related to the initiation of destructive tsunamis, 

particularly in steep fjord landscapes, with coastal settlements. 

However, processes linked to melting, refreezing and 

temperature changes in ice in the rockslopes have been much 

less investigated, and their influence on driving mechanisms 

for observed displacements is less well understood.       

Here we use a case study from northern Norway of one of 

most active rockslides, the Jettan rockslide, to expand our 

understanding of the influence of frozen ground on rockslope 

dynamics. In the Jettan rockslide an extensive monitoring 

system provide seasonal displacement, and in addition 

systematic studies of the ground thermal and snow regime has 

been performed to understand seasonal freezing and permafrost 

conditions. 

The Jettan Rockslide 

Large parts of the north Norwegian fjord landscapes are located 

in the arctic zone with altitudinal permafrost. The permafrost 

regional limit is descending from app. 990 m asl. in the west, to 

550 m in the interior in the east of N Norway [Christiansen et 

al., 2010]. This means that the Jettan rockslide area, extending 

from 400 m to 800 m asl., is located somewhere at the regional 

modern permafrost limit. However, the irregular topography of 

the rockslide area, with deep open fractures, a complex fracture 

geometry and snow accumulation pattern, creates special local 

terrain and subsurface conditions. This complex topographic 

setting being located within the permafrost border zone, is 

thought to significantly influence the rockslide deformation. 

The first geological studies of the Jettan rockslide were 

initiated by the Geological Survey of Norway (NGU) in 1999, 

and have been continued using different investigation methods, 

in addition to the implementation of a continuous monitoring 

network [Braathen et al., 2004]. The investigations have 

included detailed structural and geomorphological mapping, 

geophysical measurements (2D resistivity and refraction 

seismics), LIDAR  scanning and analysis of satellite-based 

InSAR and widespread air, ground and crack temperature and 

snow monitoring. 

The Jettan rockslide consists of a volume possibly up to 17 

million m
3
, and parts are moving with velocities of more than 

50 mm/yr [Blikra et al., 2009; Nordvik et al., 2010].The 

unstable area is detached from the intact bedrock at its rear by 

large normal faults, and internally this area is characterized by 

a series of extensional fractures, some of which can be traced 

as up to 300 m long surface depressions. The large active back 

fracture, delimiting the active area, is about 300 m long, up to 

10 m wide and deeper than 25 m. Due to the large and open 

structure, visual observations of the back fractures lower parts 

were possible using climbing techniques in early September. 

 

Results 

Displacement 

The displacements in the active area indicate annual 

displacements between 1 and 5 cm based on continuous 

measurements since 2007. There is a strong seasonal control on 

the displacement rates, with a coherent increase in velocities in 

early spring (May), and a decrease only in the early winter 

(December). The velocity is reduced even more in mid winter 

(February) [Nordvik et al., 2010].There is no correlation 

between the displacement pattern and the precipitation record, 

and even though the increased displacements start during 

snowmelt, it does not slow down again after the snowmelt has 

finished. This indicates a totally different driving mechanism 

than water pressure alone for the overall deformation. 

 
Snow dynamics 

A perennial snowpatch exist in the bottom of the active 

back fracture. This snowpatch is at minimum size in end of 

summer, and grows through the winter to reach it maximum 

size only in April. Melting of snow takes place from May until 

the end of summer. Large amounts of snow can accumulate 

during snowstorms, when the open fracture catches snow. But 

it is only towards mid winter that the fracture is significantly 

filled. Thus cold air can drain into the fracture during the first 

part of the winter. 

 

Air, ground and crack thermal regimes 

The mean annual air temperature for the study period 1 

September 2009 to 1 September 2011 are respectively -1ÁC 

and0,3ÁC. The air temperature is largely negative from October 

to April, and reaching 15-20ÁC in summer (Fig. 1 upper panel). 

Correspondingly, the air temperature of the active fracture (Fig. 

1 lower panel) follow the air temperature variation in the 

beginning of the winter until enough snow has accumulated 

into the fracture isolating the crack air temperature from the 

atmosphere. From then, the air temperatures in the crack 

remain between 0 and ï2ÁC. In end of summer 2010 a 

thermistor was installed in the deepest accessible part of the 

backscarp directly into the ice body identified there (Fig. 1 

lower panel). Also this part of the fracture experienced 

significant early winter cooling before enough snow filled the 
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crack preventing further cooling. A relatively stable winter 

temperature of around -2ÁC is then reached. In May, when 

snowmelting starts, the ice temperature increased up to around 

0ÁC. This stable summer temperature continued until the early 

autumn, when most likely meltwater erosion have further 

increased the temperature and melted the ice right around the 

sensor. Field inspection in end of summer 2011 was not 

possible, as new ice had formed on top of the part where the 

sensor was located. 

 

 
Figure 1.The air temperature (2m) from the Nordnesmeteoro-logical 

station (upper panel) (see location in fig. 4). Crack air temperature 

measured app. 10 m below the terrain surface and the temperature 

recorded in the ice in the lower part of the active backscarp (lower 

panel). Observe difference in scale on the y-axes.  

 

Discussion and Conclusion 

Permafrost has been found in the bottom of large open back 

fractures .The Jettan seasonal displacement pattern cannot only 

be caused by snowmelt. Moreover, the displacement shows no 

correlation with precipitation. The controlling process for this 

characteristic pattern is thus interpreted to be melting and 

refreezing of ice in deep fractures largely affected by cold air 

drainage.  

The driving mechanisms for the Jettan rockslide seems thus 

to be controlled by processes linked to the occurrence and 

changing characteristics of snow and the frozen ground thermal 

regime in the unstable rocks. The shear strength of the 

detachment planes can be largely controlled by thermal 

conditions and characteristics of the ice in the permafrost due 

to several processes:  

1. Increased ice temperatures during snowmelt in the spring 

as meltwater drains into the fractures and later refreezes in 

lower and still colder parts. This produce heat, which will 

increase the ice temperature from being several degrees below 

freezing up to close below the melting point. This temperature 

increase will drastically reduce the shear strength if ice occurs 

along the sliding planes.  

2. Summer meltwater eroding its way downwards causes 

refreezing in the permafrost thermal regime of the lower parts 

of the back fracture forming ice in the deep fractures. This can 

lead to volume increase, and thus a pushing effect along the 

active back fracture.  

3.Meltwater in the spring can lead to melting of ice in the 

sliding planes causing a possible reduced shear strength.  

The shear strength of the sliding plane(s) will be largest 

with the occurrence of cold ice, and smallest with the 

occurrence of warm ice just below 0ÁC. Largest displacements 

should thus be experienced during stages were warm ice is 

present in these areas, which should be initiated during 

maximum snowmelt in late spring or early summer. More 

details on all aspects of the Jettan rockslide is presented in 

Blikra & Christiansen (in prep.). 

Clearly, the processes linked to ice formation and erosion in 

marginal permafrost environments is most likely important  

driving mechanisms for rockslides. It seems that occurrence of 

ice in fractures and detachment zones is needed to reduce the 

shear strength and thus drive the rockslide movements. 

Efficient cooling is obtained primarily in early winter by cold 

air drainage into the open fractures of the rockslide. In 

conclusion, the increased understanding of the coupling 

between the permafrost thermal regime and the displacements 

of the Jettan rockslide in the arctic landscape in northern 

Norway, enables identification of a series of important 

questions related to the evaluation of hazard, and  how society 

is going to cope. 
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Introduction  

Today there is enough experimental and theoretical information 

that enable to find out regularities for the stressed-deformed 

state of permafrost. The porosity coefficient and the total 

moisture content were described as functions of permafrost 

density. The total moisture content was described as the 

function of the porosity coefficient.   

Mys Kamenny is a village in Yamalsky District of Yamalo-

Nenets Autonomous Region. It is the administrative centre of  

Mys Kamenskoye Rural Community. The village is located in 

the Yamal Peninsula, to the West of the Gulf of Ob, along the 

Kamennaya Spit. It was founded as the base of the Transpolar 

Geophysical Expedition. 

 

Main Part  

The physical properties of the grounds studied and the physical 

and mechanical properties of the samples delivered from the 

site were investigated at the same time. 

