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SUMMARY

When cuttingan ice from lakes and ponds gaseous phasplals often ubiquitous bubble
textures along the ice thickness. The occurrence of bubbles (enclosures filled with the gas)
in ice relates to a content of the dissolved gas in the lake/pond water prior to freezing over
the surface. When water freezessdlved gases are rejected and redistributed at thveaitss
interface, depending on the saturation ratio between the gas and water. If the concentration
of dissolved gases surpasses a critical value (as freezing progresses), the water at the interface
becomes supersaturated, and gas bubbles nucleate and grow to a visible size along
the interface. The bubbles generated at thenaier interface are either incorporated into

the ice crystal as thé&e-water interface advances, thus forming gas poreshi ice,

or released from the interfack.there is incorporation or release is determined by several
factors. The bubbles nucleated at the advancingweger interface may be characterized

by concentration, shape, and size, which depend on growtlofrate, the amount of gases
dissolved in water, and the particulate content of water.

This work focused on the relation between growth rates of the ice and the oceurrenc
of bubbles in the pond ice. ronitored the temperature of the ice formed undeuraht
conditions over the pond Dol n2 Tugimy in Mok

Distinct layers of gas bubbles were observed when the ice samples have been retrieved.
These layers may relate to fast growth rates of ice. In this case the maximum growth rates
were about 1 em/ s.

The results were compared with similar work done (Cdrg61; Bari and Hallet, 1974;
Yoshimura et al., 2008). This comparison showed distinction that may be due to different
methods of ice formation (laboratory condition vs. natural damrd).
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1. INTRODUCTION

Ice over lakes and ponds often contamall gas bubbles enclosed in fthese bubbles are
generated at the iegater interface, as freezing progresses, aad occurrencan ice relates

to the content of the dissolved gas in water of the lake or pond before it chatoges.in

The bubblewary in size, concentration asthape, andher features depend osuchfactors

as the amount of gases dissolved in water, the particulate content of the water, and growth
rates of ice.

This work is focused on the relation between growth rates of ice and the occurrence
of bubbles inice. Previous studie showed that the ice growthte affect the size, shape,
concentratiorand distribution of bubbles. The main purpose of this work was to investigate
the dependence of bubbles in ice on growth rates of the ice and compare the results
with the literature.

For the study was used the ice formed under
in Mokrovraty, Czech Replib. The temperature of theaterof the pondand the temperature

of the ice were monitored by temperature loggers iButtbesperatureacord was then used

for the determination of growth rates of iCEhe ice structure was investigated from ice
samplesretrieved. For the comparison temperature records and ice samples from one other
pond were used.

First part of the work dedicates to ts&ructure and classification of lake/pond ice cover,
formation of gas bubbles in ice, their shape and gas content. Some methods for predicting
the thickness of ice arei st ed. The second part i's focuse
Tugi my i tcsibked the field &rea,dusesl methoalsd materials obtained results

andtheir discussion.

This work deal with bubbles formed thie ice-water interfacdout also mentions othetypes
of bubbles which may occur in ic8he main goal of the work was toveal the relation
between growth rates of ice and the occurrence of bubbles in ice, $haws a possible
utilization of iButtons data loggees well



1.1 Structure and classification of lake and pondce cover

Lake and pondce cover ismostlyseasoal andoccurs where average daily temperature drops
bel ow t he f r@ @mwse e al.p20dRafferty Q@PA Lakes and ponds at high
latitudes or high altitudes are icevered part of the year; typically from November to April

and in the veryorth sometimes from October to early June. Arctic lakes may be ice covered
throughout the year and at mid latitudes occasional ice cover may appear for short periods
several times duringhe winter (Bengtsson, 20H). The formation of ice coveand its
disappearance depends climate factors such as air temperature, cloud cover, and wind.
Conditions such as heavy rains or snowmelt in locations upstream or elsewhere
in the watershed also afféce coverduration(Livingstone et al., 2010

As the air abwge the water surfaceools the waer at the top of lake/poridses heat, becomes

denser than the water below and sinH$is process continues until all the water

in the laképondi s at 4 AC, when the density oifig water
(and without mechanical mixing) a stable, lighter layer of water forms at the surface. As this
layer cools to its freezing point, ice begingdam (Ashton, 198%.

Ice on lakesand pondgyrows in a static way; there is no horizontal transfer ofitkthe ice
grows in the verticallirection once the initial ice covers the lafi@engtsson, 2018. Ice
crystals grow downward into the water column byca@ngelationprocessthat produce
congelatiorice (Ashton, 1986).

Congelation ice forms as water freszat the bottom of ice cover andhet latent heat

of crystallization is conducted upwards through the ice to the atmosphere. Its growth rate is
proportional to the rate at which energy is transferred from the bottom surfaeeio¢ layer

to the air abwee (Bengtsson, 2012 Jeffries and Morris2006 Rafferty, 202). Congelation

ice forms as two major typeshe first type is formed by spontaneous nucleation which takes
place on cold calm nightswhen the surface of the lak@hd supercools (the temperagu
drops below freezingand the ice nucleate$ spreading rapidly across the lake/pond ice
surface.Under ideal conditions the firsirystalsof ice can reach meter wide dimensions.
The second type occuyrsvhen laképond conditions are cold enough andis exposed

to strong winds blowing dust, snow or frozen ran the lake/pondsurface It causes
heterogeneous nucleation of small ice crystalscligationbeginsat the surface of foreign
particles)(Rafferty, 2012).

The congelation ice is usually ovairi by snow icelt forms inseveral ways. Snow deposited

on a thin ice cover can depress thesogace below the waterlinallowing the water télow

up through cracks and holésthe icesurface Saturatel snow therfreezes. Rain and melting

snow ca percolate downward and refreeze in the lower legélan unconsolidated snow

pack (Ashton, 1986L epp@r anta and Kosl of f, ).dlelGr@zen Jef fr



snow icehas much smallesrystabk andis easily recognizedrom theunderlyingcongeldion
ice (Gow and Langston, 197.7

Snow Ice : Ice that is
formed by the
metamorphosis of snow
on top of lake ice. Grows
upwards with snow
accumulation. Itis also is
the first layer to meit in
the Spring. Bubbles very
A prevalent.

Snow ice - congelation ice
interface represents ¢
the original locus of —» L
ice crystal formation
(lake freezing).

Congelation ice - ice formed
from lake water at the
time of freezing. Typically
forms larger ice crystals
with few bubbles.

