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Abstract: The article presents the methadalogy of conducting serial labaratary measurements of

thermal conductivity of recompacted samples of cohesive and non-cohesive soils. The presented

research procedure has been developed far the purpose of supplementing the Engineering-Gealoj

B . Database and its part-Physical and Mechanical Properties of Seils and Rocks {abbr, BDGI-WEM) with
a se o n a new component regarding thermal properties of soils. The data contained in BDGEWFMare the

* basis for the development of maps and plans for the assessment of geothermal potential and support

for the sustainable develapment of low enthalpy geothermal energy: Effective thermal conduct
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- I E E E 442_20 17 _ I E E E G u I d e fo r Th e rm a | Res I Sthlty IVI ea S u re m e nts soils were tested in initial moisture content and after drying to a constant mass. Non-cohesivesoils
wereesedin il mosture, st wilh waler and aer cying 193 sonstant rass. lfesive

thermal conductivity of ive soils was determi ically compacted to the

lerature vallues of bulk density: Basic physical parameters wers dterinined for each of the smples

H 1 H . In total, 120 f thermal cand uctivity were carried out, for the purp f developing
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different measuring equipment and with the lilerature data,
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- ASTM D5334-14 - Standard Test Method for Determination

of Thermal Conductivity of Soil and Soft Rock by Thermal Needle Probe ey e il s ey s v

10 redusce the wse of fomil fuel are main trends that drive rising intereston thermal parameters of
soil and rocks. Recognition of soil’s thermal properties and parameters is essential when it comes to.
roce u re proper designing and building installations thal use geothermal heal for energetics purpases

ground saurce heat pumps, [1=1]. At the same time, incorporating into the buildings thermally active
<construction elements that use thermal potential of a soil-rock medium and exchange heat between
the ground and building is getting more and more popular. Few examples of those constructians are
thermoactive foundations, foundation piles ar tunnel walls [4=6].

Thermal properties of sail play ke rale alsa in determining possibilities of heat transfer in case of
underground transmission infrastructure like high-voltage ables or district heating systems 7] as
well as in terms of radicactive waste storage [5]
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Laboratory measurements
" of thermal properties of soil and rocks - methodology
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NON-COHESIVE (coarse) SOILS COHESIVE (fine) SOILS
subsample of natural moisture content formed in cylinder . .
e gty e Thermal properties of soil
3 relative density levels
- loose (I, < 0,33)
- medium dense (0,33 < [, < 0,67)
- dense (I,> 0,67) thermal conductivi
";sn:: c;l:lo“w Suﬁsamme‘f:;ﬂed
thermal conductivity testing cycle (3 measurements) BRI (R to the procedure ( )
thermal conductivity
e
thermal conductivity .
dried subsample (constant mass dry) formed in cylinder @ :_‘:'E_ml K [W/ m K]
\ J
3 relative density levels.
- loose (i,’s 0,33) 2 r \
- medium dense (0,33 < I, < 0.67) o ge s
- dense 1,> 0.67) thermal resistivity
_—
thermal conductivity testing cycle (3 measurements) ) Rho [K m/w]
\ J
‘subsample fully saturated with water formed in cylinder dried subsampie ( )
B heat capacit
3 relative density levels. - p y
- loose (1, < 0,33) 3K
o e € [mJ/m>]
(3 measurements) (3 measurements) b g

thermal conductivity testing cycle (3 measurements)

+ set of tests for physical properties, including:

moisture content,
particle size distribution, bulk density, mineral composition
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moisture content
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Soil and Rock Testing Centre - geothermal laboratory

Transient line heat source method

TKO04 Thermal Conductivity Meter




FOX50 Heat Flow Meter
* guarded-hot-plate method

* determination of steady-state thermal resistivity of soils and rocks



Nt Field measurements




Field measurements

Hukseflux Field Thermal Needle System

*  soil thermal conductivity and resistivity measurements from the surface down
toadepthof 1.5 m
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Field measurements

Profiling temperature in wells and heat exchangers

Thermal Response Test (TRT)

Water Level and Temperature Meters



4 A
inputing archival a-BDGI
boreholes/ ‘acing maps -
data archival T
data @
storage
field and laboratory E'B[I:GI' m-BDCil developing maps
orehole spatia and spatial data
LELIEEL] data, data import data, P

interbase - personal
*.gdb . .
geoprocessing

%’ v a2

Q

2 s %

o BDGI s 3

PGI-NRI servers 23

x /\D/ LRI servers & 8
< D D BD Y=

-BDGI

_I D NG brt’:nrehules A WWW. g g_

8 2 unifying data m-BDGI ) ) = g‘:

z regional statistics maps running web services o =

8 & reports . \ spatial data 4 % %

& geoprocessing
8 a-BDGI o £

archival data




Geothermal potential 3D models
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=== Shallow Geothermal Energy Potential Maps

Thermal conductivity Heat extraction rate Heat extraction rate
p oo [W/m*K] 1800 h [W/m] 2100 h [W/m]
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CONFLICT MAP

existing BHEs

landfills,

landslide and flood hazard,
national parks and reserves,
mining areas, etc.




O MPGN - \www.pgi.gov.pl/geotermia
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@ Mapy potencjatu geotermii plytkiej
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