According to the existing identification methods for the 

durability and deformability characteristics, the 

abovementioned characteristics depend heavily on the content 

of ice, readily soluble salts and biogenic remnants. The ice 

content is characterized by the total ice content (itot) including 

the ice content due to the ice that cements ground particles (iic) 

and the ice content due to inclusions. 

The structure of frozen and thawing grounds is a very 

important indicator for forecasting their durability and 

deformability characteristics. It is characterized by 

morphological peculiarities that depend on the orientation and 

location of structural elements in the ground. Massive, layered 

and reticulate structures are predominant in the area in 

question. Layered and reticulate cryogenic structure is typical 

of clayey silt grounds. Moisture content after monolith cutting, 

soil density (by the cutting ring method), density of soil 

particles and salinity were determined for each sample. In the 

sands, moisture content varies from 21 to 37%, density varies 

from 1.35 g/cm
3
 to 1.80 g/cm

3
.  Massive cryostructure is 

typical of frozen sands. Moisture of the clayey silt grounds falls 

within the range of 26-38%. However, grounds with a high 

content of ice and the total moisture content of 70-128% are 

also present. Plasticity indices were determined in accordance 

with GOST 5180-84 and GOST 25100-95 in order to classify 

clayey grounds. Particle size distribution in the sands was 

determined in accordance with GOST 12536-79. A wide range 

of physical properties is typical of grounds. As to the particle 

size distribution, there are fine sands, silty sands, sandy silts, 

clayey silts, clays present.  The total ice content in the grounds 

and the ice content due to ice inclusions were calculated in 

accordance with expressions A.10 and A.11 of GOST 25100-

95.  

Conclusions 

The total moisture content and density were described as 

functions of permafrost porosity coefficient, the porosity 

coefficient was described as the function of permafrost density. 

Diagrams of many other dependences were made. 
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In troduction 

Small boreal streams may be globally important sources of 

carbon gases (CO2 and CH4) to the atmosphere [see Teodoru et 

al., 2009; Humborg et al., 2010]. We investigated the 

magnitude and potential processes responsible for CO2 and 

CH4 saturation and concurrent fluxes in a headwater catchment 

of the Yukon River Basin, Alaska. The results of this 

investigation are important for understanding both the aquatic 

carbon cycle in general, and the role of aquatic systems in 

carbon-rich permafrost regions. We hypothesized that stream 

CO2 emissions would be a significant component of the 

ecosystem carbon balance and would be fueled mainly by soil 

CO2.  

 

Permafrost Setting  

The study region in the zone of discontinuous permafrost is 

likely underlain by epigenetic permafrost (based on 

observations of exposed ice) which has partially thawed due to 

recent wildfire. Mean active layer thickness is ~0.5 meters. The 

shallow active layer likely constrains groundwater flow 

through CO2 rich soils and may be further confined by the 

presence of hillslope stone stripes. There is also evidence of 

thermokarst formation in many locations within the study 

region. 

 

 
Figure 1. pCO2 (black line is the moving average overlaid on observed 

data (gray line)) and discharge (Q) (bottom gray lines) time series 

from two locations on a single stream. Responses to elevated Q differ 

between the two sites (negative response at upstream gage USG, 

positive response at downstream gage DSG) despite being separated 

by less than 2km. Dashed line is atmospheric CO2, which shows that 

these sites are consistently supersaturated and are constant sources to 

the atmosphere. 

 

Results 

Catchment Carbon Gas Emissions 

Estimates of CO2 and CH4 emissions from streams are 

dependent on accurate measurements of stream evasion rates 

and surface area. We utilized chamber measurements and a 

model of stream geometry [Leopold & Maddock 1953] to scale 

emissions of both gases to the study catchment. Our results 

indicate that stream emissions have the potential to decrease 

net ecosystem production (NEP) by at least 5% (assuming NEP 

of approximately 40 g C m
2
 year

-1
 on land [Bonan and Van 

Cleve, 1992]). The magnitude of this ecosystem carbon loss is 

surprising given that streams cover < 0.2% of the landscape. 

Methane losses were not significant (<0.1% of NEP) for the 

overall catchment carbon balance, but the evasion rates (mean 

= 126 mgC m
2
 day

-1
) were higher than nearly all published 

values for similar environments. This suggests that northern 

streams may be a potentially important but unaccounted source 

of CH4 to the atmosphere. We believe that recent permafrost 

degradation and the formation of thermokarst wetlands may be 

important sources of CH4 to streams.  

 

Processes and Controls  

The partial pressure of stream CO2 (pCO2) remained 

relatively constant throughout the open-water season, with 

daily fluctuations likely controlled by in-stream processes. 

However, storm events altered stream pCO2 and the response 

depended upon specific hydrologic flowpaths within the 

catchment. For example, Figure 1 shows the stream pCO2 

response to stream discharge (Q) at two locations on one 

stream. At the downstream gaging site (DSG), pCO2 increased 

during storms. Alternatively, pCO2 decreased slightly at the 

upstream gage (USG) during storms. Elevated pCO2 during 

storm events suggests an enrichment of CO2 from shallow 

groundwater flow through CO2 rich soils, whereas a decline in 

pCO2 occurs by simple dilution of stream water pCO2. Fitted 

parameters from our process model (equation 1) of pCO2 

depend upon initial conditions. Results of this model suggest 

that the combined effects of gas evasion (Fluxatm), respiration 

(R) and photosynthesis (P) essentially offset one another (pCO2 

is similar at beginning and end of each day) and that there is a 

consistent background source of CO2 to streams that is 

modified throughout the course of each 24 hour period.  

 

pCO2 [t+1] = pCO2[t] ï P + R ï Fluxatm    (1) 
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Conclusion 

Our results indicate that small streams may be an important 

component of the carbon balance in permafrost regions such as 

interior Alaska. However, this study only includes one type of 

permafrost and the magnitude of stream gas emissions in other 

permafrost environments may differ due to varying hydrologic 

patterns and carbon processing. Degassing of CO2 and CH4 in 

streams is rarely accounted for in most studies of ecosystem 

carbon dynamics and may alter our current interpretation of 

this important elemental cycle. More work is needed to 

elucidate the sources of CO2 and CH4 to streams due to the 

potential mobilization of previously frozen carbon stores in 

permafrost soils. Our future work plans include isotopic 

characterization of stream CO2 and dissolved inorganic carbon, 

both of which will further our understanding of carbon cycling 

in permafrost regions.  
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Degrading or thawing permafrost has been identified as 

being an issue of national importance with respect to its 

potential for causing severe damage or even loss of life in 

densely populated Alpine regions due to climate change 

[Gruber 2004, 2007]. On this basis, a joint study was initiated 

by Safe Mountain Foundation (Fondazione Montagna Sicura, 

Cormayeur, Italy) and University of Parma to investigate the 

variations of the geotechnical behavior of Alpine permafrost 

with  temperature.  

Permafrost may be found in Alpine regions at elevations 

higher than 2500 m above sea level, depending on the slope 

location and exposure. Its mechanical features are determined 

by the coupled contribution of the soil particles and of the ice. 

The water content can strongly influence the frozen soil 

resistance: if water content is low the ice will not able to 

include the soil particle, however, if it is too high the resistance 

will be mostly determined by the ice itself [Andresland 1987]. 

The temperature is another driving factor that influences the ice 

mechanical behavior [Fish 1997].  

On this basis this work is dedicated to analyze the behavior 

of morainic deposits widespread in Alpine areas, subjected to 

different climatic conditions when temperature increases. 

The work is, in particular, dedicated to the mechanical 

characterization of the thinner component of a two different 

morainic deposits present in Valle d'Aosta region: the first one 

situated close to Salati Pass in Gressoney Valley (Monte Rosa) 

and the second one close to Cime Bianche North Pass 

(Cervino). In particular the Salati Pass deposit is characterized 

by  40,5% of sand and 52% of gravel but its composition 

changes with depth, increasing the thin component. 

 

Laboratory tests  

Temperature, water content and deformation velocity influence 

on soil stress-strain behavior was investigated by means of 

uniaxial compressive tests by varying the temperature (between 

-4 and -22ÁC), the water content (about 10% and 23%), the 

strain rate (9.06 10
-5
 and 2.52 10

-4
 s

-1
). 

