Fate of repository gases (FORGE)

The multiple barrier concept is the cornerstone
of all proposed schemes for underground
disposal of radioactive wastes. The concept
invokes a series of barriers, both engineered and
natural, between the waste and the surface.
Achieving this concept is the primary objective of
all disposal programmes, from site appraisal and
characterisation to repository design and
construction. However, the performance of the
repository as a whole (waste, buffer, engineering
disturbed zone, host rock), and in particular its
gas transport properties, are still poorly
understood. Issues still to be adequately
examined that relate to understanding basic
processes include: dilational versus visco-
capillary flow mechanisms; long-term integrity of
seals, in particular gas flow along contacts; role
of the EDZ as a conduit for preferential flow;
laboratory to field up-scaling. Understanding gas
generation and migration is thus vital in the
guantitative assessment of repositories and is
the focus of the research in this integrated,
multi-disciplinary project. The FORGE project is a
pan-European project with links to international
radioactive waste management organisations,
regulators and academia, specifically designed to
tackle the key research issues associated with
the generation and movement of repository
gasses. Of particular importance are the long-
term performance of bentonite buffers, plastic
clays, indurated mudrocks and crystalline
formations. Further experimental data are
required to reduce uncertainty relating to the
guantitative treatment of gas in performance
assessment. FORGE will address these issues
through a series of laboratory and field-scale
experiments, including the development of new
methods for up-scaling allowing the optimisation
of concepts through detailed scenario analysis.
The FORGE partners are committed to training
and CPD through a broad portfolio of training
opportunities and initiatives which form a
significant part of the project.

Further details on the FORGE project and its
outcomes can be accessed at
www.FORGEproject.org.
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Figure 10 Design details of extension tubing

Figure 11 Tool key used to screw extension tubing
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Figure 12 Coupling piece to join packers to extension tubes

The screw tool is guided by specially constructed guide tubes installed inside the casings at each
bolt. The guide tubes provide a quick and easy way of locating each bolt during installation.
Finally, all joint connections are designed with a double O-ring construction to guarantee the
water tightness of the system.

5.6. End piece

The end of the packer system is extended with an end piece (Figure 13) in order to minimize
the effects of the excavation caused by the drilling operations. The end piece consists of a
closed-end hollow steel casing, as shown.
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Figure 13 Details of end piece
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The length of the end piece measures 70 cm and was estimated based on modelling scope
calculations (Table 2 and Figure 14) using the following parameters:

e Packer diameter d=35.6 cm

e Drill hole diameter D=41.6 cm

e Length of packer: 0.38+1.5+0.38=2.26 m
e Length of filter section: 0.1+0.2+0.1 m

Table 2 Simulated scope calculations

Pressure applied on 0.0~2.0 2.0 2.0~4.0 4.0 4.0~5.5 5.5 5.5~7.0 7.0 7.0~8.0 8.0
Boom clay (MPa)
Time duration 2 48 2 48 2 48 2 48 2 48
(hours)
45 —— After excavation-24h - - - Before applying pressure-48h
"0 —— Pressure from 0 to 2MPa-50h - - - Pressure at 2MPa-98h
\\ —— Pressure from 2 to 4MPa-100h - - - Pressure at 4MPa-148h
35 -~ —— Pressurefrom4to 5.5MPa-150h - - - Pressureat 5.5 MPa-198h
\\‘ N L —— Pressure from 5.5 to 7.0MPa-200h - - - Pressure at 7.0MPa-248h
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Figure 14 Results of scope calculations to determine length of end piece

The scoping calculations indicate a hydraulic radius of influence of 1.35 m from the centre of
the packer, which corresponds to a distance of approximately 70 cm beyond the end of the
packers.

5.7. Data acquisition system and channel allocation

The DAQ system for the packers contains 90 channels in total. The channels are used for
monitoring pore water pressure, gas pressure, confining total pressure, inflation pressure and
displacement. They include 14 spare channels which can be used to perform additional
monitoring if needed. The channel allocation of the DAQ system appears in Table 3.
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Table 3 Allocation of data acquisition channels

Channel No. Sensor Name ID Sensor Units Sensor Type

1 DCDC_1 Analog

2 11.2.G1 12.00 kPa Gas Injection Line
3 11.2.G1 15.00 kPa Gas Injection Line
4 11.2.GI 18.00 kPa Gas Injection Line
5 11.2.G1 21.00 kPa Gas Injection

6 11.3.GD 12.00 kPa Gas Detection Line
7 11.3.GD 15.00 kPa Gas Detection Line
8 11.3.GD 18.00 kPa Gas Detection Line
9 11.3.GD 21.00 kPa Gas Detection Line
10 DCDC 2 Analog

11 P1.4.PP 12.00 kPa Pore Pressure

12 P1.4.PP 15.00 kPa Pore Pressure

13 P1.4.PP 18.00 kPa Pore Pressure

14 P1.4.PP 21.00 kPa Pore Pressure

15 12.1.GD 12.00 kPa Gas Detection Line
16 12.1.GD 15.00 kPa Gas Detection Line
17 12.1.GD 18.00 kPa Gas Detection Line
18 12.1.GD 21.00 kPa Gas Detection Line
19 DCDC 3 Analog

20 12.2.Gl 12.00 kPa Gas Injection Line
21 12.2.G1 15.00 kPa Gas Injection Line
22 12.2.G1 18.00 kPa Gas Injection Line
23 12.2.Gl 21.00 kPa Gas Injection Line
24 12.3.GD 12.00 kPa Gas Detection Line
25 12.3.GD 15.00 kPa Gas Detection Line
26 12.3.GD 18.00 kPa Gas Detection Line
27 12.3.GD 21.00 kPa Gas Detection Line
28 DCDC 4 Analog

