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 ABSTRACT 

The Prototype Repository Test is focused on testing and demonstrating the function of the 
SKB deep repository system. Activities aimed at contributing to development and testing of 
the practical, engineering measures required to rationally perform the steps of a deposition 
sequence are also included in the project but are also part of other projects. 

The characterisation is made in three stages. Each stage is intended to contribute to more 
details useful for the determination of the localisation of the deposition holes and also the 
boundary and rock conditions needed for the interpretation of the experimental data. 

This report describes  

• the inflow measurements  

− into the prototype tunnel  

− to the deposition boreholes  

− to the lead-through boreholes between tunnel A and tunnel G 

It also  

• details the pressure responses observed during the drilling of the deposition holes  

• details the pressure responses observed during the drilling of the lead-through boreholes 

• presents the results from four pressure build-up tests made in the three lead-through 
boreholes 

• presents the pressure observations made during blasting work in the Prototype Repository 
Tunnel  
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SAMMANFATTNING 

Huvudsyftet med prototypförvaret är att testa och demonstrera funktionen av en del av SKB:s 
djupförvars system. Aktiviteter som syftar till utveckling och försök av praktiska och 
ingenjörsmässiga lösningar, som krävs för att på ett rationellt sätt  kunna stegvis utföra 
deponeringen av kapslar med kärnbränsle, är inkluderade i prototypförvarsprojektet men även 
i andra projekt.  

Karakteriseringen av bergmassan genomförs i tre steg. Varje steg syftar till att bidra med fler 
detaljer som skall vara användbara för att kunna lokalisera depositionshål och för att också 
kunna bestämma randvillkor och bergegenskaper som behövs för att kunna tolka 
experimentella data.  

Denna rapport behandlar  

• de inflödesmätningar som genomförts i prototyptunneln 

• de inflödesmätningar som genomförts i depositionshålen samt  

• de inflödesmätningar som genomförts i tre av genomföringshålen mellan tunnel A och 
tunnel G  

• de trycknivåförändringar som erhållits i samband med borrningarna av depositionshålen 
och genomföringshålen  

• resultaten av de fyra tryckuppbyggnadstester som gjorts i tre av genomföringshålen 

• tryckregistreringar gjorda under sprängningsarbeten i tunnel A  
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EXECUTIVE SUMMARY 

The Prototype Repository Test is focused on testing and demonstrating the function of the 
SKB deep repository system. Activities aimed at contributing to development and testing of 
the practical, engineering measures required to rationally perform the steps of a deposition 
sequence are also included in the project but are also part of other projects. 
 
The characterisation is made in three stages. Each stage is intended to contribute to more 
details useful for the determination of the localisation of the deposition holes and also the 
boundary and rock conditions needed for the interpretation of the experimental data.  

This report describes the inflow measurements into the prototype tunnel, to the deposition 
boreholes and to the lead-through boreholes between tunnel A and tunnel G. It also details the 
pressure responses observed during the drilling of the deposition- and lead-through boreholes. 
The results from four pressure build-up tests made in the three lead-through boreholes and the 
pressure observations made during blasting work in the Prototype Repository Tunnel are also 
presented. 

The result of the inflow measurements to the prototype repository tunnel is shown in Table 1. 

 
Table 1 Result of inflow measurements to prototype repository tunnel  

Weir sections 
1997 

(m) 

Q 1997 

(l/min) 

Weir sections 
1999 & 2000 

(m) 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

3527 – 3533 0.20 - - - 

3533 – 3539 1.17 - - - 

3539 – 3545 0.12 - - - 

3545 – 3551 0.03 - - - 

3551 – 3557 0.02 - - - 

3557 – 3562 0.05 - - - 

3562 – 3568 0.10 3546 – 3552 0.001 0.006 

3568 – 3575 0.05 3552 - 3570 0.100 0.110 

3575 – 3581 1.56 3570 - 3576 0.000 0.000 

3581 – 3587 1.61 3576 - 3582 2.000 1.320 
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Weir sections 
1997 

(m) 

Q 1997 

(l/min) 

Weir sections 
1999 & 2000 

(m) 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

3587 – 3593 0.29 3582 - 3588 1.490 1.820 

3593 – 3600 0.93 3588 - 3600 1.120 1.080 

SUM 6.13 SUM 4.711 4.336 

The measurement sections are not exactly the same and it is therefor not possible to be 
absolutely certain about the flowrate changes during the passed time. However, the flowrate to 
section 3545 – 3600 and 3546 – 3600 are approximately the same during 1997 and 
1999/2000. Comparing the individual sections between 3545 to 3600 indicates that possibly 
all sections, but 3576 – 3582 and 3582 – 3588 m have slowly decreasing flowrates. In sections 
3576 – 3582 and 3582 – 3588 m the flowrate changes rather much between the measurements, 
possibly due to changes of the flowrates from the flowing features. 

In Table 2 the result of the whole borehole inflow measurements in the deposition boreholes is 
shown. 

 
Table 2 Result of inflow measurements to deposition boreholes.  (Figures in bold are 

considered as the most representative flowrates) 

Borehole Q 1999-12-08 – 
1999-12-13 

(l/min) 

Q 2000-03-28 – 
2000-03-31 

(l/min) 

Q June / July 2000 

(l/min) 

DA3587G01 0.08000 0.07870 N/A 

DA3581G01 0.00160 0.00220 0.00220* 

DA3575G01 0.00280 0.00310 0.00410** 

DA3569G01 0.00072 0 0.00472** 

DA3551G01 0.00270 0.00155 0.00160*** 

DA3545G01 0.00610 0.00270 0.00740*** 

SUM 0.09392 0.08825 N/A 
*     Estimated from diaper measurements 

**   Measurement done 2000-06-21 – 2000-06-24 

*** Measurements done 2000-07-13 – 2000-07-26 
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There is probably some minor leakage from the tunnel floor included in the figures in Table 2 
in all boreholes except to DA3575G01 according to section 5.2. The last two measurements in 
DA3551G01 are considered representative as leaking water from the tunnel floor was sealed 
off. Sealing was also made in DA3545G01 after the first measurement and the measurement 
done in March 2000 is considered the most representative. Possibly there are new leakage 
from the tunnel floor during the measurement in June/July 2000. 

In order to get an idea of the variations of inleakage to a borehole measurements using 
ordinary diapers applied to the borehole walls of DA3581G01 were made during the summer 
of 2000. In Figure 1 the result is shown graphically. 
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Figure 1 Inflow measurements in DA3581G01 using diapers 

The only mapped water bearing structure in this borehole is located beneath Z plank. Due to 
the fact that the diapers closest to it were soon nearly fully water saturated and part of the 
fracture is outside the diaper, excess water flowed downwards on both sides of Z plank. Due 
to this, below the measuring points for the water bearing structure the flowrate and the 
hydraulic conductivity, shown in Figures 1 may be too high. 
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The inleakage rates were transformed into hydraulic conductivity using the Thiem formula 
and  an assumed pressure profile around the deposition borehole. The result is shown in 
Figure 2. 
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Figure 2  Hydraulic conductivity of DA3581G01 as estimated from diaper measurements 

As can be noticed in the figures above the inflow is localised to the parts of the bore hole, 
which earlier has been mapped as an area with water-bearing features. But still inflow exist in 
a more diffuse pattern in large parts of the borehole walls, even if those parts have not and 
could not be mapped as water-bearing parts. 
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The drilling of lead-through boreholes from tunnel G to tunnel A confirms the, during earlier 
investigations, indicated pattern of a hydraulically dominant response direction running 
WNW. All three drillings documented in this report show the same pattern, see for example 
Figure 3. 
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Figure 3  Pressure responses during drilling of KG0023A01 (14.38 - 15.77 m) 

The performed pressure build-up tests in the three lead-through boreholes KG0023A01, 
KG0027A01 and KG0033A01 give as a result an estimated transmissivity for the most 
conductive parts of the boreholes (4 meter sections) in the range of 1 · 10-7 to 5 · 10-6 m2/s. 

In the preparations for the concrete plug construction, blasting of niches were made at two 
chainage locations in the Prototype Repository Tunnel, namely 3537 and 3560. Pressure 
response registrations were made in KA3510A, KG0021A01 and KG0048A01 during the 
blasting period, 2000-08-24 – 2000-09-05. 

A result is that at several blasting occasions the pressure rises in the observation sections after 
almost every blasting round. An example is given in Figure 4. At the most the increase was 
approximately 8 – 10 meters in four out of five sections in KG0021A01 observed during the 
first blasting round. In KG0048A01 the corresponding pressure increase was 1 – 4 meters in 
all four sections. The pressure increase seems to be somewhat higher for sections closer to the 
constructed niche. 
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Blasting events 2000-08-24-- 2000-09-01Chainage 3537 Prototype Repository
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Figure 4 Example of pressure response due to blasting 

These measurements clearly show that the blasting affects the hydraulic system. A probable 
cause is that the vibrations from the blasting make the gauge material in the fracture move. 
The inter-connected fracture system will then become less permeable and the pressure will 
increase in fracture systems up-gradient of the clogged fractures. 

The pressure increase after each blasting round is of similar magnitude in several sections 
indicating the possibility of the clogging of major flowing features. 
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1 BACKGROUND 

1.1 Äspö Hard Rock Laboratory 

In order to prepare for the siting and licensing of a spent fuel repository SKB has constructed 
an underground research laboratory. 
 
In the autumn of 1990, SKB began the construction of Äspö Hard Rock Laboratory (Äspö 
HRL), see Figure 1-1, near Oskarshamn in the south-eastern part of Sweden. A 3.6 km long 
tunnel was excavated in crystalline rock down to a depth of approximately 460 m. 
 
The laboratory was completed in 1995 and research concerning the disposal of nuclear waste 
in crystalline rock has since been carried out. 
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Figure 1-1 Äspö Hard Rock Laboratory  
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1.2 Prototype repository 

The Äspö Hard Rock Laboratory is an essential part of the research, development, and 
demonstration work performed by SKB in preparation for construction and operation of the 
deep repository for spent fuel. Within the scope of the SKB program for R&D 1995, SKB has 
decided to carry out a project with the designation “Prototype Repository Test“. The aim of 
the project is to test important components in the SKB deep repository system in full scale and 
in a realistic environment. 

The Prototype Repository Test is focused on testing and demonstrating the function of the 
SKB deep repository system. Activities aimed at contributing to development and testing of 
the practical, engineering measures required to rationally perform the steps of a deposition 
sequence are also included. However, efforts in this direction are limited, since these matters 
are addressed in the Demonstration of Repository Technology project and to some extent in 
the Backfill and Plug Test. 

1.2.1 General objectives 

The Prototype Repository should simulate, in as many aspects as possible, a real repository, 
regarding for example geometry, materials, and rock environment. The Prototype Repository 
is a demonstration of the integrated function of the repository components. Results will be 
compared with conceptual and numerical models and assumptions to their validity.  

The major objectives for the Prototype Repository are:  
 
• To test and demonstrate the integrated function of the repository components 

under realistic conditions in full scale and to compare results with conceptual 
and numerical models and assumptions. 

 
• To develop, test and demonstrate appropriate engineering standards and quality 

assurance methods. 
 
• To simulate appropriate parts of the repository design and construction process. 

 
• To provide a full-scale reference for testing/scrutinization of models, 

experiments and assumptions 

The objectives for the characterisation program are: 

 
• To provide a basis for determination of localisation of the deposition holes 
 
• To provide data on boundary and rock conditions to enable interpretation of the 

experimental data 
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1.2.2 Characterisation stages 

The characterisation will be made in three stages. Each stage is intended to contribute to more 
details useful for the determination of the localisation of the deposition holes and also the 
boundary and rock conditions needed for the interpretation of the experimental data. The three 
stages are: 

 
1. Mapping of the tunnel 
2. Pilot and exploratory holes 
3. Deposition holes 

This report describes the inflow measurements into the prototype tunnel, to the deposition 
boreholes and to the lead-through boreholes. It also details the pressure responses observed 
during the drilling of the deposition- and lead-through boreholes as well as the results from 
four pressure build-up tests made in the three lead-through boreholes. Pressure responses from 
blasting niches for the plugs are shown, discussed and are also included in the document. 
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2 OBJECTIVE 

The Prototype Repository should simulate a real repository in as many aspects as possible, 
regarding geometry, materials and rock environment. The Prototype Repository is a 
demonstration of the integrated function of the repository components. Results will be 
compared with models and assumptions to their validity. 

