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1 Introduction 

In October 2016, Solexperts was awarded a contract to install customised grout packer systems 

in the monitoring boreholes PRP 16.001, PRP 16.002, PRP 16.003 and SBH 15.004 as part of 

the In-situ Stimulation and Circulation (ISC) Project. The aim of the instrumentation of the 

monitoring boreholes is to capture the three-dimensional pressure, stress and temperature 

propagation behaviour which develops during water injection at high pressures into one or 

several shear zones for fracture network stimulation. The monitoring boreholes are located in 

the VE cavern at the end of the AU gallery. The geometry of the monitoring boreholes as top 

view and in a vertical cross-section and the specifications of concerned boreholes are given in 

Figure 1.  

The down-hole completions are described in Chapter 2. The technical drawings are displayed in 

Appendix A. The field installation work is described in Chapter 3 and the corresponding photo 

documentation is shown in Appendix B. The details of the field activities are summarized in the 

logbook of Appendix C. The calibration sheets of the pressure sensors, the wiring diagrams of 

DAS components, and the fibre optic cable and resin data sheets are included in Appendix D.  

 

 
Figure 1: Monitoring borehole setup and specifications (source ETHZ and Nagra)  
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2 Borehole instrumentation 

The borehole information is given in Table 1.  

Table 1:  Details of the boreholes PRP 16.001, PRP 16.002, PRP 16.003 and SBH 15.004 (source 

ETHZ and Nagra) 

Name 
Diameter 

[mm] 

Depth 

[m] 
X Y Z 

Azimuth 

[°] 

Dip 

[°] 

PRP 16.001 131 47.91 667466.510 158889.310 1732.640 320 44 

PRP 16.002 131 44.98 667466.510 158889.310 1732.120 322 32 

PRP 16.003 131 32.33 667468.390 158892.660 1733.100 335 25 

SBH 15.004 101 23.90 667468.729 158892.774 1733.910 320 -5 

The down-hole completions are mainly composed of the following elements:  

- Pore pressure monitoring intervals  

- Resin sections  

- Hydro-mechanical packers 

- Grout sections  

- Fibre optic cables 

The setup with the intervals separated by resin sections and with the upper section filled with 

grout ensures a high stability and a low compressibility of the system. Furthermore the 

positioning and isolation of the monitoring intervals is enhanced. The fibre optic cables for 

distributed temperature and strain measurements along the boreholes provide detailed views of 

the temporal and spatial evolution of these parameters. 

The packer systems consist of the central tubing made of synthetic material and hydro-

mechanical packers separating the intervals from the resin and grout sections. The diameter of 

the central tubing and the packers is 125 +/-3 mm. The borehole completion layouts are 

presented in Figures 2 to 5. The technical drawings are shown in Appendix A. The position and 

the length of each interval are given in Table 2. The theoretical volumes of water, resin and 

grout sections are summarized in Table 3.  

2.1 Packer sleeves 

The packer sleeves are 0.2 m long and hydro-mechanically inflated by applying water pressure 

to the packer piston. The inflation line has an outer diameter of 6 mm and an inner diameter of 2 

mm. The inflation pressure ranges between 20 and 30 bar. 

2.2 Monitoring intervals 

The monitoring intervals are equipped with access ports for the flow (Q) and pressure (P) lines 

and for the PT1000 temperature sensors. The Q-lines are made of PEEK material and have an 

outer diameter of 1/4” (6.35 mm) and an inner diameter of about 4.4 mm. The P-lines are made 

of polyamide and have an outer diameter of 6 mm and an inner diameter of 2 mm. Table 3 

shows the specification of the lines and their volumes. The positions of the line access ports and 

the temperature sensors are given in Table 4.  
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2.3 Resin sections 

The resin sections are equipped with two access ports for the resin injection and extraction lines 

which are made of polyamide and have an outer diameter of 8 mm and an inner diameter of 6 

mm. The volume of the resin intervals is shown in Table 3 and the volume of the resin injection 

and extraction lines is shown in Table 4. The data sheet of the used resin is shown in Figure D-9 

(Appendix D). 

