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NORSAR   (NORWEGIAN    SEISMIC    ARRAY),      PHASE    1 
INSTALLATION 

ABSTRACT 

Project NORSAR (Norwegian Seismic Array) comprises planning,   instal- 
lation and operation of a large seismic array in the south-eastern part 
of Norway.    When completed,   the array will consist of a largt number 
of short-period (SP,   1  Hz) and long-period (LP,   0. 05 Hz) seismometers 
distributed in a certain pattern and centrally wire-connected to a Data 
Processing Centre,   where detection and analysis of seismic events will 
take place. 

As a first step.   Phase 1 comprises installation of one SP sub-array con- 
taining some 20 seismometers,   a rudimentary LP array consisting of 3 
three-component sensors,   and a small experimental noise study SP ar- 
ray with some 5-7 sensors.    The instrument signals are analog/digital 
converted and recorded on magnetic tape at the sites. 

Subsequent to a brief introductory history of project NORSAR, this re- 
port describes the planning and implementation stages and presents the 
technical data of Phase 1. 

1 INTRODUCTION 

1. 1 Seismic detection of underground nuclear weapons tests 

During previous years great efforts have been made in various quarters to lower the 

levels of detection and identification of underground nuclear weapons tests,   the seis- 

mic signals from which compete with earthquake signals and noise from different 

origins.    The purpose of this work is to assist in the formulation of a basis for an 

extension of the partial Test Ban Treaty of 1963,   which does not include underground 

tests. 

The main tendency during this period has been a shift from a system of many small 

and well  dispersed seismic stations towards one consisting of a few large stations, 

each forming a local array of centrally connected seismometers.    The latter system 

has definite advantages as to noise suppression and localization capabilities.    This 

trend brought about the installation of the Large Aperture Seismic Array (LASA) in 

Montana,  USA.    When inaugurated in 1965 LASA consisted of 525 seismometers 

grouped in 21  subarrays of 25 sensors each,  within a circle of diameter approxi- 

mately 200 km. 

1. 2 Project NORSAR,   a LASA in Norway 

Operation of LASA has answered many questions and largely fulfilled expectations. 

It cannot tell unambiguously,  however,  how the large station concept works in a 

a   . -,> 
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Figure 1.1     Southern Norway 
Circle indicates general area of interest. 
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widely different geographical and geological area. Furthermore, other stations 

are necessary when benefits of collaborating stations are to be investigated. 

Installation and operation of a large seismic array in the south-eastern parts of 

Norway (Figure 11) was formally proposed in May 1967 by the Advanced Research 

Projects Agency (ARPA),    which had also been responsible for project LASA. 

For obvious reasons detailed plans for the array were not ready when the proposal 

was put forward,   but one had in mind a system somewhat smaller than LASA with 

respect to physical size,   but probably about equal in detection capability. 

It was also suggested that the installation should be divided into two phases.   Phase 1 

would cover installation of one subarray of about 20 short period (SP-1 Hz) seismo- 

meters in boreholes,   a rudimentary array consisting of three long period (LP- 

0.05 Hz),  three-romponent seismometers,  and a small  experimental (noise study) 

Array (XA) with 5-7 SP seismometers.    The analog signals from the seismometers 

would be converted and recorded digitally on magnetic tape.    The SP seismometers 

would be placed in vertical holes drilled in bedrock,  while the LP sensors would be 

put inside concrete vaults,   the floors of which are cemented to bedrock.    It was as- 

sumed that Phase 1 would be completed during 1967. 

Phase 2 would cover the remainder of the large array, i e installation of 5 - 10 

SP subarrays and an LP array with 20 three-component sensors, to be installed 

during 1968-69. 

The Norwegian Government expressed positive interest in the proposed project and 

gave a qualified consent to Phase 1 in June 1967.    it was agreed that the Norwegian 

Defence Research Establishment (NDRE) would be the Norwegian contractor,   that 

the Electronic Systems Division (ESD),  USAF,   would act for ARPA as Technical 

Program Director and that the European Office of Aerospace Research (EOAR) 

would function as the US Contracting Agent,   Lincoln Laboratory (LL) of the Massa- 

chusetts Institute of Technology (MIT) would serve as technical consultant together 

with personnel from Philco-Ford Corporation,  an LL subcontractor. 

PLANNING 

It was evident from the very beginning - when the first contact was made in May - 

that time was very short if Phase 1 installations should have any chance of being 

completed by the end of 1967.    All non-committal investigations and planning had to 

start immediately and continue while government-to-government agreement and con- 

tract negotiations were still under way.    In fact,  most of the preparatory work in- 

cluding planning down to some detail had been done when initial project funding 

opened the   mplementation stage in late August. 

2. 1 Sites requirements 

Three sites were needed for Phase 1 installations,   -s defined in 1. 2. 
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As first presented by ARPA,   the primary one of many requirements for the sub- 

array (SA) site was to have a circular area of 15 - 20 km diameter,  free of cultu- 

ral noise.    In this area,   20 SP seismometers in rock boreholes would be evenly 

distributed and wire-connected to a Data Recording Center (DRC).     This stipula- 

tion rule-4 out populated areas,  in which man-generated seismic noise and land 

acquisi'        for boreholes and interconnecting cables would cause problems.    It 

was considered important that the site could be fitted into the large array pattern 

to b^ realized in Phase; 2. 

The expe.-imental array   called   for   a   mucn   smaller    area,  defined by a cross- 

like pattern,  with arm lengths of the order of 2 and 4 km,   the distance between in- 

dividual 8eismome*ers being 1-3 km.    Except for housing and other means of ge- 

neral support,  all equipment for the XA would be brought in by LL in order to have 

the array operational at the earliest possible date.    To avoid seismic disturbances 

from installations at the subarray,  and also to accumulate information on noise 

characteristics at another site within the general area (south-eastern Norway), the 

XA would most profitably be sited   at some distance from SA.    Otherwise the re- 

quirements were identical to those of the SA site. 

The distance between LP sensors (three component) should at least be of the order 

of 25 km,  preferably more.    Since these interspaces between sensors precluded 

use of a common tape recorder for all LP sensors,  each sensor would need its 

own recorder.    For reasons of economy and convenience the natural thing to do 

would be to collocate two of the LP sites with the DRCs of 3A and XA,   so that the 

corresponding LP recorders shared housing with the SA and XA recorders.    The 

third LP site would have its own housing. 

It was anticipated that the time spent on land acquisition in private ownership areas 

would be prohibitive, hence it was decided to give strong preference to common 

land,  either st'.te-owned or owned by a local community. 

2. 2        Preliminary siting 

Air photographs and maps covering topography,  land ownership,  population density 

and communications were used for a first selection of potential sites.    This was 

followed by a brief inspection from the air and visits to the areas of interest.    In 

addition to criteria already mentioned,  the suitability of each area was also judged 

with respect i,r> its geology (bedrock characteristics and depth of overburden),  the 

existence of local noise sources of natural or artificial origin,  and the conditions 

for connecting the DRCs to commercial power and to the telecommunication net- 

work of the Norwegian Telegraph Administration (NTA).    As a result of studies 

along these lines,  three sites were picked out for detailed investigations. 

2. 2.1    Subarray site 

A mountain plateau some 25 km NNE of the small town of Lillehammer (Figure 

1.1) and within the municipality of 0yer seemed in most respects to be a suitable 

place for the subarray.    The plateau is comparatively even by Norwegian stan- 



Figure 2. 1     0yer mountain plateau,  typical terrain 
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Figure 2. 2     Gudbrandsdalen valley,   0yer mountains to the right 



-  10 

dards (Figure 2. 1),   the major part of it being within the height range 900 -  1000 

meters above sea level (masl).    No ridges or valleys of significance cross the 

area;    it is,   however,   bordered in the WSW by Gudbrandsdalen valley,   a major 

valley with steep sides and a bottom level less than 200 masl (Figure 2. 2),   i e 

introducing a height difference of 700 - 800 m. 

The area has no permanent population,   but a small number of huts are situated on 

the outskirts and it serves as a recreation ground for campers,   anglers and hun- 

ters for periods during summer and fall,   and for  skiers during winter and spring. 

Utilitarian use of the ground does not go beyond a little mountain farming (cattle 

grazing) during the  summer,   and occasional    daily    transportation of a few timber 

loads along roads peripheral to the area. 

Geologically the area is characterized by eocambrian bedrock (Figure 2. 3) cover- 

ed by glacial moraine deposits to depths ranging from zero at a few outcrops to 

some ten meters at most, (see Appendix 1,   excerpts of reports from geology con- 

sultants). 

The major part of the area is above the timber-line and has a sparse vegetation of 

lichen,  mosses and low bushes.    There are a number of small lakes and brooks, 

none of which were considered unacceptable sources of seismic noise. 

Much importance was attached to the fact that most of the plateau was within com- 

mon land owned by the State. 

Remoteness from the NTA telecommunication network and to commercial power 

supply constituted the major drawbacks. 

2. 2. 2    Site for the  noise study  array 

On community-owned common land,  and originally inspected as an alternative site 

for the subarray,   the area surrounding Falldalen,   a small valley about 12 km east 

of Tangen railway station by Lake Mj0sa (Figure 1.1),   was   picked as a seismical- 

ly acceptable and otherwise very convenient place for  the noise study array (XA). 

Roughly two hours by road from Oslo (LL & Philco HQ) and Kjeller (NDRE),   this site 

offered relatively easy access,   a valuable asset for an experimental installation de- 

manding technical rearrangements at short notice. 

This area differs considerably from the one at 0yer.    It is a lowland (average 300 

masl) and hilly area (Figure 2. 4) covered with spruce forest.    It is sparsely popu- 

lated,  but the forest is well utilized and thus introduces various activities connec- 

ted with lumbering.     However,   it was not considered that these activities would 

be too noisy or otherwise interfere unduly with the operation of the array. 

The bedrock is granite  (Figure 2. 3),   mostly with a thin mould cover,   but also 

with areas of marshland.     It was assumed that the existence of a number of small 

lakes and brooks would not contribute excessively to the local noise level. 
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Figure 2.4     Falldalen,   typical terrain 

2.2.3    Site for third LP station 

As a result of visits to several potential places within the general large array 

area,  a site for the third LP-station was found near Borgseter,   some 8 km NE of 

Trysil (Figure 1.1) and within the borders of state-owned land.    Except for being 

less hilly and in general with a deeper overburden of glacial deposits,   the area 

was in most respects similar to the Falldalen district. 

2. 3 Array patterns,  detailed siting 

2.3.1    Subarray pattern 

The final and accurate positioning of each SP seismometer was a multi-step pro- 

cedure characterized by compromises between conflicting interests. 