The objectives for the pressure response observations during the drilling of the deposition 
boreholes and the inleakage measurements in the tunnel and into the deposition boreholes are: 

• To provide data for the estimation of the wetting process of the bentonite clay surrounding 
the canisters 

• To provide data for the structure model of the rock volume around the prototype 
repository 

• To provide data for the numerical groundwater flow modeling 

The objectives of the pressure response observations during the drilling of the lead-through 
boreholes and of the hydraulic tests in the holes are: 

• To detect any hydraulic connections with already existing boreholes and thus provide 
additional data to the structure model 

• To hydraulically characterise the boreholes before the planned grouting 

The objectives, of the pressure response observations during the blasting of the niches for the 
plugs in the Prototype tunnel, are: 

• To provide data to evaluate possible pressure changes and their cause in monitored 
sections around the Prototype tunnel 
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3 SCOPE 

In the prototype repository tunnel floor, six 1.75 meter wide deposition holes have been 
drilled. From the G-tunnel, which runs on the north side of the prototype tunnel, three 
lead-through boreholes have been drilled and tested. 

In the prototype repository tunnel, inflow measurements have been made during two 
measurement campaigns. They are presented in chapter 4. 

During the drilling of the deposition boreholes pressure registration were made in several 
observation borehole sections. Inleakage measurements of the boreholes have been made 
during three measurement campaigns. Each deposition borehole has been mapped in regard to 
inflow features and these have been monitored in detail. In one of the deposition boreholes a 
very detailed inflow measurement was done during the summer of 2000. The results are 
presented in chapter 5. 

During the drilling of three lead-through boreholes pressure registration were made in several 
observation sections. Inflow measurements were done during the drilling in order to locate 
high-yielding parts of the boreholes. Four pressure build-up tests were made in the three 
boreholes. The outcome of the tests is detailed in chapter 6. 

Two niches for the plugs were blasted. During the blasting period, pressure in the surrounding 
rockmass was monitored and the result of the analysis are presented in chapter 7. 
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4 PROTOTYPE REPOSITORY TUNNEL 

During the period, December 1999 to April 2000 measurement of inflow rates to the prototype 
repository tunnel was done. The measurements were made in two campaigns, the first one in 
November - December 1999 and the second one in March - April 2000. 

The air humidity climate of the prototype tunnel was measured at a couple of occasions, see 
section 4.2. 

An earlier inflow rate measurement campaign, concerning the inflow rate to the prototype 
tunnel, was made in 1997 and is reported in Patel et al /1997/. 

4.1 Inflow rate to the prototype repository tunnel 

The inflow to the tunnel consists of a diffuse flow from walls and roof and a flow from a few 
identified features.  

The diffuse flow measurements were done by use of weirs, see Figures 4-1 and 4-2. The weirs 
were located at chainage 3588, 3582, 3576, 3570, 3552 and 3546 metres (a short distance 
upstream of each deposition hole). The weir at 3588 collects the diffuse flow from section 
3588 to 3600 m, the weir at 3582 the diffuse flow from 3582 to 3588 m etc. The flowrate was 
measured, using a graded container and a watch, and then directed in tubes with the outlet 
located down-gradient of the deposition borehole DA3545G01. 

 

 
Figure 4-1 One of the weirs used for flow estimation 
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Figure 4-2 One of the weirs closely up-gradient of a deposition hole 

Tarpaulins collected the localised flow from certain features in the roof. Strips of wood 
collected the flow from features located on the walls of the tunnel, see Figure 4-3. The 
flowrate was measured and then, in the same manner as with the weir flow, directed in tubes 
with the outlet located down-gradient of the last deposition borehole (DA3545G01). 
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Figure 4-3 The inner section of the prototype repository tunnel 

In Figure 4-4 and Figure 4-5, the different sub-flows are shown.  

3535 3540 3545 3550 3555 3560 3565 3570 3575 3580 3585 3590 3595 3600

Chainage (m)

DA3587G01DA3581G01DA3575G01DA3569G01

A1B1C1D1

A2(B2+B3)(C2+C3)C4
E1F1

Diffuse flow from roof and walls

Flow from certain features

DA3551G01DA3545G01

 

 
Figure 4-4 Length section of prototype repository tunnel, looking south. The sub-flows from 

certain features are indicated with different kinds of arrows. 
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Figure 4-5 Prototype repository tunnel with mapped features. The sub-flows from a few 

features are indicated with shaded areas. 

4.1.1 Section 3588 – 3600 meters (A) 

In section A, inflow is a diffuse flow and a localised inflow. The result from the measurement 
campaigns is presented in the Table 4-1. A1 represents the diffuse inflow, while A2 is a spot 
inflow from a joint, see Figures 4-4 and 4-5. 

 
Table 4-1 Inflow rates in section A 

Part flow name 

 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

A1 1.10 1.07 

A2 0.02 0.01 

SUM 1.12 1.08 

4.1.2 Section 3582 – 3588 meters (B) 

In section B the inflow consists of a diffuse flow from walls and roof, but also a localised 
inflow from some features, see Figures 4-4 to 4-7. The result from the measurement 
campaigns is presented in Table 4-2. 
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Table 4-2 Inflow rates in section B. 

Part flow name 

 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

B1 0.05 0.40 

B2 1.02 0.81 

B3 0.42 0.61 

SUM 1.49 1.82 

B1 represents the diffuse inflow, while B2 and B3 represent the inflow from the fractures 
shown in Figure 4-5. 

 

 
Figure 4-6 Measurement arrangement for flow B2 (South wall). 
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Figure 4-7 Measurement arrangements for flow B3 (South wall). 

4.1.3 Section 3576 – 3582 meters (C) 

In section, C the inflow consists of a diffuse flow from walls and roof, but also a localised 
inflow from some features, see Figures 4-4 and 4-5. The result from the measurement 
campaigns is presented in Table 4-3. 

 
Table 4-3 Inflow rates in section C. 

Part flow name 

 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

C1 0.55 0.20 
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Part flow name 

 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

C2+C3 0.91 0.58 

C4 0.54 0.54 

SUM 2.00 1.32 

C1 represents the diffuse inflow, while C2 and C3 represent the inflow from the fractures 
shown in Figure 4-5. The flow C4 is inleakage from the borehole HA3578. 

4.1.4 Section 3570 – 3576 meters (D) 

In section D, no inleakage to the tunnel occurred during the measurement campaigns. The 
result from the measurement campaigns is presented in Table 4-4. 

 
Table 4-4 Inflow rate in section D. 

Part flow name 

 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

D1 0.00 0.00 

4.1.5 Section 3552 – 3570 meters (E) 

In section E a diffuse inleakage to the tunnel was measured, see Figure 4-4. The result from 
the measurement campaigns is presented in Table 4-5. 

 
Table 4-5 Inflow rate in section E. 

Part flow name 

 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

E1 0.10 0.11 
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4.1.6 Section 3546 – 3552 meters (F) 

In section F a diffuse inleakage to the tunnel was measured, see Figure 4-4. The result from 
the measurement campaigns is presented in Table 4-6. 

 
Table 4-6 Inflow rate in section F. 

Part flow name 

 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

F1 0.001 0.006 

4.2 Air humidity measurements 

In order to gather information of the air humidity climate of the tunnel area, measurements of 
temperature and relative humidity were done. During the period October 1999 – April 2000, 
the measurements were done at different occasions.  

The results of the tunnel measurements are shown in Table 4-7.  

 
Table 4-7 Relative humidity measurements along the tunnel. 

Date Tunnel 
chainage (m) 

Relative 
Humidity 

(%) 

Tempera-
ture (° C) 

1999-10-08 3555 90 15.9 

1999-11-09 3555 88 15.8 

-”- 3590 94 16.2 

1999-12-02 3548 76.8 12.7 

-”- 3589 73.3 15.4 

1999-12-15 3555 84 +/- 1 13.5 

-”- 3586 81 +/- 1 14.7 

2000-01-11 3548 80.3 12.4 

-”- 3586 80.5 14.8 
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Date Tunnel 
chainage (m) 

Relative 
Humidity 

(%) 

Tempera-
ture (° C) 

2000-01-15 3548 70.2 14.4 

-”- 3586 62.7 19.8 

2000-01-17 3548 71.4 15.9 

-”- 3586 63.2 21.4 

2000-01-19 3548 71.4 12.4 

-”- 3586 74.4 15.2 

2000-01-21 3548 69 11.5 

-”- 3586 75.9 14.1 

2000-03-17 3548 76.1 - 

-”- 3590 80.1 - 

2000-04-19 3530 84.2 12.7 

-”- 3560 91 13.4 

-”- 3590 89.6 13 

 

The ventilation system of the tunnel was in function during the whole studied period. 

The equipment used during the tunnel measurements was humidity measurement equipment 
with the possibility of measuring the temperature simultaneously. 

No airflow measurements in the tunnel were done during the period documented in this report. 
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5 DEPOSITION BOREHOLES 

5.1 Pressure responses during drilling 

The six deposition boreholes in the prototype repository were drilled during the period June- 
September 1999, see Table 5-1. 

 
Table 5-1 Drilling periods for deposition boreholes 

Borehole Start date Start time Stop date Stop time 

DA3587G01 1999-06-19 17:55 1999-06-22 21:32 

DA3581G01 1999-06-30 08:00 1999-07-02 21:25 

DA3575G01 1999-07-05 16:50 1999-07-08 11:30 

DA3569G01 1999-07-13 10:00 1999-07-15 15:25 

DA3551G01 1999-08-26 13:05 1999-09-01 14:08 

DA3545G01 1999-09-14 08:30 1999-09-18 21:55 

The drillings were not done as continuous drillings, but in several stages. In Appendix 1 all 
times for each sub-drilling is detailed. 

Sudden pressure responses that in a certain manner can be assigned to the drilling activities 
are shown in Table 5-2. Only a few certain responses could be observed. It is however to be 
noted that the inleakage rates are low in the deposition boreholes. In Appendix 1 the pressure 
changes during the all drilling period is presented. Of all the observation sections used during 
the drillings 66 % show a decrease while 34 % show an increase. 



 
 

  

20 

Table 5-2  Pressure responses during drilling of deposition boreholes (0=NO response, 
1=response) 

Bh name Secup Seclow Bhname: DA3545G01 DA3551G01 DA3587G01
Section: 3.7 2 6.5

KA3510A:1 122.02 150.00 0 0 0
KA3510A:2 114.02 121.02 0 0 0
KA3510A:3 4.52 113.02 0 0 0
KA3539G:1 19.30 30.01 1 0 0
KA3539G:2 9.80 18.30 1 0 0
KA3539G:3 1.30 8.80 0 0 0

KA3542G01:1 25.80 30.04 0 0 0
KA3542G01:2 8.80 24.80 0 0 0
KA3542G01:3 1.30 7.80 0 0 0
KA3542G02:1 22.30 30.01 0 0 0
KA3542G02:2 13.80 21.30 0 0 0
KA3542G02:3 8.80 12.80 0 0 0
KA3542G02:4 1.30 7.80 1 0 0
KA3544G01:1 6.30 12.00 1 0 0
KA3544G01:2 1.30 5.30 1 0 0
KA3546G01:1 6.80 12.00 1 0 0
KA3546G01:2 1.30 5.80 1 0 0
KA3548A01:1 15.00 30.00 0 0 0
KA3548A01:2 10.00 14.00 0 0 0
KA3548G01:1 0.30 12.01 0 0 0
KA3550G01:1 6.30 12.03 0 0 0
KA3550G01:2 1.30 5.30 0 0 0
KA3552G01:1 8.80 12.01 0 0 0
KA3552G01:2 4.05 7.80 0 1 0
KA3552G01:3 1.30 3.05 0 0 0
KA3554G01:1 22.30 30.01 0 0 0
KA3554G01:2 12.30 21.30 0 0 0
KA3554G01:3 1.30 11.30 0 0 0
KA3554G02:1 22.30 30.01 0 0 0
KA3554G02:2 10.30 21.01 0 0 0
KA3554G02:3 1.30 9.30 0 0 0
KA3557G:1 0.30 30.04 0 0 0

KA3563G01:1 9.30 30.00 0 0 0
KA3563G01:2 3.80 8.30 0 0 0
KA3563G01:3 1.30 2.80 0 0 0
KA3566G01:1 20.80 30.01 0 0 0
KA3566G01:2 12.30 19.80 0 0 0
KA3566G01:3 7.30 11.30 0 0 0
KA3566G01:4 1.30 6.30 0 0 0
KA3566G02:1 19.30 30.01 0 0 0
KA3566G02:2 12.30 18.30 0 0 0
KA3566G02:3 7.80 11.30 0 0 0
KA3566G02:4 1.30 6.80 0 0 0
KA3572G01:1 6.30 12.00 0 0 0
KA3572G01:2 1.30 5.30 0 0 0

