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Rola geofizyki wiertniczej w okre  sleniu zasobow gazu
zlemnego w tupkach.



O czym powiemy:

1. Charakterystyka ShaleGas'u.

2. Interpretacja geofizyki wiertnicze] — metoda
Passeya.

3. Interpretacja geofizyki wiertnicze] — metodg
normalizacji.

4. Zasoby. Gtowny kryteria ekonomiczne projektu
5. Podejmowanie decyzji. Jak pomoc Szefowi.

PGNiG Zielona Géra, 24.04.2009 HALLIBURTOMN



Czym jest ShaleGas?

Coal Gas Tight Gas

—o—E)—-o—

~100 % Sorbed ~100 %Free

D e EEE——
SHALE GAS

Gdziekolwiek pomiedzy.
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Conventional Reservoirs and Shale Gas Compared

Conventional Reservoirs Shale Gas Reservoirs
Gas Storage in Macropores; real gas Gas Storage by Adsorption on
law. micropore surfaces and/or free gas.

Diffusion through micropores according

Production Schedule Darcy Flow of gas to Fick's Law
to the wellbore . Darcy Flow through Fractures or
macropores

Gas Content as 1-SW from Logs . Best Gas Content from cores.

Gas To Water Increases in latter Stages  [RaRCE SR CRULCIg xS e e RS
with Production time

Inorganic Reservoir Rock :
Source rock + Reservoir

Hydraulic Fracturing may be needed to

enhance flow Hydraulic fracturing required;

permeability dependent on fractures

Permeability not pressure dependent sl Falily pressie

. dependent.
Macropore size: 1y to 1mm

Micropore size: <5A to 50A

PGNiG HALLIBURTON



ShaleEval Service - Gas Capacity vs TOC
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Comparison of Shale Properties of Known
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Co potrafimy?

wtasciwosci zbiornikowe
nasycenia gazem
wtasnosci mechaniczne
Srednie TOC
szczelinowatosc

krucho$¢ skaty (stosunek
llos¢ kwarcu do matrycy
skalenej)

Po co?

okreslanie TOC

okreslanie stref do
rdzeniowania

obliczenie zasoboéw

okreslanie stref do
szczelinowania

obliczenia gradientu
szczelinowania

L%

e
._‘:‘:‘;/ > y
\

\

PN &2 3586

Organic

Natural Richness

Fractures

Permeability
. ] B .
Mineralogy
Brittleness

Fig. 1—Elements necessary to make a productive, commercial shale gas play.

Gas-in-Place
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Calculated Information

Recorded Data
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Fig. 3: Schematic of the gas flow rate as a function of organic richness (TOC), thermal maturity, GOR, and fractures (from Jarvie et
al., 2007).
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1780

Formation Organic Richness from Logs
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® Core Data

(AP units)
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Figure ;jﬁflnic-'resislllu ity overlay showing A log R separation in the organic-rich imterval, The relative scaling of the sonic
and resistivity curves is S0 usec/ft (164 usee/m| corresponds to one decade of resistivity. The values in the center of track 2
carrespand o the Ry, pne and Ay, values ifor this example Riuscting = 1 oshmiem, and Aty e = 100 psecii), This interval

is at LOM 6-7 and contains type 11 kerogen. { LOM = level of organic maturity; Hood et al,, 1975,)

Metoda Q.R.Passey
(1989). Podstawg
metody jest szukanie
anomalii pomiedzy
krzywg DT a krzywg
0OpOornosci,
sSwiadczace] 0
Zwiekszonej
zawartosci substancji
organicznej w skale.
Wartosci anomalii sg
przeliczane na TOC.

\
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Depth (m)

Porownanie anomalii z literatury z anomali
Anomalia wystepuje w utworach dolnego syluru i ordowiku
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TOC

DlogR = log (Rt/Rt baset) + 0.02 X (Dt — Dt base)

TOC = DLogR x 107(2.297 — 0.1688 x LOM)
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Wyniki interpretacji metoda Passey’a:
obliczone TOC dla dolnego syluru | ordowiku.

GR= (api) Mol BYWY (dec) URAN (ppom)
150.]0. oslo.

20.

PEF (B/E) Tz )

DlogR (1

0
0.

N weoal (dec) o
0
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Okre slania TOC metod g normalizaciji.

llos¢ odwiertow w Polsce, gdzie mozna zastosowac¢ metodg Passey’a
wynosi 4-5. W pozostatych dane nie pozwalajg na ten rodzaj
Interpretacji. Jednak dzieki utanskiej fantazji jestesmy w stanie
policzy¢ TOC indywidualnie na kazdym odwiercie sktadajgc krzywe,
na ktorych mozna odnalez¢ anomalie TOC:

« Gamma Naturalne - (anomalia sktadowej uranu) — sktadamy z
Neutronem, SP, opornoscig

* Neutron (gazowe obnizenie na neutronie ) — sktadamy z gamma |
opornoscig

* Opornosc¢ (anomalia wysokoopornosciowa) — sktadamy z kazdg
dostepng krzywg porowatosciowg (sonic, gestos¢, neutron), gammag

W praktyce brak jest pomiarow DT, RHOB. Pomiar opornosci
realizowany sondami gradientowymi. Dostepne réwniez Gamma
Naturalne i Neutron-Gamma.