2.4 Grout sections 

In all boreholes, the borehole sections above the uppermost packer till the borehole mouth, 

containing the installation rods, were grouted. The installation rods are made of PVC and have 

an outer diameter of 60 mm. For the grout injection into PRP 16.001, PRP 16.002 and PRP 

16.003, a 20 mm outer diameter and 16 mm inner diameter tube was fixed to the installation 

rods to fill the grout section from the bottom to the top. For the grout injection into SBH 15.004 

two grouting tubes and a mechanical packer at the borehole mouth were installed to prevent 

grout out flow from the upwards oriented borehole (Table 1). The injection line is located after 

the mechanical packer at the borehole mouth and the extraction line near the hydro-mechanical 

packer. Both lines have an outer diameter of 12 mm and an inner diameter of 10 mm. The grout 

mixing ratio is shown in Table 6 of Chapter 3. 

2.5 Fiber optic cables 

The fibre optic cables for distributed temperature and strain measurements, one for each 

parameter, are continuously installed in the 3 boreholes PRP 16.001, PRP 16.002 and PRP 

16.003. The cable routing layout in the 3 boreholes including the cable lengths at each borehole 

mouth and borehole end is shown in Figure A-5 (Appendix A). The cables are looped at the end 

of the system on a customised half circle seat especially designed and manufactured to ensure 

cable bending without the risk of breaking the fibres (Figure B-1 and B-2, Appendix B). The 

fibre optic cable data sheets are shown in Figure D-7 and D-8 (Appendix D). To install the fibre 

optic cables without the risk of damaging the cables, 2 slits were made along the packer system 

tubing and sleeves, one for the temperature and one for the strain cable (Figure B-3 and B-4, 

Appendix B), where the cables where fixed for installation (see also Chapter 3).  
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Figure 2: Schematic drawing of PRP 16.001 borehole completion  
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Figure 3: Schematic drawing of PRP 16.002 borehole completion 



NAGRA NPB 09-xyz 6  

 

Commercial-in-Confidence 

 

Figure 4: Schematic drawing of PRP 16.003 borehole completion 
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Figure 5: Schematic drawing of SBH 15.004 borehole completion 
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Table 2: Interval and packer positions, lengths and volumes 

PRP 16.001 From [m] To [m] Length [m] Approx.Volume [l] 

Interval 1 41.8 47.91 6.11 7.39 

Packer 1 41.6 41.8 0.20 0.24 

Interval-resin-1 32.2 41.6 9.40 11.37 

Packer 2 32 32.2 0.20 0.24 

Interval 2 28.9 32 3.10 3.75 

Packer 3 28.7 28.9 0.20 0.24 

Interval-resin-2 25.4 28.7 3.30 3.99 

Packer 4 25.2 25.4 0.20 0.24 

Interval 3 23.2 25.2 2.00 2.42 

Packer 5 23 23.2 0.20 0.24 

Grout section 0 23 23.00 244.95 

PRP 16.002 From [m] To [m] Length [m] Approx.Volume [l] 

Interval 1 40 44.98 4.98 6.03 

Packer 1 39.8 40 0.20 0.24 

Interval-resin-1 27.2 39.8 12.60 15.25 

Packer 2 27 27.2 0.20 0.24 

Interval 2 21.4 27 5.60 6.78 

Packer 3 21.2 21.4 0.20 0.24 

Grout section 0 21.2 21.20 225.78 

PRP 16.003 From [m] To [m] Length [m] Approx.Volume [l] 

Interval 1 24.8 32.33 7.53 9.11 

Packer 1 24.6 24.8 0.20 0.24 

Interval-resin-1 20.7 24.6 3.90 4.72 

Packer 2 20.5 20.7 0.20 0.24 

Interval 2 15 20.5 5.50 6.66 

Packer 3 14.8 15 0.20 0.24 

Grout section 0 14.8 14.80 157.62 

SBH 15.004 From [m] To [m] Length [m] Approx.Volume [l] 

Interval 1 19.8 23.9 4.10 4.96 

Packer 1 19.6 19.8 0.20 0.24 

Grout section 0 19.6 19.60 208.74 
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Table 3: Line specifications of the packer systems 

 

 

Module Line type
Ø OD/ID 

(mm)
Material Length

Vol. 