Vertical displacements and normal load were recorded 

during the test, and stress-strain curves computed. A thermo 

couple on the specimens was constantly recording the 

temperature. 

The tests were carried out by using a MTS press equipped 

with a thermo controlled cell and by imposing an axial stress 

induced in strain rate control condition. Tests were performed 

on cylindrical specimens having diameter of 100 mm and 

height of about 200 mm and constituted by different soil-

material: ice, saturated monogranular river sand and saturated 

morainic soil. The morainic soil was sieved with an upper 

cutoff of 50mm in such a way to respect the ratio of 1/20 

between the specimen diameter and the maximum soil particle. 

All specimens have been frozen at the chosen temperature by 

keeping them in a thermal chamber. 

Although some authors [Arenson 2002] have shown as 

these kind of deposits are not completely saturated and the 

circulation of air is one of the cause of the rapid permafrost 

degradation when temperature increases, only fully saturated 

specimens where tested. The reason of this choice being that a 

segregation of thinner soil component was observed with 

depth, which induces a reduction in permeability and 

consequently a slower air and water circulation. By 

consequence, a larger water/ice content can be assumed for 

these deposit strata.  

 

Obtained results 

The sample response during tests allowed interpretation on 

a small scale level. It seems that, depending on the volumetric, 

solid and ice content and the applied strain rate, the behavior 

changes from brittle to dilatant (or ductile). The shape of the 

specimens after failure showed this phenomena.   

Compression of the sample resulting in a brittle response 

occurs at lower temperature and dilatant behavior is shown at 

higher temperature (Figure 2). This fact induces different 

failure mechanisms: at lower temperature a localized failure 

plane is evident whilst at higher temperature a global 

volumetric deformation is recorded.  

The stress strain curve reported in Figure 1 clearly shows 

this phenomenon.  

 

 
Figure 2 Stress strain curves of the saturated "Gressoney" samples 

obtained by varying temperature and strain rate. 

 

The experimental results show as the frozen soil mechanical 

behavior is mainly affected by the sample temperature, whilst 
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the water content and the strain rate don't  substantially change 

neither the deformation nor the strength of analyzed material. 

In particular both the deformability modulus E (computed 

at 50% of maximum strength) and  the uniaxial compressive 

strength (Co) increase with a temperature decreasing as 

reported in Table 1. 

 
Table1. Uniaxial compressive strength (Co) and deformability 
modulus obtained for tests carried out on frozen morainic samples 
(Cime Bianche). 

Sample T W v Co E 

  ώϲ/ϐ [%] [mm/s] [MPa] [MPa] 

1A-a -3 12.21 0.007 0.84 40.00 

1A-b -3 12.21 0.014 1.37 64.00 

1A-c -5 12.21 0.021 2.40 224.00 

1A-d -1 9.76 0.021 0.25 19.00 

1A-e -5 9.76 0.021 0.61 73.00 

1A-f -11 12.33 0.014 1.32 73.00 

1A-g -6 12.33 0.014 1.50 140.00 

1A-h -2 12.33 0.014 0.83 81.00 

1A-i -11 12.33 0.021 1.58 40.00 

1A-l -12 12.33 0.007 1.00 36.50 

1B-a -10 9.1 0.014 1.31 150.00 

1B-b -12 11.19 0.014 1.61 107.10 

1B-c -5 11.19 0.014 1.34 213.30 

1B-d -3 11.19 0.014 1.88 107.80 

1B-e -10 11.19 0.021 1.90 183.30 

1B-f -12 11.19 0.007 1.58 84.80 

2a -9 10.36 0.007 2.30 300.00 

2b -10 10.36 0.021 3.10 616.00 

2c -2 11.31 0.021 0.48 82.20 

2d -4 11.31 0.014 1.11 105.60 

2e -4 11.31 0.021 1.00 51.10 

2f -12 10.61 0.014 2.77 319.00 

2g -3 10.61 0.014 1.04 0.00 

2h -1 10.61 0.014 0.35 24.00 

2i -8 10.61 0.021 2.00 151.30 

2l -13 10.61 0.007 2.04 355.60 

 

One of the most important result regards the failure 

mechanism: a decreasing temperature shows not only the 

transition from a brittle to plastic behavior of frozen saturated 

soil but also an higher strain level at failure, increasing from  

2% up to 15% at lower temperatures. This fact could have a 

strong influence on the slope pre-failure behavior to be taken 

into consideration in slope monitoring, for instance.  

 

Concluding remarks 

Climate changes can involve permafrost temperature variation,  

and thus induce a strong alteration in frozen soil mechanical 

behavior.  

The tests performed showed that the most evident effects of 

a temperature increase are a strength reduction and a transition 

from brittle to ductile behavior.  

This fact could have a direct drawback on Alpine slope 

stability since a strength reduction determines at first a 

reduction of slope safety factor.  

Changing in mechanical behavior has also different 

consequences to be taken into account in Alpine slope 

monitoring purposes: in fact more ductile behavior involves 

larger deformation of the slopes to be correctly measured and 

interpreted. Not only, but when structures or buildings (e.g. ski-

lift piles, mountain refuges) are constructed on frozen soil 

slope large deformation not compatible with structure 

serviceability states could occur.  
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Introduction  

Tundra travel on the North Slope, Alaska, is managed by the 

Alaska Department of Natural Resources (ADNR) to protect 

the tundra ecosystem from damage caused by transportation 

activities. In the past there have been various standards applied 

to determine tundra travel opening and closing dates. These 

methods included a slide-hammer test to estimate the strength 

of the frozen soil and a measurement of snow depth, which 

helps to shield the vegetation from vehicle impacts. The latest 

management approach is to use the 30 cm depth soil 

temperature of -5ęC as a criterion of opening tundra travel. The 

DNR maintains a network of manual observation sites to 

manage the four main tundra travel management zones on 

state-owned land on the North Slope. Individual projects may 

also collect data for specific needs as part of the regulatory 

permit process.  

For this study, we used established research sites to 

simulate observed ground temperatures. A forecast tool was set 

up to run a 14-day ground-temperature prediction based on 

real-time measurements and weather predictions (air 

temperature).    

 

Methods 

Soil temperatures vary across the tundra and are affected by a 

variety of physical soil, snow and surface parameters. These 

parameters and variables include soil layering, heat capacity, 

soil moisture, thermal conductivity, soil-freezing 

characteristics, porosity, air temperature, snow density and 

geothermal heat flux. In order to understand and evaluate 

active layer dynamics we model soil temperatures throughout 

the year with a state-of-the-art model GIPL [Daanen et al. 

2011, Marchenko et al. 2008, Romanovsky et al. 2002, 

Sazonova and Romanovsky 2003, Sergueev et al. 2003]. The 

model was developed to simulate freezing and thawing as well 

as long-term permafrost temperature simulations.  

The model is prepared for a particular site using a multi-

year dataset of temperature profiles to calibrate the model 

variables and parameters. The first step is the calibration of soil 

parameters using soil-surface temperature as input to the 

model. These parameters include soil layering and adjustment 

of soil thermal parameters to match the observed temperature 

data. The second part of the calibration process involves 

adjusting model parameters that simulate the impact of snow 

cover. This allows the model to accurately use air temperature 

as the controlling surface boundary condition. Snow has 

varying thermal properties from year to year, but the snow 

characteristics of a particular site are similar from year to year.  

An example of a calibrated model simulation is shown in 

Figure 1. The Deadhorse site is located near the end of the 

Dalton Highway. 

After model calibrations are completed with historical data, 

we can use the parameters in the model to simulate new 

temperature predictions for the next 14 days, updated on a daily 

frequency. Using the GIPL model in this mode creates an 

effective soil-temperature forecast tool. The initial conditions 

for the forecast tool require real time data from the previous 

day of observations. If deep temperatures are not available we 

use preset numbers for the deeper portion of the temperature 

profile. These numbers are based on multiyear simulations with 

the model where we constructed a temperature profile based on 

an average temperature profile for each day of the year. Snow 

depth is collected from the research site and the density is set 

based on the calibration for the site. The air temperatures used 

to drive the model are collected from the National Weather 

Service (NWS) website for the Deadhorse airport on the North 

Slope. 

