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Abstract 

The high (15-40 m) sand and loam marine terraces at the central-western part of the Jamal 

peninsula are deeply eroded by gullies. Gully network density is 1.24 km/sq.km. There are four 

main processes which trigger off natural gully erosion: 1) river channel migration and erosion of 

high banks; 2) massive ground ice melting, cryoplanation; 3) cryogenic lakes migration; 4) thaw 

slumps and active layer detachment failure (skinflow). In zones of production and transportation 

facilities the human impact increases gully erosion potential due to: 1) technologic damage of 

vegetation cover; 2) snow water storage increase at upper parts of gully basins due to snow 

accumulation near constructions; 3) runoff coefficient increase on impermeable surfaces of the 

roads and buildings; 4) formation of local anthropogenic source of the warm water. Combination 

of high natural gully erosion potential and additional anthropogenic influence causes extremely 

intensive gully growths: up to 20-30 m/year in loam and 150-200 m/year in sands. The 

mathematical model of the gully erosion was developed. This model was used for gully network 

growths prediction in Bovanenkovskoye gas productive field in the conditions of human 

interference. Calculations shows, that all drainage net flowlines would be transformed by 

erosion. In more than 60% of flowlines erosion depth would be more than 1.0 m. Some of human 

induced gullies would cross pipe-lines and roads, damage buildings and bore-well grounds.  

 

Introduction. 

    Natural processes  of  gully erosion and thermoerosion are widespread in the arctic tundra of 

Russia.  The  main  natural factors  of erosion in this region are:  1) high river valleys net density  

and  associated  relief  amplitude  up  to  40-45 meters;  2) sufficient precipitation (250-300 

mm/year); 3) low soil permeability because of the permafrost and therefore high runoff  

coefficients  (up to 0.9-1.0);  4) high erodibility of thaw soils. The main processes which trigger 

off natural gully erosion  are:  1)  river channel migration and erosion of high river banks;  2) 

massive ground ice melting, cryoplanation; 3) abrasion  of the banks of cryogenic lakes and their 

migration; 4) thaw slumps and active layer detachment failure (skinflow). All  these  factors  lead 

to high natural gully net density in tundra regions.  There are up to 6-12 gullies per 1 sq.km with 

gully  erosion  volumes  more than 2.0 millions cu.m /sq.km on the Yamal peninsula [1]. 

    Natural high   gully   erosion   hazard  has  been  greatly increased  recently  by  human  

impact.  In  the  regions   of production   and   transportation   facilities   anthropogenic influence  

increases  gully  erosion  potential  due  to:   1) technogenic  deterioration  of vegetation cover;  

2) increased snow water storage in upper  parts  of  gully  basins  due  to excessive  snow  

accumulation  near  buildings  and roads;  3) runoff coefficient increase on  impermeable  

surfaces  of  the urbanized   territories  and  roads;  4)  local  anthropogenic source of warm 

water;  5) gas and oil  fields  and  sand-pits operation,   pipe   lines   and   ditches   construction.  

The combination  of  high  natural  gully  erosion  potential  and additional human interference 

causes extremely intensive gully retrogressive growths: up to 20-30 m/year in loamy deposits 

and 150-200  m/year  in  sands.  The old stable drainage lines are subjected to erosion  and  new  

gullies  appear  in  previously gently-sloping elongate troughs. 

   The period 1986-1992 in the  central-west  Yamal  peninsula was characterized by 

anomalously warm and wet summers with high activity of natural destructive processes.  In the 

same period drilling and exploitation of the Bovanenkovskoye gas field has begun and brought  

about  the  whole  complex  of  accelerated erosion.  The  principal  goal  of  our investigations in 

this period was to produce prognosis of gullies  development  under an  influence  of  both  

natural  and  man-induced  factors of erosion. 

 



              General description of the object. 

   The Yamal peninsula is situated at the northern part of the West Siberian plain and has an area 

of about 122000 sq.km . At the central-west part of Yamal the mean annual air temperature is -

8.3 C (meteostation Marre Salye,  measurements were  begun in  1914).  Mean  January  

temperature  is  -21.8  C (observed minimum is -52 C),it is the coldest month of  the  year.  Mean 

temperature  of  August  is 6.7 C (observed maximum 28 C) -the warmest month of the year.  

