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. . PSS-GeS
Case study introduction Sirpnsgex

| o _ _ nctober november december january fehruagy
The project explores applicability of geophysical technologies P T [ TR AT e i A Pgems e
to derisk potential exploration and production targets in summar
geothermal projects with focus on Romanian assets ®  case stydy research »

One of important goal is to improve awareness about value of ] waste o energy
geuphysi[:al SUrveys in geuthermal Established cooperation with TRANSGEX S.A.

Selected 7 projects for case study Oradea and Bejus

The project team established cooperation with TRANSGEX S.A. 13" November - participation in GeoAllians workshop
. . . presentation of final results of the case study to TRANSGEX
- the biggest geathermal producer in Romania and selected two and potential other peers

case studies:

e Beius

“Known” geothermal

e [radea waters:

The main addressed geophysical method is seismic surveys.
Also potential of electrical surveys is being studied.
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Beius, Oradea projects summary

Since 1960 geothermal water started to be used in Romania for recreation purposes, geothermal industrial production

started in 1380. Since [990/1381 two companies operate geothermal: TRANSGEX S.A. (Bihor, Satu Mare counties, Pannonian
Rasin), FORADEX (Ranat county, Olt Valley, and Bucharest region, Pannonian Basin)

Capacity of power plant

Annual production
Type of geothermal
Amount of wells
Wells production

Temperature of produced water

Well design

Well completion

2IMW

[7.0006 Geal/year
Low-enthalpy, open-system
3 production + injection
BO-701/s, av. bal/s

b2-81 °C, av.73°C

Open hole and ESP (electrical pump)

SaMW (under development to aOMW)
+a0kW electric

49,000 Geal/year
Low-enthalpy, open-system
Il production + injection
4-4721/s, av. 131/s

70-103 °C, av. 88°C

Vertical

Open hole, cased hole and perforated
(ESP + artesian)
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TRANSGEX Feasibility study, 2017
Source beoDH 2014

Fig. 9.1.8. Heat Generation Cost for
District Heating Network by Fuel

20.0
-’— Domestic Gas

Light fuel Ol 16.0

15 O-—Condensing Gas Boiler (without DH)
" emmmmm Geothermal Energy 14.0
c€/kWh 12.0
10.0 | 93
7.0 6.0
50 6.2
3.9°
0.0

100% 120% 140% 160% 180% 200%
Fuel cost compared with 2006 = 100%
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Beius geological settings PSS-Gei
TirAnsgex

 Beius geothermal field is located within Beius Basin on eastern flank of larger back-arc Panonian Basin system, in proximity of surrounding orogens
(Apuseni Mountains).

 Beius Depression is an opened towards basin half-graben formed as a result of extensional tectonics during U. Cretaceous - Miocene rifting and further
fast subsidence of a Pannonian Basin.

100 ki W 7[;\:!'(.—\“}" 5
WsW Zarand Basin Codru M s Basn Bihor Dome Puinithrust  Transylvarian Basin ENE ',;‘f,
) GRS

Y,
'd BULGARIA

LEGEND
I itor Unit - erystalline basement

D44 Bitor Unit - Permomesozoic formations

Magmatic rocks Sedimentary cover (Basement) tectonic units Explanation of symbols
[ Neogene magmaties ] Quatemary Tisza O AFT resel age

m Upper Crelaceousl‘ :l Uppermost Miocene (Pannonian) - Codry O AFT non-ese! age % :::....NM.,,.K.‘
magmatics (Banatites) B Upper Miocene (Sermatian) Bihor - Arixni N
(] wiadie Miocene (Badenian) = O Ao roset age RS
B Vviddie Miocene sal Transylvanides oceanic basement
o~
Lower Miocene el References
Chiosiie Dacia i
s - Bucavinian Supragetc/ Bivede <> s study
! upragetic / Bit
- Uocnnr(:: s b LA D Sub-Bucovinian 0 O Sandors [1998]
r Crataceous (post- L, Albian
P & 3 ) Infra-Bucovinian  Getic ’ Schutier [2004)
B Lower Cretaceous (pre-U. Albian) Schullor ot al. [2009]

B Upper Jurassic
I undifferentiated pre-Albian

- Triassic R METALIFERI

Bl Pormo-Trassic (Merten et al, 2011). [
Balassa et all 2073 (modified after Bleahu et al., 1394) 4



Beius geological settings PSS-Gets
TirAnsgex

Main tectono-stratigraphic sequences include Proterozoic to Early-Permian basement tectonic unit (nappes), sedimentary cover including Mesozoic pre-rift

sequence and Neogene syn rift and post-rift sediments

SECTIUNE GEOLOGICA PRIN BAZINUL BEIUS
MODEL HIDROGEOLOGIC (SCHITA SCARA GRAFICA)