We run the model automatically through scripts on a server 

at the University of Alaska Fairbanks. We run the model for 14 

days based on the current conditions and the weather prediction 

for the next 7 days. Air temperatures for day 8 through 14 are 

set the same as the temperature on day 7. The results of the 

simulation are stored and forwarded to a server where they can 

be plotted and viewed. 

 

Results 

The model was setup to simulate a site on the North Slope of 

Alaska operated by the Geophysical Institute. An example of a 

calibration dataset is given in Figure 1. The prediction of 

ground temperatures is still largely depended on the driving air 

temperature, which is predicted by the NWS for the following 

7 days. These data are automatically downloaded every day to 

drive the soil temperature forecast tool. The additional 7 days 

of constant temperature, the same as the last NWS predicted 

temperature (day 7), have similarity to a long term average 

temperature for the dates they are predicted for. The output 

data of the model are sent to a webserver where the data is 

plotted for an end user to observe. An on-line example of the 

forecast for the Deadhorse site is provided by the permafrost 

laboratory of the Geophysical Institute University of Alaska 

Fairbanks (www.permafrostwatch.org). 

 

http://www.permafrostwatch.org/
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Figure 1 Model calibration for a permafrost site near Deadhorse 

Alaska. 

 

Discussion 

The multi-year calibration provides a good method for accurate 

daily predictions. The simulation results reflect the complexity 

of the freezing-soil physics solved in the model. Some physical 

soil parameters may vary from year to year and can be adjusted 

to improve the results for that year. One example is the surface 

wetness which can be adjusted each fall if those conditions are 

known. Snow is fairly consistent between years, but unusual 

heavy snowfall early during the winter may also require 

adjustments to the snow density.  

The predictions of soil temperatures have been hampered 

by the stability of the telemetry connection with the permafrost 

observation site. The battery voltage limits the communication 

link with the remote station to conserve battery power. During 

extreme cold weather this voltage can drop to a level that 

would prevent establishing reliable data transmissions.  

Accuracy of the prediction also depends on the availability 

of a good dataset for proper calibration of the model. New 

observation sites will need to have a few years of data in order 

to find the correct set of calibration parameters. In addition to 

shallow temperature measurements (30cm) this calibration also 

requires temperature time series from deeper depths in order to 

calibrate the lower soil profile fluxes.  

In order to use a site in a production run for ground 

temperature predictions, an observation site will also require 

measurement of air temperature, snow depth, surface 

temperatures and soil moisture. These values are used as input 

variables in the forecast tool. 

 

Conclusions 

We have created a forecast tool to simulate soil temperatures 

based on real-time observations in the field and regional 

weather forecasts. The forecast tool is developed on an 

established permafrost observation point near Deadhorse, 

Alaska. The predictions are produced daily by the hosting 

server through automatically running scripts that have been 

developed to gather the required input data. The GIPL model is 

then run to make a ground-temperature prediction for the next 

14 days based on the collected weather forecasts and site 

specific parameters. 
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The challenge 

The northern permafrost region contains approximately 

50% of the estimated global below-ground organic carbon pool 

and more than twice as much as is contained in the current 

atmospheric carbon pool. The sheer size of this carbon pool, 

together with the large amplitude of predicted arctic climate 

change implies that there is a high potential for global-scale 

feedbacks from arctic climate change if these carbon reservoirs 

are destabilized.  

Nonetheless, significant gaps exist in our current state of 

knowledge that prevent us from producing accurate 

assessments of the vulnerability of the arctic permafrost to 

climate change, or of the implications of future climate change 

for global greenhouse gas (GHG) emissions. Specifically: 

¶ Our understanding of the physical and biogeochemical 

processes at play in permafrost areas is still insufficient in 

some key aspects 

¶ Size estimates for the high latitude continental carbon and 

nitrogen stocks vary widely between regions and research 

groups. 

¶ The representation of permafrost-related processes in 

global climate models still tends to be rudimentary, and is 

one reason for the frequently poor performances of climate 

models at high latitudes. 

 

Project Objectives 

The key objectives of PAGE21 are: 

a) to improve our understanding of the processes affecting 

the size of the arctic permafrost carbon and nitrogen pools 

through detailed field studies and monitoring, in order to 

quantify their size and their vulnerability to climate 

change, 

b) to produce, assemble and assess high-quality datasets in 

order to develop and evaluate representations of 

permafrost and related processes in global models, 

c) to improve these models accordingly, 

d) to use these models to reduce the uncertainties in 

feedbacks from arctic permafrost to global change, 

thereby providing the means to assess the feasibility of 

stabilization scenarios, and 

e) to ensure widespread dissemination of our results in order 

to provide direct input into the ongoing debate on climate-

change mitigation. 

 

Methodology 

The concept of PAGE21 is to directly address these 

questions through a close interaction between monitoring 

activities, process studies and modeling on the pertinent 

temporal and spatial scales. Field sites have been selected to 

cover a wide range of environmental conditions for the 

validation of large scale models, the development of permafrost 

monitoring capabilities, the study of permafrost processes, and 

for overlap with existing monitoring programs. PAGE21 will 

contribute to upgrading the project sites with the objective of 

providing a measurement baseline, both for process studies and 

for modeling programs. PAGE21 is determined to break down 

the traditional barriers in permafrost sciences between 

observational and model-supported site studies and large-scale 

climate modeling. Our concept for the interaction between site-

scale studies and large-scale modeling is to establish and 

maintain a direct link between these two areas for developing 

and evaluating, on all spatial scales, the land-surface modules 

of leading European global climate models taking part in the 

Coupled Model Intercomparison Project Phase 5 (CMIP5), 

designed to inform the IPCC process. 

 

Expected Results 

The timing of this call is such that the main scientific 

results from PAGE21, and in particular the model-based 

assessments will build entirely on new outputs and results from 

the CMIP5 Climate Model Intercomparison Project designed to 

inform the IPCC Fifth Assessment Report. 

However, PAGE21 is designed to leave a legacy that will 

endure beyond the lifetime of the projections that it produces. 

This legacy will comprise 

 an improved understanding of the key processes and 

parameters that determine the vulnerability of arctic 

permafrost to climate change, 

 the production of a suite of major European coupled 

climate models including detailed and validated 

representations of permafrost-related processes, that will 

reduce uncertainties in future climate projections 

produced well beyond the lifetime of PAGE21, and 

 the training of a new generation of permafrost 

scientists who will bridge the long-standing gap between 

permafrost field science and global climate modeling, for 

the long-term benefit of science and society. 
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Abstract 

Geothermometer is a special instrument to measure soil 

temperature, the core component of which is usually mercury 

glass thermometer. The general maximum measuring range of 

geothermometer is 300mm. In low temperature conditions of 

cold regions, the mercury thermometer has the limitations of 

inconvenient reading, shortage range and finite application for 

field test. Due to these limitations, the design scheme of the 

Low-Temperature Phonetic Geothermometer is put forward in 

the paper. In the practical circuit system, temperature sensor 

chip DS18B20 with stainless steel encapsulation is chosen as a 

temperature sensor, AT89S51 single-chip microcomputer is 

employed in temperature signal acquisition, data processing 

and voice play back controlling device, voice chip ISD1420 is 

adopted as voice recording and playback device. Soil auger is 

the measuring carrier of geothermometer and the design has 

achieved an integration of digital with voice broadcast as one 

of the low temperature and large range geothermometer. The 

design meets most of the requirements for the frozen soil 

conservation monitoring test in the aspects of temperature 

range and cold resistance. Along with all the improvements, the 

handiness and accuracy of frozen soil moisture monitoring tests 

will be greatly enhanced. 
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Introduction  

Low terraces of the middle course of the river Lena abound 

with oxbow shallow lakes of an erosion origin. These lakes, 

along with shallow rivers, were drains for surface and 

suprapermafrost waters. Currently, due to strong flow control, 

they are collectors of different polluting agents. The hardest 

anthropogenic stress affects the lakes located on the territory of 

the Yakutsk city.  

 

Study Methods 

The task of studying changes in chemical composition of the 

lakes affected by natural and anthropogenic factors has 

required conducting the analysis of the hydrochemical testing 

data of Krugloye Lake located on the second terrace above 

flood-plain of the the Lena River. The results of chemical 

analyses of water for years 1954, 1963 and 1994-2007 were 

taken from stock materials of the Permafrost Institute. Since 

2008 water samples have been taken with the participation of 

the author. It should be noted that in 1994-2011, during the 

period of maximum freezing of the water reservoir, the water 

was taken from six holes (five along the perimeter and one in 

the center of the lake). The analyses results were averaged out 

for obtaining a general hydrochemical characteristic. 

