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PESIOME

ﬂ,‘bl‘IFOI'O,ClVILIJHVIFIT no6uB B MvHa Benvuka e 40BEN [0 OTTMYaHe Ha NPEeCHW BOAN C pasninyHa MHTEH3MBHOCT KbM COJHUTE d)OpMaLLVIVI 3af] N3NYXeHUTe KaBepHU B CONHUA
macuB. Pasrnexga ce TeXHNYeCKUAT puCK B COMHa MWHA Benuuka kato ce otgens cneuuando BHUMaHue Ha 6eToHoBMA Kpenex B ranepua KuHra, kakto u Ha HapyLlexute
FE0NOXKK, XMOPOreonoxKkn 1 MUHHO-TEXHUYECKU YCIOBUA B 6nmsoct oo ranepuara. Ommcar e MHXEKUMOHEH METOA, M3MON3BaH 3a ﬂOﬂOﬁpﬂBaHe Ha AKOCTHWTE XapaKTepUCTUKU

Ha BeToHOBUSAT Kpenex 1 3a UIMMeHTUpaHe Ha BMECTBALLIMTE COMHU d)OpMaL[VII/I.

BbBEAEHWE

WHXEeHEepHO-TEXHUYECKTE  XapaKTepUCTUKM Ha BETOHHUTE
KOHCTPYKLMM, W MO-CTIeLManHo Ha Kpenexa Ha MUHHUTE
n3paboTkn ca (pakTopuTe, KOWUTO OrpaHUyaBaT MPaBUIHOTO U
WKOHOMWYECKA WM3TOAHO W3MbIIHEHWE Ha LMMEHTUPAHETO Mo
COHOAXHO-MHXEKLMOHEH METOA.

Llenta Ha MHXEKUMOHHWTe paboTi B BETOHOBMS Kperex Ha
MUHHUTE M3paboTKM e criegHaTa:
> -OVpeKTHO NofoGpsiBaHe Ha (hMBMKOXUMUYHITE CBOIICTBA Ha
Kpenexa;
> TOHWKaBaHe BOLOMPONYCKIMBOCTTA Ha Kpenexa;

Beuuki HapylweHus Ha dmanyeckata UAMOCT Ha 6ETOHHMS
kpenex, u3paboTkata MMaT CbLUECTBEHO 3HauyeHve 3a
BOLONPONYCKNMBOCTTA.

HapylueHusiTa Ha uanyeckaTa LsNoCT MoraT aa obpasysar
CrOXHa Mpexa OT MyKHATMHW, KOATO Ce XapaKTepuaupa C
MHOXECTBO CBOIACTBA, T.H. CBOWCTBATA Ca MNyKHaTUHUTE, a
NIMEHHO:

MPOCTPaHCTBEHa OpMEHTALIS HA MyKHATUHUTE;
TIMHEEH pasMep Ha NMyKHaTUHUTE;

CTEMNeH Ha HamykaHoCT;

CTeneH Ha pasuNeHeHoCT;

YV VVY

Ot rmegHa TOYKAa Ha MHXEHepHaTa MatemaTtika Tesu
napameTpu MoraT fa ObgaT M3MepeHu Unu onpegeneHu no
M34NCTIMTENEH MbT, @ UMEHHO: KoedmLmeHT Ha abcopbums Ha
BOA, BOJOMPONYCKMMBOCT, MOPLO3HOCT,  KOE(ULMEHT  Ha
cunTpaums.

B fokraga e npeacTaBeHa TeXHONOMMATa 3a NIMKBUOMPaHe Ha
KyxvHuTe 3af OGETOHOBMS Kpenex B ranepwst KuHra Ha conHa
MiHa Bennuka ¢ nomoLLTa Ha LUMHECTO-LMMEHTOBM Pa3TBOPU U

COHOAKHO-MHKEKLMOHHM  MeToaM. VIHKEKUMOHHUTE  MpoLieaypu
W3BBPLLEHM MO FOPECTIOMEHATUS! HAUMH MPEKPaTSBAT U3TUYEHETO
Ha Bopa npes GETOHHUS Kperex, kaTo ce Chb3aasaT YCroens 3a
PaBHOMEPHO pasnpefieneHne Ha XMAPOCTATUYHOTO Hamsrae,
[eiicTBaLLO B BETOHHWS Kpenex Ha uapaboTkata W ce ch3aasar
YCIoBS 32 CbBMECTHa paboTa Ha GETOHOBMS Kpenex 1 CkamnHus
MacvB.