- P

SW
NW-SE faults orientation **
Erodat
3004 3003 A001 3005
0
- 3 Molasa
neogena
500
— (3
676, H
1000 »
1500
- =, =
2000 j i
i
2500 %
[ : Apa se infiltreaz3
3000 = ) I = pe planele de sasiz
& o brecicase cu
" fa g incliniri spre
3 5 g Bazinul Bemg.
S # ¥ mezozoice sunt afectate
Brecie de falie inversa d’,;, 5 ? de falii normale neozoice
in bazs trizsicului Qé, g N din sistemul de faln
interceptata in forajele . - GALBENA
3001, 3003, 3005 -
%,
Faliile neogene afecteazi toatd structura in pinze de saria) puse in loc in Mezozoic 3, r de inci _
= N convectie
Iorecmir lng. gwolog Expest Marcea Novac

Materials from TRANSGEX, Mircea Novac



Beius geological settings. Reservoir
I T

Reservoir age

Lithology

Porosity type

Permeability

Fractures/fault type

Depth of reservoir top
Reservoir gross thickness
Temperature downhole
measurements

Temperature lateral
distribution

Water salinity

Triassic

Dolomite, Limestone, Dolomitic limestone, brecciated dolomites,
sometimes silicified dolomites

Porasity in various reports:

Matrix porosity ~2%

Fracture porosity ~10%

Mentioned vuggs developed along fractures, no information on
vuggy porosity estimation

0.0imD average matrix permeability, lamD average including
fractures

Inverse (Mesozoic) W-E direction and normal gravitational

fractures (Neozoic) NW-SE direction (Bratu, 2017)

Av. 1680m Av. 2300m

480-1000 m 311-925 m

75-92°C 82-136 °C

av. 84 °C av. 103 °C

No local high temperature area  Proven areas with faults

have been identified indicate 2-4°C higher
temp/gradient

(.5 g/1 TDS., no scaling. 0.9 - 1.2 g/1. no significant

scaling.

PSS-Ge&
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Annualincome p/wellin 2023 vs well flow l/s

o=
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= [ ]
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Flow at well /s

There are existing not successful wells due to low permeable Triassic rock (Cotiglet 4008, Stei 3002)

Temperatu re measurements
Degrees Celcum

40 50 60 70 80 90 100 110 120 130 140 150

1500 High temperature gradient

2000
£
_g. 2500 ) & 4005 ‘Bors wells
8 € Temperature in borehole & 4081 m 4795
B Temperature of produced water
. ® 3005 m 1709
3000 Temp gradient 3deg/100m ® 4796

e=@==Temp Gradient 4deg/100m
Temp Gradient 5deg/100m
3500 e Temp Gradient 7deg/100m
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Current status of well geophysics use for exploration and
appraisal purposes

m Available log data

: *  Well log data is used at time of
4005 Resistivity, lithology description = — well completion decision
4Ofe ;— making, some interpretation is
4004 Resistivity, GR, NGR 200 ;T_f S
4081 SP.Resistivity, GR, NGR, Density Z done by logging contractors
Microresistivity, GR, Neutron, CALI, Resistivity, SP, m ; for individual wells. Log data is
4767 lithodescription ; not digitized to be actively
4736 -~ used in interpretation.
4737 BR,NGR.Density,SP.Resisiiy lho descripto o 7 i Core data is not availeble o
4795 GR, Resistivity, litho description Top Mesozoic (1) oo =
= The Operator
1713 SP, GR, rock description, Resistivity, NGR, Density 1200 z
1716 SP. GR, petro interp, resistivity, CALI Tt | Well data can be used more
m7 SP, Resistivity dolamites \f\ | extensively for purpose of
1709 SP, GR, CALI, Resistivity, NGR, Density, petro intepretation B i s \‘U ErEBtlrfg mare detailed
Top Triessie _; *“@ geological concept. It may
GR, CALI, Resistivity, SP (relatively new log suite but not oo e | help to derisk reservoir
1731 relevant because well did not penetrate Triassic) —éf
3001 SP.CALI Resistivity, GR 1 | performance.
' ' Y. Porous permeable /4/
3003 intervals :
Weatherford (ILL, Neutron, Density, GR, MPD - Compact | |
3004 photodensity) i T_Sh_ﬂly lzyErS ! é
2003 ase Triassic carbonates s




_ _ _ PSS-Ge§y
Current status of geophysics use for exploration and appraisal purposes Sirnsgex

60 work is based on wells and regional studies available in the area. Used well information generally include stratigraphy, macro core and cuttings description,
observations during drilling

 Water properties measurements are more requlated, detailed water compaosition analysis have been done in frame of several recent researches [I, 3] and as part of
process addressing scaling issue work in neighbor Bors geothermal field [2).

