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SUMMARY

This report deals with the technical and economic aspects of the

drilling of vertical holes with diameters of 1.5 metres and 1 metre

in the Swedish bedrock. The holes will be 7.7 metres in depth and

located on a level approximately 500 metres below the ground surface.

At the present time, there is no directly applicable technique for the

construction of the above-mentioned holes from a small tunnel On the

other hand, it is possible to develop the equipment to construct the

holes by making slight changes in existing techniques. The data presen-

ted in this report are based to a great extent on information supplied

by the manufacturers of drilling equipment, and by underground construction

contractors.

Three different techniques for drilling the holes have been dealt with in

the report: shaft boring, stitch drilling (three alternative methods)

and core drilling. In order to produce the required 233 holes per year, the

following sets of equipment must be purchased, and personnel engaged. A

cost estimate has also been prepared, and the margin of error in this

calculation is considered to be + 15 %.

Hole diameter 1.5 m. depth 7.7 m.

Sets of equipment

No. of employees

Cost per hole (Skr)

Shaft
bori ng

3

12

24,200

A

7

27
31

Stitch drill
method

B

5

23

,200 28,800

ing

C

3

15

25,500

Core
drilling

7
29

55,300
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Hole diameter 1.0 m, depth 7.7 m.

Sets of equipment

No. of enployees

Cost per hole (Skr)

Shaft
boring

3

10

19,700

A
5

22

25

Stitch drilling
method

B
4

18

,800 23,200

C
3

12

21,200

Core
drilling

6

25

43,900

Interest costs for equipment acquired should rightly be included in a

calculation of the costs, but have been listed separately in this report.

These interest costs have have been shown to have very little effect on

the relative costs of the different methods. Interest costs account for

10% - 15 % of the above-mentioned costs. Our aim has been to calculate the

costs for the different methods on as similar a basis as possible, but a

margin of error of + 15 % entails an overlapping of the cost span for most

of the methods considered.
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DRILLING HOLES IN ROCK FOR FINAL STORAGE OF SPENT NUCLEAR FUEL

1. The purpose of the report

This report has been written with the aim of clarifying the technical
and economic aspects of drilling cylindrical holes in the bottom of
tunnels located deep down in the Swedish crystalline bedrock. The in-
tention is that these holes, 7.7 metres deep and 1.0 - 1.5 metres in dia-
meter, shall be the final repository for spent nuclear fuel.

OISTANCE 25m

3.7m

TUNNEL

7.7m HOLE TO BE
BORED

CROSS SECTION

TUNNEL

7.7m

fti.Sm

6m 6m f 6m

LONGITUDINAL SECTION

6m f
Figure 1. Final stor?ge



This study aims at giving an account of what can be achieved in this

direction using current techniques. It is necessarily speculative

to some extent, as there are no practical examples directly applicable

in this case.

Cost accounting will be based on the existing price level towards the end

of 1979. It has naturally been our aim to present as detailed an account

of the specific costs as possible, but variations of up to + 15 % must

be regarded as acceptable. Greater accuracy would require considerably

more effort on the part of those who have so willingly supplied inform-

ation and offered their services. As the actual construction of the holes

is scheduled for after the year 2000, it is doubtful whether such accuracy

is necessary at the present time.

Cost estimation for the drilling of the holes is done according to cur-

rent methods; that is to say, the costs are listed under separate head-

ings for personnel, material, plant and mobilization. Since the period

in question is as long as 30 years, considerable advances in technique

are bound to be made during the construction stage, and this will affect

the depreciation of the plant. It may be profitable to replace equipment

even if it is not worn out from the technical point of view. In the cal-

culations it is assumed that the working life of the equipment will be

not more than 8 years, which should give a reasonably correct picture

of the actual costs.

The first part of the report deals with techniques, with the emphasis

on shaft boring; some reference projects will then be described, and in

conclusion some conjectures will be made on the future development of

techniques.

The second part of the report, the costing section, contains an account

of all the costs which can be directly related to the technique in ques-

tion. Possible secondary costs arising in connection with it are not dealt

with at all. A detailed account of the costs will be presented, in order

to avoid confusion.



In conclusion, a specific technique for the drilling of these holes will

be proposed. The choice of this proposed technique is entirely based on

the findings presented in this report. A brief estimate for a hole 7.7 •

deep and with a diaaeter of 1 • is included at the end of the report.



2 TECHNIQUES

There are several Methods suitable for drilling the actual holes. By

•ethods we Mean known techniques, and equipment that has already been

developed, even if it is neither directly intended, nor tested for the

conditions existing in this case.

Methods to be considered:

Shaft boring

Stitch drilling

Core drilling

Of these three Methods, the first will be dealt with in greatest detail,

since it is the Most industrial in character, as Mentioned in the intro-

duction. Stitch drilling does not give as smooth walls as shaft boring,

but on the other hand, with this Method and core drilling a core is ob-

tained that can be used to determine the quality of the rock surrounding

the separate holes.

2.1 SHAFT BORING

This method involves drilling out the entire cross section in one stage.

The diameter of the cutter head is 1.5 m in this case.

See Figure 2.



V

>

y

1

m

> C y<_ A . -<—

Figure 2. Design of the cutter head in principle
(concept: Salzgitter, WGer.)

The description of this technique has been sub-divided into a nuaber of

headings:
Breaking up of the rock
Guiding of the drill pipe
Lifting and transport of drill cuttings
Transport of equipment

It may seem unnecessary to Make such a detailed study of the actual dril-
ling operation, but the consequences of different assessnents or future
experience will be much easier to analyse on the basis of this comprehen-
sive description.

Breaking up of the rock around the cutter head

The cutter head used for breaking up the rock consists of a rigid circular
steel plate on which the cutters are mounted. The cutters in this case
are so-called disc cutters or button insert cutters (See fig. 3 and 4).



Figure 3. Disc cutters on a TBM (Robbins, Seattle, USA).



Figure 4. Button insert cutters on a cutter head for raise boring (Skånska, Sweden)



Thrust and torque

For the Information of any readers who may be in doubt, we are not con-
sidering drilling by percussion but rather drilling by rotating and
crushing. In principle, this is the same type of drilling as is used when
drilling for oil. Thrust and torque are both applied to the cutter head,
so that the drilling tools roll over the face of the rock at the same
time as they are pressed into it. The tools both crush and split loose
pieces of rock (Fig. 5 and 6).

Figure 5. Crushing and splitting using the button insert cutter

Figure 6. Crushing and splitting using the disc cutter.



Thrust
1,400

1,200

1,000

KN
(max)

(max)

Torque KNM
100

50

40

Thrust and torque must be varied depending on the properties of the rock.

The crystalline bedrock found in Sweden requires large thrust in the

individual cutters if an efficient rate of rock cutting is to be kept up.

The twisting moment (torque) is in a definite ratio to the compressi ve

force (thrust) and is determined by the type of rock and the size of the

cutter head. It may be observed that the crystalline rock found in Sweden

gives a low ratio of thrust to torque. The companies that have been asked

about the thrust they consider most suitable in this particular case have

provided us with the values shown in the table below. It should be em-

phasized that the variations in these values are due more to the various

types of machines used than to different opinions regarding the rock

material.

Robbins

Salzgitter (Demag)

Tamrock

Drill tools

An important question which is closely allied to thrust and torque applied

to the cutter head is the choice of cutter. As we have mentioned earlier,

the choice lies between disc cutters and button insert cutters (see fig. 3

and 4), and therefore an account of the advantages and disadvantages of

both these tools will be given here. The drill cuttings from a disc cutter

contain stones of a considerably larger maximum size than those obtained

from a button insert cutter, a result which is in itself desirable. The

rock should not be crushed more than is necessary. The problem is how to

get the larger pieces of rock up from the drill hole. The lifting of drill

cuttings will be dealt with in a separate section later on in this report.

We only mention in passing that considerable fragmentation of rock may give

rise to problems in this connection. With respect to the costs of wear on

the cutters, it may be observed that although the button insert cutters

have a longer life, they are more expensive per cubic metre of cut rock

(see fig. 7).
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CUTTER COSTS IN 1979 $ Vs TIME
B C

DISC CUTTERS - T B M
BUTTON CUTTERS-RBM

c mnmn DISC CUTTERS- RBM
ROCK PROPERTIES
2000 kp/cm
ABRASIVE
UNFRACTURED

1960 1970 1980

Figure 7. Costs for the different cutters, varying applications
TBM = tunnel boring, RBM = raise boring.
(From Robbins).

It should, however, be pointed out that some plant and tool manufac-
turers do not agree that the disc cutter has a lower tool cost per cubic
meter of rock. In comparing drilling rates , which is of utmost im-
portance in this connection, Robbins is of the definite opinion that disc
cutters have a higher drilling rate than button insert cutters, whereas
Wirth rejects this opinion.

Drilling rates

The drilling rate naturally depends on the load imposed on each cutter
and the resistance met with in the rock. These two factors are not in
themselves sufficient criteria for a correct assessment of the drilling
rate. The rigidity of the machine is very important, and this is stressed

1) Penetration into the rock per revolution of the cutter head.
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here so that no direct comparisons are made with an ordinary full face
machine, where the cutter head is much more rigidly suspended than is poss-
ible with a drill pipe with a diameter of 30-40 cm. Comparisons with
raise boring are more realistic.

Data on anticipated drilling rates have been supplied by the respective
plant manufacturers according to the table below:

m/h
Robbins 0.6
Salzgitter (Demag) 0.6
Tamrock 0.5

mm/rev.
2.0 2>
0.5
0.7

These values are lower than the values usually obtained with raise boring.
The explanation of this is that a lower penetration is to be expected
due to less efficient removal of the drill cuttings. The cuttings have
to be re-crushed. The more effective the removal of the drill cuttings,
the more closely the drilling rate will correspond to the results obtained
with raise boring. Tamrock has carried out an evaluation in co-operation
with Reed and has come to the conclusion that a realistic estimate of the
penetration rate would be half of the rate achieved in raise boring.