TEXHOMNOT A HA PABOTA MNP SANEYATBAHE HA
CTPYKTYPATA HA BETOHOBWA KPEMEX HA N3PABOTKATA

3anevaraHeTo Ha GETOHOBMS Kpenex Ha w3paboTkata ce
OocCbLUecTBABa N0 COHAAXHO-UHXEKLMOHEH METOA,.

Toga ce OChbLLEeCTBABA NOCPEACTBOM MNPOKapBaHe Ha COHOaXW B
3anara npeislaeHa 3a 3anevaTsaHe U B CbCEACTBO A0 Hed, cnef
KOETO Ce M3BbpLUBa MHXEKTUpPaHe Ha LUMMEHTMPaLL, pa3TBOp noAa
HandaraHe.

Pa3H006pa3HI/ITe F€OJIOXKKA N MUHHO-TEXHUYECKN YCrOBUA
M3NCKBAT Cb3daBaHETO Ha Pa3fnMyHU Mpexn OT WNHXEKLMOHHWU
COHA2XN C onpeneneHn obimknHn U B OnpedeneH pen.

CoHpaxHuTe paboT ca OCBLLECTBEHN HA CIEAHIS NPUHLMM:
Pen Ha 13BbPLUBAHE Ha MHKEKLMOHHUTE paboTu
Pa3nonoxeHue Ha CoHaaxuTe
PeonoruyHi CBOMCTBA Ha MHKEKLIMOHHMW Pa3TBop
HansraHe npu nHxekT1paHe

ronp =

Mo npuHUMN, wWwaxTa KuHra M OKOMHMA CkaneH Macve ca
3aneyaTaHu OT Hall-HUCKOTO HMBO KbM YCTMETO Ha LuaxTara.
PaboTaTa Mo 3aneyaTBaHeTo e pasdeneHa Ha HSKOMKO eTana,
KOWTO Ce OTHACAT [0 YacTuTe Ha LuaxTaTa, NPeMUHaBaLly npe3
pasnuyYHUTE HUBA Ha CONHa MMHa Benuuka. W Taka, ¢ ormep Ha
FOPEMOCOYEHNTE MPUHLIMNK, KPENEXbT MEXIY AOMHULLETO U HUBO
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VIl e 3aneyataH mbpeK Mo ped. Tosa e NocneaBaHo OT Kpernex Ha
waxTata nog nrowwagaka VIII.

Ha gbnbounHa ot 197,97 0o 296,53 M, KpenexbT Ha LiaxTaTa e
u3rpageH ot 6eToHoBy brokyeTa ¢ aebenmHa 0,5Mm. Hait-Hanpen
ca MpoKapaHW BepTUKAaNHW COHOAXMW, W3BO3HW ranepum
Pas3rnonoXeHW Ha U3TOK U Ha 3anag oT wwaxTa Kuxra ot HusoVIII.
OT BCsiKa CTpaHa ca MPOCOHAMPaHN 3 COHOaxa Ha pascTosHUE
okoro 1,5M oOT Kkpenexa. [lea CoHOaka, mnpokapaHn OT
CTBNOWLLHOTO OTHENeHWe ca pasnonoxenu Ha pasctosHue 0,5Mm
OT CTEHWTE , @ TPETUST € MO OCTa Ha W3BO3HaTa ranepus. Te ca
nokasaHu Ha ¢our.1 katoP81, kbaeTo 8 nokasea, Ye CoHpaxmTe ca
npocoHaupanm ot Hueo VIII u | nokasea ,4e ToBa ca BepTUKanHu
coHgaxu ot 1 oo 6. [JbmkuHaTa Ha BCEKU eauH OT COHAAXUTE €
11,7m.

BropusiT eTan Ha 3anevatBaHe Ha Kpemexa Ha Luaxtata nog
HmBo VIII ce cbCToM B M3rpaxdaHe Ha neT 3anevarBally
NpbCTEHa Ha pascTosHWe 2,25M eauH ot apyr. lMpokapaHu ca
Tabrmua 1

MHKEKLMOHHN COHOAXM B ObmkuHa 2M M 60MM auameTsp OT
BbTpELLHaTa CTpaHa Ha LuaxTarta.

