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' GROUND SOURCE HEAT PUMP SYSTEMS

2 reversible water/water

geothermal heat pump:

v refrigerant: r410a

v heating capacity 177 kwt each,
COP = 4.1

v cooling capacity 168 kWt each,
EER= 4.7

4 courts: 6O X 30m; 40 X 30m,
30 X 30m and 20 x 100m

60 vertical boreholes 120 deep

2 double-U probes,

Outsider @103mm

4 tubes @32mm (thic.2.9) PE-Xa
PN 15

perforation @152mm down to
121 m

destry core method - drilling
fluid only water

Total Length of horizontal
connections 3280m
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' GROUND SOURCE HEAT PUMP SYSTEMS

. Good thermal insulation of the
envelope (windows and facades)

. Radiant cooling and heating
terminals

. Heating/cooling system:
v’ heat pumps
v main distribution ring and
substations
v’ plate heat exchangers
v’ expansion vessels
v circulation pumps and valves




INTRODUCTION




A heat pump is a device that takes heat from one place and transfers that heat to another
destination. In that respect, it works much like a refrigerator. Both heat pumps and refrigerators are
considered to be “heat engines”—they operate to move heat from a cooler area (the heat source) to
a warmer area (the heat “sink”). This transfer of energy from a cooler place to a warmer place runs
counter to the second Law of Thermodynamics, which basically says that heat ALWAYS flows from a
warmer location to a cooler location—spontaneous heat flow from warmer to cooler. So, in order to
run the system “backwards”, both heat pumps and refrigerators must do work (in the physics sense)
and expend energy. If they are running efficiently, they will extract more energy than they expend.

The Carnot cycle

The Carnot cycle provides an absolute upper limit on the efficiency of any
thermodynamic cycle. If a cycle proceeds clockwise around the Carnot cycle shown
below, it is acting as a heat engine that produces useful work, removing heat from a
warmer source, doing useful work, and delivering waste heat to a cooler heat sink.

This is sometimes referred to as a power cycle.

If, on the other hand, the cycle operates with the addition of energy from an outside
source, it will cycle counterclockwise around the cycle below.

This reversed Carnot cycle is sometimes referred to as a heat pump and refrigerator
cycle.

The heat pump represents one such reversed-Carnot cycle, where outside energy is
used to do work on the system, allowing the system (the heat pump) to take heat
from the lower temperature heat source and transfer it to the higher temperature heat
sink.



The Carnot cycle when acting as a heat engine consists of the
following steps:

Reversible isothermal expansion of the gas at the "hot"
temperature, T, (isothermal heat addition or absorption). During
this step (1 to 2 on Figure 1, Ato B in Figure 2)

the gas is allowed to expand and it does work on the surroundings.
The temperature of the gas does not change during the process, and
thus the expansion is isothermal. The gas expansion is propelled by
absorption of heat energy Q, and of entropy from the high

temperature reservoir. A § = QL/TL
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https://en.wikipedia.org/wiki/Isothermal
https://en.wikipedia.org/wiki/File:CarnotCycle1.png
https://en.wikipedia.org/wiki/File:CarnotCycle1.png

Isentropic (reversible adiabatic) expansion of the gas
(isentropic work output). For this step (2 to 3 on
Figure 1, B to C in Figure 2) the mechanisms of the
engine are assumed to be thermally insulated, thus they
neither gain nor lose heat. The gas continues to
expand, doing work on the surroundings, and losing an
equivalent amount of internal energy. The gas
expansion causes it to cool to the "cold" temperature,
T,. The entropy remains unchanged.
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https://en.wikipedia.org/wiki/Isentropic_process
https://en.wikipedia.org/wiki/Reversible_adiabatic_process
https://en.wikipedia.org/wiki/File:CarnotCycle1.png
https://en.wikipedia.org/wiki/File:CarnotCycle1.png

Reversible isothermal compression of the gas at the "cold" temperature, T,.
(isothermal heat rejection) (3 to 4 on Figure 1, C to D on Figure 2) Now the
surroundings do work on the gas, causing an amount of heat energy Q, and of entropy

to flow out of the gas to the low temperature reservoir. (This is the same amount of
entropy absorbed in step 1, as can be seen from the Clausius inequality.)

When one compresses a gas, one does work on the system containing the gas
molecules. That means that energy is transferred from the surroundings to the
system, which will increase the kinetic energy of the molecules, resulting in their
faster motion. Temperature represents the average kinetic energy of the
molecules, so temperature will rise.
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https://en.wikipedia.org/wiki/Clausius_inequality
https://en.wikipedia.org/wiki/File:CarnotCycle1.png
https://en.wikipedia.org/wiki/File:CarnotCycle1.png

Isentropic compression of the gas (isentropic work
input). (4 to 1 on Figure 1, D to A on Figure 2) Once
again the mechanisms of the engine are assumed to be
thermally insulated. During this step, the surroundings do
work on the gas, increasing its internal energy and
compressing it, causing the temperature to rise to T,. The
entropy remains unchanged. At this point the gas is in the
same state as at the start of step 1.
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Heat Exchangers

The Evaporator Heat Exchanger

The first place the energy from the geothermal loop meets the
heat pump loop is the evaporator. The evaporator is a heat
exchanger that works on the same principles as a car radiator.
The warmed ground loop water enters the evaporator and
transfers its energy to the refrigerant by warming up metal plates
that separate the refrigerant and the water. Remember that each
loop is a closed system. In figure 3 it might appear that the water
and refrigerant mix, but they are completely separated by metal
plates in the exchanger. Although the ground loop water is not
very hot, the low boiling temperature of the refrigerant means
that even the relatively low temperature of the ground loop is
enough to turn the liquid refrigerant into a gas state (hence the
name evaporator). Like water, which boils at 100 C, Freon’s
properties are such that it boils at as low as zero degrees C.

The Condenser Heat exchanger

The condensing heat exchanger works in the exact opposite
way as the evaporator. The hot gas from the compressor
enters this heat exchanger and interacts with the load baring
loop. The air in the house is circulated across this heat
exchanger and absorbs the thermal energy of the refrigerant
(again the two systems never physically touch and are
separated by layers of metal plates). Since the energy is
absorbed from the refrigerant, the refrigerant cools down as it
continues through the heat pump loop. The condenser and the
evaporator do opposite things but are mechanically identical.



Expansion valve

The Expansion Valve

The last component the refrigerant passes through before it repeats
the cycle is the expansion valve. Basically, this valve depressurizes
the refrigerant, turning it back into a liquid state so it can re-enter
the evaporator and be warmed up by the energy absorbed through
the ground loop again.

