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Assessment andPrediction of the Change of Geotechnical Conditionfor the Purpose of
Ensuring Stability of Buildings and Structures in Nadym

I.V. Abaturova I.A. Yemelyanova
Ural State Mining University, Yekaterinburigussia

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 ircrease 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 Il using strip foundations. Basements and-hetds
were originally planned to be a part of constructions but they
were later eliminated due to snow drifting and surface
discharge water floadg 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 groundsere. Deformations
such as cracks in plasters and walls started to appear just in 3
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 constructiony enen 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 reguties 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 arte urban structures considered as
an integrated lithotechnical system which are interdependent
and related to each other by caaseteffect relationships.

We suggest a methodology of prediction of changes of the
geotechnical conditions based on integeahluation of the
natural components. The fundamentals of this methodology
were developed by G.HBBondarik and V.VPendin. The
integral evaluation procedure is described in terms of the
following algorithm: formation of a set of the components of
the geotchnical 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 theharacteristics, 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 favorabte tonstruction 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
qguantify the qualitative information obtained. The following
geologi@al parameters of the estimate of the components of the
geotechnical conditions were suggested to solve this problem:
granulation factor @), peat thicknessnt), depth of peat base
(hy), thickness of shoiterm permafrost roper), deph of
permafrost tald (KMMP), density of frozen ground, (me)r z
density of dry ground} (), total moisture V9, moisture due to
unfrozen water\\/n), total ice contentl(s), depth of seasonal
freezing 6SP, depth of seasonal thawingS0.

The models of the fields of the @egical 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 localagties
in variation of the natural components which constitute a basis
for the integral evaluation and forecast of the geotechnical
conditions[Abaturova et al201Q.

Wear of the buildings (according to the data of the
Technical Inventory Bureau, the tisate 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 mesaof 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. Thesecgulares have
yielded the following multiple regression equation:

I f = 37. T3 + nOr3N2AMhE2 D mpeBil

O02KMMP i1 2. 4@drzi 4 3. 9 L2 WEH6 L
+0 . OMNLl . 4 7il2 . 48HL 2 . $HhEQ

where Cd is the granulation factanit fractions; mt is the
peat thickness, m; ht is the depth of the peat base, m; mper. is
the thickness of the shetérm permafrost, m; KMMP is the
depth of the permafrost table, gmerz. is the density of the
frozen ground, g/cth jd is the densityof the dry ground,
glcn?; 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 thgawin

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 corrégvay.
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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 linearand additive function of the
normalized values of the components of the geotechnical
conditions weighted according to their contribution to the
estimate:

where @; is the weighting coefficient;

R is the normalized estimate of theh 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 orderdetermine

n . o the limit values of the integral index (Fib).
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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 effield 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 | corresponds relative
stability and J equal to 0.BQ.4 unit fractions; Class Il
corresponds to medium stability and J equal td @3} unit
fractions; Class Il correspads to low stability and J equéd
0.5/ 0.6 unit fractions; Class IV corresponds to instabilitg a
equal to 0.60.76 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 constructigeotechnical 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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Hydrologic and Gaseous Export of Carbon and Nitrogen from Upland Thermokarst
Features on the North Slope of Alaska

B.W. Abbott J.B. Jones Jr.
Department of Biologyrad Wildlife/Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, U.S.A.
J.R. LarouchgW.B. Bowden
The Rubenstein School of Environment and Natural Resources, University of Vermont, Butlirgtan

Introduction

Permafrost soil organic matter

Soils in the permafrost region contain more than half the
worl dés soil organi c mati8®r
Pg carbon (C)JTarnocai et al. 200Q and 4060 Pg nitrogen
(N), assuming an avage C:N ratio of 30:JJonasson et al.
1999, Weintraub & Schimel 200B 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 andisture
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 penafrost 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 grounel ic
(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 wtture,
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 thatthermokarst, 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 pararctic rate of thermokarst formation has yet
to be compehensively characterized due to lack of monitoring
and high resolution imagery, sibmsed estimates indicate a
3.58 % average increase of the areal extent of thermokarst in
the last 50 yearfJorgenson et al. 20090n the coastal plain
of the North Slop of Alaska, thermokarst features currently
cover 3.8% of the landscape and could impact anoth&00
with only a minor increase in temperatydorgenson et al.
20049.

Methods

Experimental design and analyses

Because thermokarst formation causes begtirdliogic and
gaseous release of SOM, we employed a coupled
terrestrial/aquatic experimental approadlie collected soil,

water, and gas from upland thermamsional features in
various stages of development. Over 60 features were sampled,
split between tree feature morphologies: thaw slumps,
thermcerosional gullies, and active layer detachments. We

( 8ivddd featuses dontoi enofpgidally treleeaat nsurfhek Opltches

based on type and severity of permafrost degradation (Fig. 1).
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Figurel. Patch type classification based on form and severity of
permafrost degradation for thaw slump (above) and themosional
gully (below). Divisions are defined as follows: undisturbed tundra is
at least 5 m outside visible disturbance, margins at@wi 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, andegetated 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 impédcsoils 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 4fay incubations. Dissolved gas was
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extracted fom 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 £OH,, and NO. Soil
respiration, temperature, and volumetric soil moisture were
measured in the field wit 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 t he Tool i k
149. 60 AWmpledethree times a summer from 2009
2011. We supplemented the temporally intensive Toolik
sampling with spatially extensive expeditions to the Kelly
River ranger station (67.94AN
Lake (68.27AN, 158. 34 Whataki n
National Preserve. All sites were located in the continuous
permafrost zone with features occurring in areas of various
vegetation and substrate (tussock, -shassock, graminoid
tundra, erect, dwarf shrub tundra, and 4a@idic 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 with features had the
opposite effect (indicating watévgging 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 pamtesdsure
of CH, in soils was suppressed relative to control tundra for all
patch types except revegetated where Gaftial pressure was
four times higher. Partial pressure ofONwas two times higher
than atmospheric background in drape and raft sadigdting
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 concentriins were consistently greater in impacted
waters than control sites. On average, the concentration of
NH," was twice as high in impacted waters, and concentrations
of NO; and DIC were ten times higher. Dissolved Cdhd
N,O were detected more frequenthnd 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 exjgosure
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, partiglarly NO;'. 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 denitrificati@nprocess
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 etEtiaus

featur sta iliz s, ha |mpl|cat|o rthe )
q hc{/edro% an ggseo g’t ?

t|ﬁ1 g of rglea
thermokarst
The delivery of bioavailable C and N to downstream and

downsl e has the tia| to influengsi .
p?oggig pgTh%p?/%%@{ partupulary choul stimlate pri'?nf;?yn !
t|V|ty in quatlc éc systems and increase 4 CH

production by delivering large amounts of organic matter to
low-oxygen environments such as wetlands and-bedteoms.

Global implications

As thermokast 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 potertia 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 modetstepresents 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
undersanding of this important pathway of permafrost
degradation.
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10 Years of Permafrost Monitoring on Volcanoes foKlyuchevskaya group, Kamchatka

Layer
A pDr . agrilchinsky & A. Aleksandrin

. 9.

Soil Cryology Laboratory, IPBPSS RAS, Pushchino, Russia

Introduction

Kamchatka is sitated in the Far East of Russia. The
Klyuchevskaya volcano group is located in the Central
Kamchatka Depression (656 AN ,i1 6116/0E) and
the active volcanoes Klyuchevkaya (4800 m a.s.l),
Bezymianny (2900 m a.s.l.), Ushkovsky (3900 m a.s.ld an
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 propeties 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 dling 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 m@surements 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
the various depths inside a borehole. Permafrost underlies
about 2000 km2 here, and periglacial processsd landforms

are widespread at the elevations above 900 m a.s.l.; the lower
boundary of permafrost is around 7900 m a.s.l. on north
facing slopes and around 68D0 m a.s.l. on souttacing ones
slopes with no forest vegetation. Numerous solifluctmives,

2gep2007 DecO7 Mar2008 Jun08 Sep08 Dec08 Mar2009 Jun09

consi sts

mud-boils, polygonal structures and areas of sorted patterned
ground occur between 1000 and 1700 m a.s.l.

Perrgaffrost monitoring results

Data about the air temperatures are available for the Klyuchi
station, which is located in the Kamchatka rivatley (30 m
a.s.l.). The average MAAT for 202011 is 0. 3AC
higher than the value oD . 2 AC {2000. Gtoan8 @nd
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 for0&
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
8AC at 2515 nme lager thickhessesThave bearc t
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 adivetayer 15
depth ranged from 80 to 44 cm. During 2€8XRL1 the active
|l ayer depth didndét show any ¢

10 cm). We assume that the properties of the volcanic cinders,
which have high porosity and are good thermal isolatons, ca
be a reason for this. The ground temperatures-451® depth
increasedfor00 , 2AC from 2003.

Sep09 Dec02 Mar2010 Junl1Q Sepl0 Decl10 Mar2011 Junii

T e

Temperature, C

Figure 1. The temperature data from th@6lborehole.
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Conclusions and perspectives This research was supportec
, ) Permafrosto and ACircumpol ar
Despite of no significant changes in the ground temperatures projects.

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

been observed during the field excursions. in Kamchatka.

Temperature monitoring at 500 nsa. in the forested area vear —R30A(1330m  R30B (1630 m) R30C (1630 m)
has proved the existence of the air temperature inversion in Data 3, Data 3, Data 3,
winter time. For more precise measurements of the inversion 2003  06/09 78 - - - -
height we are planning to install some additional loggers. 2004 28/09 67  29/09 49 - -

Wedre also going to daniplattaunew 280 r &#08 | e’d aQ6/09t h8 Er-m -
(2700 m a.s.l.) and install surface loggers at 4500 m a.s.l. 2006 19/09 73 23/09 54 01/09 44
(summit of the Kamen volcano) for more adequate calculation 2007 18/09 72 19/09 53 16/09 45
of the altitudinal temperature gradients. We are still waiting to 2008 16/09 3 16/09 26 19/09 49
find out some influence on the ground temperatures from 2009 24/09 80 24109 63 20/09 49

- . 2010 29/09 76 29/09 58 25/09 50
volcanic activity near our boreholes. 2011 05/09 72 05/09 59 02/09 50
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Groundwater in the Permafrost Zone

A.N. Agafontseva
Institute of Geology and Petroleum Production, TSOGU, Tyumen, Russia

Abstract

Investation 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 aréaand 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 ofpermafrost (or cryolithozone, fromryosandlithos,
Greekfor cold andstong. It consists of frozen and frebbund
rocks, cryopegs, and an active layer.

Frozen rocks are iegch and have negative temperatures.
Unlike these, frosbound rocks bear néier water nor ice and
are most often igneous and metamorphic rocks, or dry sand and
pebble. Cryopegs (fronaryos and peg Greek forcold and
saline watey 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 Earthos
Perennially frozen ground occupies totally 3000,000 square
kilometers existing also as isolated patches near mountain tops
in the highlands of Alps, Caucasus, Ti&tan, Pamirs,
Himalayas, etc.

Permafrost in southern areas is patchy, witi2%50m thick
frozen lenses among unfrozen rocks. North of sporadic and
patchy permafrost, there lies a zone of discontinuous
permafrost, up to 1M m in thickness, with numerous taliks
(layers and lenses of unfrozen ground). Permafrost further
northward is continuous and as thick as $@600 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 Pliocenearliest Pleistocene, more tharVdr ago, but
continuous permafrost which has never disappeared later on
formed about 65Kyr BP, in the Pleistocene, in the northern
Sibaian craton. The pattern of permafrost in continental
plainland is latitudecontrolled as the amount of net solar
radiation decreases northward, mean annual ground
temperatures decrease, while backscattered radiation increases
due to longlasting snow cove(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 thickneslepends 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 seasonatlyawing 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
dependig 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 meamorphic basement and a thick sedimentary cover, consist

t odf drbzen! racksdaboaen Gedifents) %nd ofibstin® wises | a

(bedrock) below.

Zones of cryopegs exist on the coasts of seas fringing the
Arctic ocean, with brinesaturated 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 th& air
ground water exchange. @lgreatest 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 ber frozen rocks on the
sides while the latter lie over frozen rocks (supeamafrost
taliks). Or, taliks may exist between frozen layers or within
them as tunnel or tubelike lenses. Groundwaters may
circulate above, below, between or within the confinfrozen
layers (cryogenic aquifuges), and are classified, respectively, as
supra, sub, inter, or intrapermafrost waters.

Suprapermafrost groundwaters include ephemeral waters in
the active layer and perennial waters of closed taliks.
Ephemeral watarexist 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 fothe origin of
hydrolaccoliths, pingoes, and icing.
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Interpermafrost groundwater commonly occurs between References
two frozen layers, e.g., between a Holocene layer above and a ) )
remnant Late Miocene layer below. Water of this kind is most  Allison, S.I.,PalmerD.F.,1980.  Geology  thescienceof

often dynamically inert. achanging Earth Seventh edition., New York, London,
Intrapermafrost water is confined within closed bodies Paris: McGrawHill, 485 pp.

(talik lenses) in karst limestone. John, B.S. (Ed.), 1% TheWintersof theWorld: Earth Under
Subpermafrost groundwater circulates near the bottom of thelce AgesDavid & Charles PLC256 pp.

frozen ground. It has temperatures above zero and high or low Kudryavtseva V.A., 1978. General Geocryology Moscow:

salinity; it may be pressurized or not, and mithex contact Moscow University Presg64pp. .

frozen rocks directly or be separated from them by unfrozen Paviov A.V., 1997. Patterns of Permafrost Evolution at

rocks. contemporarylimatechangelzv. RAN, Ser. Geogr, 4:

61-73.
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Strength Properties of Warming FineGrained Permafrost

F.A. Agergaard
Department of Civil Engineering, Technical University of Denmark, Kgs. Lyngby, De@nizekartment of Civil Engineering, Laval
University, Quebec City, Canada
T. IngemanNielsen
Department of Civil Engineering, Technical University of Denmark, Kgs. Lyngby, Denmark

Background Test setup

For each location three samples have been subjected to
isotrgpic  consolidation at 100 kPa followed by undrained
triaxial compression testing at a constant rate of strain
(0.72%/h) maitaining a confining stress of 100 kPa to

The bearing capacity of permafrosbils are usually high
compared to noffrozen 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 thickne$gpermafrost determine the shear strength at ing temperatures of

: . 3A@AC -aA6 respectively. Test :
during the 21st century. In Western Greenland soll : 0 y . L .
temperatures are projected to increase b§ RC i nf er ?trfi"ﬁc’é‘l %, defiing the failure criterion, was obtained.

Permafrost Thaw Potentials of more than 2.50manen et al.
2011. Results

Fine-grained permafrost soils are especially affected by the  Tegt results
trarsition 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 soilsalinity play an important rol¢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 optintiee service Tn = Tmaxr/Tmaz-3 @)
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
propeaties in the foundation design or having to avoid
construting on permafrost at all. This study aims to delineate
trends for the strength properties of figeined permafrost
deposits that can be used to forecast-arskrvicelifetime-
strength based on soil properties obtained from surveys

The maximum shear strengths recorded of the individual
triaxial tests range from 840 kPa-&tAC t o mor e t h
-3AC. Al maxi mum strengths \
criterion after dsplay of ductile behavior. The strength data is
normalized relative to the maximum shear strengttlBah C  f o r
each location, like shown in Equation 1:

Where U,. 7 is the obtained maximum shear strength and
Umax;3 is the maximum s#ar strength for test a8 A C . Th
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 temperatur&ee Figure 1. A global linear
trend is &pressed by the eqtian

performed at presemtay soil temperature§.he data basis is T = —0.21-T +0.37 2)
obtained from testing of natural permafrost soil core samples L _ _
collected at two locations in inhabited areas of Western Where |4 is the normalized shear strength relative to the
Greenland shear strengthaB AC and T is the temp:
tested temperatures frofd A C-1tAE .
From t he shear strength f
Methodology correspondingundrained shear strength for use foearing

. capacity evuat i on based on Terzag

Sample material theory can beeermined as a function of the soil temperature.
Permafrost soil cores have been sampled from thefttgeo

permafrost zone in the townships of Sisimiut and llulissat Discussion
situated at 66. 9A to 69.2A northern latitude. Present s

tempestures vary from3 . 5AC t o O0AC. The plthewg sgres0fnoynalized shear sygngths shown in Figure 1
classfies the soils as silty to very silty marine clays at both ~ display a common trend of approximately 20 % daseeof
locaions. The chloride concentration in the soil is seen to be Strength per degree temperature increase compared to the sheal
virtually 0 mg/L indicating fully leached conditions resulting in ~ Strength at3 AC. ~ Thi s is in spite o
no residual salinity. The samples from Sisimiut have a from the Sisimiut area contain moderate amounts of excess ice,

volumetric excess ice content of 18.5 % of the frozen sample ~ Which generally lowers the maximum strength compared to the

volume on averge while the samples from llulissat are llulissat samples.The trend of decreasing strength with
virtually free of excess ice (0.1 % on average). Sample data are decreasing dry density is also demonstrated by Li 804,
found in Table 1 below. 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
llulissat 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 makegood 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.
sampl es.
denotes Sisimiut.

Classification data for thiested finegrained perrafrost
Location abbreviations:

Sample J bulk ldry Wi,vol Wnat* Test

ID [olen?]  [glenT] [%] [%] temp.

[ AC]

ILU 1A 2.01 1.68 0.1 19.4 )
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 0.82 335 335 -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.

1 T T T T T

1 \ .............. SO S Trend
: : =

n
A

Normalized shear strength, ©

/== Trend, L : : :
05 : : ; : ;
3,5 -3,0 25

-0,5

Temperature, T ['C]
Figure 1. Normalized shear strength for natural-Gir&@ned
permafrost samples tested in triaxial compression at a confing pressure
of 100 kPa.

If the shear strength of the dgsisoil, having a present
temperature within the tested temperature range, can be
detemined along with the expected soil temperature at end of
construction service lifetime, then, given that the Iatter
temperature also is within the temperature rangéefests in
this study, the strength decrease due to soil temperature change
can be dgimated 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 perrafrost if used in combination with an improved
regional climate model capable of delineating the development
of soil tempeature at a sufficient resolution. In this way the
development of soil temperatures within the service life time of
the @nstriction 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
chanbds Uadid gefrlyOdebréase! maintehahéea dostsa dF thewd S
constructions built on warming firgrained permafrost and
subgquently prolong the effective service life time.

Conclusion

Based on constant rate of strain triaxial compression testing of
two series of natural feagrained 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 frol8 A® -1 AC, the shea
decrease approximately 20 % per degree temperature increase,
relative to the shear strength-atA C .

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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The lower boundary of permafrost in Hurd Peninsula (Livingston Island, Antarctic)

J. Agrela G. Vieira, A. Ferreirg C. Morg M. Neves M. Oliva& A. Trindade
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M. Ramos M.A. de Pablo& A. Molina

University of Alcal 8, Alcal 8§ de Henares,

A. Correia& J-P. Rocha
Centre of Geophysics, University of £vor a,
Introduction of Zurich and the Bulgarian Antarctic Institute a new set of

Reseath on permafrost has a long tradition in the Northern
Hemisphere where hundreds of boreholes for temperature
monitoring have been installefRomanovsky et al201(.
Antarctic permafrost is less studied and the borehole network is
scarce, with short timeeries[Vieira et al 201Q. 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 (GTNP) and the Circumpolar Active Lay
Monitoring System (CALM). IPY projects TSP and ANTPAS
boosted permafrost monitoring activities, resulting in
infrastructureand in new assessments of permafrost thermal
state. There are currently 39 active layer and permafrost
boreholes and 8 CALM sitaa the Antarctic Peninsula region
(AP).

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 #iifeninsula and to

use the area as a case study allowing to better understand
permafrost chracteristics 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 sitesalong 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 resistivitytomography profiles for determining
the spatial distribution of permafrost;

- Snow cover monitoring using tirlapse cameras,

war mi ng trend, wi t h ca. + 2.
temperatures since the 1950®urner et al 2003. Effects on
glaciers and icshelves have been wigeeported|Scambos et

al. 2003, but impacts on permafrost haven't yet been properly
addressed to. Vieira et 201Q present an overview of the
thermal state of Antarctic permafrost and show that permafrost
is cold in most of the Antarctic, except imet South Shetlands.
Ther e, per mafrost
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 presentatiowe 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 andged peninsula,
with altitudes up to 392 m and mostly covered by Hurd
Glacier, but with several iekee sectors. Geology is dominated
by the Miers Bluff Formation, a lo\grade metasedimentary
flysch formation. Bedrock outcrops are frequent, but most of
the icefree surface is covered by a decimeter to meter thick

5 UC pethilBd gkoh8rphoB&§icalNmapifigNtd ddkntify@ded

indicators of permafrst and periglacial dynamics;

Results and discussion

Bedrock sites
Permafrost in bedrock in Hurd Peninsula was found in the

temper at ur eRrenhdes Beatesd ladodk P60 mdasl, Wit & teriperatulé 6f abBut

-1.80UC at 20 m depth. I n a bc
possiblebut 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.Idting 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 ¢acur close to an altitude of ca.
150 m.

Electrical tomography resistivity supports the presence of a
transition area with sporadic permafrost at around-1%® m,

cover of angular cobbles and boulders. In some areas, close 10 yjth patches of frozen ground found in the profiles. Hauck et al

the glacier boundary, till is present.

Methods

Continuous activities for monitoring the thermal state of the
active layer and perafrost in Hurd Peninsula started in 2000
by the University of Alcal §
the University of Lisbon. During the International Polar Year,
in the framework of ANTPAS project, in a joint effort with

other partners such asthe Umiv si t y of

£vor a,

[2007 have shown this fothe vicinity of the Spanish station.
Recent data from the area of the Bulgarian station shows
similar results.

Sediment sites

d e Segjrgentsitegage signficargiomore gasnglex shanj bedrock vy

sites due to their heterogeneous sedimentological
charactestics ard diverse water contents. Furthermore their

geprmpgphic igtery; ig higgly siggificant for their thermal state
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and icecontent. Permafrost, mainly as buried-roasses has
been found at different sites down to $eeel by means of
Electrical Resistivity Toragraphy[Hauck et al. 200]¢ Those
sites are located at rock glaciers and moraines, which are
glader-derived. Incipient protalus lobes also occur. Currently
some of these features are being monitored but no results for
defarmation are available yet.

-05 -

Temperature (°C)

Average bedrock temperatures at 4 m depth (2008-09)
-25

0 50 100 150 200 250 300
Altitude {m)

Figure 1. Mean annual bedrock temperatures at 4m depth irG2008
in boreholes in Hurd Peninsula.

Conclusions

Research in Hurd Peninsula shows that the area has warm
pemafrost in bedrock at least above 270 m asl in sites with
little snow. At similar topogpphical conditions, sporadic or
discatinuous permafrost starts to occur at 28D m asl. At
lower altitudes, perennially frozen bedrock has not been found.
However, permafrost can occur down to -$mzl in
sedimentary deposits, at least in those ofiglederived origin.

The high icecontent of such features may be the reason for the
persstence of the frozen bodies reacting to climate change at
lower rates.

The differences found in permafrost distribution between
bedrock and sedimentary deposits swsggthat 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 iceontent should still preserve a relict
thermal state. If this hypothesis is correct,sthtan be
significant since there are areas at low altitudes with a high ice

content that could become unstable with warming, even at sites
where pemafrost is absent in bedrock terrains. Such a situation
can also occur in other sites at the South Shetlaandsitical

region at the boundary of permafrost.
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Thermophysical properties of surface organic layers

D.M. Aleksyutina, R.G. Motenko
Lomonosov Moscow State University, Department of Geology, Subdepartment of Geocryology Moscow, Russia

Introduction 06 "5

The reported study was run in the Upper Chara basin located L 04 !/.
between the Kodar and Udokan Ranges in northern Sg /I
Transbaikalia. The tetory belongs to the zone of continuous - ]
permafrost, with mean annual air temperatures abb@‘C, E 0.2 _."’T'"‘r’
and an active layer thickness (thaw depth) from 0.5 to 0.8 m in H‘“Q\F—/”“"’
floodplains of rivers. 0 ,

Surface organic layers in boreal terrains include rpesd 0 20 40 60 80 100
and lichen components, forest floor, etc., which play a W, , %
significant role in the aiground heat exchange. This part of 1 m2
the soil cover has rapidly changing properfiésvriliev 2004 Fig. 1. Thermal conductivity (A) and diffusivity (B) as a function of

and its thawing and freezing, as well as the related effects on volumetric moisture at temperatures above (1) and below (2) zero.
ground temperate patterns, has to be taken into account in
predictions of the temperature regime and the depth of seasonal

thawing (freezing) of permafro§Eeldman 1988 <z
There is quite ample published evidence of thermal Z 4
conductvity of surface organic layerdZabolonik 1966, E -.
Chernyadiev & Pakulil989, Shendera 1986, Feldman et al. < e lmeTT
1988, Fukui et al. 20Q8but it is difficult to synthesize for the (U =ac--h
lack of specific information on water contents and densities of 0 20 40W o 60 100
the objects. o " 02
Fig. 2. Thermal conductivity of peat (1) and vegetation (2) samples as
Methods and samples a function of volumetric moisture at temperatures above (dashed line)

. . . and below (solid line) zero.
The surface organicalyers (vegetation coven) the studyarea ( )

consistof sod moss lichen andgrass. Moisturén the samples

collected in the field varies from 250 to 375% and their The laboratory thermal conductivity data were compared

" 3

densities are frorh00 to 100Gkg/m. with published results and synthesizedas a function of W,
The thermophysical properties of the samples were (Fig. 3).
measuredin laboratoryusing the methodof first-kind regular
thermal regime[Ershov 200% and with an TPMa- 10 M 06 _ _ A
automated thermal conductivity meter. = ' a
E 0.2 ‘/f/!‘- —*
Results and Discussion 0 ‘ |

Thermal conductivitya) and diffusivity (Q were measured in 0 20 40W 0/60 80 100
the vegetation sampk at positive and negative temperatures. 12 ns 70

The watercontentsanddensities being highly variable, all data
were synthesized depending on volumetric moisfug) for
unfrozen and frozen ground, respectively:

A, Br/mK
E-\_

W= W, (1) +
Wi=WA/ | () 04 WAH‘/
whereW is the gravimetric moisturén), } 4 is the density
of soil skeletor(kg/m®), andy; is the density of ice 0
Figure 1 shows volumetric moisture dependences of 0 20 40 60 80 100
thermal conductivity (A) and diffusivity (B) of the surface W,, %
organic layers at temperaturesab (1) and below (2) zero. =1 2 A3
Both thermal parametersare the highestin unfrozenand Fig. 3. Thermal conductivitgf organic layers as a function of
frozensod sample§points at moisture abovéd%in Fig. 1). volumetric moisture at temperatures above (A) and below (B) zero.
The thermal conductivity of vegetation sampless lower 17 our data; 2, 3 published data: Gavriliev (2004) (2) and
thanin peat(Fig. 2) because the former is less dease bears Zabolotnik (1966) (3).

more lowconductivity air. o )
The laboratory thermalconductivity data we obtained

showed good agement with the published evidence and lent
itself to generalization in a singls,, dependence.
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The comparisorfor thermaldiffusivity is shown in Fig. 4.

0,6

]

j.

]

[]
— A ——9

0 20 40 60 80 100
W,, %
@1 W2 A3 +4 A5

Fig. 4. Thermal diffusivity of surface organic layers as a function of
volumetric moisture aemperatures above (1, 3, 5) and below (2, 4)

zero. 1, 4 our data; 31 published data: Gavriliev (2004) (3, 4) and
Zabolotnik (1966) (5).

The dissimilarity of thermal conductivity and diffusivity
coefficientsmay be due to the natural diversity otthurface
organic layers.

