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Une agriculture développée en plaine
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Un développement anarchique
du tourisme
a partir des années 60

« Baléarisation du littoral »

~ 700 000 habitants
Capacité d'accueil: 7,3 millions de touristes!
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Intrusion du biseau salé

Jusqu'a 20kms a l'intérieur des terres!

Bassin de Campos
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i Mesures de parametres physiques, chimiques, hydrodynamiques
In situ, en forage Sur échantillons de fluides
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ﬂ%’ OBIl40 - Optical Borehole Televiewer

Optical imagery is used to gather information when acoustic imagery cant be used (air in the borehole).
However overlapping optical and acoustic images makes it possible to gain supplementary details. This

Technical sheet Data characteristics imagery provides information on the lithalogy, the borehole wall and identification of fractures.

Tool:

Congtn 200m gl i
Length: 2.00 m %0, 180 36‘31 Graphical representation of the results

Me?suramentpoim: 1.92m/tool head or 720 pixels / 360° )
Weight: 7 kg Minimum vertical sampling: Depth T ' Azimurn Image
Max temperature: 50°C Fmm ImI0m Czaso 2500 262 deg 180°
Max pressure: 20 MPa Hole inclination precision: e

. - 0.5° X dog
centraliser Cable: Hole azimuth precision: Rek

Type: 4 conductors 1°

dog

Sensor:
Sensor.
CCD 795 x 596 elements
Image:
24 bits RGB

centraliser

Downhole deployment

Probe: centralisers (one or two at more than 60 cm from the measuring
window)
Recording speed:
Low resolution: 1.5 mdmin
accelerometer High resolution: 0.2 mimin

Deployment restriction
magnetometer Well filling: water - air

Casing: no (unless for casing inspection) = cn
Maximum depth: 1500 m Source : hale LAVY {Lavalstte - Monipelliar)

Borehole diameter: 45 - 300 mm
Comments on the results
The e band coumre:

- Graphical representation of the data concerning the probe.

R T T R s

Image: RGE borefiole wail image (07 comesponding to North) . )
T: environment temperature (in °C) Right hand column: ) . . .
Azimuth: azimuth relative to magnetic north (in degrees) - Optical imagery representing the borehole wall. It is therefore possible to observe the altemation of
i Tilt: inclination relative to the vertical (in degrees) stratigraphy, fractures, etc. .

ighting Relative bearing: (in degrees) ) ) ) .
window Mag X, Y, Z: components of Earth's magnetic field (in T} Here we can see lithology and fractures, of which some are filled with calcite.

Incl X, : inclination of the tool following x and y (in degrees)

aptical head

image
window
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= - iewer paly VI  ABI40
o - Acoustic Borehole Televiewer & - Acoustic Borehole Televiewer Tool
B
Acoustic measurements enable the acquisition of an image of the hole wall depth (distance that seperates the tool
-]
‘ Technical sheet Data characteristics from the borehole wall) and an image that represents the capacity of absorption of the formation.
tool head Tool:
& LD: ;‘;:3:: ;D VT Horizontal resolution:
B ngth: 1.7 m . N - -
¥ AR . 72, 144, 288 points / 360 Graphical representation of the resulfs
s Y Measurement point: 1.55m Minimum vertical sampling:
[ & W'Blght ﬁkg 4 vt , D:I,h Traved Tima 1 Amplitude 1 Ampliteda 1 - min Rol
' Max temperature: 70°C Hole inclination: mI0m ge woe 1807 ZyGT DT ot BO° AB0C 27O0F O° 8 1347 D ano
Max pressure: 200 bar 0.5° =B Ampiiude 1- max ‘347=° MR —
1 Azimuth accuracy: Amplituda 1 - maan Tt
: —_—
deviation C_?blsl' 1 & 1347 15 2.5
ype: 4 conductors AmpEtude 1 - madian Mag
sensor b +
a8 1347 44 48
Acoustic sensor: ABmuth
Sensor: 245 280
Sensor; fixed \ el d
4 Focal distance: 1,5 mm o . 1.1
Frequency: 1.2 Mhz e P
MT
0% o Rotation speed: >10 furns/s ' a7
: centraliser b Caliper resolution: 0.08 mm - i
4 =
Downhole deployment é!
o A
o - -
f ‘\ \-..../ ] %
s 3 |Transducer = |
i Acoustic Ener [
P L~ . &Y _ 3
. Formation 2 |
1 =
= i
cantraliser E |
\v-,_.-/ — -
acoustic head a Sowrce ; hole LAV (Lavalsite - Montpslisr)
I'D .
R mirrar =] Fire Fulse Comments on the results
window i Echo
3] = mesmm— The twe left hand columns:
= AmP litude Acoustic imagery, that includes the Travel Time and the Amplitude of the emitted waves. These
- J\ two columns enable the visualisation of the formation's structure, fracture analysis, ete...
g f
& - Right hand columns:
b E 2 Travel Time -= - graphical representation of statistical values extracted from the imagery.
4 - graphical representation of the syn-measurement data provided by the tool.
A l
A -
A by Time
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LGHF ¢ ASGR - Spectral Gamma Ray Tool
Matural mdicactivity is caused by rocks and minerals, from various layers in Earth's structure, that are composed
of naturally radicactive elements. The content in radicactive elements depends greatly on the type of lithalogy. In
addition to measuring natural gamma rays, the main aim is to be able to differentiate the different radiation emitting

acteristics elements such as Uranium (U), Thorium (Th) and Potassium (K).