A minimum distance of about 3 km was stipulated between neighbouring seismo- 

meters.     This figure was based on a preliminary analysis of noise correlation 

versus distance at an existing array at Ringsaker (Figure 1. 1 and Appendix 1.1). 

A maximum distance of about 4 km was primarily determined by limits set by the 

extent of the plateau anc". the borders of the common land area, but also economi- 

cal considerations would probably have produced a similar value. 

The pattern itself decides the directional response function of the seismic "antenna' 

constituted by the array.    However,  at the present state of knowledge there is no 

generally accepted optimum pattern of universal validity,   at least not when taking 
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into account the uneven and partly unknown global distribution of noise and event 

sources.    Therefore,   when the directivity response of each potential pattern was 

determined by means of an LL computer program,  the result was the elimination 

of evidently unsuitable patterns rather than a search for the best one. 

Some regular patterns lend themselves better for efficient data processing.    How- 

ever,  when tested on the map or in the field,   practical obstacles in the form of 

lakes,  brooks,  marches,  thick moraine deposits,  difficult access etc  will impose 

shifts away from regularity. 

After having considered several pos- 

sibilities,  one settled for a basically 

hexagonal pattern for the 0yer sub- 

array.    This pattern consists of an 

inner hexagon containing 6 seismo- 

meters and,  concentric to this,  an 

outer hexagon having 12 seismo- 

meters,  the unit distance between 

them being 4 km.     Together with a 

centre seismometer and an extra 

seismometer (enabling local noise 

correlation study) approximately 

1 km off-centre, the array would con- 

tain 20 seismometers (Figure 2. 5). 
SP SEISMOMETER 

Figure 2. 5     Basic hexagonal pattern, 
0yer subarray 

Following map derived reposition- 

ing as described above,  third app- 

roximation adjustments in the field 

were based on geological estimates and also some seismic soundings (consultant's 

report.  Appendix 2) to select points with acceptable depths to bedrock. 

Discussions on optimum siting of the DRC suggested two alternatives.    A DRC at the 

SSW rim of the array (Figure 2. 6) would secure shorter power and telecommunica- 

tion cable connections and easier access to the DRC from the valley, whereas the 

main benefit of a central DRC was economy in signal cable connections between indi- 

vidual SP seismometers and the DRC.    Another argument in favour of placing the 

DRC centrally was the seismically more suitable site obtained for the adjoining LP 

installation.    In a sum,  the arguments for the latter proposition were found to be the 

most convincing.    The subarray configuration is shown in Figure 2. 6. 

2.3.2    Noise study  array pattern 

Originally proposed as two single seismometers in boreholes,  the noise study array 

eventually evolved into an L-shaped and finally a T-shaped pattern of five seismic 

points.     Each point would have one shallow hole formed as a casing of length about 

1.5 m,   cemented to a hole blasted in rock.     Two of the seismic points would in ad- 

dition be fitted with a 60 m deep cased borehole. 

The criteria for positioning of the individual seismic points were largely similar to 
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those used at 0yer.     However,  the very tight time-schedule stipulated for the in- 

stallation of the array made it necessary to give extra preference to sites having 

easy access.    In the rather hilly and densely wooded area around Falldalen this 

was tantamount to choosing places quite close to roads or at least to cart tracks, 

to facilitate the tasks of bringing in construction equipment and laying surface cab- 

les between the seismic points and the DRC.    Figure 2. 7 shows the final configura- 

tion of the  noise study  array. 

2. 3. 3    LP array pattern 

The general pattern of the LP array was already established as a result of the pre- 

liminary siting discussed in 2. 2.    Together with the LP points largely determined 

by proximity to the SA and XA DRCs,   the third point near Borgseter (2. 2. 3) consti- 

tutes a triangle with sides of nearly equal length of about 100 km. 

2. 4 Drilling and casing,  requirements and domestic capacity 

It was realized that drilling of the required number of holes (25 - 27) through over- 

burden and into bedrock would be one of the bottlenecks in the drive to get Phase 1 

installations ready before winter conditions would stop further work in the field. 

This applied primarily to the 0yer area,  but also concerned the XA site. 

It was decided that the depth in bedrock should be 15 1 1 m.    This was a compro- 

mise taking into account the available drilling capacity,  the increase in cost with 

depth and seismological considerations.    It was also stipulated that the cylindrical 

4. 75 inch diameter SP seismometer should be protected by and rest on the bottom 

of a sealed steel casing.    This called for a drilled hole of minimum diameter about 

160 mm. 

Due to a maximum allowable tilt of 5    from the vertical of an SP seismometer in 

operation,   a maximum allowable deviation of 3    from the vertical was specified for 

the drilled hole at the depth corresponding to the seismometer position;    i e,   the 

lowest 4 meters for the subarray holes and at all levels for deep holes in the noise 

study array.      The safety margin of 2    would allow for inevitable small tilts;    hole/ 

casing and casing/seismometer. 

A first brief survey among the major well-drilling firms in the Oslo area revealed 

that their capacity in terms of drilled meters per day in rock was limited and that 

only one of them had a little experience in drilling diameters of the order of 160 mm. 

None of them had earlier experience in full-length casing of boreholes. 

However,  after further interviews and inspection of an operating drill rig and work- 

shops by an LL consultant (excerpts from consultant's report.  Appendix 1. 2),  the 

largest of '„he drilling companies was accepted as a potential contractor for drilling 

and casing. 



- 16 

Figure 2. 7     Noise study array configuration 
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2.5 Well head vault 

As specified by Lincoln Laboratory,   an oil drum container for seismometer/signal 

cable interfacing circuitry is placed on top of the borehole casing (Figure 2. 8). 

This Well Head Vault (WHV) together with the casing tube and cable entrances forms 

a sealed unit to keep moisture away from the seismometer and the electronic equip- 

ment. 

This equipment is placed in two boxes,  the Amplifier Box (AB) and the Junction Box 

(JB).    AB contains a parametric preamplifier and circuits for calibration purposes. 

JB has lightning protection gear and interconnecting circuitry for AB to cable con- 

nections and for by-passing power and signals to other seismometer WHVs. 

It appeared from the LL/NDRE discussions that early delivery of the equipment 

would best be accomplished by a US/Norway job sharing,  in which LL supplied the 

preamplifier and special long lead time components,  while the remainder of the job 

was left to a Norwegian subcontractor.    In addition to production of AB and JB,  the 

job also comprised manufacture of the WHV,  a retaining ring and a coolie hat shaped 

lid. 

Since time did not allow selection of a subcontractor by competitive bidding,  NDRE 

called on the company Noratom-Norcontrol A/S (N-N) to estimate the volume of 

work involved,  produce a schedule securing delivery of the equipment in time,  and 

offer a bid for the job. 

2. 6        Seismic signals transmission within sites 

In discussions between representatives of ARPA, ESD and NDRE, it was decided 

that the signal connections between seismonneters and the DRCs should be provided 

by ditched cables. There were several reasons for imposing this stipulation. The 

CTV - DRC distances would be short at all sites, of the order of 100 m. Pole line 

connections WHVs - DRC would not be acceptable in the open and treeless recrea- 

tion area at 0yer. Such lines are also vulnerable to damage by weather (lightning, 

glaciation). 

Laying of armoured cables on soil surface was also discussed as an alternative,  but 

similar objections could be raised.    Buried cables are in general better protected 

and would undoubtedly increase the reliability of the system as a whole. 

The signal connections at the XA were excepted from the rule.    These cables would 

be laid on soil surface in order to save time and also because of the interim charac- 

ter of the installation. 

2.6.1    Trenching 

Contact was established with Fjernkabelkontoret (The Long Distance Cable Office, 

LDCO) of the NTA,   which is probably the Norwegian institution most experienced in 
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Figure 2. 8    SP seismometer hole with casing and WHV (shallow hole,  Falldalen) 
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trenching of communication cables through country like the 0yer plateau.    LDCO 

strongly recommended a trench depth of 50 - 60 cm to avoid upheaval of the cable 

due to thawing of frozen earth in spring.     LDCO would hesitate to accept the main 

trenching contract if this condition were not consented to. 

2.6.2    Seismic signal cables 

The basis for choice of cable was US Rural Llectrification Association (REA) cable 

specification sheets used for the LASA installation,  and also an LL/NDRE decision 

on number of pairs.    Theoretically the basic requirement for a single WHV -  DRC 

connection was: 

1 pair for the seismometer signal 

1     "      "      "   calibration signal 

1 "      "      "   seis bypass relay 

1     "      "    telephone connection 

1     "      "    the DC power supply 

This minimum number of pairs was insufficient for the following practical reasons. 

The hexagonal pattern of WHVs (Figure 2. 5)  called for a single cable connection 

DRC - inner hexagonal points,  i e   each of these cables should take care of three 

WHVs,   and even four WHVs in the F leg.    Three WHVs needs would treble the num- 

ber of seismometer signal pairs,  bringing the total number of pairs up to 7;    8 pairs 

for the innermost part of the F leg.    Furthermore,  the DC power drain at WHVs 

would also cause unacceptable voltage drops in one pair (19 AWG conductors) over 

the distarres involved.    This might be solved by putting in a special heavy conduc- 

tor pair for power.    However,  using several pairs in parallel was considered a 

more flexible solution.    It wou.'d then be necessary to use three or four pairs for 

power distribution.    Adding a spare pair, the total number of pairs DRC - 1F4 

would amount to 12. 

It was decided to use a 12 pair cable throughout the array,   even if this would intro- 

duce some redundant pairs in the connections inner-to-outer hexagon.    When this 

decision was made there also existed a possibility that further WHVs might be put 

in outside hexagon 2. 

An order for 100 km of 12-pair cable was placed at Standard Telefon- og Kabel- 

fabrik (Standard Telephone and Cable Company, STK.Oslo,   Norway),  after compari- 

son with price bids and delivery times quoted by other sources. 

The specifications for the cable,  STK type A 12-0.91 EWBP - 52P,  are given in 

Appendix 2. 

This cable would also be used for the LPV - DRC connection at all sites.    A six pair 

cable for the XA was brought in from the US by LL. 
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2.7 LP vault 

As mentioned briefly in 1. 2, it was nearly an absolute requirement that each LP 

seismometer installation should be contained in an underground vault. The eco- 

nomical penalty imposed by going underground is balanced by the increase in the 

signal-to-noise ratio. 

Maximum seismic coupling to the ground is obtained by pouring the concrete for 

the vault floor directly onto the exposed bed-rock.     Transmission of noise from the 

soil surface (wind,   precipitation,   animal- and man-made noise) down to the seismo- 

meters is attenuated by having the uppermost parts of the vault (roof,   man-hole 

entrance) a few feet below soil surface.     Entrance to the vault should be through a 

well-like str : cture placed above and coaxially to the mr.nhole.    To enhance the de- 

coupling of surface noise this structure should not rest directly on top of the vault, 

but be separated from this by a layer of soil materials. 