~

Figure 1.11: Schema of two types of lake/pond(iwe/w.blueiceonline.com)

Lake and pond ice cover has distinctive stratigraphic and crystalline structures, which can
furnish useful information on the freezing histaf the water and the crystallizatipnocess
(Ashton, 1986)Ice has a hexagonal crystal structure with three identieaka in the basal
plane and @xis perpendicular to that basal pldBeirand et al., 20060rientation of crystal
c-axes developssathe ice cover thickens. In some ice covesaxis vertical crystals become
dominant, in others,-axis horizontal dominate. It was suggested firaferred orientation
depends either on the thermal characteristics of the water body or on whetherereaeid, s
formed by heterogeneous nucleatign Mller-Stoffels et al., 2008) Analysis of caxis
orientati ons ller&toffels etrale (2008slyowetithat preferred orientation
become dominant in unseeded and seeded experiments, regardless ofténgpaiature
and initial temperature dhe water. The main result wathat, when war freezes in calm



conditions,and unseeded ice covers foliy spontaneous nucleatipo-axis vertical crystals
become domina, in contrast, in seeded ice formed by hmjeneous nucleatiorc-axis
horizontd crystals become dominant

1.1.1Thin section

The crystal orientation is determined by studying thin sections of ice, which provide
a 3dimensional characterization of ice crystals (Ashton 1986; Durand et al), 2006

The thin section is made by cutting ice cores vertically or horizontally into very thin layers,
approx. 0.3 mm thick, allowing light to pass through them. When thin sections are placed
between two crossed polarization filters on a light table, theithdil ice crystals can be seen
(Durand et al., 2006; Gay and Weis, 1999)

Bubblefree ice is optically transparent, doubly refracting, uniaxial and optically positive.
The colors of crystal (associated with birefringence) depend on their orientatioror{Asht
1986). The speed of light is different along thexts and the -axes. This fact together

with the orientation of the axes in a sample and the thickness of the sample will determine
how the crystals look in polarized light. Ice crystals with vertieging caxes appeared

in black; diagonal or horizontal laying crystals appeared in interferarioes The thickness

of the ice sample is an important parameter ferghain boundary determinatiofiBurande

et al., 2006; Hertl and Vikhamar, 1999)

Vertical and horizontal thin sectisnof ice in polarized light arseen in Figurel.1.11
and 1.11.2 Figure 1.11.1 showsthe vertical thin section of congelation ice composed
of columnar crystals, and firgrained snow ice above. Figuitel 1.2 showsthe horizontal
thin section of columnar crystal structure of congelation ice.

| took these photographiiring the NASA History of Wintér2013. The thin sections of ice

were prepared as described in chatér?2 Sample preparation for thin section analysif

work was done outdoor, where the temperature was abhoditA C , so the ice st
change during the preparation.

! The weeklong program for elementary and secondary science teeingarly held each February since 2001

in Lake Placid, New York, USA. It brings together teachers and learning professionals from around the United
States to study snow (in the air and on the ground), ice (crystal structure and axial orientation) and the winter
ecosystem (interaction of the cryospheaed the greater environment) through intensive classroom and

fieldwork exercises led by experts in the field.



Figure 1.1.1.1: Vertical thin section of ice congelation ice composed of columnar crystals exhibiting horizontal
c-axes is werlaying by finegrained snow ice. Thicknesstbé&section is draction ofmillimeter. Blackcolor
indicates crystals with-axis vertical, interferenceolorsindicate diagonal or horizontal laying crystals.

Figure 1.1.1.2 Horizontal thin sectia of columnar crystal structuref congelation iceThickness ahe section
is afraction of millimete. Vertical laying caxes crystals appeared in black, diagonal or horizontal laying
crystals appeared in interference colors.



1.1.2Sample preparationfor thin section analysis

To prepare a thin section of ice, firstvartical (parallel tothe core axis) or a horizontal
(perpendicular to the core axid)idk section about several centimeters in thickness is cut
from the ice core. One surface of thisngde has to be flattened in order to obtain a plane
surface. It can be done by sandpapeby placing thick section on a glass plate, with a few
drops of water along its side to glue it to the glass plate. The plétedsto a microtome

and is shaveth order to produce a smooth and plane surface. Then, the sample is removed
from the glass plate by breaking the water frozen droplets with a cutter. The smooth flat ice
surface isplaced onto the surface of glass plate that has been warming on a slderwar
The warm glass causéhe ice face to melt and when removed from the warmer and placed
in a freezer or cold air the water will freeze andtls® sample of ice is glued to the glass
surface. Using a band saw, the sample is cut parallel to the déisslgaving between

1 and 2 mmthick section of ice adhering to the glass. Next the microtome knife is used
to shave the ice to theesired thickness (about 0.3 m@@urand et al., 2006; Gay and Weiss,
1999; Langway, 1958)

1.2Bubbles in ice

Natural i@ is rarely a singkphase material. It generally contains chemical impurities
anddust, as well as gaasclusions(Roessiger et al., 2012)bubbles.The hubbles and their
presencen ice affects the thermal, mechanical, optical and other physical piegpef the ice
cover (Heron, 1983).

The occurrence of bubbles in ice relates to gas content in the lake/pond water prior to freezing
over the surface. The gas content in ice is limited by the gas solubility in Wetdaét al.,
2009). The solubility n water increases with increase of gas pressurk detrease
of temperature (Bari anHallett, 1974). Gases are more soluble in water than i, ise as
water freezes to ice, dissolved gase® large to fit into the lattice of ice, are rejected
andredistributed at théce-waterinterface(the surface between ice and watdadrazo et al.,
2009), giving a saturation ratio in the water which increases with tinteigrma maximum
at the interface(lnada et. al., 2009 Bari and Hallett, 1974. As freezirg progresses,
the concentratiorof dissolved gasesurpasses a critical valuthe water at the interface
becomes supersaturated, g@ad bubbles nucleate and grtawa visible siz€Bari and Hallett,
1974;Carte, 1961Maeno, 1967Yoshimura et al., 20Q&long theinterface.Bubbles formed
in this way can be found in lake and poce, and in hailstong®ari and Hallett, 1974).

2l n water at OAC, the mol ec ul® water motetuled [B% bytvglume)sin 2 ai r
supersaturated etclwater moleiules (Bafi an6 Haitett,|1974).u |



Assuming that the gas bubbles are generated by homogenous nucleation (although they are
generated heterogeneously) at the slddid interface in most ®s, the critical
concentratiorc, for the nucleation of gas bubbles is a linear function of the ambient pressure

p, and is expressed as

@ O o - @ (1)

whereceqis the equilibrium concentratioof the dissolved gas in the water is the Heny E s
law constant in units of Pa’/mol, andcyis the critical concentration of the dissolved gas
for bubble nucleation whemapproache® (Yoshimura et al., 2(&).