(ml)

GROUT INT 1 Injection 20/16 poly. 1 29.00 5830.74

PA 5 Packer 6/2 poly. 5 28.00 87.92

Pressure 6/2 poly. 3 3 3 28.40 89.18

Flow 1/4"/4.4 PEEK 3 3 3 29.70 451.74

PA 4 Packer 6/2 poly. 4 3 29.00 91.06

Overflow 8/6 poly. 2 3 3 3 29.00 819.83

Injection 8/6 poly. 2 3 3 3 34.00 961.18

PA 3 Packer 6/2 poly. 3 3 3 34.00 106.76

Pressure 6/2 poly. 2 3 3 3 34.10 107.07

Flow 1/4"/4.4 PEEK 2 3 3 3 36.50 555.17

PA 2 Pressure 6/2 poly. 2 3 3 3 38.00 119.32

Overflow 8/6 poly. 1 3 3 3 3 38.00 1074.26

Injection 8/6 poly. 1 3 3 47.00 1328.69

PA 1 Packer 6/2 poly. 1 47.00 147.58

Pressure 6/2 poly. 1 3 47.00 147.58

Flow 1/4"/4.4 PEEK 1 3 52.40 797.00

ISC PRP 16001

Color

INT 2

INT 1

RES INT 2

RES INT 1

INT 3

Module Line type
Ø OD/ID 

(mm)
Material Length

Vol. 

(ml)

GROUT INT 1 Injection 20/16 poly. 1 27.00 5428.62

PA 3 Packer 6/2 poly. 3 3 3 27.00 84.78

Pressure 6/2 poly. 2 3 3 3 26.60 83.52

Flow 1/4"/4.4 PEEK 2 3 3 3 31.50 479.12

PA 2 Pressure 6/2 poly. 2 3 3 3 32.00 100.48

Overflow 8/6 poly. 1 3 3 3 3 33.00 932.91

Injection 8/6 poly. 1 3 3 45.00 1272.15

PA 1 Packer 6/2 poly. 1 45.00 141.30

Pressure 6/2 poly. 1 3 45.20 141.93

Flow 1/4"/4.4 PEEK 1 3 49.50 752.90

ISC PRP 16002

INT 1

Color

INT 2

RES INT 1

Module Line type
Ø OD/ID 

(mm)
Material Length

Vol. 

(ml)

GROUT INT 1 Injection 20/16 poly. 1 20.00 4021.20

PA 3 Packer 6/2 poly. 3 3 3 20.00 62.80

Pressure 6/2 poly. 2 3 3 3 20.20 63.43

Flow 1/4"/4.4 PEEK 2 3 3 3 25.00 380.25

PA 2 Packer 6/2 poly. 2 3 3 3 26.00 81.64

Overflow 8/6 poly. 1 3 3 3 3 27.00 763.29

Injection 8/6 poly. 1 3 3 30.00 848.10

PA 1 Packer 6/2 poly. 1 30.00 94.20

Pressure 6/2 poly. 1 3 30.00 94.20

Flow 1/4"/4.4 PEEK 1 3 36.80 559.73

Color

ISC PRP 16003

INT 2

RES INT 1

INT 1

Module Line type
Ø OD/ID 

(mm)
Material Length

Vol. 

(ml)

PA 2 No line,required (mechanical packer)

Injection 12/10 poly. 2 15.00 1178.10

Overflow 12/10 poly. 1 30.00 2356.20

RES INT 1 Injection 8/6 poly. 1 3 3 3 3 30.00 848.10

PA 1 Packer 6/2 poly. 1 30.00 94.20

Flow 1/4"/4.4 PEEK 1 3 28.80 438.05

Pressure 6/2 poly. 1 3 25.00 78.50

ISC SBH 15004

Color

GROUT INT 1

INT 1
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Table 4:  Line access ports and temperature sensor positions in the boreholes 

Access ports and temperature sensors Position in the borehole [m] 

