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Poland as gas transition country A= @ 2% &
* more than 9800 km of pipelines b= = | T T
Poland as gas producer . o
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* Conventional gas: 164.3 Bcm
« Tight gas a
- CBM
Shale gas revolution in Poland
* Possible reserves: 5.3 Tcm
e Still at preliminary stage
Gas storage system
e 8UGS

e Total capacity: 2.5 Bcm
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Gas storage system in Poland ‘IGU 5012
Working volume de\L/Jer}ge:nent
UGS 2010/11 b Commitment
(MM m3) (D)
liocation UGS
Wierzchowice 575 1200 2012
Huséw 350 ,‘ — B = -
Mogilno 370 519 | 2015
Strachocina 330 ¢ . \ -
Swarzéw 90 ] = o -
Brzeznica 65 : L - N
Bonikowo - e 200 . 2010
Daszewo 38 £ .. ® 4 .
$ n develogment — . .
Kosakowo . n Qpera“( n 250 reol _:. 2020
TOTAL 1630 2499
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Technical performance of the Wierzchowice UGS

One of the most important gas storage facilities in Poland
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Developed in a depleted reservoir of natural gas containing 70% of methane and

29% of nitrogen

The gas production from the Wierzchowice field started in November 1972 and
continued till the end of March 1995.
The total production was 7809.7 million m3 of gas (about 65% of the original gas
reserves of 12 bln sm3) and 11142 m3 of water.
The reservoir pressure declined from the original 16.50 MPa to 5.65 MPa.

Present state

Expected in 2012, | stage

Expected Il stage

Working capacity 0.575 1.2 3.5

[bln sm3]

Max. withdrawal 4.8 14,40 50

rate, [min sm3/d]

Max. Injection rate 3.6 9,60 30

[mIn sm3/d]

No. of operational 21 10 vertical + 12 28 horizontal

wells

horizontal
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Gas composition problem

INTERKATIONAL GAT UMIDH
LIMIOM | KTERIATICHALE DU GAE

G

KUALA, LLIMPUR

Q

WIRLD G CORIER T

After 1995 the low quality gas reservoir Wierzchowice has been converted into

an underground gas storage of a high quality gas containing less than 3% of

nitrogen. This operation caused the mixing of gases and therefore the variable
composition of gas extracted from the storage. This caused a necessity of
controlling the injection and withdrawal operations to meet the pipeline

standards of the withdrawn gas. The reservoir simulation technique has been
used to optimize the UGS performance and to control the composition of the

produced gas.

Component | Mole fraction Mole fraction
Original gas Injected gas
N2 0.29 0.01-0.03
Cl 0.70 0.96-0.985
C2+ 0.01 0.005-0.006
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Gas mixing 4 IG_U e

The produced gas will be a mixture of
injected and original gas.

Reproduced gas may not meet the
pipeline gas standards.

Care must be taken for compromising
the storage performance and quality of
the produced gas.

In order to optimize the use of cushion
gas, the mixing process needs to be
understood.

Mathematical modelling was used for optimization of the gas injection strategy at the
early stage of the UGS operation. The objective of this strategy was to create the
stable zone of the high quality gas
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Mathematical modelling of the gas mixing § IGU %3

WMIOM | KTERISATIONALE DU GAZ WIRLD G CORIER T

Dispersion is cumulative effect of: molecular diffusion, heterogeneity of the
porous media, turbulence of flow, viscous fingering, adsorption/desorption,
stagnant fraction of pore space, presence of immobile fluid etc