Robbins has come to the same conclusion. The expected rate for raise
boring was 1.2 m/h here. Experience of raise boring in Sweden shows that
a penetration rate of 1.5 mm per revolution or 1.00 m/h for a load of 15.0
tons is achieved when using button insert cutters.

A drilling rate of 0.5-0.6 m/h is based both on a penetration rate of
0.5-1.0 mm/rev, and on a rotation rate of the cutter head of 10-25
revolutions per minute.

2) With efficient operation, e.g. raise boring
Comparable value here is 1.0 mm/rev.
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The values given above are applicable to button insert cutters each cf
which has a load of 10-15 tons; they are between 7 and 9 in number. We
know from experience that disc cutters have a higher penetration rate.
The use of disc cutters in hard Swedish rock has been limited due to the
fact that button insert cutters have proved to be more economical for
raise boring, and we have no real experience of ordinary shaft boring in
the Swedish bedrock. At the risk of being considered too conservative, it
may be stated as an established fact that the penetration rate that can be
achieved today, using the available tools suitable for the job, is 0.5 m/h
effective drilling time.

An alternative possibility, which will not be considered here, is to use
an ITH (in-the-hole) machine to drill a hole with a diameter of 0.6m,
i.e. an ordinary percussion-drilled hole which is then enlarged using
a full-sized bit. This method, which exists only in theory at the
moment, has both advantages and disadvantages which will be touched on
later.

Guiding the drill pipe

Guiding the drill pipe presents no particular problems when drilling holes
as short as 8 metres, but for the sake of completeness the method will be
discussed here.

The drill pipe can be designed in two ways, either as a pipe with a large
diameter and without intermediate support, or as a slim pipe equipped with
stabilisers. The main purpose of a rigid or stiffened drill pipe is not to
avoid buckling, but to achieve maximum precision with regard to the hole.

Precision

It is assumed here that the hole is drilled vertically downwards, and no
correction of the alignment is necessary. There are no reliable statistics
available on the deviations occurring with this type of shaft sinking. The
data we have is based on experience from pilot hole drilling for raise
boring.
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Statistics from Skånska*) compiled over a long period of time show that

deviations for vertical holes are, almost without exception, less than

one half (H) percent down to a depth of 250 metres. Results obtained from

Boliden * * ) , on the other hand, indicate considerably greater deviations,

1.5 - 3 % depending on the depth of the hole. These values are not directly

applicable, since the diameter of the drill pipe was the same as that of

the cutter head. When drilling with a shaft boring machine, the rigidity of

the drill pipe is much lower in relation to the cutter head. Maximum de-

viations of the order of 5-6 % can thus be expected despite the fact that

guiding devices are installed along the drill pipe.

The available statistics on deviation are probably based to a large ex-

tent on anisotropic rock, which has a strong negative effect on hole

deviation. The rock in which the holes in question are to be drilled is

probably isotropic in character, and consequently the load on the cutter

head is more evenly distributed with the result that there is less devi-

ation from the intended alignment of the hole. The maximum deviations

should decrease to around 0.15 - 0.20 m, and once the personnel have

learnt to handle the equipment skilfully, the mean value should be app-

roximately 5-6 cm, or under one percent. Two-pass boring offers much

better precision and the average deviation is estimated at 2 - 3 cm.

The walls and bottom of the hole

A description of the walls and bottom should be included in a discussion

of the geometry of the completed hole. Any irregularities resulting from

possible fall-outs from the rock are disregarded.

Taking into account the fact that the penetration rate is as low as

0.5-1.0 mm/rev, the greatest level difference between the top and the

bottom in the rock wall is assessed at 3-4 mm, and the mean value is

approximately 2 mm. The distance over which this difference is measured

is approximately 50 mm. This is the shortest periodicity for irregularities.

The corresponding value for disc cutters should be lower. In addition to

this short periodicity there are irregularities with greater periodicity.

*) AB Skånska Cementgjuteri et, Sweden

**) Boliden AB Mining Company, Sweden
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These are caused by the fact that the cutter head migrates. The size of
the irregularity naturally depends on the way in which the drill pipe
and the cutter head are made rigid. It would be more realistic to assume
a maximum difference of 20 mm between the highest and lowest point over
a distance of 400 mm.

The bottom of the drill hole has a much more uneven surface than the
walls, which will probably be covered with craters with a depth of up to
5-6 mm if button insert cutters are used, or concentric grooves with a
depth of up to 10 mm (fig. 8 and 9) if disc cutters are used.
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Figure 8. Bottom of hole where button insert cutters have been used.

(Raise boring, Skånska).
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Figure 9. Bottom of hole where disc cutters have been used.

Tunnel boring (Salzgitter).
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Added to this there are the deviations from the plane surface which
are dictated by the shape of the cutter head. The figures below
illustrate the shape.

Figure 10. Cross section of the hole
bottom ace. to Salzgitter.

Figure 11. Cross section of the hole
bottom ace. to Tamrock.

One of the figures shows a pin at the bottom of the drill hole. The cut-
ter head has been designed for this in order to achieve better guidance
of the drill pipe. The pin is effective when starting the hole. It serves
no purpose during the actual drilling operation.

The idea of first drilling a small hole using an ITH machine and then
reaming it should make for greater precision. The maximum deviation
when drilling the smaller hole should be less than 0.5 % or 4 cm. The
smaller hole can then be used as a guide when drilling the larger hole
and it is in this connection that the larger periodic irregularities
which occur as a result of the migration of the cutter head will prac-
tically disappear. The combination of ITH drilling and reaming produces
the smoothest hole walls and the minimum overall deviation values for the
drill holes. It should be clearly stressed, however, that a solution
involving pilot holes and reaming is only a theoretical proposition as
yet, and the claims made on its behalf should be regarded in this light.
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Robbins makes the suggestion that the reaming of a hole can be a two-

stage operation, where stage 1 is carried out using a 35 cm tricone

roller bit.

The lifting of drill cuttings from the drill hole

Lifting of drill cuttings

When the diameter of the drill hole is as large as 0.8 - 1.5 metres, it

is difficult to remove the drill cuttings in the conventional way, that

is to pump water through the drill pipe down to the bottom of the hole.

The rising column of water formed between the drill pipe and the hole

carries the drill cuttings with it out onto the free rock surface (fig 12.).

.FROM SLUSH PUMP

DRILLING BIT
DRILLING BIT

Figure 12. Normal water flushing Figure 13. Air lift

In big holes the cross sectional area of the column of water is so

large that it is difficult to supply water in amounts sufficient

to maintain the minimum water velocity required in order to carry the

drill cuttings out with it. A number of solutions to this problem are

presented here.
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The simplest aethod fro* a technical point of view is to lift out

the drill cuttings using compressed air, the so-called air lift method.

The Method is illustrated in figure 13 above, and it is based on the

creation inside the drill pipe of a water-air column which has less

density than the water in the drill hole. Due to the density differ-

ence, the water coluan in the drill pipe will aove upwards and carry

the drill cuttings with it. The air in the water coluan is supplied

through the double-walled drill pipe. The drawback to this aethod is

that when drilling is started, the cutter head Must be 6 to 7 aetres

under water, otherwise the water column will not be high enough to

create the pressure difference required to obtain the desired water

velocity.

In a rock tunnel, it is not possible to build up to a sufficient height

for the required water depth to be attained, and therefore this Method

Must be rejected where this type of drilling is concerned.

It is possible to remove drill cuttings by water using the aethod

of sucking up the water through the drill pipe. When drilling with

button insert cutters, the velocity of the water should be more than

0.7 M/S. The water volume required has been estimated at 0.3 -2.0 m/s.

A pipe is connected to the drill pipe, and a vacuum is created at the

free end of the pipe so that the velocity of the water in the drill

pipe is sufficiently high to be capable of transporting the drill cut-

tings. There are different ways of creating a vacuum. Either a centri-

fugal pump (fig. 14) similar to the one used for suction dredging, or

else an ejector (fig. 15) may be used.
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JiI_N0ZZLE

WATER PRESSURE LINE

Figure 14. Suction pump variant. Figure 15. Ejector variant.

We shall not consider which type should be used here, but merely make
the observation that there are known techniques which are applicable.
The separation of the drill cuttings from the water is part of the
water transportation cycle, and we will return to this later.

Air can be substituted for water as a transport medium. The principle
is the same, however. An air ejector is used instead of a water ejector
(fig. 16). In addition, compressed air will probably have to be let out
at the cutter head in order to get the drill cuttings moving. Air
transportation requires a considerably higher velocity of the transport
medium than is the case with water.
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Figure 16. Air ejector.

One variant of transportation by air is to seal the space between the wall
of the drill hole and the drill pipe, and then introduce compressed air
into it. Pressure above atmospheric pressure is thus used to drive the
medium. In general, the same velocity of the transport medium is required
for this method.

Unfortunately, neither of the two methods described above using air
as a transport medium has been tested in the field for this appli-
cation, so for the moment, these can only be regarded as possible sol-
utions. It should, however, be emphasized that this method, if practi-
cable, has the great advantage that the separation of the drill cuttings
is a simpler process.

Another solution employing water as a transport medium is to use a sub-
mersible pump. The pump is placed in the drilled hole immediately above
the cutter head. The hole should be full of water during the entire
drilling operation, in the same way as for reverse flushing with water.
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Pumping capacity should be approximately 2,000 1/min, so that the amount

of solid material in the sludge is < 2 %, which is a very conservative

estimate. The amount of solid material pumped up during suction dredging

is approximately 10 %.

In order to reduce the velocity of the transport media, their ability

to keep the solid particles afloat must be increased. There are various

agents that can be added to water to improve this property. Water can

even be replaced by another liquid. The advantage of using air or water

is that no new chemical solution is brought into the system. The tech-

nique of employing other media will therefore not be dealt with here.

