PART 2 E. TUNNEL TOWARDS THE PLUG

Air pocket

The instrument that is used to measure the water pressure at the gate is a P12 High Pressure
Hydrophone. This is installed at the centre of the gate constructions lower part. The toggle

switch and is installed at kt. 623 in the air pocket.

Fig. E.11: Type of measuring equipment.

Water-filling
e Pump: 60 m*/hour.

e Time: 5 days.
e Measured with carburettor float, which is installed at several heights.

e Avoid water from reaching the charging and loading of the plug.

Results from the measurement:

Fo%$G'('C'BS*SBY 2B (| H2C/)'($5%421>) 3 (
J9-( 9K+
J,L( 99, J(
J,9( MDM
J,, ( J+9(
J,+( KK
J.K( ~N (

13



PART 2 F. TUNNEL PIERCING CALCULATION

F. PRESSURE CALCULATION OF TUNNEL PIERCING AT
LYNGSVATN

This is the calculation for tunnel piercing situation in Lyngsvatn at the project Lysebotn 2. In
this calculation it is used Solviks calculation model for closed tunnel piercing, with neglected
energy loss. This calculation uses the values of the measured results. See chapter 7.2.2. for

further calculation description.

Amount of dynamite, G 556 m3/kg
External water pressure, Ps 2.6 bara
Dimensioning gate pressure 6.8 bara

Amount of gas development into the 50% (experienced)
air pocket

Measured amount of pre-compression 2.2 bara

before blasting, P

Air volume in air pocket, Vi (kt.623) 450 m? (estimated)
Volume explosive gas, Vg 0.8 @ 556 =444.8 m’
Atmospheric pressure, P, 1.0 bara

Two different pressure ratios were calculated:
1. Pressure increase caused by the gas pressure increase in the air pocket from the

explosive, after the blasting (P2)

2. Total pressure increase caused by the inflowing external water (Pmax)

The importance for this calculation is to find the right balance between reducing the pressure
from the inflowing water and not damaging the gate if the pressure is too high. For the
calculation it is therefore taken into account that the gas development is very variable, and it is
therefore important to include all possible amounts of gas developments. From experience it is

for this calculation used 50% gas development.
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For the maximum pressure with 50% gas development P; is:

P (V;’ "o 4 p 1)’c (444'8 0% 21—14)1'4 3113 b
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First find the f(x):
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2 6 1.971
p, = (—) 13113 = 3.08 bara

Py
Fnax = (P_2> 3.113

The calculation for the graph

Gas development:

100 % 50 % 25 % 0%
Pl P2 Pl P2 Pl P2 Pl P2
1 2,617694 1 1,754613 1 1,362283 1 1
2 3,8702 2 2,891522 2 2,434067 2 2
3 5,051783 3 3,987984 3 3,483969 3 3
4 6,197655 4 5,064638 4 4,52336 4 4
5 7,321306 5 6,129162 5 5,556379 5 5
6 8,429548 6 7,185366 6 6,585058 6 6

After-compression:

P1 | P2 100% | Pmax 100% | P2 50% Pmax 50% | P2 25% Pmax 25% | P2 0% | Pmax 0%
0,2 | 1,45195 | 4,92547 0,74579 11,8247 0,44839 25,8144 0,2 110,503
0,4 | 1,77755 | 3,89454 1,01955 7,68409 0,68955 13,2500 0,4 31,1929
0,6 | 2,07214 | 3,28990 1,27350 5,77885 0,91892 8,83222 0,6 16,3087
0,8 | 2,35023 | 2,88108 1,51727 4,67459 1,14242 6,62706 0,8 10,7007
1 2,61769 | 2,58244 1,75461 3,95204 1,36228 5,31930 1 7,88374
1,2 | 2,87757 | 2,35310 1,98745 3,44178 1,57963 4,45880 1,2 6,22544
1,4 | 3,13173 | 2,17059 2,21693 3,06191 1,79513 3,85168 1,4 5,14596
1,6 | 3,38136 | 2,02144 2,44379 2,76792 2,00919 3,40133 1,6 4,39279
1,8 | 3,62731 | 1,89695 2,66853 2,53350 2,22210 3,05442 1,8 3,83999
2 3,87020 | 1,79132 2,89152 2,34213 2,43406 2,77920 2 3,41831
2,2 | 4,11048 | 1,70037 3,11303 2,18286 2,64523 2,55566 2,2 3,08674
2,4 | 4,34852 | 1,62119 3,3332 2,04820 2,85572 2,37053 2,4 2,81960
2,6 | 4,58460 | 1,55155 3,5524 1,93280 3,06563 2,21474 2,6 2,6