B kpenex Ha waxrata mexay nnowagaka VIl v nnowapaka VI
[TbpBO Ca HanpaBeHW [Ba XOPU3OHTaHM Kpbra, a crief ToBa ca

MPOCOHAVPAHN BEPTUKAITHW MHXEKLMOHHW COHARXM OT nroLaaka

VI

» Tpv 3anevatsBally npbCTeHa, CBbCTOAWM ce OT neT
XOPU3OHTaHW COHAAXa, BCEKM C AbIMkuHa 2,0M

» Tpv 3anevaTsallM NpbCTEHA, CbCTABEHW OT MET XOPWU30H-
TarHy COHAaXa, BCeku ¢ abmkuHa 0,7m

» Tpu BepTMKanHM COHgaxa OT WM3TOYHaTa CTpaHa Ha U3-
BO3HaTa ranepus, Ha 1,5 OT BbTpeLLHaTa CTpaHa Ha Kpe-
nexa v ¢ abmkuHa 11,0m

ﬂocne,qaamMTe pa60TVI Ca NnaH1MpaHu Taka, 4e aa 3anevyarat
lwaxrata W CbCeAHUAT CKaneH MacuMB B CbOTBETCTBME C
npunaraHUTe TEXHONOMMN.
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Tabnmua 2 Technical parameters of saline cement-bentonite slurry determined in 20 (+2) °C (293 K).
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Figure 1. Location of injection wells below the level VIII.
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Figure 2. Location of injection wells below the level Vill in the Kinga shaft.

M3B50P HA LIMUMEHTWPALLIA PASTBOPU 3A
OBE3O0MACABAHE HA LLAXTA KNHIA

H 15, H 35, H 55

H21,H41

H11,H 31, H 51

pa3paboTAT CreLMantn PeLenTi 3a LAMEHTUPALLM PasTBOpH,
MOAXOAALLM 32 pasHOoBpa3HiUTe TEONOXKM YCIOBUS B CKAmNHMS

E(beKTVIBHOTO 3aneyartBaHe U YKpenBaHe Ha KpenexHarta LaxTa
KnHra v cbcegHust ckaneH MacuB, e Heobxomumo da ce

MacvB 1 3a MaTepuara, OT KOWTO e u3paboTeH kpenexa. Mpu
pa3paboTBaHe Ha peLienTiTe 3a LMeHTUpalLLyTe pasTeopy Gelle
OT[ENeHO CrieLyarnto BHUMaHWe Ha aobpaTta ChbBMeCTHa pabota
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CbC CKalHWS MacvB W MOBWLLEHA YCTOMYMBOCT KbM arpecvBHM
KOPO3VIOHHN areHTw.

> MetanypruueH unment CEM I11/A-32,5;

> AnkaneH aktneatop-Na,CO,

> MuHepannu gobasku nog opmata Ha GEHTOHUTHA rMHA

»  HacuteH pascon ot MuHa Bennika

BeHToHUTHaTa MiHa e JobaBeHa KbM LiMMEHTMpaLLVsi pasTBop

3afa:

> Hamanu unTpauusTa Ha LMMEHTUpALLNS pasTBop;

> Hamanu CemMMEHTUPAHETO U YBENWYM CTabUNHOCTTA U TO
CTeLUManto Ha UMMEHTMpalLyTe pasTBOpU C MOBMLLEHO
CbbpXaHWe Ha Boaa;

> [a YedoHakBM MexaHWdHWTE MapaMeTpu Ha BTBbPAEHNS
LMMEHTMpaLL, pasTBOop C napameTpuTe Ha LUMEHTUpaHus 1
YKpereH ckaneH MacvB 1 kpenexa Ha LaxTata;

> [a yBenuuM MNacTUYHOCTTA Ha BTBLPAEHMUS LMMEHTUpaLL
PasTBOp;

> [1a MOHWKY MPONYCKIMBOCTTA Ha BTBLPAEHNUS LMMEHTUpaLL
pasTBOp B Pe3ynTaT Ha [ENCTBUETO [MMHEHUTE YacTULy,
kouTo GriokupaT napuTe

HatpuesusT kapboHaT ce manonaea 3a:
> aKtuBaTop
> nnactudukaTop
>  KOMMOHEHT, ocurypsiealy aobpa pabota Cbe ckamnHus Macy,
1 NO-CreLyanHo Macvea OT IIMHECT TUM.