Conclusions

Thus, the experimental study allowed us to

1 estimate thevariationrangesof thermophysicaproperties
in different surface organic layer varieties and to analyze
them as a function of volumetric moisture;

1 compare the thermal conductivity and diffucisivity
coefficients of peat and vegetation;

9 correlateour laboratorydatawith the publishedevidence

Thus new results have been obtained on the thermophyscal

properties of the soil cover, which is necessary for moglel
the temperature regime and seasonal thaw depths.
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Late Pleistocene Cryogenesis and Contempoy Soil Formation

V.M. Alifanov
Institute of Physics, Chemistry, and Biology of Soils, Russian Academy of Sciences, Pushchino, Russia

Abstract

The study concerns the effect of Late Pleistocene glaciation on the contempoarynpsidogehe effect shows up (i) as
formation of different types and subtypes of soils upon various elements ofpaiteafrost polygonal pattern (soil cover

level) and (ii) as difference in soil profiles and in physitemical

Keywords: Paleocryogenesis; paleogeography; soil formation;

The historic and genetic aspects of soil formation are
becoming increasingly mor e i
knowledge of soils as pastf t he Eart hos
the history of soil formation at the Pleistocdrelocene
boundary, when pedogenesis was subject to effects from
Pleistocene cryogenic events, remains the least explored.

The Late Pleistocene was the time of frequer@nges 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 reabensail
science relies largely upon data from allied fields of research.
The persistent cooling trend in the Pleistocfvarkov 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
processegdMarkov 1986, Velichko 1973, 2009The main
cooling peak (between 20 and 18 Kyr BP) led to a culmination
of permafrost and pruced a globascale permafrost zone
with its southern |limits reac
Plain.

There are three main glacial intervals distinguished in
paleogeography for the European Late Pleistocene section. The
lowermost one (Smolensk) sparee ttime 100110 (phase a)
and 8590 (phase b) Kyr. The second (Vladimir) interval
disturbs soils of the Bryansk interstadial and has its main
evolution phase at 283 Kyr BP. The Yaroslavl cold interval,
the youngest one, that formed during the coolingk&&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 extpvlichko 2009 and
when networks of ice, iesoil, and soil veins, up to-8 m high
with 1520 m polygons developed in the center of the East
European PlaitfiVelichko 1973, Alifanov 1995, Alifanov et al.
201J. These conditions correspond to the phasef the
Yaroslavl glacial; during the phade (Younger Dryas), the
ground underwent activsmalipolygonal frost cracking. In the
time of the Yaroslavl cooling, the permafrost propagated 700
800 km southward.

By the earliest Holocene, the polygonal mitopography
of the Yaroslavl glacial had become buried under newly
deposited loam upon wdtti modern soils were forming.
However, even being at-2 m below the ground, the relict
permafrost structure influences the contemporary soil

f or mat i

parameters between genatit units (soil profile level).

soil profile; soil cover.

on as it controls the
rempaotrdépeessions betagen blocksein the forcheygpdals

b i ogrqurdebecame projestexl voato the ground surface having

produced a regular network of depressions and, eventually, a
pattern consisting of different elements (Fig. 1).

Zurop

EN  EE

Fig.1. Map of palegeriglacial polygonal ground pattern. Gray forest
soils. $uthern Moscow regiorl i elevated blocks2 7 block slopes,
31 depressions between blocHKg, kettles.

The modern soil cover consists of soil complexes which
include soils of elevated blocks and depressions between them.
The inherited origin of the apressions from the paleo
polygonal ground is confirmed by the presence of large buried
structures, up to 3 m high (Fig. 1) in spddzol and gray forest
soils, as well as clusters of 1 m high tondike wedges in
chernozem.

The buried fossil polygonal gund we discovered affects
considerably the soil hydrology, the morphology and
physicochemical parameters of chernozems, gray forest, and
sodpodzol soils, and thus controls the heterogeneity of the soll
cover.
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hence, may be useful for systematizing soils at the soil cover
level.
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Fig. 2. Morphology of gray forest soil d@ soil wedge. A depression Fig. 3. Soil map. Black earth (chernozem). Kamennaya Step Reserve.

bet ween blocks. Southern Wascow r\w®@rezhhegiondllommbnchernozénd i2typitabchernozem.
D3, etc. Are soil horizons.

The effects of paleperiglacial processes on the soils we The study was supported by grant-0400354 from the
studied show up at different levels, namely, (i) at the level of Russian Foundation for Basic Research and was carried out as
soil cover:as formation of different soil types and styipes part ofa RAS Presidium Program.
upon different elements of the fossil polygonal ground; (ii) at
the level of soil profile: as difference in the structure of soil References

profiles and in physical and chemical properties of genetic soll
horizons,as well as polygonal patterns of different orders that
record uneven intensity of palgeriglacial deposition at
different evolution stages of sdirming material.

Thus, the current evolution of sqebdzol, gray forest, and
chernozem soils superposagon fossil permafrost polygonal
ground produces structurally different soil profiles in elevated
blocks and in depressions between them, which are the two
zones of pale@ermafrost complexes. The jointly analyzed

morphological and physicochemical parameteshow that ) \ :
differences in the soil profile appear at the level of soil types ~ Velichko, ¢.¢. 1973. Environmental Processes in the

and subtypes. Processes associated with the position of a soil in PleistoceneMoscow: Nauka256 pp(in Russian)

a remnant depression changes the soil classification status (Fig. Velichko, ¢.¢. (Ed.) 2009. Paleoclimates and Paleo

3). The soil cover structure of the East Epegan Plain consists landscapes of the nemopical Northern Hemisphere.

of rhythmic circular elementary units. Late Pleistocen¢lolocene. An AtlasMoscow: GEOS
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on Holocene soil formation are based on ecological factors and,
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Construction in Northern Areas

A.O. Andreev
Tyumen State Oil and Gas University, Tyumen, Russia

Introduction technical examination of buildings in order to reveal flaws (if
any), estimate the suitability of all structures, and predict the

More than 60% of the Russian territory belongs to the kingdom  yture service performance are indispensalolgtgonstruction
of perennially frozen earth which is calledr i e f | y At hepnahigést h 0.

In spite of harsh living conditions, the higftitude regions Thermal imaging is a good tool for detecting hidden flaws.
remain attractive for _people as a storage of petroleum, gold, The method consists in obtaining images at thermal
and diamond. In the first half of the 28entury, with the onset bandwidths, imperceptible for a human eye, which furnish
of active development of the northern igmes, many exhaustive information of temperature patterns on the surface
mdystrlal, administrative, and residence buildings were put up,  of the object and highlight sites of air leakage, construction
which formed rather large urban areas. defects, sealant breakage, etc.

The value of the North, with its tremendous mineral wealth, Another problem for northern territories lies with energy

for the Russian national economy cannot be overstated. For this saving. The efficiency of heat consumption depends on many
reason, the pblems of urban planning, development, and  hings, including design solutions (appriage glazing, heat
servicing have been largely discussed. Construction in jngylation, etc.) and troubleroof heating systems. Energy
permafrost requires special technologies, thorough knowledge giagnostics of constructions helps estimating the true heat
of soils, and monitoring of the state of structures and buildings.  transfer resistance of buildings as a whole and their separate
Any technological error or iproper adaptation of an parts (walls). Examination can reveal drawbacks where
architectural design to the severe climate can lead 10 gnergy consumption can reduce for&W6 and the quality of
deformation and subsidence of constructions. Furthermore, the he whole heating system can improve markedly. The

situation is becoming ever more serious in view of global  examination results are recorded in a special energy certificate

warming. Ice does make a solid foundation for housessaiit assigned to the object, which gives the operation characteristics
begins thawing. useful forfurther work toward the general energy balance.
Solutions 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 ta vital problem of urban development in high
latitude Russia.

Construction in higHatitude 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 Hrguality design and

construction with full respect of all regulations. Careful
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Geocryologicalcomponentsin the 1:2 500000 Engineering Geological Map of Russia

V.N. Andrianov, S.N.Chekrygira
All-RussiarResearcHnstitute of Hydrogeologyand EngineeringGeology(VSEGINGEQ, St. Petersburg, Russia
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 530000. 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 1:2500000 Engineering Geological Ma of Russia setting in the neassurface crust which influence the
(IGM-2500) was completed iA011 at All-Russian Research construction conditions.
Institute of Hydrogeology and Engineering Geology The mapping objects of IGM-2500 include different
(VSEGINGEO) components of the engineering geological setting and their
The new map provides a genepalrpose synthetic image characteristic¢Fig. 1).

of principal natural controls of the engineeringeological

engineering geological groups and
common combinations of soils, with
their genetic and age properties

specific
characteristics of
soils

Fig. 1. Information structure of mappingpjects (firstorder system).

The IGM-2500 Map differsfrom the previousengineering image of the permafrost setting as a control of engineering
geological map[Churinov 1972 in giving a more detailed geological conditiongFig. 2).
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3

Fig. 2. Informationstructureof seconéordermappingobject Permafrosfactors(seeFig. 1).

The mapping objects of the geocryological (permafrost)

factor are:

1

=a =4 =8 - -8 A

=

E ]

ground perennially frozen from the surface divided into
continuous permafrost, continuous permafroghveites

of unfrozen rocks; discontinuous (sporadic and patchy)
permafrost; areas of intermittent frozen and unfrozen
ground;

permafrosbelowactivelayer,
observedandinferredcryopegs

buriedpermafrosi{second laygr
intermittentfrozenandunfrozenrocks

permafrost of different continuity;

permafrosof differenttemperaturegtemperatureangesy,

with gradesof below-5 &; from -3 to -5 A Cfrom -1 Ao

-3 @ Oto-1 @;

ice contentgradesare high; low; icerich ground upon
low-ice ground;

wedgeice;

exposednassivdce;

1 maximum permafrost thickness
The continuity and temperature®f permafrostare shown

by lilac oblique hatching of larger or smaller spacingce
content grades are shown by different hatching line styles
(heavy, solid, ordashed lines). The allied parameters of
permafrost thickness and temperature have different hatching
tilts for better presentation.
Othermapped permafrosharacteristics are

permafrosbelowactivelayer,

thinly intermittentareasof frozenandunfrozen

ground with mean annual temperaturesabout 0 A @re

marked by with specks of different kinds;

outcropsof massiveice;

wedge ice;

maximum permafrost thickness

maximum permafrost thickness are shown by various off

scale marks according to the lege

f
f

= =4 =4 =N
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Simulating the Operation of a Cooling System for an Oil Container at the Vankor Oil Field

G.V. Anikin, K.A. Spasennikova
Earth Cryosphere Institute SB RAS (ECI SB RAB)menRussia

Abstract

Numeiical simulation has been applied to study the operation of a cooling system for a 26,0@0cantainer at the
Vankoroil field. The modeling shows that the performance of seasonal cooling systems depends on air temperatures average
over certain time sns and wind speed, as well as on stochastic fluctuations of these parameters.

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

The simulation procedurand the finite-differencescheme
were as describeih [Spasennikova 2011 The work was
performedon an NCS-30T SB RAS supercomputer using the
MPI technology of multiple programmirjégorneev 200R

Theresultsaresynthesizedn Tablel, which shows that the
cooling system not always operates during the winter season.
Namely, it remainedsugpendedfor 258 daysout of 729 days
when the temperatureswvere below zero, over a threeyear
period

This effect is due to different rates of air and ground
temperaturehangesfor instancethe cooling systemturns off

Tablel. Simulatedbperationof seasonatoolingsystemgSCS
Weather parameters are reported as mypmtigans

at a time whenthe air temperaturerises above the ground
temperature, though remaining negative, and turns on when the
temperature again falls to below the ground temperature. The
suspensiortime makes35% of the total duration of the cold
season.

Thus, the numerical simulation has demstoated that
cooling systems remain suspended for a considerable part of
the winter season (Table 1) as a result of air temperature
fluctuations.

Air Evaporator Condenser  Temperature Time Suspension time Time of Powerof
tempe temperature  temperature beneath span at negative air negative air cooling
rature (average) A (Awg) polystyrene (days, temperature temperature  system(kW)
(Ad) foam insulator  total) (days) (days)
()
End of
February2010 -37.9 -28.81 -29.89 -20.49 181 0 151 62.65
End é)(f)/i\ggust 9.3 suspended suspended 0.37 365 74 243 suspended
End of
Februan2011 -37.9 -30.6 -31.7 -23.1 546 74 394 48.4
End ;&\Tgust 9.3 suspended suspended 0.13 730 166 486 suspended
End of
Februan2012 -16.3 suspended suspended -23.94 912 167 638 suspended
End g(f)?lzjgust 9.3 suspended suspended -0.25 1096 258 729 suspended
References International Workshop on Engineering Permafrost
) ] o Studies on the occasion of 20" jubilee of
KorneevV.G. 2002.MPI Multlple I_DrogrammmgNovosmlrsk. Fundamentstriarkos Ltd. R&D Compariyumen,7-10
ICM&MG, 215 pp.(in Russ_lan.). . November, pp43-45.
Spasennikov&K.A. 2011 Numerical simulation of a ground
cooling system beneath an oil container. Proc
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Dynamics of Subsea Permafrost and Methane Emission in the East Siberian Arctic Shelf:
Effects on Global Climate

O.A. Anisimoy; S.A. Lavrov
State Hydrological Institute, SPetersburg, Russia

Introduction

Methane measured in the air and water of the East Siberian
Arctic shelf exceeds the medéatitude concentrations. Excess
methane was hypothesized to release from gas hydrates and
vent into the atmosphere through rapidhawing and thus
permeable subsea permafrost with open tdlitsakhova et al.
2014. 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 600®000 years agfDmitrenko et al., 2011 We
investigate how the climate change over a few past decades can
have increased nteine emission in the area and predict the
future scenario till the year 3000 using numerical modeling.

Modeling subseapermafrost

We used a physically complete hydrothermal model of subsea
permafrost fromLavrov & Anisimov 201JL The calculations
were performed with the input parameters of thermal
conductivity, volumetric heat capacity, and porosity of shelf
sedi ment s,
A¢ and d = 0.2. The sou-ght
dependent vertical temperatuprofile T(z) and the subsea
depths to the upper and lower boundaries of frozen sediments
(Zru(t) and (1), respectively) and gas hydrate stability zone
(Zau(®), ZaL(1)).

The time span was from 25,000 years BP=(t25000) to
present, and on to the emd the second millennium. It was
assumed that flooding of permafrost at t9 0 0 0-60@0

200

|5
3
P

Depth, m
Temperature, °C

2
3
—

1000 . 40

-10000 -1000 -100 -10 o} 10

Time (years)
Fig. 1. Time seriesof 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 sedimerftem the onset of
flooding at 9,000" 6,000 yr BP to the mid980s was slightly

respkid i \Cel=y®,1 med 21 okess \Whan,10 m, while the mean annual water temperature

reéngirpeg $Hhzere. Those tempgeratures wege maintajped due to
penetration of salt into the pore space which transformed ic
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

caused an 11.5 AC warming of fSAUIEd ITazZAn. g oy a | temperature o
shelf sediments: froml 3 AC (about the air o6 g RESLLP Yearg pincg, g pnset of warming, the
the shelf was emerged t& . 5 AC ( ér tepemmre)wa tP Ot tom water "temperature has

when it became submerged. The bottom water temperature was
assumed to be constant til!]l

till 2100, according to the trend observed over the period 1985
through 2009; after 2100 the temperature was fixed taed
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 valy&snitrenko et al. 201]L

The resulting timedependent changes in the temperature of
bottom sediments @lon the bottom surface andedand Tip0
at the 200 m and 1000 m subsea depths) and in the depths to
the permafrost and gdmwydrate stability boundarieseashown
in Fig. 1, for the above settings.

may hae caused thawing of another86m thick layer of

1¢dments;brlow 10 . dopa sybottom deptp el8ap. Thys ¢ o

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 %y 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 safl 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 currentilfennium, 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 changeudng the 2% 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, lehthe zone of methane
hydrate stability in the shelf, at sea depths of BD m, beings
at the 140100 m below the bottom. Thus, the zone of gas
hydrates will remain isolated by permafrost with a nearly zero
permeability.

When estimating the effectsf auncertainty in model

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

permafrost thawing is more sensitive to the future temperature

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 sedimentstha 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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accuracy of paletemperature reconstructisnThe 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 diffusiorheatthan
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 globalwarming. For this one has to estimate the
contribution of the current annual flux of 7.9 Tg[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 teguilibrium state, this methane
flux will contribute more than 9800 Tg, or 40 ppbv CH
Note that a methane flux of 1000 ppbv increases the global
mean annual air t [Sememov & Papove
20117, i.e., methane emission from the East SieriArctic
shelf is responsible
any notable effect on the global climate. Even if the current

for ~ 0.
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Introduction

Permafrostffected 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 Wimobilize this large reservoir of
carbon and enhance biogeochemical processes in the upper
layers of the permafrostffected soils. Studies of
biogeochemical processes in the Arctic region are particularly
important because its ecosystems react moreatisent® 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
depgh of permafrostffected soils provide the basis for
understanding ecosystem stability. Our research aims to
discover how the function of permafreaffected soils as a
buffering system for metal pollutants could change in response
to predicted changes.

I nvestigation Sites and Mthods

Samoylov Island (N 72A22610066;
1500 islands of the Lena River Delta, Northern Siberia. It is
located in one of the main river channels (Olenyok Channel)
and represents the sowténtral and estern surfaces of the
Lena River DeltdAkhmadeeva 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 mostlyine 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 allochthmus 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

It hypothetically consists of a thermokarst depression of the
fluvial terrace above flooglain, because it is composed by the
same layered peatigand deposits of the ancient delta flood
plain. It is flood& with water only by high tidgAkhmadeeva
et. al., 1999

The field work was carried out on Samoylov Island in
September dmua i gl ttahe2 OR1LkO exp
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 figeomorphologic conditions
and soifforming 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 PJ&Y aenters
(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: do type, skeletal proportion, humus
content, decomposition stage of organic matter, soil color,
textwe ihgp%ﬁ%dl%z ' Si%lgsg)ns,i k%ulk od%ngity gd r%ob‘
penetration. acro and microrelief forms, soil orders,
anthropogenic changes, and vegetation covee wescribed as
well. Soil types were determined according to both the Russian
classification of Yelovskaya (1987) and the US Soil Taxonomy
(2006) (Tab. 1).

Tablel. Soil classification according to US Taxonomy (2006) and to
Yelovskaya (1987).

Profile  US Taxonomy Russian  Soil  Classificatiot

ID (2006) (Yelovskaya, 1987)

PJ1 Typic Aquiturbel Permafrost TurfnesGley
Typical

PJ2 Typic Fibristel Permafrost Peat

PJ3 Typic Histoturbel Permafrost PeatisBley

PJ4 Typic Histothel Permafrost Pedbley

PJ5 Typic Aquorthel Permafrost Alluvial Turfness

Typical

represented by a fluvial terrace and composed of midile t
early Holocene deposits, which cover about 70% of the total
area of the islanfAkhmadeeva et. al., 19Pp%olygonal tundra

is typical for the landscape and tharacterizedby two
different formations: polygon centers that are water saturated
and featue 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 accumulationf@rganic matter. The high floeplain
fragmentarily is situated between the east coast of the island
and the western border of the fluvial terrace above flaath.

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; CoB80i, WTW, Germany), C/N
analysis (Vario MAX CNS), water content, graiize
distribution (Sedimat 42, UGT, Germany) of the  mm
fraction, extraction of Fe, Mn, Zn, Cd, Ni, Cu, As, Pb, Co and
Hg using HCI 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 theinvestigated landscape. Thus, the
following factors strongly influenced on most of trace elements
accumulation within profiles: (1) graisize of sediment
distribution, (2) redox conditions, (3) organic matter
occurrence and (4) presence of permafrodetafbhe profile at
the middle floodplain 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 parttoé 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 floodplain was allochthonous substance ingduting
annual flooding.

Table 2. Total metal concentration for investigated soil profiles of
Samoyl ov | sl amedn 16mgni KmSoll kogzons are
described according to US Taxonomy soil classification.

Depth

Horizon Pb Ni Cu As Fe Mn Zn

Ancient fluvial terracePJ 1 Polygonal rim

(location:7 22R'17.663" N1 2 @A11.659" B

Ajj1 0-3 50 15 42 31 18 313 43

Ajj2 -13 51 11 43 28 18 354 42

Bjjgl -16 74 23 80 10 41 1206 58

Bjjg2 -24 70 22 48 28 20 375 60

Bjjg3 -44 67 20 27 21 18 224 61

Bjjg4 -61 74 23 60 32 22 314 60

Ancient fluvial terracePJ2 Center of polygon

(location:7 22R'1 7 . 6 6 3" 29NM1.659'8 6 A

Oi 0-10 80 19 11 34 21 481 49

Oie -18 31 18 11 3.8 17 160 35

Oel -30 52 17 10 32 18 143 49

Oe2 -40 7.2 24 12 33 20 213 60

High flood-plain. PJ3 Rim of polygon

(l ocat22dm®:. 4B5DA28M2.731 B)6 A

Oi 0-7 36 17 83 37 11 143 33

Ajjl -13 47 15 25 22 16 215 40

Ajj2 -29 52 20 51 33 18 271 46

Bjjgl -35 40 11 10 25 15 138 24
5

Bjjg2 -40 54 19 45 32 17 568 48

High flood-plain. PJ4 Center of polygon

(location:7 22R'19.546" N1 2 @8\1.765" B

Oi 0-10 66 24 14 40 20 633 36

Oe -22 57 20 12 30 16 354 55

Bjjgl -31 40 12 26 21 12 139 30

Bjjg2 -50 50 16 41 26 15 165 40

Middle flood-plain. PJ5

(location:7 228'51 . 611 " 28128.366'8 6 A

Ajj 0-8 72 21 40 51 27 315 55

B(j)gl -24 46 12 10 31 17 190 33

B(j)g2  -29 60 20 23 46 22 293 50

B(j)g3  -33 82 21 80 62 30 384 61

B(j)g3  -37 56 19 30 48 25 387 55

Bjjg4 -91 10 31 91 62 35 433 79

Comparison of the polygonal rims and centers in ancient
fluvial terrace and high flooglain showed that average values
of metals were higher in polygon centers charaxgeriby
accumulation of organic matter and more moist environments.

While the trace element concentrations for all sites did not
exceed typical crustal abundances given by Vinograi®s7
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 frmm 143 to 1383ngkg-1 and fr om
t o 4 ImgHga Iespectively. 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 flgabain 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, regdrdfurther
migration of elements into deeper horizons. We found highest
values of As in silty layers of the middle flogdain. In organic
rich soil horizons of polygon centers (Tab. 2) high values of
arsenic have been detected within in the first 10 chis T
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,
grainsize distribution and carbon contentvealed 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 fornbgdfine
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
determiniy  human influences on permafradtected
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 egisin 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 permafresil
condtions 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 exchangeni t he syst em aclive naperie nt
permafrosto ar e especially d
footing. Commonly the ground is unfrozen beneath large rivers
and lakes but is frozen in their sides. Construction works
interfere with the fragile naturathermodynamic 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 1983. The built transportation objects exjmce
major deformation. The situation aggravates largely if the risky
effects are not revealed timgl@rebenets 2047

Study area

The study area in the vicinity of Norilsk city belongs to the
subarctic climate zone. The mean annual air temperat@e ov
the period of observations has beenA8:8the mean annual
precipitation is relatively low and makes about 3@D mm
[SNiP 23.01.99 1999The site is located on a watershed, in the
Valyok lake terrace. The area lies in the fotesidra zone but
there are tundra patches within the sigSheveleva &
Khomichevskaya 196.7

Rapid development of the territory began with the
construction of the Norlisk Nickel Combine since 1935, and a
narrowgauge railroad to Dudinka was built in 1938. Before
that time, mosof 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 Talhakh city in
1960, it was decided to build bridge across the Norilskaya
River. The bridge was put up in 1962 upon anchored raker
piles (45 cm in diameter) embedded teZ®m into the ground
and relying upon the Valyok varved clfgrebenets 2007

Results and discussion

Threatening deformain and displacement of the ledide
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:42to 18
20 m of coarseagrained riprap embankment; 1 to 5 m of-fagh
(20-40 %) loam; 120 m of icerich (to 20 %) clay. In the
depth interval 188 m, there is an ice lens which remained
actually undetected during engineering geological surveys
[Grebenets et al1999. 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 unacceptatiddormation damaged
the rait and motosroads and caused traffic accidents. The
bridge footing was lifted with powerful (5000 kN) jacks and
afjsted four times. In 1978, a slurry pipeline was lajd along
fhe) 15i8ge Qiich adde@ 40 t nfbfeliod. $he R suppals ' 9 9
surrounded in 19884 with 123 vapotiquid installations for
freezing it into the riverside ground. The freezing units were
mounted to depths of 200 m. The soil subsidence and footing
displacement settled up for the first 4 or 5 years, and then
stopped Grebenets 2007

Fig. 1. Deformed moterand raitroad bridge across Norilskaya River,
with deeply embedded vapbquid thermal units along the left pile
contour (Photograph by A. Maslakov, July 2010).

The right footing part lying upon unfzen soil was set
stable with a drilled pier foundation after a soil subsidence
event in 1980. The todayds si

Conclusions

Engineering geocryological exploration work has to include
prediction of possible natural changes, espsagiatlimate

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 fdations

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 educ

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 thep@tt 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 caditions 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 chatacistics 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 pollutantmainly 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 thigtemion, 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 natusatitorial complexes.
For example, as regards specially protected natural areas, the
forecast estimate of the geoecological situation in the area of
activity of GazpronDobychaYamburgLLC can be
satisfactory provided that the risk level is low, i.e. ability
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
modeate. That is, the probability of excess of the critical loads
shall not exceed 25% either. Higher risk levels, namely 75%
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 engineerig 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, whamay 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 documentst around

the world. The Permafrost Engineering Working Group
(PEWG) of the International Permafrost Association (IPA)
took the initiative to prepare an overview ofuch,
internationallyavailable documents. The main objective of this
abstract, togetherwith 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 ligdcodes and
enforced guidelines, nepinding 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 58052004, Building Foundations on Frozen
Ground[2009, is such a documentgpared by the Permafrost
Institute Yakutsktogether with several Russian organizations.
This regional code applies to building foundations in
permafrost and frostusceptible seasonally frozen soils in the
Chita Province, Russia.

In Switzerland, bindingechnical guidelines exist for the
planning of snow supporting structurg8efense structures in
avalanche starting zong2007. Chapter 7 addresses structures
build in permafrost environments.

General Guidelines

A different class of documents are guidek 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 practi®ech
documents may become legally binding when defining best

Qu®bec, Canada

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 theadice
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 FreBrrotected Shallow
Foundations

2004 Thermal Analysis, @nstruction, 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 documehtt 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 Examfle o
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, Georyological 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  199,the Institute of Geography, Irkutsk,

Rus s i ap u bGQedcsdiogichl Mothterifig Guidelines for
Railroad® t hat addresses various
including observations to control icings, snow, embankment
thermal regime, frost heave and thasettlement, 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 riio 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 Stictures 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
StructuresDepartment 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 areavailable 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 aklagement 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.og), which was later joinedby
Greenlandand Iceland. In an initial phase road condition
management and winter maintenance was the focus of the
initiative. Additional stages followed with  ROADEX I,
ROADEX Ill and most recently the Northern Periphery
Progamme. 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 d@aming tool were
developed. The vayus 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 nortern 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 irPermafrost, NWT, Canada

In a recent publication by Hugh French aMdri Shur

[2010 ¢ a | [The g@rindiples of cryostratigrapldy, t h e

mapping cryostructures in addition to a commonly used
descriptive ground ice system, e.g. Johnsfa®81], was

reconsidered. The importance of understanding and

neqﬁé

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 seens for climate change
has become a major challenge for enginddiany 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 adaptatigriCanadian Standard Association
Textbaks
This abstract would not be complete without listing
textbooklike 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 Enginaéng 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 Geocryolog

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 i
ard 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 desig 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
engheering 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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Geomorphology of Antactica, an Atlas: an excellent accomplishment of the Russian
Geographic Science

Y.M. Artemyev

SaintPet er sburg

Publishing the atl as
excelent accomplishment of geomorphologistsand
geographerdrom the SaintPetersburg State UniversitiNo
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 fiftyyears of investigations by
Antarctic polar expeditions. This aneventof utmostnational
value. Theways of presenting cartographic dagmnployedin
the Atlas may be a useful experience to share with scientists
from different countries engaged anyhowstudies of high
latitude regions and shelf areas of the Arctic and Antarctic seas.
In this respectthe Atlas is a rare exampleof mapping diverse
geographic data.

