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Case Study on Grofl Schonebeck EGS Project Research in Germany
Ki-Bok Min, Sehyeok Park*, Giinter Zimmermann

Abstract This paper presents a case study of an enhanced geothermal system(EGS) demonstration project conducted
in Grof3 Schonebeck, Northerm Germany, focusing on hydraulic stimulation. The project was conducted with doublet
system in sandstone and volcanic formations at 4 - 4.4 km depth. Under normal faulting to strike-slip faulting stress
regime, hydraulic stimulations were conducted at injection and production wells by massive waterfrac and
gel-proppant fracturing. Injectivity index increased from 0.97 m*(hr*MPa) to 7.5 m’/(hr*MPa) and productivity index
increased from 2.4 m’/(hr*MPa) to 10.1 m’/(hr*MPa) by a series of hydraulic stimulations at both wells. After
circulation tests through injection and production wells, however, productivity index decreased from 8.9 m’/(hr*MPa)
to 0.6 m’/(hr*MPa) in two years. Slip tendency analysis for the stimulation in volcanic layer estimated the required
pressure for shear slip and its preferred orientations and it showed reasonable match with actual stimulation results.
Through the microseismicity observation for the stimulation of volcanic formation, only 80 seismic events with
its moment magnitudes in —1.8<My<-1.0 were observed, which are unexpectedly low for EGS hydraulic stimulation.

Key words Grof3 Schonebeck, Enhanced geothermal system, Hydraulic stimulation, Slip tendency analysis, microseismicity
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A AAHez AGoluAl= A2 ol82] FE=
70 GWt, A G| Fej= 12.6 GWE| §=Fo] HA]
%o} QltkBertani, 2015, Lund and Boyd, 2015). 3=+
O] 7% A 9AFol8-2] Fel= 835 MW7} oG5l QL
o AFE o] - of2] AFH Hb glck(Song and
Lee, 2015). g3} 2ol 22l A HAE A U=
w7PoA= At 4-5 km7HA] AlFslal Qg o= ot

E4E8 A AEdS o]F = EGS(Enhanced
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Geothermal System, ¢l-FAFZ A9 A|2H]) gt

A A7t AAR o= ghls] 3L glom Fharo
A= AR 9 g} FRoA 9] AFATT} X1 Fol
QltkMin et al., 2013a, b). AFAFE E3) QFATE
& B A AlETE A 28] fAE st
of ¢l HE& ks Uukli(hydrofracturing)
T2 71E 429 52 dele 2 dd(hydroshearing)
71EE o83l BES AT olet ZleE A
JHoz= REo] glovt AA| X5} 4lFol A 9] 4
P& R AYS A B A7 Zasith
EGS 2|29 4-83ks flaiie A5A+E &6l
TR 71w AR 28 A9 EARE oefskal s
A ke 3= o] 7t Aol AlA] Zhsroll A
A7} 28 ZFo|thMin et al., 2013a, b).
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o I

A ] 0.1%2 of] wjujgk Hghe skl lck
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H

o] o] &g = Sl= AR To= Q) 5YA
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et al., 2015). S-ejufelel Zo) HlshAY) 27jel B
o= AP EHE, Al 55 AR X FAH]o]
go7 oF 2850 MWtH, Xgekdog 27 MWL
Au|-geFo] Ax|E|o] qt. ol2Rt A DovA= B
2 Bx|(North German Basin), 9=9] Ea}~ X
(Molasse Basin) 12|31 A 2ke] Z12l(upper Rhine
Graben) X|Hof|x FFA o2 7= §lrt &3], A
Qe B & 7719 ADIALTL 29 FOR o]
F 37l AT AAlske] dat AgE FAl A
AbBlT glon], ofde Fag wride] Hx ol
Qo 24t 201019] 7.3 MWo| B[Sl U] vzt 5
7}t Weber et al., 2015).
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Fig. 1. Location and geological formation of Grofl Schonebeck EGS research site (in the left) and the layout of injection
and production wells (in the right) (modified from Zimmermann et al., 2010)
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Fig. 2. Well design and completion in Gro8 Schonebeck EGS research site (modified from Reinsch et al., 2015). (a) Injection
well(E GrSk 3/90) and production well(Gt GrSk 4/05 A2) layout. Electrical submersible pump (ESP) was installed
at around 1,200 m depth in the production well. (b) production well completion. Portions of perforated section or
open hole section are indicated in grey color and the location of stimulation treatment is noted as dotted line
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AA o AEE A T& FASIL Qlrk IHA 2
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(A2l 2F A= 4,305 m(FU7) 2 4,404 m(
AP olaL, shtell= Aleldel AAIEA] e Ys(open
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BE AR TR U Aol 3-8 2ol 4
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Fig. 3. GroB3 Schonebeck EGS research site in northern Berlin
(picture taken in May, 2015). Production well is in
the upper left and injection well head is in the upper
right. The distance between injection and production
well is 28 m on the surface and 475 m at the final
depth. Binary geothermal power plant with the
capacity of 1.1 MW is also in place. The site is
located far from the residential area and the total area
of the site is around 6,000 m’
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Table 1. Summary of in-situ stress conditions of GroB8 Schonebeck EGS research site (modified from Moeck et al., 2009a)