Other important parameters introducing seismic noise are rapid time variations 

in temperatui e and atmospheric pressure in the seismometers and their environ- 

ment.    The temperature stabilization obtained by going underground is consider- 

able,  and fluctuations in the atmospheric pressure are dampened by placing the 

seismometers inside airtight tanks and by sealing the vault itself. 

The shelter-type vault design used in the LASA was ruled out for NORSAR,   even 

though it proved to be very economical and time-saving in Montana.    The major 

feature of this design was the use of a prefabricated,  easily mountable and de- 

mountable inner mould,  while the wall of the hole dug in the soil constituted the 

outer mould for the cement.    To cut a.regular hole with reasonable tolerances 

was possible in Montana,  whereas Norwegian soil types do not lend themselves 

for this method of construction. 

The task of designing a Long Period Vault (LPV) suitable for Norwegian conditions 

obviously called for local experience and was entrusted to Norconsult A/S (NC) in 

collaboration with US consultants responsible for specifications,   and subject to app- 

roval by the Technical Project Officer (TPO). 

The final design (Figure 2. 9) is an almost cubical,   reinforced concrete vault sized 

to allow sufficient space for personnel to install,   adjust and maintain the techni- 

cal equipment.    The cylindrical steel tanks for the seismometers would have open 

bottom ends and be sealed by being moulded into the concrete floor.    Details of 

the entrance include a wall ladder,   a steel manhole with an airtight cover and a 

superstructure composed of a lid-covered shaft through the overburden. 

The manhole cover and the steel tank lids are fitted with couplings for testing of 

airtightness. 
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2. 8 H msing of the signal acquisition systems 

As b-'efly mentioned in 1.2,   it was stipulated that operation of the  Phase  1  installa- 

tions  .should be based on data-recording at the DRCs.       The analog signals from the 

seismometers were to be sampled,   analog/digital (a/d) converted and recorded on 

magnetic tape together with digital codes for recorders/site identification and time. 

A field crew would be required to give regular attendance to the recordi: _    -mip- 

ment,   the txtent of this service being dependent upon data input rates (nun;1/, r of 

tape shifts per unit time) and the quantity and complexity of the array equipment i 

general. 

The plans for operation of the Phase 2 installations (large array) assumed on-line 

data handling,   i e   the digital codes would be transmitted from the subarrays and 

LPV stations to a Data Processing Center (DPC) somewhere in south-eastern Nor- 

way,   where real time event detection and subsequent event analy  .    would take place. 

The data terminals at the sites would essentially be unattended;   only very infrequent 

visits for maintenance and fault corrections were anticipated. 

Data-recording at the Phase 1 sites would cease when the DPC went into operation. 

As a consequence of this,   only temporary housing would be needed to accommodate 

the recording equipment and give working space for the field personnel.    At the 0yer 

subarray this temporary housing would also have to include living quarters for a 

permanent staff of two technicians from the field crew. 

2. 8. 1    Temporary housing of the DRCs 

Time shortage ruled out conventional methods for construction of the housing faci- 

lities.    It was agreed that use of prefabricated building units was the way to solve 

the housing problem. 

Among several producers of prefabricated units in Norway,  it was generally accep- 

ted that Moelven Brug A/S,  by far the largest and most experienced of them,  wa« 

best equipped to meet the needs.    Negotiations brought out that the company,  b^   .■ 
ing somewhat out of its way,  would be able to deliver units meeting the quantity  au. 

quality requirements within the narrow time limits stipulated. 

0y e r   DR C 

Space and quality requirements for the 0yer DRC comprised the following: 

a) An instrument room dimensioned to accommodate and service the SP and LP re- 
corders and other data handling equipment. 

b) A smaller room for office use with telephone and telex facilities. 

c) Space for storage of magnetic tapes,   spare parts and tools in general. 

d) Living quarters for a stationary crew of two men,  and emergency accommoda- 
tion for occasional visitors. 

e) The house should be thermally insulated and have electric heaters dimensioned 
for severe winter conditions. 
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Among the company's standard line of products,  based on a few basic building 

units and a choice of unit combinations (Figure 2. 10),  a four- or five-unit combi- 

nation seemed preferable.    However,  delivery time restrictions enforced choice 

of a three-section house (Figure 2. 11) representing a minimum but still sufficient 

coverage of the needs. 

The weight of the recording equipment exceeded the standard carrying capacity of 

the floor and the company agreed to put in extra beams to strengthen it.    The com- 

pany were also to produce a foundation plan and take care of transport from factory 

to site when this was called for. 

E 

approx 7,53m- 

Figure 2. 11     Three-section house for 0yer DRC 

Falldalen   and   Borgseter   DRCs 

Operation and maintenance of the Falldalen and Borgseter DRCs would obviously 

not require personnel to stay at the sites  round-the-clock.    It was roughly estima- 

ted that a visit once or twice a day at Falldalen and about once a fortnight at Borg- 

seter would suffice,  and both sites would be acces   ible throughout the year.    The 



26 - 

I 
i i *»- 

ta  

«^ 

-i-jJ 4 

^ 

a 
«M-MUT 
TO» » iMtn 
111 MM! "I 
«MUM» um. 

.IW 
MM 

 «. wtww» 

PLAN 

J» 

I i 

rr ' 

5*1 

-?;»-: 

3 

IS 

1 
__Bt 

if*  At 

^ 

U)>~*M-aunn or roi 
,    «NTI-MTIOH mr l.tM 

LCIKl 

jium ArA_ 
MOTtS 
I   M.L   CUMfNIIOHS IN MM   UNLESS   OTMCNWIK   NOTEO 
I COHCIKTE .IMO (MIN   MDMS   TCST-OUM STRCNOIH 

Mr. CP/CM») 

i wwwufiMiNi nfrnmirn IMS, MI OH TINSIK sttn 
RS 40 

nOOR I LWER   lOTH «MS «10 c MO 
W»ILS HWENS   VEDTOMCM   «ncNO 
«OOF I IMCR   OOTM «MS «liewo 

4 STRUCTUIUl   STCCl     ST IT I 



27 

CAIUDUCT  OF   t~ 01 PIPE 

SLUPl   SUNFACe    AW*« 
PMM   «MILT 

H*1CH-C(NEII OF ).»MM  $Tta  K*Tn 
    IN HAH   MO SICtlON *) 

IS-WCM   OKAVCL 

TO  OISCMMOC   »T LCVCL   1110« 

S 1/2- P«C W»TOUT(»( T»P ) 

I 
lOPtNINO 

KALIKO   MTWHN   DOUtLt   LIDS 
SCtLI  II 

MOTCS 
I   M.L  DIMfWlONS IN MM UNLESS  OTMCNWISC  NOTIO 

I OONCMTE .1100 (MIN   MD««S   TEST CUSE STNENOTK 
Mr, rp/CM») 

I  WIWNC—JIT: KFOWMEO   tAM, Ml ON TENSILE  STEEL 
KS *0 

PLOD*    I LAVEN   lOTH «Mrs «10 c MO 
WALLS    ILAfENS   «ENT « HOR   *■ (MO 
«OOP       I LAVEN   MTM WATS «It c MO 

A STNUCTUNAl   STEEL     ST IT I 

Figure 2. 12     Central terminal vault 



28 

two DRCs could therefore easily be attended to by a staff of one or two men sta- 

tioned at a central place,   not too far from Falldalen,  e g   at Hamar (Figure  1. 1). 

Thus,   the housing requirements at the two   lites confined themselves to technical 

equipment accommodation and some extra space necessary for servicing,   book- 

keeping,   storage etc. 

It was established that the largest of the Moelven basic units (Type 75A,   Figure 

2. 10) would cover the Falldalen DRC needs,   while the smallest unit (Type 39A, 

Figure 2. 10) would do for the Borgseter DRC. 

2.8.2    Central terminal vault 

The plans for Phase 2 anticipated that the 0yer subarray should be incorporated 

in the large array pattern.     Even if not needed for the Pha?e 1 operation,  there 

were good reasons for installing the permanent terminal housing (2.8) for the data 

converting and transmitting equipment at this stage.    It would be cheaper to do 

this when resources for the construction of the LPV and temporary house founda- 

tion were already present at the site.    This also applied to trenching and cable- 

laying,   which could easily be modified to take care of a future arrangement.  Apart 

from pure economical reasons,   it was also considered worth while to gather infor- 

mation on how a prototype terminal design would stand the winter season. 

It was readily agreed that the terminal had to be placed underground.    In the open, 

treeless recreation area at 0yer,   a permanent structure above ground would catch 

the eye and probably not be easily tolerated.    But also technical and security rea- 

sons pointed out this alternative.    Compared to a hut above the ground,  an under- 

ground vault would tend to give the electronic equipment much stabler environment 

in general and more constant temperature in particular.    This and the better pro- 

tection offered by the vault would both contribute to the system reliability. 

The designing of the Central Terminal Vault (CTV) was done by NC in close cooper- 

ation with the LL/Philco consultants.    The final design is shown in Figure 2. 12. 

The vault is a watertight structure of reinforced concrete with main dimensions 

equal to those of the LPV.    No seismological considerations had to be taken into 

account in this case;    consequently the vault floor would not necessarily (even if 

drawn in the figure) have to rest on bedrock and no special entrance superstruc- 

ture was needed for attenuation of surface noise.    The entrance to the vault is by 

a steel hatch and a wooden stairway.    Passive ventilation is provided by two ver- 

tical steel pipes,  both fitted with a bottom well to catch condensed moisture. 

As an arrangement preparatory to Phase 2 it was decided to run the signal cables 

from the WHVs and the LPV through the CTV on their route to the DRC.    One would 

leave a loop of each cable inside the vault in order to have spare lengths ready 

when needed for the final termination within the CTV.    It was also assumed that 

the cables between the CTV and the DRC should be laid on the soil surface.    For 

this purpose the vault was fitted with an extra vertical cableduct through the vault 

roof. 
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2. 9 Power supplies 

In addition to electric power for the data recording equipment,   power would be needed 

for heating and lighting at the DRCs,  and at 0yer also for the household appliances. 

2. 9. 1    Power supply for the 0yer DRC 

It   was   estimated  that the power consumption of the data handling equipment would 

be of the order of 3 - 5 kW,  and that heating and household appliances might take 

another 8-10 kW. 

Moksa Kraftanlegg (Moksa Power Company,   MFC,    Tretten'   is the sole authorized 

supplier of commercial power in the area.    In discussions with MPC it was brought 

out that a 220 V supply would not be feasible,   as the minimum distance from the DRC 

to the 220 V grid was about 12 km.    To bring in 10 - 15 kW at this distance with a 

reasonable voltage drop would give prohibitive copper costs. 

