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Abstract: Shale formations have been recently treated oslpaurce rocks and sealing packages mainly of
conventional deposits. At present shales, whicle lzagonsiderable concentration of highly matureigmatter
appearing in complexes of over 30 m thick are wsednconventional sources for natural gas produetith the
use of advanced drilling technologies. Natural gesduction in such rock formations necessitate$opaing

a horizontal section in the borehole and a big remab hydraulic fracturing jobs. The unconventioshble gas
deposits have been prospected also in Poland fmuple of years. Exploration works mainly concetetran
a vast area passing from Pomerania through Mazoweszbe Lublin region in Poland. The analysis o th
geologic analyses reveals that the most perspeate/ghales in the Lower Paleozoic at a depth 0025 in the
eastern part to about 4000 m in the western pathefarea. The paper is focused on the quantitating
qualitative evaluation of environmental impact aftural gas exploration works from unconventiongbasits.
Special attention was paid to the hydraulic fraotyjobs in shales, which create particular haZardvater and
soil environment. These hazards already appeaheatstage of preliminary works, when big quantitas
chemicals and water for frac jobs are stored inrifp@rea, and then, during realization of workbew the spent
hydraulic fracturing fluid may penetrate the wabearing horizons in the caprock. The compositiofradturing
fluid used in Gapowo B-1A well are given along witte results of chemical analyses of a few partspeit
fracturing fluid samples pumped out from the botehdhe fluid turned out to be high in salt (highecific
electrolyte conductance (SEC) and total dissolugostances (TDS) and a high toxicity for most of kg
organisms). For this reason the spent fracturimg $hould not enter the environment without cdntro

Keywords: natural gas, unconventional deposits, shale ggdpmation boreholes, environment, noise, drilling
waste, hydraulic fracturing, fracturing fluid, spémcturing fluid

Introduction

Classic gas and oil deposits are mainly connectitd the process of hydrocarbon
migration from source rocks (where hydrocarbonsewgenerated) or reservoir rocks,
which have very good hydromechanical propertieghhbermeability and considerable
porosity). These deposits are located in structdithbfacial or tectonic 'traps' and they
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considerably differ in their properties from thecanventional ones. The latter usually have

low or ultra low permeability (usually below 0.1 lidarcy [mD] (10 n) [1, 2]. Four

major kinds of unconventional gas deposits arellysdetinguished [3, 4].

* Low permeability gas (0.1 to 0.001 mD), presenpares of limited contact among
them (tight gas).

* Gas (methane) in coal seams, both free and ads{@wad Bed Methane - CBM).

* Gas in clay and mudstones (shale gas, gas in ciEhadgs).

* Bounded gas in the form of hydrates - no efficietbvery technology.

Shale formations have been recently only treatesbasce rocks and sealing packages
of conventional deposits. At present shales, wiiakie a considerable concentration of
organic matter (total organic carbon (TOC) above2B6), high thermal maturity index
(vitrinite reflectance coefficient (Ro) above 1.3%ihd which occur in complexes of
thickness exceeding 30 m are used as unconventi@palsits for advanced production of
natural gas [5-7]. Unconventional gas deposits mlag cover gas-condensate or purely
gaseous deposits [8, 9]. Determining two-phase zise&ital for gas-condensate deposits
[3, 10].

A dense grid of directional boreholes with longikontal sections, where ten or so
fracturing jobs are performed, should be perforniduese jobs open fractures and a dense
network of cracks around them, connecting the tdgpessible number of rock pores and
forming pathways for the migration of gas to thedbtmle, both the free and desorbed from
organic matter and clayey minerals [11, 12].

Characteristic of ,shale” deposits

Unconventional “shale” deposits are connected wdkural gas occurrence in shale
formations.In most cases these rocks are thick and they ratijyoextend with no structural
traps or distinct gas/water contour. Additional gy, which distinguishes them from
classic hydrocarbon deposits is the necessity ¢onudgltilateral directional boreholes with
long horizontal sections to carry on the productafnnatural gas [13, 14]. Multigrade
hydraulic fracturing jobs are performed in horizinsections to obtain commercial gas
production [15-17].