When drilling of a hole is commenced (with water flushing), a basin

for holding water must be constructed on the rock surface. The sides

of the basin, which should be 40-50 cm high, can either be formed by part

of the drill rig, or else can be erected separately at each hole. Thi-

presents no problem, and is only mentioned in passing as a reminder thai

it must be taken into account. If the bottom of the tunnel is cast, then

a depression 10-15 cm deep can be made where the hole is to be drilled.

The simplest method is to cast a slab round the prospective hole. No basin

is necessary if air is to be the transport medium.

Separation of the drill cuttings

Separation of the drill cuttings from the transport medium must be

done irrespective of whether water or air is used. Separation is easier

where air is used as the particles settle more quickly. Separation takes

place in a cyclone separator of a type similar to that used for air

bloving when hammer drilling. The cyclone separator must have a capacity

10 times that of cyclones used for bench drilling units today. The frag-

ments of rock are much coarser in this case. A completely new design

is involved, and the size of the separator presents no problems. The

exhaust air from the ejector must pass through a water bath, or scrubber,

in order to wash off the fine particles of dust remaining. The underground

working environment is much more sensitive to dust. At present there is

no known method for eliminating the finer t particles by separation.
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Separation of drill cuttings when water is used as a transport medium

must also be done in two stages, where water and cuttings are delivered

to a tank containing a screw feeder which transports the coarser quick-

settling fraction away (75 % ) . The remaining fraction - 25 %, smaller than

75*10 m (75 fi m) - is pumped to the sedimentation basins. After sedimen-

tation, the water is re-cycled for the transportation of drill cut-

tings. The assumption that 25 % is smaller than 75 ft m is based on the

tabulation of several grading analyses of cuttings from crystalline bed-

rock worked with a roller bit (fig. 17).
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Figure 17. Grain size distribution of drill cuttings when drilling with

bottom insert cutters. This curve is a synthesis of several curves.

Hauling out the drill cuttings

After separation from the transport medium, the drill cuttings are placed

in railbound cars for transportation out to the hauling shaft, where the

cars are emptied onto a tip. The volume of loose rock produced at each

hole is approximately 30 m . 100 % swelling is assumed. The finest particles

are separated in special sedimentation basins. It is recommended that each

train unit should be composed of 4 cars, with a load capacity of 9 m each.
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The train unit must be designed to fit the track gauge. There are no

obvious disadvantages in the use of wheel-mounted cars for hauling away

the material, if these are preferred.

It has been assumed here that the transport shaft will be used for hauling

up the rock spoil when tunnelling. The same haulage equipment can be used

for the drill cuttings. This set of problems will not therefore be dis-

cussed further at this point.

Work operations aside from drilling and lifting of drill cuttings

Under this heading, we shall investigate how much time is required to

move the equipment between two adjacent drill holes and the work

operations this involves. In addition, the tolerances of the tunnel

bottoms and walls will be defined as well as the supplies of power, water

and air necessary for the work.

In order to provide a complete picture of the working cycle involved in

the drilling of a hole, the various tasks from the completion of the

first hole to the start of the new hole must be described.

The operations are as follows: Time consumed

(minutes)

Assembling the drill pipe (actually part of the

drilling operation)

Pulling up and disassembling the drill pipe

Taking down the supports that anchor the machine

Disconnecting the supply lines for power, water and air

Transporting the drill cuttings to the shaft and tidying up

the site

Moving to the site of the next hole

Connecting up the supply lines

Aligning and anchoring the machine

Preparing to start the hole

35

35

3

2

30

5

10

20

_10

150
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A total of not less than 2.5 hours should be allowed for. The actual time

taken should be about 3 hours. This may appear pessimistic, but taking

into consideration all the interruptions that may occur as a result of

equipment breaking down etc. it is a realistic appraisal, and must be

accepted. It is assumed that the drill cuttings can be hauled away at the

same time as the machines are moved, and as mentioned earlier, it is

assumed that the cuttings will be tipped into the bin which was used when

the tunnels were driven.

The individual work operations will be described in more detail. Taking up

the cutter head is done at a rate of about 1 m/min. In addition, the drill

pipes are taken apart. The length of the drill pipe varies depending on

the type used but is between 1 and 1.5 metres. Consequently there are be-

tween 5 and 7 joints in the whole drill pipe. All jointing is done mechan-

ically in the same way as for raise boring, and drill pipes not in use are

placed in a storage pockr: on the machine.

The machine is fixed to the roof and bottom of the tunnel in order to be

able to take up both the thrust and the torque applied to the cutter head.

This is a very simple procedure, which is in principle the same as that

used when a crane truck is equipped with extra hydraulic support. No

special demands are made regarding the evenness of the rock surface

against which the support is mounted. Normal smooth blasting is suffic-

ient. If rail-bound drilling equipment is used, it can remain on the

tracks during drilling.
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Figure 18. Machine fixed in position. Suggestion: Tamrock, Finland

The supply of power, water and air will be dealt with later. It should

be mentioned here that connections for water and air should be placed

at intervals of 48 meters in the tunnel. Every point of connection thus

serves 8 holes, and the lengths of the connecting pipes will not exceed

30 metres.

Hauling away of the drill cuttings is best done when a hole has just

been completed. If the drilling equipment is ra^l-bound, the drill

cuttings can be hauled away in the railway cars. As stated earlier,

the total volume of drill cuttings from a single hole will be
3 3

approximately 30 m . 4 cars with a load capacity of 9 m will suffice.

Both the engine and the cars must, of course, be specially designed for

the particular track gauge used. A suitable track gauge for this

purpose is about 2 m, and a minimum width of 1.9 should be stipulated.
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If a wider track gauge is found to be suitable for the activities carried

out after the hole has been drilled, this will make no difference as far

as drilling is concerned. In the interest of a good working environment

underground, the engine should be powered by electricity and equipped with

its own storage batteries.

If rails in the tunnels are not considered desirable from other points of

view, the drill rig can be mounted on caterpillar tracks, wheels or sleds.

In the latter case, trucks or hoists are needed in order to move them.

Caterpillar tracks or wheels are powered by air or hydraulic motors. The

drill cuttings may be placed in bins which are then emptied into some

form of transport vehicle, i.e. truck, hauler etc. One obvious disadvan-

tage of non-rail bound transport is that it is necessary to seal off each

hole with a lid that can take the weight of the transport vehicle, other-

wise the drill cuttings can only be transported out in one direction. The

holes drilled in the tunnel bottom must also be taken into consideration

when transporting equipment etc into the tunnel later on.

The drilling equipment is transported between the holes, as mentioned

above, by means of hydraulic motors or motors powered by compressed air

and mounted on wheels. Hydraulic motors are specially suitable, since

the air connections can be disconnected.

First, the drill is aligned and anchored by placing supports against the

tunnel bottom. These are fixed in that they are adjustable by screw

threading. The drill is then fixed between the roof and the bottom of the

tunnel by means of hydraulic cylinders (fig.18)

It is a definite advantage when aligning and fixing the drill to be able

to work from a flat concrete floor surface. The drilling of the hole is fur-

ther facilitated if it can be started from a flat base where any necessary

water for flushing can easily be collected, as mentioned earlier. Concrete

is cast on the rock surface at the site of each hole to a thickness of about

25 cm.
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A-A

Figure 19. Drawing of tunnel bottom at site

of prospective hole

Cross section

A circular recess, diameter 1.60 m and depth 10 to 15 cm, is made in the

concrete at every hole.

Power and water must be supplied to the drilling machine irrespective

of the system chosen for lifting and transporting the drill cuttings.

Under present-day conditions, it is also an advantage if compressed air

is available at the workplace. Compressed air is useful both for cleaning

and powering tools. A mobile compressor can be used in order to avoid

having to run in pipes for compressed air, but if such pipes have been

left in place after tunnelling, it is simpler to utilize them by placing

a compressor at the mouth of the tunnel. Water may be required for

cooling hydraulic motors, and for water flushing, if any. Approximately

50 litres of water per minute are required for cooling.

A closed circuit system has been devised for the flushing water with

special basins for sedimentation of the fines. When button insert cut-

ters are used, 20-25 % of the material is made up of fines.

Air flushing also requires a closed circuit system for handling the

water from the scrubber. However, the dimensions are smaller.
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The drilling equipment has a total power requirement of 150 kW, including

120 kW for the drill. Power can either be supplied as high voltage

current which is transformed to 380 V at the drill, or as low voltage

current supplied from the mouth of the tunnel. The maximum length of

the low voltage cable is 500 m. The cable is kept in a roll on the

drilling machine, and unwound from there. Probably the most suitable

method applicable in this case is to bring high voltage current to the

mouth of the tunnel and transform it to 380 V on the spot, thus avoid-

ing the necessity of taking a transformer into the tunnel. Some kind of

tranformer is required at the mouth of the tunnel for lighting and

other electrical service in the tunnel in any case. The cable for the

drilling equipment must be designed for a capacity of approximately

150 kW at the work site.

380 V
220 V

LIGHTNING

FLUSH WATER
SLURRY

CONCRETE

Figure 20. Supply system for a section of the tunnel
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Capacity requirements

According to the plans drawn up in the autumn of 1979, 7,000 holes are
to be drilled over a period of thirty years. This entails the production
of 1.05 holes per working day. Allowance should, however, be made for
the fact that not all the holes drilled will be suitable for their
intended purpose. Some of the reasons for this are listed here:
. the surrounding rock is considered less suitable locally
. too large cavities in the walls of the hole as a result of fall-outs
. the hole does not meet the tolerances
. some holes are used as test holes.

None of these reasons will cause a high rejection percentage. The first two
may account for 5 % together, the third a maximum of 2 % and the drilling
of test holes will result in less than 0.5 % of the total holes being un-
usable. This gives a total of 7.5 %, so that a round figure of 10 % provides
an ample margin of error. Thus, the average production of holes should be
1.15 holes per working day. From experience of this type of work, however,
we know that over long periods double the planned production is a real-
istic estimate. The plant should be designed to produce 2 holes per day.