Gas bubbles are formed as a result of heterogeneous nucleation. As expected from
the nucleation theory, some kind of nucleus nhesihecessary to form gas bubfidaeno,

1967) Water of lakes and ponds usually contains a nundbeparticles of a different
substance, which may become centers oflgdsble formation (nucleus) at relatively low
supersaturations. Gas bubbles are formed at theater interface o the surfaces of these
centergMaeno, 1967; Zhekamukhov, 1978he nucleation sites may be provided by the air
adsorbed or trapped on the surfaces of solid particles, or by the ice water interface, if is not
kept so smooth that there are no irregularities, and grain boundaries achasléh@/aeno,

1967) Bari and Hdkett (1974) reporteds the growth rates when the -water interface is

flat , descent r ag'.eFer latger grewthtrates, the Hterface becomes curved
(Bari and Hallett, 1974)According to Yoshimura et al. (28D roughness of the iewater
interface increased with increasing the pressure and with decreasing the growth rate.

Determination of supersaturation of gas solutions in water atwater interface

with consideration of the kinetics of bubble formatioragsociatedvith many difficuties.

In part these difficulties are connected with the fact that the number of active -bubble
formation centers and the dependence of the activity of these centers on the degree
of supersaturation of the gadigmn are not known beforehaifdhekamukhe, 1976)

The bubblesgenerated at thee-water interfaceare either incorporated into thee crystal

as theice-water interface advances, thus forming gas pores in theadcegleased from

the interfacglnadaet. al., 2009 oshimura et al., 2@). If there is incorporation or release is
determined by several factors, such as the ice crystal growth rate, diffusion coefficient
of the dissolved gas in water and in idée interaction forces between the bubbles
and the solid ice crystal, the diffe@nin thermal conductivity between the liquid water
and the bubbles, dnMarangoni effectat the wategas interface. Incorporation of bubbles

% The Marangoni effect is tHéuid flow resulted from the gradient of surface tensibhe presence of a gradient
in surface tension will naturally cause the liquid to flow away from regions of lowcsutémsion. The surface

tension can be caused by concentration gradieby a temperature gradigiYu and Chung, 2031
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into ice crystals can be effected by ambient pressure. However, only a few studies using water
ice crystals haa reportedhis effect (Yoshimura et al., 2008)

The bubbles nucleated at the advancing-weger interface may be characterized
by concentration, shape, and sidéne concentratiorand sizeof bubbles in ice depends
on growth rate of icethe amountof gases dissolved iwater, and the particulate content
of thewater (Bari andHallett, 1974 Carte, 1961)Suchstudies showethat the rate of ice
growth affects the size, shape and distribution of bubbles and the porosityice {(Bari and
Hallett, 1974; Carte, 1961Zhekamukhov, 1976 This result wasgenerally confirmed
by the field study of Gow and Langston (19AR)jith increase of ice growth ratthe bubble
concentration in ice increases and their stmseases (Bari artdallett, 1974) In low rates,
less and bigger bubbles are formed, in high rates, more and smaller bubbles are formed
(Madrazo et al., 2009)Very low freezing rates give clear iceithout bubbles(Bari
and Hallett, 1974) the gases are able to diffuse and dissolve in the wedegrvoir
(Boereboom et al., 2@}, before they are enclosed in itee with no visible bubbles can be
alsoobserved when water is agitated by wind or artificial means (Yoshimura et al., 2008).

1.2.10ther typesof bubbles in ice

In contrastto bubbles ocleated at the advancing ieater interfacegraupel and glacier ice
contain many inclusions trapped during consolidation of indasdiccloud drops or snow
crystal (Bari and Hallett, 1974. Neither all air bubbles observed in lake/pond ice cover
originake by rejection of gas at the eater interface. Occasionally, sediments or springs

at the bottom of a pond or lake evolve bubbles of gas which, on rising to the underside
of the ice sheet, become incorporated during freezing. Such bubbles are dstcadiier
flattened by pressure against the underside of the ice, and this feature, in conjunction
with their generally large size, serves to distinguish these accidental inclusions from bubbles
produced by normal rejectiori gas at the freezing interfa¢Gow and Langston, 197.7)

1.2.2.Gas content of bubbles in ice

The bubbles in icenay be considered as enclosures filled with wagch was dissolved

in water(Maeno, 1967)In general, the solubility of a gas in water at constant temperature is
propotional to the pressure, in atmospheres, of the gas phase in contact with the water
This thermodynamic relationship for solubility of gas in liquid at constant temperature
is calledHe nr y EBor d mixture of gases, the effective pressure of each auenp

is proportional to its fraction, byolume, in the mixturédHem, 1989) The molal solubility
(moles of gas pékilogram of solventyelationship may be written as

wn o0 Q@I NI 2)



where () represents molalityK;, is proportionality constanin units of moles kg atm*
( Henr y Es , andpnssparahpreysure of the gadd.enr y Es ¢ o n soh afnt I S
temperature and pressyrdley, 1993)

The amount of gases present in water is determined by three main factors: wind mixing that
brings water into contact with the atmosphere; the biokbgarctivity that consumes

or produces gases within a lagend; and gas composition of groundwater and surface water
entering a lake/pon@Boereboom et al., 20)2Work of Boereboom et al. (2012) describes

gas composition, total gas content and bubblesradhteristics in lake iceover of four
adjacent lakes in a discontinuous permafrost area. The gas mixing ratios, (fr OO,, and

CH4) suggested that gas exchange occurs between the bubbles and the water before
entrapment in iceMethane is produced ithin lake sediments as a result of acetate
fermentation or C@reduction in anaerobic conditions. During winter bubbles of methane are
enclosed in the ice indicating that methane emission from sediment is an active process.
The transit in the water columcan induce several biochemical reactions. Methane can be
oxidized to CQ in oxic conditions via methanotrophic bacteria. Stratification of lakes
favours the development odn anoxic layer whereas overturning causes oxygenation
in the water column. Lalseare mainly stratified during the winter and the ice cover limits
atmospheravater interactions. This closed system results in the buildup ofa@® CH
concentrations in the watand mixing ratios in the i¢g@oereboom et al., 2012)

Comparisonof Boereboom et al. (2012petween lakes enabled them to identify two major
bubbling events shown to be related to a regional drop of atmospheric pressure. Further
comparison demonstrated that winter lake gas content is strongly dependent on hydrological
connedbns 1 according totheir closed/open status with regards to water exchange, lakes
build up more or less gases in their water and ice cover during the winter, and release it during
spring melt(Boereboom et al., 2012)

Dissolved gases natural watergliffer in their origin. The composition of gases connected

with the exchange processes between water and atmosphere depends mainly on their content
in the atmosphere. I n terms of abundance o
oxygen, argon and carbaloxide account for 99.9% of the compositi@ther gasepresent

in water are methane, and, to a lesser extent, hydrogen sudfitieonia and heavy
hydrocarbongNikanorov andBrazhnikova, 2004