Layer ‘ Sandstone

Volcanic (andesite)

In situ stress field

Su(SvY) 100(57) MPa

103(60) MPa
105(62) MPa
72(29) MPa

Stimax(Stimax”) 98(55) MPa

Shnin(Shunin ) 55(12) MPa
Stress Orientation

Stimax

Shimin

18.5° £ 3.7°
108.5° = 3.7°

7] 3F5 A A AFFE(Rotliegend)I} A= 4.2 km2] 3}

%‘(JJ )T o= o|FolA glom Zizte| sl A
2= &4 o] o|FoFt(Moeck et al., 2009a, Zimmermann
and Moeck., 2008, Moeck et al., 2009b). TX]-2--2
3xFY 2 A(3D structural modeling), THE3)4](fault
mapping), BFEAo] whE §1-8-5-Hnje} M| e
74 3Faf4(slip tendency analysis), 5= uk] 34, 4=¢F
a2 Ald3} A S (leakoff test)2 Z3l =&Jch
T AT HAREEYS 21 055, Hrja
BEeYL #4889 0.78 - 1.0vl= Y= 4
ol ZaolEekE Seieo] 24 UeitrkMoeck
et al., 2009a).

ARFEe) A4 +A9RL oA ww] o At

cmRE AN HAEFBFEAS ST,
3 Fuu HHe ol A

&
AL Wi HA4eEEEe B4 lﬁl(leakoff test)
omRE ZAUUTh whEAL] G2 HgeuS
EAohE iS22 100-140 MPao] Wsle] %
oL, AQkEI SISk 212he] Seulzh AR fAke
Holeh 714 sjol ShlekRe] HolBE3ES 103
MPa &2 71 opFo & oS3tk ?.Hj é!E 4.1 kmoj|
A2] A4t 43 MPa2 713l S-a-88S AAlsEL AL
UF U AR Sk WO R RE F8
F olETOv], AT A HEHQ BA
59 24 Avk: Table 17} ek
32 08 FYUTE A YirgolM 2| 2| Xt=S(Hydraulic
stimulations in injection and production wells)
2001 AukEl o)) 20139714 Aol A ] 4]
A AR, WA eAi AR, QT Ak
Jo dEske ¢ welAs Aol A7 Ak
FUY A ArgolA s es J3E s A

-2 Table 29] AE|=o] ik

Table 20] UFERA H}e} 7o), Z2Q]&of A= 2002 -
200310 A, A4l A= 200710 Selxo] A
AT FAPANY SeiRiTe] A9, 27 28
Ak 7974 A (proppant) & THAIKE 2k IO
ol 29 A1 Sl 7, 2 3j9] 274 el

A7 EoF tjgke] B8 =g +d QXH&]?]: Hr
‘%‘301 ARSE I FAR ML A= At Ha

o&l

ZFo-dof £=ZA)3F NE-SW F38Fo g FZA HSEO] -;L
do| g oH, otuk AlEH oS Bl AT
2% 49 37)= ¥ 160 m, 0] 96 m= LrEptch
A= A5 9] A1, injectivity index) =7
A3} 20014 0.97 m*/(hr*MPa)ol 4] 20034 7.5 m*/(hr*
MPa)2 Z7}3ic}.

AAI A 4X(PL, productivity index)Q} FUR|(,
7k 9 2 G Rofell A E
7HL49EA1 H =RollA] ARSSE AR

= thsat o] A

injectivity index)+= 43
g] oj=

U FYHE

9] 2o 4] 9uio] AuEA ] AYAAIR| =0} Qx|
off sigalt. $4 A= A5l et 214
AF TR 40 B HEE 10 & 712 30 27ke] YA
A el BatE 71 Ao, 4 FYAG= vt
AT R A FE 10 B A7 9] 30 £ 7 FUA| 4
el BatE 7 Aloltk 919 Al Q= 5% P,,”
£ AFS W /AL, BB AFF A ARS
of 4 B AAko] ol o= MOHAH FAYEE
SRt AT E2es Bk anHor AR
SOl FAIE A = S-S e, Rz
B AT 2542 AFE YR 84 o] &
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Table 2. Summary of single-well hydraulic stimulation results in two wells (Blocher et al., 2015b)

well E GRSk 3/90 (injection) Gt GrSk 4/05 A(2) (production)
treatmont | mitial & 1]?)1rst gelt- q i S(]:)cond gc:l- First Second Water & l]ilrst gelt- S(]:)cond gc:l-
eatment | Initial frac r({ppan econd frac  Proppant e W frac | VAter frac  Proppan roppan
frac frac frac frac
Date and time
Year 2002 2002 2002 2002 2003 2003 2007 2007 2007
Du{ﬁ;“’“ 1.9 93 1.7 9.5 96 67 106.5 1.5 2