In order to ensure a capacity of close to 2 holes per day, the time con-
sumed by the various tasks involved must be assessed. The drill has a
capacity of 0.5 m per hour, as mentioned earlier. The time required for
drilling will thus be 16 hours, including the time for starting the hole.
Moving the equipment has been estimated to take 3 hours. Added to this
is repair and maintenance of the machinery. The various manufacturers
of the machinery have different opinions as to the amount of time neces-
sary for this particular work item. Given an efficient spare parts
system, where for example a whole cutter head is replaced instead of the
individual cutters, which is time-consuming, it should be possible to limit
the time required for repairs and maintenance to an average of 4 hour*.
The estimated total time will then be:

Drilling
Moving equipment
Repairs

16
3
4

hours
hours
hours

Long-range capacity

23 hours
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An underground work shift is 7.2 hours today, but as a result of time-
consuming travel to the workplace, it is assumed here that effective
working time will be 7 hours. 3.3 shifts are necessary to produce one
hole, and 3.8 shifts are required for 1.15 holes. Working on a two
shift basis, 1.9 drill rigs must be available in order to produce
the required holes. It was stated earlier, however, that a capacity of
just under 2 holes per 24-hour day at periodic intervals was probably a
realistic estimate. 1.8 holes per 24-hour period can be produced using
three drill rigs and 6 shifts during this time. The acquisition of 3 drill
rigs, of which two are sufficient for the drilling of the necessary holes,
will ensure that the drilling programme can be carried out without inter-
ruptions or stoppages, and will further provide scope for shorter periods
with 50 % higher capacity.

Crew

The crew for the drilling equipment consists of an operator and a mechanic,
who is also responsible for the operation of the separation plant. Two men
can manage operations at the drilling site; no extra personnel are required
for transportation of staff and materials, since an average of only one
set of cars or three trucks per shift need emptying. Personnel must be
provided for the maintenance of power, air and water supplies, however.
In addition, an underground workshop for drilling machines, with two men
in charge of major repairs during the day and responsible for spare parts,
is necessary. A summary of the personnel required is provided in the table
below.

Operator
Mechanic
Electrician
Shift foreman
Site manager

Daytime
-

1
1
-

J.
3

1st shift
2
2
0.5
1*
-

(5.5)
4.5

2nd shift
2
2
0.5
1*
-

(5.5)
4.5

Total
4
5

2
2*
1

(14)
12

* -- omitted in cost estimate
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It will probably not be necessary to employ shift foremen, since the work is

of a very repetitive character. If sick leave is taken into consideration,

one more worker will be needed. As shown in the table, the electrician puts

in only half a working day for each shift. The idea behind this is that

the electrician can be employed part of the time on other jobs in connec-

tion with the construction in progress. In summary, it may be said that

given three drill rigs and two crews of a total of 12 men, 1.2 holes or
o

0.1 hole per man and shift can be drilled, which corresponds to 1.4 m

of rock drilled per man and shift.

Spare parts stocks

The value of the spare parts in stock is usually estimated at 15-20 % of

the value of the purchased equipment. In the present case, with one machine

already in reserve, the stock of spare parts for the machines can be kept

at the lower level. It is better to specify wear parts separately than to

estimate a percentage.

Spare parts stocks for wear parts (2 machines)

1 Drill pipe

2 Cutter heads

4 Sets of cutters (about 32 pieces)

Two cutter heads are listed as spare parts here. The idea is not that they

should be put on a shelf for future use, but that they should be included

in a rotation system with the heads a•ready in use. This is motivated

by the fact that the replacement of worn cutters is a very time-consuming

process. Sometimes the cutters get stuck, and a service organization

should be able to deal with this type of maintenance work. It must be

possible to order the spare parts not kept in stock from the supplier at

short notice. The normal practice when purchasing full-face drilling

equipment is to stipulate that the supplier stock the spare parts that

take a long time to manufacture.
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2.2 OTHER TECHNIQUES

There are techniques other than shaft boring that are appropriate for the

drilling of the holes in question. One technique is to stitch drill round

the prospective periphery. The "stitches" can be made by drilling parallel

holes at close intervals, or by using a large core drill bit. The former

method has been applied on a small scale, while the latter is so far only

theoretical.

The stitch drilling method

The technique of stitch drilling has been in use for a few years, but

cannot be described as a proven method. The KBS (Nuclear Fuel Safety)

Project has employed the method in drilling for grouting tests. These

holes had the dimensions relevant for our purpose.

The holes are drilled with standard hammer drilling equipment, supplemented

by equipment for guiding the drill in order to keep the holes in Mne. For

efficient drilling and ease of guidance, several drills have been coupled

together and operated simultaneously in one version of this method.

There is no serial production of this type of equipment, all the machines

are prototypes. The technique involving the coupling together of several

drills has not been without its initial problems, and the present level

of efficiency of the method is not known. It is clear that the stitch

drilling technique will be developed in the future, since there is a

definite demand for such holes in rock, and a more precise assessment will

be possible a couple of years from now. A simplified presentation of stitch

drilling techniques is given in the table below.

A

B

C

Stitch drilling, two phase, one drill (51 + 64 mm bit)

Stitch drilling, one phase, one drill (76 mm bit)

Stitch drilling, one phase, 4 drills coupled together

(115-120 mm bits)
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A

B

C

Drill

percus-
sion
percus-
ion
4 ITH

Flushing

Water

Air

Air

Capacity
m2/shift

-

9

37

Estimate::
long-range

capacity

m2/shift

6

8

24

Bit dia.

51 + 64

76

115 + 120

• • , " ! •

J '
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[
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Figure 20 a.

Method A

Drill pattern

Figure 20 b.

Method B

Drill pattern

Figure 20 c.

Method C

Drill pattern
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Regarding the eveness of surface obtained with this method, it is seen

that surface has a wave-like formation with peaks of 1.5 - 2 cm rising

above it for a stretch of 10 cm. Deviations in the drill pipe (on the

order of a maximum of 5-6 cm, normally 3-4 cm) at the bottom must also

be taken into account. In order to achieve this precision, very accurate

alignment and guidance of the drill pipe is necessary; this is feasible

in this case, since the drill rigs can be designed for this one function

only. The bottom of the hole will probably be somewhat uneven, since the

remaining core must be removed by splitting. Another possibility would be

to detonate a small charge in a hole drilled in the centre of the core, but

this would also result in an uneven bottom. Consequently, holes must be

drilled to a depth of 7.9 metres in order to compensate for this.

In the table on page 34, an account is given of the flushing agents used

for the above ground application of stitch drilling. Both water and air may

be used here, as for the shaft boring technique. The amount of drill cut-

tings will be considerably less, and therefore in the case of water flush-

ing, the demands imposed on separation are higher; this is to ensure that

the recircuiated water does not contain particles that clog up the holes

in the drill pipe. In consideration of the fact that the volume of flushing

water is as low as 100 1/min, it would be possible to employ a system

where the flushing water is taken from ground level and the recirculated

water is pumped back up to the surface. Without going into greater detail,

however, it is assumed that a closed circuit system underground is the

correct solution in this case. If the air flushing method is employed,

an air filter is connected to the suction nozzle at the top of the hole,

in the same way as for above-ground drilling. The air from the filter

must be allowed to pass through a water bath in order to remove all

particles of dust, a must for an acceptable working environment.

The volume of solid drill cuttings to be handled amounts to approximately
3 3

2 m solid, or about 4 m loose. The simplest way of implementing this

separation is to construct a sedimentation basin at the mouth of the tunnel.

Preferably, two basins should be constructed so that they can be emptied

alternately, without interrupting the flow of flushing water. The size of

these basins depends on whether air or water flushing is employed.
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In order to remove the drill cuttings from the drilled hole, the hole

must be closed off so that a sufficient water velocity is obtained.

The remaining core must be split before it can be lifted. This is best

done by cracking or blasting (fig 21). Cracking is more suitable since

this eliminates the risk of bits of rock getting stuck between the core

and the wall of the hole.

PLAN

HYORAULIC
JACK

CRACK

HYORAULIC
JACK ACTIV

SECTION

Figure 21. Breaking off the core

Breaking off the core by means of cracking requires the use of two

jacks. The core must then be broken into three pieces so that it can be

lifted out of the hole. The jacks should be designed so that they can be

lowered down the hole, and their load capacity should be 150 tons. A de-

formation factor of 2 cm must be allowed for. Broken pieces of core are

then lifted out by a gantry crane on rails, and placed on a flat car for

transport to the shaft. The same procedure as was used for transporting

out rock spoil when the tunnel was under construction is applied for

transporting the core.

Transportation between drill holes (dismantling, transport and erection)

is simpler than for shaft boring equipment. The time required is probably

only 1.5 hours, while 1 shift per hole is calculated for service and

repairs.
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The demands imposed on the walls and roof of the tunnel are similar to

those stipulated for shaft boring. It is not really necessary to have

concrete in the area surrounding the site of the prospective hole in the

tunnel bottom, but alignment of the equipment and handling of drill cut-

tings will be facilitated if the surface is smooth. There will be no

skewed starts, and no air or water will escape if the rim round the open-

ing of the hole is even. For these reasons, a 25 cm thick concrete slab of

sufficient size to cover the prospective hole is cast on the tunnel bottom.