Organic matter which generates hydrocarbons inestwiks is kerogen. Its ability to
generate hydrocarbons depends on the oxygen torcaaktio and hydrogen to carbon ratio.
The most favorable conditions for hydrocarbons getien was observed for kerogen
type-lll and partly kerogen type-Il as far as gaaed gas-condensates are concerned [18,
19].

When evaluating potential resources of natural gention is also paid to TOC and
Ro, which is the main component of kerogen [20]e Bhalysis of literature [3, 12] reveals
that shales containing above 1-2% TOC have sufficleommercial) amounts of gas,
which can be produced. The best shales may reash %6 TOC in various places all
over the world. Apart from these properties, otheservoir parameters are taken into
account: porosity > 4%, permeability > 100 nanoddpel0° n?), Ro > 1.3-1.5%. Such
deposits have a natural system of fractures, tholghmatrix has a very low permeability
30 to 100 nD [13]. In coal-bed methane deposits deasity of natural fractures is
a significant parameter [21, 22]. Natural gas pobidtmn from such rock formations cannot
be performed without additional operatioaghydraulic fracturing.
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Drilling of exploration boreholes

Natural gas prospecting and opening unconventigaaldeposits is realized through
normal-diameter, multilateral drilling boreholesaalepth of a few thousand meters. Such
constructions with long horizontal sections arecpically the only way in which natural gas
can be produced from shales. The exploration bédgshare drilled in the Horizontal
Directional Drilling (HDD) technology. The first piais vertical and then at a certain depth
it kicks off over the package of productive rockssuich a way that the trajectory is vertical
in the moment it reaches the shales level. At ptetiee horizontal sections are mostly

1.5to0 3.5 km long [13].
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Fig. 1. Schematic of a shale gas exploration bdegi3]

The shale gas boreholes generally resemble exjoratoreholes drilled for
conventional gas and oil deposits. A typical schiamaf an exploration borehole for
unconventional deposits is presented in Figuré donsists of the following casing sections
[14]:
» surface casing - 20" or 18 5/8” - to ca. 50 m gftthe
e conductor casing - 13 3/8” - to ca. 500-900 m gftdgdepending on the geological

conditions in the given region),

e intermediate casing - 9 5/8" - to ca. 1500-2500 Mmdepth, depending on the
geological conditions in the given region,
* production casing - 5" or 5 %" 4000-6000 m long twia horizontal section

1000-2500 m long.
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For the sake of providing stability of the drilledck mass and tightness of the
borehole construction all the casing sections aneemted to the surface.

Modern drilling tools are used for the realizatiof such boreholes. They are
frequently set on a mobile base; their lifting azipaon hook is of 350-450 Mg and they
are equipped with a Top Drive, 3 mud pumps of hylicapower ca. (1200 kW) and
submersible engine for horizontal drilling. Thealotapacity of driving motors supplying
the rig subassemblies is 3000 to 4000 kW. The panof the cuttings from the horizontal
sections and their geomechanical stability are ohéhe most important issues while
performing exploration boreholes [23].

Environmental impact of drilling on ground and water

When drilling exploration boreholes on unconvergioshale deposits at a depth of
3000 to 4000 m an area of ca 2.0 to 4.0 ha hag tteimporarily occupied and excluded
from agricultural or forest production. In eithease the size of the occupied area is
significantly conditioned by the length of the aggeoad, magnitude of rig subassemblies,
depth and number of planned boreholes and capatcitit where the fracturing fluid will
be prepared.

In the course of drilling soil, ground and groundsvamay be contaminated with fuel,
oils, substances used for making drilling muds, eetrslurry, technological fluids and
fracturing fluid. Therefore, prior to the constiioct works within the rig area the state of
the ground and water environment has to be analizdie able to establish a reference
“background”, on the basis of which potential chesxgan be assessed. These are analyses
of CH, concentration in soil air, physicochemical andamig indices of soil, ground,
surface water and groundwater. The scope of amalyssoil and ground most frequently
covers: specific electrolyte conductance (SEC), A&nionic surfactants, TDS - total
dissolved substances, total organic carbon (TOE)Mn, B, Ba, Na, Ca, K, Br, Cl, ND
NH,4, phenols (phenol index) as well as petroleum hgaifoons GC,, and mineral oils
C12-Css [24].