PRP 16.001 
 

Flow line access port Q-1 47.69 

Temperature sensor T-1 47.74 

Pressure line access port P-1 41.83 

Flow line access port Q-2 31.80 

Temperature sensor T-2 31.80 

Pressure line access port P-2 28.93 

Flow line access port Q-3 25.00 

Temperature sensor T-3 25.00 

Pressure line access port P-3 23.23 

PRP 16.002 
 

Flow line access port Q-1 44.76 

Temperature sensor T-1 44.81 

Pressure line access port P-1 40.03 

Flow line access port Q-2 26.8 

Temperature sensor T-2 26.8 

Pressure line access port P-2 21.43 

PRP 16.003 
 

Flow line access port Q-1 32.11 

Temperature sensor T-1 32.16 

Pressure line access port P-1 24.83 

Flow line access port Q-2 20.30 

Temperature sensor T-2 20.30 

Pressure line access port P-2 15.03 

SBH 15.004 
 

Pressure line access port P-1 23.87 

Temperature sensor T-1 23.40 

Temperature sensor T-2 22.98 

Temperature sensor T-3 21.50 

Temperature sensor T-4 20.60 

Temperature sensor T-5 19.86 

Flow line access port Q-1 19.82 

2.6 Data acquisition system 

The layout of the data acquisition system (DAS) is shown in Figure D-6 (Appendix D). The 

setup of the sensors is given in Table 5. The calibration sheets of the pressure sensors are 

included in Figure D-1 (Appendix D). The connection of the sensors of each system to the 

corresponding junction box is shown in Figures D-2 to D-5 (Appendix D). The temperature 

sensors of the 4 systems are connected to a Solexperts SBI-A interface and to the data 

acquisition PC (DAS) running the Solexperts GeoMonitor II software. The PT1000 temperature 
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sensors have a measuring range from -50 to 650 °C with a resolution of < 0.01 °C. The 

maximum sampling rate is 1 Hz.  

Table 5:  Specification of sensors and connection to DAS 

Borehole Sensor name Sensor  Type Unit Range 
GeoMonitor 

ch. 
GM3-HF 

id. 

PRP16001 

PRP16001_INTT01 Temperature PT1000 °C -50…650 1 -- 

PRP16001_INTT02 Temperature PT1000 °C -50…650 2 -- 

PRP16001_INTT03 Temperature PT1000 °C -50…650 3 -- 

PRP16001_INTP01 Pressure PAA 33-X kPa 0-100 bar -- 1 

PRP16001_INTP02 Pressure PAA 33-X kPa 0-100 bar -- 2 

PRP16001_INTP03 Pressure PAA 33-X kPa 0-100 bar -- 3 

PRP16002 

PRP16002_INTT01 Temperature PT1000 °C -50…650 4 -- 

PRP16002_INTT02 Temperature PT1000 °C -50…650 5 -- 

PRP16002_INTP01 Pressure PAA 33-X kPa 0-100 bar -- 4 

PRP16002_INTP02 Pressure PAA 33-X kPa 0-100 bar -- 5 

PRP16003 

PRP16003_INTT01 Temperature PT1000 °C -50…650 6 -- 

PRP16003_INTT02 Temperature PT1000 °C -50…650 7 -- 

PRP16003_INTT03 Temperature PT1000 °C -50…650 8 -- 

PRP16003_INTP01 Pressure PAA 33-X kPa 0-100 bar -- 6 

PRP16003_INTP02 Pressure PAA 33-X kPa 0-100 bar -- 7 

SBH15004 

SBH15004_INTT01 Temperature PT1000 °C -50…650 9 -- 

SBH15004_INTT02 Temperature PT1000 °C -50…650 10 -- 

SBH15004_INTT03 Temperature PT1000 °C -50…650 11 -- 

SBH15004_INTT04 Temperature PT1000 °C -50…650 12 -- 

SBH15004_INTT05 Temperature PT1000 °C -50…650 13 -- 

SBH15004_INTP01 Pressure PAA 33-X kPa 0-100 bar -- 8 

 

The pressure sensors are connected via the Solexperts SCI-A interface to the Solexperts data 

acquisition PC (DAS) running the Solexperts GM3-HF software with a maximum scan rate of 

20 Hz. The SCI-A interface with 16bit ADC resolution enables a speed of 20Hz and is designed 

for 8 pressure sensors, but can be extended to 16 pressure sensors and 11 temperature sensors. 

The pressure range is 10 MPa for stimulation and characterization phases, the sensor resolution 

is < 1kPa at a sampling rate of 20 Hz. T 

The Solexperts GM3-HF is designed for fast data acquisition. The sampling rate is configurable 

and can be changed according to the requirements. A linear conversion function with offset, 

factor and reference can be applied to each channel (Figure 6). Data are streamed into a TDMS 

data file where both sensor configuration and data are stored for each test sequence. Add-ons for 

reading TDMS files are available in MS Excel, OpenOffice.org (Calc) and MATLAB. In 

addition GM3-HF provides an export function which writes the data into an ASCII file (*.dat). 