2,8 | 4,81896 | 1,48978 3,77064 1,83277 3,27502 2,08182 2,8 2,41642
3 5,05178 | 1,43457 3,98798 1,74520 3,48396 1,96710 3 2,26077
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Fig. F.1: Result from the calculation, green line shows the pre-coompression (Orica AS).
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Results for Lyngsvatn
The tunnel piercing at Lyngsvatn was calculated and analysed. The data from the calculations

of the piercings are as follows:
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Fig. F.2: The measured result from the breakthrough blast (Norconsult).
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Fig. F.3: Measurement of the results in F.2.
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Results from the measurement:

Starting pressure is 635-623 = 12 mVs (2,2 bara).

Pressure increase from the blast (gas development) is 645-635 = 10 mVs (2 bara).
Pressure increase from the water inflow is 675-635 = 40 mVs (5 bara).

Total pressure increase from the blast 2,2 + 0,98 = 3,18 bara.

Total pressure increase from the water inflow: 1,7 bara (0,7 + 1) + 4 bara (40mVs) = 5,7 bara

From the measurements it is possible to see that the Pmax for this calculation is wrong. The
calculated pressure is Pmax = 3.08 bara and the measured pressure is Pmax = 5.7 bara. This
indicates that the external water has been higher than expected considering the energy that the
water represents. This type of calculation does not include the size of the opening/plug for the
water to flow into. This does of course have an impact on the amount of water that the inflowing
water has. If the opening is big and the volume in the air pocket is small, the air pocket will not
have the same effect as for an opening that fits the air pocket better. If the external water is
measured from the top of the plug or underneath the plug will also have a lot to say for the

results. Measuring above will give a lower external pressure, and opposite for the underneath.

For the gas development the amount of 50% is an experienced number from Orica, that did fit

nicely for this project.



PART 2 G. EXPLOSIVE GAS PRESSURE CALCUALTION

G. EXAMPLE OF APPLICATION FOR EXPLOSIVES GAS
PRESSURE CALCULATION - LYNGSVATN

The basis of the example is the piercing round at Lyngsvatn. According to the example at

(tunnelling toward the plug) the amount of explosives was set to the total amount of 556 kg.

The calculation for gas pressure is the same for both open and closed system, with water-filling.

Pressure of air in the air pocket Py Measured, possible to 2.2 bar
regulate
Volume of air pocket Vi  Calculated and measured 450 m*
Kilo explosives G Pre-decided 556 kg
Volume of gas development Ve 556kg @ 0.8 444.8 m?
Atmospheric pressure P, Standard 1 bar
Adiabatic exponent for dry air K Standard 1.4
B Vo/Vi

Total pressure in the air pocket after the blast:

1N (444.8m3 1\
P, = ﬂ + P1K = W + 2.2 bar?t = 3.113 bar

The amount of gas development:
3.113 bar — 2.2 bar = 0,913 bar

The dimensioning pressure for this gate, was given from the producer, and set to 6.8 bar.
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H. BLASTING WITH SHORT ROUNDS

Towards the tunnel piercing area, the advance per round is reduced. An estimated time
consumption per round cycle and weekly advance rate are made in this appendix. For the
estimation it is used the reports from 2B-05 Tunnelling and 2C-05 Tunnelling, when the round

1s reduced with 1 m.

Round Cycle Time

Estimation of a round cycle time for a tunnel is based on the following data:

Cross section 30m?

Rock blastability Medium

Rock drillability DRI = 49 (medium)
Rock drills

Drillhole diameter 48 mm

Large drillholes 102 mm

For the Project Report 2B-05, the round cycle is divided into four major operations:

1 Drilling, charging, blasting
2 Ventilation

3 Loading and hauling

4 Scaling
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PART 2 H. BLASTING WITH SHORT ROUNDS

Excavation cost

The Project Report 2C-05 divides the tunnel costs into the following categories:

I.  Drilling, charging, blasting and scaling
II.  Loading
III.  Hauling
IV.  Additional work

The price level in this section is January 2005. The estimated cost index from January 2005 to
January 2018 is 1.335966, based on Kompendium i anleggsteknikk, Kostnadsregning
anleggsmaskiner. Chapter I'V.1. It is used 2/3 of the index because the time between the index
is more than 5-10 years. The Index is corrected for efficiency increase and productivity
increase in this period.

The corrections are corrected with extrapolation to get an estimated value.
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