KA3573A:1 18.00 40.07 0 0 0
KA3573A:2 4.50 17.00 0 0 0

KA3574G01:1 8.80 12.00 0 0 0
KA3574G01:2 5.30 7.80 0 0 0
KA3574G01:3 1.30 4.30 0 0 0
KA3576G01:1 8.80 12.01 0 0 0
KA3576G01:2 3.80 7.80 0 0 0
KA3576G01:3 1.30 2.80 0 0 0
KA3578G01:1 6.80 12.58 0 0 0
KA3578G01:2 1.30 5.80 0 0 0
KA3579G01:1 9.30 22.65 0 0 0
KA3579G01:2 5.30 8.30 0 0 0
KA3579G01:3 1.30 4.30 0 0 0
KA3584G01:1 0.30 12.00 0 0 0
KA3590G01:1 17.30 30.06 0 0 0
KA3590G01:2 7.80 16.30 0 0 1
KA3590G01:3 1.30 6.80 0 0 1
KA3590G02:1 23.30 30.05 0 0 0
KA3590G02:2 17.30 22.30 0 0 0
KA3590G02:3 8.30 16.30 0 0 0
KA3590G02:4 1.20 7.20 0 0 0
KA3593G01:1 8.30 30.02 0 0 1
KA3593G01:2 1.3 7.3 0 0 1

KA3600F:1 22 50.1 0 0 0
KA3600F:2 4.5 21 0 0 0

KG0021A01:1 42.5 48.82 0 0 0
KG0021A01:2 35 41.5 0 0 0
KG0021A01:3 25 34 0 0 0
KG0021A01:4 17 24 0 0 0
KG0021A01:5 4 16 0 0 0
KG0048A01:1 49 54.69 0 0 0
KG0048A01:2 41 48 0 0 0
KG0048A01:3 30 40 0 0 0
KG0048A01:4 4 29 0 0 0

DRILLED BOREHOLEOBSERVATION SECTIONS
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In order to study the overall influence, to the surrounding rockmass, due to the drilling of 
deposition boreholes a study of pressure differences was made. When drilling the boreholes of 
the inner section 63 observation sections were available and during the drilling of the 
boreholes in the outer section 62 sections were used. The pressure in an observation section at 
the start of a drilling of a deposition borehole was compared with the pressure at the end of 
the drilling period and a pressure difference was calculated, see Figure 5-1. If the pressure had 
increased it resulted in a positive number, while if the pressure had decreased it became a 
negative number. Plots and data of all observation sections are detailed in Appendix 1. 

Pr
es

su
re

 d
if

fe
re

nc
e 

(m
)

Deposition borehole drillings
11 21 31 41 51 61

-120
-80
-40

0
40
80

120
160
200
240

 
Figure 5-1 Pressure increase/decrease during drilling of deposition boreholes (+ = increase, 

- = decrease of pressure). 

In Table 5-3 the result of the analysis of pressure increase/decrease is shown. The major 
responses in the figure above are identified in the table. 

 
Table 5-3 Statistics of pressure increase/decrease during drilling of deposition boreholes 

Borehole Bh nr Median 
(m) 

Stand. 
dev 

n (Pressure 
increase, + ) 

n (Pressure 
decrease, - ) 

Major pressure differences in observation 
sections 

DA3587G01 1 0.04 7.21 40 23 KA3590G02:3 (-20.00 m);KA3590G02:4 (-14.32 m); 
KA3593G01:2 (-50.12 m) 

DA3581G01 2 -0.33 30.06 14 49 KA3574G01:1 (28.04 m);KA3574G01:2 (-81.76 m) 
KA3576G01:1 (81.69 m);KA3576G01:3 (206.17 m) 

DA3575G01 3 0.08 21.70 37 26 KA3576G01:3 (170.84 m) 

DA3569G01 4 -0.16 3.44 10 53 KA3576G01:3 (-21.12 m) 

DA3551G01 5 -0.59 4.51 16 46 KA3552G01:3 (29.95 m) 

DA3545G01 6 -0.37 15.39 12 50 KA3539G:3 (-55.50 m); KA3544G01:1 (-21.45 m); 
KA3544G01:2 (-106.84 m) 
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As can be seen in the table above, during the drilling of two, out of the total of six, deposition 
boreholes, and more pressure increases than pressure decreases occurs. This indicates different 
influence of those deposition boreholes, DA3587G01 and DA3575G01, to the surrounding 
rockmass than for the four other deposition boreholes, where the majority of the pressure 
registrations are decreasing during the drilling period of these boreholes. Explanations to this 
could be stress re-distributions in the rockmass due to the drillings causing decrease in 
pressure, but also increase on pressure. Minor decreasing pressures can also be explained as 
natural long-term trends in the hydraulic head pressure around the Prototype Repository 
Tunnel. Another possibility for pressure changes during drilling periods is clogging of 
fractures due to vibration from the drilling process. This in turn could create a local pressure 
increase.  

The available boreholes during the drilling period were divided into 5 subclasses, see 
Figure 5-2 in order to see the importance of the bore hole inclination : 

• All boreholes (Subclass 1) 

• Sub-vertical bore holes  (Subclass 2) 

• Sub-horizontal boreholes (KG0021A01, KG0048A01, KA3548A01, KA3510A, 
KA3573A and KA3600F) (Subclass 3) 

• Southerly inclined boreholes (KA3542G01, KA3554G01, KA3566G01 and KA3590G01) 
(Subclass 4) 

• Northerly inclined boreholes (KA3542G02, KA3554G02, KA3566G02 and KA3590G02) 
(Subclass 5) 
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Figure 5-2  Borehole subclass orientation 
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An attempt to observe any systematic pressure change tendency around the tunnel is shown in 
Table 5-4. 
 
Table 5-4 Pressure increase/decrease around prototype tunnel during drilling of 

deposition boreholes  

Subclass n n increase % increase n decrease % decrease 

1 376 129 34 247 66 

2 146 58 40 88 60 

3 108 37 34 71 66 

4 58 18 31 40 69 

5 64 16 25 48 75 

 

The results are similar all around the tunnel, with about one-third of the changes being 
increasing pressures and two-thirds of the values showing decreasing pressures. 

During the drilling period some of the recently drilled deposition boreholes became filled with 
water (no pumping was made), see Appendix 1. No immediate influence to surrounding 
boreholes can however be discerned. 

5.2 Inflow rate to prototype repository deposition boreholes 

The detailed mapping of fractures in the deposition holes was made during the months of 
October and November of 1999. 

The inflow rate to each of the six deposition boreholes in the prototype repository has been 
estimated during measurement campaigns. During these campaigns, the total inflow rate to the 
whole borehole has been made. Mapping of water-bearing features in the boreholes was done 
in January 2000. Estimations of inleakage rates from single features mapped as water-bearing 
and located on the borehole walls were done during the second measurement campaign in 
March/April 2000. 

Before the mapping of water-bearing features in the deposition boreholes were commenced, 
the holes were dried out using a large heating fan, thereby reducing the relative humidity to a 
minimum. After the fan was removed the mapping started. 

During both inflow measurement campaigns, the total inflow rate estimation to a hole was 
made. However, during the first campaign in November - December 1999 no single feature 
flow rate estimation was made. During the third measurement campaign the boreholes were 
filled up, in order to create a “wet” flow situation. The water level was kept at a distance of 
approximately 0.5 meter below the tunnel floor. The measurement was done in the same 
manner as described below. 
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The measurement methodology when measuring the total inflow has been as follows, see 
Figure 5-3. During the first two measurement campaigns a water table was created at the 
bottom of each borehole. The measurement principle was then to measure the difference of 
the height, of the water table at least once every day. Since the borehole radius is known the 
increase of water volume could then be estimated, and thereby the inflow rate to the borehole 
could be determined, by using the function below 

Q = r2 · Π · (h2 – h1)/(t2 – t1)            

 

2 r

h2

h1
∆ h

t1

t2

 

 
Figure 5-3 Measuring principles when estimating the inflow rate to a borehole. (r=radius; h1, 

h2 = level of water table at different times t1, t2; ∆h = difference of levels) 

The depth of each deposition hole is 8.37 meter and the diameter is 1.75 meter. 
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During the first measurement campaign in November/December 1999 a pressure transducer, 
measuring the total water pressure, was used when determining the levels of the water table. 
The differential pressure between two measurements was then converted into the height 
difference of the water table. This measuring arrangement was replaced in the second and 
third measurements with an ultra-sonic transducer. The transducer constantly measured the 
distance between the transducer and the water level, see Figure 5-4. 

 

 
Figure 5-4 Ultra-sonic transducer 
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When estimating the inleakage from single water bearing feature plastic bags, applied to the 
rock surface, were used to collect water from a localised feature. The volume of the inleaking 
water from the different features was measured approximately once a day during a period of 
one month, see Figure 5-5.  

 

 
Figure 5-5 Example of plastic bag measurement 
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The boreholes were sealed off from the tunnel floor by using a disc of plywood. The small 
distance between the plywood disk and the borehole wall was filled with pieces of water 
absorbing rags, see Figure 5-6. 

 

 
Figure 5-6 Sealing-off arrangements around deposition borehole 

5.2.1 Uncertainty in the measurements of flow to the deposition boreholes 

The uncertainty in the flow measurements depend on the uncertainty of the borehole 
radius (r), the difference in water level (h2 – h1) and the time differences for the flow 
measurement (t2 – t1). The numbers below are to be seen as possible mis-readings if the 
parameters measured for some reasons may be unstable. 

The uncertainty of the radius is estimated to +/- 2 mm. 

The uncertainty of (t2 – t1) is estimated to be nil. 

The largest uncertainty in the level measurements using the pressure transducer is 0.3 mm. 

The largest uncertainty in the level measurements using the ultra-sonic transducer is 0.1 mm. 

The main uncertainty factor of these measurements is the leakage between the tunnel floor and 
the boreholes. When this kind of leakage is present it is mentioned in the text below. 
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5.2.2 DA3587G01 - Deposition  borehole 1 

The total inflow rate to DA3587G01 is shown in Table 5-5 below 

 
Table 5-5 Total inflow to DA3587G01 

Borehole 

 

Q 1999-12-08 – 
1999-12-13 

(l/min) 

Q 2000-03-28 – 
2000-03-31 

(l/min) 

DA3587G01 0.08000 +/- 
0.00400 

0.07870 +/- 
0.00236 

In Figure 5-7, the deposition hole mapping is detailed together with the observed 
waterbearing features on the borehole wall. 

In Table 5-6 the detailed inleakage estimation results for the mapped water bearing fractures 
on the borehole walls are presented. 

 
Table 5-6 Sub-inflows to DA3587G01 from water bearing features on borehole wall 

Mapped feature 
in 

DA3587G01, 
see Fig 5-7 

Q 2000-02-25 – 
2000-03-31 

(l/min) 

1 1.11E-4 

2 1.04E-5 

3 0 

4 3.61E-5 

SUM 1.58E-4 

 

The mapped feature number 1 in the table above could possibly be influenced by flow from 
the tunnel bottom. It was not possible to determine this for sure, but the possibility exist that 
the fracture may lead water from the tunnel floor level and into the plastic bag used for 
determining the flow. Of the total inflow rate to the borehole 0.2 % enters through the features 
on the walls, the rest origins from diffuse inflow at the walls and from the bottom of the 
borehole. 
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Figure 5-7 Deposition hole mapping in DA3587G01. Mapped water bearing features are 

marked with shaded areas. 
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5.2.3 DA3581G01 - Deposition  borehole 2 

The total inflow rate to DA3581G01 is shown in Table 5-7 below 

 
Table 5-7 Total inflow to DA3581G01 

Borehole 

 

Q 1999-12-17 – 
1999-12-23 

(l/min) 

Q 2000-03-28 – 
2000-03-31 

(l/min) 

DA3581G01 0.00160 +/- 
0.00008 

0.00220 +/- 
0.00007 

In Figure 5-8, the deposition hole mapping is detailed together with the observed 
waterbearing features on the borehole wall. 

In Table 5-8, the detailed inleakage estimation results for the mapped water bearing fractures 
on the borehole walls are presented. 