The recent measurements are shown in the main program window and are graphical displayed 

with the possibility to set the time range (number of data points). Four channels can be 

displayed at one time with each channel running its own secondary axis (Figure 7). The cursor 

function shows the selected values at the cursor position (x,y). 

. 
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.  

 

Figure 6: GM3-HF program interface 

 

Figure 7: GM3-HF program graphic display 

 

The data acquisition system can be connected to the internet for remote access and data 

transmission. Although TDMS efficiently saves the data, files might reach considerable sizes 

depending on sampling rate and measuring duration. 
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3 Installation 

Details of the installation work are given in the field activity logbook in Appendix C and the 

photo documentation of the installation is included in Appendix B.  

On the 14th December 2016 the packer system PRP 16.001 was transported to the site and the 

installation was started after site preparation. The installation of PRP 16.001 was completed on 

the 16th December 2016 and on the same day the installation of the system PRP 16.002 was 

started. The installation of PRP 16.001 and PRP 16.002 systems required a manual winch and a 

deflection pulley which were fixed at the tunnel wall and used to push the systems inside the 

borehole (Figure B-5). During the installation, two clamps were fixed at each introduced system 

element to secure and facilitate the installation (Figure B-6). The strain fibre optic cable was put 

under tension during the installation to ensure reliable measurements during fracture opening 

and closing expected during the planned high pressure injections. The installation of PRP 

16.002 was completed on the 19th December 2016. The installation of PRP 16.003 system 

started on the 20th December and was completed on the same day.  

On the 21st December 2016, after installation of the packer system at SBH 15.004, the 

responsible GTC engineer spliced the fiber optic cable at cable ends and checked the signal 

(Figure B-9). The cables were mostly intact, only a minor signal perturbation was detected at 

two spots. At the same time the resin equipment including pressure tank, N2 bottle, balance and 

resin mixing tool was prepared and resin was mixed (Figure B-7 and Figure B-8). Then, the 

resin sections of PRP 16.001 and 16.003 were successfully filled. The injected masses and the 

corresponding volumes are shown in Table 6. The injected mass into PRP 16.001 and 16.003 

was higher than the theoretically calculated mass. This could be due to the different diameters of 

the central tubes and the connection part between packers and interval tubes (Chapter 2). 

Additionally, a part of the resin might have penetrated in the rock through fractures and fissures. 

On the 22nd December and during resin injection into PRP 16.002, the resin quantity was 

insufficient for the entire resin section. Thus, a second resin was added. Unfortunately, the 

combination of two resin types led to a highly viscous mass which did not fill the entire resin 

section. Furthermore part of the resin reached the Q-line of interval 2. To clean the line and 

avoid resin flow into interval 2 water from the GTS network was injected from the P-line into 

interval 2. The system control performed in January 2017 revealed that the Q-line was filled 

with resin. However, only a minor amount of resin might be in the interval and pressure 

measurements are fine. Hydraulic testing is still possible via the P-line.  

On the 22nd December 2016, the top of the annular space of all boreholes was filled with grout 

according to the layouts shown in Chapter 2. The mixing ratio for the injection is given in Table 

7. The grout used for SBH 15.004 was less viscous then the grout used for PRP 16.001, PRP 

16.002 and PRP 16.003 as the line inner diameter was smaller. 

Table 6:  Resin volume and weight 

Borehole resin section Total volume 1) 
[L] 

Theoritical mass 3) 
[kg] 

Effective injected mass 
[kg] 

PRP 16.001-I2 14.06 15.47 17.54 

PRP 16.001-I4 6.06 6.66 8.60 

PRP 16.002-I2 17.17 2) 18.89 16.20 

PRP 16.003-I2 6.28 6.91 8.90 

1) Total volume of the interval, packer system lines and surface injection and extraction lines. The total length of the 
surface lines is 10 m for PRP 16.001 and PRP 16.003 

2) The length of the surface lines is 1 m for PRP 16.002 
3) The mass is calculated based on the density of the resin given by the supplier 
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Table 7:  Grout mixing ratios 

Component  RPR 16.001, RPR 16.002, RPR 16.003 
[%] 

SBH 15.004 
[%] 

Cement 47 45.25 

Water 38 45.25 

Opalite 14 9 

Bentonite 1 0.5 

 

4 Conclusion 

 

- Generally, the installation of the 4 systems was successful, no major problems occurred 

during the installation.   