[eophysical surveys are not currently used or considered by The Operator in GGG modelling of future well planning.

Number of recent studies addressing use of seismic 2D surveys and Magnetotelluric electrical surveys. Most of them are involving University of Bucharest. The
outcome of the studies include processed seismic lines and structural interpretation of main surfaces. Information about well use during seismic interpretation have
not been in the articles. None of found works is addressing directly Beius or Oradea geothermal projects

‘/W Received: 14 September 2022 | Revised: 3 May2023 | Accepted: 7 August 2023 [I] BH'HSSH et H”: DD”DBEHZEAWUI“?D?BZI'B
e and Applie! ) ] DOk 10.1111/ter12677 N Y4
@ " [2] STANASEL et all 2005

(3] Petrescu-Mag et all 2009
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Current status of geophysics use for exploration and appraisal purposes SirAnsgex
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14 20 Seismic sections even with applied standard

i processing workflow allow to achieve image of
Mesozoic sequence top and observe major faults
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Structure contour map of the
Ve 14008 basement of Beius Basin

fﬂ"' ecti DN ( ) ,’;;,: (Afier C. Dinu et al., 1991)

-y W;‘?/ T . o E
__-02 i : v\, Z: ot {m\ Provided in articles seismic sections illustrate | &
§_8 g }i,"‘)'é,[" : ‘QL’&;‘A? i {\}w‘, ﬁ;,,ks,umuhwu i ZCi ~ -,,3,31 complexity of Top Mesozoic morphology with
& 08 g“; ” vu ,;: “",\‘ i o s‘ ?l }hl Wy '.{{»'r?{ reversed fault blocks, normal faults. . R "
50 : :[A;‘.;{t W) ( ), ‘1 W.\p {)'3} :’f“ "f‘ﬁ o ,' &;*{’h "‘ ;’tﬁ Hydrogeological map of Beiug Basin, lancu Oraseanu
o - ARy ‘ u ‘ 1 " “'

-1 2fEEN Y ‘(*’ f‘«-.q u 2 ;f[,

-1.4 &‘ il :i< 3""3”} }(2‘) ?’i“%}*’{s’ QV Sl /* =

&ﬁi' % .%\' :’»4 )':/ f,&é‘ - .I”iﬂv.‘

1.8 s Vg 5?‘»7 q ‘Eﬁ 5‘ i / , »? ‘ﬁ Well information can be integrated in

ol “?ﬁ q 4-1& “\NJ?L ‘\.‘1 ‘:’&'1 ‘\. M _ﬂ"( 4 2L

interpretation workflow
(b)

From article Panea et all, 2020



Potential improvement from using 20 seismic surveys based on

previous studies

Addressed parameter Importance for
geothermal project

Mapping of structural critical

surface for Top Mesozoic

Mapping of structural critical

surface for Top Triassic in

inner Triassic morphology

Major faults critical

Faults with high heat flow important, but value is

not yet proven

Small scale fractures good to have

Reservoir properties good to have

(porosity, permeability)

Expected accuracy

20-30m

30-60m

certain for major faults (more
then 30-70m amplitude)

can not be defined by seismic
directly unless geological concept
is developed

Indirect indicators on seismic
attributes

Certain mapping possible using 3D
seismic, or near well VSP

2-0%, requires well data for
calibration

Passibility to achieve results in
Beius, Oradea

Available legacy 20 seismic data

Processing technologies need to
be tested to achieve interpretable
image of Mesozoic sequence

A regional concept for high heat
flow faults should be developed as
a part of regional project

Most likely quality of legacy
seismic will not allow to achieve
accurate results

Acquisition of new seismic data
should be financially evaluated.

PSS-Ge&
TirAnsgex

Time (ms)

Original data
PSTM on standard gathers

Time (ms)

PSS-Geo Processing

(example of PSTM. CRS implementation)

| PSTM an GRS gathers

PSS-Geo processing examples for 20 legacy data

10
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Potential for use of electric surveys Sirpnsgex

MD GR HRD

e Based on studied wells section can be s  bample of different methods outcomes (CSAM) and TEM. Modelling Yang Yang,

characterized as medium resistivity Bin Xion et al, 20122
contrast, which means that identification of B W W g
thick layers is possible
» Several conductive layers are on top of Conductive | | ;
Mesozoic and target Triassic which will likely layers |
=

urveying Point/m

E I | D W tn m a p h D th '|'U p -|-r|i a S S i E a nd N _E 0 500 1000 1500 2000 2500 3000 3500 40)?1\_ 4500 5000 5500 BO00 6500 7000 7500 8000 8500 9000 9S00 10000