A 10 kV branch line was available at the southern rim of the subarray area (Figure 

2.6),  but MPC pointed out that this line was unreliable and had breakdowns rather 

frequently,  especially in the winter.    MPC strongly advised against using it as a 

power source.    In fact,   MPC would not recommend tapping any of the existing bran- 

ches of the 10 kV grid if high reliability and voltage stability \v3re important.    It 

would pay to put in an exclusive 10 kV line directly to the power station,  even if the 

total distance would amount to about 15 km. 

The high cost estimated for this connection made it necessary to consider use of die- 

sel generators at the site as an alternative.    One would have to put in two generator 

sets at 15 kW each,  no 2 being a standby emergency unit to take over the load auto- 

matically in case of failure of no 1.    Including extra housing for the generator sets 

and for fuel storage,  the cost of power from this set-up was lower than for commer- 

cial power,   but the saving was less than anticipated.    From a seismological point of 

view there were doubts as to the wisdom of introducing a seismic noise source of 

this size in the vicinity of the LPV and the central WHV.    A long and not well defined 

delivery time for the sets was another objection of importance. 

In sum,  the objections made this alternative less attractive,  and it was decided to 

accept the original proposal in spite of the higher cost. 

In accordance with the adopted policy (2. 6),  the 10 kV connection would go as trenched 

cable from the DRC to the timber-line at the western rim of the plateau (Vetlsetra) 

and as pole-line down the wooded hillside to Moksa Power Station.    The power cable 

route would follow the same general direction from the DRC as the  telecommunica- 

tion cable and one of the seismic signals cables,  hence the possibility of co-locating 

several cables in a common trench was discussed. 

Co-location of power and telecommunication cables was found to be acceptable;    how- 

ever,   the analog signals in the seismic cable would be more vulnerable to crosstalk 

noise.     Therefore,   a separate and exclusive trench for the seismic cable was stipu- 

lated (Figure 2. 13). 
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MPC was charged with the planning of the complete power installation except the 

trench Svartsctra - DRC. However, MFC's responsibility i ;luded purchase of 

power cable for that trench. 

2. 9. 2    Power supplies for Falldalen and Borgseter DRCs 

At both places the data recording hut would be situated a few hundred meters from 

220 V commercial power lines,   and no excessive voltage drop would be encountered 

at any of the places.    In answer to inquiries, the local power companies (Stange E- 

verk for Falldalen and Sagnfossen Kraftanlegg for Borgseter) stated that they were 

prepared to execute orders for power connections well within the time limits speci- 

fied. 

2.10       Telecommunications 

The telecommunication facilities in Norway are almost 100 per cent owned and ope- 

rated by the State through Telegrafverket (The Norwegian Telegraph Administration, 

NTA)   and its central managing authority,   Telegrafstyret (The Norwegian Telegraph 

Administration Board).    The country is divided into a number of districts,   each 

headed by a District Office (DO).    The districts are divided into a number of control 

areas,  tied to local Telegraph Stations (TS),   each headed by a Telegraph Station 

Manager (TSM).    In the course of establishing telecommunication facilities for the 

NORSAR sites,   negotiations were carried on with the NTA Board,  the DO and the 

TSMs involved. 

It was necessary to have telephones installed at all sites at the earliest possible date 

to coordinate vault construction,   transport and installation of technical equipment 

and to perform the final check out.    No problems arose concerning this at the Fall- 

dalen and Borgseter sites,   as the distances from the DRCs to the nearest available 

connection points of the NTA network were moderate,   in the order of one to two kilo- 

meters.    Inquiries at the telegraph stations concerned,  Hamar TS for Falldalen and 

Elverum TS for Borgseter,   were answered positively:    upon receipt of subscription 

orders both were ready to carry out the installation within reasonable time limits. 

There was a finite possibility that the LP installations at the two sites would be in- 

corporated in the Phase 2 system.    The local branch lines of the NTA network would 

then have to be strengthened to manage the on-line data rate,   about 600 baud from 

each LPV.    It was agreed that a decision on this would have to wait for the final 

Phase 2 plans. 

2. 10. 1  Telecommunications for 0yer DRC 

The efforts put into the telecommunication link at 0yer would far exceed those at the 

other sites.    There were two main reasons for this:   the need for a high capacity con- 

nection and the remoteness of the site. 

Installation,   check out and operation of the Phase 1  system only called for a telex 

facility in addition to the telephone,   and would not by itself require a high capacity 

' 
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link.     However,   a link with a much wider bandwidth would be needed to carry the 

moderately filtered subarray/LP information on-line to the DPC of Phase I.     Con- 

siderinp the high probability for later incorporation of the 0yer SA in the large ar- 

ray system,   it became a matter of course to put in the necessary transmission 

capacity at this  stage. 

The total information output rate from the CTV was calculated to be nearly 2400 

baud.     This data rate would occupy four pairs of a standard telephone cable;    the 

telephone and teleprinter would take another couple of pairs.     Adding capacity for 

calibration and control signals from the DPC and some spare capacity for future 

needs,   it seemed reasonable to specify a standard 14 pair telephone cable for the 

link. 

The  responsibility for planning the connection was  shared between Fjernkabelkon- 

toret fLong Distance Cables Office,   LDCO) of the NTA Board and Lillehammer TS 

of the NTA.     LDCO was charged with routing,   trenching (major part common 

power/telecommunication trench,   see 2. 9. 1) and cable-laying from the DRC to t'iie 

trench termination point (Figure 2. 13) at the western outskirts of the mountain pla- 

teau,   while  Lillehammer TS accepted responsibility for the remainder of the con- 

nection. 

2.11       Instrumentation 

Planning of the instrumentation was entirely done by LL,  which was also respon- 

sible for the provision of all hardware except parts of the WHV equipment (2. 5). 

2.11. 1  Oyer SP subarray 

SP   seismometers 

All sensors to be used in the subarray were identical Hall-Sears HS-10-1 (ARPA) 

vertical seismometers (specifications in Appendix 3. 1) transferred from LASA, 

Montana.     This seismometer is a spring-mass,  velocity type instrument with a na- 

tural frequency of 1   Hz   to cover the 0. 2 to 5. 0 Hz   band.    In addition to the signal 

coil it is fitted with an extra driver coil to enable remote calibration from the DRC 

(or DPC). 

The cylindrical seismometer has outer dimensions 121 mm (4. 75 in. ),   height 

286 mm (11. 25 in. ) and is fitted peripherally with an axially oriented steel rod so 

that the lower end of the seiymometer in operation will rest 152 cm (5 ft) above the 

bottom of the hole casing      The instrument is sealed. 

WHV   circuitry 

The  amplifier  box (2.5) of the WHV circuitry contains damping and equalizing net- 

work,   a low noise parametric amplifier (Texas Instrument RA-5,   specifications in 

Appendix 3. 3) and a signal coil by-pass relay enabling independent calibration of 

the amplifier proper. 
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The junction box (2. 5) provides flexible interconnecting boards (tapered pin blocks) 

for AB-to-cable connections and for bypassing power and signals to and from other 

WHVs in the same leg (Figure 2. 5). Lightning protection gas tubes are inserted at 

all inputs to the AB.    AB and JB circuitry diagrams are found in Appendix 3.4. 

SP   recording   equipment 

Figure 2. 14 is a block diagram of the SP recording equipment at the DRC,   0yer. 

The system itself and most of the blocks in it are designed and manufactured by 

Astrodata.     Blocks of other origin are mentioned in the text. 

The incoming cables from the WHVs are terminated in a wall junction box within the 

DRC'house.     Lightning protection is provided for each of the incoming and outgoing 

lines.     From the junction box,   the data pass through individually adjustable dc-amp- 

lifiers which also serve as filters.     The system is built for recording a maximum of 

32 different data channels and contains  32 dc-amplifiers/filters. 

Calibration signals may be fed simultaneously from the DRC to all seismometers 

from an external signal generator.    Power is supplied to the field amplifiers from 

a power supply built into the system.    A further power supply is used to operate the 

bypass relays placed in the WHVs. 

A multiplexer samples all the dc-amplifier outputs 20 times a second arid feeds the 

sampled signals through a dc-amplifier and a potentiometric amplifier into an analog- 

to digital converter.    This converts analog signals in the range of ± 10 V to 14-bit 

(13 bits + sign bit) words.    From the ADC the words go through a data word register 

and a gate to buffer memory  1. In the data word register the words are extended 

to 1 8 bits by adding one parity bit and 3 extra sign bits.    The words are split into 

three 6-bit characters before they are stored in the memory. 

A time code generator gives information about the real time and date.     The time data 

are contained in two 18-bit words which are fed every 2 seconds through the header 

data register and the gate to the buffer memory where they are stored in 6-bit cha- 

racters.     Two additional 18-bit words (header words),  one representing the parity 

error status of the previous data record and the other containing information which 

can be selected from an external switch,  are also stored in the header data register 

until the memory is addressed to accept them. 

The biaffer memory is a core memory manufactured by Ferroxcube Corporation of 

America.    From this memory the data pass through a memory data register to either 

magnetic recorder 1 or 2 where they are recorded on digital magnetic tape.    Since 

the tape recorder can record only seven bits at a time,   each 18-bit word is recorded 

as three 7-bit characters (6 out of the 18 bits + 1 parity bit).     The information is re- 

corded on the tape as data records separated by a gap.    Each data record contains 

4 header words and 1280 data words,   and requires 2 seconds recording time.    The 

tape reels hold 2400 ft of magnetic tape which provides 2.6 hours of recording time. 

When one tape transport is recording data and the other is in the standby condition, 

the recording function is automatically switched to the standby transport when an end- 

of tape tab is sensed by the recording transport.    Consequently the system can re- 
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cord continuously for 5. 2 hours without manual tape shift.     The two tape stations 

are DATAMEC D2020 type. 

The system also permits recording of data in analog form.     This can be done on an 

8-channel Sanborn chart recorder built into the system. 

The data is then either fed directly from a chosen group of dc-amplifiers through a 

patching panel,   or played back from tape transport 2 in the following way:   Data from 

the chosen tape is loaded into buffer memory 2 where it is stored as 5-bit characters. 

One complete data record is loaded before the unloading starts.     The memory input 

is synchronized with the tape speed,   and the memory output is synchronized with the 

system clocks. 

After unloading from t.is memory each character is stored in a memory data regis- 

ter where complete 18-bit words are formed.    These words are then gated into a di- 

gital-to-analog converter (DAC) which has 32 input channels and 32 corresponding 

output channels with 32 different converters between them.     The DAC only accepts 

12-bit words,  and therefore 12 bits are selected from each 18-bit word for applica- 

tion to the DAC.    The converter converts each word into analog signals in the range 

+ 10 V.    From the 32 outputs a group of 8 signals can be fed to the chart recorder. 