Scroll compressor

The Compressor

The compressor is one of the fundamental components of the heat
pump. It is comprised of two parts, the motor that turns the
compressor, and the scroll compressor that compresses the refrigerant
(see figure 4). The refrigerant enters the compressor in a gaseous
state after being warmed by the ground water at around 2-3 degrees
C at 50 PSI and leaves the compressor at around 60-70 degrees C at
250 PSI. You might be wondering how the compressor was able to
heat the refrigerant so drastically, but in reality, the compressor
doesn’t heat anything at all. The gas that exits the compressor has the
exact same amount of energy as the gas that entered, what changed
is the volume. By reducing the volume, the temperature rises as the
same amount of energy is found in a smaller space causing its
temperature increases. Physics explains that this temperature
increases is the result of the molecules being denser thus more
collisions.
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The Reversing Valve (used when both Heating and Cooling)

The last component making up the heat pump that we will discuss is the reversing
valve. If you look at figure of heat pump carefully you will notice that when the
reversing valve is closed the warmed gas that usually enters the compressor at
the entrance port would enter through the exit port. What activating the reversing
valve does is decompress the refrigerant and reverse the condenser and
evaporator’s functionality. You would do this in the summer months to use the
heat pump as a substitute for air conditioning. Instead of carrying hot gas to the
condenser which would warm your home when a fan blows air over the coil the
compressor would decompress the gas and send cold refrigerant to a coil located
in an air duct thus cooling down your house when air is blown over coil. This is
possible because the ground maintains a temperature around 15 degrees C
during the summer and winter, so in the winter the ground is warmer than the
outside air and in the summer the ground is colder than the outside air.
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GSHP SYSTEMS DESIGN

1=

EVALUATION OF THE HEATING AND COOLING BUILDING
REQUIREMENTS = definition of the amount of heat the
system has to provide

. GEOLOGICAL AND HYDROGEOLOGICAL CHARACTERIZAT!ON]

OF THE SITE

. TECHNICAL FEASIBILITY

. IDENTIFICATION OF LOCAL LEGISLATION AND

ENVIRONMENTAL CONSTRAINTS

HEAT PUMP SELECTION AND SYSTEM MANAGEMENT
STRATEGY (auxiliary systems)
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v HEAT EXCHANGER TYPoLOGY $© O #0001 /(@)
(vertical/horizontal, section..) :

single U Double-U coaxial

v' HEAT EXCHANGERS TOTAL LENGTH

v SINGLE BHE LENGTH, NUMBER, DISTANCE AND SPATIAL
ARRANGMENT (by taking into account the underground
characteristics, aquifer direction, other existing plants,
available space..)

v HEAT-CARRIER FLUID TO BE USED INSIDE THE PROBE
(water or brines?)

v' HORIZONTAL COLLECTORS DESIGN




| GSHP SYSTEMS DESIGN
Total length of the GHE
Arrangement of the borehole

field (6 BHEs of 100m or 10 & . | e —
BHEs of 60m?) = |

RN

Initial investment and o o
construction costs (short term) = . F'\ - J

Overall energetic performance
of the GSHE system (long
term)




GSHP SYSTEMS DESIGN — EED SOFTWARE

INPUT DATA ™ First BHE sizing + distribution
a)Ground and BHE characteristics:

v’ Ground thermal properties: DESIGN OPTIMIZATION
conductivity, diffusivity

v’ Ground undisturbed temperature

v local geothermal heat flow

v tube / grout thermal resistance o M'
(depending on the construction v BHE sizing and spatial
technologies/materials) > distribution

v Evaluation of the heat carvier
fluid working temperature
> to check the HP functioning
. ; > + (with FEFLOW) evaluation of
reqol:)rememts (monthly profile and tb\(e thermal a(te?ratiom induced
pea ;
v Seasonal average COP and EER of in the undergroli

the heat pump
v Domestic hot water requirements

b) System features:

v Building’s heating and cooling

v Installation costs
Y investment repayment plan g




GSHP SYSTEMS DESIGN — EED SOFTWARE

vy Earth Energy Designer 419 UNTITLED.DAT  License for antonio.galg

Thermal conductivity X
File Input Costdata Sohe Output Settings Info About Convert values:
p N @ No () 51 => ENG ) ENG =» 51
. |
Ground properties [= dir at O - 20 C R
reconnended 0.02 g
Thermal conductivity 3,500 W(mK) wininun 0.0z
maximm 0.03
Volumetric heat capacity 2,160 MIf(m*K) Auphibolite -
v Egfi Energy Designer 419 UNTITLED.DAT  LicWgse for antonio.galgaro@unipd.it @ recomnended 2.9
- Ground surface temperature 8,000 @ : ninimun z.14
Input | Costdata Sokve Output Settings About ;
- 0.06000 Wim? maximum 3.55
Ground properties F1 Geothermal heat Flux ! Andesite
- k| reconnended 2.2
Borehole and heat exchanger F2 \f‘jersmn. 419 (May 22 [ .n. Close ] nininum 1.73
Borehaole thermal resistance F3 Linkig home page - maNimum z.z2z
Anhydrite
Heat carrier fluid F4 reconmended 4.1
Link to update manua minimum 1.52
Easelload = Link to manual v3 naximum 7.7
Peak load F6& ink t — Aplite
Link to update news reconmended 3.1
Sirmulation period F7 Link to FAQ:s minimum 2.64
maximum 3.94
Hourly calculation F8 Arkose
i ) . reconnended 2.9
Irreqular configuration ninimum 2. 54
maximum 3.73
Basalt
reconnended 1.7
winimum 1.33
maximum z.z239

Bentonite 12 %
reconnended 0.7
Bentonite/Sand 1Z % / 15 %
reconnended 1.5

Breccia
reconnended 2.8
winimum Z.Z6
waximm 4.11

Clay, dry
recommended 0.4
winimum 0.40
waximum 0.30

Clay, moist - wet
reconnended 1.6
winimum 0.30
waximum Z.z2z >
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nergy Designer 419 FERRARA_CASO B_HYDRA RED.DAT  License for antonio.galgaro@unipd.it
;‘, Earth EnergyDesignerd.lB UNTITLED.DAT: Costdata Sohe Output Settings Info  About

File Input Costdata Solve Output Sefy Borehole and heat exchanger [ ]| config & | 7, Config o] e ==
- Borehole SINGLE P
1 : singl 0 B
E artlf Borehole and heat exchanger Type Coaxial - simete |E
LINE CONFICURATION
Borehole Config, 4 @ 2 :1x 2, line 1
4("S:1x5, line") T 3 : 1 x 3, line z
Depth g m 4 : 1 x4, line 3
Trpe _ T
) Spacing ! m 6 : 1 x 6, line 5
Config. _— 83,000 @mm ?7:1x7, line €
0{"1 : single™) 8:1x8, line 7
Depth Contact resistance pipe/filing 0,0000 (meK)fw 2 :l=x3, line 8
10 : 1 x 10, line 3
Fillng thermal conductivity 2,200 @ Wi(m k) 11 : 1 x 11, line 10
i 12 : 1 x 12, line 1
Spacing ol. flow rate : 13 : 1 x 13, line 1z
i @ for all boreholes ) per borehole 1,840 14 @ 1 x 14, line 13
Diameter . - IIs
15 : 1 = 15, line 14
N . — Series Factor (1=parallell): I Qbh=Qj(Nbh/fac)=0,368 Ifs 16 : 1 x 16, line 15
Contact resistance pipe/filing ! 17 1 1 x 17, line 16
Inner pipe 18 : 1 x 18, line 17 IS S e - S P 5
i [ Ennmn 1% : 1 x 19, line 18
Filling thermal conductivity Outer diameter [ 50000 n NI e 1 28
3.000 :
vol. Flow rate Q: wall thickness == mm 25 : 1 n 25, line 20
Thermal conductivi d WK
I for all boreholes @) per be z 3 Lkl Lo CONFLCURATION
- @ per Outer pipe 3 : 2 x 2, L-configurar 21
Outer diameter 88,300 i 4 1 2 x 3, L-configurat 22
= ar (1 . £ : Z x 4, L-configurat 23
B ‘Wallthickness | 2500 | | mm 6 : 2 x5, L-configurac 24
Thermal conductivity 16,000 WmK) 7 : 2 x 6, L-configurat 25
U-pipe 8 : 2 x 7, L-configurat 26
9 : 2 x 8, L-configurat 27
" 10 : 2 x 9, L-configurat zg
Outer diameter 11 : 2 x 10, L-configura 28
. 5 : 3 x 3, L-configurat 30
Wall thickness € : 3 x 4, L-configurat N
g 7 : % x §, L-configurat 3z
Thermal condu:tivity 8 : 3 x 6, L-configurat 33
9 : 3 x 7, L-configurat 34
10 : 3 x 8, L-configurat 35
Shank spacing 11 : 3 % 9, L-configurat 36
12 : 3 x 10, L-configura 37
7 : 4 x 4, L-configurat 38
8 : 4 x 5, L-configurat 39
Copy to clipboard ] -rl_glose #: 46, Lconfigurat a0 . Copy ko clipboard 4('5:1x5, Ins")
| ot at e s
N e
[ Copy to clipboard l fl_ Close
|
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v’y Earth Energy Designer 419 FERRARA_CASO B_HYDRA RED.DAT  License for antonio.galgaro@unipd.it