Geology geomorphologyand geophysicsare the principle
linesof t odayds Amorlgéhese,rgemnerpholagy .
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 datar 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
mapsimagethe subice and subseatopographywhich canbe
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 multippose character of the integrated
geomorphic research.

Thecompilingwork addressethreebasicgroups of issues

(1) regionorientedissuesof mapping thesubice and sub
sea topography of different areas of Antarctica and the related
geological, littological, and glaci@lynamic processes and
structures The mapping stems from most comprehensiad
reliableevidence and is performed at different scales;

(2) theoretical and methodological issues required for
developingnewapproaches to mappirand 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 théAtlas include resultsof general
mapping structuralmorphoméric analysis, and specialized
geomorphic mapping. Genenalappinghas been performed at
three levels: elements, geomorphic systems, and geomorphic
provinces. The structurghorphometric analysis of topography
is made in the vertical dimension and in majew
simultaneously at two angles and in side view. Specialized
mapping includes morphotectonic mapping and zoning
estimating quantitatively various parameters of geodynamic

St ate

Un i-Reterskuig,tRussia J SC fiKart ao, S

i Ge o0 mo rpmdessésdhy the balance Anethod)r ncapping thedtopagmphyaoh

the ground, sulice, subsea, and intermediate surfaces, with
implications for glaciological and morphological dynamics;
additionally, there are maps of separate elements and forms of
the subice and suksea surfaces that record dynamic processes
in preglacial periods of theontinent evolution, prior to the
formation of the ice sheet. Researith terms of morphe
dynamicsconcerns issuedf practicalimportancewhich cannot

be studiedby othermethodsor sciencesTheyareneotectonics,
glacial processes in basal layers, amdhny others. The
practical outcomeis 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 diffeent institutions engaged in polar research,
such as the Arctic and Antarctic Research Institute (Saint
Petersburg), Polar Marine Geological Sur#ypedition
(SaintPetersburg); Institute of Geography of the Russian
Academy of Sciences (Moscow); ARussanResearch
Institute for GeologyandMineral Resources of the World
Ocean(SaintPetersburg), etc.

The ideology of the Atlas has been elaboratedat the
Departmentof Geomorphologyof the SaintPetersburgState
University, by A.N. Lastochkin, Honoraryrofessor, Doctor of
Geology & Mineralogy. The maps have beencompiled and
preparedfor publication at the Karta Corporation, the first
Russian private publisher of cartographic materials.

Specialmethodsof comprehensivartisticdesignhavebeen
employed in preparing the Atlas for publication, for the first
time in the Russian scientific publishing practice. Dughie
design the Atlas has becomenore austere andonsistent, in
both form and content, with perfectly systematized maps,
legends, tablesnd plots, which makes the book easy to handle
and just very nicdooking: one of best books of Russia.

The Atlas consists 0256 pages,25-35 cm, divided into
eight sections. It contairi05maps, 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 exgt®nal value will take
some time. Thédeasthat standbehindthe Atlas will probably
become a reference against which to check the results of future
research for at least fifty years ahead. Whatbvioustodayis
that the At | as AfGeomorpholcagy o@fen
avenues in Antarctic studies and will be useful for all scientists
interested in the Earthdés pol
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Purification of Grounds and Restoration of the Disturbed Soil and Vegetation Cover under
the Condition of the Cryolithozone by e of Biotechnological Methods

I.V. Balakirevy A.S.Nikishova
Gazprom VNIIGAZ LLC

The expansion of the oil and gas production into regions
characterized with complex natural and climatic conditions
detemines 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 reains 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
represats the main structusiorming and the most vulnerable
element of natural landscapes. The stability and the integrity of
the oil and vegetation cover ensuilee safety not only of the
natural environment but also of technical structures. The
development b 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 fiiecessing
products leads to its intense degradation and often to its
complete destruction. Sgffurification 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 poirtut 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 amgn
thawing of frozen grounds.

Since 2009 the specialists of Gazprom VNIIGAZ LLC
carried out exterge 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 purificatio methods (bioremediation) of il
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 o the basis of hydrocarbaxidizing
microorganism cultures. A series of experiments was
performed with the use of esitu methods (with soil
purification in the soligphase fermenter (with soil extraction))
and insitu methods (at the area of pollutiortddization). The
results of the experiments showed that purification is more
efficient in the solidphase fermenter than on open ground. The
87% degree of polluted soil purification was achieved for 14
research days.

The investigations on restoration oktkoil and vegetation
cover were carried out at technogenic sites having no
vegetation. Thd®?seudomonas 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 efficiericy o
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 Activity on Cryogenic Processes in the Russian Arctic

A.V. Baranskaya
Faculty of Gegraphy and Geoecology, St Petersburg State University, St Petersburg, Russia

The effect of neotectonic movements on the structure of
permafrost and periglacial processes has been relatively little
explored. However, the tectonic framework and neotécton
activity largely influence both the permafrost extent and the
surface processes in frozen ground (e.g., formation of
thermokarst, according to Velikotsk¥977).

In this study, the relationship of cryogenic processes with
tectonic framework and neoteaic uplift is investigated with
the example of two key sites in the Russian Arctic (Bioai
Bay near Tiksi and Preobrazhenie Island in the Khatanga Gulf),
using morphostructural analysis.

The island of Preobrazhenie (Russian Toansfiguration
is atilted 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 lally countersloping 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 4

land of Taimyr Peninsula and Bolsh®egichev 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 bits mapview 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 expressiorns Ihoteworthy that the
N& S 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 arewidespread 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 onen@her. 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 terimal 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/Knand are growing rapidly, e.g.,
one gully became 280 cm deeper after avo-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 aeterates 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 iedch 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 fabat the ice complex
constitutes the entire visible section of soft sediments and
continues below the sealey@&rigoriev 1993.

Faults
m— Observed
= == inferred

Blocks of seafloor
Uplifting
[ Uplifting at rather slow rates
-y 3
[ Involved in general uplift Maaa Zraben borders
but lagging behind others
I stable
I Relatively subsided
p_e7 Shallow subsided

[ Deeply subsided

block boundaries
—— distinct
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Fig. 1. Morphostructure of the Khatanga Bay around
reobrazheanie Island

The western side of the Busthaya Bay at Tiki, 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 subsideds.area
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 domant 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.
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Monitoring of Active Rock Glaciers with X-Band Differential SAR Interferometry: Case-
studies in Western Swiss Alps

C. BarbouxR. Delaloye& C. Collet
Department of Geosciences, Geography, University of Fribourg, Switzerland

C. Lambiel
Geography Institute, Univeity of Lausanne, Switzerland
T. Strozzi
Gamma Remote Sensing, G¢gmligen, Switzerl
H. Raetzo

Federal Office for the Environment, Bern, Switzerland

Introduction

Rock glaciers are large masses of ice/roekr mixture
acting as sediments conveyors moving typically in trteeoof
0.1 to 1.0 m/year in the mountain periglacial ieorment. At
their snout some rock glaciers may regularly deliver volumes
of loose material in steep slopes or torrential gullieence
contributing significantly to the sgalled 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,
particulaly since the end of the 1980s. Consequently, an
increase of ptential natural hazard for people and
infrastructures cannot be excluded and requires the knowledge
of the egional overview of slope instabilities as well as the
process understanding of slopmvement in permafrost areas.
Several rock glaciers gilaying 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 ERS1/2 DINSAR, to eimate 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 envinment, but also
estimating and categorizing theirsgiacement ratefDelaloye
et al. 2007, Lambiel et al. 20P8Several 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 environmdantg. Strozzi et al. 2004
According to a recent studyBarboux et al. 201]1 it is possible
to monitor some very active rock glaciers (1 to 3.5 m/year)
when georgtrical distortions do not hide them with the shortest
TerrasarX (TSX) repeat pass of 11 days and espbciasing
mode faing slope (i.e. ascending, resp. descending, mode for
west, resp. east, oriented slope). Lower velocity rates could be
well moritored using longer time lags. At higher rate velocities
TSX gpears, like other radar sensors, to be unsuitable for a
precise aalysis of these kinds of ldforms.

Method and Datasets

The present contribution intends to briefly describe a
method for monitoring verydve rock glaciers using -Band
DInSAR [Barboux et al. 2012 and to illustrate, through
different casestudies,to which level DINSAR can be used
independently of field surveying as a monitoring tool of mass

waging dynamics in rough alpine terrain topography. The test
sites consist of several rock glaciers located in Valais Alps
(46A4600606N/ 7A36 ahe tndsEpprtmauallg or b e i
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 wallown requiements (small
perpendicular component, no perennial snow patches, and no
weather/atmospheric inénces).

Due to the relative small size and the complex movements
of the studied rock glaciers, the spatial distribution of their
suface deformation derivedrom the DInSAR data using
convational 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 firstlysed to
roughly evaluate the change in the activity rate along the
landform by analyzing the coherence trend combined with
interferometric phase intemiations. Then, when the quality is
efficient (high coherency values), the interferometric phase is
usel to estimate precisely the deformation rate along the profile
in the radar Line Of Sight (LOS) direction.

Results on casstudies

Results were finally compared with existing GPS
measurements, and show a good cormedgoce of DINSAR to
monitor velocitywith respect to different parameters: the size
of the landform (minimum narrow width of the landform), the
velodty (deformation rate lower tha®2 in the LOS, that is
1.55 cm/11 days with tday TSX interferograms), the quality
of interferometric produstin 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
seesonal 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 acarately explored, theanalysis 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 inteasonal vaations.

a
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The Global Seed Vault, Rock Caverns in Permafrost

Sverre Barlindhaug

Mul ticonsul t

Introduction

The Norwegian government has established an Intenadtio
Seed Vault for t hens WerSéed Gasilt f
is located in rock caverns on the Norwegian arctic island of
Svalbard. In thisdcation 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 peosaf
remains around 5 UC bel
meet with the special storagentands, the Seed Vault must be
cooled further down to 18 UC

Design

Barlindhaug Consult and Multiconsult have been resjdas

for the planning andletail 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 éhdesign 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
sardstone and very loose mudstone. The mudstose weak

that rock normally will start weathering immediately after
exposed to air with temperatures above zero. The bedrock at
the selected location wasvared by a thick layer of moraine.

Construction

Open cut excavation

Excavation of the portal was reeed 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 tleséorock would,
however, not be stable when the air temperature rose above
zero. For safety reason the open cut excavation and the
begnning of the tunnel work had to be completed while the
ground was completely frozen.

To maintain a safe access throuph bpen cut, a steel pipe
was erected and backfilled. The steel pipe was designed to
allow access for all drill and xeavation equipment and
remained as the permanent access to the rock tunnel and
caverns once the excavation was complete.

Underground egavation

Rock caverns in frozen ground will have only minor
stabiity problems even if the rock is very weak. The principal
chdlenge when excavating rock caverns in frozen ground is
therefore during the construction period when warm ventilation
air and hat from the equment causes thawing.

ow Z e

Rock science section, Troms~R

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 dung 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
int i al freezing of the cavern
without inside insulation compared to insulatextk 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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A Historic Sketch of Permafrost Studies in Northern West Siberia

V.V.Baulin
PNIIIS Research Ltd., Moscow, Russia
A.l.Yudkevich E.Yu.Nesynova
Gidroproekt Surveys Ltd., Mosow, Russia

The history of permafrost research in West Siberia, generally
same as in other large higgititude 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 194D950s):expeditions for exploring the
natural conditions of e area, which were insufficiently
covered in the Yamal Encyclopedia. The results furnished
important evidence of the local engineermeplogical and
cryological settings.

Stage 2 (19504990s): purposive studies of permafrost
conditions as a backgrouridr 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.) providedhet first
description of regional cryological conditions of the West
Siberian Plain. The collected data indicated the existence of
another permafrost layer south o667 A N, whi c h
past cold events and stored records of the long history of
gladation.

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 fouwars long
continuous monitorig (1953 through 1958) of permafrost

a rreasea

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. Exption was run along
four prospected dam sites where about B@@eholeswere
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 detailedireering
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 te true temperatures of permafrost, and furnished
independent proof for the existence of two permafrost layers.

Stage 3 (since 1990sjnostly random permafrost studies,
without a single national strategic plan. New data remained
deposited in reports of didrent departments and were almost
never synthesized. At the same time, geological surveys for
exploration of new mineral and hydrocarbon fields have almost
during

More difficulty arose with closing down the center
responsible for working out nationstde 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 engineergeplogical
conditions in high latitudes.
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Thermokarst in the Vicinity of the Bridge across the Yuribei River
at ObskayaBovanenkovo Railway Station

A.l. Bazhenoy, A.A. Ermak, A.N. Kurchatova, E.A. Slagoda
Earth Cryosphere Institute SB RAS (ECI SB RAB)menRussia
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 Riverese 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 topographgt landscapes.

Keywords: khasyrei; landscape; permafrost conditions; thermokarst.

Introduction

The study area (Fig. 1 A) is locatedin the central Yamal
Peninsula in the middle reaches of the Yuribei River
[Ogorodny 197]L The areabelongsto a zoneof severeclimate
With tmax= 252 8Clkyin = 150-5 2ZC[Imeanannualprecipitation
a 3 1@nd (lowest moisturein Februaryand march, snow
seasons&slong as 8-9 months, and snow thicknes$-17 cm
[Kazachkova 1992

The local geomorphology consists of a Late Pleistocene
plain, river terrace |, a floodplain, and dry lake ba$Badu et
al. 1984. The Late Pleistocene plain, with elevations2Z8m,
has loam and loamy sand in the uppermost section, locally
overlain by sand. The riveéerracel and floodplain deposits are
loamy sand with biota and pddirofimov 197%. According to

the landscape division, this is a zone of southern tundras 4 |l 1l 1 4le18 }5!(52 lel = 17—
[Ogorodny 197]L Fig. 1. Location map of study area.

Permafrost is continuous, with closed taliks under shallow 17 coastal plain; 2 khasyrei complex; 8 floodplain with renmants
lakes and rivers. Théhicknessof permafrost in the coastal of terrace I; 4 altitudes above sea levelj Sites of detailed studies;

plain reaches 25300 m, and its mean annual temperature is 61 study area in map of Yamal (A)irailway.

from -1 ©to -8 €l 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, respectiveljrshov 1989

Studiescarried outin 2011 in remnants (outliers) of the
coastalplain with khasyrei (dry lake) basins at two sites in the
Yuribei valley (Fig. 1 B allowed characterizing the local
landscape patterné\ landscape is meafiKozin & Petrovsky
2009 as a piece of ground surface, afy 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 Thereis a floodplainfragment (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 barie plain is
divided into local landscape zones according to rieroain, . . . ; ) .
moisture, vegetation, and soil patterns (Fig. 2), which are uniform sandy lithology, differ in elevation vegetation

groupel into three geomorphic and cryologic genetic units composition anq thaw erth coqtrolled by elevatiorand
(Fig. 3) greater snow thickness in depressions.

; ; i The landscapestructureof a plain outlier and a khasyrei

in Fig. 2, 510 m as), the sidewerestudiedat site 1 located5 km downstream of a bridge
across the Yuribei at Obskapovenenkovo railway station
(Fig. 1). Landscapesat the site belongto threegeneticgroups
limnic, slope, and plain landscapes similar to those described
above for site 2

Slope landscape¢l , m in Fig. 2; 10625 m as) are
composed of Holocene and Present syngenetically frozen
fluviolacustrinepeat and sand to loamy sand deposits. This is
the most dynamic element of the area, with wegglggon
patterns, isolated frost heaves, and azonal vegetation. The
active layer is 0.5 to 1.2 m thick and has wiform water
content distribution.

Plain landsapeqn -q in Fig. 2; 2626 m as) lie uponLate
Pleistocene loam and sandy loam with interbeds of
autochthonousnd allochthonouspeat and with signaturesof
ice-rich soilsat elevationsbetweer6 and14 m. The landscapes
typically have aruggedwedgepolygon surface pattern, thin
soils, and zonahzonal vegetation. Theawdepthis 0.7-1.5m

Floodplain landscapem the Yuribei right bank with a

Limnic landscapes(j ,k
youngestlandscapegroup, are associated with syngenetically
frozen fluviolacustrine peated sand and loamy sdahere are
neither polygonal grund nor frost heaves, the soil cover is thin
and the vegetation is azonal. The active layer has the highest
water contentthe thaw depth i4.3-2.3 m.
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Fig. 2. Zoning of site 1, Yuribei valley.

1-81 landscapes (environment and environrrentitorial complexes)
distinguished according tandscape 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 poaly drained polygonal plain (7), dry polygonal depression

in the plain surface (8); ®water surface; 10 gully; 117 floodplain;

127 flat low floodplain, with tussock patches; 13lat floodplain

with small low hills; 14i observation points on proj 151 sampling

sites for ice and biota.

The landscapeand permafrostcharacteristicsrevealedin
the courseof the studiesindicate reduction in lake areas and
drying of thaw kettles (limnic group of landscapes, with a
concentric pattern).

Thekettles arefilled with depositsshed from slopes. In the
lower part of slope peatland, there are wedgkgon systems
with traces of thawing (slope landscapes).

Thermal erosion and denudation act upon higher elevated

plain outliers while polygon structuresrfo 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.

1000m

100m 200M 400M 600m 800m
Flg 3 Permafrost proflle, points10.
17 sand and loamy sand; Zoed; 37 loamy sand with peat; 4
loamy sand; % loamy sand and loam;i6ice; 71 observation points;
81 inferred layer boundaries.
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Immune and Physiological Responses to Bacteria Strains Isolated fraAermafrost in
Outbred White Mice

A.S.Bazhin, A.M. Subbotin, L.F. Kalenova
Tyumen Science Center, Siberian Branch of the Russian Academy of Sciences, Tyumen, Russia

Bacteriaisolated from permafrostand ice as old as tens of Visceral responses to bacterial injection showed up as
thousand or possibly evenmillions of years arouse great confident spleen weight ¢gnease (to strainB2 and 4/25). All
scientific interest. Microorganisnthat keep activein extreme strains stimulated growth of thymus which is a place of
conditions of retarded metabolism may become a unique maturation and differentiation of T cellblo changeto liver
source of molecules able of exertingopounced biological weight in response to infection waislentified The thymus
effects on multicellular organisms[Gilichinsky 2000; increaseecords a hl-dependent immunesponse.
Katayama et al. 2006 However, the influence of these The immune systemis a basic regulator involved with
bacteria on physiology of extant organisms remains almost biological adaptation to stress. In order to estimate its state, we
unexplored. In thisstudy we investigate immune and investigated humoral immunity (Fig. 1), specifically the
physiological reponses to some permafrtstrne bacterial behavior of antibodyorming cells (AFC) Numbers of
strains in outbred laboratory white mice. lymphocytes irspleen did not show confident change. Injection
The bacteriausedin the experimentswere isolated from of 8/75-1, 4/25,and2/03 caused growth of AFC/mIn LP ratios
drill core permafrostsamplesat Tarko Sale, Yamal(strains andAFC in spleen as evidence of activity of antibddyming
8/751, 4/25, 2/03)and Mamontova Gora (Mammoth Hijll) cells and the organ as a whole. Thus, the mice developed a
Yakutia (strain F2) sites The strains were identified by the marked humoral response ®mall doses of strain8/751,
ribosomalDNA sequence analysis Asinetobacter spjp4/25), 4/25.
Enterobacter spp(2/03), Bacillus megaterium(8/751), and The optimumimmuneresponséncludes both humoral and
Alcaligenaceae bacteriun{F2). The isolated strains were cell-mediated components, the latter being expressed in
cultured at +26A C on fish protein hydrolysate (PH). After delayedtype hypersensitivity (DTH)
two days of incubation, bacteria were washed off the solid Strain 4/25 inhibited the cell-mediatedimmune response
nutrient medium with sterile salind hus obtainedbacterial (Fig. 1), this indicating Thl activity and generally lower anti
suspensionsf a cell density up tan10° celldml were injected inflammatory activity of the organism as a whole.
intraabdomindly in mice, in a dose of 50,000 bacterial bodies. DTH and, as a consequence, inflammatory activity
There were sixty mice divided into five groups of 12 mice in increased slightly in responseto F2, 8/751, and 2/03
each. Intwo weeksafter injection the mice were tested for injections.
humoral immue, visceral, and bloodespmses. The immune Peripheralblood values represent theegrentages of cells
responses were analyzed as countargfbodyforming cells that mediate the immune response and adaptation to invasion of
(AFC) and delayedype hypersensitivity (DTH)in six animals an alien agent.

from a grougn each of two tests.

Humoral immune responses
= 600,00 * %
=] -
= 500,00 . .
S ** S, Fig. 1. Humoral immune
g #0000 K i T v responses in mice, 14 days aft
é 300,00 "' * AN - bacterial injection.
8 200004 T i Note: * denotes statistically
5 ' confident diff
i L00:00 - |—l— from the contrbgroup
= 0,00 v 232 S
LP/spleen AFC/106 LP AFC/spleen
[ Control EF2 E18/75-1 (£4/25 E Strains
In responseto strains 4/25, 2/03, mice showed lower References
monocyte and granulocyte but higher lymphocyte counts, i.e., o ) ]
the inflammatory activity increased correspondingly. Gilichinsky, D.A. 2000. Cryobiosphere: frozen ground and ice as a

living environment, in: Rhythms of Natural Processes in
t he E&a@ryosphete (Book of Abstracts), Pushchino, pp.
39.

Katayama T., Fukuda M., Moriizumi J., Nakamura T., Brouchkov
A., Asano K., Tanaka M., Beget J., & Tomita F., 2006. A
Late Quaternary ice wedge from the Fox Permafrost Tunnel

Thus, the bacterial strains isolated from permafrost caused
immune and physiogical responses ithe tested animals. The
effect of strainF2 was minor; the others stimulated markedly
the humoral immunity but influenced less strongly the-cell
mediated immunity. Ingeneral small dosesof the studied

strains activated T helpers of both types (Thl and Th2, in central Alaska is a timeapsule for gas and bacteria.

especially Th2-dependent responses), anflammatory Society for Industrial Microbiology News
activity, and humoral immunity. Feb/March/April.
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Spatial variability and cryogenic impacts on nutrient availability in a polygonal tundra
landscape in north-east Siberia

Fabian Bermann Lars KutzbachEvaMaria Pfeiffer
Institute of Soil Science, KlimaCampus, University of Hamburg, Germany

Introduction

Polygonal tundra is characteristic of poorlydrained
permafostlandscapes. Frost cracks are filled in spring by re
freezingmelt water. Annual repetition of this process leads to
the formation of icevedge polygon$French, 2007. Elevated
polygon rims and depressed polygon centers form a very
heterogeneous lands@pvhich 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, plapecies

composition and nutrient suppfweintraub&Schimel, 2005;
Schwr 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
bioavailability of
transformation?

may (global) warming haven the
the organic material and on nutrient

Methods

Fieldwork has been conducted during the expedition
POLYGON 2011 i Kytalyk. The POLYGON project
(Polygons in tundra wetlands: State and dynamics under
climate variabiliy) is a DFG funded (KU1418/3) German
Russian joint project.

EAST SIBERIAN SEA

LAPTEV SEA
SAMOYLOV

CHOKURDAKH

CHERSKY
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EM ---
AU MSU stpspy umH YsU

Fig. 2: Study areas of the POLYG@oject.

At the study area in the Indigirkawlands, one polygon
has been investigated at a high resolution grid (2*2Zig0 a
soil core of 120cm hasekn 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 nutrigrgols and nutrient
availability are planned to be doirethe 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 eftractable nitrate was
following the water content.

The amounts of nutrients seem to correlate with the water
contents of the soils. But whethéne ammonium peak is
indicating a statef wet soils in the past or can be explained by
recent microbial actity has to be answered in the further
progress of the project.
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Fig. 3: Chemical data from one investigated peat core (Depth: 120cm)
Outlook Schuur, E. A. G., Bockheim, J., Canadell, J. G., Hakkin, E.,
o B, C., Goryachkin, S. V., et al. (2008). Vulnerability of
On a second expedition in 2012, foremost patterns of seasonal Permafrost Carbon to Climate Change : Implications for
variability of nutrient availability shall bi#vestigated. For this the Global Carbon Cycle. BioScience, 58(8), -T0%.
approach, a new method to monitor amounts of nutrients in  eintraub, M. N., &Schimel, J.P. (2005). Nitrogen Cycling
soils shall be established. and the Spread of Siiss Control Changes in the Carbon
Balance of Arctic Tundrd&cosystemsBioScience 55,
References 408-415.

Wille, C., Kutzbach, L., Sachs, T., Wagner, D, & Pfeiffer, E
M. (2008). Methane Emission from Siberian Arctic
Polygonal Tundra: Eddy Covariance Measuring and
Modeling. Global Change Biology, 14, 139808.

French, H.M. (2007).The Periglacial Environment, West
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The Data of the Observations at the Kolyma Water Balance Station: the Potential of their
Application in Academic and Applied Problems and the Need for the Resumption of
Special Surveys

I.N. Beldiman

¢Hotugu

Orustere

(North Rivers), Yakut sk,

O.M. Semenova
State Hydrology Institute, Saint Petersburg, Russia
L.S.Lebedeva
Saint Petersburgt8te University, Saint Petersburg, Russia

Introduction

A grid of waterbalance 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 @ated in all main natural regions of the
country. The data of watdralance stations served as the basis
for complex studies of the runoff formation regularities in
different physiographic regions and also as the basis for the
develgment of runoff calcultlon 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 multityear mean air temperature is
about-12 AC, and the amount of precipitation is from 250 to
440mm per year. Most of the area is covered by rock slides,
cedar elfin wood brush and larch light forest. The permafrost
thickness reaches 400. The summer thawindepth is from
20cm in bogged lowlands tord and more on southern rocky
slopes.

There are no other experimental catchment basins in the
world that are characterized by sudhtural conditions. As the
work [Nasybulin 197pshows, runoff formation conditis 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 pastr years. Extended
research of a number of areams 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 observation¥he station was builon 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, watbalance and wateron
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
obsenations program expanded from year to year, and the
most remote and haitd-access station zones were covered

(Fig. 1). In 1968 runoff measurements were started at the
unique object, in the basin of the Morez€reek having no
vegetative cover and completely composed of rock slides.
Before 1978 the wateunoff was observed in nine catchment
basins with the area from 0.&’ to 21.6km?. The summer
thawing depth was regstered with 20 permafrost
measurement deices located in different conditionsPurely
experimental studies were also executed. For example, they
included the study of the impact of intgaound condensation

on the water runoff with the use of original devices and
installations [Boyarintsev et all99]. The station team
included about 30 people with professional higher
secondanjevel education.