During playback time information is continually displayed on a time code register 

display. 

The »ystem finally contains a so-called event detector designed and built by Lincoln 

Laboratory. The detector derives its information from one of the data channels,  and 

from the time code generator.    It will detect events and record codes for time and 

strength of the events on teleprinter tape.    Its principle of operation is to split the 

incoming data signal in four different frequency ranges.     These four signals are then 

rectified and checked against an adjustable threshold.    If all of them are higher than 

this threshold an event message is given after some seconds delay,  and aiter check- 

ing that the four signals are increasing during this delay.    The event detector thres- 

hold is adjusted to give approximately 4 event messages per day.     (For further de- 

tails on the recording equipment,   refer to the appropriate manufacturers' manuals. ) 

The DART recording system,  used at times for SP recording,   will be described in 

the next section. 

2. 11. 2   LP array 

LP   seismometers   and   auxiliary   equipment 

Two instrument types are used in these three-axis installations,  one Long Period 

Vertical Seismometer model 7505B for the vertical axis,  and two Long Period Hori- 

zontal Seismometers model 8700D for the N-S,   E-W axis (seismometer specifica- 

tions in Appendix 3.2).    Both types are velocity type instruments using a moving coil 

and a magnet to produce the signal.     The natural frequency is adjustable and would 

be set at 0. 05 Hz   (20 seconds per cycle).    When the cover of the rectangular con- 

tainer box is secured,   the seismometer is sealed against water and against changes 

in the atmospheric pressure.    Within a steel tank in the LPV the instrument is thus 

trebly protected against pressure changes. 
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Both instrument types have three coils,   signal-,   calibration- and damping-coil,   and 

are also fitted with an electro-optical mass position monitor.     The vertical trans- 

ducer has an internal mass centering motor,   while those of the horizontal ones are 

external.     Finally the instruments are all fitted with an external free period adjust- 

ment motor. 

LPV   circuitry 

Figure 2.16 shows the signal and power circuitry in the LPV (and also DRC).   Details 

of the cable connections are found in Figures 2.17 - 2.22,   and Figure 2.23 coarsely 

depicts the physical layout within the  LPV. 

LP    recording   equipment 

Figure 2. 24 presents a block diagram of the DART recording system used for LP re- 

cording at 0yer,   Falldalen and Borgseter (and to some extent also for 0yer SP data). 

The DARTs are designed and built by LL,   and are in principle similar to the Astro- 

data system described above.    Facilities for direct or playback analog chart record- 

ing are not available. 

DC AHH./FILTERS 
(TOTAL 6) 

MULTI A/D BUFFER 

REGISTER 

WOW TO 
CHARACTER 

MAGNETIC 

PLKER COWWTER FORMATTER RECORDER 

1 
1 
1 f" ... ..J t 

1 
- J 

1 
> 

nui                  II 

|i 
 J 

IN LP DART 
1        | 

1        1        1 
1        1        1 
1        1        1 
l       I        1 

CONTROL 
i 

TIMING 

J   1 

.. J HEADER 

INSERT 

TIME 

CODE 

GEWRATON 

Figure 2. 24     DART system for LP recording at 0yer,  Falldalen and Borgseter 

The incoming cables also in this case terminate'in a wall junction box which contains 

lightning protection devices.    From this box each of the data signals (maximum 6) 

passes through an amplifier/filter before it is sampled by a multiplexer.     The samp- 

ling rate is 1 per second for the LP-DART (and 20 per second for the SP-DART). 

A Raytheon analog-to-digital converter converts the signals to 14-bit words which, 

after adding one parity bit and 3 extra sign bits,  are loaded into a buffer register. 

After unloading from this,   the 18-bit words are split into three 6-bit characters in 

a word-to-character-formatter and,   after adding one parity bit,   are recorded on 

digital magnetic tape.    The tape transport is of the Kennedy Incremental type. 



- 42 

cv       a.       £x 
2        T        x 

r Si I Ci .Ul    U,   ^1 

iri pT rrr rn 

Q V        ß        "<■ 
a1     iß      a      cß 

n1 'fT:i 'ri 

P 

4 

iM 
|I^|CN|  |-^J-J|^| [t-|^]co|  i-e's1!^! 

!tct:D(4i3c:3c:~ 

P-   X 

r 

ui G 

n 

— us 
> 5C U 

W 

tu 
a 

c 

■a 
f—i 

O 

m 

3 

(0 
u 
3 
00 



- 43 - 

The DART system also contains a time code generator which serves as the system 

clock.     The generator is of the Chronolog type,  and time information is issued every 

20 seconds for the SP-DART and every 10 minutes for the LP-DART and recorded 

on the tape. In addition the clock also controls the system as indicated by dotted lines 

on the block diagram.    (For further details of DART system see DART manuals. ) 

2. 11.3   Experimental noise study array 

The limited depth (about 1. 5 m) of the shallow holes at Falldalen would not allow ue° 

of steel "stilts" on the seismometers,   otherwise they are identical to those used at 

0yer subarray. 

TEOM 
TO TEBMINAL 

Figure 2. 26     Automatic weather station at Falldalen,  junction box wiring 
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Th(> 60 m holes were put in to study the downward penetration of local surface noise 

as a function of depth.   For this purpose  LL were to bring in seismometers with spe- 

cial housings,   but electrically equivalent to HS-10-1  (ARPA).     The containers were 

equipped with radially directed,   spring-loaded steel knobs which could be released 

from the  surface and which would introduce a rigid positioning and good coupling to 

the casing at any depth. 

A DART system would be used for the recordings.     The running time for a standard 

2400 ft tape  reel would be dependent upon the number of channels  (seismometers) 

used;   on the average it would be of the order of 12 hours. 

INSTALLATION 

Full consent to implement Phase  1  of the NORSAR project was  given by Norwegian 

authorities on 23 August.    This released a series of actions prepared under the plan- 

ning stage.    Orders and subcontracts were first placed for services and materials 

considered to require the longest lead times or otherwise present the major poten- 

tial delays in the time schedule for the installation. 

It should be mentioned that the funding of the project was not complete by 23 August. 

The funding limit was $ 250 000, - by this date and was extendec by another $250 000 

on 14 September.     This was reflected in delays in formal ordering of several impor- 

tant services. 

The most urgent items concerned first of all the 0yer subarray and comprised the 

final siting of SP censors .^nd LPV locations (2. 3),  detailed trenching routes survey 

and staking,  drilling and casing,   trenching and signal cable delivery.    As a whole, 

at this time most of the work and material items had delivery periods in conflict with 

the expressed target of a fully operational system before winter conditions put an 

effective stop to further installations.     It was obvious that only a very late onset of 

the frost and snow period would make possible even near fulfilment of the target. 

The following sections present a brief narrative of the installation phases, with em- 

phasis on bringing out special problems encountered when installing a system of 

this type under Norwegian conditions. 

3. 1 Subcontracting 

A list is given   below of firms (institutions) which were given  main contracts or or- 

ders.     The extent of the orders and the background for choice of the firms are briefly 

outlined.     Concerning dates of orders mentioned in the following,   it should be men- 

tioned that the formally written orders often were preceded   a couple of  days by an 

oral one. 
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3.1.1    Services 

a) Firm: Norconsult A/S,  Consultant Engineers,  H0vik (Oslo). 

Contract      Survey and siting of boreholes,   LP and CT vaults and data recording 
items: centers.     Control of drilling and casing,  drilling reports.     Design of 

LP and CT vaults,   bid    invitation and evaluation,   construe'ion control. 
Planning of data recording centres for signals connections,   p.. wer, 
water and sewer.     Coordination in the field.    System check out. 

Basis of       NDRE experience and information, 
choice: 

b) Institution:  Tjernkabelkontoret,   Telegrafstyret (Long Distance Office of the Nor- 
wegian Telegraph Administration Board),   Oslo. 

Contract       Routing and staking of approx 100 km of trenches,   trenching and cable- 
items: laying,   splicing,   backfill,   check of cable continuities. 

Basis of       NDRE information.     Time for procurement of bids and bid evaluation 
choice: not available. 

c) Firm: Norsk Dypbr0nnsboring (Norwegian Deep Drilling Co).   Sandvika (Oslo). 

Order Drilling and casing of 20 vertical boreholes at Oyer,   each 15 meters 
content: in bedrock,   and 2 deep holes at Falldalen,   each 60 meters in bedrock. 

Installation of WHVs,   retainer rings and covers at Oyer and for the 
two 60 m holes at Falldalen. 

Basis of       NDRE   inquiries and price evaluations,   recommendations from US con- 
choice: sultant. 

d) Firm: Noratom - Norconsult A/S,   Oslo. 

Order Design (modifications) and fabrication of 22 well head vaults including 
content: retaining rings and coolie hats,   25 amplifier and 25 junction boxes. 

Drawing of cable connection diagrams for  WHVs and DRC.     Installa- 
tion of amplifier and junction boxes and installation of SP seismo 
meters. 

Basis of       NDRE experience and information.     Time for competitive bidding not 
choice: available. 

e) Institution:  Moksa Kraftanlegg   (Moksa Power Co),   Tretten. 

Order Power supply,   220 V,   15 kW,   to DRC   Oyer. 
content: 

Basis of       MPC only authorized supplier in area (monopoly), 
choice: 

f) Institution: Stange  E verk (Stange Power Co),   Stange. 

Order Power supply,   220 V,   to DRC Falldalen. 
content: 

Basis of        Monopoly, 
choice: 

g) Institution: Sagnfossen Kraftanlegg (Sagnfossen Power Co),   Nybergsund, 

Order Power supply,   220 V,   to DRC Borgseter. 
content: 

Basis of        Monopoly, 
choice: 
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h)   Institution:  Telegrafverket,   Lillehammer stasjon (Lillehammer Telegraph Sta- 
tion of the Norwegian Telegraph Administration),   Lillehammer. 

Order 14-pair telephone cable connection NTA network to DRC Oyer, tele- 
content: phone and telex installation and subscription. 

Basis of       Monopoly, 
choice: 

i)    Institution:  Telegrafverket,   Hamar stasjon (Hamar Telegraph Station of NTA), 
Hamar. 

Order Telephone installation and subscription, 
content: 

Basis of       Monopoly, 
choice: 

j)    Institution:  Telegrafverket,   Elverum stasjon (Elverum Telegraph Station of NTA), 
Elverum. 

Order Telephone installation and subscription, 
content: 

Basis of       Monopoly, 
choice: 

k)    Firm: Lars Gr0nvold Entrepren0rforretning A/S   (LG Construction Co), 
Lillehammer. 