— File Input Costdata Solve Output Settings Info About
vy Earth Energy Designer 419 FERRARA_CASO B_HYDRA RED.DAT  License for antonio.galgaro@unipd.it
File Input Costdata Sohe Output Settings Info About i _ )
Earth Enerqy Designer - EED Version: 419 (May 23, 2017)
—— Peak heat and cool power = .
. Linktoh
Earth gsse load [= Version: 419 (May 23, 2017) Lok 1o hame page
Base load {without DHW): Linkto b Peak heat Peak cool
(") Annual energy and monthly profile e Power Duration Power  Dusation
@ Monthly energy values | [kw] [h] [kw] [h] Link to update manual v4
anuary 23,000 34,000 (0,000 0,000 f
Link to update manual v4 February 23,000 £.000 0000 0,000 Link to manual v3
[MWh] Heat Cool Ground i March 21.000 £.000 0.000 0,000 ink to update news
Link to manual v3 April 0000| 0000 0000|0000 )
[16200 [ 0000 [ Update ] ink b i~ May 00000 0000 7000| 1,000 Link to FAQ:s
SPE - — June 0.000 0,000 7.000 1,000
39338,00 | 99933,.00 Link to FAQ:s July 0.000 0.000 12,000 3,000
. August 0.000 0,000 7.000 1.000
] 0ire S Clpact September | 0000 0,000 7000 1,000
January 2 756 Octaber 0,000 0,000 0,000 0,000
February fg gggg ; z;; November 21000 13,000 0.000 0,000
March U:W " EI:IJDD T BateToad December 23000 12,000 0,000 0,000
April 0,000 0,000 0,000 File Options ~~ T
- g f lase
e 0,000 0,023 0029 I Kor Grach ‘ [ ILc
dune 0,000 0,280 0.280
duly 0,000 0580 0,560
(AL 0,000 0502 0502
Septembe 0,000 0,040 0,040 Peak load \E’
October 0.000 0,000 0.000 File Qptions
November| g 1gq 0,000 0,191
Decembed 7 754 0,000 1.764
Sum: E,075 1,431 4,6439
Domestic hot water (DHW): % [ Heat peak load
Annua I 01000 2 3‘00
[Mwh] Heatpump  Ground Building
Heat: 6,070 + B075x1 = 6075
0 (B.075)
DHW:  0x1/3 + 0213 =0 £
(0 (0) E
Cool:  1.431x0 + -1.4311 = 1431 '§
[} {1,431) .4
Heat: Heat pump Building
0 == , == G075
Ground 6,075
Coaol: Heat pump Building
D == <= 147 JAN FEB MAR
¥
Ground 1,431
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN
Heat extracted from ground: 6,075+0-1,431=4,644
&2 Graph I I I-L Close
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e Input Costdats Soive [Output) Settings Info About

— B | View design data
al nergy Desif
Plot fluid temperatures Version: 419 (May 23.2017)
- Linkto home page
Plot fluid temperatures - depth
; Link to update manual v4
ik to manyal v
V' Fluid temperatures s@f=]
file Options
P
™ — Peak max
™ — Peskmin
% — Heat extraction [Wim]
File Input Costdsta
Earth Ive mean fluid temperatures
al -ner:
Solve required borehole length Fai 418 May23.2017)
Solve required borehole length - Optimmstion ~ f11  f-9MERA0S
Fluid temperature constraints
uﬂﬂh manual v4 o 1 2 3 4 5 6 7 8 9 " ”? 13 4 1% % ” AL L]
Monthiy simulstion. FERRARA_CASO B_HYDRA RED.DAT
Configuration 5(°6 1x6ine’), 8 7m D 91.4m
Fluid temperatures for last yeer. mn 5°C max. 19,3°C
W — Tmax
@ — Tmin
g 7 == Tmax constraint
N ¥ == Tmin constraint
i 20 @ — Depth
g 15
E 10
5
o
50 100 200 250 300 3s0
Depth [m]
Monthly simulation: FERRARA_CASO B_HYDRA RED.DAT
Year: 20
Configuration: 5 ("6 : 1 x 6 line")
Spacing 8: 7m
Cakculated depth 1,6 m
TF min: S°C max: 19,3°C

I CPU boad 0 (pesk &t 37%) Press F4 to calculate

‘mean fluid temperatures for calculated depth  Anal
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'y Earth Energy Designer 419 FERRARA_CASO B_HYDRA RED.DAT

| File Input Costdata Solve Output Settings

Info  About

License for antonio.galgaro@unipd.it

Earth Energy Desi{ 7, Optimization FERRARA_CASO B_HYDRA RED.DAT EED v4.19

File

Config

Max land area
Boiehole spacing
Borehole depth
Number of boreholes

A
33

797

10 m
7 m
120 m

Config
102
102

23

3

234

24

S

23

No bh

5
5
5
5
6
3}
6
5
5
7
3}
7
6
B
L}
7
7
7
7
L}
8
8
8
8
9

Type

3 x 2 U-confi,,
3 x 2 U-confi.
2 x 4 L-config,.,
1x5Sline

2 x 3rectangle
2 x 5 L-config,.,
1 x6line

2 x 4 L-config,.,
1 xSline

2 x 6 L-config...
4 x 2 U-confi,,
1xTline

4 x 2 U-confi,,
1 xBline

2 x 5 L-config,,,
S % 2 U-confi.,
S x 2 U-confi,,
1xTline

2 x B L-config..,
2 x 3rectangle
1 x8line

2 x 7 L-config...
6 x 2 U-confi,,
Z x 4 rectangle
1 x9line

Spacing [m)

T R I T I I I I I I e R S R R R R RPN AP RPN RN

T CPU load: 1% [peak at 37%)