Oxygen is the most important of the gases in water, simg&t aquatic or@nisms need it
to survive. It gets into water by diffusion from the atmosphere and the photosynthetic
assimilation of aquatic plants and algae. Carbon dioxide, like oxygen, is affected
by photosynthesfs respiration (basically the reversof the photosynthetic reaction)

* Photosynthesis takes place in green plants, algae, cynobacteria and photosynthetic bacteria where the sunlight

is converted into afmical energy. In green plarghotosynthesis requires, besides light as the energy source,
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and contact with the atmosphefditrogen comprises 78% of the gas in the atmosphere.
Like other gases, it is mersoluble at lower temperaturéShaw et al., 2004)in waters,
nitrogen occursin various oxidation statesin ionic and norionic form (Pitter, 1999).
Chemical and biological processes that transfer nitrogen to and from hydrosphere
(lithosphere, atmosphere and biosphere) represenittbgen cycle (Hem, 1989Hydrogen
sulfide and methane gas may form undaeaerobic conditions and disperse into lake/pond
water from underlying sediments (Shaw et al., 2094é)canic processes and degassing of the
EarthEs mantle supply oxides and dioxides
hydrogen, hydrogen chlioie, sulfurousgasand others into natural waters. Some other gases
can appear and dissolve in water as a result of-ulbtat irradiation (ozone), thunderstorm
discharges (nitric oxide), and anthropogenic pollution (sulfurous gas, vapors of iodine,
ammaia, carbonic oxide, etc(Nikanorov and Brazhnikova, 20p4

The gas compositionf bubbles in icas close to the composition of gdsssolved in water.
But the gas composition in the bubblelepends on the diffusion coefficieot the gas
components invate (Berner et al., 1977)

Continuedirom paged 5|y two raw materials: water and carbon dioxide from the atmosphere. The organic compounds

produced byphotosynthesis, directly or indiregtlinclude sugar, carbohydrates, lipids and proteins. The overall
biochemistry of photosynthesis for the formation of one glucose molecule from sixn@Gi@cules may be

written as:
6CO+12H0 + 18 ATP + H20,NIBBEFPH 1&P+ 2 NADP +12H +6 O .

The essential photochemical process includes the decomposition of water into oxygen, which is released to the
atmosphere, and the generation of reducing power in the form of NADPH, plus ATP, a principal energy currency
formed from ADP by ghotosynthetically generated proton gradient, both of the latter two species contributing

to the biosynthesis of carbohydrates and other compounds. Biosynthesis of carleshiydratcarbon dioxide

occurs via the Calvin cycle. The formation of a-s&tha sugar molecule requires six complete turns of the

Calvin cycle, for each of which three ATP and two NADPH molecules are consumed (Ba06an
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Gas| Mole Fraction Solubility / 107
H, 1.411
D, 1.461
He 0.70797
Ne 0.82226
O, 2.3011
NO 3.477
N, 1.1774
CO 1.7744
Ar 2.5319
CH, 2.5523
Kr 4.5463
Os 9.1
CO, 61.48
N,O 43.67

Tablel.22.1: Mole fractian solubility of selected gases in water at 298.1&nK 101.325 kPa partial pressure
of gas (modified after Scharlin et al., 1998)

1.2.3Shape of bubbles

Previous studies reported thahen the bubbles are incorporated into it crystal, they
typically appear egghaped or elongated cylindricéBari and Hallett, 184; Madrazo et al.
2009; Yoshimura et al., 2&). As mentioned earliethe shape of bubbles is affected mainly
by rates of ice growthLow rates give bubblesisually with an egg shape; ingh rate
bubbleswith shape of cylindesire formedMadrazo et al., 2009)

Bari and Hallett (1974) investigated experimentally nucleation and growth of bubbles during
freezirg of solution of airin water using different techniques to give freezing ratéwden

1 ® mstand 10mms™. They carried out several types of experiment. Distilled water, passed
through an ion exchange column, was used for all studies. The water was bubbled with
filtered air.
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In an experimendf Bari and Hallett (1974ith changng freezing rate, the maximum growth
rate occurredat the beginning of freezing and wasb o u t s& Darge mambers of small
eggshaped bubbles fomd with the narrow end pointing in the freezing edition.
At a growth rate of about 25+/1  esft some cylindrical bubbles fored with their axis
along the direction of freezing, graduallgplacing egeghaped bubbles, which cease
at 5+/1 esmSmultaneous occurrence of cylindrical and edgped bubblesas observed
atl 8 s'nCylinders ceaskentirely at a growth rate of 34  esmto give completely
clear ice. Bubbles were nairranged randomly in space. They showed some periadicity
Bubblestendto occur in layers perperdalilars to the growth directioiven witout agitation
some bubbles were released during freezing arsk no the grface of the water.
This occurrednly with freezing rates less than aboute2@s™ (Bari and Hallet, 1974)

Scheme of pparatus used by Bari and Hallett (197d)investigate nucleation and growth

of bubbles during freezing with changingézing rate isedrawnin Figure1.23.1 from their

Figure 1. In this caseupward freezig was performedin the waterconvective motions do
occurcaused by vertical temperature gradients; the region from &t€4 wi | | be conve
unstable because of the upward increase of density of the water. In order to investigate this
effect, Bari andHallett (1974) studied freezinglso vertically downward byhe apparatus

redrawnin Figure 1.23.2 from their Figire 8 The results shoed essentially the same

structure as that obtained withwrd freezing. Bubble layers weflatter and somewhat

more distinct. All air bubbles wergrapped in the icéBari and Hallet, 1974)

PROBE ( :

WL ! )
PLEXIGLASS l
CYLINDER f |  INSULATION
N |
l | : /
| |
| | |
{1 : [ |
‘0’ RING | E o 0% o || ‘
- \!\

15— [J J ALUMINUM
P | i CYLINDER

COUPLE ™~

[
|
|

LIQUID AIR

100 mm

Figure 1.2.3.1: Growth apparatus for upward freezing, varying growth réBari and Hallett, 1973
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Constant growth rate experiment was used to investigate the effect of inssmlgplended
particulates onthe bubble nucleation.At low growth rates, bubbles wergypically

of millimeter dimensionsAir bubble concentrations dependgttically on growth rate, initial

air concentration, and the particulate contef the waterForgr owt h vel ocs'ti es o
or less, the ice was visually clear. Bubbles nucleated at greater growth velocities,

with concentration increasing with initial air concentration and particulate content of the
water. As in variable fremng rate study, aibubbles wereeither cylindrical or egghaped.
Occasionally cylinders or lines of cylinders oaearover the whole range of growth rates

studied A few eggshaped bubbles oaced mostly at fower growth ratesS ma | | 100 ¢€n
wax particles deposited at thgeowingice-water interface gee rise to lines of bubbles, either

spherical oiin the form of short cylinder@ari and Hallett, 1974)