Contract      Construction of LP and CT vaults and DRC house foundation,   0yer. 
items: 

Basis of       NC inquiries and recommendation, 
choice: 

1)    Firm: Hagen og Godager  Entrepren0rforrotning (H&G Construction Co), 
Stange 

Contract       Construction of LP vault,   erection of DRC house foundation,   installa- 
items: tion (mechanical) of shallow holes inclusive casing and WHVs at Fall- 

dalen. 

Basis of       NC inquiries and recommendation, 
choice: 

m)   Firm: Lauritz L Hanstad Entreprenarforretning (LLH Construction Co), 
Nybergsund. 

Contract       Construction of LP vault,   erection of DRC house, 
items: 

Basis of       NC inquiries and reconnmendation. 
choice: 

3.1,2    Materials 

a)   Firm: Standard Telefon og Kabelfabrik A/S (Standard Telephone k Cable 
Company Ltd,  an ITT affiliate),   Oslo 

Order Delivery of 100 km 12-pair signal cables (specifications in Appendix 2). 
content: 

Basis of       Price and delivery time comparisons with two US suppliers, 
choice: 
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b)    Firm: Moelven Brug A/S (Moelven Works),   Moelv. 

Order Delivery of a three-section house for 0yer DRC,   a unit 75A for Fall- 
content: dalen DRC,   and a unit 39A for Borgseter DRC. 

Basis of NDRE information.     Prefabricated units imperative considering time 
choice: schedule. 

3. 2 Drilling and casing of boreholes 

3. 2. 1     General techniques 

Two drill types were used, a model Stenuick Record HS5 compressed air drill (Figure 

3. 1) for drilling in rock and a model Perfo 66 percussion drill (Figure 3. 2) for pene- 

tration of overburden in cases where large depth to bedrock made it impossible to ex- 

pose the rock surface by digging or scraping off the masses by a tractor back-hoe. 

Drilled holes in overburden were lined with an extra 200 mm (8 in. ) OD tube casing 

to hold off the loose sediments while rock drilling was in progress.    Rock hole dia- 

meter was nominally 160 mm;   in practice the drill bit diameter was often somewhat 

less (say 158 mm) due to wear. 

The casing steel tubes (140 mm OD,   132 mm ID) were delivered in lengths of max 

10 m.     Conical steel plugs (Figure  3. 3) for sealing of casing bottom ends were manu- 

factured and welded to the tube at the driller's workshop. 

Figure  3. 1      HS5 compressed air drill Figure 3. 2    Perfo 66 percussion drill 
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Subsequent to the completion of drilling, removal of the drill rig and cleaning of the 

hole for mud, a provisional tube scaffolding was erected to enable positioning of the 

sealed bottom tube length over the hole. 

Cementing to rock was specified for the lower 4 m of the casing (Figure 3. 3).      A 

batch of mortar (consistency of flowing concrete grout,   specifications in Appendix 

4. 1) of volume equivalent to the void between hole walls  and  casing over the lower 

4 m (some 30- 40 liters) was filled into a cylindrical container fitted with a spring- 

activated ball valve,   lowered into the hole and emptied at the bottom.     This procedure 

was followed in order to suppress any ground water present. 

After completion of the injection operation,   the first casing length was lowered until 

approx 1  m of the upper end protruded from the hole   and was then locked in this posi- 

tion.     Another tube length was positioned coaxially on top of the first and welded to 

this.     A pressure test was done to secure the sealing quality of the welding.     (The 

bottom seals were pressure tested at the driller's workshop). 

The final operation consisted in lowering of the casing until the seal cone rested on 

the bottom of the hole.     The casing would then be locked in position until the mortar 

had solidified.     Cutting of the protruding tube to the desired length completed the 

operations. 

The techniques used for installation of the 60 m holes at Falldalen did not deviate 

principally  from   the   ones   above   except for the cementing procedure   (Figure  3. 5). 

Complete cementing from bottom 

to surface was specified here;   pru- 

filling of grout followed by tube in- 

trusion would obviously be an im- 

possibility both by reason of forces 

necessary and also because of the 

time factor involved (premature 

grout solidification). 

In this case a special bottom casing 

seal cone (Figure 3.4) fitted with a 

penetrating conduit was used.      A 

spring-loaded ball valve blocks this 

channel under normal conditions, 

but opens when the internal to ex- 

ternal oveipressure exceeds a cer- 

tain limit.     Two small-diameter 

tubes are connected to the cone chan- 

nels and follow the interior of the 

casing in its full length. 

Back pressure valve. 

Back pxes£ure_vg!vg^ 

Figure 3.4     Ball valve cone for cementing 
"60 m casings 
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The sequence of operations in this case starts by the lowering of the casing until the 

cone rests at the hole bottom.    Next the U-formed inner tubes are filled with water 

and one of the tube ends is blocked.    Grout is now forced down the other under pres- 

sure.     The valve opens and the grout will eventually pass through it and into the 

space between the casing and the rock hole wall.    The pressure is released when 

the grout rises above the rim at the surface.     The valve locks and keeps the grout 

from re-entering the casing.    The other transport tube is reopened and both of them 

are cleaned by a water stream.    Finally both tubes are unscrewed from the seal cone 

and may be reused. 

3. 2. 2    Progress of work 

Drilling operations at 0yer started 13 September on hole 10Y (1) and soon after on 

the three holes of the A-leg,   1A1(8),   1A2(9) and 1A3(7),   Figure 2. 13.       Already at 

an early stage the rate of progress in general and especially that of trenching streng- 

thened the doubts as to the chances of completing the whole sub-array before winter. 

A priority list had to come into effect.    The underlying principles for this were seis- 

mological and practical preferences,  and it called for completion of as many full 

diameters (combination of two radially     pposite legs) as possible.     The diameter A- 

D was to be accomplished first,   followed by C-F,   the F-leg being a natural retreat 

route out of the area. 

The drilling and casing proved not to be the most limiting part of the operations. 

When they were ordered to be stopped on 1 3 November,   1 7 of the 20 holes were com- 

pleted,  one hole (1E2(15)) was only partially drilled,  while two others (1B2(6)   and 

1B3(4)) were not cased (Figure 2. 13). 

The drilling and casing operation could undoubtedly have been completed,   but the 

status of the trenching operations gave no reason for continuation. 

Drilling of the two 60 m holes at Falldalen started week 46 (13-18 November).     The 

last of them was ready by 1 2 December. 

3. 2. 3    Special problems and experiences 

On an average the rate of progress was lower than expected and presupposed by the 

driller.      He encountered conditions different and more difficult than expected and 

probably was not experienced for a rush job of this  scale.    The difficulties may be 

summed up as follows: 

a) Not enough transport equipment was brought in by the driller,   and coordination 
of that available left something to be desired.     The driller may have been under 
a delusion as to the extent of transport produced by the employer,   and certainly 
underestimated the need for transport in general. 

b) The drilling operations had a slow start due to lack of drill bits.     This  should not 
be primarily blamed on the driller.     Drill bits of the right size were obviously 
difficult to obtain at short notice,   and a customs strike in Belgium added to the 
difficulties. 

c) At some of the holes the driller met problems that had to do with the consistency 
and depth of the overburden. 
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At hole  1A1(8) most of these problems were experienced.     New attempts had to be 

made because of 

- high ground water table and a flow that could not be overcome by pumping 

- the layer of overburden was too thick 

- boulders  in the  sediments  interfered 

- there were difficult faults in the rock,   at one place there was a sand fault that 
led to collapse of the hole 

Work at 1 Al (8)  started 17 September and the grouting was done by 31  October. 

Appendix 4. 4 contains the controller's drilling reports,   a brief survey of statistics 

of the operations,   and other data and drawings of relevance to the operations. 

5    ' Well head vaults  installations 

5,  <. 1      Production md delivery of vaults  and vault electronic  equipment 

The equipment was ordered "  September.     Delivery dates were  stipulated as  15 Octo- 

ber for the drums with retainer ring and cover,   and 15 November for the electronic 

boxes.     Delays in the delivery of electronic components and mechanical details from 

the  US led to changes in the progress time-table,   but the final delivery dates were 

largely kept. 

3. 3   2     Installation of the vaults,   retainer  rings  and covers (coolie hats) 

This job,   initially assigned to the equipment manufacturer and already in the plan- 

ning stage,   was transferred to the driller,   as this was obviously a more expedient 

arrangement.     The vault may be looked upon as the upper part of the casing,   the 

driller would furthermore have the welding and digging equipment at hand  at   the 

suitable moment. 

No particular difficulties arose in connection with these installations.     The prog- 

ress of work was entirely subjected to the progress of the drilling and casing opera- 

tions.     The techniques used were conventional. 

3. 3. 5    Installation of amplifier and junction boxes -  signal cables connection 

The installations (carried out by the manufacturer) started 6 November at Oyer and 

were completed by 8 December ^Figure   3. 6) 

The  Falldalen installations  were  performed in the period  10  -  16 December. 

The installations met no major difficulties beyond inconveniences produced by the 

weather (frost and snow).     The rate of progress was tied to the casing operations. 
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Figure 3. 6     Installation of amplifier and junction boxes 

3. 4 Trenching 

3.4.1     General techniques 

The techniques used were those adopted by the   LDCO (NTA) from experience  in 

trenching of coaxial cables  in similar terrain.     Most of them were conventional,  trac- 

tor back-hoe digging in sediments  (Figure   3. 7),   blasting of the trench through areas 

of exposed bedrock and hand digging where this was made necessary by the terrain. 

Figure   <   7       1 ra< tor   ku k- hi 
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A method of simultaneous trenching and cable-laying using a capstan pulled,   sled- 

mounted plough was tried in marsh areas.     This technique did not work satisfactor- 

ily.     Bushes and lichen would collect in front of the sled and force it up from the 

soil.     Large boulders in the soil had the same effect,   and the method had to be aban- 

doned and replaced by conventional  excavation methods. 

■?   4. 2     Progress  of work 

The ordering of routing and staking at Oyer was done  25  August,   and the formal 

order for the trenching was placed 15 September,   succeeding an oral message of 

intent by a couple of weeks. 

Routing and staking of trenches started 4-5 September at Oyer and trenching began 

11-12 September. 

As of 1  November,   the trenching and laying of the 14 pair communication cable and 

the  power cable from DRCs to their respective pole line termination points (2. 10. 1, 

2. 9. 1) had been completed as well as  the  seismic cable diameter A-D plus the 

stretch  10Y(1) -  101(2),   Figure 2.6. 

Stop order for the trenching and cable laying operations was given 15 November, as 

deterioration of the working conditions effectively prevented further progress. Legs 

A,D,C and stretch 10Y(l) - IF4(20) - 1F1(11) were completed, tantamount to avail- 

ability of  12 out of 20 SP seismic points (Figure  2. 13). 