E = "o I

uid ternperatures lo| @ |==3
File Options
Aot
I Config 234/234 "2y
T Spacing Tm
808 cases tried
i W — Tt
Solutions found: ki [] Also list cas [~ — Peak max
Analysis started 16:14:08, stopped 16:14:08 time: 0,145 [~ — Peak min
Depth [m] Total length.. Land area [... Lt [ -~ Heat extraction [Wim]
103 517 98
103 517 98
107 534 147
107 536 28 5 ] o
By S5 s L 5
92 553 196 2 158 25 =
S 55 35 E 154 32
12 562 147 e F5
K] 565 28 - 16,2 36 o
81 565 245 = H T 0 o
= | ] ] L
ES 567 147 e 4
81 567 a2 145 45 -2
5 572 147 146 ] 5
96 578 35 1 | i
£ 578 195 i | 55
&3 583 195 182 | s
84 586 195 143 |
84 588 4z 55
84 588 245
99 5a7 ag - - - - - - -
80 540 a9 0 2 8 10 12 14 16 18
80 640 294 Years
80 640 245 - Monthly simulation: FERRARA_CASO B HYDRAREDDAT |
80 640 147 Configuration: 4 (*5: 1x 5kne”), B:7m,D: 113m @
80 720 56 | Fluid temperatures for last year. min: 5,68°C max: 19,6°C
W — Tmax
¥ — Tmin
T 25 W == Tmax constraint
s, [V == Tmin constraint
2 20 ¥ — Depth
H
2 45
E
2
bl 1
3 10
T
S
0
50 100 200 250 300 350
Depth [m] =
Analysis

Monthly simulation: FERRARA_CASO B_HYDRA RED.DAT

Configuration: 5("6 :
Spacil




GEOLOGICAL AND HYDROGEOLOGICAL

CHARACTERIZATION OF THE SITE

underground thermal/energetic

erformances -
Sbest drilling Z4SHE
LOCAL and J geometry (total
GEOLOGICAL installation length/well
SETTING techniaue diameter/single
3 the K GHE length)
"invariant” element  >environmental and regulatory
of the system constraints
“ - L/
identification of the best GSHE
(technical +

economic point of view)




1. UNDERGROUND THERMAL PERFORMANCES

The GEOLOGICAL variables mainly affecting the GHE performance
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undisturbed ground
temperature

local geothermal heat
flux

thermal properties of the
ground
Hydrogeological setting /
water content within the
ground

conduction / convection




1. UNDERGROUND THERMAL PERFORMANCES

UNDISTURBED GROUND LOCAL GEOTHERMAL HEAT
TEMPERATURE FLUX

= Varl'es I'V\ t[,\e SI’\QHOWZV {agers as a - Flusso di calore superficiale (mW/m?)
function of the air temperature
- from about 10wm, stable
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’ [ 5060 175200 [ 200-400
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90-100
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| N
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1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES

w2

Thermal_conductivity '-;;\-""-'_'; }
o el
W/mK

I 1 20-150

151-200
B 201-250
251-3.00
301-350

Bl 51 -400
Il 401-600

a) application of
tabled values of

ground materials

thermal properties

b) direct
measurements of
ground thermal
properties

¢) Thermal Response
Test

d) Distributed
Thermal Response
Test
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IGNEOUS rocks

Extrusives:
Ex. BASALT,
ANDESITE,
TRACHYTE

EXTRUSIVES: ( >

quick cooling, tiny

\
\\ ' Lava and
crystals or glassy )

INTRUSIVES:
slow cooling,
large crystals

Intrusives:
Ex. GRANITE,

SYEN ITE) ; : ;’:;, = .;; : : 3 | nh
GAB B RO 7 v i 4; : e
3 T om

Geological and geotechnical insights related to BHE design and realization for GSHP systems ing. Giorgia Dalla Santa




SEDIMENTARY [ RN

rocks T~y Unconcolidated
~_  SEDIMENTS

Weathering and Land transport and deposition
erosion by water, wind, ice

Ocean transport and
deposition by currents
and chemical precipitation

SANDSTONE
LIMESTONE
CLAYSTONE

CONGLOMERATE
DOLOMITIC ROC

Geological and geotechnical insights related to BHE design and realization for GSHP systems ing. Giorgia Dalla Santa



METAMORPICH Processing of other rocks (of
rocks all types), caused by increases
in pressure and temperature.
[t occurs under the earth's
T SUTuRe crust but the material is in
4 the solid state.

Mélange

|
Deformed and
Continental metamorphosed

before > after

crust Multiple shallowa;_d deep ‘
thrusts  Ocean sediments SN
it ",{..Vé' n'- 1tes
o - LTI \ : .
SRA R, ,-¢}
QYL N LD { J & A /
RS £ . Q) Continental /
A *e> SR crust /

SHALE
MARBLE
QUARZITE
MICASHIST
GNEISS

Geological and geotechnical insights related to BHE design and realization for GSHP systems ing. Giorgia Dalla Santa
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— SEDIMENTS <
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Relative soil particle sizes

SAND

\\
SILT W
| V\s:bl

1. different W\inemloglca( COW\]OOSIthV\
2. different particle sizes
3. different deposit area

erosion

mm
T

+ 1
I T
0 1

RECHARGE AREA
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AAAAAAAAA
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tramsport amd dePOSl.tl.on / UNCONFINED AQUIFERS

MULTILAYER AQUIFERS

S -

different mechanical,
hydraulic, thermal properties




1. UNDERGROUND THERMAL PERFORMANCES

eTH E ROCKS/ S E D ’M E N TS Table 2. Thermal Conductivity of Common Mincrals (Data from Horai
THERMAL PROPERTIES depend on: ™

Thermal conductivity

v mineralogical composition Mines Wim Q)
. . . . Quartz 7.8
v granulometric distribution, Cace 4
. [l cmite 5.1
g"'adathV\ smp Anhydrite 64
v porosity/density Sierc 30
v state of consolidation — .
v water content / saturation es -
v environmental conditions i o
(temperature/pressure) et '
ir L I
v texture La= o0n

bentonite 0,5-0,8

® concrete 0,9-20

Gratn sizes % ice (10 °C) 2,32

E synthetics (HD-PE) 0,42

/ % | air(0°Cto20°C) 0,02

Specifie S steel 60

Permeabilty | 4——)  Foroslly Minerslogy || surtace water (+10 °C) 0,59

\}‘ I // VDI 4640 Blatt 1_2010
Midttomme, Kirsti e Roaldset, 1998 ﬁ\\*“"'//,é




1. UNDERGROUND THERMAL PERFORMANCES

> Effect of mineralogy, water content, state of compaction...

SAND SILT / CLAY

VanWijk, 1963
Baziat et al., 1988
Bristow, 1998 -

. ¥ ’ i ¥
Abu-Hamdeh et al., 2000 . Ekwue et al., 2006 - .
i B X ]
i ¥
i
] i T T 1] i L] 1] T

Nusier et al., 2003

Abu-Hamdeh et al., 2001 i
i L | Clarke et al, 2008 | [T

Ekwue ¢t al,, 2006 Abuel-Maga et al.,, 2008

Clarke et al., 2008
' o - - Hossam et al., 2009 -
Chen, 2008 |
Smits et al., 2009 ' : Nikiforoval et al., 2013 _
L] i
I | ]
Nikiforoval et al., 2013 i Barry-Macaulay et al,, 2013 _ :
Barry-Macaulay et al,, 2013 ,
- - " . i
Alrtimi et al., 2016 : \ydzbaetal, 204 |
LB S B B S B B B B B —T |l —TT
0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0
Thermal conductivity [W/m K] Thermal conductivity [W/m K]
(a) (b)

Dalla Santa et al., 2020 Geothermics




1. UNDERGROUND THERMAL PERFORMANCES

> Effect of mineralogy, water content, state of compaction...