Pascon 1200kg/m® ot muHa Benuuka ce n06aBa KbM
UMMEHTMPAaLLMA PasTBop. HeroBusiT xummnyeH cbeTas e CnegHunAaT.

Pa3comnbT oT MuHa Benudka e MHOrO arpecueeH kbM GeToHa w
3a3paBsBalLyA LMEHTVpaLL pasTBop.

TUMLT HA MHXEKTUPaHWUS Mpe3 COHOaXuTe LMMEHTUpaLL|
Pa3TBOP 3aBUCY OT:
> npueTusi 06XBaT Ha MPOHUKBAHE Ha LMMEHTMPALLYS pasTBop
3a[] Kperexa;

> TMN M TeXHOMorMJecka XapakTepucTuka Ha  kperexa
(MOpLO3HOCT, MPOMYCKIMBOCT, KOEUUMEHT HA cuUnTpaums,
HamnyKaHOCT W XMapaBN4YHa BPb3Ka C BLHLUHATA MOBBPXHOCT
Ha 6eToHa);

> TeXHOMOMNYHUTE MapaMeTpu Ha CBEXWS W BTBbPAEHMS
LMMeHTHpaLL, pa3TBop, (MITbTHOCT, PEONOrMYHN NapaMeTpy,
BpeMe Ha CBbp3BaHe Ha LWMEHTMpalMsi pasTeop,
MEXaHU4YHW NapaMeTpy Ha BTBbPLEHNS pa3TBop)

» TP VHXKEKLMOHHUTE paboTy, CBLP3aHN C LMMEHTMPaHE Ha
ckarHaTa Maca 3af Kpenexa Ha Luaxtata U camusi Kpenex
ca HeoBXoMMMM NoHe TP PELIENTY Ha CONEHM LIAMEHTUPALLM
pa3TBopy (Tabrmua 1)

> OCHOBEH pasteop (SK1)

>  pasTBOp, KOWTO IWMKBWMAMpA M3XOOuTe 3ah Kperexa U
CTPaHU4HMTE CTeHM (SK2)

> UWMMEHTMpaLL pa3TBop (MbnHuTen) (SK3)

OCHOBHMTE TEXHOMOMAYHM MapamMeTpu Ha LMMEHTUpaLLUTE
Pa3TBOPW, M3NOM3BaHM MPpW YyKpeneBaHe Ha OOMMLOBKaTa Ha
ranepus KuHra n BMecTBaLmsi CkarneH MacyB ca NPeLCTaBeHn Ha
Tabnvua 2.

13BOON

1.MHororoguuHaTa ekcrnoataums Ha Kpernexa Ha ranepuute
BMVSIHMETO Ha CKaNHWS MacvB 1 BOZMTeE, B HEMO YeCTO BOAW [0
HeoDX0AMMOCT OT YKPENBaHE U 3arneyaTBaHe Ha kpenexa.
2.PeonormynnTe CBOICTBA Ha pa3TBOPa, PA3MONOXEHWETO Ha
MHXEKUNOHHUTE COHOaXM, NOCNeaoBaTeNnHOCTTa Ha COHOaXHUTE
paboTu 1 KPanHOTO HansraHe, Npu KOETO Ce MHXeKTUpa yTankata
Ca CblUECTBEHW MapameTpu Ha WUHXEKUMOHHMS MeTon 3a
nopoOpsiBaHe Ha TEKTOHCKOTO ChCTOSIHWE Ha Kpemexa.
3./13non3BanuTe LMMEHTALMOHHM pa3TBOPK Ca W3TOTBEHN Ha
fasata Ha HacuTeH pasTBOp ca AOKAa3ann CBOsiTa ehEKTUBHOCT B
YCroBKSITa Ha CofHa MiHa Benmuka.
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ABSTRACT

Long-term mining activities in the Wieliczka Salt Mine resulted in a fresh water flux of varying intensity to the salt formation behind leached cavems in the salt rocks.
Safety hazards of the Wieliczka Salt Mine have been discussed with a focus on the existing quality of the Kinga shaft concrete lining, as well as the disturbed

geological, hydrogeological and mining conditions in the shaft vicinity.