L4.  i    Special problems and experiences 

Not unexpectedly,   trenching proved to be the crucial part of the whole installation 

and in the end became the one factor responsible for the overall status at the end of 

the   1967 working season. 

It  should be kept in mind that ordering was done  so late that  specific delivery dates 

could not be enjoined upon the trencher.     It is doubtful whether  any contractor would 

have accepted delivery guarantees under the circumstances of that time. 

On 23 September,   some   13 km of trenches had been dug.     As no cable had been deli- 

vered,   LDCO was at that moment reluctant to force the work for fear tiat cave-ins 

of the open fenches would make necessary extensive recleaning before cables could 

he laid. 

The  situation soon reversed    however,   as STK started deliveries and was able to in- 

crease the delivery rates considerably (3. 5). 

As  conditions developed,   the open trenches (Figure   3. 8)  seemed to stand well for 

long periods.     This fact should to some extent be related to very favourable weather 

conditions during the fall months. 

For  some tine the rate of progress was not considered satisfactory by NDRE.    Con- 

ferences with LDCO resulted in an increased effort;    and as of 16 October,   four addi- 

tional tractor diggers (3 on site earlier) were brought in. 
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The general impression was that 

LDCO was oriented to the usual 

practice of caution and thorough- 

ness in installation of communica- 

tion connections.     This may well be 

the best approach when installing 

vital long distance links under con- 

ditions of limited funding.    NDRE 

may perhaps be blamed for not be- 

ing able  to convey to LDCO strong- 

ly enough and  early enough that eco- 

nomic considerations in this case 

would have to be  subdued somewhat 

in relation to urgency. 

Figure  ^.H      Open trench 

Ty. 5 Cilili1 delivery,   laying and  spl ic ing 

3. 5. I     General  procedures and  techniques 

The choice of cable  is discussed in 2.6.2,   and the  specifications  (including testing 

spec i ' i cat ions) are  found in Appendix 2. 1. 

The cable-laying operations  were conventional,   using tractor-pulled cable drum trai- 

lers  (figure   i. 9).     A continuous  row of impregnated wooden lists were laid along the 

bottom centre  line of the Joint  comm   power trench to secure positive separation of 

the   two cables. 

Ficure   5.9      Tractor-drawn cable trailer 
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During back-filling r     le eads (v/ith necessary overlap) were brought up to the sur- 

face and a bit of trench left open.    The splicing method is described in Appendix 
2.2. 

3. 5. 2    Progress of work 

100 km of seismic cable were formally ordered on 24 August,   most of the prepara- 

tions for the set up of the production line and subordering of cable materials had 

then b 'en done at the firm's own risk.     The delivery time quoted for the first batch 

was some 6-7 weeks upon receipt of order,   i e   about week 41.    The delivery 

schedule was (prior to 21 September) quoted as: 

5 km of cable week 40 
5     ii II     41 

25     " "     42 

On demand from NDRE this was per 21 September revised to: 

15 km week 40 

10   " "     41 

25   " "     43 

25   " "     44 

25   " "     44/45 

Splicing of the cables started the last days of October,  using one team.    As this ef- 

fort was obviously not sufficient,  other groups were put to work at NDRE's request. 

This work was completed 22 November and did not delay the overall installation 

rate. 

3. 5. 3    Special problems and experiences 

STK deliveries proceeded smoothly and the firm at times went out of its way to 

comply with the wishes of NDRE. 

The cable-laying met with no serious troubles except for a limited stretch of power 

cable.     While stretching this a length of the cable exceeded the tensile strength,   re- 

sulting in internal ruptures not discovered until continuity tests were performed 

(3.7.1b). 

The signal cables were supposed to run through the CTV,  leaving a loop of 6 m of 

each cable within the vault.    As these coils would have left a minimum of space for 

the vault installations to come, the local supervisor decided to run the cables out- 

side the vault,  leaving the necessary surplus lengths close to the vault. 

3. 6        LP and CT vaults 

3. 6. 1    General techniques 

The methods of construction were conventional.    The bedrock was exposed by back- 

hoe excavation and the rock surface cleaned for loose stones and soil.    An outer 
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Figure 3. 10     Exposed bedrock,   outer mould under evection 

Figure 3. 11      Pouring of concrete for  I.PV floor 
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wooden mould was erected (Figure 

3. 10) and concrete poured for the 

floor (Figure 3. 11).     The LPV and 

CTV procedures were identical ex- 

cept for the moulding of cylindri- 

cal seismometer tanks into the LPV 

floor. 

When the floor had hardened,   an 

inner mould was erected and con- 

crete  for   the   floor   and  ceiling 

could be poured in two steps (Fi- 

gure 3. 12).     PVC water stops were 

fitted between floor/wall and wall/ 

ceiling block separations. 

Drainage was by means of coarse 

materials and drain pipes.      The 

vaults were all   placed   in   slopes 

giving easy floor level drainage. 

Figure   ^.12     Rci nforcinK iron grid inside 
outer mould,   floor hardened 

}, b. Z     Progress ol   work 

LPV and CTV construction started weeks 39/40 at Oyer and Falldalen and week 41 

at  Norgseter.     No technical difficulties arose      The rate of construction was satis- 

I.H tory except lor a delay at  Borgseter due to formal objections by the local Build- 

inij Council.    The formalities were  soon solved,   and the construction was resumed 

2()   10 alter a  pause ol about a week. 

The   LPVs at  Oyer and  Falldalen were completed by 1   November except for pressure 

testing and minor details inside the vaults.     The CTV at Oyer ard the  LPV at  Borg- 

seter were  finished early in December (Figures  3. 13 and 3, 14). 

The general  impression from building season 1967  is  that construction of vaults of 

this type presents  no problems for the contractors. 

5. 7 Data  recording centres 

Plats ol the three centre areas are given in Figures  3. 15,   3. 16 and 3. 17. 
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Figure 3, 13      LPV hcfori' back-filling and ircction of suprrstrucUIIM 

Figure  3, 14      CTV at Oyer.   ventilation jiipes  not fitted 
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Figure 3. 17     BorRjeter DRC area 
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3. 7. 1     Oyer DRC 

a)    Temporary DRC building 

The three section prefabricated house was formally ordered 11 September,   and 
its erection on concrete foundation (Figure 3. 18),   water and waste water system 
inclusive,   was completed by 1  November. 

Figure 3. 18      Erection of three-si'Ction Moelven house at Oyer 
(Refer to Figure 2. ITT 

b)    Power installation Oyer  -  DRC wall 

Planning in detail including staking of pole-line from Moksa Power Station to the 
pole line termination point at Vetlsetra was ordered 29 August.     The MPC  super- 
intt ndant also agreed to contact the affected land owners and obtain their permis- 
sion and proposals for compensation,   to make inquiries about the delivery terms 
for wires and poles,   earth cable,   10 kV/220V transformer with hut to be placed 
at the DRC,   termination and switching gear at the power station and other neces- 
sary equipment.     When the order for  the installation itself was given 15 Septem- 
ber,   most of the preparations were well  in hand. 

The work on the pole line started immediately and was accomplished at great 
pace (Figures  3. 19 and 3. 20).     The completion of the whole link was hampered 
by delays in laying the cable  (FDCO),   the  last length of which was laid week 43 
(Figure 3. 21). 

The first test of the connection made 6 November disclosed internal breaks, in 
earth cable due to faulty laying (3, 5. 3). 

The weather conditions made fault finding and repairs difficult. It was revealed 
that the cable conductors had suffered several breaks over a length of 80 m, and 
had to be replaced by new cable. 

On 11  November a second test showed that the link was now in working order. 
Parts of the link were provisional set-ups; 

- The switching gear in the transformer hut (Figure 3.22, in 20 October) had 
not been delivered in time,   thus the 10 kV leads had to be connected directly to 
the transformer. 

- The delivery of the equipment for the termination cell in the power station was 
late,   and the line had to be provisionally terminated in another non-exclusive 
cell. 

Data concerning the power link are found in Appendix 5. 
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Figure 3. 19     Power pole line in dense forest,   wires not mounted 

Figure  3. 20      Power pole line,   stretching of wires 
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Figure 3.21      Po A'er cable splice 
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Figure 3. 22     Transfornjer hut,   Oyer 

c)   Power installations in DRC building 

Figure 3. 23  shows the mains power wiring diagram.     The lighting and heating 
installations in the hut were part of the standardized prefabricated units and are 
not  shown in detail. 

In principle the installations are very simple,   and no technical problems arose. 
The installations were completed by 1   December. 
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d)    Communication link 

At a meeting 26 August in Lillehammer,   the TS of NTA presented a plan for the 
connection from the Cyer telephone exchange to the earth cable termination point 
near Korsbakken (figure 2.6).     This  stretch would be co\ered by a mixture of 
trenched cable  (some 600 m),   existing pole lines,   reinforced pole lines  and a 
couple of kilometers of new pole line.     NDRE agreed to the  plan and ordered the 
implementation. 

The trenched communication cable (LDCO) was already down to the pole line on 
1  November.     By  1   December the  whole telecommunication  system was complete 
except for the telex at Oyer  DRC.     This had a very long delivery time and was 
not installed until 9 January 1968. 

3. 7. 2    Falldalen DRC 

A Moelven prefabricated unit type 75A was ordered 6 September and was erected on 

the  site by 1   October  (Figure   3.24). 

Installation of telephone was ordered  15 September and was  implemented week 40 

(2 -  7  October). 

Power  (230 V,   single  phase) was ordered 6 September and brought to the DRC hut 

wall by 1   October.     Installation wifhin the hut was done week 41.     Figure   5.25  shows 

the power wiring diagram for the hut. 

Figure 3. 24     DRC hut at Falldalen 
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}. 7,  <     BorRseter DRC 

A Moclviii prefabricated unit  type   '9A was ordered 4 October and was up at the site 

18 October (Figure   ?. 26). 

Power (HO V.   three phase) was ordered 28 September.      The building stop imposed 

by the local  Building Council also involved this  installation.      The work was resumed 

26 October and the lines  terminated at the hut wall   1   November.      The hut installa- 

tions were completed mid  December.     A wiring diagram is given in Figure   ^.27. 

Telephone  was  ordered  5  October  and had  been  installed  by   I   November. 

m" 
'V 

Figure  }, 26      DRC hut at  lUir^seter 

5. 8 Instruments  installation and check-out 

Time considerations made  it  imperative that  installation of the  technical equipment 

(seismometers,   recorders,   automatic   weather  station at   Falldalen etc) be  perfor- 

med by the US consultants  (1,1,,   Philco) or by Norwegian personnel (Noratom,   Nor- 

consult) under direct  guidance from the consultants where circumstances allowed. 