A considerably broader scope of analyses is plafioedgroundwater samples. Each
time, after measuring the depth of the water lewel pumping out 3 borehole volumes the
following measurements are made: pH, specific edyde conductance (SEC), temperature
and oxygen dissolved in water. Then groundwaterpdasnare collected for laboratory
analysesie [24]:

» general indices: pH, conductivity, turbidity, cqldotal dissolved solids, general total
hardness, chemical oxygen demand ChOD, ki&@@centration,

e cations: Na, K, Li, NH, Be, Ca, Mg, B, Ba, Sr, Fe, Mn, Ag, Zn, Cu, Ni, &b, Hg,
Cd, Se, Al, Cr, As, Mo, V, Sn, Sb, Ti, U,

e anions: F, CI, Br, I, S©CO;, NO,, NO;, HPQ,,

» undissociated substances: phenol index, chloropgfiegtycols (ethylene glycol and
propylene glycol), sum of aliphatic and aromaticdtocarbons, organic matter,
benzene, toluene, ethylbenzene, and xylens (BTaX{Ycyclic aromatic hydrocarbons
(PAHSs),anionic and non-ionic detergents.

The preparation works on the rig lie in sealing pteeces where potentially dangerous
substances are used (machine room, mud room, rauapses, fuel and lubricant storages,
waste bins) with geomembrane, above which congkties or aggregate are disposed.
Chemical substances used in the technological pseseas well as the generated waste and
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cuttings are stored in tight tanks or containercoflector trench is performed around the
rig area for the rain waters. These solutions autitly protect the ground and

groundwater against migration of contaminationgi@she profile when a failure situation

takes place. A view of a rig area during realizatid the first in Poland exploration shale
gas borehole with the use of MASSARENTI rig MAS B@® is presented in Figure 2.

Fig. 2. View of the rig while drilling an explorati borehole with a MASSARENTI rig MAS 5000 E
[25]

Noise emission to the environment

Noise emissions accompanying drilling of deep slyale exploration boreholes may
be also an important environmental issue. Whenrithés localized in highly urbanized
areas or requires special protection, acoustiessrbave to be applied.

Among the major sources of noise in the rig are& @ower generators, engines
driving rig devices, mud pumps and vibrating sievesesently the power aggregates are
placed in closed rooms with unprotected walls (psound proof), whereas motors and
mud pumps are completely or partly protected wittaaopy (or partly housed). Vibration
sieve shakers are generally unprotected. The hligion of noise level in the surrounding
of the MASSARENTI rig MAS 5000 E when drilling aak gas exploration borehole at
3700 m is presented in Figure 3. The rig was eaqdppith a hoist drive in the form of two
DC motors 5GE 752 AR of constant power 1100 kW, mpudp drive in the form of
2 electrical engines 5GE 752 AR each and 4 comtnugthgines Caterpillar 3512 C4
powering electricity generators (1030 kW). The gsal of the results of acoustic
measurements of noise A presented in [25], revfals depending on the location of
subassemblies, particular drilling rigs may affget environment differently. This can be
proved by the distinct directional acoustic pldBansiderable discrepancies in the noise
level on the boundary of particular rigs show te tpossibility of lowering their
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environmental impact by proper localization of theisiest subassemblies to protected
buildings and by using screening of other subasesnand machines in the rig area [24].
This refers to a small distance from the rigto about 200 m. Further from that place, the
distribution of the noise level around the drillidgvices assumes a circular form. In Table
1 we have average ranges of acoustic noxiousngsartdtular rig elements.
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Fig. 3. Distribution of noise level in the neighbood of the MASSARENTI rig MAS 5000 E [25]

Table 1
Average ranges of isolines 35, 40 and 45 dB fasfzen area [25]
. Range of isolines [m]
No. Rig 35dB 40 dB 45 dB
1 Drillmec 2000 HP 635 472 312
2 MASSARENTI MAS 5000 672 502 323
3 Bentec EuroRig 450 627 487 309

Types and quantity of precipitations while drilling exploration
boreholes

Drilling precipitations which have diversified chamal composition, mechanical
properties and potential environmental toxicity @gpin the process of drilling boreholes
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[26]. Taking physicochemical properties as a doterthe drilling waste can be divided
into:

e cuttings coming from all drilled rocks in the boodd profile,

e drilling mud.