The injection method, applied for the strength improvement of the concrete lining and for sealing of the surrounding salt formation, has been described.

INTRODUCTION

Technical-engineering conditions in  concrete
constructions, especially in shaft lining, belong to factors
limiting the correct and economic performance of sealing
with borehole injection methods.

The aim of injection works in shaft lining may be the
following:
> direct improvement of physico-chemical properties of the
lining;
> lowering water permeability of the lining.

The above objectives can be obtained only when
- technical design of injection procedure;
- design of injection technology;
- selection of recipes and technological parameters of
sealing slurries;
- injection works
are performed correctly.

All kinds of physical discontinuities appearing in the shaft
lining in the immediate neighbourhood play a crucial role in
water permeability.

Physical discontinuities may form complex networks of
fractures, which can be characterized by means of a number of
properties, the so-called fracturing parameters, e.g.
> spatial orientation of fractures;
> linear dimension of fractures;
> degree of cracking;
> degree of divisibility.

From mathematical-engineering the point of view these
parameters can be determined by means of measuring or
calculation methods, e.g. unit water absorptivity index,
permeability, porosity, filtration coefficients.

The aim of the paper is to present the technology of
liquidation of voids behind the lining of the Kinga shaft in the
Wieliczka Salt Mine with the use of clayey-cement slurries
and borehole injection methods. Injection procedures carried
out in the above mentioned object liquidated water leakages
through the lining, creating conditions for uniform
distribution of hydrostatic pressures acting on the shaft

lining, and generated conditions in which the lining could co-
operate with the rock mass.

TECHNOLOGIES OF WORKS FOR SEALING THE SHAFT
STRUCTURE

Sealing of the shaft lining was realized by the borehole
injection method.

This solution lied in making boreholes in the planned
sealing area of the shaft and neighbouring rock mass
followed by injection of sealing slurry under pressure.

Due to the varying technical and mining-geological
conditions, grids of injection wells were made, at arbitrary
length and order.

The wells were made with the use of varying techniques [1]:
order of injection works;
location of drilling wells;
rheological properties of sealing slurry;
injection pressure.

PN~

As a principle, the Kinga shaft and rock mass were sealed
from the lowermost level towards the shaft site. The sealing
operation was divided into a few stages concentrating on
different parts of the shaft passing through the specific levels
of the Wieliczka Salt Mine. And so, in line with the above
principles, the lining between the floor and the level VII
sealing was sealed in the first order. This was followed by
making:

5. the shaft lining below the level VIIL.

At a depth of 197.97 to 296.53 m the shaft lining was made
of bentinite bricks 0.5 m thick. First, vertical boreholes were
drilled from gangways sited at the east and west part of the
Kinga shaft, from the level VIII. At each side, 3 boreholes were
drilled at about 1.5 m distance from the lining. Two boreholes
in the gangway were located 0.5 m from the side walls, and
the third one was in the gangway axis. They were shown in
the Figure 1 as P8I, where 8 denoted that the holes were
drilled from the level VIl and | signified that it was a vertical
borehole from 1 to 6. The length of each of the boreholes was



11.7m.

The second stage of sealing the shaft lining below the level
VIl lied in making five sealing rings at 2.25 m distance from
one another. Injection wells 2 m long and 60 mm diameter
were made from inside of the shaft:

»  shaft lining between levels Vil and VIIL.

First, two horizontal sealing rings were made, followed by
vertical injection wells drilled from the level VI
- three sealing rings consisting of five horizontal
boreholes, each 2.0 m long;
- three sealing rings consisting of five horizontal
boreholes, each 0.7 m long;
- three vertical boreholes on the east side of the gangway,
1.5 m from the inside of the lining and 11.0 m long.

Further works were so scheduled as to seal the shaft and
the neighbouring rock mass in compliance with applied
technologies.

SELECTION OF SEALING SLURRIES FOR SECURING THE
KINGA SHAFT

To efficiently seal and reinforce the Kinga shaft lining and
the neighbouring rock mass, it was necessary to elaborate
recipes for slurries adjusted to the variable geological
conditions in the rock mass and also material making up the
shaft lining. When working out recipes of sealing slurries,
attention was paid to the good co-operation with the rock
mass and increased durability in corrosion-aggressive
conditions.