Water balance observations were suspended at the KWBS
since 1997. Only observations at the weather station as well as
runoff observations at severateeks are presently carried out
there without the participation of specialisigdrologists.
According to some data, the house where the station employees
lived and where the longerm data record was kept, burnt out
together with unpublished observatiomaterials.

or
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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 beveen 1948 and 1957. Later issues were published
every year (KWBS observation materials, 19487).

The observation results were reflected in multiple
publications (there are more than 100 of them) dedicated to
different aspects of the runoff formation 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 (Fig2). They appreciated the professional dhd
personal qualities of station employees and their dedication to
business. These qualities served as the basis for-daede
field and theoretical works despite the simplicity of the
equpment available and severe climate. The American
colleagues' ramt also noted the solicitous attitude to nature
from the part of the Soviet scientists. Aading to Slaughter
and Bilello [L1977, the materials received at the KWBS do not
have analgues in the world practice. A joint suggestion to
regularly exchange theobservations data, devices, research
results in the form of articles and methodological instructions
and other reterials between American and Soviet scientists
was made on the basis of the visit results. This initiative was
not implemented unfortunately.
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Prospects of use of the KWBS data in academic
and applied problems

The materials of special observations of rare duratior5(40
years) were gathered at the statioThey characterize the
naural 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 doservations together with such eir measured values as
evapration, 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 defHie
regularities of the runoff formation processes in the unstudied
basins of the Rasia'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 dynamidsuychment et al2000;
Lebedeva & Semenowzd13.

The KWBS data could become a valuable indicator of
climate changes and the basis for the study of their impact on
the permafrost statand 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 sigant 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 theirah
processes of the Arctic and the possibility of development of
the Eastern Siberia rich natural resources.

29 waterbalance stations were operating within the USSR.
Now only four of them work. The observations program is
significantly reduced at all wrently active stations, up to
standard runoff and meteorological measurements. Therefore,
now they have the status of watslance stations only
conventionally.
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Massive Ground Ice on the SouthNestern Coast of the Kara Sea

N.G. Belova
Faculty of Geography, Lomonosov Moscow State University, Moscow, Russia

Intr oduction Ml was formed as a regubf liquid water freezing. The lower
. ) o . layer MI with the thickness of up to 3 m occurs conformably to

Massive ground ice (M) is widespread on the continental coasthe enclosing sediments and has a lighter isotopic composition,
of the Kara Sea. The discussion about the Ml genesis hasbeen s compared to the upper | ayer
going on since when it first became the object of study. Some 18 y 3| ye) . TDrmpesiticnioktmeiMtia both tayers
researchers believe that Ml is of intrasedimental originjevh s (itra-nonsaline.
the others assume that it is of buried origin. Even now, after 50
years of studying the issue, there is no agreement of opinion. Tapie 1. Isotopic composition of MI of two key areas according to the
Researchers are still debating even over such-kmelvn and samples collected in 2006-2008 (in %o with reference to SMOW)
well-studied areas of MI occurrence as the territories of the 5150
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  TheOyuyakhaRivermouth
Yugorskiy Peninsula. In 2068008 MI collected in two key Upper layer MI -18.4 -21.8 150 44

Sampling location aver. min. max. N*

areas the western coasf @aydaratskaya Bay in the area of the Lower layer MI —21.6 =252 —162 19
- . Kharasavey village: MI -21.9 -263 -18.6 23
Oyuyakha River moutiBelova et al. 200Band in the area of :
. . ice lenses abovethe MI —18.4 —-20.9 -17.0 6
Kharasavey village located on the Yamal Peninsulavere
studied[Belova et al. 201]0 It was found out that the MI of the 6D
southwestern coast of the KaraaSeccurs in sediments of Sampling location aver.  min. max.  N*
various age and genesis and that it varies in the formation time  The Oyuyakha River mouth
and mechanisms. Upper layer MI ~140 164 —121 43
Lower layer MI —-163 192 —121 14
Massive ground ice on the western coast of Kharasavey village: M -166 -197  -143 23
ice lenses abovethe MI —-141 -159 -131 6

Baydaratskaya Bay

* N —number of samples

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

the area of the OyuyakhRiver mouth. Along the shoreline it is The composition of pollen and spores in the upper layer Ml
lowered down to 120m by numerous thermokarst basins was determined by A.K. Vasilchuk at the end of 2011. Exotic far
(hasyreys). A number of sections are underlain by a clayey transported pollen of thermophilic grounds that is characteristic
stratum with fragmentary material. The stratum is compared by of thepolar glaciers ice is not present. The ice contains spores of
F.A. Romanenko and his eauthorg[2007 with Kara diamicton green mosses which are not present in atmospheric glacial ice.
described by V.NGataullin[Forman et al. 200R Its uneven According to A.K.Vasilchuk, such composition of
table which often retreats under the sea waterline is palynospectra indicates the intrasedimental mechanism of ice
unconformably overlain by a sandy stratum having a complexf or mat i on & V&aisli é dkebhk k 2010) .
structure, the thickness of up to 28 m and enclosing MI.tMbs  believe that the upper layer Ml is basal glacial ice which is very
the stratum is composed of fine sand and silty sand that aredifferent from atmospheric glacier ice in the mechanisms of
enriched with plant detritus or are peaty. The sands bedding isformation and in composition. Such palynospectra components
cross, obliqgue and convolute, often interlaid with sandy silts, as spores of green mosses could heuded into the basal
clayey silts and rolled pebble size coal. The stratum containsglacier ice together with bed sediments. In this case ice would be
fragments and scallop shells of marine mollusks, bones andhighly contaminated and dislocatgfa si | 6 chuk &
tusks of mammoths. The sandy stratum is characterized by a201Q, which corresponds to the characteristic of the upper layer
continental type of salinity and is dated using the radiocarbon MI.

method from 22.5 (1 date) to 4449.6 (3 dates) thousand! b The primary indicator of the factdh Ml is of buried origin
years ago, i.e. at the limit of the method operafRamanenko is the erosional upper contact of Ml that shears the stratification
et al. 2007. This lets us assume that the stratum began to formin ice with angular unconformity (there is no sign of secondary

earlier, as early as 680 thousand years ago (MIS33 during thawing in the overlaying sediments). The upper layer Ml can be
the phase of the retreat of the Kara Sea shelf ice sheet. classified as glacier ice due tib) complex MI structure with

MI occurs in the sandy stratum in two layers. The ice of the lying folds and shear deformations; 2) similarities between M
upper (habs.=-45 m) and lower layers (habs. =90m) differ in facies and basal glacier ice facies in modern glaciers; 3) absence

thickness, structure and composition. The upper layer Ml with of t he connect pon ( DR}t waen W,

the thickness of - m has an erosional upper contact, the significant fluctuations in the isotopic compositiond b a s e ¢
isotopic conpo s i t i ‘8[n ¥ . g1€5. 04 (Tabl eonl)®heanrid ue) .

its structure is similay {(dD) hwe can tissuma thatlthe 3l was formeds80thausandT h e
and deuterium excess (d) values do not have a visibleyears ago during the Yermak (Early Weichselian) periog?(Q
connection, which is the evidence against the assumption thatMIS 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  3) the inverse relationship between the changes int®he
fluvioglacial, coastamarine and lacustrinalluvial sediments. (uD) and d values; the values
Apart from the buried perennial snow patches and lacustrine ice,becomes lighter gradually in the direction from ice lenses above
therewere also formed small ice and igeound strata as well as  the MI towards the upper part of the deposit; and 4) the
lenses and veins in the sediments. The upper layer Ml wascomposition of palynospectra in ice is similar to the spectra in
formed later, after a brief process of the ice sheet regeneration asheenclosing sediments.

a result of burying basal ice and its selvages.

Conclusions

MaSSIVehground ce m”t he area of 1. MI of the western coast of Baydaratskaya Bay forms two
Kharasavey village layers which differ in the thickness of strata as well as in ice

MI in the sediments of the northwestern coast of the Yamal structure and composition. The upper layer was formed in the
Peninsula in the area of Kharasavey village is confined to the process of burying the glacier ice lge sediments of the
elevations of the table of sandy coastalrine sediments lacustrinealluvial periglacial plain. The lower layer Ml partly
conformably with the marine sediments da@t by the clayey ~ represents various primary surface buried ice bodies, partly
silty stratum. The marine sediments compose a 10 m high intrasedimental.
terrace. All the transitions between the benches of the sediments 2. Ml of the northwestern coast of the Yamal Peninsula in
enclosing Ml are gradual. the Kharasavey village area isrdined to the elevations of the

The MI occurs conformably with the stratification of the table of sandy coastaharine sediments in conformity with the
enclosing sediments and followthe sharp bends of the marine sediments overlaid by a clayey silt stratum. MI occurs in
enclosing sands table. A series of lenses (with the thickness of 2 conformity with the enclosing sediments. The composition is
20 cm) that follow the contours of the deposit table was similar to that of structurdorming ices. It was formed during
recorded in overlaid sediments at the distance of up to 2 mthe epigenetic freezing of the enclosing sediments.
above the upper MI boundary. The thickness of itlee body
under study is 1 m. The MI is represented by separate ice Acknowledgments
interlayers with the thickness of3 cm that are separated by i
ground horizons (@0 cm). The sands under the MI have a high 1he author thanks DH.Meyer, Dr.V.I. Nikolaev and
ice content. They also contain tilted ice schlieren that farm  Dr. B.G.Pokrovskiy for conducting the isotopic analysis of the
reticulatelenticular cryogenic structure. MI samples; DrA.K. Vasilchuk for proviling the first results of

MI has an ultrenonsaline mineralization and mostly sodium the palynological analysis; Prof. V3$olomatin and
chloride salinity type. The isotopic composition (Table 1) Dr.F.A. Romanenko for their help in obtaining and interpreting
gradually becomes lighter in the direction from _the ice 1enses ihe work materials.
above the MI towards the upppart of the deposit, and the d
values increase proportionally to the decrease in the content of
isotopes'®[ arFl)dp D, yWhi ch indicates that the erefeereeQCle%g goes from
the top downwards. There is no uniform trend of changes in the Belova, N.G., Solomatin, V.l., Meyer, H. 2010sotopic

contentof'f and D in MI. However , t hcemposion efr magsive guna icé expcsire at the
bet weef{ t(hieD)i and d values i s prkharasaveyedast, West Yamsibspacts of ahe Thérd
that some intdayers of MI were formed in several stages of Europ. Conf. on Permafrost, Univ. Centre in Svalbard, p.
freezing. 284.

The first data on the composition of pollen and spores in the Belova, N.G., Solomatin, V.I. & Romanenko, F.A. 2008.
deposit described were obtained in January 2012 by Massive ground ice on the Ural coast of the
A.K. Vasilchuk. Ice contains a large amount of palynomorphs. Baydaratskaya Bayara Sea, Russia. Proceedings of the
The palynospectra are diar to the spectra in the sediments of NICOP, Fairbanks, Alaska, US, vol.1, 10T2.
the Kharasavey village area that were studied by Xas&ilchuk Forman, S.L., Ingolfsson, O., Gataullin, V., Manley, W.F.,
[Vasil'chuk 200g No signs of atmospheric origin of Mi Lokrantz, H. 2002. Late Quaternary stratigraphy, glacial
[Vasil 6chuk &]weedound i thddeposit2 0 1 0 limits, and paleoenvironments of the Marresale Area,

The reasons in support of the assumptihat the formation Wegdern Yamal Peninsula, Russia. Quaternary Research
mechanism of the MI in the Kharasavey village area is 57: 355370.
intrasedimental mechanisane: Romanenko, F.A., Belova, N.G., Nikolaev, V.I., Olunina, O.S.

1) occurrence in conformity with the enclosing sediments; 2007. Particularities of the structure of loose sediments
lensoid structure of the MI whose table follows the bends of the on the Yugorsky coast of Baydaratskaya Bay in the Kara
enclosing sediments stifidation; Sea. Mater. V Vsegs. soveshchaniya po izucheniyu

2) the chemical composition of the MI that coincides with chetvertichnogo perioda. Moscow: GEOS: 38 (in
that of schlieren ice and is similar to the chemical composition Russian).

of water extracted from the enclosing sediments;
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Heaves in the West Siberian Northern Taiga

N.M. Berdnikoy A.G. Gravis
Earth Cryosphere Institute SB RAS (ECI SESRTyumenRussia

Abstract

New drilling evidence and field reports are used to investigate the origin of heaves in the northern taiga of Westt&iberia. T
heights of heaves are correlated with the total thickness of ice and depthsgrafired sedimas.

Keywords: Frostmound genetic criteria omounds thernoremnant

The study area is located in the northern taiga of West
Siberia within lakeriver terrace Ill, with elevations of 240 m.

The mean annual air temperature-&s. 6 A C. The
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 ws#turated.
Furthermore, older (presumably Salehard stage) loam, from a
few to 16015 m thick, which may bear frost heaves, lies near
the surface. We studied a hummocky flat surface of terrace llI,
often swampy, where heaves and hummocky peatbogs occupy
more than 70 % of the area. The heaves are high, other things
being equal, in the ea& of neasurface 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 attritdite 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 83 m whichis 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 oyfimofeev & 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 Sibexta
reported i Tyrtikov 1979.

The studies were perfoed 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 morpbgy, 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 dmetnearby flat peatland
stripped sections almost fully consisting of sand (Fig. 1),
except for one hole on the top where-iagh loam was found.

The shallow position of the latter during freezing led to
segregation ice accumulation that shows up as aeheathe
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 heaxial

s yartfisaléOecm 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 depth3 8
m), this structure cannot be a frost ieaHowever, thee is
evidencg Vasilchuk 198Bthat some heaves may have their ice
cores lying deeper than 415 m. Thus, the icéch 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 ideh layer that
controls the heave height can be estimated at about 25 m. This
depth lies within the active layer (to -3® m) where moisture
flow may influence the surface pattern. Therefore, the studied
landform is mostikely 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
1821 m. Furthermore, the total thickness of ice may be
underestimated as a part of icdaist 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 fiVasilchuk 198R

The total ice thickness estimates from the stripped part of
loam (borehole 3do 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 therupp
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, nsitierable
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 ®ec(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 heaveh ttie most
ice-rich soil may lie over deeper buried swelling loam.



48 EXTENDED ABSTRACTS

m,
IO

°
>
o
o
(0]
2]
025
]
Q
©
=
2
.
L
20 |
- 1a 111, ,
15 =
LI L L L L L L L L L O L L O L B
0 50 100 . 150 200
distance, m
- peat sand loamy sand | loam
moisture content of soil == base of seasonally thawed layer
Wiots % (29.08.2009)

Fig. 1. Engineeringecryological cross section

Heaves (and peat) show no strict correlation of their heights
with the total thickness of segregation ice lenses, but they all
correlatewith 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, shallolliny data
allow extrapolations of ice contents onto larger depths within
the active layer (to 280 m) and estimating approximately the
missed total segregation ice thickness which may show up in
the terrain pattern.
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Study of the Far North Landscapes Dynamics Using Modern Methods of the Earth
Remote Sensing

A.A. Beryulyaev
GazpromVNIIGAZ LLC, Moscow, Russia

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
hydrocabon reserves are concentrated in YahNabhets
Autonomous District (YNAD), with many elements of its
landscapes being of cryogenic origin. The YNAD landscapes
are relatively stle. However, due to an active industrial
development of these areas in recent years, there is a problem
of monitoring then in order to ensure industrial safety of olil
and gas facilities.

Among the indicators of cryogenic phenomena being
marifested in the landscapes the most important are
geomorpholgical indicators such as thermokarst, patterned
grounds, and frost heave. @&hare 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, hencthe 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 demih10-20 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 depeondsthe 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
compaing images taken at different time, temperature
anomalies are identifiectheir 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 andiftglof the earth's surface with
an accuracy of aboutdm.

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 mtori 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 undefineddaus, 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 dabase containing information on such
changes. However, the use of only visudklpretation 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 ofmfgerature anomalies in the
area, the differential radar interfenetry method, etc. The
combination of all techniques gives a complete picture of the
situation and allows to carry out aetdiled analysis of
landscape dynaics and to predict future tsiations. It is
advisable to combine the techniques through a geographic
information system (GIS) that will include the lifawing:
measurements taken, cartographic materials, satellite and aerial
photographs, and other relatedormation. The final result is a
prediction map of the Far North landscapgmaimics in the
study area.
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Hydrogeological and Geocryological Conditions in the North of West Siberia
(Within the Area of the Yamalo-Nenets Autonomous DiBict)

V.A. Beshentsey V.M. Matusevich, T.V. Semenova
Tyumen State Oil and Gas University, Tyumen, Russia

The YamaleNenets Autonomous District is located in the
arctic zone othe 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: Caozoic, Mesozoic and Paleozdidatusevich 1986
The Cenozoic basifits first hydrogeological complex, to be
more exact) is frozen in different degrees. The hydrogeological
complex is represented with the CenozGietaceous system
of drairage basingMatusevich & Smolentsen99g.

Five hydrogeological regions (Fit)) were identified in the
basin based on the peculiarities of permafrost distribution and
permafrost structure and on the subsurface runoff modulus.

Legend
Permafrost zones

E Zone 1
[[[1]] zone 2
E’% Zone 3
N Zone 4
Zone 5

« Populated areas

Figure 1. Zonation of the Yamalenets Autonomous District's area
based on the peculiarities of permafrdsstribution and on the
peculiarities of the subsurface runoff modulus
1, 2, 3, 4, 5 the numbers of hydrogeological regions

10-30% of permafrost is typical of the first region with the
subsurface runoff modulus equaling 3.5 I/sec®kmfihese
charactestics make up from 30 to 70% and fdec knf
respectively in the second regiom the third region, the
percentage of permafrost increases uPQ@é6 with the runoff
modulus decreasing down to USec kni. In the fourth region,
the permafrost makes u@0-100% with the runoff modulus
equaling about 0.Bsec knf. 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? [lvanov & Beshentse200§. The Wes 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 onegBeshentsev, Ivanov,
Beshentseva00y.

1) the zone of continuous bedding of thick modern and
ancient permafrost it occupies the northern half of the plain
part of the region (approximately to the north fronféss well
as the Polar Urals and the RJeals;

2) the zone of discontinuous bedding addern and ancient
permafrost it is located in the southern part of the area under
study;

3) the zone of deep bedding of ancient permafrastis
developed on the limited area in the valley of the Ob River,
from the southern boundary of the District gtlvillage of
KazymMys) 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 theofth 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. Sasonally 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 inflofagroundwater from
remote regions on most of the area due to the fact that the
ground watetbearing systems of some river basins are
disconnected.

The regional distribution of lownineralized (70
150mg/dn?) ultrafresh waters is a typical feature of fres
groundwaters of the Yamaldenets 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 pcipitation, the salts leached by water
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from waterhosting 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 sakforming components as calciuffrom 3 to 50
mg/dn?) and magnesium (from 2 to 40 mgfymThe high
content of iron ions (from 1.4 to 6.5 mg/&mmanganese ions
(from 0.01 to 2.2 mg/dfy and silicic acid ions (from 2.4 to 35
mg/dnT) 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 bothen th
general mineralization and in other hydrochemical
characteristics. Besides, the indicated groundwater is subject to
the regular latitudinatoncentric zonation. The 4depth study
into the Iimpact of permafrostydrogeological and
paleogeographical factoron 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 agierating 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 Eocer@ligoceneQuaternary
hydrogeological complex represent the main factor of low
mineralization and latitudinadoncentric ~ zonation of
groundwater from fresh to ultrafresfBeshentsev, Ivanov,
Beshentseva 20D5

The groundwater was repiedly 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 almosmpletely formed
at the end of the Pleistocenthe 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 compositiorthet
described area. They includgdanov & Beshentsev 20D5

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 leasteoimeezethaw 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 desalin@n 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 acc umahdaotsoluble compoundsrg [
marine ice, icing ice, glacier ice and ground ice;

g) the salinity fluctuations of the World Ocean waters in a
thousandyear cycle as a result of the glaciation state
variability.

As a result, cledy expressed hydrochemical zonation of
the groundwater of the Yamalenets Autonomous District is
observed against the general background of low mineralization
(70-150 mg/dn).

The amount of permafrost grows and the ground
permeability falls from souttotnorth. 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, whichisdsown, leads to
calcium carbonate sedimentation and magnesium casoonat
accumulation in the solutiditvanov & Beshentsev 2005

The growth of the sulfate and chlorine content is also
observed in the northern direction. These elements serve as
indicatos of direct cryogenesis processes according to the
research resultfBeshatsev, Ivanov, Beshentse2@05. The
direct cryogenic freezingut traces in the vertical profile can
also be seen in the increased salt content in the lower part of
the Upper Cretzeous- Quaternary watebearing level.In a
number of caseshe groundwater mineralization here grows up
to 0.71.5 g/dmi in the relatively watebearing Upper
Paleocene horizon (the tibeysalinskaya suite). Consequently,
the increase in the relative cent 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 crybbzone in the
north of the West Siberian megabasin.
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Sources of Environment Risks in the YamaNenets Autonomous Area

Yu.V. BespalovaT.P. Rezanova
Tyumen State Oil and Gas University, Tyumen, Russia

Abstract

The Yamal territory is subject to high anthropogenic loads as a result of intense arst#egeature 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 (degradatationf aegeieration of

erosion, etc.).

Keywords: Anthropogenic loads; chemistry of groundwater; environment; fresh groundwater; permafrost conditions;

permafrost monitoring.

The Yamal territory is subject to high anthropogenic loads
as a result of intese and largscale nature management. Since
the late 1980s the Yamblenets 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 devekxgband 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 opesaditeder

the area to supply material for laying roads and construction.
There are many modern cities and villages (Nadym, Novyi
Urengoi, Noyabrsk, Muravlenko, Gubkinsky, TatRale,
Vyngapurovsky, Purpe, Yamburg, etc.), more than 1000 km of
rail ways and @00 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 andworks 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 maj@ource of environment risks,
after petroleum production and transportation, especially the
impact on Eocen®ligoceneQuaternary aquifers. About 60
million cubic meters of waste water is discharged annually in
water bodies: about 90 % into rivers and klead 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 min rhof sewage water was discharged (37.9 ml
m® or 80% into waters and 9.2 min®rar 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 (243®ynthetic 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 pollutehbeurface
water bodies and underground aquifers.

Annual emissions into air exceed 0.8 min ton, mainly from
permanent sources of petroleum production objects. The
emitted gases are mostly carbon oxide (54%), hydrocarbons
(39.0%), and nitric oxide (7%, &0,).

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 companyGazprom Dobycha Nadyirtd. is developing
the Medvezhie, Yuleinoye, and Yamsoveiskoye deposits in
the central YamaPur interfluve. Medvezhie, the northernmost
one, stretches for 120 km in thedN6 direction across two
landscapelimate zones of northern forest tundra and tundra,
with continuous permafrost. Two ahdeposits are located in
the zone of Holocene sporadic permafrost, where frozen layers
are often separated by unfrozen rocks. The temperature of
permafrost varies from0t8@ A C.

The development of the territory has changed its
permafrostgeological coditions. The seasonal thaw depth
became 40% 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 wmanrg 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 undertakat enterprises to maintain the
carrying capacity of foundations include decreasing ground
temperatures with various cooling systems and piling.

Largescale temperature monitoring at tens of specially
equipped wells in oil fields is being run badymgaprom 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 i2 . 3 A Qughouh theodrilled
depth in the undisturbed part of tundra while mean annual
ground temperature at the base of the active layer approaches
0AC, and the ground is mo s
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temperature in the upper section, about the depth of the active
lay er base, may reach 2AC and
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 wter 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, theunderground hydrosphere is suffering the greatest
impact, especially the most valuable freshwater of the Eecene
Quaternary aquifer which is the principal source of drinking
and household water in the Yamal area, as well as in the entire
Tyumen region. Thanthropogenic 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 sipply 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, hich 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 grdad

acts as iorexchange shields and filters is a factor of protection.
insaddition to hyidrodynarigaad geoctemitaleobspreatioast ther
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 ater quality.
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Mechanism of Water and Salt Migration in soil during Cyclic Freezethaw

Bing Hui
State Key Laboratory of Frozen Soil Engineering, Cold and Arid Regions Environmental and Engineering Research Institute, CAS
Lanzhou Gansu 730000, China

Water and salt movement during freetlieaw is one of the
fundamental problems in geocryology, and the former
president of Internatial Permafrost Association Pew&9B3J
pointed out that founding out the law of water and salt transfer
during freezehaw is a newway for controlling salinization.
Due to the subjective influence and instrument condition, the
study on freezg¢haw affected on salinization is not available.

Influencing factors on water movement
in soil during freeze-thaw

Water movement in frozen gund 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 movementuring freezing under a
temperature gradient the unfrozen water potem@dlicespore
water to transform from the unfrozen zone to the freezing zone.
So temperatw 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 isbig, there is enough water for ice growth and
forming continuous ice lens, so the ability of water migration is
wealer in a dense massive frozen zone. The initial moisture
content may affect frozen depth of the soil, the frozen depth is
shallower to thesoil with bigger initial water conterjPikul 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 AT, and diferent 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 oy 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 padié$ stronger
than that of finegrained soil, but the ability of water movement
is wealer.

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 dens# 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 fire physical and
physicochemical causes.

In the process of salt migratidallowing various physical,
chemical and biological processes, the amount of salt migration
is fluctuating in soil profiles due to the stochastic distribution
of micro structure ofoil and its variance at time and space
[Celia & Bouloutas199(Q. 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 cdetg 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 freegizone.

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 varioustofac
mentioned earlier.

Mechanism of salt and water movement
in soil during freeze-thaw

Three types of experiments were performed with the same sail,
al |l wi t h a bottom boundary
unidirectional freezing with the upper surface af #ample at
10AC; (ii) -thaw onithi the dppee esurface
temperaturevaryingsinusoidally from1 0 AC t o +10AC
cyclic freezethaw with the upper surface temperatuegying
sinusoidally from1 0 AC t o OAC (Figure 1
experiments had a sodium sulfate solution reservoir connected
to the sample through the bottom csp thatprovide 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 otent and dry density.
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Fig.1 Boundary temperatures during the experiments: (a) during
unidirectional freezing; (b) during cyclic freedeaw from-1 0 AC 't o
+10AC,; (¢c) duthawrdrgn-1cOyAcQ itco fOrAleCe.:

Fig.2 and Fig.3 shows the moisture and sahtent 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 contentsthe 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 freetteaw experiments, which
ended with thawed soils, developed high moisture contents
further yp the profile. This was especially true of the soil

Lower boundary
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cycled from-10 AC t o OAC at the
maximum moisture content in nesurface layer (Figure 2b
and c).
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Fig.2 Moisture content profiles after the experiments: (a) following
unidirectional freezing; (b) following cyclic freeztnaw from-1 0 A C
to +10AC; (¢c)

To unidirectional freezing, the unfrozen water potential
induces pore water to transform from the unfrozen zone to the
freezing zoneThe 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 todhdrainage 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 tls®il 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 tirfidsts,
water continues to migrate theupper lagr.
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Fig.3 Salt content profiles after the experiments: (a) following
unidirectional freezing; (b) following cyclic freezbaw from-1 0 A C
to +10AC,; (c)

Due to the ice selpurification during the unidirgional
freezing, the freezing front serves as a patrtition layer to salt, so
the amount of salt migration in frozen zone is very little though
the moisture content in the zone is grdat.the unfrozen zone,
salt migrates with water and the amount of salgration
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 mneral composition is random; the migration access has
not yet formed, so the migration is taken place in local soil
sample. With increase cyclic freetgeaw numbers the access
for salt and water migrating forms. At thawing the water

f thawifroowl B ACctyec | 0 AC

f thawifroowl B ACctlyc | 0 ACFfreeze

s ur fmigated canhnot ¢hbughdy thackvte the aridinal place under

the influence of gravity, so water migrates at the first cyclic
freezethaw. With increase cyclic freezbaw number, the
amount of migrated water increase, thus making a big amount
of water at the middle of the soithe 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 anothkat there is a concentration
gradient between the upper part of the soil with bigger salt
c%orrlt%nt azncél the lower part soil water, which makes diffusion of
salt t6 thé 1Bwer part of the soil.