The air temperature is below  0  C for  223  days  per  year  which  cause  formation of the deep 

permafrost  layer  formation.  Summer  thaw  layer   thickness reaches  its  maximum  (0.6-1.2  

m) in August-September.  Snow covers the territory from October till June.  The thickness of 

snow  cover  does  not  exceed  0.3-0.4 m on gentle slopes and flats at the beginning of snow 

melt period,  but can exceed 3-5 m  in  gullies and creek valleys and near steep river and lake 

banks. In most cases erosion forms are completely filled in by high-density snow.  The depth of 

runoff for the period of snow melt is 220-250 mm, its main source being snow pack in erosion 

land forms. 

   Rainfall occur  generally  in  June-  September,  its  total normal  duration is 470 hours and the 

maximum one is up to 900 hours within season.The mean depth of rainfall for this period is  140  

mm  with observed maximum of 357 mm and minimum of 25 mm.  Mean daily rainfall 

maximum is 12 mm (an observed one  is 40  mm ) with mean maximum 30 minutes intensity 0.8 

mm/min and up to 12 mm/ min. 

   The gully  erosion  occur  mainly  on  marine terraces with heights 20-45 m above sea level. 

The high (30-45 m) terrace is consists  of loams and clays with massive cryogenic structure. It 

contains lenses and interlayers of ground ice up  to  50  m thick and up to several km wide.  

Steep slopes of this terrace are dissected by numerous natural bank gullies,  usually 50-70 m  

long.  Some  of  these gullies are up to 1-2 km long at the areas where the ice content in eroded 

deposits is high. There is  the  net  of  long  gentle troughs on the flat surface of terrace.  Their  

density  is  2.3  km/sq.km  .   Natural   and man-induced gullies can follow these troughs where 

vegetation cover deterioration takes place or volume of runoff increases.    The lower  marine  

terrace  (20-25  m  above  sea level) is composed of fine silty sand  with  ice  vedges  in  the  

upper layers and massive ground ice in the lower layers. The natural gullies ares more 

widespread on this surface, the main part of the drainage network is eroded due to high 

erodibility of fine sands. 

   River flood plain is 3-5 m high.  It is composed of silt and sand with peat layers.  There are 

numerous river channels  and chutes  within  the flood plain.  Every year in May-June it is 

flooded  by  river  water  to  depth  up  to  1.5-2.0  m.  The accumulation  rate  of flood plain 

deposits is 1-2 mm/ year in the central parts of the plain and up to  20-50  mm/year  near river  

channels.  The  main  river  channels  have  meandering pattern,  the rate of bank erosion is 

usually 0.3-0.5 m/  year and up to 2-3 m/year. In some places intensive bank erosion of high 

terrace cause new gullies forming. 

  Skin flows often  occur  during  such  a  wet  summer,  which follows 2 or 3 years with hot 

summers.  In such situation  the numerous laminations of ice are formed near the lower boundary 

of the thaw  layer,  and  a  heavy  block  of  water-saturated surface  deposits  can slide to a 

distance up to some hundred meters for several hours. A newly exposed soil is subjected to 

intensive  erosion  and  new gully can be formed the next year after skinflow. 

 

     Anthropogenic gully erosion on the west-central Yamal 

                     in 1986-1992 

   Investigations conducted in 1986-1992 were concentrated  on 3  athropogenic  gullies (fig.1).  

All these gullies formed at the territory of exploration camp KEH due to vegetation  cover 

destruction  and  an  increase  of the melt water supply.  The skinflow in 1989 year has triggered 

this process. 

 

                 Gullies morphology 



   The gully  1 basin is 315 m long,  its area is 36000 sq.m . The longitudinal profile of the initial  

slope  had  a  convex form  with  the  inclination in its upper part 3-4 degrees and 12-13 in lower 

one . The anthropogenic gully was formed on the place of natural bank gully. The gully length in 

1992 exceeded 200 m,  its maximum depth reached 4.5-5.5 m.  Its talvegs had a convex 

longitudinal profile (fig.2.),  cross sections were V - shaped,with banks steepness up to 27 

degrees.  The steep gully head  was clear-cut.  At  the upper part of the watershed (area 10100 

sq.m ) a system of rills with depth up to  0.5-0.6 m was formed. 