HOLLOW ALUMINUM
CYLINDER

| \
LIQUID AR
J/ INSULATION
\

‘O’ RING

\ / PLEXIGLASS
/ CIHNERR
I

100 mm

Figure 1.23.2: Growth apparatus for downward freezing, varying growth (@ari and Hallet, 197%

Yoshimura et al.(2008) reported as the first the effect of pressure on the shape of the
incorporated bubbles in ice. Thexperimentally and theoretically investigated structural
features of oxygen gas bubbles incorporated into a growing ice crystal at various ice growth
rates and abient pressures.dur patterns of the shapes of bubblesre observedvithin

the expemental conditions used in tletudy: a) egghaped bubbles, b) eghaped bubbles

and cylindrical bubbles, c¢) cylindrical bubbles, and d) bifurcated aytiald bubbles.
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These four patterns were mapped out as functions of the ice growth rammbiett pressure.

The average diameter and interydistance between thenof the cylindrical bubbles were
measured as functions of the growth rate and ambiessyme Both the measured diameter
and interval decreased with increases in either the growth rate or ambient pressure.
The changg in the patterns according to growth ratel pessurevere following:at constant
pressure the eggshaped bubbleselsame dminant with increasing growth rate, whereas

at constant growth ratehe cylindrical bubbles became dominant with increasieggure
(Yoshimura et al., 2(8).

Gas bubblesnucleated at the iewater interfacegrow as far as the surrounding water is
supesaturated. The supersaturation of gas is maintained by a continuous development of the
ice-water interface. When the gas supply to the bubble is reduced or stopped, it may be
enclosed in ice in the shape of an egg. When the gas supply is continuousnsiatco

the bubblegrows in the shape of cylind@vlaeno, 1967)The occurrene of these two distinct
bubbleforms canbe seen as a competitive proceEse sipply of gascan be cut f by
competition (Bari and Hallett, 1974)if another bubble nucleatesarby atthe ice-water
interface, the supply of the dissolved gas to the already existing bubble is reduced, and the
alreadyexisting bubble stops extendirfyoshimura et al., 2(). At higher growth rates,
saturation ratiosat the ice-water interfaceare higher and mre nuclei become activated,
more bubbles form anthen the probability ofthe competitive processcreass (Bari and

Hallett, 1974)

Yoshimura et al. (28) reported that bubbles are incorporated in ice assbgged bubbles

and cylindricalbubbles of finite length. The finite length of the bubbles is probably due to the
disturbance of the watgyas or icewater interface When the disturbance causes a slight
decrease in thsize (cap diametgrof a bubble located at the ieeater interfacethe internal
pressure of the bubble increases and thus the concentration of the dissolved gas at the bubble
surface increases accor ditmdisstived gassntorthe Bubblel a w .
decreases, and eventualhe bubble stops extendinigeing competely incorporated in ice.

As the growth rate of icencreases,hte decrease in the size thie bubbles becomes more

rapid, andthe bubble aremore apt to be incorporated in ice as an-glggped or cylindrical

bubble of finte length(Yoshimua et al., 208).

The lines of bubbles (spherical or cylindrical) can be interpreted as caused by the migration of
a nucleating particle along with the iaater interface (Bari and Hallett, 1974). Most of the
solid particles migrate with the advancing-iwater interface leaving these lines of spherical

or cylindrical air bubbles in the ickines of spherical bubbles can be also formed as a result
of a thermal metmorphism of cylindrical bubble@Maeno, 1967)In particular, cylindrical
bubbles break up io individual elements, an effect which could lead to considerable
uncertainty (Bari and Hallett, 1974PDetails are described ithe next section (1.2
Metamorphism of gas bubbles).
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1.2.4Metamorphism of gasbubbles

Whenice becomes aubjectof variousthermal or mechanical disturbances, the contained gas
bubbles may change their characters. The metamorphism of the bubbles involves the change
in shape or arrangement and also in sMetamorphism can occur undan isothermal
conditiondue to exposur® athermal gradient arddr a mechanical stre¢daeno, 1967)

The gasbubbles enclosed in idend to change their shapdfsthe iceis kept for a longime

near the melting point, gdmibbles shrink in size, suggesting some kind of diffusiatcgss

of defects in iceCylindrical gas bubbles 8pinto smaller spherical one@Vlaeno, 1967)

At very low temperatures the cylinders may retain their shage#ieh and Warren 1988).
Under avery faint thermal gradient gdmibbles can undergo a metamorphisonming solid

ice crystals in themThe deformation of gavubbles under stress or flow has been assumed
to occur only following an increase of pressure inside them. Howevergaheis able

to diffuseinto the surrounding igesince thespacioudattice of ice may be di®rted by the
mechanical disturban@nd create room for this gédaeno, 196Y.

Maeno (1967) observed the metamorphism in cylindrical air bubbles whose diameters were

l ess than 500 ¢, b ut bublles did anat split @dsiby.8ignificana t Il ar
metamorphosis of bubbles occurred after 10 hla0 A C, cyl i netoming a | bu
unstable and forming a line ofdividual bubbles after 120 (Bari and Hallett, 1974Maeno,

1967)

1.3 Growth rate of ice, ice thickness

Once an initial layer of ice has formed at the lake/pond surfacéer growth proceeds

in proportion to lhe rate at which energy is transferred from the bottom surface of the ice layer
to the air abovéAshton, 1986) The temperature of the iseater interface is considered to be
equalwith the water freezing temperature (Liston and Hall, 1985here is o significant

flow of heat (heat transfer) to the ice from the water below all the heat loss through the ice
cover will resllt in ice growth at the bottorfAshton, 1986)

The ice is added to the bottom of the lagkrce as heat is conducted upward thgbithe ice
(Mullen and Warren 1988). The conduction of heat is proportional to the thermal
conductivity of the ice and to the temperature difference between the bottom and the top
surface of the ice, and it is inversely proportional to the thicknessat¢hHeat loss from

the surface of the ice to the air above occurs by a variety of procesdedinmacadiation

and convectiorAshton, 1986)

Because the thermal conductividf the ice is 12 orders of magnitude larger than that of the
snow, any titkness of snow over ice provides a thermal barrier between temperature of the
air and the temperature of the ice. The thickness of the ice over the lake or pond depends
on how much snow covers the lake/pgKtetetschka et al., 2013)
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1.3.1Stefan problem

The most commonly used method foedicting the thickness of ice is based on a simplified
solution of the Stefan problem (Ashton, 198®)applies not only to solidification, but also
to melting. In onesided Stefan problemnly the heat field of onef the phases is taken into
account (Madrazo et al., 2009)