To elaborate sealing slurries for securing the Kinga
shaft, the following solutions were applied:
> metallurgical cement CEM III/A - 32.5;
> alkaline activator - Na,COs;
> mineral additives in the form of drilling bentonite silt;
> fully saturated Wieliczka brine.

Bentonite silt was added to the sealing slurry in order to:
- lower filtration of sealing slurry;
- lower sedimentation and increase stability, especially
sealing slurries with increased water-mixing properties;
- adjust mechanical parameters of hardened sealing slurry
to the parameters of sealed and reinforced rock mass and

shaft lining;

- increase plasticity of hardened sealing slurry;

- lower permeability of hardened sealing slurry as a result
of silt particles blocking the pores.

Sodium carbonate was used as an:
- activator of bonding time;
- plastifier;
- component securing good co-operation with the rock
mass, especially of the clayey type.

Brine 1200 kg/m® from Wieliczka Salt Mine was used for
making sealing slurries. lts chemical composition was as
follows:

NaCl 305 g/l
Ca* 1.05 g/l
Mg* 0.22 g/l
NH; 0.02 g/l
HCO; 0.21 g/
pH 75

Wieliczka brine is very aggressive to concrete and
hardened cement slurries.

The type of injected sealing slurry through injection wells
depended on:
- assumed range of penetration of the slurry beyond the
lining;
- admissible slurry injection pressure;
- type and technical condition of shaft lining (porosity,
permeability, filtration coefficient, fractures and hydraulic
connections with external surfaces of the lining);
- technological parameters of fresh and hardened sealing
slurry (density, rheological parameters, bonding time of
slurry, mechanical parameters of hardened slurry).
- Injection works connected with sealing of the rock mass
beyond the shaft lining and the lining itself will require minimum
three recipes for saline sealing slurries (Table 1)
- basic slurry (SK1);
- slurry liquidating escapes from behind the lining and side
walls (SK2);
- sealing-filling slurry (SK3).

Basic technological parameters of sealing slurries used for
sealing and reinforcing the Kinga shaft lining and the
surrounding rock mass are presented in Table 2.

Table 1 Mass of components used for making 1 m* of saline sealing slurry.



Table 2 Technical parameters of saline cement-bentonite slurry determined in 20 (+2) °C (293 K).
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Figure 1. Location of injection wells below the level VIII.
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Figure 2. Location of injection wells below the level VIl in the Kinga shaft.

CONCLUSIONS

1. Many years exploitation of shaft linings under the
influence of the rock mass and the surrounding waters often
necessitates reinforcement and sealing of the lining.

2. Rheological properties of slurry, location of injection
wells, order of injection works and final pressure at which
slurry is injected are important parameters in the injection
method used for improving the tectonic state of the shaft
lining.

Recommended for publication by Department

, Faculty of Mining Technology

3. The applied slurries were made on the basis of fully
saturated brine proved to be very useful in the conditions of
the Wieliczka Salt Mine.
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ABSTRACT

Geothermal Energy is very often an area of interest to local communities and beyond (Poland, EU). The reason for it is the cleanness of such energy and its

good accessibility. Therefore, it is possible to receive the energy source in certain area and make the area partly independent from conventional energy providers.

The limiting factor is the high cost of making the underground heat available. Drilling of geothermal wells is most often the most expensive part of geothermal projects.

The paper presents technical and technological aspects of drilling geothermal wells, based on Polish and Slovak experience.

The construction of chosen vertical and directional geothermal wells in various geological and reservoir conditions is presented in the paper. Applied bits, drilling
mud and drilling technique with a downhole motor, are discussed. Special attention was paid to the difference between geothermal drilling and oil and gas drilling.
The drilling progress results, which are an important factor influencing the geothermal installation cost reduction, close the paper.

INTRODUCTION

Geothermal energy belongs to the renewables, a
subject of interest to World's political and
economic elites. This is caused by the
perspectives of finding new energy sources as
well, as ecological and social advantages of
geothermal energy. The efficiency of the whole
undertaking depends on such factors as
reservoir

geological, hydrogeological and

conditions,  development techniques  for
exploitation and use of thermal waters as well as
financing. The management of geothermal energy
in the first phase of realization is related with high
investment costs, which in the long run are
compensated by low costs of exploitation. Among

all investment costs, drilling costs are the highest.