- A small resin volume might have penetrated the formation during resin injection 

through fractures and fissures. 

- During hydraulic testing the Q-line of interval PRP 16.001-I2 was found to be clogged. 

Resin from the resin section below might have by-passed the packer through fractures 

and entered the Q-line of the interval. Pressure monitoring and hydraulic testing is still 

possible with the P-line. 

- The higher resin injection pressures needed for borehole PRP 16.002 most probably 

caused resin flow through fractures to the Q-line of interval PRP 16.002-I2 and caused 

clogging of the Q-line. Pressure monitoring and hydraulic testing is still possible with 

the P-line.  

- On the 17th January 2017, the inner tubes of the PRP 16.001, PRP 16.002 and PRP 

16.003 systems were filled with grout to enhance the stability of the system parameters 

during the stimulation tests planned for February 2017.  

- The first fibre optic measurements after installation are promising in terms of detecting 

pressure, stress and temperature behaviour.  

 

6 References 

Fierz, T. (2016): Pressure monitoring during the stimulation experiment at the Grimsel Test 

Site. Technical Note for quotation document. 
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Appendix A: Down-hole equipment 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A-1: Technical drawing of packer system at PRP 16.001 
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Figure A-2: Technical drawing of packer system at PRP 16.002 
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Figure A-3: Technical drawing of packer system at PRP 16.003 
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Figure A-4: Technical drawing of packer system at SBH 15.004 
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Figure A-5: Continuous routing layout of fibre optic cables in PRP 16.001, PRP 16.002 and PRP 16.003 

  

47.91 m

157.91 m

257.91 m

22.09 m 95.82 m 112.91 m 202.91 m 225.58 m 290.24 m

Cable begin Cable end

Temperature cable

Strain cable

RPR 16.001
RPR 16.002

RPR 16.003
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Appendix B: Photo documentation  

 

 
Figure B-1: System end and cable seat 

 

 
Figure B-2: Fibre optic cables fixed at system end  

 

 
Figure B-3: Fibre optic temperature cable passed through packer sleeve 
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Figure B-4: Fibre optic strain cable passed through packer sleeve 

 

Figure B-5: Installation using winch and pulley 

 

Figure B-6: Two clamps used to install and secure the system (photo: H. Fisch, Nagra) 
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Figure B-7: Resin injection tank and balance 
 

 

 

Figure B-8: Resin components 

 

 

Figure B-9: Fibre optic splicing 
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Figure B-10: Grout mixing 

 

Figure B-11: Line tightness check during installation of PRP 16.003 (photo H. Fisch, Nagra) 

 

Figure B-12: Installing 2 meter long tube of PRP 16.001 system 
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Figure B-13: SBH 15.004 packer system 

 

 

Figure B-14: PT1000 sensor installation at SBH 15.004 system (photo: H. Fisch, Nagra) 
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Appendix C: Field activity logbook 

 

Date 
Time 
(DAS) 

Who Action 

14.12.16 08:30-18:00 KK/Bos/AJ 

Prepare the site for installation at PRP 16.001 and start installation 
- Fix winch and pulley at the wall 
- Rout FO cables 20 m outside, 50 m point at bottom hole, 100 m 
point at hole mouth, 10 m to next borehole 
- Prepare the lines and the system elements 
- Insert PT1000 in the corresponding position and extend cable 
outside for the DAS 
- Always pull FO strain cable during installation to be able to 
measure strain during stimulation according to Reza Jalali and 
Florian Ammann (onsite) 

15.12.16 08:00-13:00 KK/Bos/AJ 
Continue installation PRP 16.001. To have the strain FO cable on 
tension at the upper part (grout section), cut small line piece to pass 
the FO cable through, acting as mini centralizer 

16.12.16 07:00-16:00 KK/AJ/ML 

Complete installation of PRP 16.001 and start installation of PRP 
16.002 using same procedure as for PRP 16.001. Cable routing -> 
50 m point at bottom hole, 100 m point at hole mouth and 10 to next 
borehole 
Interval 1, packer 1 and 2 meters rod installed in PRP 16.002. 
Complete the installation on 19.12.16 