The Stefan solution is based on the simple idea that the heat released by freezing at the ice
bottom is conducted away through the ice by a constant temperature gradient. More precisely,
St e $ salutin is based on four assumptions:

a) No thermal inertia

b) No internal heat source

c) A known temperature at the topy IT(t)

d No heat flux from the water (Lepp?®ranta,

The Stefarsolution is obtained by expressing the heat flux though the ice forthe

0 QY Y TQ 3)

whereQ; is the heat flux through the ickjs the thermal conductivitgf the ice,h is theice
thickness, Ty, is the emperature at the iegater inteface ( 0@ and Ts is the temperature
of the top surface oht ice.Tsis taken as the air temperatfeshton, 1989)

Stefan problemassumes that heat linearly conducted through the ice is exactly balanced
by the latent heeof fusion of newly formed i (Allison, 1979).The rate of the production
of the ice at the bottom surface is

G— U 4y

whereL is thelatent heat of fusion, is the density of ice, arnds time (Ashton, 1989)

® This equation islerived by using assumption d) No heat flux from the water from the equation

" QY 0
Qo v
where Q,, is heat flux from the water to the ice. The boundary conditions are determined by the bottom
temperatureTl,, and by the heat flux at the top surfaQg, which is due to heat loss to (or gain frothg

atmosphere and phase change.
Top: 'O~ Q.

Bottom: T =T,

The | ower boundary | evel is not fixed but changes owi
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Theexpression for the ethicknessh, after timet is then

Q — Y YO (5)

(Ashton, 1989)

This relationship has often been used as the basis for the werishequations predicting
growth of ice from air temperatures, although it has several serious limitations when applied
to the growth of a reate cover Stefan problemmakes no allowance for changesheat
content within the icer for the time taken for surface temperature changesriothra heat

flux at the lower boundary. Other factor®difying the growth ofce cover may include the
existence of other heat sources or sinks (for example, turbulent heat transfer between the ice,
and underlying water or shortwave radiation absorptidthinv the ice), variation of the
thermal properties of the ice with depth and time, and the presence of a snow cover insulating
the ice srface from the air temperatur@llison, 1979) In practice, data show that

an additionalempiricalc o e f f i, csuadlynirt the rddge 0.50.8, must be applied to the
right-hand &de to give results as measdr Stephan solutiothen works well for thicker ice

or very cold conditions bulramatically overestimatethe growth rate of thin ice and less
severe temperates(Ashton, 1989)

1.3.2Ashton solution

Ashton (1989) included to the Stefan solutidhe effect of the thermal resistance between
the top of the ice surface and the bulk temperature of the air. In additi®) &md (4),

the flux of heal;, from the ice surface to the air above is expressdde form of a blk heat
transfer coefficienH;y applied to the difference between the top surface temperature of the ice
and the air temperature above the Ggresulting in

0 O Y Y (6)

Assuming that the heat flux through the ice equalshtéa flux from the surface of the ice
to the air abovethenTs may be eliminated usin@), (4) and (6)This resultsn

- - — ™)

This may be integrated, again with the boundary conditionitba® whent = 0 and results
in expression foh in the form
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N — Y Yo — — (8)

Forlarge values of the produ€,, 7 Ty)t, (8) converges to the form of5), and ice growth is
proportional ta%. For small thickness ice growth is proportioteal but at a much lower rate
than given by(4). To apply(8) in practical cases the bulk heat transfer coeffitimust be
estimated. One wayf doing this is to apply detailed energydget methods to the top surface
of the ice calculate the net transf€,, determin€l,, and then determinid, by dividing by
the temperature differendgi T, (Ashton, 1989)

The exact value of the bulk transfer coefficieht,) depends on the variouomponents

of the energy budget, but it uslly falls between 10 and 30 W? A &. Higher values are
associated with windy conditions and lower values with still air conditions, but, with other
information unavailable, a value of 20 m? A € fits dataon ice growth quite welAshton,
1986.

1.3.30ther solutions

Liston and Hall (1995) reported a thermal energy balance at thveaies interface that takes
the form

b— Y Y — — — — Q(Y-Ty ©)

where ”; is the ice densityL; is the effective latent heah, is the convectivéransfer
coefficient, assumed to be 0.56 W?'km? for a calm lake based on conductivity
considerations]; is the wateifreezing temperaturel, is the laképondwater temperature
at the @pth of 0.33 mgz is the ice depthgs is the snow depthk is the thermal conductivity
of theice, and— is the growth rate of the id&iston and Hall, 1995)

If it is assumed that the temperatwf the air above the ige equal to the temperature at the
surface of the ic€T. = Ts) and thatT,” OA C, e olitketestimate of the iceitkness
obtained by the classic Stefan solut{&hcan be writteras

z
D

0 0'0"0 (10)

wheret* is the number of seconds in a day, &iF is degreedays of fros[A C ]defiged
as

ooomT —— (11)
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where Tnax IS the maximum daiy  ai r t e mgeTiaid ther nginimumd @ly air
temperatr e . Théda@dumulated degrelays of frosf ADDF) can be used as a surrogate
indication of the heat inptdutput at the site, commencing with freemreer. Using the typical
values, equation (12) can be generated by substitution

0 o8 X0 00O (12)

whereh is in [cm]. If, for example, the average daily temperature for-day period was

-15A C, ADDF would be 105. Theoretically, the maximum ice thickness would have been
356 cm if intiated on day 1 of this period3.47 is maximum theoretical ice growth
parameter) This formula accounts for the heat loss needed to freeze that additional thickness.
It does not, however, consider the heat reaching the base of the ice sieiéteftanderlying

water. This equatimapplies to the growth of congelatime (Hinkel,1983)

1.4 Description of the area

The pond Dol n2z Tugimy i s | o (eograpticalicoordivebek:r o v r a
49A48q024, 889 & N. Maplo#CkeahRepsblic, afddtF Idc&ipn is shown in Figure
14.1.

1.4.1Climatic conditions

The climate of the Czech Republic belongs to the Atlacdittinental area of the temperate

climatic zone of the northern hemisphemir masses originating at central latiesl
predominate. There are also fairly frequent penetrations of air masses of tropical and arctic
origin. The alternation of air masses is connected with frequent passage splanofronts

through the yea(Pretel et al., 2001)The c o u nt r wilsmenh ia tharactetizede n

by four alternating seasonsThe average annual temperature varies in dependence

on geographic factors from 1.0 to $\C . Local temperature condit.i
elevation above sea lely the geographic coordinatasd local geomorphological conditions,
especially on thesun exposure of the terrain. Atmospheric precipitation is one of tbhst m

variable climatic features (Pretel etal.,2001Vogen21 ek et al ., 2007

Accordi ng t-Geigér ltlenateK dapsifiatibnthe areawh er e the pond
Tugi my ifsallloxaitretdg cl i matic r egi CGfbcli@atebs ( Vo g e

®The most frequently used cli mate ctddanstslatebtivarsion 196ln i s t
by Rudol f Geiger. KeppenEs classification was constru
climate zones of the ancient Greeks. The five veget a

eqguatorial zone (A), the arid zone (B), the warm temperate zone (C), the snow zone (D) and the polar zone (E).
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a warm temperate fullgumid climate withtheewr mest mont h | ower t han
and four or more mont(Kostekathlo2086 10AC over aver

Figure14.1: Map of Czech Republic showing a |l ocation of 1
boarder of the Czech RepublicedRdot is the site location. This is Google earth imdm@nloaded from
interneton February 13, 2013.