 
Table 5-8 Sub-inflows to DA3581G01 from water bearing features on borehole wall 

Mapped feature 
in 

DA3581G01, 
see Fig 5-8 

Q 2000-02-25 – 
2000-03-31 

(l/min) 

1 1.67E-4 

Of the total inflow rate to the borehole 8 % enters through the feature on the wall, the rest 
origins from diffuse flow at the walls and from the bottom of the borehole. 
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Figure 5-8 Deposition hole mapping in DA3581G01. Mapped water bearing features are 

marked with shaded areas. 
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A detailed flow measurement was done in DA3581G01 2000-07-03 to 2000-07-11. Ordinary 
baby diapers were applied to a plank. A total of 9 diapers were applied in a row to each of 50 
planks. Each diaper was weighted before applying to the plank. All of the plank-diaper 
arrangements were then applied tight to the borehole wall. The first 25 were applied vertically 
at level 4.25 – 7.25 meters and the last 25 were applied vertically at level 0.75 – 3.75 meters. 
After the end of the period each diaper was again weighted to be able to estimate the inflow to 
each diaper. The arrangement is shown in Figures 5-9 to 5-11. Measurement data is detailed 
in Appendix 2. 

Diapers

Plank

Construction strut

 - 0.75 m

 -3.75 m

 - 4.25 m

 -7.25 m

 
 

Figure 5-9  Diaper measurement arrangement in DA3581G01 

To be able to estimate the effect of the background humidity on water content in the diaper 
some reference diapers were used at different levels in the borehole. The results of these 
reference measurements are that the reference diapers increased its weight by 10.8 to 14.0 
grams. Four of the diapers were hanging free in the air at levels 1 m, 3 m, 4.7 m and 6.5 m 
below tunnel floor in the borehole. The fifth diaper was mounted on the outer side of a plank, 
at a level of 1 meter below tunnel floor and covered with a steel plate. This diaper was the one 
that increased its weight by 10.8 grams. The weight was therefor lessened by 10 grams of each 
of the other diapers from the borehole walls, in order to estimate the net inflow rate from the 
rock. 
 
A simple test was carried out to see how much water a diaper could absorb. With 200 g water 
the diaper felt moist, and with 300 g it was possible to squeeze the water out of the diaper. 
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Considering the increase of the water content in the diapers nearly none of the diapers became 
saturated during the experiment, see Appendix 2. 
 
A weight increase of 0 – 1 grams is considered as uncertain, giving that an increase of 1 gram 
could represent a “zero” flow as well as flow causing an increase of 1 gram. A 1 gram 
increase during one week gives a flow of 1 · 10-7 l/min. This flow is therefor set as the 
measurement limit of this methodology. 

 
 

Figure 5-10 Diaper measurement arrangement in DA3581G01 
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Each diaper covered an area of 0.03465 (0.11 x 0.315) m2. The distance between the planks is 
approximately 0.1 meters. 

 
 

Figure 5-11 Diaper measurement arrangement in DA3581G01 

 
The planks were mounted clock-wise along the circumference of the borehole. Plank A, see 
Figure 5-10 and 5-11 was situated in the centreline of the tunnel facing east towards the 
tunnel opening. During the measurement campaign 4 sections (Q, R, S and T) out 
of 25 (A - Z) became waterlogged by leaking water from the tunnel floor. These sections are 
marked as blank in the following Figures 5-12, 5-14 to 5-16. 
 
The only mapped water bearing structure in this borehole is located beneath Z plank. Due to 
the fact that the diapers closest to it were soon nearly saturated with water and part of the 
fracture is outside the diaper, excess water flowed downwards on both sides of Z plank. Due 
to this, below the measuring points for the water bearing structure the flowrate and the 
hydraulic conductivity, shown in Figures 5-12, 5-14 to 5-16, may be too high. 
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In Figure 5-12 the result is shown graphically together with the geological mapping of 
structures and inleaking locations. 
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Figure 5-12  Inflow measurements using diapers in DA3581G01. 
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In total the measurement gives an estimated borehole flow of 2.2 · 10-3 l/min, see Table 5-7. In 
the calculation the total measured flow (water absorbed by diapers) is 7.3 · 10-4 l/min. Taken 
into account that parts of the borehole is not covered by diapers this flow was upscaled by a 
factor 3. The estimated flow is within the same order of magnitude as earlier whole borehole 
measurements, see Table 5-7. 
 
If the pressure in the rock mass is known the measured flow can be translated to a hydraulic 
conductivity. To be able to estimate a relevant pressure, measured pressures in existing 
boreholes close to the deposition holes were utilised to develop a relationship between the 
distance between the deposition borehole centre and the pressure at a location in the rockmass 
outside the borehole wall. In Table 5-9 the utilised pressures are presented together with the 
distance to the centre of the closest deposition borehole. 
 
Table 5-9 Utilized pressures when developing a relationship between the horizontal 

distance between the deposition borehole centre and and the pressure at a 
location in the rockmass outside the borehole wall. Pressures for the inner 
section are from July 1999 and for the outer section from January 2000. 

Borehole Secup (m) Seclow 
(m) 

R (m) P (m) 

KA3539G:1 19.30 30.01 6.82 262.0 

KA3539G:2 9.80 18.30 6.82 262.0 

KA3539G:3 1.30 8.80 6.82 205.0 

KA3544G01:1 6.30 12.00 1.17 227.5 

KA3544G01:2 1.30 5.30 1.17 101.0 

KA3546G01:1 6.80 12.00 1.18 12.8 

KA3546G01:2 1.30 5.80 1.18 6.5 

KA3548G01:1 0.30 12.01 3.00 8.4 

KA3550G01:1 6.30 12.03 1.18 5.2 

KA3550G01:2 1.30 5.30 1.18 6.5 

KA3552G01:1 8.80 12.01 1.18 48.0 

KA3552G01:2 4.05 7.80 1.18 12.5 

KA3552G01:3 1.30 3.05 1.18 23.4 

KA3557G:1 0.30 30.04 5.13 17.9 

KA3563G01:1 9.30 30.00 6.83 137.8 

KA3563G01:2 3.80 8.30 6.83 137.8 

KA3563G01:3 1.30 2.80 6.83 25.5 

KA3572G01:1 6.30 12.00 2.97 98.0 

KA3572G01:2 1.30 5.30 2.97 98.2 

KA3574G01:1 8.80 12.00 1.18 37.4 

KA3574G01:2 5.30 7.80 1.18 10.3 

KA3574G01:3 1.30 4.30 1.18 10.1 
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Borehole Secup (m) Seclow 
(m) 

R (m) P (m) 

KA3576G01:1 8.80 12.01 1.15 162.3 

KA3576G01:2 3.80 7.80 1.15 7.3 

KA3576G01:3 1.30 2.80 1.15 161.5 

KA3578G01:1 6.80 12.58 2.99 142.9 

KA3578G01:2 1.30 5.80 2.99 7.3 

KA3579G01:1 9.30 22.65 1.83 155.3 

KA3579G01:2 5.30 8.30 1.83 49.1 

KA3579G01:3 1.30 4.30 1.83 42.6 

KA3584G01:1 0.30 12.00 2.99 11.0 

KA3593G01:1 8.30 30.02 5.14 199.1 

KA3593G01:2 1.30 7.30 5.14 126.6 

 
The pressures in the Table 5-9 above are pressures measured 6 – 12 months before the diaper 
measurements. This fact may cause that the pressures in some cases are overrated since the 
open deposition boreholes will reduce the pressure in the closest surrounding rockmass. This 
will, mostly, be the case in the borehole sections with the highest pressure. The declining 
pressure trend is, however, at most 2 – 3 metres per month in those sections in the outer 
section where pressure time series are available. 
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The pressure at the borehole wall with the radius 0.875 meters is set to 0. The simple 
regression analysis gives the following relationship with a correlation coefficient of 0.59, 
which indicates a relatively strong relationship between the variables. The relationship shown 
in Figure 5-13 is 

P = 7.835 + 94.397 · LOG_R 
 

LOG_R

P 
(m

)

-1 -0.5 0 0.5 1 1.5 2
0

50

100

150

200

250

P2 max (1.15 m) =
108 m

P2 min (1.15 m) =
7.3 m

P2 (1.15 m) =
24.7 m

P2 max(5 m) =
220 m

P2 (5 m) =
133.3 m

P2 min(5 m) =
50 m

 
 

Figure 5-13 Simple regression analysis with 95 % confidence limits (inner pair of dotted 
lines) for mean value and predicted value 

The hydraulic conductivity, K, was estimated using Thiem´s relationship in the form below: 
 

K = q · r1 · ln (r2 / r1) / (P2 – P1) where 
 
q = measured inflow for each area covered with a diaper (m3/s · m2) 
r1 = radius of deposition borehole (=0.875 m) 
r2 = distance to location outside borehole from borehole centre, where pressure is estimated 
from relationship above 
P1 = Pressure at borehole wall (=0 m of water) 
P2 = Pressure estimated from relationship above (meters of water) 
 
Two cases have been calculated for. The first is with r2 = 1.15 m and the second with r2 = 5 m. 
The pressure P2 used for the different cases are shown in Figure 5-13. The resulting Kmin, 
Kmean and Kmax are presented in Figures 5-14 to 5-16 and in Appendix 2. 
 
As earlier described the estimated measurement limit of a diaper is +/- 1 gram. Using the 
different extreme pressures, P2, in Figure 5-13 above this indicate a hydraulic 
conductivity (m/s) interval for the 1.15 meter case of 5.6 · 10-14 (Pmin) – 3.8 · 10-15 (Pmax) and 
for the 5 meter case of 5.1 · 10-14 (Pmin) – 1.2 · 10-14 (Pmax). Considering this, the measurement 
limit for hydraulic conductivity is estimated to be 5 · 10-14 m/s. 
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Figure 5-14 Estimated Kmin at distance 1.15 meters from borehole center 
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Figure 5-15 Estimated Kmean at distance 1.15 meters from borehole center 
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Figure 5-16 Estimated Kmax at distance 1.15 meters from borehole center 
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The result of a statistical analysis of Kmin, Kmeanand Kmax for the two distances 1.15 and 5 
meters from deposition borehole centre is shown in Table 5-10. Detailed results are presented 
in Appendix 2. 
 
Table 5-10 Result of statistical analysis of Kmin, Kmeanand Kmax for the two distances 1.15 

and 5 meters from deposition borehole centre 

Data set Geometric mean 
(m/s) 

Standard 
deviation 

(Log10 K) 

Kmin (d = 1.15 m) 8.5 · 10-14 0.65 * 

Kmean (d = 1.15 m) 1.9 · 10-13 0.64 

Kmax (d = 1.15 m) 5.0 · 10-13 0.77 

Kmin (d = 5 m) 8.8 ·10-14 0.65 * 

Kmean (d = 5 m) 1.1 · 10-13 0.65 * 

Kmax (d = 5 m) 2.1 · 10-13 0.66 
       * estimated by fitting a line (dotted line i Appendix 2) in the probability diagram in Appendix 2 
 

It is to be remembered in this context that some of the higher inflow spots probably reflect 
water coming from a fracture above them, as was pointed out earlier. This means that the 
statistics probably to some extent is biased. There should probably be fewer values with high 
K-values but some of the values could possibly be higher (representing the mapped flowing 
feature). Kmin and Kmax should be seen as the possible range for individual values. The 
distribution of Kmean should be the best estimate of the hydraulic conductivity. 
 
A second detailed measurement campaign was done 2000-07-12 to 2000-07-19, see 
Appendix 2. It was only a partial measurement, including 6 diaper rows (B1 to G1) in the 
upper part of the borehole, 0.75 – 3.75 meter from the top. Of the 28 diapers that had a flow 
measurement 18 of them showed increasing values, the increase ranging from 2 % to an 
extreme value of some 1200 %. The decreasing values ranged between 9 % and 108 %. The 
repeatability using this  measurement methodology is considered as fairly good. 
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5.2.4 DA3575G01 - Deposition  borehole 3 

The total inflow rate to DA3575G01 is shown in Table 5-11 below 

 
Table 5-11 Total inflow to DA3575G01 

Borehole 

 

Q 1999-12-13 – 
1999-12-20 

(l/min) 

Q 2000-03-28 – 
2000-03-31 

(l/min) 

Q 2000-06-21 – 
2000-06-24 

(l/min) 

DA3575G01 0.00280 +/- 
0.00014 

0.00310 +/- 
0.00009 

0.00410 +/- 
0.00012 

During the first two measurements the borehole was kept almost empty with a water table just 
above the bottom of the hole. During the third measurement the borehole was filled up with 
the water table at a level of 0.5 meter below tunnel floor. 

In Figure 5-17, the deposition hole mapping is detailed. 

In Table 5-12, the detailed inleakage estimation results for the mapped water bearing fractures 
on the borehole walls. No water inleakage could be estimated from features located on the 
walls. 