C
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Baltic Depression Well ey REALM
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W celu interpretacji ilo sciowej, z uwagi ha du ze migzszosci

syluru i kompakcj e — polecamy prac e na krzywych trendu.

Gamma Density Meutran Resiztivity
GRS (api) RHOB (gmic) MPHI {dec) LLD (ohim.m)
200.15. 2.1-0.05 o4s5f0z2 200,
GRCL CAPD RHOBSH (gmic) MPHIZH [dec) Rclayt ()
200.15. -0.05 o4sf0.z2 200,
GREH (api MPHCL (%) R=h (ohm.m)
200, -0.05 o450z 200,

£




Po wia sciwym okre sleniu TOC, nale zy przyst gpi€ do rozwi gzania modelu
petrofizycznego, u zywaj ac krzywej TOC jako wej sciowej.

Saturation Porosity Combined Error GammaRay Mewtran Density Limesar
Curves | Parameters | Models | Mikings

Model (1 | ¢ » Name Model1 Resultset |Mdl1 (Model 1) ¥ Edit Sets

Mineral |Guart |Cla3.f |Gas K0 |Water =] |Gas St |Water Sy |Cc|al |Calcite
Type EIE WetClay  Hyd. Sxo ater Sx0 | Hyd. Sw Water Sw Matrix i atrix
Shading |- | [
Use o v
Curve /Val | Equation | Eq. Mode | Use | Confidence | Inv. Fact. | Result  [V3and Yelay Yas Wirater YoyasSw VivaterSw  Yeoal YLime
1.0 Unity Madel < 001 1.0 1. 1. 1. 1. 1. 1. 1. 1.
GRS GammaRay Madel A 1.0 0. 200, 0. 0. 0. 0. 140, I
MNPHI Meutran Madel < 002 1.0 -0.02 MPHCL 0.2 1. 0.2 1. 0.7 Auto
RHOB Density Madel < 002 1.0 264 RHOBSH 0.2 1.1 0.2 1.1 1.1 21
LLD Res. Rt Wadel 100, 0.0 3000, Rsh 2000. 0.04 2000. 0.04 1000. 3000.
LLD Res Rxo  Model 100, 1.0 1000. A0, 2000. 0.05 2000. 0.08 1000. 3000.
TOC Linear Madel N 1.0 0. 0. 0. 0. 0. 0. A0, I

0T Sonic Model E149. 2.

a00. 1594,

185, 328,




Shale Gas vs. Conventional Gas In Place

Conventional

Log Analysis _ Water Saturation
Area of  Using cutoff Porosity via log analysis
Interest appropriate for Log
area Analysis (1-Sw)Bg

(A)

' T | 1

GIP =

Area x Height x Storage Capacity x Gas Saturation

Shale
Gas

1 1 1 |

(A) (h) (RhoB) (Gc)=f(TOC)
Area of  Analyze logs Density from Gas Content
Interest using log From lab analysis of

cutoff cores

PGNIiG
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What we don’t know now?

* Old TOC method were carried out without core
preservation procedure. Then how much TOC were
lost by weathering and degasation during pulling
up?

* How much free gas / how much sorpted is in the
rocks (Langmuir Isotherm)?

* What is Gas Content versus TOC?

Appropriate coring and lab measurement are
substantial for understanding the Shale



Halliburton Coring Product Definition

Halliburton Drill Bit &
Service offers a full
spectrum of coring

, Services

In 2008 a total of 3000 m + of core was
cut in CE - 93% average core recovery

= Conventional (HDT Core Barrel)

= Horizontal Coring System

= Premium Low invasion Core Heads

= Sponge Coring System

= Oriented / Corienting Coring System

= Posiclose - Clam Shell Full Closing
= FCS/ HSB (Full Closure System)
= RockStrong System (Hard rock

System)

= Slick Entry Coring System
= HPHT Coring System

= Wireline Coring System

= Anti Inhibition — Glider Coring System

= CoreTrack (Core Level Indicator

System)

HALLIBURTON
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Coring Services

PGNIiG
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Basic Data for Shale Gas Play

Static Data

«Core description

*TOC and RockEval (core preservation!)
eMaturity indicator VRo

*Sorbed Gas Capacity — Gas Contents
*Mechanical properties — for fracturing
*GGas composition

*Water composition

*Petrography (mineral contents)

*Special Core Analysis
XRD, Capillary pressure, K pressure corrected , Phase
permeability.

