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INTRODUCTION

This presentation will show an example of best data
optimization from a Deep well (Case A) drilled in
unconventional reservoir part of Pannonian basin

All these informations can contribute to:
e Optimal well position
e Minimize environmental risks
o Identify best target for well completion
e Maximize production
e Field deployment

Integration with other data services like geological
assistance and coring, validate and support all above FE
data collected, processed and analyzed



SUMMARY

Field history and geological description

FE data available

= WL logging

= Geological Master Log
= Core analysis data

FE logging analysis and interpretation

COMPOSITE PLOTS of integrated services
= FE Logging

= WL analysis comparison with CORE data

= MREX fluid characterization and quantification

= Acoustic and Image In-Situ stress analysis
= RPM in OH : Inner vs. Standard Fe data / GasView!™

Conclusion: results on full integrated analysis



Field History and geological description
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FE logging data

= TARGET: Lower Pannonian Formation (Szalonta/Endrod Fmt.)

= General Well Information:

= Max. Inc.: 1.9°

= Max Temp: 105.6° C downhole

= Mud Prop.: WBM, MW: 10 ppg, Salinity: 41.8 g/l CI-
= Rm @ BHT: 0.065 Q/m @ 104.5° C

= BHI WL Logging program:
1. HDIL/XMac-F1/WGI (Resistivity/Acoustic/Borehole profile)

2. ZDL/CN/DCBIL (Density/Neutron/Circumferential Image log
3. MREX/DSL (NMR/Digital Spectralog gamma ray)
4. RPM/GR (Pulsed Neutron/ Gamma ray) in open hole

= Local Geological services

= CORING data



FE logging analysis & interpretation

= FE evaluation
= Composite plot importing core and mudlog gas shows
= Comparison with core data

e Porosity
e Permeability
MREX fluid characterization and quantification
= XMAC
e Slowness determination (high resolution 0.5 ft)
e Cross waveform (Acoustic anisotropy)
CBIL Image analysis
e Comparison anisotropy and in situ stress

RPM in open hole (gasview analysis and porosity)



N L °
e)fflo)e r re & aas dat- ~aratio

-

Six BOREHOLE] GR & SP Vp/Vs Mud log gas | Permeabllity HDIL HDIL D
o /1 er, Neu A
ms | Fooiie sp Vo Horgs, | ©1 Mud log gas | NMR Perm. Vertical 2ZF1 & ast Sinress Borensie T2 ON G atio Mpex MREX,
adial \s70 2 __azo|n A 1£3%8e | 001 oo Resolution Vertical 2 ft & D.5 ft resolution Image rourien ! P i
expanded (mvVv) (dim) (c1) [F2] (mD) [F4] 2 Matehing resol/ution g T2 dist [tpor] oo & Core phi
AL GR SL €1 Mud log_gas KH core DTC Q 1810 18
.- 15 1 4986 | 0.04 100 . ZDEN [zden] 4 Image not corr, Fa
) 10" True Res 10" True R 2 4240 360 [F4] [F4]
(aAPD 1 [F2] [F5] 0.2 Sa0lo.2 Boo =1 = )
B size_ | st i (9/om3) . L23]
B SZE_ | A (Th+K) €3 Mud log gas KVcore (onm.m) Conm.m) b Hig res. DTC
e —— - 20 1 1E+06 1001 _ __10Q] ” M CNC [en<] 40 40
(X\) _ (AP 1y 1F2] ] L2720 True Re?s,pq Q 20" True Res.pg 48 e e e - e S RS 1200 o
CALS . [ Peeeean Y .
a7 d 1\(14 Mud \?%3936 o.ci ! €2 %00 {ehm.m) (ohm.m) ZCOR 240 Hig- res Shear Image not corr, MR Total Porosity
) = » 30" True Res, 30" True Res, —0.55 525 o 560 | 50
€1 [F2] 0.2 20010 200 REERER - - =S (us/ft) [F31 “ouy [Fal
LG8 Mudlog gas | o KV core o (ohm.m)> (ohm.m) RhoB © <9acm3> L, Dipo Shear slow. ?\:R PHE
X % " " ore =R
1y [F2] o GoT True RES'OO o 80" True Res. o R 2.91. 2 1200 ° 50— - — e 0
1NC4 Mud \?%qus {ohm.m) (ohm.m) RHOB[FSJ 4DStDne\ey slowness A(/Tp;)N[TB\/]\
—— 90" True Res. 90" True Res. 1.91 Cere V 2.91 2 =0
(c1) [F2] 0.2 2001 0.2 350 frrT e m e B St (us/ft)
{ohm.m Cohrn.m> LFs] (puy [F4]
120" True Res 120" True Res 45 PHl core H —15 45PH‘ cere *H‘ S
R J P A Tra] [Fs5]
TGas Mud | hm. .
1 RS | ¢onm.m> (ohm.m> PHI core V PHI core V
o1 Trel 45 —1s 45 =15
[Fs5] [Fs]
s Phi core H LPhi core H
proosrrcreeceee® peeeeeeeed
45 Phi core V Phi core \/15
nﬂﬂﬂaannnnnnaanskf’: Feeeeeoasg
‘o Rhob core V
n'nnnvnuuuuuuauuzdgoﬂu
Rhob core H
Z 4L - i
—_ - -y e
s { — N caisam
" H ) b
> + - i = )
L 4 = —— 1
M NI P< | | 4 N - Y
. ass > A1
” i) ] S JLisr
L 2 e 1
1 1 | S ICET TSN\ | T A >
f e AR\ i 1] | 1]
A | | [ . P - >
4 L] i = - -~ -
i == H L L0 u pal <= 3 U A AR
— = -
md N 1| [ T e A
e - l
] \ |- il al ! :' 3 ‘s = X g
A 1] : ! £
= al 1] = —F
o = i i ; 27
+ 1 1 H N ] —
v 4 A\' : - : . A ]
t $ | TN ST g‘:—— . @]
| |
v 3 I Rl R il ' ¢
| i 1 p 2
2 I U U l
3 Ny | | 1] (] [ 1] o | 1] | | !
ik 1] : : - :
- | ||| | 1] [y \ :
' " $!/
d