echnical sheet Data

tool head Tool:

Diametre: 52 mm Vertical Resolution: i i
Length: 1.22m 180 aphlcal I'EpI'ESEI"ItEItIDI"I of the results
ma_asrl:tfagm:m paint: 1.05 m Degh Temperatwe X X 1 Gamma Ray
‘eight: k t ¥ ¥ + 1
Max'gTamp:g'S"C Im:100m g c 210 Bafkg 1000 0 Bakg 200 0 Byfg 200 30 s 300
Max Pressure: 25 Mpa #
1] count 1000
Cable: Statis

Type: 4 conductors

Sensor:
Natural Gamma sensor:
-type: BGO scintilating crystal
~diametre: 38 mm
-length: 150 mm

Sampling:
256 channels

Gamma ray
detector

Downhole deployment

Probe: non centered

Recording speed:
GR: 9 m/min
Spectral: 3 m/min

Deployment restriction

Well filling: water - air
Casing: nof important

Maximum depth: 2500 m Scurce - hole | A1/11 avalatis - Monfpailiarl
A Borehole diametre: 75 - 350 mm
Comments on the results

r
B
wezz'L

P VYV

Channels The 3 main elements that emit ¢ are: Potassium, Uranium and Thorium,

I The natural radioactivity curve represents the amount of total natural gamma ray hits received per
» ™
f 4 T: Tool infamal tamperatie (dagraas Calslus) second (sum of the three elements).

: GR: "Gamma Ray" (counts) The high points correspond to a zone of high radicactivity (clays, because they are rich in K.U
y HV: High Voltage (V) and Th). The low points correspond to a zone of low radicactivity (limestones or sandstones).
K: Potassium content(Be/kg)

U: Uranium content (Bgkg)
Th: Thorium content (Bg/kg)
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Tool :
Diametrz : 44 mm
Length : 256 m
Measurement point ;
LMNR : 1,73 m
NG: 1,74 m
SPR: 1,94m
SNR: 2,14 m
SP:235m
Weight : 9, 8 kg
Max temp : 7T0°C
Max pressure : 20 Mpa

Cable :
Type : 4 conducteurs

Sensor :
MNatural Gamma Ray Detector :
50 mm X 25 mm Nal(Ti)
scintilating crystal

Probe : non centred
Recording Speed : + de 15 mmin
Cable insulation: sur 10m

Usage restrictions

Well filling : water

Casing: no casing or strongly screened casing
Maximum Depth : 2000 m

Borehole diametre: 45 - 300 mm

Output

NG : "Natural Gamma"® value of emitted Natural Gamma Rays (in APl Cs)
SMR (16") : "Short normal resistivity* resistivity between the SPR
electrode and the 16" electrode (in ohm.m)

LNR (64") : "Long nomnal resistivity” mesistivity between the SPR
electrode and the 64" electrode (in ohm.m)

SP : "Self Potential* electrode linked to a surface electrode. Measures a
pofential (in mV)

SPR: "Single Point Resistance® (en ohm)
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ELXG - Normal Electrical Tool

This tool records the resistivity of the rock and its natural radicactivity.
These resistivities are used to determine the lithology and porosity of the formation.

Graphical representation of the results

Depth NatralGamma  Short Normal Resisfivity Long Normal Resistivty ~ SeffPotenfial  Single-Point Resisfivity
1 1 1 1 L ]
r Ll T 1 L] 1
{m:200m 0 CPS 500 100 OHVM 10000 100 OHMM 10000 10 mV 200 100 OHM 10000
4 I
J |
d I
T f f
~ : / l (
. | f;
] | ! .
70.0 / { |
) | J
7 /
! | /
J Y \ 5
{ } 4 |
N ) ) '
75.0 : : :
‘I'e) \ k |
S { - 1
7 I |
£ | 4 f
q X '
oo n } ] \

Source thols BT [Ploemsur)

Comments on the results

The Matural Gamma Ray curve represents a variaticn of the amount of hits of tolal gamma rays received by the
tool in a second.

The high points correspond to a zone with more of a clay content. The low points comespond to a zone with more
of a limestone or sandstone content.