1
12°C

Thermal eonductivity, W' K7

W =18%

n°C
2°C
425
52°C
E2°C
T2°C
B2
o2

I I I I
0 nos o1 015 02 0.25

Volumetric water content, m*-m-

03 0.35 04

Fig. 2 Variation in thermal conductivity of Ottawa sand with volumetric water content and temperature
THERMAL CONDUCTIVITY [w/mK]

Nicolaev et al.

0,0 0,5 1,0

1,5 2,0 2,5

= DRY CONDITIONS |
[0 WET CONDITIONS

SILT / CLAY

Temperature
——— W P —— . _
- 1.8 B b o
——— .
= z
P x W
= | — gl
= .
E 1.2 4 6¢
2 ¢
L+
3 I
E
o 08
=
=
E 0.6
E 0.4 —
02
a 015 02 0.25 03 035 04 045 05 0.55 06
Volumetric water content, o' m
THERMAL CONDUCTIVITY [w/mK] sandy loam with volumetric water content
0,0 1,0 1,5 2,0 2,5
ZAG_24 ‘ laev et al., 2013
ZAG_50 HOC-INSITU
[ SLURRY
ZAG_55
ZAG_78

Dalla Santa et

2nG_ 97 [ S ——

al., 2020

2n6_100 P I——_

ZAG_119
ZAG_131

ZAG_145
]

Geothermics

b)



Thermal conductivity [W/m K]

/
/ sedimentary
conglomerate

. |
<
3
T
E
a
Z
>
Q
7
S
%
T
a)
2
>
o

sandstone

clay-mudstone

limestone

dolomite

marlstone

rhyolite

andesite

tamorphic

me

quartzite schist

micaschist

phyllite

amphibolite

serpentinite

2020 Geothermics

Dalla Santa et al.,




1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES
a) tabled values

l@/ 20 Thermf}l conductivity A Unlum_e-related Density o
2 i Dot
recommended
value in MJAm K} in 10° kg/m?®
clayfsilt, dry 0.4-1,0 0,5 1,5-1,6 1,820
clay/silt, water-saturated 1,1-3,1 1.8 20-28 2022
. sand, dry 0,309 04 1,316 1,822
E sand, moist 1,0-1.9 1.4 1,6-22 1,8-22
2 sand, water-saturated 2,0-3,0 24 2228 1,923
E gravel/stones, dry 0409 0.4 1,316 1822
- gravelistones, water-saturated 1,6-2.5 1,8 22-26 18-23
tillfloam 1,1-2.9 24 1525 1,86-23
peat, soft lignite 0,207 0.4 0538 0511
clay/silt stone 1.1-3.4 2.2 21-24 24-26
sandstone 1,946 28 1,8-26 2227
. conglomerate/breccia 1.3-51 23 1826 2227
& | marlstone 1,86-2,9 2,3 22-23 2326
§ | limestone 20-39 27 21-2.4 24-27
E dolomitic rock 3,0-50 35 21-24 2427
E sulphate rock {anhydrite) 1.5-7.7 41 20 2830
sulphate rock {gypsum) 1,3-2,8 1,6 2,0 22-24
chloride rock (rock salt, potash) 36-6.1 54 1,2 2122
anthracite 03-06 04 1,318 1,316




1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES
a) tabled values

Vo, 20,

Thermal conductivity A Volume-related Density o
Type of rock in Wim-) igggﬂ;':f_f,t
recommended P
value in MJAmK) in 10° kg/im?®
tuff 1,1 11
vulcanite, acid to e.g. rhyolite, trachyte 3.1-34 3.3 21 26
% intermediate e.g. latite, dacite 2,0-2,9 2,6 29 2,9-3.0
_E vuicantie. akalneto | ¢ g andesite, basatt | 1.3-2,3 17 23-26 26-32
% plutonite, acid to granite 2141 3.2 2130 2,4-3.0
= | intermediate syenite 1,7-35 26 24 2530
plutonite, alkaline to diorite 20-29 25 29 2930
ultra-alkaline gabbro 17-29 20 26 2831
i ] clay shale 1.5-26 21 2225 2427
slightly metamornphic
o chert 4550 4.5 22 2527
= marble 2,131 25 20 2528
E E _ quartzite 5,0-6,0 5.5 21 2527
E mg%eﬂf;}'"t: highly ™ hica schist 15-3.1 22 22-24 24-27
aneiss 1,940 25 1,824 2427
amphibolite 21-3.6 28 2,0-23 26-29
bentonite 0,508 0.6 ~39
w | concrete 0,9-2,0 16 ~1.8 ~2,0
% ice (-10 °C) 232 1,87 0,919
E synthetics (HD-PE) 0,42 18 0,96
I:"E_’ air {0 °C to 20 °C) 0,02 0,0012 0,002
© | steel 60 3.12
water (+10 °C) 0,59 415




1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES

a) tab,ed Va'ues Table 5 Thermal Properties of Selected So
Rocks, and Bore Grouts/Fills

Dry Density, Conductivity, Diffusivity,
kg/m3 Wim'K) mZ/day
Soils
Heavy clay, 15% water 1925 14to 19 0.042to 0061
5% water 1925 1.0t0 14 0.047to 0061
Light elay, 15% water 1285 0.7t0 1.0 0.055t0 0047
5% water 1285 0.5t0 09 0.056t0 0,056
Heavy sand, 15% water 1925 2.8t03.3 0.084t00.11
5% water 1925 21t023 0.093t0 0,14
Light sand, 15% water 1285 1.0to 2.1 0.047to 0,093
5% water 1285 0.9t0 1.9 0.055t0 0,12
Rocks
Granite 2650 23t03.7 0.084t0 0,13
Limestone 2400 to 2800  24to 3.3 0.084 to 0,13
Sandstone 2.1t035 065 to0.11
Shale, wet 2570 t0 2730 14t024 0.065t0 0,084
dry 1.0to 2.1 0.055t0 0,074
Grouts/Backfills
Bentonite (20 to 30% solids) 0.73to 0,75
Neat cement (not recommended) 0.69t00.78
20% bentonite/80% 810, sand 147to 1.64
15% bentonite/85% 310, sand 1.00t0 1,10
10% bentonite/90% Si0, sand 2.08t0 242
30% conerete/70% 810, sand, 2.08t0242
3. plasticizer

Source Kavanaugh and Rafferty (1997),

/‘)r,”d o

&,



1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES {_L¥*
b) direct measurements

2>STEADY STATE METHODS:

a constant temperature difference is
established and maintained across the
sample. Requires:

() long time to reach the steady
conditions,

(i) an apparatus able to guarantee a
stable thermal condition to perform the
measurement,

(i) an accurate control to create and
maintain the stability of measurement
conditions

2TRANSIENT STATE METHODS:
the time-dependent heat dissipation within
a material is monitored, by applying a
mowmentary and known heat IMPULSE to
the sample




1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES
b) direct measurements

n

1
1
: :
L} L}
1 1
| ]
I
[
o

| |
I |
[ ~
[¥,] (=]
Thermal conductivity [W/m K]

ot
=)

sandy silt, wet (46)

clean gravel, dry (13) __._Dj,.
medium sand, dry (18) ::'ﬂj—'
silt, dry (5) :: m
clay, dry (5}::,__
peat (7) —— |-]I|
2

heterometric gravel
with sand, wet (7)
silty sand and
silt and
clayey silt, wet (40)
plastic clay, wet (17) ——