 

Discussion of Results 

Krugloye is a shallow lake, it has a small water-collecting area, 

lake shore lines are poorly marked. The water reservoir in the 

1950-s had dimensions 40ʭ30 m and the maximum depth in 

summer did not exceed 1.5 m. The lake basin was covered by 

grassland vegetation. The water body was naturally fed by 

atmospheric precipitation and suprapermafrost waters of a 

seasonally thawed layer. In 1954 the water had sulphate-

hydrocarbonate composition, with mixed cations and prevailing 

calcium. The salinity level was 0.4 g/l. In winter the water 

reservoir froze, except for the central part where the water layer 

had thickness of 0.5 m. Below the lake there was a closed talik, 

13 m thick, which froze from the top to the depth of 2.3 m in a 

winter period. Water-bearing soils are quarternary silty and 

fine-grained sands. The total thickness of loose quaternary 

deposits is 25 m. The underlying soils are weathered Malm 

sandstones. The water composition in talik includes 

magnesium and sodium chlorides and hydrocarbonates, with 

salinity of 4.5 g/l. 

In order to preserve the lake, from 1963 till the mid of the 

1980-s it was intermittently fed from the neighboring bore hole 

with subpermafrost water, which was extracted at the depth of 

310 m and had sodium chloride/hydrocarbonate composition 

and salinity of 1.29 g/l. In order to prevent surface- and over-

permafrost flow of water from the lake to local 

mesodepressions, the water reservoir was dammed at the 

eastern side. A road was laid along the northern and western 

edges of the lake basin. The pumping of subpermafrost waters 

resulted in the 6-time increase of the lake area and the lake 

depth became 3.6 m.  

According to testing data of 1963, the water salinity in the 

lake in summer was 0.941 mg/l, the anionic composition 

remained the same, the cationic composition changed: sodium 

became a prevailing cation and its content increased from 25 

%/me* to 62 %/me*. During winter period the content of 

chemical elements in the lake water reached 2.1 g/l through 

increase of ions of sodium, magnesium, sulphates and 

chlorides. The increase of the water salinity caused changes in 

vegetation around the lake: its shores began to be overgrown 

with reed.  

In 1985 a bore hole was drilled in the center of the lake. 

This bore hole detected significant increase of talik thickness ï 

over the entire thickness of quaternary deposits. No 

hydrochemical testing of talik waters was conducted but the 

high migration capability of ions of sodium, sulphates and 

chlorides, which enriched the lake water, evidences, without 

any doubt, the considerable growth of salinity of water in the 

talik.  

In spite of termination of pumping of subpermafrost waters 

to the lake from the mid of the 1980-s, no decrease of lake 

salinity is observed, which is connected with the anthropogenic 

disturbance of the over-permafrost flow. It can be deemed that 

since the end of the 80-s the chemical composition of the lake 

has been formed mostly under the influence of natural factors. 

According to data of hydrochemical research conducted in 

1994-2011, the water in the lake has the least salinity at the end 

of May - in June. But even at this time it exceeds 2.5 g/l. By 

the end of summer, intense water evaporation results in 

enrichment of water with chlorides, sulphates and sodium and 

water salinity increases to 3.0-3.5 g/l. During winter period, 

because of settling of calcium hydrocarbonate and cryogenic 

concentration of chlorides, sodium and magnesium, salinity of 

the water reservoir increases to 4.3-5.8 g/l reaching 8 g/l in 

individual cold years.  

When studying the changes in chemical composition of the 

lake along its perimeter, it was noted, that site No. 3 annually 

features minor decrease of water salinity. Basing on the method 

proposed by Anisimova N. P, [Anisimova, Makarova and 

others, 1989], it follows that submerged discharge of 

suprapermafrost waters can exist on this site.  

In order to confirm the fact of suprapermafrost waters flow 

into the lake, 2 bore holes were drilled in 2011 (boreholes 4/11 

and 5/11). According to drilling data, thawed water-bearing 

grounds in the bore hole located at the distance of 30 m from 

the lake underlie at the depth interval of 2-5 m; thawed grounds 
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in bore hole 5/11 located at the distance of 35 m from the lake 

are registered at depths of 2.1 and 3.7 m. According to 

hydrochemical testing data, suprapermafrost waters have 

similar chemical composition as lake waters but their salinity is 

significantly lower - 0.7 g/l. Bore holes are fitted with 

equipment for monitoring observations over the level and 

chemical content of suprapermafrost waters.  

 

 

 

Conclusions 

The growth of water salinity is caused by cryogenic 

concentration of salts in colder years with low thickness of 

snow cover and increased thickness of ice, and the decrease of 

lake salinity is a consequence of dilution of lake water with 

atmospheric precipitation. 

Notwithstanding the fact that fresh suprapermafrost waters 

feed the lake, its salinity is not reduced due to minor volume of 

suprapermafrost waters flowing from water-collecting area. 

 

 
Table 1. Average chemical composition of Krugloye Lake, me 

Date ʉʘ2+ Mg2+ Na Na+K HCO3
- SO4

2- Cl- Total hardness Salinity, mg/l ʨʅ 

March 1, 

1966 
4.0 7.0  21.1 6.2 16.4 7.9  1963.12 - 

February 

2, 2000 
1.4 24.1  64.2 21.2 22.3 40.7 25.5 5771.15 8.95 

March 2, 

2006 
7.2 20.0  46.8 19.4 17.7 37.1 27.3 4217.72 - 

March 26, 

2007 
5.1 21.6 39.8  23.0 14.7 27.1 26.6 4369.31 9.02 

March 14, 

20088 
3.8 13.2 26.2  18.3 7.5 14.0 17.0 2833.05 7.38 

March 3, 

2009 
4.5 19.0 26.7  26.9 8.1 22.9 23.5 3793.74 7.58 

March 30, 

2010 
9.1 37.3 69.9  53.2 18.9 47.0 46.4 8076.74 7.94 

March 1, 

2011 
5.6 22.7 44.8  30.1 14.9 27.3 28.3 4091.01 8.27 
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Abstract 

Climatic condition and its change significantly affect the 

thermal regime of active layer and permafrost. Climate 

warming in the northern regions results in higher active 

layer/permafrost temperatures, northward movement of the 

permafrost boundary, and a deeper active layer.  Many studies 

show that permafrost temperature in the northern regions has 

warmed more than 2-3 C̄ and active layer thickness has 

increased by up to 20-40 cm over the past several decades. It 

has been predicted that, under a moderate climatic warming 

scenario, changes in permafrost temperature and active layer 

thickness will become more significant in the next few decades 

over the Arctic/subarctic regions. Changes in the active layer 

thickness impact surface runoff processes, directly affecting 

groundwater storage and river discharge. Recent analyses 

reveal that low flows during the fall-winter season have 

increased over the northern regions, i.e. in Yukon River and 

Siberia watersheds. This may indicate hydrologic response to 

climate and permafrost changes.  

The linkage between streamflow processes and permafrost 

changes is not well understood due to limited data and field 

observations. Recently, we carried out investigations on ground 

temperature, active layer depth, and streamflow changes over 

the northern regions/watersheds. We examined long-term 

climatic/hydrologic (discharge) and permafrost data to 

explore/define the relationship between discharge 

characteristics and basin permafrost coverage/soil temperatures 

over selected watersheds. We have focused our efforts on the 

regions/basins with significant climate/permafrost/hydrology 

changes, such as the Yukon River in Canada/USA, and the 

Aldan basin in the upper Lena river, where ground 

temperatures and low (base) flows have increased in the last 

decades. We have produced new and interesting results; these 

results are useful to quantify and assess the impact of 

permafrost changes on streamflow variations in the northern 

basins, and they improve our understanding of climate change, 

permafrost dynamics, and basin hydrology over the high 

latitudes.    
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Introduction  

Monitoring of soil temperatures in Northern Yakutia using 

automated data loggers has been run mainly as part of the 

CALM international program (Circumpolar Active Layer 

Monitoring), since 1998 in the Kolyma Lowland and since 

2008 in areas west of it (Allaiha rIver, R31) and Bykovskiy 

Cape, R29A). Altogether, measurements have covered 19 soil 

profiles (Fig. 1). 