The requirement as to the number of holes produced per unit of time is

the same as for the shaft-bored holes. This means a production of 1.8

holes per 24 hour period, but the long-range requirement is

1.15 holes/24 hours. The so-called long-range capacity for the various
p

drilling methods has been presented in tabular form per m /shift. The

theoretical area to be drilled for each hole is 36.3 m (1.5 xJI x 7.7)

plus an extra 2 dm drilling at the top through the concrete, and 2 dm at

the bottom of the hole to ensure that the hole is of the required length.
2

These extra 4 dm give 1.3 m , and the actual drilled area per hole is thus
2 2

38.2 m . Consequently the amount drilled per 24 hour period has to be 43.9 m
2

(38.2 x 1.15). The equipment should be designed for a capacity of 70 m /24
hours (38.2 x 1.8). This implies that the number of sets of equipment

necessary will vary from 4 to 7, depending on the method used.

Time requirement per hole

Method

A
B
C

Number of

Method

A
B
C

Drilling

6.4 shifts

4.2 shifts

2.1 shifts

sets of equipment

Moving

0.2

0.2

0.2

Repairs

1.0

1.0

1.0

Total

7.6

5.4

3.3

required for 1.8 holes/24 hours (0.5

Shift capacity Sets
per set for

0.13

0.19

0.30

of equipment required
2-shift working

6.9

4.7
3.0

shifts

shifts

shifts

) hole/s

C

hi ft

hoic

7

5

3
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A separate group of workers is needed to lift out the drill cores with a

mechanical capacity of 1.8 completed holes per shift, but with

personnel resources corresponding to the requirements for 1.15 holes.

As the remaining cores must be split up and extracted bit by bit, it is

reasonable to assume that lifting and hauling away the cores will

require one shift per 24 hours. The size of the crew for the different

methods is shown in the table below. Methods A and B are labour-inten-

sive so a shift foreman has been included to ensure that the whole

organization functions properly. The crews must be able to operate

the following rigs.

Crew required for 1.2 holes/24 hours (0.6 holes/shift)

Method

A
B
C

Operator

Mechanic

Electrician

Shift foreman

Site manager

Total

Shift capacity
per crew

0.13

0.17

0.30

Daytime

A

1

2

1
-

1

5

B C

1 1

2 2

1 1
-

1 1

5 5

1st

A

5

5

1

1
-

12

No. of crews
required

4.6

3.5

2.0

shift

B

4

4

1

1
-

10

C

2

2

1
-

-

5

2nd

A

4

4

1

1
-

10

Choice

4.5

3.5

2.0

shift

B

3

3

1

1
-

8

C

2

2

1
-

-

5

total

A

10

11

3

2

1
27

B

9

9

3

2

1

23

C

5

6

3

0

1

15

The mechanic and one of the operators working during the daytime must

be able to handle the lifting and hauling of the remaining core, and the

rearrangement of the pipelines.

Core drilling

Another technique for consideration is core drilling, but up to the

present time this has not been tested for holes with diameters as large
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as 1.5 m. Holes with a diameter of 0.77 m have been drilled using hydraulic-

powered equipment, and the core drilling method will be described on the

basis of these data.

Figure 22. Core drilling, dia. 0.765 m in Stripa test mine, carried

out by Hagby bruk (Sweden).

Estimated capacity for core drilling, one hole:

Drill ing
Repair + movi

equipment

ng of

Total

7

1

8

shi

shi

shi

fts

ft

fts

5 sets of equipment are required for 1.2 holes

7 sets of equipment are reqjired for 1.8 holes
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Personnel
2 x 5 crews to do the work, including lifting

up the drill core, since this is a step-by-step

operation with this technique.

Operator

Mechanic

Electrician

Shift foreman

Site manager

Daytime

1-1

2

1
-

1

1st shift
5

5

1

1
-

2nd shift
5

5

1

1
-

Total
11

12

3

2
1

Total 29

The operator and mechanic working during the daytime shall

handle the hauling away of the cores and the rearrange-

ment of the pipelines.

2.3 REFERENCE PROJECT

Since there are today no completed projects that can be used as a basis

for comparison in our present discussion, a brief description of

a closely-related project will be presented..

The site is in Chicago; a so-called blind shaft, dia.

2.5 m, is sunk in limestone of good quality. A brief

resumé is given in tabular form.

Shaft

Machine

Diameter 8' 9" approx. 2.5 m

Length 300' approx. 90 m

Robbins 121 BR (Blind or Raise drill)

Max. torque 365,000 ft lbs at

4 RPM

Max. lifting capacity 1,250,000 lbs. The mach-

ine is designed to be

able to ream holes.
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(cont.) Downward thrust

Disc type cutters

Actual figures

Torque

Thrust

Rate

400,000 lbs via weights

on the cutter head.

The load is adjusted

by lifting the weights.

12".

140,000-150,000 ft lbs.

Approx. 19.4 - 20.8 tm.

200,000 - 250,000 lbs.

90.8 - 114 tons

6 RPM

Penetration rate

Handling of cuttings

Values of 2 ft/h, (approx.

0.60 m/h) were obtained for

the lower values for thrust

and torque, and for the higher

values 3 ft/h (approx.

0.9m/h). Penetration per

revolution is 1.7 and

2.5 mm, respectively.

Reversed circulation by

means of compressed air

(so-called air lift).

Flow 4.4 m /min, lifting

rate 80 m/min.

Proportion solid material

3.6 % (weight).

Separation cuttings - water

Stage 1 Trough with screw

Stage 2 Surplus water to

centrifugal sep-

arator.

Button carbide cutters were tried out when drilling a previous shaft, with

both lower penetration and considerably higher cutter costs as a result.
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It should be pointed out that the rock in this latter case was limestone

(not crystalline). Disc cutters produce larger chips, and the largest

weighed 0.7 kg (18x9x3 cm). The shaft boring proceeded well, but the gen-

eral opinion is that with a finer-tuned system a drilling rate of up

to 5-6 ft (1.5 - 1.8 m) should be possible.

The shaft was drilled above ground and there was no difficulty in

providing the necessary water pressure for the air lift.

2.4 DEVELOPMENT OF TECHNIQUES

Methods

This report is being compiled two decades in advance of the start of

drilling operations. Techniques will develop considerably during this

interim period, and much of the data presented here will no longer be

relevant.

Where shaft boring techniques are concerned, the first step will be to

speed up the penetration rate by finding more effective means of lifting

out drill cuttings from the bottom of the hole. A second step will be to

design cutters with a higher load capacity. Within a period of ten

years these improvements will enable the penetration rate to be in-

creased between 1.5 and 2 times, assuming, of course, that the de-

mand for this type of hole is such that investments will be made in

research.

Other techniques, apart from the actual drilling technique, can also be

applied in order to increase the capacity of shaft boring machines. Up to

the present time, however, such auxilliary techniques as water-jet etc.

have proved to be too expensive to be of any interest. There is no doubt

that the latter technique increases capacity. There is not much point in

speculating about future techniques; the field is wide open, and the im-

provement of the drilling rate does not seem to involve any kind of con-

troversy.

The estimate of a drilling rate 1.5 to 2 times higher than the present

rate is based on the fact that in raise boring under similar conditions,
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the drilling rate is nearly double as a result of efficient removal of

cuttings. It should be possible to double capacity with an improved

system for lifting out drill cuttings. Regarding the development of

drill tools, the last ten-year period has seen a doubling of the pene-

tration rate for TBM excavation. Ten years hence a 50 % improvement is

well within the bounds of possibility. The total effect of the above-

mentioned factors is an increased capacity on the order of 2-3 times

the present one. Even allowing for a sizable margin of error, an im-

provement of between 1.5 and 2 times the present rate is feasible.

Once the drilling operation has been started, it is reasonable to

suppose that the development of techniques will be more rapid. It is,

however, doubtful whether there will be any incentives for further develop-

ments, at least on the part of those carrying out the work. If it has

been possible to double capacity by utilizing two drill rigs and only

one crew, then further improvements will not involve any real profit,

and will consequently be unattractive. The plant manufacturer will cer-

tainly continue research and development, but with only marginal benefits

where this project is concerned.

As far as the development of the "other techniques" is concerned, any

improvements in the stitch drilling method, for which standard rock

drill machines are employed, depend entirely on advances made in the

design of the latter. Pneumatic drills have been used for stitch drilling,

as in methods A and C in this report. In method B, a hydraulic-powered

drill was used, increasing the drilling rate and thereby the hole

capacity. Increased capacity for method A is feasible even today. Method

C is based on the use of ITH machines which are not yet designed for hyd-

raulic motors, and it is difficult to predict when, if ever, this will

happen.

Core drilling is basically an old technique. It has never been employed

for dimensions on the order of 1.5 m. There is no drilling equipment

available today that has been tested for this purpose. There is, how-

ever, a similar technique dating back 30 to 40 years, utilizing quartz

sand as an abrasive. There are, therefore, very few facts on which

to base a forecast as to future capacity. A 50 % improvement on the re-

sults obtainable today should be possible, however, by adjusting the
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thicKness of the driilpipe casing, the load and the effective working

periphery. This is a very tentative assessment.

COSTS

As mentioned previously, all costs will be quoted at the price level

in effect in the autumn of 1979. The costs will be specified according to

the system normally adopted by building contractors. It is possible that

other professional groups use a similar system. The costs are split up

according to personnel, materials and plant. The distinction between

materials and plant may be difficult to maintain, but as the division of

costs is only for practical reasons, and has no effect on cost estimates,

there is no point in going into it in more detail.

3.1 MOBILIZATION

The concept of mobilization includes the costs arising in connection with

the establishment of the site. It is assumed that the tunnel galleries are

driven at the same time as the holes are drilled, so that new investment in

office, personnel and workshop premises must be made. The costs are spec-

ified in the table below.

Shaft boring
(thousands of kronor)

Office and personnel

Workshop incl. tools

premises

Total

320

200

520

Costs for operation and maintenance 85,000 Skr/year, equal to 360 Skr/hole.

Interest costs 110 Skr/hole.