Among the main sources of waste present in theigitations are: chemicals used for
making and regulating technological parameters adisnbiocides, oil products, corrosion
inhibitors, chemicals used for drilling up and en&@ment of hydrocarbon production,
reservoir fluids in the form of brine and oil [21].

Depending on the depth of drilling, a few typesvafd are used for drilling shale gas
exploration boreholes in Polandg bentonite, clay-free polymeric mud which reduces
hydration of clayey rocks and for drilling up salesill in fluid), muds having inhibition
qualities and protecting against damage to the eabitity of the near-wellbore zone.
The type of mud is selected individually on the ibasf the geologic, reservoir and
technical-technological conditions of drilling. Maover additional quantities of other waste
are produced while drilling a borehole, casing eeahenting jobgg cement slurry residue,
waste produced during exploitation of mechanicaliaks, hydrated sediments from the
treatment of industrial waste and communal waste.

Pursuant to the regulation of the Environment Mariof 27 September 2001 about
the catalog of waste [27], the waste generatedhe process of drilling exploration
boreholes can be classified as:

e 0105 05* - mud and drilling waste containing oil,

e 0105 06* - mud and drilling waste containing danogis substances,

e 010507 - mud containing barite and other wasde tisted in 01 05 05 and 01 05 06,

e 01 05 08 - mud containing chlorides and waste othan listed in 01 05 05 and
01 05 06,

(* - dangerous waste)

Part of the drilling waste are dangerous and widtibeing in the rig area they should be
properly protected against penetrating the grounttiveater environment [26].

Apart from drilling waste it is also other waste igfh is generated in the rig area,
which belongs to the following groups: 06, 07, @8, 13, 15, 16, 17 and 20. The main
types and average quantities of waste producechéncburse of drilling exploration
boreholes to the depth of 4000 m are listed in &abl

Table 2
Quantitative list of major types of waste produeddle drilling an exploration borehole to a depf600 m
Amount of waste Share
No. Waste type [Mg] %]
1 Waste mud, cuttings 3904 99.874
2 Synthetic waste 0.518 0.013
3 Used oils 0.700 0.017
4 Qiled wipers 0.190 0.004
5 FIuorescence_ I{c\mps and other waste 0.047 0.001
containing mercury

6 Welding waste and used electrodes 0.086 0.002
7 Iron and steel waste 3.5 0.089

Total 3909.041 100.00
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Opening shales with the hydraulic fracturing method

Hydraulic fracturing of shales is performed to fée gas encapsulated in the rock
micropores and adsorbed in the organic matter.rAfte drilling job is finished and the
casing is perforated, large quantities of prepdiracturing water with sand (proppant) are
injected into the rock medium to generate and suppactures in the selected interval of
the horizontals borehole section (Fig. 4).

4
Munieipal Wall -
Private Well § -

Drinking Water =~ .
Aquifers —., ERESERE S

Shale Fraclures

Fig. 4. Schematic of hydraulic fracturing in a lzortal borehole [28]

In industrial practice about 10 to 15 frac jobs peeformed in a horizontal section ca.
1500-2000 m long. On average 8000 to 3008Mffracturing fluid and 500 Mg to 2500
Mg of proppant are used during one frac job [12heTwater and proppant injection
efficiency is 6 to 20 fimin, at the pumping pressure of 100 MPa [17, Z8F hydraulic
fracturing job helps propagate the fracture atstadice of 200 to 300 m [22].