19.12.16 08:00-18:00 KK/Bos/AJ 

Transport packer system PRP 16.003 and SBH 15.004 to the ISC 
site 
Transport cement and grout material to ISC site 
Transport resin equipment and resin to ISC site 
Complete installation PRP 16.002 
Start installation PRP 16.003. Push the system without winch.  
Cable routing -> 40 m point at bottom hole, 80 m point at hole 
mouth and leave the rest to be connected to the corresponding DAS 
from ETH 

20.12.16 07:00-18:00 KK/Bos/AJ Complete installation of PRP 16.003 

21.12.16 07:00-18:30 KK/Bos/AJ 

Installation of SBH 15.004. Installation completed. Keep a 3rd line 
for possible re-injections if necessary after the holidays  
Prepare resin equipment and material to perform resin injection at 
PRP 16.001 
- Inject resin in resin section 1 -> total injected weight 17.54 kg 
- Inject resin in resin section 2 -> total injected weight 8.6 kg 
Prepare resin injection for PRP 16.003 as the interval is smaller 
than in PRP 16.002 and will require less time 
- Inject resin in resin section 1 of 16.003 -> total injected weight 9 kg 
Axel Fabritius from GTC onsite, splice the FO cable and put the 
connector at the beginning of the cable. Prepare the cable end for 
ETH. The strain cable was not cut as it has a connector at the cable 
end at 400 m 

22.12.16 07:00-12:30 KK Connection of all pressure and temperature sensor to DAS 

22.12.16 07:00-12:30 Bos/AJ Grout injection in all 4 systems (AJ leaves the site at 12:30) 

22.12.16 13:45-18:00 KK/Bos 

Resin injection at PRP 16.002-interval 2: 
- Mix 6 kg Webac resin and start injection 
- Mix 6 kg Denepox resin and continue injection -> injection became 
difficult even by applying high pressure maybe due to 2 different 
resins. Injecting from injection line is not possible, need to inject 
from the extraction line 
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Date 
Time 
(DAS) 

Who Action 

- Mix 6 kg Denepox resin and continue injection from the extraction 
line, fast injection, need to check if resin flows to water interval-> 
check the Q line of interval 2 to see if there is any bypass -> resin 
flows out -> stop resin injection and inject water at 7 bar into the 
extraction line of interval 2 to wash out resin and avoid blocking of 
the whole interval. Total injected weight 16.2 kg 
(KK leaves the site) 

23.12.16 07:00-12:00 Bos 
Check PRP 16.002-int 2 -> Q line is full of resin but interval still full 
of water, pressure can be monitored. 
Tidy up and demobilise material. Travel back to Solexperts 

17.01.2017 07:00-11:30 KK/AJ 

Cement injection inside the system tubes to achieve more stability 
as per agreement with ETH. The whole length of PRP 16.001, PRP 
16.002 and PRP 16.003 systems is grouted until the top. 7.5 bags X 
25 Kg used. Estimated total volume 230 L. 2 L was injected into 
grout interval of SBH 15.004 from the 3rd additional line. 

Abbreviations: 
KK: Karam Kontar  
Bos:  Markus Bosshard 
AJ: Adem Jakupi 
ML: Markus Lutz 

Remark: ETH crew was onsite during the entire installation period 
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Appendix D:  Calibration sheets, wiring diagrams of DAS 

components, fibre optic cable and resin data sheets 

 

 

 

 

 



NAGRA NPB 09-xyz 28  

 

Commercial-in-Confidence 

 

 

 

 



 29 NAGRA NPB 09-xyz 

Commercial-in-Confidence 

 

 

 

 

 



NAGRA NPB 09-xyz 30  

 

Commercial-in-Confidence 

 

 

 

 

Figure D-1: Pressure sensor calibration sheets 
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Figure D-2: Wiring diagram of junction box for PRP 16.001 sensors 
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Figure D-3: Wiring diagram of junction box for PRP 16.002 sensors 
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Figure D-4: Wiring diagram of junction box for PRP 16.003 sensors 
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Figure D-5: Wiring diagram of junction box for SBH 15.004 sensors 
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Figure D-6: Wiring diagrams of DAS and fast logger interfaces  
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Figure D-7: Fibre optic temperature cable specifications 
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Figure D-8: Fibre optic strain cable specifications 
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Figure D-9: Epoxy resin technical data sheet  

 