70 — ® ]
60— [ ] I
g CH o® S
Esu— -5,,@
=40 Ee
= 80,
z £
=30 2
i i
Ll L MH or OH HRER 8 AP i <2
Dalla San ., 2020 Geothermicy =~ \%
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1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES
b) direct measurements

GRAVEL
v very coarse sediment size -
v variability of the mineralogical composition BAD CONTACT

i GUARDED HOT PLATE
irI:lesfioIZm;tir(;al ,NSTRUMENT (Steady State VV\etI/\Od)
o TAURUS goo Modtﬁed on purpose

= =+ Padova - ltaly
_— "ff;— Main river bed - near Bamberg, Germany
—— " — Perzacco - No| rth East Italy
= == pormalized sand
i = Castelfranco Veneto - North East ltaly
1.60 —— TreYiso-North East ltaly 1,:91.5
(== Zevio - North East Italy O

—

(X}

o
\

0.40 0"

Thermal conductivity A [W/mK]

|
0 20 40 60 80




1. UNDERGROUND THERMAL PERFORMANCES

ROCK / SEDIMENTS THERMAL PROPERTIES
both a) and b) HOW DO YOU APPLY THEM?

-
g

medium sand

WHEN THE STRATIGRAPHIC SEQUENCE IS

AVAILABLE, the equivalent  thermal

conductivity can be evaluated: 15

- assigning a TC value (as indicated in the 10 = clayandfine sand
TABLES or directly wmeasured) to each
identified lithotype

- calculating a global TC wvalue as a

medium sand

- the texture / possible anisotropy

3
. . 22 clay
weighted average on the layer thickness I
The TC values must be chosen within the 18 Es'™cay
range, by considering:
- the state of consolidation / density
- the state of saturation 4o | claystone




1. UNDERGROUND THERMAL PERFORMANCES

a) and b) PROS AND CONS

- By assuming the
thermal
pammete(s
reported in
(iterature for each
sediment/rock

type

BOTH: THE CONVECTIVE CONTRIB
AQUIFERS IS NOT TAKEN INTO A

- Direct
measurements

PROS
Very quick

Urconsaiciaied

Sedmantary rock

roch danmyee

Performed
directly

on
purpose

CONS

Not so accurate:

« Need an accurate
local stratigraphy

- Based on wide
classes & present
large ranges of
values

TION IN
CCOUNT

Quite hard.:

*  Requires
samples

- Time/cost
consuming

 Prone to

measurement
ervors




1. UNDERGROUND THERMAL PERFORMANCES

¢) THERMAL RESPONSE TEST PROS

From TRT results

Measurement of
the undisturbed
ground
temperature

Global thermal
exchange capacity
+ thermal
resistance of the

probe

Global = (of the
whole system =
local geological
setting + testing
probe)

CONS
Global

thermal
exchange
capacity

Cannot detect
the
contribution
of each
deposit/
geological
layer




1. UNDERGROUND THERMAL PERFORMANCES

a) b) and ¢) COMPARISON

- - -
e ol ”\f{,,__f'f’f B . e
: AP PR T e
N2 1 “,.qﬁg Y/ e
G 9
/L' .
3

Agrr [W/mK]

103
TRTs/stratigraphies

Agrt (103 values)

1]

4] 1 2
equivalent thermal conductivity [W/m K]

3 4 5 B 7 E 9

=}

&

L
&
+

0 1 2

o
Qs

#

3
Ao [W/mK]

hvor (95 values)

#

ra

o q -
oQ -

- B
& o
F o a
V. i
Fa

#

s

-

4

6 1 * 3 &4 5 & T B 4
equivalent thermal conductivity [Wim K]

10

Arr [W/mK]

4]

Convection
’ contribution in
9 correspondence to
j the crossed
5 aquifers > in
5 . ©  geological context
4 ./ with aquifers only
3 -7 the TRT can
., Lasd correctly evaluate
R the global A
Pasase W/ K] The tabled
masimee (76 values)  values neglect
some lithologies
> it is
impossible to
apply in
particular
contexts

1 g 3 4 5 B T B L] 1
equivalent thermal conductivity [W/m K]




GEOLOGICAL AND HYDROGEOLOGICAL
CHARACTERIZATION OF THE SITE

Sunderground thermal/energetic

performances
>best drillin GSHE
LOCAL and J geometry (total
GEOLOGICAL installation length/well
SETTING technique diameter/single
9 ic the HE leV\gtlf\
"invariant” element  >environmental and regulatory
of the system constraints
g W e/
identification of the best GSHE
(technical +

economic point of view)




2. UNDERGROUND THERMAL PERFORMANCES

d) DISTRIBUTED THERMAL RESPONSE TEST

- nnovative
method

- Distributed
Thermal
Response Tests

(DTRT)

Gel filled tube
Glass fiber

Dielectric medium
Swelling material

Coloured fracer

PE outer sheath

Copper wire (4 X 0,5mm?)

Monitoring well
equipped with an
hybrid fiber optic
cable:
several copper
wires

bundle of optic
fibers
.

to inject heat by
means of electric
input (Joule effect) to
perform the TRT

Measure temperature
over time both when
the wires are heating
or not

(active/passive mode)

with high temporal
and spatial resolution
(Distributed Thermal
Sensing)

Aim: Distinguish the thermal
behaviour of single geological layers petms




g
d) DISTRIBUTED THERMAL RESPONSE TEST ey &

Sub-meter scale sections of the fiber e\
correspond to an individual probe > a single ; o
fiber concatenates thousands of sensors s

INPUT FORWARD PULSE
PULSE

— e During the propagation a
= J\ coe = ——  faint echo is generated > by
analyzing the echo, it is

it 5 A 5 possible to map the local

T properties of the
N environment where the fiber
is deployed
< Anti-Stokes components : Stokes components >
RAMAN (anti-stokes):
the intensity s

4 @ I W wnn temperature -dependent

Wavelength

*(Caused by temperature, I, or strain §.




1. UNDERGROUND THERMAL PERFORMANCES

hybrid —unit

fiber i , ,

optic ¢ W heating unit

cable mm (or copper
- \\ Wwires

100 m

CPU
recording data

tube
1 filling
1| geothermal
grout Specifications (AP Sensing):

- Sampling interval: 0.5 m

- Spatial resolution: 1 m

- Repeatibility: ~ 0.2 °C (for acqws:tlom
time of a few minutes)




1. UNDERGROUND THERMAL PERFORMANCES

d) DISTRIBUTED THERMAL RESPONSE TEST {753} wonteéL

N8 YNIVERSITE
SOk A
EFEGTE pINGENIERIE

Temperature signal - Smoothed data
45 T

1-order approximation of the
Infinite Line-Soungglioualil

40

The redder the 38

o line and the ol it
S deeper the o
=7 measurement 34 Part of the
82 signal used
il 20 to identify
20 | $) the tb\erma(
°_ 28 . .
- y conductivity
| | | | , "l _
150 50 100 I 150 200 250 * - = -:‘p-down I?i .
’(I) 24 - == == r"Average o ot egs -
the temperature measured at ,,| downup
different depths cooled down | oo erage o both ege
at different rates, dependm? .
on the t"\el"mal Propeﬁles (0] 102 10° \ 104 105 106
the surrounding deposits. x0