 

 
Fig. 1. Location map of key temperature monitoring sites in Northern 

Yakutia. R13 ï Malyi Chukochiy Cape; R16 ï Segodnya Pingo; R18 ï 

Rodinka Mountain; R21 ï Akhmelo Lake; R22 ï Alazeya River; 

R29A ï Bykovskiy Cape; R31 ï Allaiha River; CH-2 ï Malinovy Yar. 

 

 

Results and Discussion 

The temperature regime of zonal loamy tundra soils (Cryozem 

soils, Haplic Cryosols) on drained watersheds under vegetation 

consisting of low shrub-grass-green moss or grass-green moss-

dryad plant communities depend on latitude. In the Arctic 

tundra (site R29A, 71Á47ô N), the mean summer temperature 

(June-August) at 20 cm below the soil surface is negative (-

0.3ÁC) (the temperatures are reported hereafter as the mean 

multi-year values) because of low June temperature while the 

monthly mean of August, the warmest month, is 0.45ÁC; mean 

summer temperatures in typical tundra (R13, 70Á05ô N and 

R31, 70Á33ô N) are 1.9-2.0Á and the August means are 3.0-

3.4ÁC; the respective values for southern tundra at the northern 

forest line (R22, 69Á19ô N) are 3.9Á and 5.4ÁC (Fig. 2). The 

annual sums of positive daily means at 20 cm below the surface 

are 53ÁC in Arctic tundra, 227-262ÁC in typical tundra, and 

429ÁC in southern tundra; the percentages of ecologically 

sufficient temperatures (above 5ÁC) relative to those values are 

0%, 34-36%, and 58%, respectively.  

 

 
Fig. 2. Annual dynamics in soil temperatures at key monitoring sites 

(monthly means, measured 20 cm below the soil surface). 

 

 

The distribution of temperatures according to small-scale 

elements of frost moundy microrelief in tundra (R22) is worth 

special consideration. The mean summer and the mean August 

monthly soil temperatures are 3.2-3.3ÁC lower in overwetting 

and peaty soil of intermound depression relative to those of 

frost mound, at the same depth (20 cm), while the respective 

differences in annual amplitudes and in sums of positive 

temperatures are 5.7ÁC and almost 300Á. The temperatures 

never reached the ecologically sufficient values over the 

observation period, even in the abnormally warm year of 2007. 

Zonal soils in northern taiga have more diverse temperature 

regime than those of tundra. They differ as a function of timber 

stand thickness, succession stage of plant communities, soil 

cover features, as well as direction and slope angles and 

exposure. The mean summer temperature of Pale soil (Cambic 

Cryosol) is 3.6Á (mean August temperature is 5.4ÁC) at a plain 

site of green moss ï lichen ï low shrub larch light forest (R18, 

68Á45ô N) at 20 cm depth (Fig. 2) while in a flat southern slope 

these temperatures are, respectively, 4.9ÁC and 5.8ÁC. The 

predominance of moss decreases the summer and August 

means to 1.3ÁC and 2.6ÁC, respectively. The sum of positive 

daily temperatures is in the range 165-515Á, with 54-66% of 

values above 5ÁC, but soils never warm up to 5Á in the 

presence of moss parcels. Generally, they are winter rather than 

summer temperature means that are warmer in northern taiga 

relative to those in southern tundra. For instance, the means of 

February, the coldest month, measured at the 20 cm depth, are -

23.3ÁC in Arctic tundra, -23.1ÁC in typical tundra, and -19.4ÁC 

in southern tundra but are as high as -7.6 to -10.8ÁC in taiga 

(Fig. 2). The sum of negative temperatures at 20 cm below the 

surface is markedly lower in northern taiga (R18) than in 
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southern tundra (R22): -1280Á against -3045. Winter 

temperatures of taiga soils are warmer due to vegetation and 

snow covers, the snow being less dense, thicker, and more 

stable than in tundra. In open taiga areas where no thick snow 

cover can accumulate, winter soil temperatures are closer to 

those in tundra rather than to the taiga values. The mean annual 

values of soil temperatures (20 cm deep) are 4-5ÁC higher in 

taiga than in tundra (mainly at the account of winter 

temperatures): from -2.3 to -2.9ÁC against -7.2, respectively; 

the annual amplitude of monthly means is 8.5-11.0ÁC lower. 

The soil texture controls the temperature regime of soils, 

along with latitude and climatic zone location. Sandy Podbur 

soils (Spodic Cryosols) in tundra (sites R16 and R21) have 

more contrasting temperatures than loamy Cryozem soils, with 

higher summer means and colder winter temperatures. The 

winter temperatures being lower, the annual amplitudes are 

3.2-4.4ÁC larger in sandy than in loamy soils. Furthermore, 

sandy soils are more thermal conductive than loamy ones and 

can warm up to greater depths. The temperature of Loamy 

Cryozem soils below 30 cm, both in tundra and in taiga, are 

never above 5ÁC while sandy Podbur soils have temperature 

sums of 23-195ÁC at 50 cm below the surface, which is 12-

49% of the total sum of positive values. In some years, Podbur 

soils at the depth 20 cm had active (above 10ÁC) daily means, 

which has never occurred in any loamy zonal soil. Mean multi-

year sums of active temperatures make 15-16% of the total sum 

of positive temperatures. Podbur soil in drained tundra (R21) is 

the warmest of all considered zonal soils: its summer mean (at 

20 cm below the surface) is 6.1ÁC, the mean temperature of the 

warmest month is 7.7ÁC (Fig. 2), and the annual sum of 

positive temperatures is 653Á. 

Among azonal soils, those in small steppe areas are the 

warmest in the region. The mean summer temperature of one 

such soil profile (at 20 cm depth) on a southern coastal slope 

(Cʅ-2) is 11.8 and its August mean is 13.9ÁC (Fig. 2), which is 

about 6ʦC higher than the respective temperatures of Podbur 

soils in drained tundra (R21), the warmest zonal soil. The sum 

of positive temperatures at 20 cm below the surface is 1370Á, 

out of which 93% are above 5ÁC and 66% above 10ÁC. Active 

daily means in these profiles penetrate as deep as 40 cm. 

Steppe soils with low water contents are subject to high 

temperature contrasts, annual amplitude reaching 34ÁC (20 cm 

deep). 

Heat availability (amount of heat available for warming the 

soil from zero to maximum temperature) estimated according 

to enveloping temperature curves increases in the series: tundra 

Cryozem soils (3600-3700 kcal/m
2
 per year) ï taiga Pale soil 

(5200 kcal/m
2
 per year) ï tundra Podbur soils (6000-6200 

kcal/m
2
 per year) (Fig. 3). Thus, formation of genetically 

different soils depends on the amount of heat they receive. 

 

Conclusions 

1. Temperatures of loamy soils in the Kolyma Lowland 

increase in the series from north to south. The same trend is for 

percentages of ecologically sufficient temperatures (from 5 to 

10ÁC) per sum of positive values. The soil temperature 

difference between tundra and northern taiga is due more to 

winter rather than summer temperatures because of warming 

effects of forest vegetation and snow cover.  

 

 
Fig. 3. Heat availability of main zonal soils of Northern Yakutia.. 

 

 

2. The frost moundy microrelief and the related soil cover 

complexity in tundra cause diverse temperature regime in the 

active layer. Intermound depressions are always cold (below 

5ÁC) and have much lower annual temperature amplitudes than 

frost mounds.  

3. Sandy Podbur soils have higher summer temperatures 

and greater depths (to 50 cm) of the 5ÁC isotherm than the 

loamy soils of tundra and taiga. In some years, Podbur soil 

profiles (20 cm below the surface) reach mean daily 

temperatures above 10ÁC, which never occurs in other zonal 

soils. 

4. Xeromorphic loamy soils of extrazonal steppe 

communities are the warmest over the study area. They have 

the highest summer temperatures and maximum annual 

amplitudes. 