It is assumed that supply lines for electricity and water are laid down

to the level (approx. -500 m) at which the drilling of the holes is to

be carried out. The costs of laying supply lines in the drifts are assig-

ned to the hole drilling project. As mentioned previously, rails are to be

laid in each tunnel and two pipelines for water. The rails are to be left in

place for some considerable time after the drilling of the holes has been
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completed, to serve other purposes; the water supply lines are to be dis-

mantled and removed. 50 km of rails and 120 km of pipeline will be laid for

the total of 7,000 holes. Approx. 12 km of track and 50 km of pipeline must

be purchased. The rails must be bought during the first 10 years, while

the purchase of the pipeline is spread over the whole period, since they have

to be renewed every five years. The costs excluding interest are:

Skr

(millions)

Rails Pipelines Concrete slab

Purchases 2.6 3.0 1.0

Installation 4.0 1.2 0.8

Dismantling 2.0 0.2 0.2

8.6 4.4 2.0 = 15.0

Total: Skr 15.0 m.

Costs distributed over 7,000 holes give a figure of 2,150 Skr/hole,

interest cost is 645 Skr/hole.

The cost of installation of the sedimentation basins, i.e. the blast-

ing of drifts, the casting of containment walls and the equipment for emp-

tying are included in the mobilization costs. A total of 2 x 4 = 8 basins

are to be installed.

Two basins are to be constructed parallel to each other so that one can be in

operation while the other is being emptied. The costs are divided up ac-

cording to the table below.

Skr

Blasting 2 x 30 x 35 = 2,100 m3 at Skr 200/m3 420,000

Casting of separator, walkways and sump
2x40 m3 concrete at Skr l,000/m3 80,000
Mechanical equipment (overhead cranes, buckets) 2 x 400,000 800,C00

1,300,000

4 plants at Skr 1.3 million = Skr 5.2 million

For 7,000 holes this gives a cost per hole of Skr 750. Interest costs

280 Skr/hole.
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3.2 TRAINING OF PERSONNEL

Irrespective of the type of equipment purchased, the personnel must be

instructed in its correct handling. This training period must be regar-

ded as a recurrent feature. During a span of 30 years the turnover of

personnel will be considerable. It is estimated that each man stays on

one job for 4 years, on the average. This means that 7.5 crews must be

trained during a 30-year period. The length of the training period will

vary, depending on the technique chosen. One month's training should be

sufficient to achieve the capacity stated earlier for shaft boring. Cer-

tain categories, such as mechanics may require a longer period, whereas

others such as electricians will need less time.

The cost will be 7.5 x 12 x 20,000 = Skr 1.80 million, and this cost is

evenly distributed over the construction period. Added to these costs

there will be training costs in connection with revised techniques, if

any, so that the total cost will be in the area of Skr 2.5 million, or

360 Skr/hole.

3.3 DRILLING OF HOLES, HANDLING OF CUTTINGS

Acquisition and wear of equipment

The acquisition and working life of the equipment will be dealt with

under this heading. As mentioned earlier, three complete drill rigs will

be purchased in order to be able to meet the demands for the storage

holes. A complete drill rig is composed of the following parts:

1 drill with storage pocket for drill pipes.

2 sets of drill pipes

2 cutter heads (dia. 1.5 m)

3 sets of cutters (approx. 3 x 7 )

1 unit for separation of coarse drill cuttings (> 0.075 mm)

2 sets of pumps for transport of both clean water and

water mixed with fines.

600 m electric cable

Spare parts to a value of 20 % of the drill

separating equipment and pumps.
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The total investment for three complete sets of equipment at start up

is Skr 15 Billion.

The operating costs for the Machines are based on an economic service

life of 10,000 hours. It should be emphasized, however, that many sup-

pliers of equipment are of the opinion that the service life of their

machines is considerably longer. According to what has been assumed ear-

lier, a total of 110,000 working hours will be necessary to produce

7,000 holes, and 11 sets of equipment will be used up. In fact, 12 sets

should be allowed for in the cost estimate, so that the equipment is not

completely worn out at the termination of the project. 10,000 h means

that the equipment is replaced every 8 years, which is an acceptable

service life. The costs of the actual drilling work are shown in the

table below.

10,000 working hours (690 holes)

Purchase of drill, cutter head, drillpipes

Tool costs

Spare parts for the drill

Electrical cables

Energy costs 0.10 Skr/kWh

Oil and lubrication

Total

Skr

2.5 million

3.5 million

0.6 million

0.3 million

0.1 million

0.1 million

7.1 million

The interest cost for drills and electrical cables, if it is to be included,

will be > Skr 1.4 million for 8 years.

Cost per hole excluding interest cost

for interest

Skr 10,290

Skr 1,750

Handling of drill cuttings

The handling of drill cuttings includes the lifting of drill cuttings,

the separation of the coarse fractions, the transportation and sedimen-

tation of the fine fractions and the return pumping of clean water.

Pipeline installation and sedimentation basins have already been dis-
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cussed under the heading "mobilization". The costs for 10,000 hours of

operation are given in the table below.

Skr

Pumping from drill hole

Purchase of pump 100,000

Operation of pump 60,000 160,000

Separation of coarse material

Purchase 100,000

Operation 25,000 125,000

Pumping of fine fractions for sedimentation Skr

Purchase 50,000

Operation 25,000 75,000

Return pumping of clean water

Purchase 30,000

Operation 10,000 40,000

Energy consumption

50 kW x 10,000 x 0.1 50,000 50,000

Total Skr 0.45 million

Distributed over 690 holes, this will give a figure of 650 Skr/hole.

Interest costs 140 Skr/hole.

Personne", costs

Personnel costs consist of wages and employer-paid social costs only.

Expenses for travel and daily allowances are not taken into consideration,

since this project has a fixed location, and the personnel will be recruited

locally. The wages set forth here are in line with wages for under-

ground work outside the Stockholm region. Wage costs for 1 year are sum-

marized in the table below, for a production of approximately 230 storage

holes.
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Operator, mechanic, electrician = 11 man-years

Hourly wage 52 Skr

Social costs 34 Skr

86 Skr

One year's costs = 1,800 hours x 86 = Skr 155,000

11 x Skr 155,000 = Skr 1.705 million

Site manager

Monthly salary

Social costs

Skr 9,000

Skr 6,000

Skr 15,000

One year's costs, 11 x Skr 15,000 = Skr 165,000

Secretary (part-time)

Monthly salary Skr 3,000

Social costs Skr 2,000

Skr 5,000

A yearly cost of 11 x Skr 5,000 = Skr 55,000

Total costs

Travel expenses and sundry additional costs

Skr 1.925 million

Skr 0.075 million

Skr 2.0 million

The cost per storage hole will thus be Skr 8,580.

Cleaning of the tunnel and hole

After drilling has been completed in a tunnel, all loose and attached

particles of rock as well as any oil spills must be cleaned up.

In order to limit the amount of organic material after washing, this

is done by high-pressure rinsing, and no solvents are used. The pres-

sure at the nozzle is given as 1.5-2.0 MPa, and the flow from a V

nozzle will then be 400 1/min. Mechanical appliances are necessary in

order to operate the nozzle. A mobile rig with a remotely controlled boom

capable of cleaning both the tunnel and the hole walls will have to be

procured.
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The cleaning process has to be carried out in two stages. Stage 1 in-

volves rinsing the tunnel clean, during which the holes must be covered

with tightly-fitting lids to prevent them being filled with spoil from

the tunnel. In stage 2, the holes are washed clean. During stage 1 the

wash water is continuously sucked up from the rock bottom by means of

submersible pumps, and at the start of stage 2 a submersible pump is

placed at the bottom of the drill hole.

The washing operation is started as soon as all the holes in one tunnel
2

section have been drilled. Given an effective washing time of 0.5 min/m

of rock wa]l, a rate of 40 m of tunnel per shift can be achieved. The time

consumed for 500 m of tunnel will thus be 14 shifts, and 6 shifts for

washing out the holes, giving a total of 20 shifts or 14 days for clean-

ing.

The volume of wash water per square metre is 200 litres, and total vol-

ume of water required for 20 shifts will be 2,500 m . This water must

be piped from the ground surface, and pumped back again afterwards.

The existing pipelines in the tunnels are utilized for this purpose,

but special pipelines must be installed in the shaft down to the 500

metre level. The costs for cleaning are summed up in the table below.

Equipment Skr
High-pressure rinsing equipment

Purchase 320,000

Operation

Horizontal pumping

Purchase 20,000

Operation

Pumping in the shaft

Purchase 240,000

(incl. pipeline in the shaft)

Operation

Energy consumption 100 x 400 x 0.1 4,000

Personnel costs 3 x 13,000 39,000

Total costs

Cost per hole

Interest cost

per year

36,000

4,000

4,000

2,000

33,000

4.000

40,000

6,000

37,000

4,000

39,000

126,000

540

110
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Haulage equipment

2 locomotives (electric battery-powered) and 12 cars with a load capacity

of 9 m each are required for haulage in the tunnels. This equipment must

be designed to fit the track gauge, and therefore will be more expensive

than standard. The costs for the equipment are shown in the table below.

The equipment will be used over a period of 30 years.

2 locomotives Skr 1.2 million 12 cars, capacity 9 m Skr 1.2 million

Operating costs 80,000 Skr/year Operating costs 50,000 Skr/year

Total costs

Distributed over 233 holes:

Interest

130,000 Skr/year

560 Skr/hole

520 Skr/hole

3.4 THE PROJECT: PRIVATE MANAGEMENT OR CONTRACT

Why choose to carry out a project on a contract basis rather than do it

oneself? There may be many reasons for this, the most common one being

that the contractor is chosen for his greater specialist knowledge and

his willingness to take a certain risk.

Does this project require any specialist knowledge, or are there any

real risks involved? The answer is no. The project as it has been des-

cribed here is not at all complicated considering the period of time

available for its execution. Nor are there any risks of serious failures.