1.4.2Geology conditions

The territory of Czech Republic belongstivo distinct geological units Bohemian Massif

of Paleozoic origin and Outer WesieCarpathian®e f Mesozoi ¢ t o tertiary
etal., 2007)Theareamf t he pond adpartlofthe Bohaman Magsithe €entral

Bohemian Region (Bohemicum) & ¢ h , 094) a |

The Central Bohemian Region includes late Proterozoit early Paleozoic complex

cropping out in the central, western and eastBohemia and in western Moravia.
Metamorphism is absent or very layvade in the central part, progressively increasing
towards the peripherythe rocks of the Central Bohemian Regiontinue as the basement

of the Bohemian Cretaceous Basin up to the Elbe Line (Lusatian Fault and its southeastern
continuation). The structure of the region is complex and several rather separate units can be
distinguished the Barrandian;the Metamorfh i ¢ G dthesDioentasgddit,aehe Tepl §
Unit; the Chrudim Paleozoic t h e Gel ezn® hory Proterozoic

Continued from page )R sacond letter in the classification considers the precipitationhittelétter the air temperature

(Kottek et al., 2006)
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theHlinskoPal eozoi ¢ and PkaUnitendahe datovice Unithlee cPm 1 atl al
1994)

The area of the pond Dol Tugi my i s | oc anbiteTthe Bamandiaise Bar r
regional geological designation of unmetamorphosed or slightly metamorpRosebzoic

and Paleozoic(Cambrian to Devonianyocks in central and southestern Bohema,
extending from the vicityof Pr ague towards the SW as far ¢
1993). There are two principatectonostratigraphic subunitshe Barrandian Paleozoic
sedimentary and volcanic rocks of Cambrian, Ordovician, Silurian and Devonisaffegeed

and consotlated by the Variscamrogeny (3801 300 Ma) and the Proterozoic of the
Barrandian consolidated during the Cadomian orogény0i 540 Ma)(L e c h , @994 a |

Chl upaj , ChPap®11 MeCann, 2008

The geology of thdugreg o6 OUhsepdplayedDohnFi gu

Figure 1.4.2.1: Geology map of the area of th
marked by red dot .
(http://www.geology.cz/app/ciselniky/lokalizace/show_map.php?mapa=950&y=759000&x=10733008&
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http://www.geology.cz/app/ciselniky/lokalizace/show_map.php?mapa=g50&y=759000&x=1073300&s=1

Legend (translated from Czech:
http://www.geology.cz/app/ciselniky/lokalizace/show _map.php?mapa=g50&y908861073300&s=1)

CENQZQOIC

& Alhrvial sediments - System: Quaternary. Epoch: Holocene, Rocks: Loam, sand. gravel, Rock type: Unconsolidated
sediment, Regional geologic unit: Bohemian massif - superficial deposits and post-Vasriscan magmatites

7 Mixed sediments - Svstem: Quaternary, Epoch: Holocene, Focks: Mixed sediment, Rock type: Unconsolidated
sediment, Regional geologic unit: Bohemian massif - superficial deposits and post-Variscan magmatites

12 Sandy-loam to loamy sand sediments - System: Quaternary, Rocks: sandy-loam to loamy-sand sediment, Fock type:
Unconsolidated sediment, Fegional geologic unit: Bohemian massif - superficial deposits and post-Variscan magmatites

13 Rocky sediments to loamy-rock sediments - System: Quaternary, Rocks: Focloy sediments to loamy-rock sediment,
Fock type: Unconsolidated sediment. Regional geologic unit: Bohemian massif - superficial deposits and post-Variscan
magmatites

16 Loess and loess loams - System: Quatemary, Epoch: Pleistocene, Stage: Upper, Rocks: Loess and loess loam, Rock
type: Unconsolidated sediment, FEegional geologic unit: Bohemian massif - superficial deposits and post-Varnscan
magmatites

Juluy]

PALEOZQIC

503 Basalts - System: Cambrian, Ordovician, Focks: Basalt, dolerite, Fock type: Intrusive igneous rock, Regional
geologic unit: Bohemian massif - Crystalline and pre-Vanscan Paleozoic, Region: Central Bohemian Fegion, Unit:
Barrandian

PROTEROQZOIC

734 Siltstones, shales - System: Neoproterozoic, Group: Stéchovice Group, Rocks: Siltstone, shale, Rock type:
Consolidated sediment. Fegional geologic unit: Bohemian massif - Crystalline and pre-Varniscan Paleozoic. Region:
Central Bohemian Fegion, Unit: Barrandian - Proterozoic, Subunit: Stéchowvice Group

2006 Siltstones, shales - System: Neoproterozoic, Group: Stéchovice Group, Rocks: Contact metamorphosed siltstones,
shales. Rock type: Metamorphit, Regional geologic unit: Bohemian massif - Crystalline and pre-Variscan Paleozoic,
Eegion: Central Bohemian Fegion, Unit: Barrandian - Proterozoic, Subunit: Stéchovice Group

733 Siltstones, shales, wackes - System: Neoproterozoic, Group: Stechovice Group. Focks: Siltstone, shale, wacek, Rock
type: Consolidated sediment, Regional geologic unit: Bohemian massif - Crystalline and pre-Variscan Paleozoic, Region:
Central BEohemian Eegion, Unit: Barrandian - Proterozoic, Subunit: Stéchowvice Group

736 Wackes - System: Neoproterozoic, Group: Stéchovice Group, Rocks: Wacke, Rock type: Consolidated sediment,
Fegional geologic unit: Bohemian massif - Crystalline and pre-Variscan Paleozoic, Region: Central Bohemian Region,
Unit: Barrandian - Proterozoic, Subunit: Stéchovice Group

737 Wackes, siltstones, shales - System: Neoproterozoic, Group: Stichovice Group, Focks: Wacke, siltstone, shale,
Fock type: Consolidated sediment. Regional geologic unit: Bohemian massif - Crystalline and pre-Variscan Paleozoic,
Eegion: Central Bohemian Fegion, Unit: Barrandian - Proterozoic, Subunit: Stéchovice Group