5. The zonal soils of Northern Yakutia make up a heat 

availability series growing as ótundra loamy Cryozem soils < 

taiga loamy Pale soil < tundra sandy Podbur soilsô. 
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In troduction 

With the economic development of Western China, 

engineering construction has just been unfolding in cold 

regions. But as the global warming and construction 

disturbance, the mean annual ground temperature is increasing 

and the permafrost is degenerating. Some engineering diseases 

such as frost-heave and thaw-settlement become common 

phenomena. In order to ensure the stability and normal working 

of structure on frozen ground, some engineering and technical 

measures must be taken to guarantee the engineering 

foundation stability. Considering pile foundation has preferable 

load-carrying properties relative to the other foundation, it is 

widely used in the cold regions building [Orlando B. 

Andersland and Branko Landanyi, 1994]. However, due to the 

ground warming effect caused by atmospheric temperature 

increase and human disturbance will change the relationship of 

pile-soil interaction, which will further bring about the pile-soil 

interface adfreezing force decline, and at last, lead to the pile 

foundation settlement. In turn, this interfacial shear sinking 

process exacerbated the interface temperature increasing, 

which will bring about the pile skin friction distributed 

unevenly along pile skin, and produce an excessive downdrag 

to pile. This downdrag force is named negative skin friction 

produced by subsoil thawing settlement. With regard to 

negative skin friction in civil engineering, there has 

progressively gained attentions from the engineering profession 

after many foundation failures due to excessive downdrag. 

They suggest that there are six probable, but not limited to, 

reasons of existence of negative skin friction, namely, self-

weight of unconsolidated recent fill, surcharge-induced 

consolidation settlement, consolidation settlement after 

dissipation of excess pore pressure induced by pile driving, 

lowering of groundwater level, collapse settlements due to 

wetting of unsaturated fill, and crushing of crushable subsoil 

under sustained loading, causing subsoil settlement [Shi 

Peidong 2008]. However, the settlement induced by subsoil 

thawing will not be motioned. But in cold region, the influence 

of the freeze-thaw transfer has to be considered as it will 

produce froze-heave or thaw settlement of soil around pile. 

This will change the way of pile-soil interaction and lead the 

structure damage. This paper investigate the influence of frozen 

soil temperature, pile section shape, load on soil layer, and 

cryostructure on pile skin friction by a series of model 

experiments. Meanwhile, by making use of the indoor model 

test (Fig. 1), this paper has also discussed that, the relationship 

between pile skin resistance and soil temperature, the 

relationship between pile axial stress and soil temperature, and 

the relationship between pile skin resistance and pile-soil 

relative displacement during the thawing process of frozen soil. 

At last, contrasted theoretical pile axial stress with pile axial 

stress measured by experiment in the pile, it is found that, the 

theoretical pile axial stress basically agreed with the measured 

pile axial stress. The following main conclusions have been 

obtained according to research. 

 

 
Figure 1.  Model pile test assembly picture 

 

 

1. Although frozen soil temperature is different, 

distribution curve of the pile skin resistance caused by the 

thawing soil settlement along the pile presents on the shape of 

ñSò. The maximum pile side resistance reduces with the frozen 

soil temperature increasing. The position where the maximum 

pile side resistance appears falls with the frozen soil 

temperature increasing. The neutral plane falls with the frozen 

soil temperature increasing. 

2. The surface load on the soil layer has great influence 

on the pile side resistance caused by the thawing soil 

settlement. The maximum pile skin resistance increases with 

increasing of load. The position where the maximum pile skin 

resistance appears rises with increasing of load. The neutral 

plane falls with increasing of load. 

3. The different section shapes of piles have great 

influences on the maximum pile skin resistance and the neutral 

plane position. During the thawing process of frozen soil, the 

maximum pile skin resistance of the circular pile is greater than 

that of the foursquare pile. The neutral plane of the circular pile 

is lower than that of the foursquare pile. 

4. The different thickness ice layers are located in the 

soil in order to produce different cryostructures. The different 

cryostructures have great influences on the maximum pile skin 
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resistance. The three different tests have been carried out, 

which are no ice layer test, single ice layer test and double ice 

layer test. Among three different tests, the maximum pile skin 

resistance of the no ice layer test is the greatest, and the 

maximum pile side resistance of the double ice layer test is 

least. Meanwhile, the position where the maximum pile side 

resistance appears is the highest in the no ice layer test, and the 

position where the maximum pile side resistance appears is the 

lowest in the single ice layer test. 

5. During thawing process of frozen soil, the pile skin 

resistance Ű and the pile-soil relative displacement ŭ present on 

the function. The pile axial stress formula is obtained by 

making use of the load function relation. Contrasted the 

theoretical pile axial stress with the pile axial stress, it is found 

that, the distribution curve of theoretical pile axial stress 

basically agreed with that of the measured pile axial stress. It 

shows that the pile shaft stress formula is reasonable. 
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Abstract 

Northern populated places located in Russia recently received a new impetus for further development. It is primarily associated 

with the development of large deposits of fossil fuels as well as with the attention that the government pays to the Arctic 

region. Based on the case of Igarka town, this paper discusses the problems connected with the development and operation of 

the infrastructure of northern populated places that are associated with the presence of permafrost. Another goal of this work is 

to trace the climatic trends of the 20th century and the response of permafrost serving as foundation ground to these trends. The 

anthropogenic factor is taken into account. 

 

Keywords: anthropogenic impact; geotechnical state; permafrost response; Yenisey North. 

 

 

Due to the increasing intensity of the economic 

development in the Yenisey North associated with the 

development of fossil fuel deposits, the problem of ensuring 

geotechnical safety of the region is rather urgent. The town of 

Igarka has a long and glorious history connected with a 

permafrost research station established here as early as 1930s. 

One of the first studies of the mechanics, rheological 

characteristics, strength, thermal regime and other parameters 

of frozen grounds were conducted in this laboratory. Over the 

past decades, the town experienced hard times, which took its 

toll on its geotechnical situation.  

Igarka is located in close proximity to the southern border 

of permafrost distribution. The existence of islands in this area 

is determined primarily by ground characteristics (particle size 

distribution, moisture content, peat content) and landscape 

conditions. This area is characterized by a great thermal impact 

of various covers on the temperature of ground masses, as 

shown in earlier works of the employees of the Igarka 

Permafrost Research Station [Pavlov et al. 1976; Pavlov & 

Sergeev 1989]. The town is located on the surface of the 

Karginskaya terrace of the Yenisey River. Predominant 

deposits are cover clayey silts underlain by fluvioglacial sands 

and varved clays; bedrocks are represented by tuff-breccia. 

Most of the population currently lives in two residential 

districts built during the period from late 60s to early 90s, in 

buildings with cold reheat systems, which indicates the 

intention to preserve the foundation grounds in the frozen state. 

The foundations of buildings are mostly point bearing piles 

resting on a shallow (5-15 m) rock bed.  

The analysis of surface temperatures demonstrated that the 

mean annual air temperature during the period from 1930s to 

2000s increased on average by 0.0062Á ʉ for a year, largely 

due to summer heating. In this regard, we can speak about a 

very important role that the snow cover plays in the formation 

of grounds thermal regime. Although the snow cover is not 

very thick in this area (on average, 50-60 cm), its distribution 

largely depends on natural conditions (prevailing wind 

direction etc.) and its redistribution by people.  

During the operation of the buildings located in a 

residential district, building 27 was partially demolished due to 

subsidences that made its further operation impossible. The 

efforts to save the building beside it were not successful, and as 

a result, its residents were moved out. Apparently, the reason 

for this was a break in utility pipes, which caused thawing of 

newly formed permafrost. New formation of permafrost occurs 

due to the presence of the cold reheat systems in buildings and 

compaction of snow in the areas adjacent to the buildings 

(trackways etc.). 

 

 
Figure 1. Activities aimed at preventing deformations of a residential 

building in the 1st district. The central part of the building is dragging 

the side parts along. (Photo by S.V. Poznarkova, July 2010). 

 

 

Also, large fill layer that freely filters waters, persistent 

snowbanks and permafrost under trackways and spaces free of 

snow aggravate the hydrogeological situation in the town. 

Another example is the recently constructed somatic 

department of the children's hospital that was not 

commissioned on time and was left empty for several years. 

Cracks caused by uneven heaving deformations due to 

aggradation of permafrost under the building are visible on the 

building's grillage.  