¥
T
—_
=5
—

o Within Triassic shaly conductive intervals TopMesozoicm%% ----- &
are obstacle for mapping of best reservoir N E
ZONES
[1433;-—5
* Two main methods are usual to use in -~ . \ B ©
geothermal: Magnetotelluric (MT) and fop e =1
Transient of the electromagnetic field Top Trassi carbonates G| =k S =’
TEM,/TDEM o > —
( ) Luw rE S iW [ZDDD:I_; 0 00 100 1900 b 21X 200 0 4000 L) 00 550 !l;:ﬁ ;lﬂ: 00 790 800 A!lt:() 9000 50 |0:0230); I B
layers within ; R
Triassi 2200 Figure 11. (a) Resistivity profile of CSAMT with a line number of 60. (b) Secondary field potential
sl profile of TEM with a line number of 60. (c) Resistivity profile of TEM with a line number of 60.
pas s caortes & i -3l https://doiorg/I01080/10816466.2022.2060256 y
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Potential improvement from using electric surveys (MT, TEM)

Addressed parameter

beoelectric section

Rase Neogene sequence
mapping
Mapping of Triassic top

Faults mapping

Mapping of faults with high
temperature fluids

Mapping of zones with high
porosity and therefore higher
water content within target
interval

|dentification of deep heat
sources (intrusions, granitic

bodies)

Applicability of TEM Applicability of MT

High with high resolution

high

medium

high

not possible because of low
depth of investigation

Medium resolution to greater depth

high

Low (low resistivity contrast within
Mesozoic section)

medium

low

medium

medium

PSS-Ge&
TirAnsgex

»  MT surveys are easier in execution with low cost IK - 2.5KEUR per km, low

maobilization fee
MT field layout MT DATA

"APPARENT"

: > —.s PARAMETERS SUCH AS 1D INVERSION

f g 1 - APPARENT

=% Ey RESISITIVITY RESISITIVITY

: "”[ (Ohm-m) (Ohm-m)
Hx,y,z (Ohmm) _ il

. - > 110 100 1 10 100

" Static Shift <=

MTINTERPRETATION

100

- i
S SN m
g e . Ey curve -
(4 . o T
x - % P
Ex cu{le.: i
01— =
1 1 1
Cumming W., Mackie R. 2010
CENTRAL LOOP TEM SYSTEM TEM TEM
RECEIVER WITH DATA INTERPRETATION
CENTRAL
< APPARENT
mANsm'TT/ ECEIVER LOOP RESISTIVITY RESISTIVITY
=0 ~ (OHM-M) (OHM-M)

T I. |
10 o 1000

T
o
® o

TIME (msec)

Toachieve 3-4km depth is required to use linear system, size of
transmitter loop must be al0xal0m and 1000x1000m to achieve 4-Gkm
depth
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Recommended workflow for integrated analysis of geophysical data SirfAnsgex

n Wells logs |nthl|;atgd | Lithology model
= digitizing petrophysica Estimated porosity
= Interpretation
BE.tti".g field Seismic re-processing of legacy |:> Interpretable image of target Mesozoic sequence
. seismic data data targeting Mesozoic sequence
B
@ Structural maps
Seismic structural Wells Seismic inversion and :> Faults location
[T (Mgl Lithology prediction Interpreted sections with horizons, tectonic elements,
- predicted reservoir lithology
. Letting quotation from T — Apprnvallfrum_ThE company and
> |local electric surveys MT and TEM confirmation from local
= for MT and TEM stakeholders
o Faults |ocation
'E Electric survey planning and acquisition I:> Resistivity sections, interpreted depth
= of aquifers, zones of higher water
Processing and content and heat flow
Interpretation of results

[-4 months 4-8 months [ -1.0years >

13
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Key challenges for The Operator to apply geophysics in geothermal projects
TirAnsgex

on example of Beius and Oradea

Challenging process to access data base for legacy seismic data

Different license owners for oil & gas and geothermal projects, with potential to streamline sharing of information

Evaluation of the value of geophysical surveys as part of the planning phase for the geothermal exploration process

Opportunity to assess in-country availability of service-providers of geophysical surveys and benchmark the cost versus value of
information

14
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Technical challenges of applying TEM for deep reservaoirs ;Sri*GeE
nsgex

Innovative 2D, 3D and 4D survey technologies
with high spatial density, resolution and high sampling frequency
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