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Geotermalni vymeénik

Island — staci vrazit potrubi do zemé

EHS (Enhanced Geothermal System)

vtlaceci vrt, jeden ¢i vice Cerpacich vrtl

vyménik = puklinova sit’ — uméle vytvorena Ci zvétsena
ekologické otazky — hydraulické frakovani (mozné
vyvolani otresu), ovlivnéni podzemnich vod apod.
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vykon vymeniku P = Qh C. AT;\ hloubka pozice vyméniku (teplotni podminky in situ)
- rozméry vymeéniku (velikost vyhtivané plochy) [<€
hydraulické vlastnosti horniny " e A
.y . A T S .} pracovni rezim P
hydraulické vlastnosti puklin o P , . :
Y « oy P vtlaceci tlak : : (odstavky = dohtev) :
(proménnév case) | i — S AT
i ......................................... .., technologicks omezeni
: (vykon Cerpadel, uspé3nost hydraulického frakovani, ...) :
mechanické VIaStnOSti horniny NSNS NN NN NS NN NN NN NN NS NN NSNS NSNS NENEEENENEESEENENENENENSNSESESESESESNSESESEEEEEEESEEEEEEEEEEEEEEEEEEES

(anizotropie, odlucnost, ...)

»  Zavislosti oznacené plnou sSipkou oznacuji pevné dané podminky a parametry, prerusované sipky pak
oznacuji zavislost na parametrech, které mizeme (alespon do urcité miry) ovlivnit.
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vykon vymeniku P = Qr~ C. AT;\ hloubka pozice vyméniku (teplotni podminky in situ)
- rozméry vymeéniku (velikost vyhtivané plochy) [<€
hydraulické vlastnosti horniny " e A
.y . A T S .} pracovni rezim P
hydraulické vlastnosti puklin e P , . :
Y « oy P vtlaceci tlak : : (odstavky = dohtev) :
(proménnév case) | i — S AT
i ......................................... ,; technologickd omezeni
: (vykon Cerpadel, uspé3nost hydraulického frakovani, ...) :
mechanické VIaStnOSti horniny N NN N R NN N R R N E N EE A AN EEEEEEEEE NS NN RN AN AN ES NN NN NENANENAESEENENENERENEEEEEEEEEEEEE
(anizotropie, odlucnost, ...)
horninové vlastnosti , hydraulické
hloubka V},’ménﬂ(u B vlastnosti
rozméry vymeéniku puklin
P = Pp < >Q = Qpin D = Pmin

P@Q,T) - P(Q) - P(p)
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o 2 3
teplotni podminky in situ
hydraulické vlastnosti horniny

mechanické vlastnosti horniny

rozméry vymeniku hydraulické vlastnosti puklinové sité
puklinova sit pracovni rezim gasovy pribéh

a numericky model — pri vSech moznych nejistotach vstupnich dat umoznuje
propocitavani scénaru
o citlivostni analyza, rozsahy hodnot vysledkad, ...
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discretization
’ - Stochastic:

Geometric parameters, fracture distribution.

preprocessing ~
Ll
Geological data.

regional hydraulic submodel ‘ Fracture network generator |
Fracture network geometry.
Physical properties of fractures.

boundary )
— I conditions numerical
model
—L model postprocessing
: results evaluation
physical [Flow123d = solving
—
model

feedback
; (tables, graphs, sensitivity analysis, scenarios)
(validation of rock properties)

(optimization of the working regime)

technical
realisation
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preprocessing ~ discretization

Ll ’ - Stochastic:

tEChnical [ regional hydraulic submudel‘
realisation

Fracture network generator Geological data.

Fracture network geometry.

Physical properties of fractures.

boundary .
. I conditions numerical
model
1 model postprocessing
—>»  results evaluation
physical Flowl23d ~ solving
model

feedback
; (tables, graphs, sensitivity analysis, scenarios)

(validation of rock properties)

Geometric parameters, fracture distribution.

Numericky model

0 omezené znalosti
o vrtné jadro, geologické mapy,
neinvazivni metody
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discretization
’ - Stochastic:

Geometric parameters, fracture distribution.

preprocessing

»
technical regional hydraulic submodel Fracture network generator | Geological data.
rea“satlon Fracture network geometry.
Physical properties of fractures.

boundary .
. " conditions numerical
—L model
model postprocessing
—>»  results evaluation
solving
—

feedback
; (tables, graphs, sensitivity analysis, scenarios)
(validation of rock properties)

(optimization of the working regime)

physical Flow123d

model

teplotni roztaznost

zahFivani tfenim
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preprocessing ~ discretization

- Stochastic: Q SdruienyTH mOdeI

Geometric parameters, fracture distribution.

»
technical regional hydraulic submodel Fracture network generator | Geological data.
rea“satlon Fracture network geometry.