29 P2.4.PP 12.00 kPa Pore Pressure

30 P2.4.PP 15.00 kPa Pore Pressure

31 P2.4.PP 18.00 kPa Pore Pressure

32 P2.4.PP 21.00 kPa Pore Pressure

33 13.1GD 12.00 kPa Gas Detection Line
34 13.1GD 15.00 kPa Gas Detection Line
35 13.1GD 18.00 kPa Gas Detection Line
36 13.1GD 21.00 kPa Gas Detection Line
37 DCDC 5 Analog

38 13.2Gl 12.00 kPa Gas Injection Line
39 13.2G1 15.00 kPa Gas Injection Line
40 13.2Gl 18.00 kPa Gas Injection Line
41 13.2G1 21.00 kPa Gas Injection Line
42 P1.7 P1 18.00 kPa Packer Inflation Line
43 P2.7 P118.00 kPa Packer Inflation Line
44 P1.2.TP 22.30 9611 kPa Total Pressure Cell
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Channel No. Sensor Name ID Sensor Units Sensor Type

45 P1.2.TP 19.30 9643 kPa Total Pressure Cell

46 DCDC 6 Analog

47 P1.3.DT 22.30 DT2230P1 mm Displacement transducer
48 P1.3.DT 19.30 DT1930P1 mm Displacement transducer
49 P1.5.DT 12.00 DT12P1 mm Displacement transducer
50 P1.5. DT 15.00 DT15P1 mm Displacement transducer
51 P1.5.DT 18.00 DT18P1 mm Displacement transducer
52 P1.5.DT 21.00 DT21P1 mm Displacement transducer
53 P1.6.TP12.00 9646 kPa Total Pressure Cell

54 P1.6.TP 15.00 9619 kPa Total Pressure Cell

55 DCDC 7 Analog

56 P1.6.TP 18.00 9592 kPa Total Pressure Cell

57 P1.6.TP 21.00 9604 kPa Total Pressure Cell

58 P2.2TP22.30 9635 kPa Total Pressure Cell

59 P2.2.TP19.30 9576 kPa Total Pressure Cell

60 P2.3.DT 22.30 DT2230P2 | mm Displacement transducer
61 P2.3.DT 19.30 DT1930P2 mm Displacement transducer
62 P2.5.DT 12.00 DT12P2 mm Displacement transducer
63 P2.5.DT 15.00 DT15P2 mm Displacement transducer
64 DCDC 8 Analog

65 P2.5.DT 18.00 DT18P2 mm Displacement transducer
66 P2.5.DT 21.00 DT21P2 mm Displacement transducer
67 P2.6.TP 12.00 9667 kPa Total Pressure Cell

68 P2.6.TP 15.00 9605 kPa Total Pressure Cell

69 P2.6.TP 18.00 9629 kPa Total Pressure Cell

70 P2.6.TP 21.00 9598 kPa Total Pressure Cell

71 bottom flange kPa Analog

72 spare Analog

73 DCDC9 Analog

74 Temp Interval 1 —-C Temperature

75 Temp Interval 2 —C Temperature

76 sparel Analog

77 spare2 Analog

78 spare3 Analog

79 spare4 Analog

80 spare5 Analog

81 spare6 Analog

82 DCDC 10 Analog

83 spare?7 Analog

84 spare8 Analog

85 spare9 Analog

86 sparel0 Analog

87 sparell Analog

88 sparel2 Analog

89 sparel3 Analog

90 spareld Analog
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Table 4 lists the type and number of sensors installed for the monitoring of the packers. These
are:

e 12 total pressure

e 36 pore and/or gas pressure
e 12 displacement

2 packer pressure

2 temperature

Table 4 Installed sensors

Parameter Displacement Total pressure Pore or gas pressure | Packer pressure Temperature
Supplier AlP Keller Keller Keller Solexperts
Type rectip 12 Serie 7 PAA X33 X33 PT1000
Range 0-50mm 0-150 bar abs 0-100 bar abs 0 - 150 bar abs 0-50°C
Signal 0-25V 4-20 mA 4-20mA 4-20mA PT 1000
Interval 1 8

Packer 1 6 6 4 1 1

Interval 2 12

Packer 2 6 6 4 1 1

Interval 3 8

Total 12 12 36 2 2

The DAQ system as well as pressure control unit are mounted in a steel cabinet (Figure 15). The
DAQ system consists of the following main components:

e 10 Single board interfaces with the following specifications:
O 8 16 bit analog channels with overvoltage protection
Power supply; 24 V for sensors, 2.5 V for PT 1000 temperature sensors
Voltage signals: 0 -2.5V;0-5V:0-10V
Current signals: 0 — 20 mA; 4 — 20 mA (active or passive)
Temperature: PT 1000
O Linear potentiometer: displacement sensor

e Watchdog, control device for DAQ system

e Industrial PC

e Monitor screen
The pressure control unit houses the visual pressure gauges, which are connected to the

various filters by a dual-line valve system, as shown in Figure 15.

O O 0O
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Figure 15 DAQ system [left pannel] and pressure control unit [right panel] during testing at
Solexperts

The DAQ system includes a computer-controlled measuring and recording system with a visual
readout display. The packers are connected to a control unit equipped with manometer
pressure readout gauges fitted with dual tubing Swagelok® valves. Besides controlling the
pressure, the valves can be used for injection and purging of the lines. The control unit
connects each pressure line in the packers enabling a direct control of pressures during inflation
and deflation of packers. A full view of the DAQ system during control tests appears in
Figure 16.

Figure 16 Full view of DAQ and control unit systems during tests at Solexperts

18