   The gully 2 basin is 410 m long,its area is  50600  sq.m  . The  initial  basin  slope is straight 

with the inclination in upper  part  2-3  degrees,and  in  lower  part-  14-15  .  The anthropogenic 

gully was also formed on the place of short bank gully.  In 1992 gully length was  210  m,  its  

maximum  depth exceeded 6.5 m.  Longitudinal profile had convex shape (fig.2. ),  cross 

sections were V - shaped,with banks steepness up  to 33  degrees.  The  gully head is not clear 

defined and erosion land form continue at the upper part  of  the  watershed  (area 28300 sq.m ) 

as system of shallow rills. 

   The gully 3 basin is 680 m long,  its area is 131000 sq.m . The  basin slope is straight with the 

inclination in its upper part 1-2 degrees ,  in its lower part - 35 . The anthropogenic gully  was  

formed  on the place of shallow natural gully.  In 1992 gully length exceeded 420 m,  its 

maximum  depth  reached 6.0m.  Longitudinal profile had convex shape (fig. 2. ), cross sections 

were  trapezoidal  with  banks  steepness  up  to  39 degrees .  The gully head is well defined.  

The dendritic rill system was formed at the upper part  of  the  watershed  (area 68000 sq.m ). 

 

       Erosion  and  thermoerosion  at  the   period   of 

                     snow melt. 

   The process  of  the  water  and sediments transport at the gullies basins is very complex at the  

beginning  of  the  snow melt  period.  Snow  cover  on  urbanized  watersheds has spot pattern, 

the nonubanized basins are practically free of snow. A dendritic  net  of  ephemeral melt water 

flows is formed on the upper parts of gully basins.  The water and sediments from the basin area 

gather at the gully head,  but the gully is full of snow at this period.  The rate of snow melt  in  

gully  trench strongly depends on the quantity and temperature of melt water supply from the 

upper part of the watershed and snow porosity. For  example,  at the first week of snow melt (6-

10 June 1991) in the big gully with basin area 30 ha the  inside  snow  pack 3-5  m  thick  was 

completely cutted by meandering channel with vertical snow banks.  In gully 3 (basin area 10 ha)  

the  flow was continuous, but several snow bridges remained in the lower part of the gully. In 

gully 2 only upper segment of the trench was free of snow pack, and the gully 1 was completely 

filled by snow.  In these two  gullies  the  water  and  sediments  were filtering through snow 

cover. 

   In gully 1 about 83%  of sediments,  supplied to the  gully head, remained in the snow at the 

beginning of snow melt period (on 7 June 1991 sediment input was 0.18  kg/s,  and  output  - 

0.03 kg/s).  The gully was still full of snow on 19 June,  and even at the end of July several snow 

bridges remained  in  the central segment of gully.  The main volume of the water passed gully 

without sufficient erosion.  Only at  the  end  of  thaw period  active  erosion of deposited 

sediments and gully walls and bottom was observed (fig.3.).The sediment budget for  snow melt  

period  (6 June - 4 July) was positive:  sediment supply from basin area to gully head was 25 

cu.m ,and output from the gully mouth was 110 cu.m . 

   In gully 3  the  continuous  stream  occurred  at  the  very beginning  of  thaw  period,and  

sediment  transport was highly correlated with water discharge.  The whole volume of  erosion in  

gully  was  150 cu.m ,  mainly at the beginning of the snow melt period (fig.3.) 

   The erosion behavior in gully 2 had intermediate pattern. At the beginning of snow melt period 

it  was  active  erosion  and thermoerosion on the watershed area and in the gully head.  On 6-13 

June 11 cu.m of sediments  were  eroded  from  the  basin slopes. In the head of gully deep ( 2.3 

m) and narrow ( 0.4 m) trench was formed in frozen deposits.  The porosity of  gully snow  pack  

was high,  and the main part of sediments filtered through snow ( on 7 June sediment  input  was  



1.2  kg/s,  and output  was  1.0  kg/s).  The  snow  melting  in the gully was finished to 19 June 

and at the end of thaw period (28 June-  3 July) the water discharge and erosion rate was 

negligible.    The average rate of erosion/thermoerosion in the gullies on snow melt period 1991 

was 0.8-1.2 m/month and melt water depth of runoff for this period was 150 mm. 

   The spring  of  1992  was  characterized by short period of high air temperatures on the middle 

of May.  A thick layer  of ice  was  formed  at  the lower parts of snow pack in gullies. This ice 

layer remained in the gullies up to the end of  June. The  main  volume  of melt water passed 

gullies above this ice layer and erosion rate was negligible. 