 
Table 5-12 Sub-inflows to DA3575G01 from water bearing features on borehole wall 

Mapped feature 
in DA3575G01 

Q 2000-02-25 – 
2000-03-31 

(l/min) 

No feature 
observed - 

 

Of the total inflow rate to the borehole 0 % enters through the features on the walls, the rest 
origins from diffuse flow at the walls and from the bottom of the borehole. 
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Figure 5-17 Deposition hole mapping in DA3575G01. No water bearing features was 

observed. 
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5.2.5 DA3569G01 - Deposition  borehole 4 

The total inflow rate to DA3569G01 is shown in Table 5-13 below 

 
Table 5-13 Total inflow to DA3569G01 

Borehole 

 

Q 1999-12-23 – 
2000-04-10 

(l/min) 

Q 2000-03-28 – 
2000-03-31 

(l/min) 

Q 2000-06-21 – 
2000-06-26 

(l/min) 

DA3569G01 0.00072 +/- 
0.00004 

0 0.00472 +/- 
0.00009 

During the first two measurements the borehole was kept almost empty with a water table just 
above the bottom of the hole. During the third measurement the borehole was filled up with 
the water table at a level of 0.5 meter below tunnel floor. The figures in the table above 
include a certain amount of leakage from the tunnel floor, which could not be sealed off. The 
estimated leakage from the tunnel floor, during the second measurement, accounted for all 
flow into the borehole. 

In Table 5-14 the detailed inleakage estimation results for the mapped water bearing fractures 
on the borehole walls are presented. In Figure 5-18, the deposition hole mapping is detailed 
together with the observed waterbearing features on the borehole wall. 

 
Table 5-14 Sub-inflows to DA3569G01 from water bearing features on borehole wall 

Mapped feature 
in 

DA3569G01, 
see Fig5-18 

Q 2000-02-25 – 
2000-03-31 

(l/min) 

1 0 

2 5.10E-5 

3 0 

4 1.38E-6 

SUM 5.24E-5 

Of the total inflow rate to the borehole 4 % enters through the features on the walls, the rest 
origins from diffuse flow at the walls and from the bottom of the borehole. The measurements 
of features 1 – 3 are probably influenced by water from the tunnel floor via fractures. 
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Figure 5-18 Deposition hole mapping in DA3569G01. Water bearing features are marked 

with shaded areas. 
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5.2.6 DA3551G01 - Deposition  borehole 5 

The total inflow rate to DA3551G01 is shown in Table 5-15 below 

 
Table 5-15 Total inflow to DA3551G01 

Borehole 

 

Q 1999-12-23 – 
2000-01-10 

(l/min) 

Q 2000-03-21 – 
2000-03-27 

(l/min) 

Q 2000-07-16 – 
2000-07-26 

(l/min) 

DA3551G01 0.00270 +/- 
0.00014 

0.00155 +/- 
0.00005 

0.00160 +/- 
0.00005 

During the first two measurements the borehole was kept almost empty with a water table just 
above the bottom of the hole. During the third measurement the borehole was filled up with 
the water table at a level of 0.5 meter below tunnel floor. A certain amount of leakage from 
the tunnel floor is included in the figures of the first measurement (1999-12-23 – 2000-01-10). 
This was later sealed off and the latter measurements should give a more representative 
inleakage flow rate.  

In Figure 5-19 the deposition hole mapping is detailed together with the observed 
waterbearing features on the borehole wall. 
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Figure 5-19 Deposition hole mapping in DA3551G01. Water bearing features are marked 

with shaded areas. 
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In Table 5-16 the detailed inleakage estimation results for the mapped water bearing fractures 
on the borehole walls are presented. 

 
Table 5-16 Sub-inflows to DA3551G01 from water bearing features on borehole wall 

Mapped feature 
in 

DA3551G01, 
see Fig 5-19 

Q 2000-02-25 – 
2000-03-31 

(l/min) 

1 2.84E-5 

2 2.59E-5 

3 3.49E-5 

4 8.63E-6 

5 1.94E-5 

6 1.05E-5 

7 1.12E-4 

8 1.19E-4 

9 0 

SUM 3.59E-4 

 

Of the total inflow rate to the borehole 23 % enters through the features on the walls, the rest 
origins from diffuse flow at the walls and from the bottom of the borehole. 
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5.2.7 DA3545G01 - Deposition  borehole 6 

The total inflow rate to DA3545G01 is shown in Table 5-17 below 

 
Table 5-17 Total inflow to DA3545G01 

Borehole 

 

Q 1999-12-20 – 
1999-12-22 

(l/min) 

Q 2000-03-21 – 
2000-03-27 

(l/min) 

Q 2000-07-13 – 
2000-07-26 

(l/min) 

DA3545G01 0.00610 +/- 
0.00031 

0.00270 +/- 
0.00008 

0.00740 +/- 
0.00022 

During the first two measurements the borehole was kept almost empty with a water table just 
above the bottom of the hole. During the third measurement the borehole was filled up with 
the water table at a level of 0.5 meter below tunnel floor. A certain amount of leakage from 
the tunnel floor is included in the figures of the first measurement (1999-12-23 – 2000-01-10). 
This was later sealed off and the second measurement should give a more representative 
inleakage flow rate. The higher figures of the last measurement could indicate new inleakage 
from the floor or could be attributed from the wetted flow conditions. 

In Figure 5-20, the deposition hole mapping is detailed together with the observed 
waterbearing features on the borehole wall. 
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In Table 5-18 the detailed inleakage estimation results for the mapped water bearing fractures 
on the borehole walls are presented. 

 
Table 5-18 Sub-inflows to DA3545G01 from water bearing features on borehole wall 

Mapped feature 
in 

DA3545G01, 
see Fig 5-20 

Q 2000-02-25 – 
2000-03-31 

(l/min) 

1 5.45E-6 

2 4.16E-5 

3 2.17E-4 

4 3.85E-5 

5 0 

6 2.03E-5 

7 2.24E-4 

8 3.96E-6 

9 3.22E-5 

10 1.16E-5 

SUM 5.95E-4 

Of the total inflow rate to the borehole 22 % enters through the features on the walls, the rest 
origins from diffuse flow at the walls and from the bottom of the borehole. 
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Figure 5-20 Deposition hole mapping in DA3545G01. Water bearing features are marked 

with shaded areas. 
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5.2.8 Comparison of inflow rates to pilot boreholes and to deposition 
boreholes 

According to investigations in Finland (Autio, J et. al, 2001) the following conclusion 
regarding inflow measurements to full-scale experimental deposition holes was made. 

• The inflow in small diameter investigation holes was more or less larger than in large 
diameter holes 

In order to make the same comparison within the prototype repository project, the inflow to 
pilot boreholes drilled prior to the deposition boreholes is shown in Table 5-19. 
 

Table 5-19 Inflow to pilot borehole and to correponding deposition borehole 

Pilot borehole Q pilot (l/min) Deposition borehole appr. Q deposition 
(l/min) 

KA3587G 7.9 · 10-5  DA3587G01 0.08 

KA3581G 1.3 · 10-6  DA3581G01 0.002 

KA3575G 8.4 · 10-6  DA3575G01 0.003 

KA3569G 3.8 · 10-4  DA3569G01 0.004 

KA3551G 2.2 · 10-5  DA3551G01 0.002 

KA3545G 0.013 DA3545G01 0.007 

As seen in the table no consistent pattern regarding inflow rates can be set from these six 
cases only. In the five positions with very low flow rates, the inflow rates to the deposition 
boreholes are the largest. In the last deposition borehole position, the order of magnitude of 
the inflow is larger, and the inflow to the pilot borehole is larger than to the deposition 
borehole itself. This could be an indication of a break even point of the magnitude of the 
inleaking volumes. In the cases in Finland the magnitude of order of the inflow rates were at 
least 10 times the largest inflow above, in two out of three cases. In the third case the flow 
was below the measurement limit. 

5.3 Air humidity measurements 

In order to gather information of the air humidity climate of the tunnel area, measurements of 
temperature and relative humidity were done. During the period October 1999 – April 2000, 
the measurements were done at different occasions. They were done in the tunnel itself, see 
section 4.2, and in some deposition boreholes. 
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The equipment used in the boreholes was humidity measurement equipment with the 
possibility of measuring the temperature simultaneously. 

The results from the measurements in the deposition boreholes are presented in Table 5-20.  

The tunnel ventilation system was in function during the studied period. 

During the period of 2000-01-14 – 2000-01-18 a heating fan was installed in each of the 
deposition boreholes.  

 
Table 5-20 Relative humidity measurements in deposition boreholes 

Date Borehole Relative 
Humidity 

(%) 

Tempera-
ture (° C) 

Comments 

1999-10-08 DA3551G01 96.3 15.5 2 m below roadbed 

1999-11-09 DA3551G01 94 15.7 2 m below roadbed 

-“- DA3575G01 57 24.3 Just below roadbed. Active fan in borehole. 

1999-12-02 DA3545G01 88.2 13 2 m below roadbed 

-“- DA3551G01 87.7 13.4 2 m below roadbed 

-“- DA3575G01 88.8 13.8 2 m below roadbed 

1999-12-15 DA3575G01 98.0 14.2 2 m below roadbed 

-“- DA3581G01 98.4 14.1 2 m below roadbed 

1999-12-22 DA3545G01 96.8 13.8 2 m below roadbed 

-“- DA3581G01 96.2 14.5 2 m below roadbed 

2000-01-11 DA3445G01 96.9 15 2 m below roadbed 

-“- DA3551G01 93.9 14.7 2 m below roadbed 

2000-01-15 DA3551G01 43.2 23.5 2 m below roadbed. Active fan in borehole. 

-“- DA3581G01 93 14.9 2 m below roadbed. Active fan with no heat in hole. 

2000-01-17 DA3545G01 31.4 28.5 2 m below roadbed. Active fan in borehole. 

-“- DA3581G01 47.3 27.2 2 m below roadbed. Active fan in borehole. 



 
 

  

55 

Date Borehole Relative 
Humidity 

(%) 

Tempera-
ture (° C) 

Comments 

2000-01-19 DA3545G01 72.6 15 2 m below roadbed. 

-“- DA3581G01 73.7 15.6 2 m below roadbed. 

2000-01-21 DA3545G01 74.8 13.5 2 m below roadbed. 

-“- DA3587G01 78 16 2 m below roadbed. 

2000-03-17 DA3581G01 95.7 - Borehole covered with plastic sheet to maintain RH 

In 2000-04-19 humidity measurements profiles were made in two boreholes, see Table 5-21. 
 

Table 5-21 Relative Humidity measurement profiles in boreholes 

Borehole Level RH (%) Temp (° C) Comments 

DA3545G01 0.7 84.2 -  

“-“ 2.7 83.8 -  

“-“ 4.7 84.2 -  

“-“ 6.7 85.7 -  

“-“ 8.5 94.5 -  

DA3575G01 1.5 91.9 14.1 Close to borehole wall 

“-“ 4.0 94.3 13.6 Close to borehole wall 

“-“ 7.5 97.1 13.6 Close to borehole wall 

“-“ 1.5 96.8 13.6 At centre of borehole 

“-“ 4.0 95.8 13.5 At centre of borehole 

“-“ 7.5 94.0 13.5 At centre of borehole 
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6 LEAD-THROUGH BOREHOLES 

6.1 Pressure responses during drilling 

Three boreholes have been drilled from the G-tunnel to the prototype tunnel (A-tunnel). They 
are inclined 2 degrees downward as seen from G-tunnel,. The diameter of the holes is 76 mm. 
The boreholes were drilled as presented in Table 6-1. 
 

Table 6-1  Boreholes between tunnel G and tunnel A, Äspö HRL 

Borehole Length 

(m) 

Drilling period 

(Start date – Stop date) 

KG0023A01 33.40 2000-04-14 – 2000-04-27 

KG0027A01 46.72 2000-05-16 – 2000-05-24 

KG0033A01 56.90 2000-05-02 – 2000-05-15 

During drilling a number of uptakes with measured increase of water-inflow were observed 
corresponding to possible water-bearing features. The inflow intervals are detailed in 
Table 6-2. 

 
Table 6-2  Uptake with increasing inflow during drilling of the lead-through boreholes 

Borehole Uptake 

(Borehole length, m) 

Increase of inflow 

(l/min) 

Flow of the entire borehole 
according to the drilling 

records (l/min) 

KG0023A01 14.38 – 15.77 0.4  

KG0023A01 24.42 –27.78 0.3 0.7 

    

KG0027A01 8.05 – 9.92 7.2  

KG0027A01 41.57 – 44.52 1.8 9.0 
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Borehole Uptake 

(Borehole length, m) 

Increase of inflow 

(l/min) 

Flow of the entire borehole 
according to the drilling 

records (l/min) 

KG0033A01 7.93 – 10.73 1.6  

KG0033A01 34.65 – 36.57 0.4  

KG0033A01 42.65 – 43.62 0.4 2.4 

With the observed water-bearing sections as a basis, for each drilled borehole, an attempt to 
correlate these sections to registered pressure changes in the observation sections were made. 
In Table 6-3 observed responses have been indicated. In Appendix 3 plots of pressure 
responses are presented. 
 