The unfrozen water potential exists all the time to the soll
expeaiencedcyclic freezethaw from-1 0 AC t but itOifA C
various, so watemigratesto the upper part of the soil column,
making a bigger waterontentat the top of the soil. Compared
with the unidirectional freezing, the salt content increases in
the unfozen zone because of the supplemElawever, water
takes salt to migrate up for the existing temperature gradient.
Though the temperature at the topisO Atfle temperature is
given stage by stage, the freezing front at the early stage
formed at the higer of the soil column and forward slower, so
the saltcontentis bigger.

Conclusions

Water migration during freezthaw is influenced by
temperature gradieninitial moisture content concentration
gradient and soil structurdemperature gradiems oneof the
external agents of the soil water movemétiater is not only
the solvent of salt, but also carrier of the salt, sors@tation

is influenced by factor influencing water movement besides
various physical and physicochemicamatters So the
mechaism of water movemerndeterminesa large extent the
mechanism of salt migratior§alt migration iscontrolled by
concentration gradient andmperaturegradient.Salt migrates
with water for convection accompanying diffusion for
concentration gradient.
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Origin and Evolution of Subsea Icebearing Permafroston the Canadian Beaufort Shelf:
Implications from a 500m Deep Borehole
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The Quaternary section of the Canadian Beaufort Shelf
consists of a sediment wedde excess of 800 metres in
thickness that @umulated in the subsiding Tertiary age
BeaufortMackenzie sedimentary badiBlasco et al, 1990 In
1988 ConocoPhillips imited completed a 500 m deep
borehole in 32 m water depfRuffel, 199] on the souther
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 characteriss.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 highstan
deposits of thin marine mudBlasco, D95 .

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 bdegradation, deforation or reformation.

Interpretation of this stratigraphy suggests the Beaufort
Shelf was not subject to deltaic progradational processes
associated with protMackenzie River discharge over geologic
time. During glacial maxima and losea level the Beaufort
Shelf was subaerially exposed and sediment starved as the
Mackenzie River drainage basin was blocked by ice sheets.
Initial deglaciation was accorapied by major meltwater
events (catastrophic?) that flooded the shelf with thick
glaciofluvial clastic outwash sediments. The depos 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 bypassede 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
beaing sediments. Catastrophic? sediment laden meltwater
discharge across the shelf resulted in the rapid subaerial
deposition of clastic sediments with contemporaneous
aggregation of icéearing permafrost. Subsequent rising sea
levels associated with deglaton flooded the shelf
accompanied by the deposition of marine muds. During

interglacial periods seawater warmed the subsurfaeg to5 A C .
Insufficient heat was available to melt the ice in the sediments.
A subsequent glaciation and resulting drop ia lsvel exposed

the shelf again and resulted in the freezing of the now exposed
marine muds and dropping the temperature of underlying still
frozen setments below1 . 5 AC. Degl aci ati o
deposition of another layer of glaciofluvial outwashatt
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-kearing
sediments accumulated on the shelf as the Tertiary age basin
continued to soside.

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 tme during interglacial periods did seabed
temperatures ri se above 0AC,
thawing of the iceébearing permafrost . Significant thawing of
these low density clastic sediments would have resulted in
dewatering, densification of thede sands, the deformation of
sediments and the loss of primary depositional structures such
as trough crosbedding. Localized thawing occurred only
where warm Mackenzie River outflow exposed the seabed to a
positive temperature regime. This modealc@ns for the
observed occurrence of ibearing sediments on the shelf.
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Carbon Dioxide Production and Labile Organic Matter of Cryogenic Soils in North Taiga
Ecosystems of Western Siberia

A.A. Bobrik, O.Yu. Goncharova
Faculty of Soil Science, Lomonosov Moscow State University, Moscow, Russia

Introduction

According to the existing world assessments, the planetary
maximum of mean annual carbon dioxide concentrations is not
above tropic forests and not betweerA2md 60A N where
95% of the produced fossil fuel is burned. It is aARQ above
tundra and northern forests. It is northern ecosystems that
represent the main source of carbon dioxide and provide its
plaretary maximum in the atmosphere.

Most of the authors slwed 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 tb@nposition
determines the availdily of the organic matter to
microorganisms and the mob#iron speed. The additional
carbon emission into the atmosphere in the form of greenhouse
gases will strengthen the greenhouse effect in the future based
on thefeedback principle and caredbme 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\ailability 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 Yamdenets
Autonomous Distrit of the Russian Federation) within the
northern boundary of north taiga, in the contour part of the 3rd
lacustrinefluvial plain of the Nadym River.

According to the soifeographic zoningDobrovolsky &
Urusevskaya 20Q4 this area is referred to thezZineobskaya
province of the cold londreezing soil facies of the subzone of
the gley podzolic and podzolic soils belonging to the north
taiga of the Europeawest Siberian taigéorest region of the
boreal belt.

The area under study is located in tlome 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 manifestatice 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 soll
forming in the conditions of deep permafrost bedding was

classified as the illuviafferriferous finely lightcolored sandy
silt podzol.

The flattopped polygonal peatland represents flat and
slightly inclined largehillocky main surfaces of peatlands with
cloudberryledumsphagnundichen 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 ofsoil was identified: peat flovaumic
fine-peaty sandy silight clayey silt cryosaoil.

The degrading peatland represents smmalund ridge
sufaces consisting of mounds raised above the bog level. It is
characterized with locally developed bare peat speparse
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 methd®magin 200b and regime
monitoring of the carbon dioxide concentration in soil horizons
with a "tube method". Hermetically sealed tubes of a 1 cm
diameter leadindo 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 conducteith the help of Thermochron
iButton™ .

All measurements were fulfilled many times every day
during a month, during the peak of the vegetation period and
during three field seasons of 20@911.

The content of the general carbon and the content of the
carbon of labile (watesoluble) organic matter of the soil were
determined in laboratory conditions. The first one was
measured with the help of the AN529 expressanalyzer.

Results and discussion

It can be concluded on the basis of the received averdaad
(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 bot
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 asociated with close bedding of permafrost soils and
with the sibstrate qualityi 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 resarch objects, the forest site and the-ftgiped
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 thebjects 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 tbe 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, ¢ [> concentratin,%

mg d,fm*hr | 20 cm 40 cm 60
Peatcryosoil 116 0.30 0.29 0.3
Peat oligotrophic| 42 0.10 0.16 NA
destructive
permafrost
llluvial - 205 0.15 0.31 0.23
ferriferous
podzol

It was found out on the basis of the received data (Table 2)
that the folbwing is typical of the peatryosoil 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 retiziation 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 line
content of labile organic matter.

The highest content of watepluble organic matter was
discovered in the organogenic horizon of podzol at the forest
site and of peatryosoil of the flattopped polygonal peatland.
The highest biological activityalues are typical of the forest
ewmsystem soils. This testifies to favorable conditions of
organic matter transformation, as compared to other objects.

Table 2. General and watsoluble carbon content

Soil Horizon 4 geld wat|d wat
(thickness, sol, %of sol, % of
cm) soll C gen

Peat [ )0 36.77 | 0.670 1.822

-cryosoil v (% 4285 | 0.789 1.841
11 6)2 1.26 0.039 3.105
I h 46| 133 0.027 2.037
B3 (2435) | 0.93 0.025 2.678
BC (3543) | 5.06 0.024 0.474

Peat v 1 -17)0 | 50.10 0.232 0.463

oligotrophic

destructive | v 2 -83) 7| 49.73 | 0.236 0.474

permafrost
v 3 -483 3| 50.19 0.274 0.546

llluvial - J v -X1p | 42.43 1.093 2.576

ferriferous | (15)1 | 1.16 0.051 4.394

podzol I (36)6 | 058 | 0.019 3.254
luw {6B5| 0.23 0.012 5.221

The intarelation between the content of waseluble
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 hyttrermal and
geocryologcal conditions, and by the organic matter
composition, partiglarly by the labile fractions content.
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The Regularities of Temperature Formation in the Grounds of the Western Part of
the Lama Lake Basin

A.V. Bortsoy O.M. Lisitsyna
Faculty of Geology, Lonmmsov Moscow State University, Moscow, Russia

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 (3991
1993) and the RussigBerman Expedition (1997). The annual
mean ground temperae 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 westatn pa
of the Putorana Plateau. The area is located outside the polar
circle; its climate is elevated continental with the annual mean
air temperature 0f9.3 A4 . The annual
precipitation makes up 429 mm including 236 mm falling in
the form of sow. 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 absde heights are 4575 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 spetal 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 surfag, 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 thawdlepth 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 peadsduring
the fieldwork in 1991. The annual mean ground temperature
was determined to be within the range franbAs 24 .

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[200] 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 them. The calculation is
conducted through the value of annual heatturns defined by a
whole series of landscajmiimatic and geological factors, by
the annual mean ground temperature and by the thickness of
the seasonally thawed layer (seasonally frozayer). In
addition to the annual mean ground temperature at the bottom
of the seasonal thawing or freezing layg), (ve estimated the
impact of the components of the radiatioeat balance and the
impact of the snow cover and of the soil vegetation cowér

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 parbf the Lama Lake basin was drawn on the basis of

me a dhiculdtiBHorébiits. O f

Research results

Impact of the radiatiorheat balance

The annual mean temperature of the day surface differs
from the annual mean air temperature by the radiation
correction value tg). Dt makes up on average 1@ f or
open forestless parts of the area under study, and it makes up
0.2 Afor forested surfaces (under the forest cover).

Impact of the snow cover

The snow cover is one of the most important temperature
forming factorsT h e i mp a c ttg) i fefinechnotwnly( o
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 research that causes differences
i nts. g thick snow cover up to 0:8.1 m (sometimes
reaching 1.5 m) is accumulated in the forests with undergrowth
and thick bushes. High snow thickness (up tm)2is also
observed in interidge depressions typicalf dissected glacial
surfaces. The snow thickness varies from 0.2 to 0.6 m in open
forest | es sty @lues ansdifferemthrecrozgnes are
within the range from 5.0 to 8% . The snow war |
grows regularly with the increase in the snow eca¥éckness.
The hitgValees (frongB.1 to 8/&) are observed in the
microzones covered with forest or thick bushes and in-inter
ridge depressions. The | owest
islands with no vegetation in the Mikchangda Riveekalwith
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
radiatiortheat balance and in the redistribution of the snow
cover. Being heat insulators, the méshen 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 coolg impact ont, ( tpfrom -0.1 t0-0.7 AC).

The higher the thickness of the moss cover is, the greater
impact it exerts om,. Thick green moss covers on the low lake
terrace have the highest cooling impact (freédr6 t0-0.7A4 ) .
The higher the moistureoatent of the soil cover is, the greater
cooling impact this cover exerts in summer and the lower
war ming i mpact i t tewvaleeris amost n
twice as high for moist moss as that of lawisture moss.

The impact of factors determinirigis 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 vegetatithe
heatturis’ value and the impact of soil vegetation covers go
down when the snow cover thickness increases. For example,
o, fell by 0.1AC at the low terrace of Lake Lama within the
site composed of clayey silts when the snow cover thickness
increased by 0.in. 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 thgwin
(freezing) layer is distinguished with a great diversity: from
pebbleboulder deposits with sandy and sandy silt filling to
clayey silts and petgtausedibhithe t e
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 cont e ntvalwes from0.bta-2.1hs .
were obtained as a r es tlalueso f
are r eachetdin dlagey siltevartes fromQ0g to -

1.4 | and i n s-pebbleslepasitsdt raggesdrone |
0.1 to-0.4A4 .

\OReR sitesrwith afigw amogn

Ground temperature formation under the impact of the
complex of factors

The formation ot, occurs under the ipact 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 gtyrioft, on the
territory. The lowest temperature microzones feaches
21A) are referred to tptefmmnland
03to-134 is formed on glacial
temperature was obtained for intélge depressions comged
of dusty sandy silt and covered with a peat layer. The tlose
(-0.3 t0-1.7AC) values are observed at lake terraces where the
highest temperatures are typical of lowisture sand grounds
with a thick snow cover, whilé, = -1.7AC was obtained for
t of snow that are composed of
sandy and clayey silts. The positiyevalues can be formed on
waterglacial sanepebble deposits at the sites with a high snow
accumulation. Complex temperature conditions are formed on
the floodphin islands in the Mikchangda River's delta that are
composed of sandy silt and silty sahds about-3AC 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 strog wind loads. The positivé, values

(044) are formed on the sl an
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. tThalues vary
from+0.4t0-3.34. The snow cover has
thet, formation. Its thickness and density vary much within the
area under study. The impact of the bush and wood vegetation
manifesgs in the snow accumulation conditions. In the forest
AP t8nipérdtufer aBthe 31dY isurfdce i€ 18ver 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. Theemperature shift is negative and considerably

T RdicesPespecially on peatlands.
cal cul

ons. The
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Establishment of New Economic Region on the Basis of
Central Arctic Resource Potential

¢. M. Brekhunt sov
Siberian Scientific Analytical Centre (SibSAC, JSC), Tyumen, Russia

Russian economy stability in XXlcentury will be mostly
relied on development of hydrocarbon reserves of Arctic shelf.
Unique resource potential allows considering Central Arctic as
a region guarantying lorgerm national energy security.

The area of the region is 2.5 mkm.4 mknf areonshore
and 1.1 mkrf 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 Sevkarskaya
SPNGO.

As of 01.01.2011 , 51 onshore hydrdoan fields
discovered in the region: 26 in Yamgeninsula 12 in
Gydansky peninsulal4 in EniseyKhatangskaya NGO. Two
fields i Rusanovskoe and Leningradskbaliscovered in the
SouthKara shelf, four fields in the Gulf of Ob. Major part is
multilayerfields, 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. Saomedls 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 agginted 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 dhe territory allows further extension
to other Russian Arctic Regions. Russia could settle in Arctic
shelf in a safe manner and leteym basis.

Yamal peninsula has unique potential for industrial
development. Prepared for commercial production natural ga
reserves of Yamal peninsula allow to forecast annual gas
production 300 bcm during 500 years.

Construction of the biggest Russian LNG capacities is
projected in the north of Yamal peninsula. Potential LNG plant
production capacities should be over mdlion tones. Selling
of LNG requires building of large sea port which exploitation
should support renovation and further development of the
Northern SeaRoute. Construction of sea port will result in
diversification of hydrocarbon supplies as liquefiedural 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
indigenousethnic 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 sifigiustrial
towns during production decline could tesolved. Such town
could get fAsecond | ifed and b
Central Arctic potential.

Progress of the region will require huge capital investments,
but it is absolutely substantiated giving unique reserves volume
and constantly risim world hydrocarbon demand in a leng
term prospect.
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Hydro-Climatic Change Indications of Arctic Permafrost Thawing

A. Bring & G. Destouni
Department of Physical Geography & Quaternary Gegldgtockholm University, Sweden
Bert Bolin Centre for Climate Research, Stockholm University, Sweden

Introduction

Climate change in the Arctic will significantly affect the
phydcal environment over the coming decades, to a large
degree through changién the hydrological cycle. Along with
pernmefrost thawing, increased surface water flows, rising
groundvater contribution to streamflow and increased
precipitation are some changes that so far have been observed
in the Arctic and also may have direct asubstantial effects

on the environment and infrastructure in thgion.

Climate projections provide information on expected future
changes to key atmospheric parameters such as air temperature,
precipittion, and wind speed. However, practical adaptation
society also requires information on how such changes are
propagated further through the terrestrial-veater system,
changing permafrost and water flows. Here, we extract and
summarize some permafresdicative findings in our recent
study[Bring & Destouni, 201Jlwhere we investigated a recent
period of observed climate and concurrent river discharge
changes in the Arctic. We use the nature of the physical
wateashed as a natural boundary for water flow and compare
precipitationrunoff change relationthat indicate considerable
permefrost changes across the largest Arctisibs.

Method

From the Regional, Hydrometeorological Data Network for the
PanArctic Region (RArcticNET) database of river discharge,
we identified 13 independent drainage badims which the
most downstream hydrological monitoring station covered an
upstream drainage area of more than 200,008 &nd 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-RrcticNET. We
compared the reference period 196990 with the more recent
period 19912002, the latest fowhich distributed CRU data
were available.

Results and discussion

Changes to precipitation and discharge for the 13 basins
between 19611990 and 1992002 are shown in Figure 1.

In the figure, 1:1 changes are indicated with a solid line, on
which all basns would fall if all change to precipitation
trardlated directly to a corresponding change in runoff. Such a
situation would require that evapotranspiration and water
storage in the drainage basins remainetst@nmt under climate
and other changes in thegion. Most basins instead fall above
this line, indicating a considerably greater increase (or smaller

decrease) in runoff than the increase (or decrease) in

precipitation.
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Figure 1.Changes to precipitation and runoff from 198190 to
1991-2002 for B major Arctic basins. From Bring &&touni (2011).

Establishing the source of this excess water is important
both for a full process understanding of climhtarology
interactions in Arctic basins and for relevant teformation of
climate model projetions into reliable hydrological
projections, of impdance 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, witmdreased discharge even
through precipitation has decreased or remained stable. A
patial explanation to the observed excess discharge water may
be gauge undercatch in combioatwith reported increases in
snowfall, which would tend to increase the portion of
underetimated solid precipitation during the year. Other
contributing factors may be anthmgenic wateruse changes
that have changed evapotranspiration, in combinatitn
changes in snow and groundwater storage. However, part of the
explaration may also be permafrost degradation.

Simulations have shown that climate change in cold regions
with permafrost entails complex and nlimear changes to the
precipitationrunoff relation [Bosson et al, in pregs A
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comhbination 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 lasin to basirfAdam anl Lettexmaier 2008.

In comparison to relying only on largeale climate model
results, a multmodel approach that links such results to
hydrological modeling, which can better resolve and represent
pemafrost storage changes, along with groundwater,
evapotranspition and other runoféffecting processes would
enable better distinction, understanding and projections of
permafrostrelated hydrologal change.

Conclusions

We analyzed and compared basiise changes to precipitation
and river discharge amss 13 major Arctic basins between the
periods 19641990 and 199P002. Results indicate a general
pattern of excess discharge compared with changes in
precigtation. A combination of factors, including permafrost
degradtion, along with measurement ersoand changes in
groundwater st@age and evapotranspiration can explain this
result. Fully resolving the relative importance and contributions

of these factors to the found complex, fintuitive relation
between (e.g., decreasistpble) precipitation anfincreasing)
discharge changes requiresther, physically based and well
resolved model studies of regional hydrology under climate
change.
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Characterisation and Monitoring of an Active Rock Glacier in the Swiss Alps

Thomas Buchl& Sarah M. Springman

I nstitute for Geotechnical Endgi neering, ETH Z¢
Kaspar Merz Hansrudolf Maurer
I nstitute of Geophysics, ETH Z¢rich, Z¢gricl
Introduction The boreholes should give clear information about the

Degrading Alpine Permafrost

Cryogenic features in the high mountains of the Alps react
sensitively to global clinate change. Rising temperatures in
mountain permafrost zonesaused by heavy rainfall events
contribute to degradation, which can lead to accelerations of
the ground within a rock glaciefArenson et aJ 2010;
Springman et al.,, 2012 The consequences caxtend to
initiation of lardslides, 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 mechanicsjriajogy 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)
research group consists of the Institutes for Geotechnical
Engineering, of Gephysics and of Environmental Engineering
(hydraulics). The researchrgqgramme consists of three main
parts: character@ion, monitoring and modelling of the rock
glacier.

c

Goal of the project

The interaction between geotechnics, hydrology and
thermal regime, together with the time dependent behaviour of
the frozen soil, § 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 tanalyzethe response and obtain a more
detailed view of the diférent processes. Ground parameters
from laboratory tests, as well as displacement and temperature
measurements directly from the field, airedispensablein
calibrating parameters and in \@diting 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
surfa@ displacements ovéhne last 40 yearfRoer et al., 2005;
Kaap et al ., 2 0].0A7qck ghRaies belove the a |
Furggwanghorn was chosen as a site for field characterisation
and long term monitoring. Locations for boreholes were
defined in summe2010 in cooperation with the Institute of
Geophysics and with reference to geomorphological aspects.

availability of permafrost. Five boreholes (139 mm diameter)
were drilled to a depth of 25 m. Albbeholes 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. Formationcvasses
confirms this trend. Borehole F1, F2, F3 and F4 are arranged
along one of the pncipal axes of the rock glacier. The distance
between F1 and F4 is 26. Borehole F5 is located aroundrb
from F4, transverse to the axis.

Percussion drilling wit 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 mod#ficult. The ground
was very heterogeneous, with no consistent layers. The-3op 2
m were covered with blocks of loose granular material. The
soil below was a mixture of frozen silty sand and big blocks.

Instrumentation

o ITheemistorr chding (TyprMEASh48%) were iostakbed tn. -
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 imGrbtheupper
5m and 1.0n in the lower part. Ten supplementary
temperature sesors were placed on the surface around the
boreholes F1, F2, F3 and F4. A chain inclinometer was
installed in the fifth baghole F5. The inclinometer consists of
48 stiff segments (Zpe Accel Array, Measurand, Canada),
which are connected with a
Each of these 50 cm longgseents measures the inclination in
two vertical directions. The displacement of the rock glacier
can be determined by integjon of the inclination over the
whole instrument length and ssaming there was no
displacement at the base. The position of the borehole on the
surface has to surveyed by a stationarfenence 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 hammtsmeasurements
are not possible. The measurement interval of the thermistor
chains ad the inclinometer is six hours.

The subsurface measurements were supplemented by a
meteorological station. Meteorological parameters such as
precigtation, air temperature, snow depth and radiation are
especigllyy iggprtant to be able to form the eneegyiation.
Details about the different measuring parameters are given in
Table 1. Metorological data are collected every 5 minutes and
are recorded on data loggers. The electricity supply to all
instruments is achieved through solar charged batteries.

h
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Table 1. Summary of thmeasuringnstrumens

Description Measuring range

Air Temperature 40AC to +60AC
Humidity 0-100 % rel. humidy

Short & long wave radiation 305 to 2800hm

Snow depth 0.5m-10m

0 to 50 mm/min or 0 to 3000 mm/h
mechanical 360A, el
Max. accuracybeween 1m/s to 60m/s,

Precipitation
Wind direction
Wind speed

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 mdm. All boreholes show a
similar temperature distribution below the active layer. The
tempest ur es stay mostly constan
without any obvious seasonal effect for the first year of
monitoring.

Air temperature [°C]
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Figure 1. Temperature distribution inrebole 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
deph 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 and
6 min F2 (Fig. 1). F1, Fand 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 beufal 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 boreholeaF&s of
Enajor wHeaest (pr ﬂ? um rlpa#) s‘g‘nbulathn As %}([Aegted the
mcllnometer broke a 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 oveapproximatelyone year confirm
the existence of permafrost in this rock glacier. This was a first
important step to achieving 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 aodstant stress creep
tests. A thermistor chain as well as an inclinometer was
installed in each borehole. The field characterisation and
moritoring will be supplemented with geotechnical tests in the
laboratory.
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Thermal Conductivity of Gas-Saturated Sediments during Gas Hydrate Formation at
Negative and Positive Temperatures

B.A. Bukhanov E.M. Chuvilin
Lomonosov Moscow UnivergjtDepartment of Geology, Moscow, Russia

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 condativities 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 timewér

than in ice (~2.23 W/m*K)[Groysman, 1985; Wright edl.

2005; Bukhanov et al. 20D8

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 presseichamber with charged samples, filling
the chamber with the hydraferming gas (CH), and creating
conditions for hydrate formation in the pore space of
sediments. Note that hydrate saturation of samples occurred at
both positive and negative temperatuf€huvilin & Kozlowa
2005; Chuvilin et al. 2011

Table 1.Particlesizes oftested sediment samples

However, unlike pure gas hydrates, thermal conductivities
of their sedimentary hosts remain quite poorly studied. The

reason is that hydrateearing sediments have complex element
and phase compogits and diverse macr@and microscopic

structures.

Much attention has been given lately to -fgdrate

. Particle size distribution, %
Sediment
1-0.05 mm | 0.050.001m | <0.001 mm
fine sand 94.8 3.1 2.1
silt-size sand 89.4 10.6
loamy sand 41.8 53.7 45

exploration in different areas of the subsurface, including
permafrost, as well as to technologies for gas extraction from
natural accumulations of gaydrates. 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 prodg 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 insga
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
conductivties of wet gassaturated fingrained 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 2@6n® pressure chamber, a 300 tm
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 grainsize compositions: fine quartz sand,-silte
loamy sand sampled from permafrost (Vorkuta region), and
silt-size sand from the Laptev Sea shelf. The gs&#e data are
summaried in Table 1.

Methane was used as the hydsfleming gas (99.98%).

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 thawethoth at ambient and high (up te43MPa)
pressures, for comparison. The pressure was created by
nitrogen (N) which did not form hydrates at the conditions of
the experiment.

The parameters of phase transition in the soil samples were
inferred from PT chages 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 measuredregsures and temperatures
[Chuvilin & Kozlova, 2005; Chuvilin et al. 201L1

Resultsand Discussion

Thermal conductivities of the tested sediment samples (Fig. 1a)
showed quite moderate changes during hydrate saturation at
|l ow positive t&mperatures (+1

A notable thermal conductivity increase was observed in
gassaturated 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 comigiies.
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For instance, ththermal conductivity of sitsize 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 anct frydrate, 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 depnding on the phase state of the pore water.
Thermal conductivities decrease at temperatures belSy 0
when pore water exists mostly in the form of ice and slightly
increase with hydrate saturation at positive temperatures.
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Phytometers of Chemical Pollution of Ecosystems in Cryolithozone Regions of
Western Siberia

E.V. Buldakova
Russia, Moscow, E.M. Sergeev Institute of é@etogy RAN (IGE RAN)

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 envireemtal 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 dentify 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 enivonmental 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 theryolithozone
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 impulseand forms, and determination of
main indicators of the integral chemical pollution are the
required tasks for solution to a number of ecological and
economieproduction tasks.

The peculiarities of the geographical location of oil fields in
Western Sibéa 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 gatmgriand 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 fadlsd 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 extarmmpact 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 themulti-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 nospecific indicators of the tat 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
Siberiai Samotlori with the purpose of detection of chemical
pollution phytometers. The Samotlor oil field is located in the
southern part of the middle taiga subzone-cedar forests
with abies, sometimes cedfir, short grassed bilberrygreen
moss forests are typical of it. They occupy relatively well
drainel fields. The soils under them are podsolic, eluglalic
on middle and light clayey silts or eluwvigleyic norpodsolic
long-seasonally frozen on heaglayey silt deposits.
Nonetheless, forest vegetation ranks significantly behind non
zonal bog commities 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 BrownBlanke method, independiyn for forest and bog
communities. Special attention was paid to the list of
underbrush species, the grdmsh and the moss layers, taking
into account the irregular sensitivity to pollution and its
transformation speed for different ecological and idens 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 wateligstoudes 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
pdlution. 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 pantain, 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 anatomimorphologic parameters of plants
occurring in the fornof 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 dies 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 igant
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: cedaB cm
(with the background value of In), fir treei 3-5cm (with
the background value of I2n), abies 4-5cm, and ping 6-
7cm.