Physical properties of fractures.

boundary ) o vedeni tepla:
. " conditions numerical
model
—L model i or =
postprocessing (pCp)effE + pCpu - VT + V- q= Q + de,

geometry -
—» results | evaluation q = —keiVT,
- physical Flow123d @ solving
model (pCP)eff = OpppCpp + (1= 60p)pCy,
feedback — _ )
- 41 (tables, graphs, sensitivity analysis, scenarios) — keff @pkp + (1 @p)k + kdlSp'

(validation of rock properties)

(optimization of the working regime) Q P rou d é n I'

o+ pukl. proudéni

-_—p

prenos tepla advekci
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preprocessing discretization
> > [input]

Stochastic:

»
. Geometric rs, fracture distribution.
technical | regional hydraulic submodel| Fracture network generator | Gealogical data.
rea I |Sat|0n Fracture network geometry.
Physical properties of fractures.

boundary .
. _I" conditions numerical
model
1 model postprocessing
—  results evaluation
physical Flowl23d ~ solving
—
model

- 4I (tables, graphs, sensitivity a
(validation of rock p

(optimization of the w

‘771 Catchment divides

" —— River network \

1° Model domain boundary Y |
Basic map 1:100 000

JRl’ha B L EZE D E

Numericky model

o pomocny regionalni hydraulicky model
o vysledky jako OP pro model vyméniku

e tlakovy gradient v hloubkach
1500 m a 4000 m l
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preprocessing discretization
> > [input |

Stochastic:

»
. Geometric rs, fracture distribution.
technical regional hydraulic submodel \ I Fracture network generator I Geological data.
rea I |Sat|0n output| Fracture network geometry.
Physical properties of fractures.

boundary ical vodorovna
. " conditions numerica i
model rovina
1 model postprocessing
—>»  results evaluation
physical Flowl23d | solving
— z
model
feedback
. (tables, graphs, sensitivity analysis, scenarios) < y
(validation of rock properties) uhel sklonu

(optimization of the working regime)

o stochasticky generovana puklinova sit’; Python script
0 UGprava ,defektnich* situaci (soubézné pukl, blbé priseciky apod) — #° .
- *stl, import do Comsolu 7

/<. Uhel Sifeni
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o geometrie: COMSOL Multiphysics 5.3a + Fracture network generator (TUL)
a pri trose snahy krasné robustni meshovani

o processing: COMSOL Multiphysics 5.3a, srv. Flow 123D (TUL) »pomocna™ vrstva

o Heat transfer in Porous Media + Darcy’s law

o cca. 100 000 — | 000 000 dof (dle méritka)
o vypocetni cas: nékolik hodin pro simulaci 50 let (200 000 dof)

o varianty rezimu vtlaceciho vrtu:
Table 4. Case studies

model flow rate [Ls] regime
1 — deep regional 23.5 ---
2 —deep local 11.5,23.5,47 continuous cyclic with -
3 — shallow local 1.8 mtervals cyclic with recharging and intervals
TTTITT T ITIrTrIrTrirn TTITTT 1T

step(t)

0 2 4 6 8 10 12 14
éas [rok]

* napr. GMSH vyzadoval v oblasti meshovani hodné snahy (jiny projekt ulozisté jad. odp.)
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a lokalni 2 km model

Variable fracture thickness

X107 : ‘ x10° BN
— d_fracture=0.02 \ 1
1 — d_fracture=0.05 | | e N
09 —d_fracture=0.1 777—77777_7777—**777_77777 _
0.8 or
— perm_masiv=1E-15, Normal total heat flux (W)
0.7 g — perm_masiv=1E-16, Normal total heat flux (W)
—
= — perm_masiv=1E-17, Normal total heat flux (W)
0.6 ar — perm_masiv=1E-18, Normal total heat flux (W) 1
0.5
0.4 oL
0.3 e
. .  ——
o0.2b L L L L 20 25 30 35 40 a5 50
5 10 15 25 45 50 Time (a)
Time (a)
Variable flow rate = 11.5 /s regional
x107 X 400
— 9 kgs o 23.5I/s regional
14F — 18 kg/s |4 3 .
— 36 kgss ® 47 /s regional
12 g_
g 360 ——11.5 /s local
7]
1t e ——23.51/s local
[=]
o8k g ——47 l/s local
— - 320
R =]
06F — o1
— o
04 I E—
280
02+ L L L L
5 10 15 25 45 50 10 15 20 25 30
Time (a) time [y]

Variable rock permeability

Time progress of the production temperature — a range of results (colour
stripes) for the regional models in comparison with the local model (lines).
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10l cyclic regime ] —— 11,5 l/s const.
continuous regime —— 23,5 l/s const.
16 — 47 I/s const.
L 11,5 II's cyclic
75l ll ------- 23,5 IIs cyclic
_— I A7 s cyclic
= =12 [l
5 5t g \
= 3 8 [\
© \ b
a5 AN AN
II E& %ﬁ :“*
0 d = 0 '.LII'
0 2 4 6 8 10 12 14 16 18 20 0 2 3
time [y] time [y]
» Time progress of the exchanger output — comparison between the continuous and the cyclic regime.
Left — 20 year simulation for inject flow rate 23.5 Is’'. Right — first three years for various inject rates
o N
50 T
NS R
Sa0 | L L N
= \
: NNNSNY
=
: .
© 39 | [|——continuous
——break 0.3y
——recharging 0.2 y+break 0.1y
20 1 1 1 1 L
0 5 10 15 20 25 30

time [y]

Time progress of the exchanger output — comparison between the continuous and the cyclic regime (with or without recharging).




TECHNICAL UNIVERSITY OF LIBEREC
Faculty of Mechatronics, Informatics
and Interdisciplinary Studies |

5 weaks

e

N

Ukazky vysledki
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Dékuji za pozornost.




