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Outline

- Subsidence above gas fields (Ravenna Region)

* Injection of CQ (super- and subcritical
conditions)
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Cross section through the reservoir RAVENNA TERRA

System of aquifers




The RAVENNA TERRA field
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Susidence along the major radius of the RAVENNA TERRA field
for the periods 1949-1972, 1949-1977, and 1972-1977
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Evolution of the hydraulic head in the five aqifers below Ravenna

Aquifers
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Benchmarks around RAVENNA TERRA with measured levellings in
1982, 1986, 1992, and 1998
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The RAVENNA TERRA field



The RAVENNA TERRA field
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Behaviour of porous media subjectedto loading/saturation variations
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spacing| bottom top FSMT 94 | FSMT 96 | Ds (mm) | Dp (MPa) | % clay
1-2 1424.50( 1414.00, 10487.7] 10489.7 -2.0 0.90 3
2-3 1414.00 1403.70] 10470.6] 10465.0 5.6 0.90 20
3-4 1403.70[ 1393.10, 10780.3| 10786.4 -6.1 2.00 38
4-5 1393.10[ 1382.60 10512.4 10511.0 1.4 1.05 13
5-6 1382.60[ 1372.10 10476.9] 10471.7 5.2 1.05 1
6-7 1372.10[ 1361.50, 10573.6 10579.0 -5.4 1.05 57
7-8 1361.50| 1351.10] 10461.6] 10453.2 8.4 0.95 24
8-9 1351.10[ 1340.60 10470.6 10464.5 6.1 0.95 0
9-10 | 1340.60 1330.00, 10574.9] 10551.9 23.0 0.95 34
10-11 | 1330.00] 1319.70] 10349.2] 10356.6 -7.4 0.80 51
12-13 | 1274.60 1264.10, 10417.3] 10413.3 4.0 1.50 66
13-14 | 1264.10] 1253.60 10575.4f 10588.1 -12.7 1.50 78
14-15 | 1253.60 1243.40, 10179.1] 10168.6 10.5 0.90 67
18-19 | 1211.70 1201.10; 10551.4] 10568.2 -16.8 1.30 31
19-20 | 1201.10{ 1190.60 10528.9] 10546.7 -17.8 1.70 31
20-21 | 1190.60 1180.50, 10125.8| 10114.9 10.9 0.85 8
21-22 | 1180.50] 1169.70[ 10831.8 10829.7 2.1 0.17 9
22-23 | 1169.70] 1159.20[ 10495.6( 10498.2 -2.6 0.05 0







Hydrostatic cormpression test with water injection
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mean Bishop stress

scalar measure of deviatoric stresses

modified suction = ©

unit outer normal vector to yield surface and potential surface

material parameters stress ratio
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Dependence of p; on suction

yield limit

yield limit in saturated conditions

material parameter

Evolution of yield limit in the (p’, s) plane
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k = slope of the elastic unloading line in the (e, In p))
plane during a triaxial test

compressibility value

material parameter

Elastic deviatoric strain increment
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rmerrnorl/mrrrmr Formulation of EnnancecdgElastoplastic
Constitutive Model for Partially Saturated Soils
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Subsidence [m]

Distance from axis of maximum subsidence [m]
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Supsidencealong the major reservoir radius cduring production
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Governing equationsfor multipnase flow in a deforming
porous rmediurn

e Equilibrium equation for the multiphase

 Mass balance equation for water

 Mass balance equation for gas



Multiscale rodel reservoir scale—regional scale

balance equation for the

 Equilibrium equation for the mixture

 Flow conservation equation for the aquifers and
aquitards
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Flow proplems

Injection of supercritical CO,
S
viscous fingering

gravity segregation

capillary effects



Injection of COZ2 in supercritical conditionsin deeplayers
for storagepurposes
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CO, Injection



CO, Injection



CO, Injection



Soll layers pelow Venice
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CO, Injection



CO, Injection



Injection of CO, in an aquifer at deptn petween 60LE00m

subcritical
supercritical
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Injection of seawaier
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