Ji ZG-Ci -I—K-VCi i=1,2,3..n
K=D,,+B-u

oC 10 oC, 10
02 == (r-K-Z) =22 (r-u-C)
ot ror or° ror
Initial condition: C(r,0) = C(,inf, t) =0
For injection periods: C(rw,t)=1 C
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Approximate solution for composition of the reproduced gas
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Model calibration — 16 years
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................ ) 9017
Well | Diffusivity, | Dispersivity, [m] lf
[m?/s] ) 3
W2 | 2.6110% 9.58 : Y
W3 | 8.8410% 5.42 |
W4 8.53 10”7 1.88 500 1200 1800 3300 3000 3600 4200 3800 5400 6000
W6 | 1.8810°¢ 2.23 o pomta
w27 | 7.11107 4.28 F(DM ’B): Z(C(ti D ’B)_Coi)z
W28 | 1.3410°6 7.13
W30 | 2.29 10 19.46 N2 c ina
w31 | 8.48 107 4.47 .
w32 | 1.72 107 8.99 ﬁ
W38 | 5.63 107 3.45
w41 | 3.17 107 4.37 g
W44 | 4.29 107 0.99 . C
W45 | 3.4010° 6.30 %o o™ PGNIG




Changes of the pseudo-dispersivities of selected @“g
wells for the consecutive storage cycles IGU 9501
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Applications of the model: ‘I 2012
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************** ALE DU GAZ WORLD GhS CORIERIRCE

= Fast forecasts and screening for optimal strategy of well controls
= Rough calibration of the numerical model — designing of the LGR-s

W-6

N2 concentration

Date

e
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Simulated N2 concentration in produced gas for different scenarios




Numerical simulation using ECLIPSE " @“g

= Full-scale 3D compositional simulation model was developed by use of
Eclipse300 commercial simulator.

* Components used to simulate the gas phase: N,, C,, C,..

= Physical dispersion responsible for the gas mixing in reservoir was simulated
by numerical dispersion on the simulation grid.

= In order to control the numerical dispersion, the local grid refinements near
the wellbores have been used.

=" The dimensions of the local grid blocks were selected by "history matching"
procedure using the measurements (pressures, rates and compositions)
beginning from 1995.
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Model calibration "Gl-! 2012

|||||||||||||||||
************** ALE DU GAZ WORLD GhS CORIERIRCE

The simulation model is perfectly verified because the gas composition
during withdrawal as well as injection periods is precisely monitored by
chromatography for all individual wells and during every cycle.
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Intelligent control of gas composition IGU 5019

INTERKATIONAL GAT UMIDH
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ubDQ
DEFINE FN2W MAX(WZMF_1 'W*') /

/

ACTIONX

ACT1 10000 /
FZMF_1'>='0.05 AND /
WZMF_1"*' = FN2W /
/

WELOPEN
'?' 'SHUT' /
/

ENDACTIO
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INTERKATIONAL GAT UMIDH
LIMIOM | KTERIATICHALE DU GAE

Visualization of the nitrogen content in the reservoir gas

WIORLD S CORIERIMCE

N2 mole fraction
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Application of the simulation model IGU 9019
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= First model (1995) used for designing the strategy of gas injection
to create the working gas zone

= Each year, the model is actualized and used:

To create and maintain the stable zone of the high methane working gas
To design increasing the working capacity

To evaluate various scenarios of managing the UGS and their impact on
allowable working volume and composition of the gas produced from UGS

To find the UGS working rules including optimal strategies for gas injection
and withdrawal

c
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Application of the model — determining the working gas volume @

depending on withdrawal scheme ‘IGU s
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Conclusions IGU 2012
= The advantage of using a lower quality gas cushion is that it is
much cheaper, and the operator will not have to buy

expensive methane to use as a cushion.

= On the other hand, as the working gas is injected against the
cushion gas, the mixing of the cushion gas and the storage gas
occurs. Due to mixing, the reproduced gas may not meet the
pipeline gas standards

= Technical risk related with quality of the produced gas can be
minimized by use of the computer simulation to manage the
UGS.

= The case study of the Wierzchowice UGS, (developed in the
depleted low quality gas reservoir), shows that such type of
UGS, if properly managed, may be efficient from both
technical and economical point of view.
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