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 forestforming 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 fefesning

speces 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 beazse 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
speciesi the first plants tiat are capable of growing on toxic
soils i can serve as phytomeliorants. They can be used for
reclamation of oHpolluted soils.
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Uncertainties in the Global Mean Temperature Change Caused dyermafrost Degradation

and Carbon

Release

E.J. Burke& C.D. Jones
Met Office Hadley Centre, FitzRoy Rd,, Exeter, EX1 3PB, UK
I.P. Hartley
Geography, College of Life and Environmental Sciences, University of ERréger, EX4 4RJ, UK

Introduction

Permafrost soils contain ~1672 Pg of organic cafd@mnocai

et al., 2009, much of which is relatively inert and not currently
included within the global carbon cycle. Under increased
temperatures permafrost degradsmsd 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 dtreosphere and
hence have a pitive carbon climate feedba¢kschuur et al.,
2009. This paper estimates global temperature change caused
by permafrost carbon release @T) that might be calculated

by the Hadley Centre Climate model if permafrost carbon
release were tluded[Burke et al., 201

Approach

Simple framework for calculating8MT

A highly simplistic largescale model for the release of
pernafrost carbon to the atmosphere is proposed here.

1. Physical changes in the nearface permafrostvere
guantified using Hadley Centre Climate model (HadGHEE)
AR5 simulations [Jones et al.,, 201 for a range of
represerdtive CG, pathways (RCP).

2. These physical changes were combined with knowledge
of the distibution of Arctic soil carborjTarnoca 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 demposes almost immediately
the pemafrost 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 a@ CH
decomposition rates; CHoxidation rates; CH transport
pahways; and knowledge of the Arctic land cover.

5. The impact of the released £€é&nd CH on the global
temperature was quantified using a simple climate energy
bdance model tuned to replicate the behavior of HadGEM?2
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 ofGMT were
estmated with the parametersampled from the range of
values shown in Table 1 and the SOC sampled from

uncertainties gimated from Tarnocai et gl2009. This gives
the plausible spread inGMT.

Table 1. Spread of parameter values for the large scaleafpesin
carbon decompdton model.

Parameter Min. Max.
Slow pool (% total SOC) 10 60
Fast pool (% total SOC) 0 5
Aerobic decomp. (mg C * day”) 0.03 05
Anaerobic decomp. CQing C gC*day!) 5 70
Anaerobic decomp. CHng C gC*day’) 0.1 15
Lowland proportion repired 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 @ m 0.5 0.9
SOC in 23 mas fraction of 2 m 0.4 0.8

Results

Simulation of PGMT

HadGEMZ2ES simulates a loss of nesurface 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 darbon 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 dedsron the decomposition
of the slow carbon pool. At the beginning of the*2&ntury
the slow pool is small and the majority of emitted carbon is
from the ative pool. As the slow pool grows in size the
amount of emitted carbon increases rapidly. By 2110,
emission rates areetween 0.02 and 4 Pg C yr5" i 95"
percentile range) depding on RCP scenario. Maximum GH
emission rates are around 60 Tg Ckt™. Although this
represents a relatively small amount of carbon, GHa much
more effective ggenhouse gas than génd by 2100 a quarter
of P-GMT is caused by CH

The large uncertainties in the input data result in large
uncertainties in FGMT which varies between 0.01 and 03
by 2100 (8 to 95" percentile), although values up to 0®
camot be ruled out. Overall-BMT is about 2i 4 % of the
temperature increase simulated by HadGHB& without
permefrost carbon release.

Uncertainty assessment

The MonteCarlo simulations were used to determine the
relative importance of the different pcesses/parameters on the
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value of RGMT. Any differences between the RCP scenarios
near the beginning of the 2tentury are small. However, by
2060 they begin to dominate the uncertainties. Since the future
CO, pathway is hard to determine, and depents 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,ciispa
the spread in FMT over time. These uncertainties can be
reduced through further observatiofimsed analyses.

Relative contribution to P-GMT

0.6

0.5

B Soil organic carbon content
1 Guality
B Processes

0.4

P-GMT (K)
0.3

0.z

0.1
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Figure 1.The sensitivity othe spread if*-GMT to the perrafrost
processefor the high CQ concentration pathwairhe proportion of
the spread in ’IEMT attributable to each process is defined by the
difference between the characteristics of the whole ensemble and
those of sukensembles with the parameter ranges limited.

At the beginning of the Zicentury, when the temperature
changes 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 MT caused by uncertainties in the
quality of the available carbon change little over time.
However its contribtion to the total spread decreases over
time. As the amount of soil carbon builds up in the slow pool
the impatance of knowing the soil organic carbon content and
the paameterization of the decomposition model increases. By
the end of the Zicentury abut half the spread in-BMT 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 weneluded within HadGEM2
ES, there would be an additional increase in temperature of
between 0.05 and 0.6C by the end of the 2'lcentury for the

high CQ, concentration pathway. The proportion of this
temperature increase caused by the release of meihafe25.

By the end of the Zicentury, of the permafrost related
processes considered, the distribution of soil organic carbon
contributes to about half of the spread WGMT with the soll
decomposition model and the quality of the organic carbon
cortributing a quarter each. A reduction of these uncertainties
though improved observationbhsed analysis will improve
our estimates of &BMT. Additional uncertainties caused by
biases in the simulation of the active layer thickness have not
been considerkhere but are likely to have some impact en P
GMT.

There are many other processes such as thermokarst
development; fire; the formation of ice wedges within the
permefrost; cryoturbation; the presence of peat soils; and self
sustaining heat generation Ioyicrobial activity, which could
additionally be included to refine estimates eGMT. Again
future observations will help determine which of these
processes are potentially significant and need to be included
within a modeling framework.

This simple modeeof permafrost carbon release can be used
as a tool to develop an understanding of the impact of
pernafrost carbon on the global climate system and help
develop an appropriate representation of the permafrost climate
feedback within a global circulationadel.
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Geophysical Surveys in Permafrost

A.P. Bykova
Institute of Geology and Petroleum Production, TSOGU, Tyumen, Russia

Abstract

The optimal methods of exploring the permafrase are induction and seismic surveys. The reported study is an experience

of combining the two survey methods.

Keywords: Frozen soil; geophysical surveys; permafrost; permafrost section; seismic exploration.

Problems of data acquisition in permafrost

Anomalougphysicalpropertiesof 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 permafrostatile 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 problerfis o
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 spdcify. In seismic exploration this
is, namely, the presence of a higklocity 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 reosivelectrodes, and it is better
to collect data by unearthed lines. Linear measurements may
imply studying a certain strip of land along the profile (<00
150 m wide), which allows some freedom in choosing the line
position depending on engineeriggologi@l and geodetic
settings. In view of large lengths of profiles, additional array
surveys have to be very higierformance and cheap.

The necessity of integrating several methods is associated
with nonuniqueness in the correlation of geophysical
parametes with the permafrost state. The namiqueness 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, highlocity
reflections may be mpduced 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 promgisiay 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 emote electromagnetic scanning (GPR or ground
penetrating radar). The powerful GPR technologies1(8
km/hr on the surface and 120 km/hr from air) allow scanning
permafrost to a depth of 16080 m at every 0iD.5 m and

10/ 15 m, respectively. Seismic expddion 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 nret@ble.

GPR electromagnetic surveys

Aerial surveys were performed as continuous scanning on
the basis of timelomain GPR measurements. The method was
chosen for its high performance and cheap costs (compared to
the surface analogs), and for high spa&nd depth resolution
with respect to resistivity.

The technology was first applied in West Siberia by
Sibgeotech Ltd. in 2006 at the prospected oil pipeline
K h a r oiylrdigaain the YamaNenetsk Autonomous Area.

In 2007, similar work was undertakahsome 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) andibgeotechLtd. 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 stwies, a
powerful electromagnetic channel, and a closer position of
sensors to the object of study.
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Systems of Gas Fields in the Cryolithozone

A.V. Bykova& M.S. Lebedev
Gazprom dobycha Yamburg LLC, Novy Urengoy, the Russian Federation
S.A. Lobastova
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The Study of Thermoerosional Processes and Ravine Formation in Naturdlechnical

Keywords: hydrophysical and geophysical factors of technogenic ravine formation; rcinaicd system; thermal erosion.

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 wation 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
formafon 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 cryolithozels 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 athe dynamics and the regularities of
thermoerosional processes and ravine formation development
in natural conditions were conducted in 281 in the
process of execution of the project documentation "Liquidation
of ravine formation in the area of ggwocessing 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 3Pof the Yamburg
oil and gas condensate field are the objects ofékearch 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
systens are conducted in the 1Znd 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 diision [Lobastoval99(. The largescale
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 ravimeosssections: 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 fractarmétion were
registered along the edges and regarzones.

The field measurement results are given in the database in
the numeric and the graphical forms (Fig.
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Figurel. 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 volumkthe disturbed ground
V=V(a,b,h,L)and its annual increment coefficieKEK(V,T),
intensity of bottom washout=J,, (h, L, T)and of side washout
Jo=Jo( O, .[Lobasibya 1990 Hydrothermal monitoring
at the natural objects of thermoerosional pesses and ravine
formationwas 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 watercee
temperature was measured in the bed of ravine systems with
simultaneous registration of théhickness of the thawed
interlayert. Thawing intensityd; = J; ( U, idthe eStilnated
guantitative characteristic

2.Snowmetering observations and the methodology of
determination of runoff hydrophysical parameters.

Snowmetering observations for thermoerosional processes
and ravine fomation in naturatechnical systems were

e
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conducted for the first time in April 2009. Heighaind density

of the snow covenp are measured in the 1st ten days of
November and the 3rd ten days of April in accordance with the
developed methodology: in theatural 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 thgraphical forms. Water reserve in the srew
(cm), water runoff layeH (cm) and water runoff volumgV
(m®) 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, M, «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[Baranov1999].

Runoff volumeW (cn?) from the catchment basin area:

Wz(quO-Iijtg-l-(Fls,jn.’O-llsJ)I’ 1)

whereF, ., Fecn T natural area of the catchment basin and
the technosphere area?.m

The water volume in the ravine
following way:

Vv, = ﬁl_d;\/ﬁ] .
"o )

V,, - snow volume in the rame, cnf, Jsn T SNow density in
the raviney ,, - water density, g/cth

The averaged water discharge for the snow melting period
is calculated according to Formula (4):

SW+tV,
t 3)

where W - the runoff volume from the catchment basin
area, cr t - the mean statisticgleriod 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 evaltia
input of the corresponding watercourses into the dynamics of
thermoerosional processes and of ravine formation.

is estimated in the

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 myitiar studies. The
following periods are identified within the annual cycle on the
basis of hydrophysical and hydrological parameters of slope
processes: . The zone of formation of factors of
thermoerosional processesa@ ravine formation and Il. 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. &hactivation 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 definedby 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).

Volume WV, m*

1080) 1185]

Apr. 09 Apr. 10

Aug. 08 Jul. 10 Apr. 11 Aug. 11
Period T, months
O Snow velume at the calchment

basin area, m’

0O Snow volume in the ravine, m*
B Disturbed ground volume, m*

Figure2. 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 snowmetering observations data (the case of seven
objects of thermoerosioharocesses and of ravine formation)
showed the significant excess of the height of the snow cover
in the ravine, as compared to the catchment basin brga;

h,. The excessive height of the snow cover is foringdyg =

hav - hy. This provides for the additional water reserve in the
ravine bodym ¢ and increases the snow melting period by
time dqe. IN this case the additional runoff layer goes along
the ravine valley bottom the area of which is by tensroés
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 10050 times exceeds the input of the
watercourse fromhe 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 awfditional snow
meltin g sgan make up 280% of the main one. The
specific water reserve igptqg 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 ofite ravine system in summer.
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Frost Heaves

A.l. Bykovskiy, I.V. Vershinin
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Introduction

Perennial frost heaves located on the 5th Salekhard plain, in the
NadymPur interfluve (4&km to the west of Novyrengoy)
were investigated in July, 2009.A frost heave is a convex form
of a cryogenic terrain with an ice or an-geurd core which
forms in seasonally frozen and perennial frozen ground areas
due to irregular ice formation in the ground&eneral
Geocrology 1978 There are three heave groups with
different ice formation type, namely, the segregation, the
intrusion and he intrusion and segregation groypopov,
Rozenbaum, Tumel 1985 he 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. Semal frost heaves are usually
located in southern and relatively continental permafrost areas
where deep seasal thawing conditions are present. Ice
accumulations in such heaves are often constituted by frozen
water of the seasonally thawed layer whistpressed between
the freezing grounds and the permafrost taplzeneral
Geocryology 1978 Seasnal frost heaves are not large. In
spring, they either settle oxgode which is accompanied by
flow of the intrusive water onto the surface. Neverthelesss th
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 909 high, their
foundation diameters reaching up to 380 Formation of
perennial frost heaves is to a great extenb@aged with
intrusive ice formation. There are, however, frost heaves of
segregated and intrushsegregatedorigin. Intrusive and/or
intrusivesegregated 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 terraingenetically 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 a@he microlandscape
condtions 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 intrusegregated
origin. The deposits of the terrace were formadrd the cold
sea transgression period in the end of the Middle Pleistocene
and transformed later (subaerial conditions, erosion and
cryogenic processegPopov, Rozenbaum, Tumel 198%he
modern appearance of the terrace was especially influenced by

the cold Sartan time and the Holocene optimum warming (5
thousand years ago).

Formation of the large frost heaves is associated with the
coding 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 Nastis
rather typical, see Figure 1. It is situated in the middle of a vast
alas being slightly displaced to the soutthe surface of the
alas isbhogged and covered with lakes. The lakes located on the
alas are up to 16R0O0m large, have irregular shape armavl
coasts. In this region, we have found 13 frost heaves on an area
of 60km® We have named the heave studied Vershpimigo.

It stretches from the norbast to the souttvest being 7.2n
high.

Figurel. A frost heave within the 5th Salekhard matereace 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 grduneave
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 glacmrine
origin. The large (up to 2/) ground spots in the top of the
frost heave resemble sandiayey bulges. Apparently, aeolian
processes are dfignificance 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 anregular heave of the seasonally
thawed layer's grounds. Agsificant variation in the surface
heat transfer conditions has caused a significant variation in the
seasonal ground thawing depth: @6, 39cm, 82cm on the
knolls, 27cm, 29cm, 40cm between the knolls, 11%n,
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104cm and 12&m on the ground spots (yul5, 2009).
Different drainage conditions and \vaions in  snow
accumulation have caused variations in tlegetative cover:
the depressions around the heave are occupied by-seuite
communities, the lower part of the heave ésupied by dwarf
birch thickets, and the top of the hill is agied by shrubmoss
communities and sparse larch trees.

Relatively small (up to 2.&h - 2.5m high, with a diameter
of up to 7m - 10 m) growing segregateidtrusive frost heaves
surrounded by bogged and flooded mesgl 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 upperm2 fhick layer
consists of icaich peat with varying decomposition degree,
whereas inalsions of mineral substrate in the peat appear at a
depth of at least th i 2.2m. Large areas with hummocky
microtopography or heaved peatlands which snow is blown
away from in wingr 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 ofgega terrain

in the relatively southern areas of the cryolithozone of the north
of West Siberia: in the Tazov Peninsula, the Nad3un
interfluve and so on. The field observations have revealed that
the frost heaves located within the bogged alas are#izeat
place of draineaff 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 hascbme important
over the last few decades. A network of the permafrost
obsevations can serve as a fundamental informational base
both for the Arctic ecosystem evolution scenarios and
engineering prposes.

One d the keys to any kind of large monitoring system is
data storage and distribution to a broader caonity [Paviov,
2008. One of the most convenient ways of providing data
access is through internet datatpts.

This abstract describes an internet datagbeestablished
for the NSF f und&38A Thernalj State tof
Permef r ost 0 (TSP).

Thermal State of Permafrost project

T he # R-Waited States Thermal State of Pefnr o st 0
initiated in 2007 as a part of the International Permafrost
Associ ation | PY project
[Brown et al., 201DPin 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., 201} 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: @eractive
map and a list of observation stationghe interactive map
uses Googleds map as a base
(Satellite, Hybrid, Normal, and Physical). In addition other
data layers such as permafrost extent, ground ice content, or
Kenj i Yoshi kawads bor elooAlaska.s i t
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 obsation point (Figure 1).

Welpage layout

The webpage contains three types of data: textual
(metadta, site description, etc.); graphic (maps, images of

ifRus

ty of Alaska, Fairbanks, USA

research sites, plots with data); and numerical (tables with
results of obsemtions). All of the information is organized in
the following sections:

Site webpage sections

Site Name Site Code(The 3 character code for the site);
BoreholelD (Unique code assigned to the borehole for the TSP
project); Borehole Depth(in meters); andBorehole Class
(Classified as surface (SU) <10 m, shallgSH) 1025 m,
intermediate (IB) 25125 m, and deep (DB) >125 m according
to the Global Terrestrial Network for Permafrost (GPIN
classifiation).

Tlge.D%sgiptionsection contains a brief description of the
natural conditions at observation site (langscatype,
vegettion, etc.) and information about the organization and
researber conducting the observations at the site, including
contact nformation.

w a dhe Site Locationshows a zoorable map, geographic

coordinates and observation point elevation.

af #r500s t T h1de Measurementsegtien listst the pngasugements 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 avn server.

The Other Resourcesection provides information about
ongoing research projects that are being carried out at the site
and links to the corresponding web resources if available.

The Imagessection has pictures of the observation site and
some (ots of the observed data.

RealTime Data

In addition to providing archived data as mentioned above we
are also starting to provide near réaile data for some of our
sites. Due to the remote nature and large area covered by our
sites acquiring redime data requires a variety of techogies.

For the most remote sites we are using lIridium satellite
transceivers to collect the data once per week. In areas where
acgll lar tﬁbghé)ne goyerape isba\éagagle we d%r§ lés'mg chIBhpqe o
modems to collect the datance per day. Additionally, we are
also taking advantage of existing radio communications
gegworlgs to rﬁ:olleﬁtéiataémheféeBNp ¢ The datais all collected
using Loggernet software from Campbell Scientific Inc. and
stored on a local computer. Recently e started to use a
software package, Vista Data Vision, to archive and provide
web access to this reine data
(http://permafrost.gi.alaska.edu/VDV We hope to also
populate this software packageith historical data to provide

an interface for exploring the existingtdsets.
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http://permafrost.gi.alaska.edu/VDV
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The Methods of Selection bthe Best Location for Oil Pipeline Route on the Terrain Based
on the Use of Engineeringseocryological Cost Maps (The Case of the Aboyground
Vankor-Purpe Oil Pipeline Section)

M.Yu. CherbuninaL.N. Khrustalev
Faculty of Geology, Lomonosov Moscow State University, Moscow, Russia

Introduction

Numerous accidents on oil pipelines in the cryolithozone are
caused by insufficient consideration of permafigsblogical
conditions of pipeline routes dhe 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 sysin "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 proisions.

Probability-statigical 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 pifeeying. 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 nemal operéon (serviceability) of the system. It

is evaluated by the system-failure (neaccident) probability
within the spcified service life. Breakdown hazard is also a
random value that is measured by complementation to a unit of
reliability. Mathematicallyexpected costs for liquidation of an
accident and etogical 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 calculatio

2. Reliability optimization

3. Preparation of an engineeriggocryological 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 mipeline route
"Vankorskoye Field NPS Purpe" having the length of about
10km. The slected oil pipeline section "Vankorskoye Fiéld
NPS Purpe" is located in Tyumen Region and starts at the
northeast at the distance of about @ from the border of
Tyumen Region with Krasnoyarsk Krai. The section of the
designed oil pipeline route is located in a zone of thick
permefrost (up to 200400m). This section belongs to the Faz
Yenisey area. One of the peculiarities of the area is its
extrerely high numberof swamps and lakes. The average
annual tenperature of grounds varies from minus &4 t o
minus 0.% . The site is characteri
spread of permafrost. According to the results of geotechnical
site investigations, the continuous Igth of the sites composed

of thawed grounds reaches A8km. The distribution of
pernefrost along the profile varies from 75 to 9@ On
individual, rather long sections of the route, permafrost does
not adjoin the layer of seasonal freezing, i.e. tramee areas
with deepened perafrost table. The project provides for
aboveground laying of oil pipeline on pile foundations.

The territory, through which the oil pipeline in question
runs, is shdivided into 12 engineeringeocryological sites (on
the mapthe number of a site designates a type of lithological
section, hatchi permafrost depth, a lettér temperature of
grounds). For each of the distinguished sites the best total cost
is calculated. In addition, on the basis of this cost the
calcubtions ae 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 calcation is given in the article "Methods of
estimation of the reliability of oil-trunk pipelines”,

L.N. Khrustalev, M.YuCherbunina. Kriosfera Zemli, 2010,
Vol. X1V, No. 3, 6376).

Each site is marked with th
reliability (R), Depth of preliminary freezinthawing of the
ground (Hfr), pile lengthl) (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 crydhozone allows one to take into account
the stochastic noeaniformity of the system "oil pipeliné
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permafrost foundation ground" and loads affecting such
system, to control the quality of this system, foresee system
possble failures and evaluate theortsequences 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 andespective 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 VanlRurpe route section,
the best alternative route for oilpaline laying and its design
parangters were selected.
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Fig. 1 The fragment of the engineeriggocryological cost map of the VankBurpe oil pipeline section.
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Experience in Application of Borehole Geophysics Methods for Studying the Thawing of
Permafrost Located Near Production Oil Wells at the Multiple Well Platforms of the Fields
in Western Siberia

A.O. Cherepanov
Radionda LLC, Moscow, Russia

Oil in the Far North regions is produced by multiple drilling wave energy absorption by grounds located on the wave
method. Injection wells participate in the production cycle. propagation path from the source to the receiver (grounds with
Heated solution with the temperatuoé 120A+ i s p u mpleadw v al yandU;aré chavacterized by more intensive
through their wellheads. The process of such facility operation radiowave absorption). Fashaped layout of measuring
is accompanied by thermal interaction with grounds, which  equipment ensures higlensity of studies (Fig).
causes the changes in geocryological conditions. This results in
formation of a thawing zone that can transforntoira
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 Hudee
geophysics method®uring the period from 2010 to 2011 the
research and production company Radionda LLC conducted
works at some producing fields located within Krasnoyarsk
Krai and YamaleNenets Autonomous District, beyond the
Arctic Circle, for stuging geocryological composition of the
upper part of the section and assessing a thawing process of
permafrostt the multiple well platforms of producing fields.

o millisiemens

Geophysical investigations included: o el
Well temperature survey; ) EEREEE AR L R
Gammaray logging; Figurel. Data comparison of: well temperature survey (1a); gamma

Electromagetic well logging by method of oreole radie ray logging and OWRP (1b).

wave profiling (ORWP);

Interwell space examination by method of radiave
geointroscopy (RWGI)

On the multiple well platform of the first field the fact of
thawing was confirmed by positive temperature ancesain
the inspection well located in the immediate vicinity of a high
temperature injection well. For other investigation wells antena. |
located at a distance from the heat source, the temperature was
negative (Figl ©) . Figure 3 presents s

For lithologic differentiation of rocks the gammay
logging was used. It detected great differences of strata by clay .
content. Natural radioactivity val ge2fapspapeqigyuiofmgagyemegte oo png o
frozenthawed condition of rocks.

OWRP is a higHrequency electromagnetic thed, 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
resistancegherefore it can be used for permafrost studies.

When comparing the OWRP data and the garmema
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 am 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 radiwe
geointroscopy (RWGI) based on evaluation of the ratadib-

Bl _,9 Well 1 Well 2

' T
* loptoisolator

|| transmiitter
optoisolatorf * ‘] antenna

transmitter ||"

During interpretation the interwell space was divided into
equal cells. Multipleray intersection within each cell makes it
possible to calculate effective electrical resistance.

RWGI data are processed by known methods
[Radcliffe1979 with the help of software package developed
by Radionda LLC.

Figure3 depicts the instance of fragmts 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 lewe si st i vity regi
area of spread of thawed grounds near the-tegiperature
injection well.
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Figure3. Fragments of the 3D geoelectrical map (horizontal plan at
the depth of 13 m and section along the AB line).
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Measurements with the use of RWGI method within the
frequency range of 5 6 31 MHz
it possible for the first time to make a 3D map of specific
inductive capacity (Figd ) . As is known,
differ 40-fold in such frequency range, which allows one to use
this parameter for evaluation of frozémwed condition of the
grounds at te foundation of multiple well platforms.
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Specific inductive capacity

Figure4. Fragments of 3D map of specific inductive capacity.

= Well 4! A

(horizont al pl an at the depth of

At another field, when conducting investigations for
multiple well platforms, he 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 (0O), t her wmadumetric o n d

heat capacity (#})). The anal
data made it possible to find out correspondence among
individual engineeringgeological elements (EGE) and
geophysi enacU cda)tBomkis). V.
Tablel. Parameters aéngineeringgeological elements
Je V] 2 } a aWm C
Oh micro-  g/cm  m¥s AK  Jnf
mA n roentge 3 K
n per
hour
EGE1 400 6 6 196 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,ah tfeee
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.

» ShhthBirfking tRe' Bsulls YoheP gefofmed Wk, »it igna d
possible to draw basic conclusions that the proposed complex:
7 fEnaBYe% %\S%éssm@npoq frosbfvied state of grounds at
multiple well platforms in conditions of complex geology
of the permafrost upper layer;

1 Threedimensional studyf 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;

1 The information obtained through interwell methods is

necessar for mathematical modeling of changing thermal
conditions near producing wells.
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Assessment of the Damage Caused by Cryogenic Pragesand the Issue of Insurance
against the Congquences of these Processes for the Territory of the Russian Federation

I.V. Chesnokova
Water Problems Institute of RAS, Moscow, Russia

On average, 250 emergency situations rel&eldazardous
natural processes occur on the territory of the Russian
Fedestion for a year.

assessments correspond to the observed actual damages, while
other assessments are only forecasts. Damage caused by many

processes, espially geocryological ones, is prevented

We performed expert assessments of values of the average stewise, this is why the final assessment of losses is often very
multi-year damage caused by the most hazardous processes for undersized. Analysis and calculation of indirect damage and

the whole territory of Russia. For exampleégu¥e 1 shows
these values for the Northern economic region.

After analyzing 13 major damagmusing processes on the
territory of the Russian Federation, we concluded that the
avaage multiyear damage caused by them is about 15 billion
dollars (Table 1).

Table 1. The values of the average myétar 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 &
Chesnokva 1999, 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
Fedestion to certain ground masses and, secondly, on the
intensity and the d&nt of technogenic processes. The most
damagecausing processes prevail in economic regions with
specific classes of characteristic massifs. This primarily relates
to sesmic and permafrost areas.

Analysis of composition peculiarities, structure and
propeties of characteristic massifs as well as analysis of the
damage origination determined by characteristic massifs and
marifested during the interaction of technogenesis with them,
shows that the latter are distinguished by some invariant
properties of thgeological environment. These distinctions are
presented in the form of property ratings. Their first place
reflects the m@mum, and the last one the minimum
manifestation of the gcesponding property.

The analysis of expert assessments of sa&dalomic
damages formed within economic regions is a complex
scientific task. This is explained by the fact that some damage

damage caused by secondary impacts are carried out very

rarely. This also reduces theverall 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.
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Figure 1. The averagaulti-year socialkeconomic damage caused by
the consequences of hazardous natural processes in the Northern
economic region. 1 Arkhangelsk region,-2Vologda region, 3

Murmansk region, 4 the Republic of Kaglia, 5- The Republic of
Komi

It should #&so0 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 trajgory of the territory's sociaéconomic
develgpment, 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 tewgenesis objects in a
way in which they understand them at the time of planning,
design andasearch.

The principled position during this work is the territory
differentiation according to the degree of see@nomic
value. The steps of such assesstmcan be presented as
follows.
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1. General geocryological assessment of the territory.