Facturing fluids

The fracturing fluid used in shale rock is mainlhadae of water, sand and a small
amount of various chemicals. Their task is to lodir@ztion when the fluid is pumped,
lower surface tension, form gel, prevent scale &ifom and corrosion of production pipes,
adjust pH, prevent development of bacteria and ilstation of clayey particles
concentration in the fluid. Fracturing fluid corsiof water in 90.5%, sand in 9% and
chemicals in 0.5% (Fig. 5).
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Fig. 5. Concentration of technological substanndsaicturing fluid [14]

Table 3

Composition of fracturing fluid in Gapowo B-1A [30]

Hyd(at_uli«? fractur'ing fluid Chemical Abstract Service Ma>_<imum ing_redient cpncen_tration
composition: Chemical substance in hydraulic fracturing fluid
. - . number (CAS)
in fracturing fluid [% by mass]
Water 7732-18-5 97.26231769
Silica substrate 66402-68-4 0.96243748
Mullite 1302-93-8 0.91411425
Silicon dioxide 7631-86-9 0.26117550
Silica crystalline-cristobalite 14464-46-1 0.130387
Choline chloride 67-48-1 0.12834003
Hydrochloric acid 7647-01-0 0.10916275
Sasol DHR 200 64742-48-9 0.07389841
Guar gum powder Proprietary 0.06608919
Colemanite/ulexite .
L Proprietary Blend 0.03476695
distillates, (petro_leum), 6&74221/7—8 0.01957735
hydrotreated light
Potassium carbonate 584-08-7 0.00847536
Gluteraldehyde 111-30-8 0.00816513
Potassium hydroxide 1310-58-3 0.00516431
. 14808-60-7 (Quartz),
Elementis Bentone® 150 629-11-8 (1,6-Hexanediol 0.00361538
Tetrasodium EDTA 64-02-8 0.00210192
Alcohols, G,.;5 ethoxylated 68131-39-5 0.00189248
Propylene glycol 57-55-6 0.00187365
Ammonium persulfate 7727-54-0 0.00178336
Formic acid 64-18-6 0.00093683
Cinnamaldehyde 104-55-2 0.00093683
Propylene carbonate 108-32-7 0.00072308
Ethylene glycol 107-21-1 0.00047460
Oxyalkylated alcohol based polyme 34398-01-1 031228
N-naphtha nicotinamide 770680-45-0 0.00031228
Lutensol TO-8 (1,6)hexanediol 629-11-8 0.00028923
Methanol 67-56-1 0.00016330
Crystalline silica (quartz) 14808-60-7 0.00013749
Trisodium nitrilotriacetate 5064-31-3 0.00010510
Sodium hydroxide 1310-73-2 0.00007006
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The composition of fracturing fluid depends on fhieperties of rocks to be fractured
in a given place, technology and design of the lhales and also the fracturing technology
[15, 29]. In practice the fracturing fluid used fdrilling exploration boreholes does not
have any stable composition. These are mixturegeseiglly added and their composition
is adjusted during the job, depending on the irtioa of control devices. This stems from
the fact that other components are needed for mdkattures in shales, other are used to
stop swelling of clayey minerals and still diffeteéa maintain the proppant in fluid, so that
it can be injected to the fracture to support d #ren 'break’ the structure of the suspension
to pump out the used frac fluid and hydrocarbonthauit removing proppant from the
fracture. As a consequence it is practically imgmesto take a representative frac fluid
sample, and its characteristic is determined byngivan interval of concentrations or
maximum concentrations of particular substancebl€r3a).

According to the Polish and EU law all chemical stabces used in the process of
hydraulic fracturing should be admitted to use irdpe and have characteristics, which
precisely determine their chemical and physical pprtes, toxicity, hazard and
neutralization methods in case of uncontrollabletact with people or environment. The
charts are used for elaborating emergency procedarease of undesired events during
transport and storage of particular substancegtendiydraulic fracturing job. If the job is
performed carefully, the fracturing fluid practigaldoes not have contact with the
environment before the depth of fracturing, whichlPbland is at least 2500 m b.s.