Table 6-3  Registered pressure changes in observation sections during drilling of 
observed water-bearing section in drilled borehole [0=no response (<0.1 m), 
1= some response (> 0.1 m & < 1.0 m), 2= good response (> 1.0 m)] 

Observation 
section

Observation 
secup

Observation 
seclow

Observation
hydraulic centre

KG0023A01
14.38 - 15.77 m

KG0023A01
24.42 - 27.78 m

KG0027A01
8.05 - 9.92 m

KG0027A01
41.57 - 44.52 m

KG0033A01
7.93 - 10.73 m

KG0033A01
34.65 - 39.53 m

KG0033A01
42.65 - 43.62 m

KA3510A:1 122.02 150.00 136.00 0 0 1 0 0 0 0

KA3510A:2 114.02 121.02 117.50 0 0 1 0 0 0 0

KA3510A:3 4.52 113.02 50.00 0 1 2 0 1 1 0

KA3539G:1 19.30 30.01 20.56 0 2 2 0 2 2 0

KA3539G:2 9.80 18.30 16.37 0 2 2 0 2 2 0

KA3539G:3 1.30 8.80 6.59 0 2 2 0 0 0 0

KA3542G01:1 25.80 30.04 28.50 0 1 2 0 1 1 0

KA3542G01:2 8.80 24.80 20.06 0 0 2 0 1 1 0

KA3542G01:3 1.30 7.80 4.50 0 1 2 0 1 1 0

KA3542G02:1 22.30 30.01 26.21 0 2 2 0 2 0 0

KA3542G02:2 13.80 21.30 16.83 0 2 2 0 2 2 0

KA3542G02:3 8.80 12.80 11.13 0 2 2 0 2 2 0

KA3542G02:4 1.30 7.80 5.36 0 2 2 0 2 2 0

KA3548A01:1 15.00 30.00 19.56 0 1 2 0 1 1 0

KA3548A01:2 10.00 14.00 13.49 0 1 2 0 1 1 0

KA3554G01:1 22.30 30.01 24.95 0 1 2 0 0 2 0

KA3554G01:2 12.30 21.30 19.39 0 1 2 0 1 1 0

KA3554G01:3 1.30 11.30 6.78 0 0 1 0 1 1 0

KA3554G02:1 22.30 30.01 28.47 0 2 2 0 2 2 0

KA3554G02:2 10.30 21.01 13.13 0 2 2 0 2 2 0

KA3554G02:3 1.30 9.30 8.39 0 2 2 0 2 2 0

KA3557G:1 0.30 30.04 11.40 0 0 0 0 0 1 0

KA3563G01:1 0.30 30.00 5.60 0 0 0 0 0 0 0

KA3566G01:1 20.80 30.01 21.57 0 1 1 0 1 1 0

KA3566G01:2 12.30 19.80 16.71 0 1 1 0 1 1 0

KA3566G01:3 7.30 11.30 8.81 0 1 1 0 1 1 0

KA3566G01:4 1.30 6.30 3.70 0 1 1 0 1 1 0

KA3566G02:1 19.30 30.01 21.41 0 2 2 0 2 2 0

KA3566G02:2 12.30 18.30 16.23 0 2 2 0 2 2 0

KA3566G02:3 7.80 11.30 10.25 0 2 1 0 1 2 0

KA3566G02:4 1.30 6.80 3.99 0 0 0 0 1 2 0

KA3572G01:1 0.30 12.00 7.67 0 0 1 0 0 1 0

KA3573A:1 18.00 40.07 21.34 0 0 1 0 1 1 0

KA3573A:2 4.50 17.00 9.16 0 1 2 0 1 1 0

KA3574G01:1 0.30 12.00 4.93 0 0 0 0 0 0 0

KA3578G01:1 0.30 12.58 7.03 0 0 0 0 0 0 0

KA3579G01:1 0.30 22.65 7.62 0 0 0 0 0 0 0

KA3584G01:1 0.30 12.00 6.24 0 0 0 0 0 0 0

KA3590G01:1 0.30 30.06 4.33 0 0 1 0 0 0 0

KA3590G02:1 0.30 30.05 26.73 0 2 2 0 2 2 0

KA3593G01:1 0.30 30.02 6.45 0 1 1 0 0 2 0

KA3600F:1 22.00 50.10 31.78 0 0 1 0 0 0 0

KA3600F:2 4.50 21.00 12.51 0 0 1 0 0 0 0

KG0021A01:1 42.50 48.82 43.53 0 2 2 0 2 1 0

KG0021A01:2 35.00 41.50 37.70 0 2 2 0 2 1 0

KG0021A01:3 25.00 34.00 28.64 0 2 2 0 2 1 0

KG0021A01:4 17.00 24.00 21.80 0 2 2 0 2 1 0

KG0021A01:5 4.00 16.00 11.64 0 2 2 0 2 0 0

KG0048A01:1 49.00 54.69 53.81 0 1 2 0 1 1 0

KG0048A01:2 41.00 48.00 45.90 0 1 2 0 1 1 0

KG0048A01:3 30.00 40.00 33.50 0 2 2 0 2 2 0

KG0048A01:4 4.00 29.00 9.12 0 2 2 0 2 0 0  
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In Figures 6-1 to 6-4 the responses are shown graphically in a plan view of the repository 
area. 
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Figure 6-1  Pressure responses during drilling of KG0023A01 (14.38 - 15.77 m) 
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Figure 6-2  Pressure responses during drilling of KG0027A01 (8.05 - 9.92 m) 
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Figure 6-3  Pressure responses during drilling of KG0033A01 (7.93 - 10.73 m) 
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Figure 6-4  Pressure responses during drilling of KG0033A01 (7.93 - 10.73 m) 

The observations from the drillings indicate a hydraulic conductive fracture system existing in 
a WNW direction. This is in accordance to earlier investigations. 
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6.2 Pressure build-up tests 

6.2.1 Equipment used 

Prior to the hydraulic tests the pressure transducer was calibrated using the calibration system 
of the Äspö HRL. 

The down-hole equipment used for the flow measurements and the PBTs of a feature in 
KG0023A01, KG0027A01 and KG0033A01 consisted of two inflatable polyurethane packers 
(GEOSIGMA, PUR 72), separated  by a pipe, a pipe string and two pressure lines, see 
Figure 6-5. The sealing length of each  packer is 1.0 m and they are inflated using water 
pressurised by nitrogen. The packer spacing was 4 meters. The pipe between the packers and a 
by-pass opening at the upper gable of the outer packer made it possible to equalise the ground 
water pressure on both sides of the measurement section. One of the two pressure hoses 
(polyamide) is connecting the packers and the pressurising system. The second pressure hose 
establishes hydraulic contact between the measurement chamber and a transducer positioned 
outside the borehole, see Table 6-4. 

 

 
Figure 6-5 Equipment configuration during pressure build-up tests in lead-through boreholes. 
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The pipe string is made of aluminium with threaded pipe joints of stainless steel.  The 
outer/inner diameter is 33/21 mm and the length of individual pipe segments is 0.5 m or 3 m.  

The test tool and the pipe string were transferred in the boreholes by hand.  

The pressure transducers used were Druck PTX 1400. The pressure range was 60 bar.  

 
Table 6-4  Level of pressure transducers above the tunnel floor during pressure 

Borehole Level above tunnel 
floor (m) 

KG0023A01 0.30 

KG0027A01 0.15 

KG0033A01 0.10 

The Borre logger used in KG0027A01 was unstable. The data logger randomly shifted 
between the options and occasionally incorrect values were produced. After the first day the 
data logger was replaced.  

Water flow rates were measured using graduated cylinders of different sizes and a stop watch.  

The packer inflation influences the accuracy of the flow measurements. The generated flow in 
a double packer section caused by the packers used in the exploratory hole tests have been 
tested in the laboratory (Forsmark T, Rhén I, 1999). The results show that after 30 minutes of 
inflation, the flow is c. 0.5 ml/min. and after 40 minutes the generated flow is c.0.4 ml/min. 
Consequently, the effect of packer creep induced flow is most pronounced for low-conductive 
test sections. 

6.2.2 Results of pressure build-up tests 

The results of the four pressure build-up tests are presented in this chapter, and in 
Appendix 4 to Appendix 7. 

The tests were focused on inflow parts of the boreholes according to measurements while 
drilling, see Table 6-5. The packer spacing was four meter. If the predicted flow rate was not 
found, the adjacent intervals measured as well. Pressure build-up tests were carried out if a 
major water-bearing feature was detected. If this wasn’t the case, a flow measurement only 
was made. The borehole intervals that were measured are shown in Table 6-5. 
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Table 6-5  Measurement intervals of boreholes KG0023A01, KG0027A01 and 
KG0033A01, Äspö HRL, June 2000 

Borehole Date Measurement 
interval (borehole 

length, m) 

Uptake with inflow 
(borehole length, m) 

Type of test or 
measurement 

KG0023A01 2000-06-07 11.0 – 15.0 11.82 – 14.38 Q 

KG0023A01 2000-06-07 14.0 – 18.0 14.38 – 15.77 PBT 

KG0023A01 2000-06-07 24.0 – 28.0 24.42 – 27.78 Q 

KG0027A01 2000-06-05 7.0 – 11.0 8.05 – 9.92 PBT 

KG0027A01 2000-06-06 37.0 – 41.0 41.57 – 44.52 Q 

KG0027A01 2000-06-06 41.0 – 45.0 41.57 – 44.52 Q 

KG0033A01 2000-06-06 9.0 –13.0 7.93 – 10.73 PBT 

KG0033A01 2000-06-07 7.0 – 11.0 7.93 – 10.73 Q 

KG0033A01 2000-06-07 34.0 – 38.0 34.65 – 36.57 PBT 

KG0033A01 2000-06-07 41.0 – 45.0 42.65 – 43.62 Q 

In Table 6-6 a list of test times is shown. 

 
Table 6-6  A list of pressure build-up tests carried out in the boreholes KG0023A01, 

KG0027A01 and KG0033A01. Prototype Repository, June 2000. (* = next 
day) 

Borehole Date of test Test 
no 

Section 

(m) 

Start 

(hh.mm) 

Valve open 

(hh.mm.ss) 

Valve closed 

(hh.mm.ss) 

End 

(hh.mm) 

KG0027A01 2000-06-05 1 7.00 – 11.00 17.14 18.44.00 19.14.00 07.49* 

KG0033A01 2000-06-06 2 9.00 – 13.00 17.39 19.07.59 19.29.00 08.30* 

KG0033A01 2000-06-07 3 34.00 – 38.00 10.55 11.19.59 11.42.01 13.03 

KG0023A01 2000-06-07 4 24.00 – 28.00 17.48 18.23.08 18.53.00 07.59* 

Test start time is equal to start time of packer inflation. 
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To be able to determine the different flow regimes during the recovery phase, of the four 
borehole sections, the derivative of the measured pressure was used, see Table 6-7. 

Two of the tests were possible to make a transmissivity evaluation using a radial flow model. 
In the remaining two tests the pressure responses were not possible to evaluate with the radial 
flow model.  

In those tests sections where radial flow occurred a Jacob semi-logarithmic evaluation of the 
transmissivity were made. In the remaining two bore holes the transmissivity have been 
estimated from the specific capacity. The following relationship have been used, 
Rhén et al/1997/. 

3 – 25 m: Log10T = 1.75 + 1.13 · Log10 (Q/s)  (6-1) 

Equation (6-1) is based on tests with test section lengths of 3 – 25 meters. 
 

Table 6-7  Flow regime evaluation (WBS= Well Bore Storage, T = Transition, E = Early 
time, I = Intermediate time, L = Late time) 

Borehole Secup 

(m) 

Seclow 

(m) 

Start 

(min) 

Stop 

(min) 

Period 

(WBS,T,E,I,L) 

Flowdim Comments 

KG0027A01 7.00 11.00 0 

1 

1 

30 

WBS 

T,E,I 

- 

- 

 

No radial 
flow 

KG0033A01 9.00 13.00 0 

7 

13 

7 

13 

20 

WBS 

T,E,I 

L 

- 

- 

2 

 

Transition 

Radial flow 

KG0033A01 34.00 38.00 0 

0.2 

1 

3 

8 

0.2 

1 

3 

8 

20 

WBS 

T,E 

I 

I 

L 

- 

- 

< 2 

- 

<2 

 

 

No radial 
flow 

KG0023A01 

 

 

24.00 

 

 

28.00 

 

 

0 

0.1 

10 

0.1 

10 

11 

WBS 

T,E,I 

L 

- 

- 

2 

 

 

Radial flow 
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Borehole Secup 

(m) 

Seclow 

(m) 

Start 

(min) 

Stop 

(min) 

Period 

(WBS,T,E,I,L) 

Flowdim Comments 

KG0023A01 24.00 28.00 11 30 L - 

The measured, evaluated and estimated parameters of the tests are presented in Table 6-8. 
 