 

       Gully erosion at the period of rainfall 

   Summer and  autumn  rains has duration 74-171 hours a month on  the  west-central  Yamal  

Only  2-4  events  a  month  are characterized  by  rainfall depth more than 1 mm/day (observed 

maximum 40 mm/day).  On 5-10 August 1990 it was  raining  with low  intensity above all 

territory of west Yamal, but locally the rainfall intensity was relatively high. On 8 August on the 

KEH camp territory the depth of rainfall was 28.6 mm (20 years return period)  and  maximum  

30  minutes  rainfall  intensity exceeded  0.8  mm/min.  The runoff coefficient was 0.42 in the 

conditions   of   destroyed   vegetation   cover,    irregular micro relief at the basin surface, heavy 

loam stuff and  thaw layer 0.7-1.2 m thick.The soil was saturated and  all  surface 

microdepresions  were  filled  by rain water of 5-7 August low intensity rains. 

   On gully 1 basin  2.7  cu.m  were  eroded  from  watershed slopes above gully head during the 

period of maximum flow (9 - 14 hours 8 August 1990),  and  14.2  cu.m  of  sediment  were 

supplied from gully mouth.  Average erosion depth was 0.16 m, less than  thaw layer thickness. 

   On gully 2 basin the volume of erosion on  the  slopes  was 9.7 cu.m during the same period,  

and output volume was about 51 cu.m. The average depth of erosion was 0.58 m, and in several 

places the depth of erosion was more, than thaw layer thickness. 

   The average rate of erosion/thermoerosion in  the  gullies during rainfall period 1990 was 0.5-

0.6 m/day ,and depth of runoff was 12 mm. The rate of erosion was correlated with water supply 

(fig.4). 

 

                Mass movement in gullies. 

    A narrow rectangular trench in the gully bottom with depth up to 2.5 m and width  0.4-0.6  m  

is  formed  by  water  flow cutting.  This  trench  with  vertical walls is stable only in frozen 

deposits.  When thaw layer reaches the depth more than 0.5-0.8  m,  this cross section shape 

became unstable.  Shallow landslides transform quickly  gully  cross  section  shape  to triangular 

or trapezoidal, and this process lasts from several days up to first weeks. 

 

             Gully erosion/thermoerosion models. 

   The field  investigations shows,  that water flow behavior and gully erosion/thermoerosion 

processes are very complicated The  lack of enough information about all the factors of these 

processes and not enough knowledge about their mechanics turns us   to   using  rather  simple  

models  for  water  flow  and erosion/thermoerosion prediction. 

 

         Water flow at the period of snow melt. 

   V.D.Komarov's [2]  model was used for water flow prediction during the thaw period. The 

thawed layer at the current day is 

 

                Hm = Km * (+T)     (1) 

 

Here Km -coefficient of melting 

 

                Km = Hs / SUM (+T), 

 



 

 

(+T) - sum of hourly positive  air  temperatures  for  current day,  SUM(+T)  -  sum of hourly 

positive air temperatures from the beginning of thaw, Hs -storage of water in snow pack (mm).    

At the beginning of thaw period  part  of  melt water  is accumulated  in  snow  pack  pores.   The   

daily   layer   of accumulation is 

 

               Ha = Hm * [0.9**(0.1*Hm)]    (2) 

and daily depth of runoff is 

 

               Hr = Hm - Ha                 (3). 

 

When sum  of Hm from the beginning of thaw period (SUM (Hm)) 

became more than 

 

                Hmax = 0.2 * SUM (Hr) - 4.0 

 

 

daily thaw water layer completely transforms into runoff with 

addition of part of previously accumulated water Hp 

 

              Hr =  Hm + Hp                (4). 

 

Hp can be calculated with formula: 

 

              Hp = Hi - Hj; 

                              2 

              Hi=Hmax/(ch(zi)) ; 

              zi=  SUMi(Hm)/[0.85*Hs-SUMi(Hm)]; 

 

 

    Index i means sum for i days from the beginning of  thaw 

period; j=i-1. 

    Calculation of  melt water supply must be processed day by day from the beginning of thaw 

(the first day with positive air temperatures) till the complete disappearance of snow pack. 

 

            Water flow at the period of rainfall 

   The field  observation  show,  that  runoff  hydrograph 

can be approximated by Gudrich curve (fig.4.) 