738 Conglomerates - System: Neoproteozoic, Group: Stéchovice Group, Rocks: Conglomerate, Rock type: Consolidated
sediment. Regional geologic unit: Bohemian massif - Crystalline and pre-Variscan Paleozoic, Region: Central Bohemian
Eegion, Unit: Barrandian - Proterozoic, Subunit: Stéchowvice Group

JOPCEL

1.4.3Descriptionofthe pond Dol n2 Tugi my

The pond Doln2 Tugimy is the |l ast Vozhirc#j p
stream.t is a small;about 400m long in EW and 60 m wide in NS directions, and its area is

4.12 hectees. The purpose of this pond is for landscaping, water budgeting, maintaining
ecology, fish farming, and water storage, and for extinguishing the fire. Additional data are in
support information I), hydrologic conditions: catchment argal . 6 8 5  g-tafm, l on
average annual precipitatian585 mm, longterm average annual flow 3.0 I/s. Individual

parts of the pond are: tank itsélfa bottom, a dam, a drain device, a safety overflow

anda littoral. The pond in question is a basin closed with theieiglfdamequippedwith the

pipe securesystemallowing draining the water out to prevent overfilling of the pond.

The bottom of the tank is drained by a main pond sgwee line with a total length

of 431.5 m and secondary sevspe linewith a lengthof 42 m.Water level of the pond is
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maintained at average depthlo28m, and in case of secure overfilling system activation the
average depth 5,38 m (F¢rst, 2005)

2. MATERIAL AND METHODS

2.1 iButton device

The iButton device is a computer chip ems&d in a 16mm thick stainless steel can
Because of this unique and durable containettotgate informatiorcan travelwith a person
or objectvirtually anywhere. The steel iButton deviserugged enough to withstaedtreme

environmental conditionsndoors or outdoorssuch as dirt, moisture, and sho@{indman,

2006)

Each iButton device has a unique and unalterable address laser etched onto its chip inside
the can. Tis addresxan be used as a key or identifier for each iButton delriéarmation is
transferred between thButton device and a PC with a momentaoniact througha Blue
Dot receptor or other iButton probe, which is connected to aBR@on device commnicate
through XWire protocol(Hindman, 2006)
iButton varietiesinclude Address Only

Memory

RealTime Clock

Secure

Data LoggergHindman, 2006)

iButtons ae ideal for any application where information needs to travel with a person
or object.They are small and portable enough to attach to a key fob, ring, watch, or other
personal items, and be used daily for applications such as access control to buildings
and computers, asset management, and various data loggin(Hiaskaan, 2006)
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Figure 2.1.1: iButtons and Blue dot receptor iButton reader cable

2.1.1DS1922L Temperature loggers

The DS122L temperature loggers iButtons angyged, seksufficient systems that measure
temperatureand record the result in a protected memory sedt@uschnig et al., 2012).
Temperature recordings taken by the iButtondopeat a user defined ratend a mission

to collect data can be programmed to begin immediaddler a usedefined delay, or after
a temperature alarfttp://datasheets.maximintegrated.com)

Main features of the DS1922L temperature loggers are listed below:

Automatically wakes up, measuresrtperatureand stores values in 8KB of ddtag memay
in 8-Bit or 16-Bit format

Digital thermometer masurestemperature with8-Bit (0.5 A C) eBit (0.0625 A C)
resolution

Accur ac)ACo ff-10d00. 3 @ Cwith $oftware orrections

Water resistant or waterproof if placetice iButton apsule

Samping rate from 1spito 273hr

Programmable high and low tripints fortemperaturelarms

Programmable recording start delay affapsediime or upon a temperature alanmp fpoint
512 bytes of genergdurpose memorylps 64bytes of calibration mmory

Two-level password protection of allemoryand configurationegisters
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1 Communicates to host with a single digitegreal up to 15.4kbps at standard speed prta
125kbps in overdrive mode usingWlire protocol
f Operding temperatureange:-40A C +85d@ C

(http://datasheets.maximintegrated.com)

In contrast to conventionally used temperature loggers, iButtons are cheap, end user friendly
and easily replaceable in case of damage (Keuschnig et al., Zb&2hermochron iButtons

are most commonly used in temperature monitaing shipping of fresh food

and pharmaceutical produ@sd recently used for hydrogeology applications. It is a new tool

for hydrogeologists because it collects higsolution shallow water temperature data for

a fraction of the cost argize oftraditional temperature loggefiorahim et al., 2009\Volaver

and Sharp, 2007)They are well suited for obtaining quality spatially distributed data for
environmental investigations (Hubbart et al., 2005).

2.2 Method for measuring water and ice emperature

For the measurements of water aceltemperaturen the pondd o | n 2 T wgtanempust h e
temperature loggers iButtons (model DS192®%gre usedThey were programmedising

the OneWireViewer softwartd record the temperature every 30 minutéth & resolution

of 0,0625A CThe start of temperature recording was set omakgn8, 7.00 PM. No rollover
occurred.The iButtons were not calibrated prior to use atite clock of each sensor was
synchronized to real PC time.

Sevenof the DS1922ltempeature loggersvere sewn ora textile strip,asshown in Figure
2.2.1 with arock of size about 5x5x9 cm and weight about 60fiegl at the end of it.
The strip was attached to wooden frameso the equipment was able to flgkigure2.2.2).
Thestone @& the end of the strigept the devicem a verticalline beneath the water level
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Figure 2.2.1: Textile strip with seven temperature loggers iButtons

This temperature measurement deweas placed n t he wat er of the po
on January 8,@12. There was no ice cover on that day over the pond and the wooden frame

was floding on the surface with temperature loggarsthe water. Their position was

at a depth of 58 mm, 78 mm, 99 mm, 123 mm, 143 mm, 165 mm and 190efom

the water level, sthe temperatuseweremeasured ahese depths.

To keep the devica the same placi the pondthere was a stake hammeiliadthe bottom
and the frame wasnchored to it
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Figure 2.2.2: Temperature measurement devickoating wooden frame, textikdrip with a stone at the end and
temperature loggers

The period of temperature measurements lasted from January 8, 2012 to February 22, 2012.
During this period, the air temperature dropped below freqaiigt (by January 25) and ice
cover over the pahbegan to form.

Records of air temperatures were obtained from meteoradar, located 1.5 kwesbftbm

t he pond D(btlp:Ajmis2.jsdi.czfarmig/smis/archive_big.phphese data serve as
a meteo information for Road and Motorway Directorate ofhe Czech Republic
(http://www.rsd.cz. Temperature was recorded about evBwg to six minutes witha
resolution of 0.0A C .
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