The water demand is environmentally important fgdraulic fracturing. One frac job
requires as much as a tens of cubic meters of wdtih is used in a few days' time. Very
rarely such amounts are available from local saime demand. Besides a momentary
consumption of such a big amount of water couldatiggly influence the groundwater and
surface water resources. Therefore accumulatiowater for hydraulic fracturing jobs
should be realized over a sufficiently long peraddime so that the available resources are
not exceeded. The sources frequently have to bergified and in particular cases water
has to be transported from more distant places iElenvironmentally advantageous when
not only fresh waters are used, but also brinés,waters, treated sewage and treated used
fracturing fluid. The use of such alternative sesrof water is regulated by the respective
legal acts. At present only some of these sourcekide used in Poland.

Used fracturing fluids

After the frac job is completed, some quantity i@cfuring fluid returns through the
open head to the surface. This fluid differs frdme injected fracturing fluid because it
gains new properties after contacting the rockemasr fluids and chemical reactions
between the original components in the high pressand temperature conditions.
Analogous to the fracturing fluid, the chemical qumosition of reservoir fluid is not
constant, though by controlling the pressure on ¢hgflow and collecting samples
sufficiently frequently, one can make a charactiersf the successive parts.

Varying yields of spent fracturing fluid return the surface but generally about
15-20% of the injected fluid returns to the surfafter a few days. The boreholes are deep
in Poland therefore spontaneous outflows vanisk gaickly. For this reason either gaslift
or specialist pumps have to be used to producedammounts of fluid.

Hydrocarbons are one of the most characteristicpom@nts of the spent fracturing
fluid. Even in the lack of industrial inflows of servoir fluids, certain amounts of natural
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gas and condensate can be expected (Table 4). $hlesences have to be separated from
the return fluid before it is sent to the collestarvhere it is finally stored. These are two- or
three-phase separators which remove gas from it alfmlv for collecting liquid
hydrocarbons to special tight containers. The ctdl®# condensate has an industrial
application, whereas methane from the exploratimrloles is most frequently combusted
on flares. The combustion (Fig. 6) causes that simi60% of carbon dioxide and vapor
reach the atmosphere instead of methane, whictoie efficient as far as the greenhouse
effect is concerned.

Table 4
Exemplary determining organic indices in the susivesparts of past-fracture fluid [31]
Hydrocarbons
Sample No. Benzene BTEX Methane Co Cuo
[ug/dm?]
1 <0.5 <0.5 1368 1253
2 <05 <0.5 3505 3113
3 <0.5 <0.5 1889 2117
4 (behind <05 <05 144 358
separator)
5 (behind <05 <05 120 306
separator)

Fig. 6. Combustion of natural gas separated froemisfpacturing fluid after the frac job
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Table 5
Exemplary physicochemical characteristic of sudwegsarts of fluids returning from the same frale [81]

- . General | General

Sample pH SEC | Colour | Turbidity | ChOD | Phl |Cyanides| AS | TDS basicity | hardness
No- ol jusrem) [”(]rgns'?” [NTUJ [mg/dm?] [mg CaCOydm’]
1 6.67 | 90000 130 0.7 60| <10 <1 15| 91006 168 12329

2 6.60 | 100000 20 0.4 46 | <10 <1 29 | 68448 152 14103

3 6.55| 101000 128 0.5 70 | <10 <1 16 | 68472 156 14366

4 7.01| 107000 90 2.7 92 | <10 <1 13 | 73769 240 15971

5 7.03| 109000 159 0.7 69 | <10 <1 19 | 72148 210 16301

SEC - specific electrolyte conductance, ChOD - dhahoxygen demand, Phl - phenol index, AS - amioni
surfactants, TDS - total dissolved solids

Table 6
Exemplary concentrations of anionic componentsiénsiiccessive parts of fluid returning from the esgob [31]
S F cl NO: | Br | NOs HPO. | SO
ample No.|
[mg/dm?]
1 5.40 37 000 5.88 473 472 <30 <50
2 <10 42 000 6.23 526 491 <30 <5
3 <10 42 000 6.05 531 6.38 <30 <5
4 <10 45 000 7.20 605 5.0 <30 <5
5 <10 43 000 6.86 565 5.63 <30 <5
Table 7

Exemplary concentrations of cationic componentésuccessive parts of fluid returning
from the same job [31]