*Normal Core Analysis
Porosity, K, Sw,
*Electrical Properties

*Wire line logs
Spectral GR, Resistivity, Density, Neutron, Dipole Sonic, FMI

@

Dynamic Data

*Drilling history
*Well testing

Permeability, Reservoir Pressure
Skin factor

*Production Data
Daily gas and water rates
Production bottom hole pressure
Static BH pressure
Surface facility constraints

PGNIiG

HALLIBURTON



5. Glowne kryteria ekonomiczne projektu
»zasoby geologiczne gazu (niepewnosc wyznacznia zasobow)
*Jak0SC QazZu (zakiadana, zalezy od czynnikow geologicznych)
°*Ccena gaZu (obecna, w przyszlosci)

*koszty | metoda rozwiercania ztoza odwiertami
hOryZOntalnymi (gestos powierzchniowa klastrow, ilosc odwiertow w

klastrze, dlugosc odwiertu, metoda szczelinowania...)

o kOSZty ZagOSpOdarowania JaZu (cena koncesji, budowy

rurociagow...)
°...7?

= WIELE, WIELE OPCJI

< (kto chce byc decydentem?)

PGNiG Zielona Géra, 24.04.2009 HALLIBURTOMN




Asset Decision Solutions*

Best Practice Asset Planning

TRADITIONAL APPROACH

= Linear and time consuming
= 1 technically detailed scenario chosen

Rasarvoir Facility

Saophysite L I-Y " Engineering  Engineering.  Engineering 88

qualitatively
= No direct linkage between uncertainties Multiple technologies

ar.md. scenario outcomes (safety = 0) Modular, lacks uncertainty analysis with
= Difficult to evaluate total asset optimization, not integrated decision analysis
= Execution of the right project? TECHNICAL DOMAIN FOCUS

ADS* APPROACH

_ ADS* Approach
" lterative - days vs. months : Enables multiple domain
= All scenarios considered with numeric s risk & scenario analysis
optimization : OBJECTIVES, under conditions of
= Early risk identification and effect on ; uncertainty with
outcomes (full margin of safety) optimization

= Constant evaluation of total asset

= Execution of the right project! BUSINESS FOCUS

I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
! performance i

1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
1 1
1 1
1 1
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Zarzadzanie ryzykiem przy modelowaniu zabiegu szcze linowania
z uwzglednieniem niepewnosci danych  manage risk by Modeling with Uncertainty

Uncertainties Min Avg Max Type of Distribution
Sand A Porosity 0.11 0.16 0.17 Triangular
Sand B Porosity 0.1 0.145 0.15 Triangular
Sand A Permeability 0.001 0.005 0.01 Triangular
Sand B Permeability 0.001 0.005 0.01 Triangular
Sand A Water Sat Will Remain with interpreted values N/A
Sand B Water Sat Will Remain with interpreted values N/A
Decisions

Horizontal Number of Conductivity Fracture Half-
m Length (ft fractures md-ft Length
= 3,000 7 1,250 350
© 4,000 5

*Size of drainage area
depends on well type

Horizontal Length (ft) Y (ft) X (ft)  Area (Acres) and frac len gth S
2,000 800 2,500 45.9
3,000 800 3,500 64.3
4,000 800 4,500 82.6

PGNiG HALLIBURTON



Well Productivity Modelling

Fracturing scenario analysis

3. Multiple fracs per

Horizontal well
8-10 frac per well 300ft
Gas Cumm 3 Bcf

2. Increase frac lenght
1 Frac per Vertical well

Frac length 700ft

Gas Cumm 0.8 Bcf

[
Q
S
c
@
9]
=
£
£
=]
O
)
Q
o

1. Current State i so °
1 Frac per Vertical well ._e;:;ht -
Frac length 250ft g

Gas Cumm 0.3 Bcf

Color by Number of Fractures:
=l =2 4 =5 6 8 10

Given the large number of variables considered, numerical simulation was required to quickly focus on optimum
scenario

PGNiG HALLIBURTON



ASSET DECISION SOLUTION
An Example of Possible Scenarios

Decisions
well
RESERVOIR Type count | enhanced method price
Conventional D vertical I no one 0
\
Tight Gas Ps horizontal 10 acidizing 10
Shale Gas S multil‘aftmi\ 15 fracturing 100
) I
.5 D+Ps deviatea™ > advanced fracturing 11000
o
O vertical g CA multilateral
PS+D+S Shale 50 10000
S+D shale gas ,/ 100 100000
/ Acidizing +
Con_D+un_D+unc fracturing
3 S 150
€

PGNiG HALLIBURTON



Analyze and Optimize
Decisions with uncertainty

* Build Integrated Asset Model

© LibyaCycle9_BaseCasePLUSOptimization100_45.xls - Spotfire DecisionSite 8.0 - [Scatter Plot]
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Mozliwa produkcja z odwiertow horyzontalnych w utworach ShaleGas w
okresie 25 lat w USA. 50% catkowite] produkcji jest uzyskiwane w przeciggu 4
lat eksploatacji. Nalezy liczy¢ sie z tym, ze aby inwestycja tego typu byta
optacalna nalezy obnizy¢ koszty wiercenia odwiertu horyzontalnego do ok. 15
min PLN.

Shale-Gas Plays - Characteristic Production Profiles
Horizontal Wells - 60-Acre Spacing

100 5 I |
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