> the values were derived thsigna; rela}tted to t?ih
every im ermal resistance o e

. . . robe and the grout
> the entire vertical profile P " grou




1. UNDERGROUND THERMAL PERFORMANCES

POLYTECHNIQUE

d) DISTRIBUTED THERMAL RESPONSE TEST {753} MoNTREAL

a) november b}

o

10

1o

130

- anthropogenic deposit

140 1 I | 1 L I sitty-clay deposits
' . 1 ! : ‘ - E B <'ay deposits
1 & - ’ hd sandy deposits

AW/mK) [ peat/ depositsrich

in organic material

7
UNIVERSITE
Aok ",
EEEZRE D/INGENIERIE

. corvrelation between the A

values and the geology (DTS
spatial resolution 1 m >
better in the layers of higher
thickness)

. corvect identification of a very

high heat exchange capability
in correspondence to the
gravel deposit (>high
groundwater flow)

. significant contribution >

causes the measured difference

Thermal Monitored
M et h Od conductivity length
A (W/mK) (m)
TRT 1.68 119

DTRT - Temperature 2.17 124
DTRT - Derivative 2.28 124




1. UNDERGROUND THERMAL PERFORMANCES

Y, POLYTECHNIQUE

d) DISTRIBUTED THERMAL RESPONSE TEST ﬁi: MONTREAL

TEMPERATURE PROFILE

O-12m: clearly FINAL REMARKS
visible seasonal
o . vanation > able to detect the
end of heating phase dfFF@V@V\t tI/\GV'W\a{
20 end of recovery phase 1F2(_7Om zone behav[or OF tl/\e
of low -
ol temperature different layers
~ gradient
\g -60
S w0 geothermal can drive the
ol gradient optimization of
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GEOLOGICAL AND HYDROGEOLOGICAL

CHARACTERIZATION OF THE SITE

Sunderground thermal/energetic
performances

shest drilling\, >GSHE

LOCAL and geometry (total
GEOLOGICAL installation length/well
SETTING technigue diameter/single
9 ic the HE leﬂgtlf\)

"invariant” element

of the system 9

>environmentg
constraints

and requlatory
L/

-
identification of the best GSHE

(technical +
economic point of view)




2. BEST DRILLING AND INSTALLATION TECHNIQUES

v auger (a screw-type drill
removing soil from the hole
while rotating, the way
standard. drills for wood
and metal work)

v’ the rotary system with a
fluid flushing the borehole
(with different tools for
cutting)

v’ various hammer systems
(including cable-tool
drilling)

hard rock

—

increasing hardness

soft rock | @UAET, rotary with fixed cutting bit

20 60 100 140 180 220 260 300 340
borehole diameter [mm]

after data from Hytti (1987)

Choosing elements:
1. Rock hardness
2. Presence of aquifers
3. Hole stability




2. BEST DRILLING AND INSTALLATION TECHNIQUES

catchement
area

The pressure of the groundwater welincontred
controls the water table in a well aauter

+ in layers where the
catchment area is higher
than the drilling site

+ where layers with low
permeability cover the
aquifer

artesian well
=

> groundwater pressure level >
physical upper boundary of the
aquifer

S>water in the well will rise

It (s better to not to
install a BHE in an
artesian aquifer




2. BEST DRILLING AND INSTALLATION TECHNIQUES

Auger drilling

The drill cuttings are transported to
the surface by a rotating auger

> Augers are available at various
diameters and with either a solid
rod in the centre or a tube

D: 63-350 mm
depth: 15-20m MAX

> used in soft, but
sufficiently
stable ground




2. BEST DRILLING AND INSTALLATION TECHNIQUES

mud hose

drilling mud
and cuttings

rrock bit
{crushing)

@. 89 - 300 mm
depth: 100 - 200 m

Rotary drilling technique

by rotating a dvrill bit (tricone or chevron
bit) to cut or crush the rock and the
sediments, and flushing the hole

The drill cuttings are carried to the
surface by a drilling fluid (water or
mud/bentonite) pumped down
through the hollow drill string

> wide amounts of water supply +
equipment for mud handling
> additional space

> in sediments as well as in medium to
hard rock

> quite fast only in loose sediments,
always relatively slow in the other cases

> In loose sediment requires casing




2. BEST DRILLING AND INSTALLATION TECHNIQUES

Down-hole hammer drilling ==
col 860-
combines rotation and percussion A8 \ornos
(] |
Compressed air is used for operating — cuttings |~
the hammer and for transporting
the cuttings to the surface
> powerful compressor
> higher costs (use of the
compressor) + consumed fuel down-hols hammer
rock bit
(percussive)

@: 100-216 mm
length: > 100 -150 m

> relatively high drilling velocity in
medium hard to very hard rock
> if presence of loose sediments in |
the stratigraphic succession—>
casing required, thus elongating i ]
the drilling time and costs




2. BEST DRILLING AND INSTALLATION TECHNIQUES

The drilling technology suitable on a given site
is mainly dictated by the geological and

hydrogeological conditions

1). Hard rock under a softer
layer of sediments (from less
than 1m to tens of m)

drilling with casing through the
overburden depositional cover
and open hole in rock (BHE
mostly not grouted)

(Northern Europe, Alps Valley)

owerburden (e.g. clay, tll)

Edl'l'lEﬂ'tIgl'|jl'El"5
I:EE'H!EIIH‘!EFI"I

Horst struchure Graben structure

2) Mesozoic sediments resting
sub-horizontal or titled, often
intersected by faults.

Risk for confined or artesian
aquifers

Drilling technique depends on
rock hardness

BHE needs to be grouted




2. BEST DRILLING AND INSTALLATION TECHNIQUES

i coil, weamgred zone

Z.

Saddle structure

3) Sedimentary rock strata
folded and faulted, often

metamorphosed

Groundwater can be found in
fissures and fractures

Drilling mostly with DTH,
sometimes rotary

Grouting always required
(Pyrenees, Alps, Carpathians)

4) Mostly unconsolidated
sediments stacked on each other

Dw’((ing mostly with auger or
rotarg rigs, often using casing to
stabilize the hole

BHE needs to be grouted
(sedimentary basins)

_-_-_-_._.—l'"r._

7 Risk of confined or artesian
groumdwater

clay {aquitard)

sandigravel {aguifer)




2. BEST DRILLING AND INSTALLATION TECHNIQUES

Uncorrect installations due to geological occurrences

partial collapse of the high groundwater
material into the well pressure

—[Lir‘ne§toheﬂ.
\ [




2. BEST DRILLING AND INSTALLATION TECHNIQUES

N
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2. BEST DRILLING AND INSTALLATION TECHNIQUES

Drillability_time
<7 min/m

I 7 < x < 10 min/m

I = 10 minm

0 . 500 1000 ) 2,000 Kilometers




2. BEST DRILLING AND INSTALLATION TECHNIQUES

Drillability_cost
<30 €/m
| 30<x<40€m

[ = 40em

0 e 500 1,000 2,000 Kilometers




GEOLOGICAL AND HYDROGEOLOGICAL

CHARACTERIZATION OF THE SITE

Sunderground thermal/energetic

performances
Sbest drilling Z4SHE
LOCAL and J geometry (total
GEOLOGICAL installation L{@V\gﬂ/\éWﬁH I
SETTING techniague lameter/single
3 the K GHE length)
"invariant” element environmental issues and
of the system requlatory constraints g
N\
identification of the best GSHE
(technical +

economic point of view)




GEOLOGICAL AND HYDROGEOLOGICAL

CHARACTERIZATION OF THE SITE

environmental issues and requlatory constraints

1.