2. Sociateconomic assessment of the territory.

3. Economic assessment of the territehe assessment of
damages caused by separate hazardous processes.

4. Assessmetrof 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. Thasurance 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 spealfy, the degree of

probability that these processes would cause damage to the

main industrial funds and to the population. Since the industry
and the popuation are unevenly distributed over the territory,
the insurance indexes are determined primaadlyldrge units
(centers, focal points etc.) of settlement in economic regions of
Russia. These include urban agglomerations and economic
regions centers.

Considering exomorphodynamic and geocryological
condtions of the territories, the risk values fodirstrial funds
and population and the set of the most daregesing

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 nesddtys
measures and insurance against the most daosageng
geocryological processes.

Collection, organization and analysis of the data concerning
hazardous geocryological processes manifestation allow the
insurer to determine the danger extent for eadfion 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 where5806 of the
territory is subject to hazdous and potentially hazardous
pernefrost processes (insurance indexl)l primarily need
safety measures.

Another important problem is the problem of sensitivity.
And, while we have an integral idea concerning geological
environment and technogenesis, fhxblem of sociosphere
sensitivity (to hazardous geocryological processes) is still
poorly studied. It is closely connected with the problem of
people's ditude towards natural risk. People's attitude towards
risks that is derived from their views angklicircumstances 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
geocrylogical processes shld 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 problemstioé informational base of
insurance  against the consequences of hazardous

geocryologcal processes requires the use of geographic
information swems, 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 territorie§Chesnokova 2011 It
includes information on the following main groups of
indicators:

1 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 foindividual 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 characistics of an urban
envronment, 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 anddifpport
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
geocrylogical processes is a moderndaa very urgent
issue as well as an interesting subject for scientific
research;
insurance against hazardous processes is an international
problem;
1 no other area of insurance brings together so many
scietists and specialists of different professions
(geoayologists, geologists, seismologists, economists,
construction wdkers, insurance experts and others);
the social significance of insurance against hazardous
geocryological processes is very high. It enables rapid
restoration of buildings, economy, and shamportantly,
restoetion of normal human life.
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Hydrological and Hydrochemical Features of Lakes of Polygonal Wetlands Area
of the Lena River Delta, Eastern Siberia, Russia
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Instructions

characteristics of water objects of Samoylov island and
Olenelskaya channel of the Lena River.

The Lena River is one of the main Russian rivers flowingp¢o t
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 sg km if the top of the

delta is Sttb Island and 32000 sq kiin from Tit-Ari Island

where the first

[Geoecol ogi c allAtmesents @ the ZOaldlta
consists of 1500 island#\re and Reimnitz, 20QGnd 60000
lakes of different forms and sizesamly 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. Mormmetrical 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-13 m height and ©00 yr

channel Bulkurskaya branches

Table 1. Hydrochemical characteristics of island lakes and
Olenekskaya ltannel of the Lena River Delta (JuAagust, 2009
2010).

off Type of lakes P-PO,mg/l  Si,mgl t, / ]
Flood-former 0,020,03 1722 64116 7,277
riverbed
Former
riverbed <0,0:-0,03 0,040,9 7,79,7 6,7-7,6
thermokarst
Thermokarst 0,0:0,05 0,021,5 5104 7,1-7,6
Polygonal 001005 00412 72103 7,177
termokarst
Lena River, le
nekskaya chanel 0,030,05 1,522 14,5 6,7-7,6

BP [Makarov 2009. Samoylov Island is the mark point of

environment studiegncluding hydrographical net formation of
Every vyear
hydrochemical regimes of the island lakes and channels of the
delta are being carried out. Observations of polygons and their

this region.

investigations hydrological

water features are considerabtyportance.

Field work was conducted at the Samoylov island®72 6 N,

1262 96 E) ,

20082010. Two different parts of the island can lbeaatedi

Study area

situated on the

high part (first terrace) and low parglluvial part.

The main factors of formation of
thermoerosion and river influence and that in also a basis for
the recognizing of the main types of Samoylov osland lakes:
therrmokarst lakes, polygonal lakes and flefmtmer riverbed
lakes. Thee are a lot of different types of lakes could be find
out on the island: thermokarst lakes, fleodmed riverbed
lakes, plygonal lakes and lakes of mixed types. Most part of
is occupied by polygonal
Thermokarst and formed rivieedthermokarst lakes are the

the island

island lakes

lakes or

biggest lakes located on the natiest of the island.

Results and discussion

Determined hydrophysical and hydrochemical charatiesi

of lakes depend on features of their formation. The result of
field measurements in Judaly 2009 and August 2008, 2010
laboratory analyses (Table 1) are hydrochemical

and

ponds.

Water temperature
and

C, temperature of termokarst and flefmimer riverbed lakes
was 68 C on the surface in August 2008.
Summer water temperature (Juhdy, 2009) was vary

from 5 to 10,7 C irearly July, it was not higher 7,6 C at the
f i r s&nd bytgopld reach,10,7,Geven g depth. ¢ 4

Main hydrochemical characteristics

are

varying

to 254 ¢S4

Temperature regime of the studied lakes largely depend on
an air temperature but it is also degean morphmetrical
chaacteristics: more shallow lakes had a temperature up to 14

Ri ver

Hydrochemical data are conformed to previous obtained
values for small polygonal pondgvettrich, 2007. It has been
determined that laponds 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/I
and varied during the field workeason from 5.3 to 11.3 mg/I
(from 34 to 68 mg/l according to our results), conductivity was
from 27

C

mineralized water with dominance of calcium (magnum) and
hydrocarbonate ions that also correlate vaith 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
concentrations of Si variedip to few milligrams per liter. The
reason of evated concentrations of Si is cryogenic processes
typical for arctic regions. The variability of nutrients for the

to 0,07 mg/l

r



86 EXTENDED ABSTRACTS

most water bodies is characterized by elevated concentrations
phosphates and Si during the period (Jélygust).

Geochemical characterissoof 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 seléaning
ability of lake ecosystems and their stability to the
anthropogenic affect. It is shown that concentrations of trace
el ements in | akes sediments d
their Clarks in the Earth cru$§Viogradov 1962 Distribution
of elements along cores quite progressively increases without
abnornal picks. That fact supports a conclusion about nature
geochemical composition of lacustrine cores of the Samoylov
Island and all delta lakes, potentially. Concetitns of main
petrogenic elements correspond to their natural values in soils
and rocks ofhe Lena River catchment.

Sediments of considered lakes have a high (for north
regions) capacity of cation exchange 8% mg eqv./100
gACB). It could be assumed, thaakes of Samoylov Island
have a possibility to selfleaning due to high accumulative
ability of sediments and also due to an intensity of exchange
reaction with waterBut the level of seltleaning ability of
ecosystem is individual and depends on many factors such as
geographical location (intensity and set of abiotic processes),
concentation 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. Geochemicélansformation of substances in the
system also can be a criterion of sgdaning.

Conclusions

Comparison and analysis of hydrological, hydrochemical and
hydrobiological field measurements and laboratory data of the
lake water and sediments from onetloé 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 catchents, 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 @indllake
sediments, which are under influence of the Lena River, in
future will permit a possibility to estimate the seléaning
abifity t of dake: gcosystemy, @ndc Beyrc YaRilityy ot they n
anthropogenic affect. Additional observations on -low
investigated elemds 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 irettrophic lake chain and
etc.
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Creation and Maintenance of a Spatial Databse During the Geotechnical Monitoring of
Pipeline Transport

V.A. Chikharev
Department of Geotechnical Monitoring in Cryolithozone, TyumenNIlgiprogaz LLC, Tyumen, Russia

The background

A significant volume of data on geotechdicand
geocryologcal 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 260®&11.

Spatial systematation of the data reflecting the spatial
association of processes was necessariymigrove the quality
of management of the geotechnical system "gas pipeline
environment". This was required for further work, specifically
for correction of the project "&onstruction of the 1st, 2nd and
3rd Branches of the Zapolyarnbrengoy Gas Pipeline
System. Water Disposal and Flood Alleviation".

Work performance

The available information on the state of the pipeline
geotetnical system for the observed period (2GW8.1) and
engineeing 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 manization of the database on the geotechnical
system state. They included satellite images of high spatial
resoltion (0.5m, "WorldView-1,2", "GeoEyel"), 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 detémation 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 diffextéoni
of geosystems with regard to
identification of homogeneous sections of the gas pipeline
rout e wi t h t he adjoining t e
tabulation of the attributes of the data on the research site state
Y v ecaionfand 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 complgozin, Marshinin, Osipov
2008 on the bais 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 seabn 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 firecess
that isolates them.

In total, four types of section states were singled out for the
gas pipeline geotechnical system:

1 within deviation norms;

1 position disturbance;

9 position restoration (repaired);

1 repeated position disturbance.

A type of the stateof sections with disturbed positions
includes five groups of section states for the gas pipeline
geotechnical system:

1 the group with embankment erosion;

1 the group with the deepening lesser than the designed

one;

9 the group of aerial crossings with the déida from
the designed position;

1 the group with the development of slope thermal
erosion and of thermokarst on the temporary
technological pssages along gas pipelines;

9 the group of embankment deflation.

Each group of sections is subdivided into kindshaf 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:

9 the aerial crossing with arch development

9 the aerial crossing with bend development;

9 the aerial crossing with the rise of the pipe bottom less
than 1 m from the land level;

I the_aerial crossing with destrucjion of slopes at the

thepoifitd §Her® a MBast pioblihe? dofes B drdnY the S
. d; , .
F I Thd gé(t)gr(]yn gﬁﬁ/pelin'e BettiBrls RereSircifdkd iPthe stafe"

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
Maplnfo/ArcGIS formats was the result of the work. This made
it possible to:
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1 improve the quality of management solutions for The work results were applied in correction of the project
pipelines reconstruction; "Reconstruction of the 1st, 2nd and 3rd branches of the

 trace the dynamics of exogenous processes, trace their ZapolyarnoeUrengoy gas pipeline system. Water disposal and
spatial interaction and calculate the rate and the flood alleviation” for the work period of the winters of 2611
prospects of devepment; 2012.

1 maintain the data bank of the state of the gas transport
geotechnical system, enriching it after every helicopter Prospeds
flight and surface investigation;

1 identify the sections for topriority repair and
moritoring, such as: erosion processes, undedftug
thermokarst, and unauthorized actions of the outside
economic entities in the zone of responsibility of the
gas transport enterprise.

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 usdriendly interface for thematic consumers.
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The Impact of Low Air Temperatures on the Fuel Consumption of Automobiles Working
on Compressed Natural Gas and Gasioe

E . [Chikishev
Tyumen State Oil and Gas University, Tyumen, the Russian Federation

Abstract

This work considers the issues of influence of ambient air low temperatures on fuel consumption of automobiles operating on
compresse 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
changes in air temperature frahe perspective of fuel efficiency.

Keywords: compressed natural gas; fuel consumption; gasoline; low air temperatures.

Nowadays more and more vehicles are fitted with gas
cylinder equipment operating on compressed natural gas that
represents the mbgpromising 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 periatil largescale 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 plafo naturalclimatic factors. The
cold climate zone occupies the biggest part of our country
about 70% (central and northern parts of Russia, Western
Siberia, Eastern Siberia and the Far East), therefore low air
temperatures dominate on significant perRussia.

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 édfiel consumption norms can be obtained
on the basis of adaptiveness of compressed natural gas and
gasolineoperated vehicles to low temperature conditions. This
evaluation will make it possible to find out, with which fuel
(gasoline or natural gas) a veleicis 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 ZMz4062.10 (with a brake unit
consisting of balancing stdrAKB 92-4 (DC motorgenerator),
weighing device VKM32, typeRP-10SH13, 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 microbusesG#Zel line, in
particular, in GAZ32213. 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 consunmpn was calculag according to reference data
[RD 3112199109503 2003.

Based on the processed results of rig tests, we built the
graphical dependencies reflecting the influence of ambient air

tempeature on fuel consumption (Fit:=3). They allow usd
draw the conclusion that: the minimum gasoline consumption
is reached at im temperatures from5 to +15A4 , and t
minimum natural gas consumptidrat ar temperatures from
10to+154, depending on the engi
deviating from the optimum, fuel consumption increases. It
should be also noted that under other equal conditions
consumptionof compressed gas is slightly higher thaattof
gasoline. Instructiofl n st r u c t Ji specifies tAtQALDB
gasoline corresponds to 1-#3.1m® of compressed natural gas
(depending on the natural gas properties). Therefore, this small
growth of gasconsumption can be explained by its chemical
composition.
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Figurel. The fuel consumption change vs. engine inlet air
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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 theaolye in fuel consumption.

If engine load {() = 26.4kWatt and crankshaft rotation
speed is 1f) = 2500 min', fuel consumption chaegequations
take the form (Figl):

for gasoline:

9 =918+116¢20°° ¢, - 5F,
for compressedaturalgas:

@)
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9. =944+1,05Q40° c‘&w - 3)2_ ) for compressedaturalgas:
g =1885+9,6040“ cf, - 3. (4)
f:"'fh ‘DGaSOIineOCnmpll'essed If t =64.7kWatt, n=3000min™* (Fig. 3), the equations take
q;n3/gh natural gas the form:
20 N for gasoline:
_ m\\ q. =1907+11400° &, - 4F, (5)
-%195 AN for compressedaturalgas:
- \\ \ gy q. =1969+998020* ¢, - 4. (6)
§ 19 NG ~— c // Numeric values of correlation coefficients of fuel
] \ ’ s consumption change equations for different engine operation
2185 ™ O modes are as followgy 1 0.85...0.98, and the determination
— coefficient value fogi 0.76...0.98.
. The works of L.GReznik, V.N.Karnaukhov,
18 ) ) y 1 D.A. Zakharov and others presentstiaped fuel consumption
-40 -30 =20 -10 0 0 20 30

b . vs. ambient temperature curves for gasoline engines. This study
_ Engine inlet air temperature t,°C presents similacurves obtained for compressed natural gas.
Figure2. The fuel consumption change vs. engine inlet air After analyzing these curves, the following conclusion can

temperature &Wattne268miny = 57. 2be drawn: since compressed natural gas graphical dependences
215 do not have such pronounced-ftdm as gasolineelated
q, kg/h DGasolineonC;ﬁ’.]}Eﬁegisd curves, then natural gas is legmsitive to changes in ambient
ms,l air temperature than gasoline from the perspective of fuel
) N economy. And this means that the GAZel vehicles with the
. q\ ZMZ-4062.10 engine operating on compressed natural gas,
=205 N i .
= B\ under other equal conditions, adapt better to chaimge
) 50 \ \ . temperature conditions than those operating on gasoline.
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The influence of snow and frozen ground on seasonal rockslide deformation in nganal
permafrost areas, Northern Norway
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Introduction

Rockslides pose a significant geohazard in periglacial
landscapeswith frozen ground.Focus has beermon mapping
and dttecting large rockslope instabilities duetheir potential
large risk related to theinitiation of destrucive tsunamis
particularly insteep fjord landscapesittv coastal settlements.
However, pocesses linked to melting, refreezing and
temperature changes in ige the rockslopes have been much
less invesgated, and their influence adriving mechanisms
for observed displacements is less well understood.

Here we use a case study from northern Norwagnef of
most active rockslides, the Jettan rockslide expand our
understanding of the influence of frozen ground on rockslope
dynamics In the Jettanrockslide & extensive monitoring
system provide seasonal displacemenand in addition
systematic sties of the ground thermalnd snowegimehas
been performetb understand seasonal freezing and permafrost
conditions

The Jettan Rockslide

Large partof the north Norwegian fjord landscapes are located
in the arctic zone with altitudinal permafrost. The pafrost
regional limit is descending from app. 990 m asl. in the west, to
550 m in the interior in the east of N Norwgghristiansen et

al., 201Q. 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 angnow accumulation pattern, creates special local
terrain and subsurface conditions. This complex topographic
setting being located within the peafrost border zone, is
thought to significantly influence the rkalide deformation.

The first geological stlies 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 nvestigations have
included detailed structural and geomorphological mapping,
geophysical measurements (2D resistivity and refraction
sebmics), LIDAR scanning and analysis of satelli@sed
INSAR and widespread air, ground and crack temperature and
snowmonitoring.

The Jettan rockslide consists of a volume possibly up to 17
million m®, and parts are moving with velocities of more than
50 mmlyr [Blikra et al., 2009; Nordvik et al., 2010 he
unskble area is detached from the intact bedrock at its rear by
large normal faults, and internally this area is characterized by
a @ries of extensional fractures, some of which can be traced

as up to 300 m long surface depressidiee large active back
fracture, delimiting the active area, is about 300 m long,aup t
10 m wide and deeper than 25 Bue to the large and open
structure, visual observations of the back fractures lower parts
were posible using climbing techniques in early September.

Results

Displacement

The displacements in the active area indicateuahn
displa@ments between 1 and 5 cm based on continuous
measurements since 2007. There is a strong seasonal control on
the displaement 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 mithter
(February) [Nordvik et al., 201PThere is no correlation
between the displament pattern and the precipitation record,
and even though the increased displacements start during
snowmelt, it does not slowot/n 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 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 dBoiv.
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 respectivehA C
and, 3AC. The air temperature i
to April, and reaching22 0 AC i n s G uppeepanel]. Fi ¢
Correspondinglythe air temperature of the actifracture(Fig.

1 lower pand) follow the air temperature variation in the
beginning of the winter until enough snow has accumulated
into the fractureisolating the crack air temperature from the
atmasphere. From then, the air temperatures in the crack
remain ftween 0 andi2 AC. nd of summer 2010 a
thermistor wasristalled in the deepest accessible parthef
backscarpdirectly into the ice body identified there (Fid.
lower panel. Also this part of thefracture experienced
significant early winter cooling before enough snolledi the
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crack preventing further cooling. A relatively stable winter

temperature of arounl2 AC i's t hen
snowmelting starts, the ice temperature increéageto around
0AC. This stable

autunn, 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.
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Figure 1.The air temperature (2m) from the Nordnesmettegioal
station (upper panel) (see location in fig. @)ack air temperature
measured app. 10 m below the terrain surface and the temperature
recorded in the ice in the lower part of the active baarsfower
panel).Observe difference in scale on thexes.

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 disptaent shows no
correlation with precipitation. The controlling process for this
characteristic pattern ishus interpreted to be melting and
refreezing of ice in deep fracturdargely affected by cold air
drainage

The driving mechanisms for the Jettackslide seems thus
to be controlled by processes linked to the occurrence and
changing characteristics show and the frozen ground thermal
regime in the unstable rocks. The shear strength of the
detabment 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 heahich 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

r e a c h e dalong thenslidiglanes. wh e n

2. Summer meltwater erodints way downwards causes

s u dnumté the early mp e refee¢zing ire thecpermdfrosntlveemal regime of the lower parts

of the backractureforming ice in the deep fractures. This can
lead to volume increase, and thus a pushing effect along the
active backfracture

3.Meltwater in thespring 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 belowkD Largest displacements
should thus be experienced during stages were warm ice is
present in these areas, which shoddd initiated during
maximum snowmelt in late springr 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 likélgportant
driving mechanisms for rockslides. It seems that occurrence of
ice in fractures and detachment zonesdeded 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
betveen 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
guestions 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 theesseedeformed
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 Kamennyis a village in Yamalsky District of Yamalo
Nenets Autonomous Regiolft. is the administrative centre of
Mys Kamenskoye Rural Communitifhe village is located in
the Yamal Peninsula, to the West of the Gulf of Ob, along the
Kamennaya Spit. It was founded as theebakthe 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 identifitian 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 conteg} iincluding
the ice content due to the ice that cements ground partig)es (i
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 si 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
guestion. Layered and reticulate cryogenic structsirgypical
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%, densifgs/ar
from 1.35g/cn? to 1.80g/cnt. Massive cryostructure is
typical of frozen sands. Moisture of the clayey silt grounds falls
within the range of 288%. However, grounds with a high
content of ice and the total moisture content ofl28% are
also preset. Plasticity indices were determined in accordance
with GOST 518884 and GOST 251005 in order to classify
clayey grounds. Particle size distribution in the sands was
determined in accordance with GOST 12536 A wide range
of physical properties is pycal 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 expressis 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 dendences were made.
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High CO, and CH4 Emissions from Alaskan Streams: Potential Sources and Processes

John T. Crawford Robert G Striegl& Kimberly P. Wickland
United States Geological Survey National Research Program, Boulder, Colorado, U.S.A.
Emily H. Stanley
Center for Limnology, University of Wisconditadison,U.S.A

Introduction

Small boreal streams may be globally important sources of
carbon gases (Gnd CH) to the atmospheresee Teodoru et
al., 2009; Humborg et al, 2010 We investigated the
magritude and potential processes responsible for @l
CH, sauration 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
carbonrich pamafrost regions. We hypothesized that stream
CO, emissions would be a significant component of the
ecosystem carbon lznce and would be fueled mainly by soil
CO..

PermafrostSetting

The study region in the zone of discontinuous permafrost is
likely undelain by epigenetic permafrost (based on
obsenations of exposed ice) which has partially thawed due to
recent wildfire. Mean active layer thickness is ~0.5 meters. The
shdlow active layer likely constrains groundwater flow
through CQ rich soils and maye further confined by the
presence of hillslope stone stripes. There is also evidence of
thermokarst formation in many locations within the study
region.
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Figure 1.pCG; (black line is the moving average overlaidabserved
data @ray lind) and dischage (Q) (bottom gray lines) time series
from two locations on a single stream.sRenses to elevated Q differ
between the two sites (negative response at upstream gage USG,
positive response at dostream gage DSG) despite being separated
by less than 2knDashed line is atmospheric gQ@vhich shows that
these sites are consistently supersaturated and are constant sources to
the atmosphere.

Results

Catchment Carbon Gas Emissions

Estimates of C® and CH emissions from streams are
dependent on accurate measments of stream evasion rates
and surface area. We utilized chamber measurenzrdsa
model of stream geometfizeopold& Maddock 195Bto scale
emissions of both gases to the study catchment. Our results
indicate that stream emissions have the pakmnd decrease
net ecosystem production (NEP) by at least 5% (assuming NEP
of approximately 40 g C fmyear* on land[Bonan and Van
Cleve, 199P. The magnitude of this ecosystem carbon loss is
surpreing given that streams cover < 0.2% of the landscape.
Methane losses were not significant (<0.1% of NEP) for the
overall cachment carbon balance, but the evasion rates (mean
= 126 mgC rh day®) were higher than nearly all published
values for sirflar environments. This suggests that northern
streams may be potentially important but unaccounted source
of CH, to the @amosphere. We believe that recent permafrost
degradation and the formation of thermokarst wetlands may be
important sources of CHo streams.

Processes and Controls

The partial pressure of sim CQ (pCO,) remained
relatively constant throughout the op@mater season, with
daily fluctuations likely controlled by Hstream processes.
However, storm events altered stream p@@d the response
depended upon specific hydrologic flowpaths withire th
catchment. For example, Figure 1 shows the stream,pCO
response to stream discharge (Q) at two locations on one
stream. At the domstream gaging site (DSG), pG@creased
during storms. Aernatively, pCQ decreased slightly at the
upstream gage (USG)udng storms. Elevated pGQluring
storm events gigests an enrichment of GGrom shallow
groundwater flow through CCrich soils, whereas a decline in
pCO, occurs by simple dilution of stream water pC®itted
parameters from our process model (equatignof pCQ
depend upon initial conditions. Results of this model suggest
that the combinedfects of gas evasion (Fluxatm), respiration
(R) and photosyn#sis (P) essentially offset one another (pCO
is similar at begining and end of each day) and thare is a
consistent background source of L@ streams that is
modified throudpout the course of each 24 hour period.

pCO, [t+1] = pCOJ[t] 7 P + RI FluXqm 1)
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Conclusion

Our results indicate that small streams may be an important
component ofhe 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 carborrgressing. Degassing of G@nd CH 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
eluddate the sources of G@Gnd CH to dreams due to the
potential mobilization of previously frozen carbon stores in
permafrost soils. Our future work plans include isotopic
characterization of stream G@nd dissolved inorganic carbon,
both of which will further our understanding of carborlayg

in permafrost regions.

References

Bonan, G. B., & Van Cleve, K. (1992). Soil temperature,
nitrogen mineralization, and carbon sousiek
relationships in boreal forests. Canadian Journal of
Forest Research, 22(5), 6839.

Humbor g, CC;sM., SUhdbanh ,M., Borg, H.,
Blenckner, T., Giesler, R., & lIttekkot, V. (2010), €O
supersaturation along the aquatic conduit in Swedish
watersheds as ostrained by terrestrial respiration,
aquatic respiration and \athering, Global Change
Biology, 16(%, 19661978. do0i:10.1111/j.1365
2486.2009.02092.x.

Leopold, L. B., & Maddock Jr., T. (1954)he Hydraulic
Geonetry of Stream Channels and Some Physiographic
Implications. Geological Survey Professional Paper 252,
U.S. Geological Survey, Washington D.C.

Teodoru, C. R, del Giorgio, P. A., Prairie, Y. T., & Camire, M.
(2009), Patterns in pCO2 in boreal streams and rivers of
northern Quebec, Canada, Global Biogeochemical
Cycles, 23(2), 411, d0i:10.1029/2008GB003404.



96 EXTENDED ABSTRACTS

Study on the mechanical degradatiomf a frozen Alpine soil

M. Curtaz
Fondazione Montagna sicura, Cormayeur, ltaly
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University of Parma, DICATeA, Parma, Italy
M. Migliazza

University of Milan, Department of Earth Science, Milan, Italy

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 Alne regions due to climate change
[Gruber 2004, 200)7 On this basis, a joint study was initiated
by Safe Mountain Fouration (Fondazione Montagna Sicura,
Cormayeur, Italy) and University of Parma to investigate the
variations of the gaechnical behavioof 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 theikparticles and of the ice.
The water content can strongly influence the frozen sail
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 iceét§ [Andresland 1987
The tempesature is another driving factor that influesscthe ice
mechanical behavidFish 1997.

On this basis this work is dedicated to analyze the behavior
of morainic deposits widespread in Alpine areas, subjected to
differentclimatic 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 SalatiaBs in Gressoney Valley (Monte Rosa)
and the second one close to Cime Bianche North Pass
(Cenino). 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 congu.

Laboratory tests

Temperature, water content and deformation velocity influence
on soil stresstrain behavior was investigated by means of
uniaxial compressive tests by varying the temperature (between
-4and-22AC), the wat er dc28%)fteen t
strain rate (9.06 1Dand 2.52 1d s™).

Vertical displacements and normal load were recorded
during the test, and strestrain curves computed. A thermo
couple on the specimens was constantly recording the
tempesture.

The tests were cardeout 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 constitutegl different soit

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 author§Arenson 200R have shown as
these kind of deposits are not completely saturated and the
circulation of air is one of the cause of the idapermafrost
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
congquertly 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 dhemetric,
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 atlower temperature and dilatant behavior is shown at
higher temperature Fgure 2). This fact induces different
failure mechanisms: at lower temperature a localized failure
plane is evident whilst at highetemperature a global
volumetric dformation is recorded.

The stress strain curve reported in Figure 1 clearly shows
this phenomenon.

Figure2 Stress strain curves of the saturated "Gressoneyllea
obtained by varying temp&ture and strain rate.

The experimental results show as the frozen soil méchlan
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 strengttanflyzed 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.

Tablel. Uniaxial compressive strength (Cohda deformability
modulus obtained for tests carried out on frozen moraimaples
(Cime Bianche).