The variations of the SNR, LNR, SP and SPR curves reflect the variation found in the lithclogy. porosity, etc....




scLences

INSU

Observer & comprendre

INEE UNIVERSITE MONTPELLIER 2

UIme

ecologie 21 environnement o

SENs0rs

LGH {_ o
Technical sheet Data characteristics

Tool:
Dlamet.re: 50 mm Measurement resolution:
Length: 7.40m Pressure: 0.01 dbar
Measurement point: 7.38m/tool head Temperature: 0. 004 °C
Weight: 2.2 kg Conductivity: 0,
Max Temperature: 50°C pH: 0.01 p[z 0.004 mssem
Max Pressure : 15 Mpa Eh:. 1.mV

Cable:

Type: 4 conductors Time constants:

Pressure: 50 ms

Sensors: -
Pressure: 0 - 1500 dbar mﬁm ggﬁ
Temperature: -1 4 49°C pH: 3s
Conductivity: 0 - 62 mS/cm Eh: 35
pH: 0-14

Eh: -1000 & +1000 mV

Downhole deployment

Tool: non centered
Recording speed: 1 4 6 m’min

Deployment restriction

Well filling: water

Casing: open

Maximum depth: 1500 m
Borehole diametre: >52mm

P: Environment pressure (in dbar)

T: Tool Temperature (in degrees Celscius)

Cond: Environment Conductivity at ambiant temperature (in mS/cm)
Cond20: Environment Conductivity at 20°C (in mS/cm)

pH: Environment pH

Eh: Enviranment oxvdoreduction potential {in mv)

1/3

IDRONAUT - Hydrogeological probe

The tool measures the chemistry of the fluids found in the borehole. The measured parametres are
pressure, temperature, conductivity, concentratioin in 02, pH and the oxydoreduction potential. This tool is
mainly used in the fields of water quality control, contamination studies, aquifer and subteranian flow
identification, etc...

Graphical re presentation of the results

Daph Praszura Cand O2ppm pH
- T T [ y
ImS00m g dBar 100 02 mSlem 2000 0 ppm 25 3
Tamp Cond20 oz Eh
I I m e A s - |
20 'c 300 mSkm 100 0 % 20 -20 mv 200
T 7
4
\ {' 1

2

Sowrce @ hale MC8 (Mallorcs)

Comments on the results

The aquired results are only truly useful when compared. They enable the hydrochemical caracterisation of the
fluids found in the borehole. The hydrochemical variations can reveal infiltration of water, the boundary
betwesn sall water and fresh walar, ele...

2/3
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Débitmetre a impulsion thermique  seuil de détection: 1 mm/s

R eat Pulse Howmeter
Temperature Differential [CPS] |nterpretation Paint: Time: 22917 [2], Speed: 0.504 [m/min]  Curren L Depth: 125.010  [m]  Timescale [g]

1000 I'IDD j

CPS scale:

I‘IDDD 'l

Speed Function:

I Internal = I
_JJ Equalize |
1]

kire Heaters |

Store |
Digcard |

Fririt |

Exit |

1000 (|

L

I} Time [secon ds] 100

Heat Pulse Howmeter

Termperature Differential [CPS] |rterpretation Point: Time: 4.514 [s]. Speed: 2 966 [m/min] Current Depthe 124050 [m]  Timescale [s]

100 :

CPS scale:

I‘IDDD 'l

Speed Function:

A4 —— |lntemal A
I I_rr"_—f_—_ Equalize |

EATRMG GRID

7
?ﬁ‘ -THERMISTOR2 | [ ;l

Time [zeconds]

. e |
.-'-.:l.-'i g THERMIETOR1 Discard
H
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Lav2 (Pompage dans Lavl 22.5 L/mn) : Vitesse (mm/s)
-15 -10 -5 0 5
0 Forage pompé Forage
d’observation

10

®
20
*
30
9
40

profondeur (m)
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Winch

Woaste water tank

iFlowmeters

Tracer pump
pressure

Tracer tank

— Pump pressure—"

Upper pressure

: SALS ;
é Water pump |

pressure ipi

Flushing
water tank

Al

1| |5 Set for water injection
|| or pumping

" Ll
o |Set for tracer injection”

Data acquisition sealed hox]
i

— Flowmeter-

Packer pressure

Tracer measurement

probe

—Test zone pressure

oo

ImiE:Ir-=v

— Down pressure

Total lenght 6.4m

E

Pump

— ! o S
| a—Solenoid valve -

i
Packer up
length 1.35m when inflated
ina 112mm borehole
[

Test zone length 0.675 m
fora 112mm borchole

'

Packer down
idem packer up
i

D84 mm deflated
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-Essais de puits « classique »
-Mesures de perméabilité:

- En injection

- En pompage

-Sollicitations hydrauliques
harmoniques.

