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BRGM'’s involvements in the European
HITI STREP (FP6-2004-Energy-3)

=~ BRGM will participate to the Work Packages

® WP2 (6 person-months): Well fluid properties (to develop a
wire line logging tool measuring temperatures up to 320°C)

® WP3 (15 person-months): Reservoir evaluation (to validate
the Na-Li chemical geothermometer at temperatures 300-
500°C; to estimate reservoir storativity and fluid flow rate
from the tracer tests using organic compounds injected at
temperatures of 350°C)

® WP5 (5 person-months): Field testing and data analysis (to
test the new tool developed in this project in the high
temperature geothermal wells from Iceland)

® WP7 (1 person-month): Dissemination (to identify the
potential market for the tools developed by BRGM in this
pI’OjeCt and disseminate the teChnOIOgy) @ Géosciences pour une Terre durable
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BRGM'’s involvements in the European
HITI STREP (FP6-2004-Energy-3)

~BRGM will be the leader contractor in the
WP6 (Prospects to 500°C; 13 person-months)
to examine and develop prospective
strategies and new concepts in order:

® to perform geophysical and geochemical measurements
(temperature, pressure, gamma radiation, acoustic signal,
conductivity and pH) at temperatures up to 500°C

® to collect down hole fluid samples at temperatures up to
500°C

> Total BRGM costs: 723 k
Requested BRGM grant: 354 k Qbrgm
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BRGM TEAM

= Michel BRACH (Technician): WP2, WP3, WP5
= Gilles BRAIBANT (Technician): WP2, WP3, WP5

= Francois LEBERT (Geophysicist): WP2, WP5, WP,
WP7

= Karine LE PIERRES (Geochemist): WP3, WP6, WP7
= Romain MILLOT (Isotope geochemist): WP3

= Bernard SANJUAN (Water geochemist): project
leader, WP3, WP6, WP7
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WP2: Development of logging tools (wire
line temperature sensor up to 320°C)

= High temperature measurements using a logging tool
developed by R. Gable and JC. Foucher (BRGM) in the
1990 years (the main problem is the protection of the
cable used for signal transmission to the surface)

= Tool conception (amelioration of ceramic QUARTEX
connectors, sheathed cable : PTFA + coated glass
fibre)

= Tool manufacture in association with a subcontracted
company

= Temperature and pressure tests at Iaboratory
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WP2: Wire line tool for high temperature
measurements (T < 350°C)

{SONDE HAUTE TEMPERATURE

— POSITION DES JOINTS —

—_ 7]

TNy
| EMBOUT HAUTE TEMPERATURE | T Sensor

| EMBOUT G.0.1/, |

5 e
| E—

= ,,==j\=2

L i REP. [Nbre LIAISON REF. FORCE DE
NN SERRAGE
Pied de cable HT / MSE- 002490-08-07-1SPB
1 1 40 daN/mm
embout sonde HT (ADVANCED PRODUCTS)
Embout connect.HT /
2 1 rallonges MSE- 002420-06-06-1SPB |10 daN/mm
3 3 Reallompe & wallangs MSE- 001560-06-06-1SPB |10 daN/mm
/ capteur
4 1 | Embout connect.G.0./ | y4p. 002668-08-03-1SPB |10 daN/mm
rallonges
Embout connect.G.0./ Joint torique VITON
5 1 connecteur G.0. male Tef. 15-5681-13
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WP3: Reservoir evaluation (use of the
Na/Li geothermometer at high temperature)

> Three thermometric Na/Li relationships exist
for temperatures < 350°C:

® For most of the saline and dilute geothermal solutions
(Fouillac and Michard, 1981)

® For geothermal solutions in oil and sedimentary basins
(Kharaka et al., 1982; Kharaka and Mariner, 1989)

> A thermometric Na/Li relationship relative to
the seawater-basalt interaction processes
(Middle Atlantic Ridge, East Pacific Rise,
emerged rifts such Iceland and Djibouti) is
suspected and must be confirmed by the
results obtained during this pro;ect@bFaiiI:if""ﬂe"mmm
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WP3: Reservoir evaluation (use of the
Na/Li geothermometer at high temperature]

Conditions of use of the chemical Na/Li geothermometer
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WP3: Reservoir evaluation (use of the

Na/Li geothermometer at high temperature)

—_
o
=
©
—
—
Se
o
S
Na”
-
—l
I
Z
N
(@]
=

- @ Wells Reykjanes (Iceland)

" O wells Bouillante (Guadeloupe)

: B Diamant hot springs (Martinique)
L @ Wells Lamentin (Martinique)

= O Dominica hot springs

A O wells Soultz (France)
Mount Pelée hot spring

i ® (Martinique) ! ]
] 1.

>,
-

Saline fluids

"y =1,2216x + 0,0306
R?=0,979 A

-

- O well Asal, B Obock hot spring (Djibouti) Basalt - seawater

interactions

y =0,8557x + 1,2745
R? = 0,9656

Sedimentary
basins

y = 1,5883x - 1,286

R? = 0,9809

Dilute fluids

y =1,0744x - 0,5992
R? = 10,9752

A v X IX A X :
400 350 300 250 200
1,5 2,0

Département Géothermie

x [l

[l xl : [l xl
150 100
2,5

10°/T (°K)

Thursday, January 11t 2007

>9



WP3: Reservoir evaluation (d’Li analyses
In high temperature geothermal solutions)

= Determination of d’Li values (using ICP-MS/MC) in
high temperature geothermal solutions as tracer of:

® reservoir temperature (isotope fractionation between water and
reservoir rock dependent on temperature)

® nature of the reservoir rock (basalt, andesite, volcano-
sedimentary rocks, etc.)
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WP3: Reservolir evaluation (tracer tests
In high temperature wells)

= Organic compounds: Na-benzoate, fluorescein
and sulfonate naphthalene family (1,5-, 1,6-, 2,6-,
2,7-dsn, 2-ns, 1,3,6-nts, etc.) analysed by HPLC

= Tracer tests carried out by P. Rose (EGI, Utah
University) before 2001 (up to 310°C): Dixie Valley
(Nevada), Steambot Springs (Nevada), Ohaaki
(New Zealand), Awibengkok (Indonesia)

= BRGM experience: Bouillante in Guadeloupe,
French West Indies (Na-benzoate, 1,5-nds since
1998 and 2003, 260°C) and Soulz-sous-Foréts in
France (Na-benzoate, fluorescein, 1,5-, 1,6-, 2,6-
and 2,7-nds in 1997 and 2000-2005, 200°C)
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WP3: Reservoir evaluation (tracer tests in
high temperature wells)

> Main results obtained in Bouillante: slow direct
hydraulic connections between productive wells
distant of 500 m (tracer transfer time > 16 months).
Reservoir volume estimated to be > 30 millions of m3

= Main results obtained in Soultz-sous-Foréts (EGS).
Determination of:

several hydraulic connection loops between wells (a relatively good
connection between GPK-3/GPK-2 and bad between GPK-3/GPK-4),

proportions and recovery rate of injected fluids,
proportions of native geothermal fluid and minimum reservoir volume,
flux of the native geothermal fluid,

mean linear fluid velocities (mean transfer time, time of the first tracer
arrival, time of the maximum tracer arrival...)

swept volume (fracture pore volume occupied by tracer)
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