Table 6-8  Evaluated and estimated hydrogeological parameters (s = pressure change, 
Q = flow rate, Spec. cap = specific capacity, T(Spec. cap) = transmissivity 
calculated from equation 6-1, T_eval = evaluated transmissivity where radial 
flow occurs) 

Borehole Secup 

(m) 

Seclow 

(m) 

s 

(m) 

Q 

(l/min) 

Spec. cap 

(m3/s·m) 

T(Spec. cap) 

(m2/s) 

T_eval 

(m2/s) 

KG0027A01 7.00 11.00 133.12 5.50 6.9·10-7 6.1·10-6 - 

KG0033A01 9.00 13.00 3.28 0.049 2.5·10-7 1.9·10-6 3.4·10-7 

KG0033A01 34.00 38.00 248.85 0.615 4.1·10-8 2.5·10-7 - 

KG0023A01 24.00 28.00 225.59 0.39 2.9·10-8 1.7·10-7 5.9·10-8 

The evaluated results indicate a fracture system with a transmissivity of the magnitude 
1·10-7 - 5·10-7 m2/s. 

6.3 Pressure responses during pressure build-up tests 

The majority of the boreholes at the Prototype Repository Site have been connected to the 
HMS-system. This enables studies of pressure responses due to the pressure changes in the 
three boreholes between tunnel G and tunnel A to be made. However the same week as the 
tests were carried out the reconfiguration of the packers of the Prototype site was started. In 
many boreholes the packers were removed and the pressure monitoring was interrupted. As a 
consequence the data curves cover only a part of the test period and are influenced to a high 
degree of those activities. This makes the evaluation of the responses somewhat awkward and 
thus only the most certain responses will be high-lighted in this chapter. 

Test #1 (KG0027A01, 7 – 11 m) have the greatest impact on the groundwater pressure 
according to the diagrams. Test #3 (KG0033A01, 34 – 38 m) causes smaller pressure 
increases. The effect of test #4 June 7th is more difficult to analyse since the packers of the 
permeable borehole KA3542G02 were removed at 16:39 the same afternoon and the borehole 
was closed again at 4 minutes past six p.m. The packer removal resulted in pressure drops in 
almost all the prototype boreholes. 



 
 

  

66 

In Appendix 8 the existing data curves of  the borehole pressures that were influenced by the 
tests are shown for the period covering the tests. In Appendix 3 the activity log of the 
prototype repository details the re-instrumentation events. The largest responses are found in 
boreholes KG0021A01 and KG0048A01.  

In the data curves of KG0021A01 and KG0048A01 the packer installation of KG0027A01, 
opening and closing the valve shows clearly in the curves of the outermost sections both 
boreholes. 
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7 PRESSURE RESPONSES DURING DRILLING 
AND BLASTING OF NICHES 

In the preparations for the concrete plug construction, blasting of niches were made at two 
chainage locations in the Prototype Repository Tunnel, namely 3537 and 3560. Pressure 
registrations were made in KA3510A, KG0021A01 and KG0048A01 during the blasting 
period, 2000-08-24 – 2000-09-05. In Appendix 9 plots of the pressure registrations made 
during the blasting period are shown. 

A result is that at several blasting occasions the pressure rises in the observation sections after 
almost every blasting round, see Figure 7-1 for an example. At most the increase was 
approximately 8 – 10 meters in four out of five sections in KG0021A01 when the first round 
went off. In KG0048A01 the corresponding pressure increase was 1 – 4 meters in all four 
sections. The pressure increase seems to be somewhat higher for sections closer to the 
constructed niche.  

Blasting events 2000-08-24-- 2000-09-01Chainage 3537 Prototype Repository

2880

2920

2960

3000

3040

3080

3120

H
ea

d 
(k

P
a)

00
:0

0

12
:0

0

00
:0

0

12
:0

0

00
:0

0

12
:0

0

00
:0

0

12
:0

0

00
:0

0

12
:0

0

00
:0

0

12
:0

0

00
:0

0

12
:0

0

00
:0

0

12
:0

0

00
:0

0

B
or

eh
ol

e 
de

pt
h 

(m
)

R
ou

nd
 1

R
ou

nd
 2

R
ou

nd
 3

R
ou

nd
 4

R
ou

nd
 5

R
ou

nd
 6

R
ou

nd
 7

R
ou

nd
 8

R
ou

nd
 9

R
ou

nd
 1

0

R
ou

nd
 1

1

KG0021A01:1

 

 
Figure 7-1  Example of pressure response due to blasting 
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The total increase of the pressure in available observation sections after the blasting of the two 
niches is shown in Table 7-1. 

 
Table 7-1 Total increase of the pressure in available observation sections after the 

blasting of the two niches 

Observation section 
of observation  

borehole 

Increase of the 
pressure in 

KA3510A1 (m) 

Increase of the 
pressure in 

KG0021A01 (m) 

Increase of the 
pressure in 

KG0048A01 (m) 

1 0.2 31.0 5.0 

2 0.7 36.5 9.0 

3 6.0 37.5 15.0 

4 - 19.0 -0.5 

5 - 24.0 - 

These measurements clearly show that the blasting affects the hydraulic system. A probable 
cause is that the vibrations from the blasting make the gauge material in the fracture move. 
The inter-connected fracture system will then become less permeable and the pressure will 
increase in fracture systems up-gradient of the clogged fractures. 

The pressure increase after each blasting round is of similar magnitude in several sections 
indicating the possibility of the clogging of major flowing features. 
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8 SUMMARY OF RESULTS 

The result of the inflow measurements using weirs 1997 (Patél et al., 1997), 1999 and 2000 to 
the prototype repository tunnel is shown in Table 8-1. Do notice that the weir sections are not 
identical 1997 and 1999/2000. Therefor they can not be compared directly. 

 
Table 8-1 Result of inflow measurements to prototype repository tunnel 

Weir sections 1997 

(m) 

Q 1997 

(l/min) 

Weir sections 1999 
& 2000 

(m) 

Q 1999-12-01 

(l/min) 

Q 2000-03-30 

(l/min) 

3527 – 3533 0.20 - - - 

3533 – 3539 1.17 - - - 

3539 – 3545 0.12 - - - 

3545 – 3551 0.03 - - - 

3551 – 3557 0.02 - - - 

3557 – 3562 0.05 - - - 

3562 – 3568 0.10 3546 – 3552 0.001 0.006 

3568 – 3575 0.05 3552 - 3570 0.100 0.110 

3575 – 3581 1.56 3570 - 3576 0.000 0.000 

3581 – 3587 1.61 3576 - 3582 2.000 1.320 

3587 – 3593 0.29 3582 - 3588 1.490 1.820 

3593 – 3600 0.93 3588 - 3600 1.120 1.080 

SUM (3527 – 3600) 6.13 SUM (3546 – 3600) 4.711 4.336 

The measurement sections are not exactly the same and it is therefor not possible to be 
absolutely certain about the flowrate changes during the passed time. However, the flowrate to 
section 3545 – 3600 and 3546 – 3600 are approximately the same during 1997 and 
1999/2000. Comparing the individual sections between 3545 to 3600 indicates that possibly 
all sections, but 3576 – 3582 and 3582 – 3588 m have slowly decreasing flowrates. In sections 
3576 – 3582 and 3582 – 3588 m the flowrate changes rather much between the measurements, 
possibly due to changes of the flowrates from the flowing features. 
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The flowrates shown in the table above is graphically shown in Figure 8-1. 
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Figure 8-1  Weir measurements 1997, 1999 and 2000 
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In Table 8-2 the result of the whole borehole inflow measurements in the deposition boreholes 
is shown. 
 

Table 8-2  Result of inflow measurements to deposition boreholes.  (Figures in bold are 
considered as the most representative flowrates) 

Borehole Q 1999-12-08 – 
1999-12-13 

(l/min) 

Q 2000-03-28 – 
2000-03-31 

(l/min) 

Q June / July 2000 

(l/min) 

DA3587G01 0.08000 0.07870 N/A 

DA3581G01 0.00160 0.00220 0.00220* 

DA3575G01 0.00280 0.00310 0.00410** 

DA3569G01 0.00072 0 0.00472** 

DA3551G01 0.00270 0.00155 0.00160*** 

DA3545G01 0.00610 0.00270 0.00740*** 

SUM 0.09392 0.08825 N/A 
*     Estimated from diaper measurements 

**   Measurement done 2000-06-21 – 2000-06-24 

*** Measurements done 2000-07-13 – 2000-07-26 

There is probably some minor leakage from the tunnel floor included in the figures in Table 8-
2 in all boreholes except to DA3575G01 according to section 5.2. The last two measurements 
in DA3551G01 are considered representative as leaking water from the tunnel floor was 
sealed off. Sealing was also made in DA3545G01 after the first measurement and the 
measurement done in March 2000 is considered the most representative. Possibly there are 
new leakage from the tunnel floor during the measurement in June/July 2000. 
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Figure 8-2 Inflow measurements in DA3581G01 using diapers. Flowing fracture shown as 

thick line in the upper right part of the figure. 

 
In order to get an idea of the variations of inleakage to a borehole measurements using 
ordinary diapers applied to the borehole walls of DA3581G01 were made during the summer 
of 2000. In Figure 8-2 the result is shown graphically. The inleakage rates were transformed 
into hydraulic conductivity using Thiems formula and the result is shown in Figure 8-3. The 
higher inflow spots below the flowing fracture, in Figure 8-2, probably reflects the water 
coming from that fracture. 
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Figure 8-3 Hydraulic conductivity of DA3581G01 as estimated from diaper measurements 

As can be noticed in the figures above the inflow is localised to the parts of the bore hole, 
which earlier has been mapped as an area with water-bearing features. But still inflow exist in 
a more diffuse pattern in large parts of the borehole walls, even if those parts have not and 
could not be mapped as water-bearing parts. 
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The drilling of lead-through boreholes from tunnel G to tunnel A confirms the, during earlier 
investigations, indicated pattern of a hydraulically dominant response direction running 
WNW. All three drillings documented in this report shows the same pattern, see for example 
Figure 8-4. 
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Figure 8-4 Pressure responses during drilling of KG0023A01 (14.38 - 15.77 m) 

The performed pressure build-up tests in the three lead-through boreholes KG0023A01, 
KG0027A01 and KG0033A01 give as a result an estimated transmissivity for the most 
conductive parts of the boreholes (4 meter sections) in the range of 1 · 10-7 to 5 · 10-6 m2/s. 
 