The main reason for carrying out the project on a contract basis is

lacking. Nevertheless, if the project is to be commenced in 1980, it is

recommended that certain contractors using different techniques should

each drill a series of holes over a 4-year period. In this way, the

necessary know-how can be obtained without a commitment being made to any

particular technique, and the different techniques can be tested at little

extra cost.
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Once the test period is over, the question of private management or

contract can be taken up again. The probable conclusion will be that

private management is most suitable. One advantage of the contract

form is, however, that use of the latest techniques is ensured.

Private management or contract? This is an open question, but the con-

tract form should be tried out during the first years before a commit-

ment is made to a particular technique.

3.5 CHANGES IN THE RATIOS BETWEEN DIFFERENT COST CATEGORIES

The execution of this project lies some years in the future, and it is

therefore appropriate to contemplate the question "How will techniques

change up to the time of commencement of operations?" A detailed specu-

lation as to the changes to be expected would be meaningless but it may

be of some interest at this point to study the changes in the cost ratios

between labour, machines and purely expendable material.

An estimate for the next ten years is presented here, against the

background of what has taken place in the last twenty years

1960 1965 1970 1975 1979

Wages (rock work)

% increase

100 155 230 380 656

55 48 65 73

Machines

% increase

Consumer Price Index

% increase

100

100

15

20

15

120

36

133

163

50

28

200

208

48

51

296

315

As can be seen from the table, wage costs have risen much more rapidly

than machine costs, or the consumer price index. This is a general trend

that is in no way confined to rock works. What effect does this have on
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techniques?

During the period 1960-1975, mechanised drilling of tunnels gradually

took the place of so-called handheld drilling. A 15-year span may be

considered a long time for a technique to gain complete acceptance.

The explanation is to be found in the fact that the costs for hand-

held drilling were kept down by the group of skilled rockworkers avail-

able. This group was also used to a working environment, which

present-day workers would not accept. Up to 1975-1976, the choice of

technique was not influenced to any great extent by the more rapid

increase in personnel costs.

Between 1975 and 1979, wage costs have increased more rapidly than

machine costs. In the wake of this, the transition from pneumatic drills

to hydraulic drills has been effected more quickly than anticipated.

Higher personnel costs in conjunction with environmental demands have

speeded up the change-over to a more efficient technique. If this trend

continues, then new techniques will be accepted more readily in the

future. This also holds true for society as a whole. The difficulty

is to quantify development, especially as new factors are constantly ap-

pearing to upset the prognoses. A cautious assessment can be made regard-

ing personnel, to the effect that increased productivity and further wage

demands will keep pace with each other so that there will be more or less

the same number of men in the project as a whole. The economic period for

depreciation of equipment may, on the other hand, become shorter. It may be

profitable to keep reserve machines available, so that down time for

repairs is eliminated. More machinery can be acquired, if we can maintain

the present ratio of personnel costs to equipment.

Technical equipment will be characterized by a more complex design, for

example the sedimentation basins will become obsolete when the fines are

handled at the drilling site.

There is no reason to suppose that drilling costs for the holes will

increase in a way that compares unfavourably with other industrial

activities. The reverse is nwve probable, since the trend today is towards

more underground construction.
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3.6 COSTS WITH OTHER TECHNIQUES

The other techniques are those described in the section concerned with

techniques - stitch drilling, models A, B and C, and core drilling.

The stitch drilling methods are dealt with collectively, and the core

drilling method separately.

Stitch drilling

Mobilization

Premises and workshop A
B
C

Purchase

Skr 0.70

Skr 0.65

Skr 0.60

million

million

million

Operation

460 Skr/hole

440 Skr/hole

410 Skr/hole

Interest
costs

150 Skr/hole

140 Skr/hole

120 Skr/hole

Rails, same cost as for shaft boring Skr 8.6 million

Concrete slabs Skr 1.2 million

Pipes Skr 3.8 million

Sedimentation basins Skr 4.0 million (60 % of the amount of drill

cuttings for shaft boring)

Costs distributed over 7,000 holes: Skr 2,510 per hole

Interest costs Skr 890 per hole

Training of personnel

The trainee period is one month per member of the crew

A

B

C

7.5 x 27 x 20,000 + 0.9

7.5 x 23 x 20,000 + 0.8

7.5 x 15 x 20,000 + 0 . 7

1)

1)

1)

= Skr 4.9 million

= Skr 4.2 million

= Skr 2.9 million

Costs distributed over 7,000 holes

A
B
C

Skr 700
Skr 600

Skr 410

' additional cost for new techniques
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Costs for machines and wear parts

The drilling equipment is written off over a period of 6 years, or about

100,000 drilling metres. This is a somewhat more conservative estimate

than usual. The service life of an ITH machine is assumed to be 1,500

drilling metres, which is also a somewhat conservative estimate.

Purchase of drilling equipment

No. of sets of equipment

Unit price of drilling equipm.

Purchase price

Operating costs per year (233 holes)

Depreciation (6 years)

Repair and wear parts

Total (Skr)

Skr

A

7

0.45 million

3.2 million

0.46 million

1.24 million

1.70 million

B

5

0.75 million

3.8 million

0.63 mill ion

1.17 million

1.80 million

C

3

1.5 million

4.5 million

0.63 million

1.68 mill ion

2.31 million

Per hole (Skr)

Interest costs

7,300

690

7,730

810

9,910

960

Costs for handling of drill cuttings

If the method used for handling drill cuttings is the same as for shaft

boring, then the costs can be calculated in the same way as well. In cases

where the air flushing method is used, there are the costs for "rough

separation" of the drill cuttings from the air in the cyclone, and the

subsequent extraction of the dust particles from the air in a scrubber.

There are no technical problems involved in the scrubber treatment, the

difficulty is to make a correct cost estimate. Since relatively small

costs are involved here, the costs for dry handling of drill cuttings is

assumed to be the same as for wet handling.
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Costs for wet handling of drill cuttings, 10,000 hours

Pumping to sedimentation basin

Purchase

Operation

Return pumping of clean water

Purchase

Operation

Electricity consumption

20 kW x 10,000 x 0.

Skr

30,000

15.000

20,000

10.000

1

Total

45,000

Skr

30,000

20,000

95,000

If the costs are distributed over about 340 holes, which is equivalent

to 10,000 h for method B, the cost per hole will be Skr 280. It is

reasonable to assume that the costs for dry handling of the drill cuttings

will be the same.

Interest costs 30 Skr/hole.

Costs for lifting the core

The different tasks involved are breaking up the core, lifting out the

pieces from the hole and hauling away the cuttings. The equipment for

breaking up must be capable of either bending or shearing off the bits of

core. Two cuts must be made so that the pieces are shorter than 3 metres.

Skr

Jacks 2 x 10,000 = 20,000

Depreciated after 2 years or 450 holes

Repair and maintenance (material) 9,000 29,000

per hole 65
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Gantry crane

Depreciated after 6 years or 1,400

holes

Repair and maintenance (material)

200,000

60,000

Energy consumption is negligible

Total

Plus wages which are accounted for

under the heading "personnel costs".

Interest costs

per hole

per hole

260,000

185

250

40 kr

Personnel costs

Wage costs are calculated for all categories of workers in the same way

as for shaft boring. Each worker costs Skr 155,000 per year, including

additional labour charges, and the site manager Skr 165,000 per year.

Method B

Number of man-years
Cost

Site manager

Secretary

Travel and sundry expenses

Distributed over

233 holes

Costs for core drilling

4

4

18

26
,030

165

55

75

,325

,560

3

3

15

22
,410

165

55

75

,705

,900

2

2

10

14
,170

165

55

75

,465

,580

The costs for core drilling are split up according to the tables below.

The calculations are done in the same way as for the stitch drilling

method.
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Mobilization

Premises and workshop Skr 0.76 million

Operating costs Skr 60,000 per year = 460 Skr/hole

Interest costs Skr 60,000 per year = 150 Skr/hole

Costs for rails, pipes and sedimentation basins are

the same as for the stitch drilling methods:

Skr 2,510/hole

Interest costs Skr 890/hole

Training of personnel

7.5 x 29 x 20,000 + 0.95 = Skr 5.4 million

Distributed over 7,000 holes = 770 Skr/hole

Costs for machines and wear parts

The equipment is depreciated over a period of 8 years or approximately 16,000

hours, as in the case of shaft boring. Whether this is an optimistic or a

pessimistic assessment will not be discussed here, as we have very little

experience on which to base an opinion at the present time.

For 16,000 hours' work (290 holes) Skr

Purchase of drill 1.0 million

Cost of tools 6.9 million

Spare parts (machine) 0.2 million

Electric cables 0.3 million

Energy costs 0.1 Skr/kWh 0.1 million

Diverse costs 0.1 million

Total 8.6 million

Interest costs for the drill and electric cables for 6 years:

Skr 0.4 million

Distributed per hole

Interest costs

Skr 29,660

Skr 430
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Handling of drill cuttings
Based on the calculations for stitch drilling, this is esti-
mated to cost approximately Skr 30,000 for 10,000 hours or
Skr 170 per hole.

Personnel costs

The same personnel costs as for shaft boring are assumed here.

Skr
(in thousands)

29 man/years at Skr 155,00 each 4,495
Site manager 165
Secretary 55
Travel and sundry expenses 85

Total 4,800
Distributed costs for 233 holes per year = 20,600 Skr/hole

4. PROPOSED TECHNIQUE

The costs for the different techniques will be summarized under this
heading. In addition, one particular technique will be selected, and
will be regarded as the official method for the drilling of the holes.

4.1 SUMMARY OF COSTS

In order to avoid repetition, only the distributed costs per hole will
be presented. As mentioned previously, the autumn 1979 price level is
assumed and a margin of error of • 15 % is allowed for. Our aim has been
to make the assessments of the different techniques as similar as poss-
ible, in order to be able to make a meaningful comparison. To facilitate
examination of the data, the page number for each cost item has been
given.