DRILLING OF GEOTHERMAL WELLS IN POLAND

The first experimental geothermal well in Poland, Barska
IG-1, was drilled in the Podhale Basin in 1981 in the area
where thermal waters reside in fractured carbonaceous
Eocene and Miocene rocks at a depth of 2000 to 3200 m. Its
productivity is 60 m*h at wellhead pressure 2.6 MPa and
temperature on outlet ca.72 °C. The reservoir temperature
ranges between 84 and 90 °C. Estimates are made that
4513500 J thermal energy is gathered in a geothermal
reservoir covering an area of 450 km?. What is advantageous
about thermal waters in the Podhale Basin is their very low
mineralization, below 3 g/dm® and arthesian character.

In 1992 a geothermal doublet made of wells
Banska IG-1 and Bialy Dunajec PAN-1, started to
operate. It is run by the Experimental Geothermal
Station, Polish Academy of Sciences. Geothermal
heat is delivered to about 200 customers. Another
geothermal doublet (well Banska PGP-1 and well
Bialy Dunajec PGP-2) was made by the Oil and Gas
Exploration Company Jasto. Apart from drilling

works, the whole heat transport infrastructure



between Nowy Targ and Zakopane has been
provided as well. After setting up the third planned
doublet (well PGP-4 and well PGP-5), the heat sale
in the Podhale Geothermal should, according to P.
Diugosz (2001), amount to 1.2 min GJ at the end of
the year 2005. An alternative is taken into
consideration to supplement the missing
geothermal power by absorption heat pumps and
lowering of temperature of water injected to the

wells.

To increase the output and absorption properties of
geothermal wells, in some cases stimulation procedures are
recommended. This, however, mainly depends on the
geological-reservoir conditions. According to E. Garbarz and
S. Gazda (2001), the acidification procedures carried out in
wells PGP-1 and PGP-2 caused penetration of the fluid in the
reservoir followed by chemical reactions, which in turn,
resulted in the increased productivity from about 88 m*h to
about 250 m%/h.

Favourable geothermal conditions can be found on a predominant part of
Poland. The activity of Geotermal Station in Pyrzyce is the best evidence of it.
In the years 1992 to 1993 NAFTGAZ Wolomin, now part of Oil and Gas
Exploration Company Jasto, performed four geothermal wells. These are
production wells GT-1 and GT-3, as well as injection wells GT-2 and GT-4.
They are sited on the Liassic sandstones in the Lower Jurassic at a depth of
1500 to 1680 m where the thermal water at 62 to 64 °C is mineralized to about
110 g/dm®. The water table in the wells stabilized at a depth of about 34 m
from the surface. Therefore, in order to install deep pumps 9 %.”, the casing 9
5/8” in the production wells GT-1 and GT-3 had to overlap with the casing 13
3/8”. The pumps were tripped on pipes 8 5/8 to a depth of about 150 m. The
injection wells GT-2 and GT-4 were cased with 9 5/8” to the top. The casing
shoes in all four geothermal wells were located right under the top of the
production layer. Further drilling was carried out with bits 216 mm in diameter
and diamond tools 8 2" of diameter and clay-free polymer mud of a density
reaching about 1060 kg/m®. To improve the conditions of geothermal water
flux to exploitation wells and its re-injection to the reservoir, all wells were
broadened to a diameter of 420 to 430 mm with a hydraulic reamer. Then, the
casing 13 3/8” and 9 5/8” was cleaned with scrubs and the near well zone by a
few operations of reservoir water exchange. Johnson filters 6 5/8” made of
stainless steel 304L, fractures 0.5 mm and active surface 11 to 14 %, were
tripped to these wells. Individual filter sections were so selected as to locate
their active parts in sandstone; to properly dispose filters in the well, they
were additionally equipped with dielectric centralizers 6 5/8” x 15”. Filter sets
were equipped with a hanger and device for gravel pack disposal around the
filter. They were tripped on mud pipes 3 %2” to the planned depth to be later

suspended on a hanger (Fig. 1).
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Figure 1. Scheme of: a) thermal water intake by well Pyrzyce GT-1, b) gravel pack filter in the injection well Pyrzyce GT-2 [4]:
1- hanger + dielectric connection, 2 - protecting sieve, 3 - casing (9 5/8”), 4 - gravel pack (quartz sand 0.8 to 1.4 mm from Biata
Gora, near Tomaszow Mazowiecki, Poland), 5 - Johnson filter 6 5/8” 130 Bar slot 0.5 mm, 6 - dielectric centralizers 6 5/8” x 157,

7 - gravel pack 1 to 3 mm.