i L7 7 AR, SENI . :
| = i e ot
7/ NI A A 2 i R =Hhry
i g T i R DT BEEER T ——
AV aip®sz T N ~ ~— '
INA1I InnsY 2 = ;
' i SRRazEE: _ :




Comparison with core data: ® and K

Good agreement Discrepancy between Good agreement

between MREX rhob from densilog between

permeability and core and rhob from core Neutron/Density

permeability analysis porosity and core
porosity
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MREX: fluid characterization and quantification

= MR porosity measurement is

= A direct measurement that is sensitive only to the fluids present
in the rock pores

= Independent of rock matrix and mineralogy

= NMR - Porosity Model

clay-

bil
matrix 32; bound Tv:t;f hydrocarbon
water
>~ BVI BVM —
— CBW < (I)effective - 1
v (I)total >
= QOriented Object Acquisition mode (OOA)
PoroPerm + Gas =Porosity by der CBW, BVI, BVM, kyygr
=Permeability T, Ty, D

sHI , pgs Sg,xor 2DNMR imaging

sQuantify & characterize gas .

& light oil (< 1 cp)



MREX: fluid characterlzatlon an uantlflcatlon
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MREX: fluid characterization and quantification

MREX: Superior hydrocarbon typing

= Innovative NMR acquisition (OOA) techniques provide comprehensive NMR data
for thorough fluids analysis

= 2D NMR plots identify and quantify hydrocarbons
= Available from all hydrocarbon typing Objective Oriented Acquisitions
= Acquired as continuous logs (NOT stationary measurements!)
= T1/T2 contrast used as Gas indicator (R_T2 method)
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Overall Case A overview
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XMAC: In-situ stress analy

High resolution slowness derived

Well/reservoir direct options
= Acoustic shear anisotropy
= Borehole image log
The Best option
= Combining Imager & shear anisotropy!
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CBIL: In-situ stress analysis

ﬁ
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OH RPM logging: GasView'™ quantification

Case A: Gas evaluation using RPM FE data
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OH RPM logging: GasView'™ quantification
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Conclusion: results on full integrated analysis

FE basic logging might not be enough to characterize fluids and optimize completion
program (ex. borehole shape, geomechanics, free fluid saturation)

Core data generally still as reference for porosity/permeability

N/A or invalid core data might be replaced by high tech tool and petrophysics in short or
longer time, depending on service

NMR advanced technique can help identify:
= Gas Saturation
= Correct Total / Effective porosity by gas effect and be alternative to Neutron Porosity
= Establish Gas diffusion also in water filled pore spaces

In-situ stress and rock mechanical analysis from acoustic ml?ht help preventing incorrect
well planning and other effects (es. Sand production, borehole stability)

In-situ stress and mechanical analysis from IMAGE logging integrates with acoustic
geomechanical analysis to highlight stress directions (es. Break-outs)

RPM C in Open Hole logging

Data QC showed good response in good hole condition but generally borehole washouts
compromised correlation

= Verification on porosity emulation was based with core, post-processed data as offsets
= Vshale from RPM in good correlation with Vshale from petrophysical analysis

= Preferable, in case of open hole application, to run it again in CH to check Sg validity and others
(ex. invasion profiles)

= RPM does not replace OH tools but can be an option (very slim holes, no radioactive uses etc. etc.)
to provide fluid saturation analysis

Well is completed in 2 intervals and producing 78400 m3/day gas + 13.2 m3/day cond.
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