During the blasting of two niches for the plugs in the prototype tunnel, the pressure increased 
stepwise after each blasting round in most of the available observation sections near the TBM 
tunnel. The probable reason is that the vibrations from the blasting initiates movements of the 
gauge material in the fractures. The gauge material follows the groundwater flow and clogs 
some of the narrower parts of the fracture system. The inter-connected fractures system 
become less permeable and the pressure increase in the fracture system up-gradient of the 
clogged fractures. 
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APPENDIX 1 – Drilling of deposition boreholes 

This appendix includes the following information: 

• Drilling periods of deposition boreholes 

• Level of water in deposition boreholes during the period 1999-06-01 – 1999-12-28 

• Pressure registration in observation sections during the period 1999-06-01 – 
1999-12-28 

• Activity log of prototype repository during the period 1999-06-01 – 1999-12-28 

• Activity log of activities in tunnels I, J and G during the period 1999-06-01 – 
1999-12-28 

• Activity log of True Block Scale during the period 1999-06-01 – 1999-12-28 

• Activity log of tunnel TASA during the period 1999-06-01 – 1999-12-28 

• Data for pressure registration in observation sections during drilling of deposition 
holes – pressure differences between start of drilling and end of drilling period for 
each deposition borehole 

• Plots of data for pressure registration in observation sections during drilling of 
deposition holes – pressure differences between start of drilling and end of drilling 
period for each deposition borehole 

 

 

 

 

 

 

 

 

 

 





Drilling periods of deposition boreholes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

















Level of water in deposition boreholes during the 
period 1999-06-01 – 1999-12-28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 









Pressure registration in observation sections during the 
period 1999-06-01 – 1999-12-28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

































































Activity log of prototype repository during the period 
1999-06-01 – 1999-12-28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

































Activity log of activities in tunnels I, J and G during the 
period 1999-06-01 – 1999-12-28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 









Activity log of True Block Scale during the period 1999-
06-01 – 1999-12-28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





















Activity log of tunnel TASA during the period 
1999-06-01 – 1999-12-28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





















Data for pressure registration in observation sections 
during drilling of deposition holes – pressure 
differences between start of drilling and end of drilling 
period for each deposition borehole 

Bhname  Borehole name 

Secup  Secup (m) of observation section 

Seclow  Seclow (m) of observation section 

Date time  Date and time for event as indicated by Pindex 

Bhsect  Borehole section number of observation borehole 

Pindex  Occurring event  

• 00 = undisturbed situation before drilling 

• 10 – 11 = drilling of dep hole 1 

• 20 – 21 = drilling of dep hole 2 

• 30 – 31 = drilling of dep hole 3 

• 40 – 41 = drilling of dep hole 4 

• 50 – 51 = drilling of dep hole 5 

• 60 – 61 = drilling of dep hole 6 

• 62 = undisturbed situation after drilling 

P  (kPa)  Pressure in section (kPa) 

P (m)  Pressure in section (metres of water) 

dP(X0-X1) (m) Pressure difference between start and stop of 
drilling 

• X0 = start of drilling of dep hole X 

• X1 = end of drilling of dep hole X 

dP (-1=-;1=+) Increase of pressure = + ; Decrease of pressure = - 

 





























Plots of data for pressure registration in observation 
sections during drilling of deposition holes – pressure 
differences between start of drilling and end of drilling 
period for each deposition borehole 

Bhsect  Borehole section number of observation borehole 

Pindex  Occurring event  

• 00 = undisturbed situation before drilling 

• 10 – 11 = drilling of dep hole 1 

• 20 – 21 = drilling of dep hole 2 

• 30 – 31 = drilling of dep hole 3 

• 40 – 41 = drilling of dep hole 4 

• 50 – 51 = drilling of dep hole 5 

• 60 – 61 = drilling of dep hole 6 

• 62 = undisturbed situation after drilling 

 









































































APPENDIX 2 – Measurement of inflow rates to deposition 
hole DA3581G01 using diapers 

This appendix includes the details of the diaper measurement of DA3581G01 as 
described in chapter 5.2.2 and consists of three parts: 

1. Flow measurements using diapers 

2. Hydraulic conductivity estimations 

3. Statistics of hydraulic conductivity estimations 

Part 1   Flow measurements using diapers 

Plank   The plank number 

Diaper  The diaper number applied downwards 

O_length   The ”length” following the borehole circumference 
starting at centreline of the tunnel facing east and running 
clock-wise 

Depth   Centre of each diaper at borehole depth 

Date_start   Start of measurement 

Weight_start   Weight of diaper at the start of the measurement, grams 

Date_end   Stop of measurement 

Weight_end   Weight of diaper at the end of the measurement, grams 

Weight_diff   Difference in weight between start and stop time, grams 

Q_corrected   The calculated flowrate of each area covered by a diaper, 
m3/s, after reducing the weight_diff with the reference 
value 10 grams. 

Q_corrected   The calculated flowrate of each area covered by a diaper, 
l/min, after reducing the weight_diff with the reference 
value 10 grams. 

Meas1 – Meas2   Difference in measurement of flow at specific positions 
in borehole , l/min. 

Meas1/Meas2  Difference in measurement of flow at specific positions 
in borehole, %. 

 





















Part 2   Hydraulic conductivity estimations 

Abbreviations in Table below 

Plank   The plank number 

Diaper  The diaper number applied downwards 

O_length   The ”length” following the borehole circumference 
starting at centreline of the tunnel facing east and running 
clock-wise 

Depth   Centre of each diaper at borehole depth 

Q_corrected  The calculated flowrate of each area covered by a diaper, 
l/min, after reducing the weight_diff with the reference 
value 10 grams. 

Kmax (d=1.15) Maximum estimated hydraulic conductivity at a distance 
of 1.15 meters from deposition borehole centre. 

Kmed (d=1.15) Mean estimated hydraulic conductivity at a distance of 
1.15 meters from deposition borehole centre. 

Kmin (d=1.15) Minimum estimated hydraulic conductivity at a distance 
of 1.15 meters from deposition borehole centre. 

Kmax (d=5)  Maximum estimated hydraulic conductivity at a distance 
of 5 meters from deposition borehole centre. 

Kmed (d=5)  Mean estimated hydraulic conductivity at a distance of 
5 meters from deposition borehole centre. 

Kmin (d=5)  Minimum estimated hydraulic conductivity at a distance 
of  5 meters from deposition borehole centre. 

 

 

 

 

 

 

 

























Part 3    Statistics of hydraulic conductivity 
estimations 

This part presents the detatiled result of a one-variable analysis of the hydraulic 
conductivity presented in Part 2 in this appendix. The software used is Statgraphics 
version 4.0. 

Distribution characteristics presented in Chapter 5 is estimated from the dashed line, if 
it is drawn in the figures below, and from the calculated characteristics otherwise. 









































APPENDIX 3 – Drilling of lead-through boreholes 

This appendix includes the following information: 

• Drilling periods of lead-through boreholes KG0023A01, KG0027A01 and 
KG0033A01 

• Pressure registration in observation sections during the period 2000-04-14 – 
2000-04-27 (Drilling of KG0023A01, 0.0 – 33.40 m) 

• Pressure registration in observation sections during the period 2000-05-16 – 
2000-05-24 (Drilling of KG0027A01, 0.0 – 46.72 m) 

• Pressure registration in observation sections during the period 2000-05-03 – 
2000-05-15 (Drilling of KG0033A01, 0.0 – 56.90 m) 

• Activity log of prototype repository and True Block Scale during the period 
2000-04-01 – 2000-06-30 

















































































































































































APPENDIX 4 – Pressure build-up test in borehole 
KG0023A01, section 24.0 - 28.0 m (Test #4) 

Date:  00-06-07   Field Crew: B. Gentzschein 
Borehole length:  33.40 m   Borehole diameter: 76 mm  
  
Packer inflation: 000607 17:48   Valve closed: 000607 17:55  
Valve opened: 000607 18:23.08 Valve closed: 000607 18:53.00 
End of recovery: 000608  07:59 
Flowing time: 29.9 min   Tot. Pr. Build-up time: 786 min 
  
Pressure just before opening the valve (Po, kPa)  :    2009.0 
Pressure just before closing the valve  (Pp, kPa) :      19.0  
Pressure at the end of the recovery      (Pf, kPa) :    2274.9 
  
The pressure transducer used was positioned 0.3 m above the tunnel floor. 
The height of the water flow outlet was c. 2.5 m above the tunnel floor. 
 
Table  Manually measured flow rates. Pressure build-up test in 
           KG0023A01, 24.0 -  28.0 m. 
___________________________________________________ 
 
Time    Flow rate (l/min) Comment 
___________________________________________________ 
 
18:24.20     0.43 
18:25.30     0.40 
18:30.30    0.40 
18:35    0.39 
18:40    0.39 
18:46    0.39 
18:51    0.39 
___________________________________________________    
 
During the test the borehole was closed towards tunnel A. 
 
The measured flow rate of the entire borehole was 0.61 l/min at 16:30 
 
The measured flow rate of the borehole excluding the test tool was 0.24 l/min 
at 18:28. The same flow rate was measured at 11:31 













APPENDIX 5 – Pressure build-up test in borehole 
KG0027A01, section 7.0 - 11.0 m (Test #1) 

Date:  00-06 -05   Field Crew: B. Gentzschein 
Borehole length:  46.72 m   Borehole diameter: 76 mm  
  
Packer inflation: 000605 17:14  Valve closed: 000605 17:26 
Valve opened: 000605 18:44.00 Valve closed: 000605 19:14.00 
End of recovery: 000606  07:49 
Flowing time : 30.0 min   Tot. Pr. Build-up time: 755 min 
  
Pressure just before opening the valve (Po, KPa)  :    1075.8 
Pressure just before closing the valve  (Pp, KPa) :       0.5  
Pressure at the end of the recovery      (Pf, KPa) :    1331.7 
  
The pressure transducer used was positioned 0.15m above the tunnel floor. 
The height of the water flow outlet was c. 2.5 m above the tunnel floor. 
 
Table   Manually measured flow rates, Pressure build-up test in 
           KG0027A01, 7.0 -  11.0 m. 
___________________________________________________ 
 
Time    Flow rate (l/min)
___________________________________________________ 
 
18:44.15     54  
18:45:10     27 
18:47     14.1 
18:49    9.96 
18:52    7.70 
18:58    6.70 
19:06.30   5.56 
19:11.30   5.50   
___________________________________________________    
 
During the test the borehole was open towards both tunnel G and tunnel A. 













APPENDIX 6 – Pressure build-up test in borehole 
KG0033A01, section 9.0 - 13.0 m (Test #2) 

Date:  00-06-06   Field Crew: B. Gentzschein 
Borehole length:  56.90 m   Borehole diameter: 76 mm  
  
Packer inflation: 000606 17:39   Valve closed: 000606 18:40  
Valve opened: 000606 19:07.59 Valve closed: 000606 19:29.00 
End of recovery: 000607  08:30 
Flowing time : 21.0 min   Tot. Pr. Build-up time: 781 min 
  
Pressure just before opening the valve (Po, KPa)  :      41.0 
Pressure just before closing the valve  (Pp, KPa) :       9.9  
Pressure at the end of the recovery      (Pf, KPa) :       42.7 
  
The pressure transducer used was positioned 0.1 m above the tunnel floor. 
The height of the water flow outlet was c. 2.5 m above the tunnel floor. 
 
Table   Manually measured flow rates, Pressure build-up test in 
           KG0033A01, 9.0 -  13.0 m. 
___________________________________________________ 
 
Time    Flow rate (l/min)  
___________________________________________________ 
 
19:07      0.048 
19:15      0.047 
19:18     0.049 
19:22    0.0475 
19:26    0.049 
___________________________________________________    
 
During the test the borehole was open towards both tunnel G and tunnel A. 













APPENDIX 7 – Pressure build-up test in borehole 
KG0033A01, section 34.0 - 38.0 m (Test #3) 

Date:  00-06-07   Field Crew: B. Gentzschein 
Borehole length:  56.90 m   Borehole diameter: 76 mm  
   
Packer inflation: 000607 10:55   Valve closed: 000607 11:02  
Valve opened: 000607 11:19.59 Valve closed: 000607 11:42.01 
End of recovery: 000607  13:03 
Flowing time : 22.0 min   Tot. Pr. Build-up time: 81 min 
  
Pressure just before opening the valve (Po, KPa)  :    2292.1 
Pressure just before closing the valve  (Pp, KPa) :      25.7  
Pressure at the end of the recovery      (Pf, KPa) :    2514.2 
  
The pressure transducer used was positioned 0.1 m above the tunnel floor. 
The height of the water flow outlet was c. 2.5 m above the tunnel floor. 
 
Table   Manually measured flow rates, Pressure build-up test in 
           KG0033A01, 34.0 -  38.0 m. 
___________________________________________________ 
 
Time    Flow rate (l/min)  
___________________________________________________ 
 
11:21      0.865 
11:23      0.720 
11:27     0.66 
11:31    0.63 
11:38    0.615 
___________________________________________________    
 
During the test the borehole was closed towards tunnel A. 
 
The measured flow rate of the entire borehole was 0.98 l/min at 10:50 
 
The measured flow rate of the borehole excluding the test tool was 0.41 l/min 
at 11:17. The same flow rate was measured at 11:31 













APPENDIX 8 – Pressure responses from pressure 
build-up tests in lead-through boreholes 

This appendix includes the following information: 

• Pressure registration in observation sections during the period 2000-06-05 00:00 – 
2000-06-08 12:00 (Pressure build-up tests period) 





































APPENDIX 9 – Pressure responses from blasting 
work in Prototype Repository Tunnel. 

In the preparations for the concrete plug construction, blasting of niches were made at 
two chainage locations in the Prototype Repository Tunnel, namely 3537 and 3560 
meter. Pressure registrations were only possible to make in KA3510A, KG0021A01 
and KG0048A01 during the blasting period, 2000-08-24 – 2000-09-05. 

This appendix includes the following information: 

• Pressure registration in observation sections during the period 2000-08-24 00:00 – 
2000-09-01 00:00 (Blasting work at chainage 3537 in Prototype Repository 
Tunnel) 

• Pressure registration in observation sections during the period 2000-08-31 00:00 – 
2000-09-05 24:00 (Blasting work at chainage 3560 in Prototype Repository 
Tunnel) 

• Activity log of Drill & Blast work in Prototype Repository Tunnel together with 
used amount of explosives in each round 






