We should also note the state of buildings that are located 

on spatial shell foundations. The monitoring of thermal regime 

under the building is being conducted. Inclinometers are 

installed in the largest cracks. Another building constructed on 
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the same foundation type, but which is located in a frozen area 

was demolished in 2010.  

 

Conclusions 

The main geotechnical issues in the town of Igarka are: 

1) violations of rules of buildings operation; 

2) design errors;  

3) absence of monitoring of the state of structures and 

foundation grounds. 

It is also important to note that global climate processes do 

not have a significant impact on the thermal regime of grounds 

in Igarka.  
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Aerial and satellite monitoring of permafrost within lease 

areas and linear engineering structures (pipelines) in oil and gas 

fields under development is part of general monitoring of the 

subsurface.  

Monitoring of the subsurface is a system of regular 

observations, acquisition, accumulation, processing, and 

analysis of data used to estimate the state of the subsurface and 

to predict its possible changes in response to natural and 

anthropogenic impacts associated with petroleum exploration 

and production, pipelining inside and outside oil fields, and 

other activities.  

The obtained permafrost monitoring data are used in mine-

surveying geodetic, geotechnical, productional, environmental, 

engineering-geological, and other kinds of monitoring.  

Remote sensing (aerial and satellite imagery), the quickest 

and a relatively cheap geoinformation technology, integrated in 

a system together with other ways of monitoring the subsurface 

state and changes, furnishes basic permafrost-relevant 

information. 

Geocryological aerial and satellite monitoring performed 

while developing oil and gas fields in permafrost is a 

subsystem (at the level of objects) of subsurface monitoring 

concerning surface and shallow geological processes. It is 

compulsory in reservoir studies and in petroleum production, 

and is regulated by special guideline documents.  

This kind of monitoring is necessary to minimize the risks 

of hazardous permafrost-related processes associated with 

petroleum exploration and development.  

Remote sensing data have implications for:  

- current state of permafrost-related processes in oil and gas 

fields, including the zones of their substantial influence;  

- current, short-term, and long-term dynamics of hazardous 

permafrost-related processes, both within the fields and in their 

influence zones; 

-  damage costs, including the costs of preventive and 

mitigation measures against permafrost hazard and its negative 

effects on the environment during development;  

- measures and respective techniques for providing 

sustainable production, preventing emergency, and mitigating 

impacts upon shallow geological processes and groundwater 

circulation;  

- efficiency of production improvement measures that 

provide complete recovery at minimum possible inexpedient 

losses; 

- changes to the subsurface which, in turn, result from 

changes in permafrost conditions associated with petroleum 

exploration and development, as well as other related economic 

activities;  

- development planning, especially the recommended 

position of well clusters and ways of their transfer to the 

optimum permafrost conditions. 

Interpretation of deciphered aerial and satellite images in 

terms of permafrost allows detecting and mapping hazardous 

processes and phenomena that have to be taken into account in 

planning and development works within the permafrost zone.  

The major permafrost-related hazard is from thermokarst, 

thermal erosion, ice-wedge polygons, frost heaves, icing, 

solifluction, and landsliding.  

The goal of the aerial and satellite monitoring of permafrost 

is to provide information for nature management in terms of 

control, assessment, and prediction of natural and man-caused 

permafrost hazard.  

Particular monitoring objectives depend on the conditions 

of subsurface use licenses and on performance specifications.  

The acquired information is used in management decision 

making for preventing emergency, reducing negative 

environment impacts of development, and supervising the 

adherence to license conditions.  

Changes in permafrost conditions (reactivation of 

hazardous processes) show up as changes in permafrost 

temperature within well clusters, in the subsurface around 

them, and in other infrastructure objects (quarries, pipelines, 

engineering sites).  

Changes in permafrost conditions may have natural causes 

(climate warming) or be triggered by production activities. 

Hazardous permafrost changes are linked with changes in 

geological, hydrogeological, and engineering-geological 

conditions, and this linkage has to be taken into account when 

setting up and performing the monitoring work.  

Temperature changes in frozen ground give rise to 

thermokarst, ice-wedge polygons, and heaves and induce 

erosion, icing, solifluction flow, and landsliding.  

Monitoring can be successful provided that there is a single 

information space created on the basis of advanced GIS 

technologies. The latter imply data integration and thus can be 

a powerful tool for collecting, storing, systematizing, and 

presenting information. The characteristics of geoinformation 

systems make this technology the basic one to be used for the 

purposes of processing and control of monitoring data. 

Inasmuch as remote sensing databases store record of all 

environment parameters (geological, cryological, geographic, 

agricultural, ecological), it is reasonable to interpret them 

jointly and to analyze the deciphering results (including 

integration with geophysical and exploration data) within the 

limits of geoinformation systems, with controlled visualization 

of specific maps and their objects. This approach can yield 

consistent sets of maps, instead of complicated and often 

overburdened ones, i.e., provides well organized presentation 

of data to be used efficiently for different purposes, including 

deciphering other remote sensing images.  
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Introduction  

South Shetland Archipelago, Antarctica, is located near the 0ÁC 

isotherm of Mean Average Air Temperature -MAAT - what 

involves the Antarctic continent. It means that frozen soils 

(permafrost) could be degraded under the warm climatic 

conditions of the summer. Thaw period could derive on 

permafrost melting and increase on its Active Layer Thickness -

ALT-, what could be reflected on the landscape (periglacial 

features). ALT evolution is a tool to understand the landscape 

geomorphology, but also check the effect of the climate on the 

permafrost. Then, in order to monitor ALT in the South Shetland 

Archipelago area, we established a 100 m x100 m grid to 

measure it deep by mechanical probing, in February 2009,, 

following the Circumpolar Active Layer Monitoring (CALM) 

protocol [e.g., Brown et al. 2000]. Moreover, we monitor ATL 

thermal state by sensors on the surface and inside of it by mean 

of two shallow boreholes, we also monitor air temperature data 

in the area. This CALM site increases our monitoring sites 

established in different locations of Deception and Livingston 

islands since 1989, although continuously since 2000 [e.g., 

Ramos et al. 2007] in order to study the effect of the climate 

evolution in Maritime Antarctic permafrost. Measurements have 

been done during the thaw season in February 2009, 2010, 2011 

and 2012, thanks to the logistics of the Spanish Antarctic 

Campaigns. In this paper we present the Limnopolar Lake 

CALM site, its instrumentation and a brief summary of the most 

important results for 2009-2011 period. 

 

The study area 

Limnopolar Lake CALM site (62Á38ô59.1ôôS, 61Á06ô16.9ôôW) 

was established in the Limnopolar Lake basin, Byers Peninsula, 

Livingston Island, South Shetland Archipelago, Antarctica 

(Figure 1). This site is a glacier-free area with an open character 

without orographic barriers upwind, without thermal anomalies 

(such as occurs on Deception island) and with detritical material 

(and not rocky and coarse materials such as occurs on 

Livingston island). Then, those characteristics should make it an 

excellent location for detecting regional changes in climate. 

Byers Peninsula is the largest non-glaciated area in the South 

Shetlands, although snow covers it during 7-8 months per year. 

Precipitation is well in excess 200 mm [e.g., Toro et al. 2007]. 

Mean summer air temperatures are about 1ÁC to 3ÁC, with daily 

extremes values of 10ÁC and -10ÁC. In winter, daily air 

temperature ranges between 0ÁC and -35ÁC [e.g., Toro et al. 

2007]. These conditions convert this region on the climatic limit 

of permafrost existence. 

 

 
 

Figure 1. (Above) Location of the Limnopolar Lake CALM site; 

Antarctica (1), South Shetland Archipelago (2). study area in Byers 

Peninsula (3), (Below) View of the CALM site (grey box) and 

instrumentation (Black dots). 

 

Byers Peninsula is dominated by a smooth undulated plateau 

at about 105 m a.s.l. forming small drainage basins. The geology 

is mainly characterized by Upper Jurassic ï Lower Cretaceous 

volcanic, volcanoclastic and sedimentary materials (both 

detritical and carbonates), as well as different intrusive igneous 

bodies, and Quaternary sediments [L·pez-Mart²nez et al. 1996]. 

Periglacial, glacial, fluvial, and weathering processes affected 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