Treatment parameter

Frac interval

4140-4200 4140-4200 4088-4128 4088-4128

[MD] 3883-4294 4135-4305 | 4350-4404 4204-4208 4118-4122
1 1 Perfi Perf
Completion | Open hole Open hole Open hole Open hole Open hole S .otted S .otted e .orated e .orated
liner liner liner liner
Maximum 153 121
flow rate (stepwise) (stepwise) 120 86.4 144 540 240 210
[m*/h] pW pW
Cumulative
volume 129 107 103 120 4,284 7,291 13,170 280 310
[m’]
Maximum
well head
54.6 45.2 50.3 449 22 25 58.6 35 40
pressure
[MPa]
Gel HTU*/ HTU*/ HTU*/ HTU*/ Cross- Cross-
SLWPe | e brine brine brine linked linked
Proppant ) Carbo-Lt ) Carbo-Lt ) ) Quarz High High
type sand strength  strength
Proppant - 20/40 - 20/40 - - 20/40 20/40 20/40
mesh size
Proppant - 8,796 - 8,580 - - 24400 95,000 113,000
mass [kg]
Fracture dimension estimated by hydraulic fracturing simulator
Half length |~ _ 3 ; ; ; 160 190 57 60
[m]
Height ; 7 ; ; ; 9% 135 115 95
[m]
Aperture - 0.16 - - - 0.5 0.8 0.53 0.53
[cm]
Zimmerma
nn and | Zimmerma
Zimmermann et al Zimmerma | Reinicke, | nn et al.,
References Legarth et al., 2003, Legarth et al., 2005 ermann et at,

2009

nn et al., 2010, 2011,

2010 Zimmerma | Blocher et

nn et al., | al., 2010
2011

* Cationic, hydrophilic and polymer based gel
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WO F o|FojFE F=3ir)

FE AAOINS) Seiaael A, FUgIe o
g 27)o] &5 o83 Yt SUukE WA AR
T oloh 22} T % 4R A% F7elA] Azt T
AAE Fd8l S7F +EL LA = EHE Sk
O A EIRE Ao YAMIAG(PL, productivity
index)7} 2.4 m’/(hr*MPa)ollA] 10.1 m*/(hr*MPa)= <F
425 o 71380k 20090l BUOIN A5 2]
e o]E AASH] st ZY EH(coiled tubing)
= o]&3l /&*éﬂﬂ% stglom olE Fof Aie

13-15 m/(hr*MPay7}#] @K 2= JQitkBlocher et

al., 2015b).
AlZETo)E FAA AT B4 7std o F4H
siofo] st thefRt g 9l e A E 54

SR A 3 uug o}_ 489 7712}t ¥
AAA O] 52 clEst7] IeiA] 3R gk AlE
o] T2 73] FRACPROE ARSI Zimmerman
and Reinicke, 2010). 32} =g o] ¢Jgigke
2 JlEgoR g8 A, ol g, WS 5
of grelary Qlark aE, FAAAA f5E 1
otr] 9o lxoR FANAA W 4 44
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Fig. 4. Well trajectories and stimulation locations in plan
view (Zimmermann and Moeck, 2008). Locations of
waterfracs and gel-proppant fracs are indicated
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Fig. 5. Gel-proppant stimulation in well GtGrSk4/05. The stress profile shows the minimum principal stress for each formation

(Zimmermann and Reinicke, 2010)
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TG PSS A s wdrEAIES 20114
FE 20139707 JAE R 2 AlHS 139
3] AAEeH Al AT 1AIZOA] 165 AIZI7HA]
thoksA| AA| = Itk Blocher et al., 2015b). 2011 %=
o] A SFAIFOIA L] PAES 44 m’ o]5tol| A e
2,567 m*71A] thoksllon & 18,900 m’2] |7} A
FEoRRE A9tk 201290 4,800 m'o] 4
QIR E& F7HR Ao o) wet {4 =
2 2% 23,700 m* FAFCE A7 FE 34
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<A 717E Bt 1) AAMgRI7) 2011 6 8.9
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Fig. 6. Cumulative produced and injected volume during circulation test connecting injection and production wells (Blocher

et al., 2015b)
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