                              2 

                      -A*(1-x) /x 

           P = Pm * 10                  (5) 

 

 

   Here P  -  runoff intensity in mm/s,  Pm - maximum P value, x=ti/tu,  ti -  current  time  in  

hours,  tu  -  duration  of water flow raise in hours. The empirical coefficient A is equal 0.9 for 

period of high surface storage (more than 1 mm)   and A=0.15 for period of low surface storage ( 

less than 1 mm). 

 

                  Thermoerosion rate prediction 



   The most usual type of thermoerosion process is equal  rate of  frozen  deposits  melting and 

surface lowering - it is so called  low  energy  thermoerosion.   Field   and   laboratory 

experiments  [3,4,5]  shows  simple  relation  for low energy thermoerosion rate prediction: 

 

               dZ/dt = Kt* T.                 (6) 




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   Here T - water temperature in degrees C,  Z -eroded surface altitude,  t - time. Empirical 

coefficient Kt value is related to deposits  texture  (fig.5).  The  scatter  is  related  to difference  

in  texture  of  deposits  and cryogenic structure (tab.1). 

 

                    Erosion rate prediction 

   Erosion of   thaw   sediments   exists  when  the  rate  of permafrost melting is more than 

eroded surface  lowering.  The rate  of erosion is related to water flow velocity,  depth and 

turbulence,  and soil  texture  and  mechanical  pattern.  The equations  of  mass  conservation  

and  sediment motion can be written in form  

                DZ/Dt + (1/W)*DQs/Dx = 0          (7) 

 

             (1/W)*DQs/Dx = V * Cl - (w-u) * Cu.  (8) 
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   Here W - water flow width, Qs - sediment  discharge, x -   longitudinal   coordinate,   V  -  

depth-averaged  flow velocity, w - fall velocity, u - vertical bottom velocity, Cl - sediment  

concentration  at  lower  boundary of the layer of sediment particles exchange, Cu - sediment 

concentration  at upper boundary of this layer. Experimental data of erosion rates in gullies of the  

Yamal  peninsula  shows  that  upward  bottom sediment flux is  proportionate  to  specific  

discharge  q  and surface slope S (fig.6.) 

 

                      V*Cl = Ke * q * S . 

 

uC K qSl e  

   The last  term  in  equation  (8)  is  negligible  in   the 

conditions of  gully formation and equation of deformation can 

be  written in form: 

 

                   DZ/Dt + Ke * q * DZ/Dx = 0 .    (9) 

 


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   Empirical erodibility  coefficient  Ke  depends   on   soil 

texture, for loams Ke = 0.0012, for sands Ke = 1.3 



 

            Gully cross section shape prediction. 

   Field investigation   shows,   that   shallow    landslides transform quickly   gully   cross  

section  to  triangular  or trapezoidal shape.  The side  walls  of  gully  valley  became practically 

straight and  stable slope model  can be used for walls inclination prediction. If depth of slides 

 

              Ds > c/[(g*R-m*g*Rw)*tg(F)] 

 

prediction of  gully side walls inclination.  
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then gully stable sides inclination  As can be calculated from 

 

                                 2 

 As=-g*R*Ds/2*c+SQRT{(g*R*Ds/2*c) +[Ds*(g*R-m*g*Rw)*tg(F)/c]-1} 

 

Here R  and  Rw  -  sediment  and  water  specific  weights,c - soil cohesion,  F - angle of 

internal friction, m - water content in    slide    layer,   g=9.81.   If   soil  mechanics 

characteristics are not available,the angle of stable  gully walls can be estimated with field 

measurements. 

 

             Gully erosion/thermoerosion model 

                   composition. 

   The main  characteristics  of  calculation  algorithm   are described on  fig.8.  The  topographic 

data include:  1) the longitudinal profile of initial basin  slope  along  the  main watercourse; 

2)basin  area  distribution by the length of this profile; 3)longitudinal profiles of the  lower  

boundaries  of all layers  of  deposits  with  different  thermoerosion  and erodibility coefficients   

values;   4)   values   of    these coefficients. If  the layer consists vegetation remnants,or it is skin 

vegetation cover, the value of the velocity of erosion initiation must also be determined. 

   Hydrological data include:  1) number of flood  events; 2) event  type (thaw or rainfall)  and  

duration;  3)  for  each event the row of water discharges and temperatures and each step 

duration. 