The gravel pack was selected as to match the
grain size of the drilled sandstones and quartz
gravel 0.8 to 1.44 mm and 1 to 3 mm, respectively.

The pack was very clean and of specific grain size.

The quality of the performed geothermal wells in the initial
stage of production can be evaluated on the basis of the
results of cleaning pumping operations with the use of air lift.
The pumping was realized for three increasing rates from 60,
through 90 to 170 m’h. The absorption wells received
injected water at a maximum rate of 170 m*h at wellhead
pressure 0.6 to 0.8 MPa. In the years 1990 to 1991 and 1996 to
1997 NAFTGAZ Wolomin performed analogous works in
Skierniewice, where at a depth of 2875 to 2945 m and 2997 to
2886 m thermal waters at 68 °C were found in the Lower
Jurassic sandstones. More detailed information presented
J. Kilar et al, 2001.

DRILLING OF GEOTHERMAL WELLS IN SLOVAKIA

In 1997, The Oil and Gas Exploration Company
Jasto started drilling operations for Geoterm
Kosice, described by A. Gonet et al., 1999. Their
objective was to make thermal waters accessible
in the area of Durkov, about 15 km from Kosice.
First a vertical well GTD-1 was drilled, then two
directional wells GTD-2K and GTD-3K were
completed with a rig IRI 1200.
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Figure 2. Profiles of geothermal well axes in the region of Durkov [2].

As a result the area of the aquifer intaking has to be
increased and surface installment related with thermal waters
management shortened.

Among the problems related with drilling of these wells,
most prominent is the problem of drilling mud selection,
casing, sealing of casing and drilling through the reservoir
interval.

Practical experience has confirmed that the use of
potassium-polymer mud was the right choice. A good
technical state of the well and favourable technical-economic
parameters of drilling were obtained. The latter was strongly
influenced by the rig with a very efficient mud cleaning
system, applied bits and parameters of drilling technology.
Additionally, drilling wells were checked for proper
lubrication and rheological parameters. When casing,
attention was paid to the influence of temperature on
elongation of steel pipes and on technology and efficiency of
cementing. This manifested in disposal of a casing hanger
compensating pipes elongation, and cementation collar to
create a pumping chamber at a specific depth in the well.
When getting to the aquifer zone, clay-free mud based on
biodegradable polymers was used. To avoid colmatation of
the aquifer, in the case of lost circulations no blockers or
filling materials were applied. In the case of extreme lost
circulations chemically treated water was used. The

continuity of drilling works required constant water supplies
to the rig and correct prevention of the outlet, to avoid
eruptions of mineralized hot water to the surface.

Another unfavourable phenomenon in the drilling area was
the influence of CO, contained in thermal waters, resulting in
increasing corrosion and premature fatigue cracking of the
string. To limit this unfavourable process, attempts were
made to maintain mud pH in the range from 8.5 to 11. Another
solution lies in using inhibitors of adsorption-type corrosion
or internal lining of the string.

CONCLUSIONS

6. Geothermal energy is more frequently used because of
ecological, social reasons. Another important factor is
the considerable reserves of thermal energy.

7. When drilling geothermal wells it is recommended to use
mud with very low solid content. Not to deteriorate the
permeability of the reservoir zone, no blockers or filling
materials should be used when drilling through the
aquifer. Additionally, it is advisable to use a very good
cleaning system for removing cuttings from the drilling
mud.



8. Selecting the string, it is necessary to have the recipes
for drilling mud, cement slurry and piping to account for
the influence of temperature and mineralization of
thermal waters.

9. To improve production and absorption parameters of
geothermal wells, the following procedures are
recommended:

- reaming, if sandstone makes up the reservoir layer;

- acidification, if limestones and dolomites make up the

reservoir layer.
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