5?\]’2"'8 B Ba | Ca | Cr | Fe K Mg | Mn Na P | sia
[mg/dm?]
1 38.0 53.6 | 4120.0 <0.8 9.0 428.0 495.0 24 17698.< 5.0 64.0
2 39.0 60.9 | 4720.0 <O 11. 4670 563.0 2|4 19215.<5.0 | 61.0
3 39.0 61.2 | 4804.0 <0.3 11.0 4620 576.0 2|4 193 <50 | 61.0
4 39.0 69.0 | 5351.0 <0.3 11.0 489/0 634.0 2|5 2@628 <5.0 | 57.0
5 39.0 70.4 | 5461.0 <083 12.0 4990 647.0 2|6 20848 < 5.0 59.0
Sample Sr Ti Zn Hg Li Be Al \ Co Ni Cu
No. [mg/dm?] [mg/dm’]
1 380.0 0.3 <0.3] <0.3 8800 < 5( <500 < 1000<50 <500| <500
2 452.0 0.3 <0.3| <0.3 10000 <5( <500 <1p00<50 <500| <500
3 456.0 0.4 <0.3] <0.3 10300 <5( < 5¢0 < 1p00< 50 <500| <500
4 505.0 0.4 <0.3] <03 11600 <5 < 5(1)0 < 1000< 50 <500| <500
5 523.0 0.4 <0.3] <03 12000 <5 < 5(1)0 < 1000< 50 <500| <500
Sample | As Se Mo | Ag | cd Sn sb [ T Pb u
No. [ng/dm?’]
1 <2000 | <2000 <50 | <50| <50 <500 <50 < 5@ <100 <50 -
2 <2000 | <2000 <50 | <50| <50 <500 <50 < 5@ <100 <50 -
3 <2000 | <2000 <50 | <50 | <50 <500 <50 < 5( <100 <50 -
4 <2000 | <2000 <50 | <50 | <50 <500 <50 < 5( <100 <50 -
5 <2000 | <2000 <50 | <50 | <50 <500 <50 < 5( <100 <50 -
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Apart from water, the remaining components of theedu fracturing fluid are
substances used for the preparation of the fragjufiuid, frequently after chemical
reactions, and dissolved solids and liquids of ffmcknations undergoing the frac job. The
basic physicochemical characteristic of the sudeesgarts of the used fracturing fluid
from the exploration borehole in the Lublin aregpigesented in Table 5. Very high salt
content manifesting itself in high SEC and TDS eauthat the fluid is toxic to most of the
living organisms, therefore cannot be disposeti¢onatural environment without control.

What is characteristic here is a very high, upettstof grams per liter concentration of
chlorides (Table 6), sodium, calcium and potass{iiable 7). Exemplary changes in the
concentrations of successive parts of the returfiinds during one frac job are listed in
Tables 6 and 7.

In some regions increased concentrations of ratliaelements can be also expected
in fracturing fluids which return to the surfacaeafthe job. This mainly refers to frac jobs
in such formations which were enriched in natuaalio nuclides. No higher than naturally
occurring and safe for human being radioactiveoses have been found in the used
fracturing fluids in Poland [31]ge:

« for “K: 51 +# 11 to 347 + 20 Bg/kg (in Pomeranian Basand 12 + 7 to

492 + 35 Bg/kg (in Lublin Basin);

« for Ra: < 10 to 48 + 4 Bg/kg (in Pomeranian Basin) 48ct 3 to 29 + 3 Bq/kg

(in Lublin Basin);

« for ?®Th: < 10 to 21 + 3 Bg/kg (in Pomeranian Basin) and0 Bqg/kg (in Lublin

Basin).