     The longitudinal profile transformation in space and time is calculated with Lax predictor-

corrector scheme. The stability criterion is determined for each calculation step and scheme 

stability is attained by time step duration change. For melt water runoff period the rate gully 

bottom cutting is equal to thermoerosion rate TE if TE is more than erosion rate E and equation 

(6) is used for calculation.  If TE<E ,then the rate of the gully bottom cutting is equal to rate of 

erosion and equation (9) is used. 

   After each flood event the  rectangular  bottom  trench  is transformed with  stable  slope 

model to trapezoidal shape and longitudinal distribution of the gully top width and depth  is 

estimated. 

 

                       Model verification 

   There is not enough data for careful  model  verification. The  only  gully,  for  which  initial 

and actual longitudinal profiles are available is situated at the  territory  of  JaDE camp (4 km to 

the west from KEH).  Before 1986 there was shallow linear depression with dense vegetation 

cover and ephemeral flow.  From  1986 (YaDE camp construction) surface destruction and melt 

water increase lead to intensive  gully  erosion  and thermoerosion.The gully with the length 



about 1 km was formed (fig.8.) In 1991 the longitudinal profile of gully was measured. The 

initial profile was available from the map. The depth of runoff for thaw and rainfall periods for 

1986-1991 were calculated on the base of Marre Salye station meteorological data  with 

corrections.  The corrections were based on the meteorological and hydrological measurements 

of 1990-1991 on KEH  camp territory.  The calculated and observed altitudes of gully  bottom  in  

1991  are  rather  close.  The   calculated longitudinal  profile is more irregular,  but it can be 

related to less number of points  of  altitude  estimation  in  actual gully, than in calculated 

(fig.8). 

 

            Gullies dimensions prediction on the 

            Bovanenkovskoye gas field territory. 

     The longitudinal  profiles  transformation was calculated for all drainage net talvegs on the 

Bovanenkovskoe  gas  field territory (fig.9).  The  period  for  calculation was equal to operating 

period of gas field about 30 years. The topographic data were compiled from topographic al and 

geological maps with field   correction    for    some     profiles.     Hydrological characteristics  

were  calculated  on  the  base  of Marre Salye station meteorological measurements for 1957 - 

1986. These row was  used  as data for  prognosis. The vegetation cover  assumed to be 

completely destroyed by human impact or skinflow.    Calculations shows, that all drainage net  

talvegs  would  be transformed by erosion and thermoerosion processes.In more than 60% of 

talvegs depth of gullies would be more than 1.0 m (fig.9). Some of  human  induced  gullies  

would  cross  pipe-lines and roads, some of them can damage buildings and bore-well grounds. 

 

                        Conclusion 

   The gully erosion/thermoerosion model is based on equation of 

deformation 

                dz/dt+(1/W)*dQs/dx=0; 
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For erosion prediction the sediment balance equation combined 

with empirical formula for incision rate estimation is used: 

             (1/W)*dQs/dx+Ke*dz/dx=0 
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   This equation is used when rate of permafrost melting is more  than  gully  incision   

rate.Coefficients  of  erodibility values are 0.0012 for loams and 1.3 for sands.   For 

thermoerosion prediction, when rate of permafrost  melting is less than gully incision rate, the 

sediment balances  related to water temperature T: 

            (1/W)*dQs/dx + Kt*T=0. 
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Coefficient  of thermoerosion values are 0.000035 for sands  and 0.0000035 for loams.The 

empirical coefficients values are  based on field measurements in  Yamal  peninsula  conditions,  

and  on flume experiments data.  The  model  verification  shows  rather close values  of  

predicted  and  measured  altitudes  of  gully bottom. 

   The future works on  the  gully  erosion/thermoerosion  model would be continued in two 

directions. The first is more accurate empirical coefficient values determination for more  wide  

range of soil textures and cryogenic structures. The second is use  of more gullies with 

documented flow and erosion behavior for model verification. 
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                                                      Table 1 

  Coefficients of thermoerosion values for  different  sediments 

                texture and cryogenic structure (by [3-5]). 
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       sediment type                              Kt 10   m/s/degree 

sand thin                                          5.16 

     medium                                        4.30 



     silty                                         2.50 

     with vegetation remnants                      1.44 

     with peat                                     0.53 

loam with laminated cryogenic structure            0.70 

     with massive cryogenic structure              0.55 

     with net cryogenic structure                  1.25 

              mainly horizontal lenses             1.40 

              mainly vertical lenses            