-Mesure de dispersion par tracage:
- Multi puits
- Mono puits

(Taux de récupération du traceur: 90 a 99%)

Q=0 ,0=12L/mn
o) e —

Al

Concentration (C)

=1
= =y

|
=07 |
7[—;@,' Z;Jn.s‘k

Elapsed time (7)

Differential pressure (P)
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Tracage fluorescent

photomultiplier

Light sources (2)

Fluorimeétre TloG:

Longueur: 600mm Diamétre: 42 mm
5 paramétres mesurés sur un seul photomultiplicateur:
-C Fluorescéine,
-C sulforhodamine G,
-Turbidité,
-Stabilité source 485nm,
-Stabilité source 525 nm.

Bandpass
filters (3)

Dynamique en eau claire:

E )
¥ Optical path 5.10-12 a 10-3 gr/gr

Uranine tracer data

H . -a
Fickean model C(t)~1

10* 10° Gouze et al
time (s)

Fig. 1. Example of BTC normalized by C; x7, = (so that it integrates to 1) measured at the

Ses Sitjoles test site showing the power law asymptotic behaviour C(z) ~¢ “ at large elapsed

time. The dotted curve is the best fit obtained using the standard Fickian dispersion model.




Une-

: “'}‘ ‘(W INSU IN EE UNIVERSITE MONTPELLIER 2

3 SLIENCES ET TECHNIGUES
Montpellier Observer & comprendre fitut écologie et environnement S

Tracage ionique 55

| A i
—Spoe
‘ 50 |

Technical sheet i ! \r‘_\
Teol: el ‘ N

Diametre: 50 mm Measurement resoluti} ¥

Length: 1.40 m . Pressure: 0.01 dbar

Measurement point: 1.38m/tool head Temperature: 0.004° o

Weight: 2.2 kg Conductivity: 0.604 mi =8

Max Temperature: 50°C pH: 0.01 pH

Max Pressure : 15 Mpa Eh: 1 mV 45

Cable:

Type: 4 conductors Time constants:

Pressure: 50 ms

Sensors: Temperature: 50 ms

Pressure: 0 - 1500 dbar Condudtivity: 50 ms
Temperature: -1 4 48°C pH: 35
Conductivity: 0 - 62 mS/om Eh:3s

pH:0- 14

Eh: -1000 & +1000 mV

Downhole deployment

wor'L

Tool: non centered
Recording speed: 1 4 6 mVmin

3 Conductivité 35 |
. du Fluide (S/m)
7y Cw (s/m) |

o Well filling:  water = L . 4 A
Casing:

Maximum depth:  1500m
Borehole diametre: > 52mm

9

0E

l‘l.l‘ l‘\‘l.l‘\\‘l‘\.\.\

0

JEU

time after flush start (s)

Channels

P: Er t 7 E
B Eplomt e, au
douce

0s

Cond: Environment gJ
Cond20: Environme,
pH: Environment p
Eh: Environment o

A4

Eau . . Echanges de gaz
saumatre | dissous a l'interface
eau douce/eau salée.

1 C02? Réactions avec la
20 matrice rocheuse?

500 16000 16500

£00Z “Z1L aunr - (3115 sodwe)) ZJW W AJARINPUOI piny
i

15000 15!
elapsed time (s)
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Mesures sur carottes en laboratoire

-Analyse des carottes
-Lames minces: Analyses cristallographiques.
-Mesures de perméabilité.

-Mesures de porosité.

-Mesures de conductivité électrique.

-Mesure de dispersion par tracage fluorescent.
-Mesure de dissolution et précipitation sur banc de simulation
des processus diagénétiques.

Pp(CO2) < 20MPa

T < 200°C
Core [1 9 mm and 40mm
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Connected
Porosity

Unconnected
Porosity

Massive
Calcite

Microporous
Calcite

Gouze et al.

DISSOLUTION

UNIVERSITE MONTPELLIER 2
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: - Influences climatologique et anthropique
Capteurs piézométriques autonomes (P, T°C)
Monitoring WE." North, June 2003 - decemb:er 2003 B s {ml— i
R | i w-ﬂ'l- v “
I.I.|1| |.LI"IJ ”IIH ™ |
2 | " Summer Time (month) - Fall |

(0.} dwe 1
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Observatoires de résistivité électrique.

- VGr‘IGblllTe de la résistivité en pr'ofondeur' et au cours du temps

Measurement of electrical resistivity as a function

of depth in MC9
5 100 @ stringer 7
% = induction - deep
(i 2 m=  jnduction - medium
g 0
/. E
~ 3
r o
’ """‘\ .I - 1 " T
/£ _.!‘_u'_ 40,0 48,0 56,0 64,0 72,0 80,0 88,0 96,0
. Depth (m) in MC9
' .”" X
gl b
i
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