Conclusions

The presented evaluation of environmental impact exploration works for
hydrocarbons from unconventional deposits revehdt both the drilling works and
hydraulic jobs create a slightly bigger hazard tivarithe case of conventional deposits.
In Poland shales appear at great depth thereferexploration boreholes have to be deep.
Moreover, the rigs have to have better technicabmaters and installed capacity of
driving motors. When drilling such boreholes mopace is needed for the rig, more waste
is generated and more noise is emitted to the emvient than in the conventional deposits.
This is particularly important when performing numes and extensive hydraulic
fracturing jobs on the shales. In such conditidms teuse of the fracturing fluid for the
successive hydraulic fracturing jobs is a goodtmiu This however requires very efficient
technologies of treating the fluid mainly from hgdarbons, dissolved salts and chemicals
used when preparing the fluith addition special guidelines for the environmental and
technological aspects of conducting drilling andidaylic fracturing jobs in shales should
be worked out to guarantee safe exploration andaetn of hydrocarbons from
unconventional deposits.
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WPLYW PRAC POSZUKIWAWCZYCH NA SRODOWISKO W EKSPLORACJI
GAZOWYCH ztO Z NIEKONWENCJONALNYCH W POLSCE

1Wydziat Wiertnictwa, Nafty i Gazu, Akademia Gérnielutnicza im. Stanistawa Staszica w Krakowie
2paistwowy Instytut Geologiczny Ratwowy Instytut Badawczy, Warszawa

Abstrakt: Formacje tupkéw do niedawna traktowane byty jedyal® skaly macierzyste i pakiety uszczelpiaj
gtéwnie dla zié konwencjonalnych. Aktualnie wiwiecie skaly tupkowe, ktére charakteryzugic znaczi
koncentragj materii organicznej o wysokiej dojrzat termicznej i wysfpujace w kompleksach o miszdci
powyzej 30 m, § wykorzystywane jako zi@a niekonwencjonalne do eksploatacji z nich gazmaego przy
wykorzystaniu zaawansowanych technologii wiertnatzyWydobycie gazu ziemnego z takich formacji sketin
wigze sk z wykonaniem w poziomym odcinku otworuzgjiilosci zabiegéw hydraulicznego szczelinowania skat.
W Polsce od kilku lat prowadzong sdwniez prace poszukiwawcze niekonwencjonalnychz zi@zu ziemnego
w skatach tupkowych. Koncenteupiec one gltdwnie w szerokim pasie ich wysbwania, przebiegagym przez
Polsk: od Pomorza poprzez Mazowsze po Lubelszozyzh analizy dotychczasowych badgeologicznych
wynika, ze najbardziej perspektywiczne jest vepgiwanie tego typu z#o w skatach tupkowych dolnego
paleozoiku, zalegagych na gibokasciach od 2500 m we wschodniejeéei tego pasa do okoto 4000 m w jego
czgéci zachodniej. W pracy skoncentrowane gjtownie na ildciowej i jakdciowej ocenie wplywu prac
poszukiwawczych za gazem ziemnym wzach niekonwencjonalnych naodowisko naturalne. Szczegdin
uwag zwrdcono na zabiegi hydraulicznego szczelinowaskat tupkowych, ktére stwarzajnajwicksze
zagraeenia dlasrodowiska gruntowo-wodnego. Zagemia te wysipuja juz na etapie prac przygotowawczych,
w wyniku magazynowania na wiertni giech ilosci srodkéw chemicznych i wody do zabiegéw szczelinowani
oraz w trakcie ich realizacji w wyniku potencjalnejazliwosci przedostania siptynu pozabiegowego do
wystepujacych w nadkladzie utworéw wodofryych. W pracy podano skilad cieczy szczelingj wytej do
zabiegu w otworze Gapowo B-1A oraz wyniki analizewticznych kilku partii ptynu pozabiegowego,
odpompowanego z otworu. Stwierdzono jego wysokieolemie, przejawiape sé wysokimi wartgciami
parametrow PEW i SSR oraz @du toksyczné¢ w stosunku do wkszdci organizmow zywych.

Z tego wzgédu ptyn pozabiegowy nie mie dostawé si¢ dosrodowiska w sposéb niekontrolowany.

Stowa kluczowe:gaz ziemny, zlza niekonwencjonalne, gaz z tupkéw, otwory poszuleze, srodowisko,
halas, odpady wiertnicze, szczelinowanie hydranb¢ptyn szczelingpy, ciecz pozabiegowa