Sample| T W Y Co E
wc | [%] | [mm/s] | [MPa] | [MPa]
1Aa -3 | 12.21| 0.007 | 0.84 | 40.00
1Ab -3 | 12.21| 0.014 1.37 64.00
1Ac -5 | 12.21| 0.021 | 2.40 | 224.00
1Ad -1 | 976 | 0.021 | 0.25 | 19.00
1Ae -5 | 976 | 0.021 | 0.61 | 73.00
1Af -11 | 12.33| 0.014 1.32 73.00
1Ag -6 | 12.33| 0.014 1.50 | 140.00
1Ah -2 | 12.33| 0.014 | 0.83 | 81.00
1A -11 | 12.33| 0.021 1.58 | 40.00
1A -12 | 12.33| 0.007 | 1.00 | 36.50
1Ba -10 9.1 0.014 1.31 | 150.00
1Bb -12 | 11.19| 0.014 1.61 | 107.10
1Bc -5 | 11.19| 0.014 1.34 | 213.30
1Bd -3 | 11.19| 0.014 1.88 | 107.80
1Be -10 | 11.19| 0.021 1.90 | 183.30
1Bf -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 |1 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
29 -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
2| -13 | 10.61| 0.007 | 2.04 | 355.60

One of the most important result regards tfadure
mechanism: a decreasing temperature shows not only the
transgtion 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 pfalure 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 meichh
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 strentp reduction determines at first a
reduction of slope safety factor.

Changing in mechanical behavior has also different
conggquences to be taken into account in Alpine slope
monitoring purposes: in fact more ductile behavior involves
larger defomation ofthe 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 managethb
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 mcluded a sliddhhammer 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 of5 ¢ C  a srionaof openingttuadra travel. The
DNR maintains a network of manual observation sites to
manage the four main tundra travel management zones on
stateowned land on the North Slope. Individual projects may
also collect data for specific needs as part @f tbgulatory
permit process.

For this study, we used established research sites to
simulate observed ground temperatures. A forecast tool was set
up to run a l4lay groundtemperature prediction based on
reattime 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, sdieezing
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 witha stateof-the-art model GIPL[Daanen et al.
2011, Machenko et al. 2008, Romanovsky et al. 2002,
Sazonova and Romanovsky 2003, Sergueev et al].ZDiod
model was developed to simulate freezing and thawing as well
as longterm permafrost temperature simulations.

The model is prepared for a particular siging a multi
year dataset of temperature profiles to calibrate the model
variables and parameters. The first step is the calibration of soil
parameters using sesurface temperature as input to the
model. These parameters include soil layering and ad@rst
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 catrolling 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 Deadhorsétes 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 GIP model in this mode creates an
effective soittemperature 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 deepertion 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 sitel 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 througtripts 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. @ésdts 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 isiven 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 forestatool. 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 webserveeratthe data is
plotted for an end user to observe. Anlime example of the
forecast for the Deadhorse site is provided by the permafrost
laboratory of the Geophysical Institute University of Alaska
Fairbankgqwww.permafrostwatch.o)g


http://www.permafrostwatch.org/
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Model Calibration Using Soil-Surface Temperature

AR W

-5 L

Temperature, °C

-15 |-

20
Jul-07 Jan-08 Jul-08 Jan-09 Jul-09 Jan-10 Jul-10 Jan-11
Observed DFM4 30.4 cm depth
—— Simulated DFM4 30 cm depth
Figure 1 Model calibration for a permafrost site near Deadhorse
Alaska.

Discussion

The multiyear calibration provides a good method for accurate
daily predictions. The simulation results reflect the complexity
of the freeing-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. Snowis 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 pernsifro
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 ofthe 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 temperate 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 wib aequire
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 redime obrvations 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 thatve been
developed to gather the required input data. The GIPL model is
then run to make a groustdmperature prediction for the next

14 days based on the collected weather forecasts and site
specific parameters.
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Global Effects in the 21st Century (PAGE21):
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to measure the impact of prmafrost degradation on the climate system
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The challenge

The northern permafrost region contains apprately
50% of the estimated global belaywound organic carbon pool
and more than twice as much as is contained in the current
atmaspheric carbon pool. The sheer size oltharbon pool,
together with the large amplitude of predicted arctic climate
change inplies that there is a high potential for gloisahle
feedbacks from arctic climate change if these carbon reservoirs
are desbilized.

Nonetheless, significant gaps &xin 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 greehouse gas (GHG) emissions. Specifigall
1 Our understanding of the physical and biogeochemical

processes at play in permafrost areas is still ingefit in
some key aspects

1 Size estimates for the high latitude continental carbon and
nitrogen stocks vary widely between regions and research
groups.

1 The representation of permafrgstated processes in
global climate models still tends to be rudimentary, and is
one reason for the frequently poor penfiances 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 moniihg, in order to
quantify their size and their vulnerability to climate
change,

b) to produce, asseble and assess higjuality 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 perrmast to global change,
thereby providing the means to assess the feasibility of
stabiization scenarios, and

e) to ensure widespread dissemination of our results in order
to provide direct input into the ongoing debate dmate
change mitigation.

Methodology

The concept of PAGE21 is to directly address these
guestions 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 ofnvironmental conditions for the
validation of large scale models, the development of permafrost
monitoring capbilities, the study of permafrost processes, and
for overlap with existing monitoring programs. PAGE21 will
contribute to upgrading the projesites with the objective of
providing a mesurement baseline, both for process studies and
for modeling programs. PAGE?21 is determined to break down
the traditional barriers in permafrost sciences between
observational and modslpported site studies afatgescale
climate modeling. Our concept for the interaction between site
scale studies and largeale modeling is to establish and
maintain a direct link between these two areas for developing
and evaluating, on all spatial scales, the iandace modies
of leading European global climate models taking part in the
Coupled Model Intecomparison 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, andn particular the moddbased
assessments will build entirely on new outputs asdlts 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 wvulnerability of arctic
permafrost to climate change,

the production of a suite of maj&uropean coupled
climate models including detailed and validated
representations of permafroselated processes, that will
reduce uncertainties in future climate projections
produced well beyond the lifetime of PAGE21, and

the training of a new generationf permafrost
scientists who will bridge the longtanding gap between
permefrost field science and global climate modeling, for
the longterm benefit of science and society.
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Analysis and Design of LowTemperature Phonetic Geothermometer
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Abstract 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 lowtemperature and large range geothermometer. The
design meets most of the requirements for the frozen soil
' ade ) conservation monitoring test in the aspects of temperature
field test. Due to these limitations, the design scheme of the range and cold resistance. Along with all the improvements, the

Low-Temperature Phonetic Geothermometer isfpoward in handiness and accuracy oZen soil moisture monitoring tests
the paper. In the practical circuit system, temperature Sensor | pe greatly enhanced.

chip DS18B20 with stainless steel encapsulation is chosen as a
temperature sensor, AT89S51 singhep microcomputer is

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 teemature conditions of

cold regions, the mercury thermometer has the limitations of
inconvenient reading, shortage range and finite application for
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Changes in the Salinity Degree of Lakes Under the Influence of Anthropogenic &ars and
Cryogenic Processes: Case of Krugloye Lake, Yakutsk

M.V. Danzanova
Labaratory of Groundwater in Permafrodtjelnikov Permafrost Institute SB RAS (MPI SB RAX8kutskRussia

Introduction

Low terraces of the middle course of the river Lena abound
with oxbow shallow lakes of an erosion origin. These lakes,
along with shdbw rivers, were drains for surface and
suplpermafrost waters. Currently, due to strong flow control,
they are collectors of different polluting agents. The hardest
anthiopogenic 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 1BV were
taken from stock materials of the Permafrost Institute. Since
2008 water samples have been taken with the participation of
the author. It should baoted that in 1992011, during the
period of makmum 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 hydroch&al characteristic.

Discussion of Results

Krugloye is a shallow lake, it has a small watellecting area,
lake shore lines are poorly marked. The water reservoir in the
1950s had di mensions 40-30 m a
summer did not exceed 1.5 m. The lake basin was covered by
grassland vegfation. The water body was naturally fed by
atmospheric precipitation and suprapermafrost waters of a
seasnally thawed layer. In 1954 the water had sulphate
hydrocarbonate composition, with mixed cations and pliegai
calcium. The salinity level was 0.4/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 2.8 a
winter period. Watebearing soilsare quarternary silty and
fine-grained sands. The total thickness of loose quaternary
deposits is 28n. The underlying soils are weathered Malm
sandstones. The water composition in talikclides
magnesium and sodium chlorides and hydrocaates, with
sdinity of 4.5 g/l.

In order to preserve the lake, from 1963 till the mid of the
1980s 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 caitipa
and salinity of 1.29 g/l. In order to prevent surfaaad over

permafrost flow of water from the lake to local
mesodeprssions, the water reservoir was dammed at the
eastern side. A road was laid along the northern and western
edges of the lake bias The pumping of subpermafrost waters
resulted in the @ime 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 samehe 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, magnesjuraulphates 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 increa$¢alik thickness
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 no decrease of lake
salinity is observed, which is connected with the anthropogenic
disturbance of the ovgpermafrost flow. It can be deemed that
since the end of the 8)the chemical composition of the lake
hag begnfoemedhmpstly undemthe influeneepf natusal factors.

According to data of hydrochemical research conducted in
19942011, tke 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 increas to 3.63.5 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 -8.8g/l reaching 8 g/l in
individual cold years.

When s$udying the changes in chemical composition of the
lake along its perimeter, it was noted, that site No. 3 dhnua
features rmor decrease of water salinity. Basing on the method
proposed by Anisimova NR, [Anisimova, Makarova and
others, 1989, it follows that submerged discharge of
suprapermafrost aers can exist on this site.

In order to confirm the fact ofuprapermafrost waters flow
into the lake, 2 bore holes were drilled in 2011 (boreholes 4/11
and 5/11). According to drilling data, thawed wabearing
grounds in the bore hole located at the distance of 30 m from
the lake unddie at the depth interval of-2 m; thawed grounds
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in bore hole 5/11dcated 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 obsetions over the level and

chemical content cfuprapermafrost waters.

Table 1. Average cimical composition of Krugloye Lake, me

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 dituti of lake water with
atmaspheric 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 watallecting area.

Anisimova, N.P., Makarova, EV., Golovanova, TV. 1989.

Hydrochemical research for identification of submerged

Date ¢ ® | Mg? | Na | NatKk | HCO; | SO2 cr Total hardness Salinity, mg/I toy
Marehh | 40 | 70 211 | 62 | 164 | 7.9 196312 i
':;t’zrgg(r)y 14 | 241 64.2 212 | 223 | 407 255 5771.15 8.95
M%Cohez’ 7.2 | 200 46.8 194 | 17.7 | 371 273 421772 ]
Ma2r83726' 51 | 21.6 | 39.8 230 | 147 | 271 26.6 4369.31 9.02
Mgg%gé"" 38 | 132 | 26.2 183 | 75 | 140 17.0 2833.05 7.38
Mgg%hgs’ 45 | 19.0 | 267 269 | 81 | 229 235 3793.74 7 58
March 30,1 91 | 37.3 | 69.9 532 | 189 | 47.0 46.4 8076.74 7.94
Mggf‘l Ll 56 | 227 | 448 301 | 149 | 27.3 28.3 4091.01 8.27

References discharge of suprapermafrost watergntegrated

permafrosthydrogeological mvestigations.108 - 114
pp. (in Russian
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Linkage Between Frozen Ground Change and Streamflow Regime
Over Northern Watersheds
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Tingjun Zhang
National Snow and Ice Data Center, Univ. of Colorado Boulder, CO, USA

Abstract

Climatic condition and its change significantly affect the
thermal regime of active layer and permafrost. Climate
warming in the northern regions réisuin 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 C and active layer thickness has
increased by up to 200 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 Artic/subarctic regionsChanges in the active layer
thickness impact surface runoff processes, directly affecting
groundwater storage and river dischard®ecent analyses
reveal that low flows during the falinter season have
increased over the northeregions, i.e. in YukorRiver 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
observationsRecently, we carried out investigations on ground
temperature, active layer depth, and streamflow changes over
the northern regions/watersheds. We examined -feng
climatic/hydrologic (discharge) and permafrost data to
explore/define  the  relationship  taeen  discharge
characteristics and basin permafrost coverage/soil temperatures
over selected watersheds. We h&veused our efforts on the
regions/basins with significant climate/permafrost/hydrology
changes, such as the Yukon River in Canada/USA, aad th
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 areuseful to quantify and assess the impact of
permafrost changes on sreflow variations in the northern
basins, and they improve our understanding of climate change,
permafrostdynamics, and basin hydrology oube high
latitudes.
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Temperature Regime of Permafrost Affected Soils in Northern Yakutia

S.P. DavydoyA.l. Davydova
Pacific Institute of Geography, Far East Branch of the Russian Academy of Sciences, Northeasteristienc€hersky, Sakha
Republic (Yakutia), Russia
D.G. FedorovDavydoy, V.E. OstroumoyA.L.Kholodoy, V.A. Sorokovikov
Institute of Physicochemical afgiological Problems of Soil Sciences, Russian Academy of Sciences, Pushchino, Russia

Introduction

Monitoring of soil temperatures in Northern Yakutia using
automated data loggers has been run mainly as part of the
CALM international program (Circumpar Active Layer
Monitoring), since 1998 in the Kolyma Lowland and since
2008 in areas west of it (Allaiha rlver, R31) and Bykovskiy
Cape, R29A). Altogether, measurements have covered 19 soil
profiles (Fig. 1).

Laptev Sea et
- East-Siberian Sea
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Fig. 1. Location map of key temperaturenioring sites in Northern
Yakutia. R13/ Malyi Chukochiy Cape; R16 Segodnya Pingo; R18
Rodinka Mountain; R21 Akhmelo Lake; R22 Alazeya River;
R29A1 Bykovskiy Cape; R31 Allaiha River; CH21 Malinovy Yar.

Results and Discussion

The temperatureegime of zonal loamy tundra soils (Cryozem
soils, Haplic Cryosols) on drained watersheds under vegetation
consisting of low shrulgrassgreen moss or graggeen moss
dryad plant communities depend on latitude. In the Arctic
tundra (site R29A, 74 7 & thd nean summer temperature
(JuneAugust) at 20 cm below the soil surface is negative (
0.34C) (the temperatures are reported hereafter as the mean
multi-year valuesbecause of low June temperature while the
monthly mean of August, the warmest month).45C; mean
summer temperatures in typical tundra (R130786 6 N
R31, 708 36 N) -2.68Aramd th# AWyust means are 3.0
3.4/C; the respective values for southern tundra at the northern
forest line (R22, 68l 9 6 N) Aamd %4C 8Fig92). The
anrual sums of positive daily means at 20 cm below the surface
are 53C in Arctic tundra, 22262/C in typical tundra, and
429/C in southern tundra; the percentages of ecologically
sufficient temperatures (abové® relative to those values are
0%, 3436%, and 58%, respectively.
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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 sraedlle
elements of frost moundy microrelief in tuadfR22) is worth
special consideration. The mean summer and the mean August
monthly soil temperatures are B24C lower in overwetting
and peaty soil of intermound depression relative to those of
frost mound, at the same depth (20 cm), while the resjecti
differences in annual amplitudes and in sums of positive
temperatures are 5% and almost 308 The temperatures
never reached the ecologically sufficient values over the
observation period, even in the abnormally warm year of 2007.

Zonal soils in notern taiga have more diverse temperature
regime than those of tundra. They differ as a function of timber
stand thickness, succession stage of plant communities, soll
cover features, as well as direction and slope angles and
exposure. The mean summer tenapare of Pale soil (Cambic
Cryosol) is 3.A\(mean August temperature is B3 at a plain
site of green mosk licheni low shrub larch light forest (R18,
6856 N) at 20 cm depth (Fig.
these temperatures are, respecyivel. ¥C and 5.8C. The
predominance of moss decreases the summer and August

a nngeans to 1.4 and 2.6C, respectively. The sum of positive

daily temperatures is in the range 1BEA with 5466% of
values above A&, but soils never warm up toASn the
preence 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
23.3XC in Arctic tundra-23.14C in typical tundra, andl9.4:C

in southern tundra but are as high-as$ to-10.8/C 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): -1280A 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 temggeres are closer to
those in tundra rather than to the taiga values. The mean annual
values of soil temperatures (20 cm deep) af#@ higher in

taiga than in tundra (mainly at the account of winter
temperatures): from2.3 to -2.94C against-7.2, respetively;

the annual amplitude of monthly means is-B1504C 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 contasting temperatures than loamy Cryozem soils, with
higher summer means and colder winter temperatures. The
winter temperatures being lower, the annual amplitudes are
3.2-4.4/C larger in sandy than in loamy soils. Furthermore,
sandy soils are more thermabnductive 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 & while sandy Podbur soils have temperature
sums of 23195/C at 50 cm below the surface, whiih 12
49% of the total sum of positive values. In some years, Podbur
soils at the depth 20 cm had active (abovéC)@aily means,
which has never occurred in any loamy zonal soil. Mean multi
year sums of active temperatures makel 8% 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 @0, the mean temperature of the
warmest month is 7& (Fig. 2), and the annual sum of
positive tenperatures is 6538

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
( C)is 11.8 and its August mean is 1&Fig. 2), whichis
about 6C higher than the
soils in drained tundra (R21), the warmest zonal soil. The sum
of positive temperatures at 20 cm below the surface isA4370
out of which 93% are above’5 and 66% above £GQ. Active
daily meas in these profiles penetrate as deep as 40 cm.
Steppe soils with low water contents are subject to high
temperature contrasts, annual amplitude reachirg 320 cm
deep).

Heat availability (amount of heat available for warming the
soil from zero to maxnum temperature) estimated according
to enveloping temperature curves increases in the series: tundra
Cryozem soils (3603700 kcal/m per year)i taiga Pale soil
(5200 kcal/mM per year)i tundra Podbur soils (6066200

r e sfipsérpounds; e

kcal/nf per year) (Fig. 3). Thus, fmation 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 sufficientriperatures (from 5 to
10/C) 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.

kcal/m2 per year
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Fig. 3. Heatavailability of mainzonalsoils of NorthernYakutia.

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
5/C) and have muclower annual temperature amplitudes than
temperatures of Podb

3. Sandy Podbur soils have higher summer temperatures
and greater depths (to 50 cm) of th&CSisotherm than the
loamy soils of tundra and taiga. In some years, Podbur soil
profiles (20 cm below thesurface) reach mean daily
temperatures above AD, 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 a
taiga |l oamy Pale soil < tundr
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Model Experiment Study on Pile Skin Friction during Frozen Soil Thawing Process

Dayan WangWei Ma Junwei ZhangHui Guan Zhi Wen
State Key Laboratory of Frozen Soil Engineering, Cold and Arid Regions Environmental and Engineering ReséatehQhéhese
Academy of Sciences, Lanzhou 730000, China

Introduction

With the economic development of Western China,
engineeing construction has just been unfolding in cold
regions. But as the global warming and construction
disturbance, the meamraual ground temperature is increasing
and the permafrost issgenerating. Some engineering diseases
such as frosheave and thawettlement become common
phenomena. In order togure the stability and normal working
of structure on frozen ground, somegemeering and technical
measures must be kien to guarantee the engineering
foundation stability. Considing pile foundation has preferable
load-carrying properties relive to the other foundation, it is
widely used in the cold regions buildingOrlando B.
Andersland and Branko lnalanyi, 1994. However, due to the
ground warming effect caused by atmospheric temperature
increase and human disb@nce will change the relationship of
pile-soil interaction, which will further bring about the paeil
interface adfreezing forceatdline, 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 pd skin, and mduce an excessive downdrag
to pile. This downdrag force is named negative skin friction
produced by subsoil thawing tdement. With regard to
negative skin friction in civil enginemg, there has
progressively gained attentions from thejieeering profession
after many foundation failures due to excessive rtbrag.
They suggest that there are six probable, but not limited to,
reasons of existence of negative skirction, namely, self
weight of unconsolidated recent fill, rehargeinduced
consolidation settlement, consolidation smtént 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 sustairet loading, causing subsoil settlemefhi
Peidong 200B However, the settlement induced by subsoil
thawing will not be mtioned. But in cold region, the influence
of the freezehaw transfer has to be considered as it will
produce frozeheave or thaw st¢ment of soil around pile.
This will change the way of pileoil interaction and lead the
structure damagéd his paper inveggate the influence of frozen
soil temperature, pile section shape, load on soil layer, and
cryostructure on pile skin friction ¥ 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 tentperaand

the relationship &ween pile skin resistance and pgdeil
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 fabatl the
theordical 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 assemblyipire

1. Although frozen soil temperature is iffdrent,
distribution curve of the pile skin resistance caused by the
thawing soil slement along the pile presents on the shape of
i So. Timumn pite side resistance reduces with the frozen
soil tempeature increasing. The position where the maximum
pile side resistance appears falls with the frozen soil
temperaturencreasing. The neutral plane falls with the frozen
soil tempeature increasing.

2. The surface load on the soil layer has great influence
on the pile side resistance caused by the thawsoil
settlement. The maximum pil&kia resistance increases with
increasing of load. The position where the maximum gila s
resistance @pears rises with increasing of load. The neutral
plane falls with increasing of load.

3. The different section shap of piles have great
influences on the maximum pil&ia resistance and the neutral
plane pogion. During the thawing process of frozen soil, the
maximum pile Kin resistance of the circular pile is greater than
that of the foursquare pile. The neutpédne 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 s
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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 Acknowledgments
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the function The pile axial stress formula is obtained by Reference
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Problems of Ensuring Geotechnical Safety of Small Populated Areas in the Arctic Regions

of Russia (the Case

of Igarka Town)

M. V. Debolkiy

Department of Glaciology and Cryolithology, Lom

onosov Moscow State University, Moscow, Russia

Abstract

Northern populated places located in Russia recently received a new impetus for further development. It is primaxigdassoci
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
theinfrastructure 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 thEise trends.

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 fasl 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 ofhé 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.

Igarkais 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 HKgar
Permafrost Research StatigRavlov et al1976; Pavilov &
Sergeevi989. The town is locad 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 bybteffcia.
Most of the population currently lives in two regidial
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
reding on a shallow (8.5 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 hy@ 086 2 Ao r a year
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,-60cm), 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 #t 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.).

Figurel. 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 SRaznarkova, July 2010).

Also, large fill layer that freely filters waters, persistent
snowbanks and permafrost under trackways and spaeesffre
snow aggravate the hydrogeological situation in the town.
Anothery exprapley 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 heavimgformations 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 befn 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 regimgrofinds
in lgarka.
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Remote Sensing for Permafrost Monitoring

E.V. Denisevich
Garzprom VNIIGAS Ltd., Moscow, Russia

Aerial and satellite monitoring of permafrost within lease
areas and linear engineering structures (pipelines) in oil and gas
fields underdevelopnentis part of general monitoring dhe
subsurface.

Monitoring of the subsurfaceis a system of regular
observations acquisition accumulation processing and
analysisof datausedto estimatethe stateof the subsurfacend
to predict its possible changesin responseto natural and
anthropogenicimpacts associatedvith petroleumexploration
and production pipelining inside and outside oil fields, and
other activities.

The obtainedpermafrostmonitoringdataare usedin mine-
surveying geodetic, geotechnical, productional, environmental,
engineeringgeological, and other kinds of monitoring.

Remotesensing(aerial and satelliteimagery, the quickest
and arelatively cheapgeoinformatiortechnology, integrated in
a system together with other ways of monitoring the subsurface
state and dmnges, furnishes basic permafrosevant
information

Geocryological arial and satellite monitoring performed
while developing oil and gas fields in permafrostis a
subsystem (at the level of objects) of subsurface monitoring
concerning surface and slml geological processes. It is
compulsory in reservoir studies and in petroleum production,
and is regulated by special guideline documents.

This kind of monitoringis necessaryo minimize the risks
of hazardouspermafrostrelated processesassociated ith
petroleum exploration and development.

Remote sensing data have implications for:

- current state of permafrestlated processes in oil and gas
fields, including the zones of their substantial influence;

- current shortterm andlong-term dynamic of hazardous
permafrostrelated processes, both within the fields and in their
influence zones

- damagecosts including the costs of preventive and
mitigation measuresgainstpermafrost hazard and its negative
effects on the environment during deywieent;

- measures and respective techniques foproviding
sustainable productigmpreventingemergency and mitigating
impacts upon shallow geological processes and groundwater
circulation;

- efficiency of production improvement measures that
provide conplete recovery at minimum possible inexpedient
losses

- changesto the subsurfacewhich, in turn, result from
changesin permafrostconditions associatedwith petroleum
exploration and development, as well as other related economic
activities;

- developnent 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 permafrogelated hazard is from thermokarst,
thermal erosion, ic&vedge polygons, frost heaves, icing,
solifluction, and landddling.

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 andcaased
permafrost hazard.

Particular monitoring objectives depend dm tconditions
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 lense 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,
engineeringsites).

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 engineergeplogical
conditions, andHis linkage has to be taken into account when
setting up and performing the monitoring work.

Temperature changes in frozen ground give rise to
thermokarst, icavedge 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 informadin. 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, dogical, geographic,
agricultural, ecological), it is reasonable taterpret them
jointly and to analyze the deciphering results (including
integration with geophysical and exploration data) within the
limits of geoinformation systems, with controlled wadization
of specific maps and their object8his 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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Active Layer Monitoring in Limnopolar Lake CALM Site in Byers Peninsula, Livingston
Island, Antarctica
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Introduction

South Shetland Archipelago, Antarctica, is located near A€ 0
isotherm of Mean Average Air Teqmerature-MAAT - what
involves the Antarctic continenit means that frozen soils
(permafrost) could be degraded under the warm climatic
conditions of the summer. Thaw period could derive on
pernafrost 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
geomaphology, but also check the effect of the climate on the
permefrost. 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. 20Q0Moreover, we monitor ATL
thermal state by sensors on theface and inside of it by mean
of two shdlow boreholes, we also monitair temperature data

in the area. This CALM site increases our monitoring sites
established in different locations of Deception and Livingston
islands since 1989, although continalyu since 2000[e.qg.,
Ramos et al. 20Q7in 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 Spanntarctic
Campaigns. In this paper we present the Limnopolar Lake
CALM site, its instrumentation and a brief summary of the most
important results for 2002011 geriod.

The study area

Limnopolar Lake CALM site (68 8 6 59 . #0600S1,6 . ® D ¢ W)
was esthlished in the Limnopolar Lake basin, Byers Peninsula,
Livingston Island, South Shetland Archipgb, Antarctica
(Figure 1). This site is a glacinee area with an open character
without orographic barriers upwind, without thermal anomalies
(such as occursnoDeception island) and with detritical material
(and not rocky and coarse materials such as occurs on

LiVingSton iSland). Then, those characttics should make it an Figure 1. (Above) Location of the Limnopolaake CALM site;

excellent location for detecting regional changes in climate. Antarctica (1), South Shetland Archipelago (2). study area in Byers
Byers Peninsula is thertgest norglaciated area in the South Peninsula (3)(Below) View of the CALM site (grey box) and

Shetlands, although snow covers it durir§ Tonths per year. instrumenétion (Black dots).

Precipitation is well in excess 200 nje.g., Toro et al. 2047 _ _ _

Mean summer air temperatures are abdut@ 3A Cwith daily Byers Peninsula is dominated by a smooth undulated plateau

extremes values of £OCand -10A C In winter, daily air ~ atabout 105 m a.s.lofming small drainage basinghe geology

temperature ranges betweeA Gand -35A de.g., oro et al. is mainly characterized by Upper Jurassitower Cretaceous

2007. These conditions convert this region on the climatic limit Vvolcanic, volcanoclastic and sesentary materials (both

of permafrost extence. detritical and carbonates), as well as different intrusive igneous

bodies, and Quaternary sedime[L - pMar t 2 nez J.et
Periglacial, glacial, fluvial, and weathering processes affected





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