2.

NN

o W

Protection areas for hydrogeological reason:
presence of drinkable water aquifers
Protection areas for presence of extraction
water wells for drinkable water > imposed
distances

. Area of superficial pollution (contaminated. sites)
. Areas where the BHE are forbidden due to the

presence of particular geological configuration
(ex. Germany)

Thermal alteration induced in the ground
Possible thermal interactions with other geo-
exchange systems




3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

Hazards related to particular geological sequences

interconnection between aquifers penetration of the

previously separated superficial pollution
underground

-aquifer.”."."




3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

Hazards related to particular geological formations

Anhydrite deposits
(water free) > high
volume increase i? n
contact with water

drainage of grout loss into
aquifers possibly F'SS‘;(" es n tb;(e
resulting in land underground

subsidence (karstic cavities in

[imestone areas)

~oAquifef-




3.ENVIRONMENTAL REGULATORY CONSTRAINTS

Hazards related to high induced heat alteration

Freeze-thaw cycles induced in cohesive

evaluation of the sediments around the BHE >
thermal alterations deformations of the ground level + change
induced in the in the permeability + alteration of the
ground thermal exchange and energetic

performances




3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

Measured vertical profile induced by a single BHE:
v Im distant
v From 1986,

v Only heating mode + summer recovery

Depth [m]
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3.ENVIRONMENTAL REGULATORY CONSTRAINTS

Boundary conditions and initial conditions
(temperature/hydro)

v air temperature v initial temperature
v geothermal flux v piezometric setting

FEFLOW®

Version 7.0

- software FEM g

*  hydro-thermal T
transport in porous 10w TO CHECK:
media ARt * THERMAL
> evaluation of the 2 GRADIENT in
thermal alteration et the ground
induced in the ground E

> ground Laroperties (porosity,

permeavility, thermal * heat carvrier
properties,..) FLUID
TEMPERATURE

> borefield geometry
> BHE functioning over time

(Q+power / Q+T)




3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

emperature

3D view

195

OUTPUTS: temperature induced in the
underground

I W > check the thermal alteration

.
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3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

Local thermal interference between closed loop and open loop systems

The induced hydraulic
gradient actracts the
groundwater > the

thermal alteration —
Injection well

EEEEEENT EE_¢
S5Ziormasumoz

Extraction well b,




3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

Local thermal interference between closed loop and open loop systems

After 5 years
functioning

aquitard

LEnd of summer
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3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

Local thermal interference between closed loop and open loop systems

After 5 years

functioning
lenger sse
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3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS

Regional thermal intereferences: Maggia river, Locarno (Svizzera)
Ji

o Open_Ioop_GWHPSI
O Geothermal_probe




3.ENVIRONMENTAL AND REGULATORY CONSTRAINTS
mal a‘ntc: agga river, Locarno (Svizzera)

i

Temperature
- continuous -
[°C|

W 137
I 13.4948
13.2897
13.0846
M 12.8795
W 126744
B 12.4692
M 122641
W 12.059
W 11.8539
W 11.6487
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GEOLOGICAL AND HYDROGEOLOGICAL

CHARACTERIZATION OF THE SITE

Sunderground thermal/energetic

performances
Sbest drilling >GSHE
LOCAL and I geometry (total
GEOLOGICAL installation L{@V\gﬂ/\éWﬁH I
SETTZ]\] @ technigue lameter/single
3 the K GHE length)
"invariant” element >environmental issues and
of the system _ regulatory constraints g

dentification of the best GSH
(technical +
zconomic point of view




IDENTIFICATION OF THE BEST GHE

Depending on the local geological setting..

+ RECHARGE .AREA
: 4 “a & i ‘.
4 4 L ] .
/ & \ \\ ] é 4

" . HIGH PLAIN

PLAIN SPRINGS LOW PLAIN

' SHALLOW
AQUIFER
SYSTEM

ARTESIAN
>~ AQUIFER

BEDROCK
SYSTEM

DEEP
~ AQUIFER
SYSTEM

UNCONFINED AQUIFERS MULTILAYER AQUIEETS

Geological and geotechnical insights related to BHE design and realization for GSHP systems ing. Giorgia Dalla Santa %11 &



IDENTIFICATION OF THE BEST GHE

Depending on the local geological setting..

HIGH PLAIN AREAS: the water table
is very low=> open loop systems are
expensive and not effective / closed
loop are higly efficient, high thermal
exchange due to high groundwaterflow

MIDDLE PLAIN AREAS:

Open loop systems with
highenergetic performances
BUT presence of SPRINGS->
HYDROGELOGY PROTECTION
AREAS 2 necessary to respect
Q and distances from the
caption wells + evaluation of
the thermal plume

LOW PLAIN AREAS: pressurized
aquifers, medium-low permeability
> difficult renijection closed loop




IDENTIFICATION OF THE BEST GHE

Depending on the local geological setting..
HYDROGEOLOGICAL PROTECTION AREAS

3 TP, AN}
s 4 -
N 3 208 4
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THERMAL
ANOMALY
AREAS




IDENTIFICATION OF THE BEST GHE

Dependmg on the local geologccal settmg

————n

= Goto location

D
X o

E Conglomerate, sandstone, limestone, gypsum and variegated mudstone
- Conglomerate, sandstone, slate and limestone. Coal
- Sandstone, conglomerate, slate and limestone. Evaporites
‘ E Sandstone, slate and limestone
" [[] Detritic limestone, caicarenite, mar, shale and limestone
Limestone, dolostone and marl. Sandstone and conglometare
- Dolostone, limestone and marl. Sandstone

J i 7'1"'" / - Quartzite, slate, sandstone and limestone

¥ L{\e [ state, graywacke, quartzite and conglomerate

. [ Mica-schist, phyliite, sandstone, marble, limestone, dolostone and marl
P cneses
- Migmatite, marble and undifferentiated granitoids
- Volcanic and volcaniclastic rocks
- Other granitoids
I 7vvo-mica granitoid
’G\g‘ - Serpentinite and peridotite. Basic and ultmbasnc rocks.

50 km




IDENTIFICATION OF THE BEST GHE

Depending on the local geological setting..
Goil;w al|n @ e \ ;‘. ! f 2 _ 1) A Highly productive porous aguifers
Zoom R W / S Low and moderately productive
i N ¢ porous aquifers

Highly productive fissured aquifers
{including karstified rocks)

Low and moderately productive
fizsured aguifers {including
karstified rocks)

Locally aquiferous rocks, porous or
fizsured

Practically non-aquiferous rocks,
porous or fissured

Inland water




CONCLUSIONS

Sunderground thermal /energetic

performances
o ~>GSHE geometry
LOCAL >best drilling and (total length/well
installation diameter/single
GEOLOGICAL technique GHE BT
SETTING >environmental issues and regulatory
=2 the "invariant” COnSEraints C
element of the hd
system identification of the best GSHE

(technical + economic point of view)

SHOULD BE CONSIDERED WITH GREAT
ATTENTION DURING THE DESIGN PHASE !!