Shaft boring

Definitions: Production costs = costs excluding interest costs
Interest costs = cost of interest on capital
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Shaft boring

Skr/hole Prod-
uction
Costs

Interest Total
Costs

Mobilization

Personnel premises and workshops

Rails and pipelines

Sedimentation plants

Training of personnel

Construction of holes

Drilling

Handling of cuttings

Personnel costs

Cleaning

(44)

(45)

(45)

(46)

(47)

(48)

(49)

(50)

2

3

10

_8

19

360

.150

750

.260

360

,290

650

,580

,520

540

1

1

1

110

645

280

,035

_

,750

140

-

,890

110

2

1

4

12

_8

21

470

,795

,030

,295

360

,040

790

,580

,410

650

Transportation (51) 560 520 1,080

Total costs 24,240 3,555 27,795

Total costs amount to approximately 28,000 Skr/hole. Given a margin of

error of + 15 %, the costs will vary between Skr 24,000 and Skr 32,000.

Costs per cubic metre of rock drilled amount to Skr 1,500 - 2,000 per

m , in round figures.
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Stitch drilling technique

Mobilization

Premises and

Rails, pipes
ation

Training

(54)

workshop

A
Produc-
tion
Costs

460

, sediment- 2,510

(54)

Construction of holes

Drilling

Handling of <

(55)

2.970

700

7,300

ruttings (56) 280

Lifting of core (57)

Personnel costs (57)

Cleaning

Transportation

Total costs

(50)

(51)

Core drilling technique

250

18,560

26,390

540

560

31.160

Interest
costs

150

890

1,040
-

690

30

40
-

760

115

515

2.440

B
Produc-
tion
Costs

440

2.510

2.950

600

7,730

280

250

15.900

24,160

540

560

28,810

Interest
costs

140

890

1,030
-

810

30

40
-

880

115

515

2,550

C
Produc-
tion
Costs

410

2,510

2,920

410

9,910

280

250

10,580

21,020

540

560

25,450

Int-
erest
Costs

120

890

1,010
_

960

30

40
-

1,030 1

115

515

2,680

Mobilization

Premises for personnel (58)

Rails, pipes, sedimentation

Training (58)

Construction of holes

Drilling (58)

Handling of cuttings (59)

Personnel costs (59)

Cleaning (50)

Transportation (51)

Production
Costs

460

2.510

2,970

770

Interest
Costs

150

890

1,040

43C

430

115

515

Total 55,270 2,100
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The costs for the other techniques vary from approx. Skr 28,000 to

approx. Skr 57,000 per hole. It is probable that the assessment of the

core drilling technique is too negative; too few facts are known, and

therefore a conservative estimate is preferred. There is some evidence

that the costs for this method could be reduced to a fraction of the

amount assumed in this report.

When the costs for all the techniques are compared, it is evident

that the interest on purchased equipment, the so-called interest cost,

constitutes only a small fraction of the total. If total costs, with the

assumed margin of error, are considered, the following results

are obtained.

Skr/hole

Shaft boring 23,600 - 32,000

Stitch drilling A 28,500 - 38,500

B 26,600 - 36,100

C 23,900 - 32,300

Core drilling 46,300 - 62,600

As far as shaft boring and stitch drilling are concerned, the cost in-

tervals overlap. From an economic point of view, all methods are viable.

It is thus possible that stitch drilling according to method B, for ex-

ample, costs as much as method C, even if it is probable that methcd C

would be cheaper, as our aim has been to present a comparison of the

costs in a way that is similar for all the techniques.

4.2 PROPOSED METHOD

It may be concluded that the method that provides a hole with satis-

factory contours, i.e. the shaft boring method, is also advantageous from

an economic poi>t of view. A brief account of this method follows.

With two drill rigs and two crews, 1.2 holes can be produced per day.

This means that there is an over-capacity of 0.05 holes which has not

been taken into consideration in the cost estimate. In order to cope with
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peak demand periods a total of three rigs is purchased, so that by en-

gaging extra personnel, capacity can be increased to 1.8 holes per 24

hours. Under normal conditions, the three rigs constitute interchangeable

parts of a system with two rigs in operation and the third receiving over-

haul and service. This procedure ensures that no serious stoppages of

production need ever occur.

A crew of two men has been calculated for each drill rig; this is prob-

ably a somewhat conservative figure. A more realistic assessment would

be 1.5 men per rig, which would mean a saving of 1,300 Skr/hole (6 % ) .

There is, however, the possibility that some functions have been over-

looked in this calculation, and one man extra per shift can be regarded

as insurance against this.

The transportation of the drill cuttings using water in a closed cir-

cuit system, where the coarse material (75 %) is separated at the dril-

ling site, and the fines in special sedimentation basins, must also be

regarded as a conservative proposal. The use of air as a transport

medium would probably save as much as 1,000 Skr/hole. The motivation

for "wet" transportation is that this system is very reliable from the

point of view of dust and its function is not affected by stoppages.

Rail-bound cars have been chosen for haulage in the tunnel. The ad-

vantage of this system is that vehicles with internal combustion engines

are not needed and it is easier to move drill rigs on rails. Rails for not

less than 12 km of tunnel are included in the cost estimate, which means

that rails are laid in 25 % of the total storage area. The reason for this

is that other activities involving transport by rail can be carried on

simultaneously.

All energy is supplied by high voltage current, which is then transformed

to the required voltage, 380 V, at the mouth of the tunnel. The costs for

high-voltage electrical cables and transformers are not included. Total

installed power is on the order of 800 kW, with less than 50 % being

utilized.
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It has been assumed that approximately 10 % of the completed holes will

not be serviceable for varying reasons. This has been taken into account

in estimating the drilling equipment and personnel resources required,

but the cost of material and wear parts used in the drilling of holes

which are rejected is not covered. If the costs for rejected holes are

included in the cost estimate, an increase in the cost per hole of Skr

800 must be allowed for.

Briefly, it may be said that a conservative estimate is made of both

capacities and costs. A summary of additional charges and deductions

gives the following result:

Skr

Production costs for drill hole 23,800

less reduced cost of crew 1,300

less reduced costs for air flushing 1,000

Plus costs for rejected holes 800

Total 22,400 per hole
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5. DRILLING OF HOLES WITH A DIAMETER OF 1 METRE

This report has so far only dealt with holes having a diameter of 1.5.

It is, however, possible that other diameters and depths of storage

holes may be chosen. In order to get an idea of the way in which costs

vary in relation to hole diameter, a calculation of costs for holes with

a diameter of lm and an depth of 7.7 m is presented below.

Shaft boring of holes with a diameter of 1 m to a depth of 7.7 m.

Drilling capacity has been increased to 0.68 m/h (35 % ) . This means that

it is only necessary to engage three crews, but that three drill rigs must

be purchased. The workforce is therefore reduced by two men. The cost

estimation for the production of the holes has been carried out in the same

way as for holes with a diameter of 1.5 m. Only a brief summary of the costs

is given below.

Drilling: Capacity: 0.68 m/h

Time requirement for 1 hole: 18.5 h

No. of machines to be acquired: 3

Pipes, rails, sedimentation

basin: slightly reduced dimensions, corresponding to

10 % of the value.

Workmen's huts, workshops: Smaller workmen's huts due to fewer personnel.

Handling of drill cuttings: On a smaller scale, due to reduced quantities of

drill cuttings (only half the amount).

Personnel: 10 men (three crews)

Haulage:

Cleaning:

As before.

As before.
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Costs

Mobilization

Office, Huts, Workshop

Rails, pipes, sedimentation facility

Training of personnel

Cost per hole

(Skr)

350

2,660 3,010

300

Production
Drill

Handl

of
ing

ing

Personnel

Cleaning

Haulage

holes

of drill cuttings

7,540

520

7,250 15,310

540

560

Stitch drilling technique

Total 19,720

In the case of stitch drilling the only change made is in the number of

metres drilled per hole. A brief summary of the calculations is presented

below, as for shaft boring.

Method B

Time requirement for 1 hole (shifts) 5.4

Number of drill rigs

Number of crews/shift

Number of men

5.4

5

3.5

22

4.4

4

2.5

18

2.3

3

1.5

12
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Stitch drilling technique (cont.)

Costs (Skr/hole)

Mobilization

Huts, office,

Rails, pipes,
tation basins

workshop

sedimen-
2

2

A

340

,410

,750

2

2

B

300

,410

,710

2

2

C

270

,410

,680

Production of holes

Drilling

Handling of drill cuttings 250

Personnel

Cleaning

Haulage

Total

5

16

21

25

,240
250

,500

,990

540

560

,840

5,450
250

13,730

19,430

540

560

23,240

7

_9

17

21

,510
250

,620

,380

540

560

,160

Core drilling

Eight shifts are required to produce a hole with a diameter of 1.5 m,

and a depth of 7.7 m . This assessment is based on experience gained

from drilling holes with a diameter of 0.77 m, and is therefore uncertain.

It is estimated that holes with a diameter of 1.0 m can be drilled in

6-7 shifts, however, and approximately 4 sets of equipment will be required

for drilling 1.2 holes. Six sets of equipment will be needed in order to

drill 1.8 holes. Thus, the number of units of equipment can be reduced to

six, and the workforce can be reduced by 4 men.
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Core drilling (cont.)

Time requirement for one hole

No. of sets of equipment

No. of crews/shift

No. of workers

6.5 shifts

6

4

25

Costs

Total

Mobilization
Huts, office, workshops

Rails

Production of holes

Drilling

Handling of drill cuttings

Personnel

Cleaning

Haulage

430

2.410

21,210

170

18,560

2.810

39.940

540

560

43.850

Comments on hole diameter of 1 metre

A reduction in costs of only about 20 % is obtained by reducing the dia-

meter of a hole of the same depth from 1.5 to 1 metre, irrespective of

the drilling method used. The amount of rock drilled is reduced by just over

50 % using the shaft boring method, and by just over 30 % using the stitch

drilling method and core drilling.
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