The Norwegian participation in the calibration and check-out phases was proportion- 

ally much higher after an initial period of familiarization with the calibration equip- 

ment and routines. 

5. 8. I     Installation 

a)   Falldalen 

Cables  (6 pairs for surface interconnection),   seismometers and Dart recorders 
arrived Oslo on 15 September,   were through the customs and at the  site by 30 St 
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tomber.       (In this period the principles of customs clearance and the standard 
routines were not finalized,   causing some delays). 

By  1  November the SP seismometers,   surface seismometer cables and instru- 
mentation for the four hole array had been installed and the recording equipment 
was in thv process of being checked.     The first tapes were in Bergen for corre- 
lation  processing.       Some analog processing was also done at the site. 

By  1   December the (four hole) SP system was fully checked and in operation. 
The fifth shallow hole seismometer,   surface cable connection hole-DRC,   and 
check-out were complete  13  December.     Installation and check-out of the  seis- 
mometers for the two deep (60 m) hoies were finished 18 December. 

The  LP seismometers were installed and the   LP system was in the check-out 
phase by 1   December.     The system was operational the first days of December. 

b) 0yer 

The installation of the SP seismometers  started 8 November and was finished 
22 November. 

The recording  equipment for the SP subarray arrived Oslo on 1 9 October.     In- 
spection of the  shipment disclosed that one of the large craies  was partly dam- 
aged,   evidently from a heavy blow which probably was due to a fall during trans- 
port.     The contents of the crate,   a main rack of the Astrodata  system,   was also 
mechanically distorted,   but it was  impossible to determine its  operatioral  state 
until check-out was  performed at the  DRC.     This  showed eventually that the 
twisting of the  structure had only led to a very minor fault in the electronics 
hardware. 

The equipment was transported to Oyer and placed in the hut the following week 
(43).     The final connections and the overall check-out of the system had to wait 
until power  and  seismometers had been installed,   i e    the last part of November. 
The SP system was fully operational by 6  December. 

Installations  in the   LPV started late in November and were completed 9 Decem- 
ber.     The delivery of the  LP recording equipment (Dart) was overdue,   thus the 
LP system was not operational until 4   lanuary 1968. 

c) Borgseter 

The  LP seismometers were installed and the tanks and vault pressure tests 
passed by 16 December.     The delivery of the  Dart recorder was much overdue. 
Installation and check-out of the  system were completed 26 January 1968. 

3   8. 2    Calibration and check-out of SP system at Oyer 

a) Procedures 

The following check-outs were carried out: 

- Check-out of the cable pairs between the  DRC junction box and the  WHV junc- 
tion box.     (The resistance of each pair was measured with the pairs opened 
and  shortened at the field en^V 

- The  resistances  to earth of the different seismometer contacts  were mea- 
sured.     These are to be in the order of megohms.       The resistances to earth 
of the conductors of the incoming cables were  also measured. 

- After applying power from the  DRC the voltage was adjusted in the  DRC for 
correct value at the  WHV. 

- The voltage applied to the amplifier and the amplifier balance was checked 
and adjusted to correct value.     (The amplifier gain was adjusted at an earlier 
stage). 

- After having carried out these items  successfully a calibration signal was  app- 
lied from the DRC, and the signal coming back from the WHV was measured. 

- The  same was done when by-passing the seismometer,   actuating a by-pass 
relay in the WHV, 
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In order to avoid influence from unchecked parts of the system power, calibra- 
tion signals and bypass signals were only applied to the WHV under test, and to 
already checked vaults, 

One tried to find out whether all the WHVs were in phase by jumping on the ground 
near the holes and checking whether the responses were equal with regard to 
phase.     This method was very uncertain,   and it was found that the only way to be 
sure was to wait until a real event was recorded and then compare the signals 
from the different WHVs. 

b)    Special problems and experiences 

Much time was wasted because 3 seismometers and one signal amplifier had to 
be  changed after their final installation, 

It is considered that a simple go-no-go check of equipment before installation is 
worth while in order to avoid transportation and installation of faulty equipment. 

When the field installation was finished a final check-out and calibration of the 
system was carried out by teams consisting of two engineers in the field and one 
at the DRC.    This arrangement is also suggested for the Phase 2 installation, 

3. 8. 3    Calibration and check-out of the  LP-systems 

a) Procedures 

Calibration of the seismic  system comprised two different aspects: 

- The determination of sensitivity parameters,   amplifier gains,  dc offsets,   fre- 
quency responses,   free periods,   mass positions,  dampings and adjustment of 
these parameters to standardized values where practicable.     This was done 
during the installation phase of the system for each component,   and during re- 
conditioning of apparatus that had failed or shown anomalities. 

- Test signals,   interleaved in the normal data acquisition run of the  system, 
were selectively looped through the system.     They exercised the whole chain 
of apparatus from the sensors to the data evaluation centre,   or parts of this 
chain.     The purpose was partly to increase the credibility of the data and part- 
ly to facilitate maintenance work, 

b) Problems and experiences 

It is suggested that for Phase 2 a greater amount of prefabrication of cable har- 
nesses be done in the workshop in order to save time at the site during installa- 
tion and testing. 

The time-consuming part of the check-out is the seismometer calibration.   This 
work is done partly in the  LPV and partly in the DRC which are located only 
about 100 m from each other. 

Neither transportation nor weather conditions will therefore in this case play any 
important role for this work.     It is estimated that one complete LP-installation 
check-out done by two engineers will on the average take about 4-5 days. 

The methods of installations calibration should be reviewed with the purpose of: 

- avoiding misleading information being accepted 

- improving accuracy 

- speeding up testing,   particularly in the field 

- simplifying test gear,   reducing weight 

- inclusion of an all-over method that checks that all previously taken data are 
consistent 

- simplifying arithmetic work during testing 

The presently used methods are characterized by not using null compensation. 
It is thought that if the weight lift were perform'd with a simultaneous break of 
compensating current,   the compensation current could be found more accurately 
and more quickly. 
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The horizontal weight lift arrangement used in the LP seismometer is cumber- 
some and could be improved. A self-levelling optical system might possibly be 
used for  checking the alignment of the  strings. 

A direct method for establishing the ratio between the calibrator coil   and the 
data coil would be to feed the same signal (step or sinusoidal) with different 
amplitudes into the data coil and the calibration coil,   and establish the ratio 
when the two currents have no effect on the movement. 

When this ratio is established an amplifier may be inserted between data coil 
and calibration coil,   letting the seismometer be the frequency determining ele- 
ment of the oscillator.     By changing the amplification and observing the increased 
decay rate of oscillations the damping should be established. 

The advantage of this meteod in deU rmining damping is that it will be possible 
to determine the damping at the different dynamic levels. The present method 
only checks damping at the upper range levels; in fart, at amplitudes that are 
practically never obtained in reality. 

[f the present method of releasing the mass from an out-from-zero position is 
maintained,   it is proposed to observe the damped free period Tj-j and the un- 
damped free period T0,   rather than the amplitudes of successive excursions, 
and determine the  relative damping from 

D    -    (1   -  (T0/TD)2)' 

which will give approximately the same percentage accuracy in the damping fac- 
tor as  the percentage accuracy  in determining the time. 

The accuracy of the present method is determined by the accuracy of determin- 
ing the amplitude of the second excursion,   which is very small and easily blur- 
red by noise.     It is generally accepted that time measurements are more accu- 
rate than amplitude measurements,   and in addition the first zero amplitude 
occurs earlier than the second maximum and is thus not contaminated by noise 
to the  same extent. 

The mass position indicator of the LP instruments is time-consuming to adjust. 
It has to be done in darkness since the photo-cells are sensitive to the ambient 
'ighting in the vault.     The results are not immediately seen but have to be re- 
ported by telephone from the DRC. 

As this circuit is not affected by other adjustments   it is proposed to adjust it 
on the work-bench behind a local screen with controlled voltages on the bridge 
circuit and provide setting possibilities that cover any variations in line voltage 
drop from the CTH to the vault.     The final checking after installation should 
then be easy   except in particular cases when the lamp slot or photo-cell has 
been displaced.     A simple method of securing the setting that has been obtained 
on the work-bench should be devised. 

CONCLUDING REMARKS 

The various purposes served by installing a Phase  1  system as a separate and intro- 

ductory step in the installation of the large array have been implied or explicitly 

mentioned earlier in this report: 

- Installation of the Phase 1  facilities has  provided experience which will be of value 
when decisions are to be made on the organization of land acquisition and siting 
as well as technical solutions and methods of construction for the larger  Phase 2 
installation. 

- The operation of the Phase 1  system will bring forth data of importance for the 
layout of the  Phase 2 large array.     These data will to a certain degree be decisive 
for the overall geometrical configuration of the array and will undoubtedly also 
influence its technical appearance in many ways. 
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-  The Oyor subari ly will be incorporated in the large array pattern and be part of 
the long-term operational system. 

This report covers the  installation proper of the Phase 1   system;     thus only the first 

of the above  items  is  of relevance here.     In the following is  given a brief summing 

up of Phase  1   experiences.     Ft will be noticed that the  Phase 1  conditions in several 

respects were atypical or at least not easily commensurable with conditions antici- 

pated for  Phase 2. 

4. 1 Land acquisition problems 

The Defence Construction Services of the Norwegian DOD agreed to take care of the 

land acquisition for the project.     Due to the very short time available, it was decided 

to restrict the choice of sites to ones within common land owned by the State or a 

community,   anticipating that this would facilitate land acquisition. 

This assumption held good in State-owned land (Oyer,   Borgseter);   no formalities 

were needed beyond simply to notify the proper authorities.     This was the case also 

at Falldalen when permission had first been obtained from the managing board of 

the community common land. 

Since such limitations obviously cannot be set for the  subarray pattern of Phase  2, 

a much longer period and larger effort must be allowed for acquisition of privately 

owned land.     However,   common land should be preferred when there is room for 

choice. 

4. 2 Siting of vaults and boreholes 

A complete evaluation of the quality of the siting of vaults and seismometer holes 

would have to balance seismic benefits against costs of each vault/hole.     This app- 

roach is clearly outside the present scope,   which is directed towards practical 

consequences of the siting. 

Judged by the relative smoothness of the vault construction and the drilling as such, 

the siting was as successful as could be expected.    Deep layers of overburden pre- 

sented drilling problems at some places.    Rock outcrops or sites with easily deter- 

minable and shallow overburden should be preferred.     If such a site is not available, 

the overburden should be thoroughly sounded to avoid the possibility of unsuccessful 

and expensive drilling/excavation operations. 

The siting in the terrain was largely done by one man on foot,   a sufficient effort for 

the rather limited Phase 1  task.     The siting job for the Phase 2 array is larger by 

an order of magnitude and the need for larger teams is obvious.    Use of helicopter 

is highly recommendable,   not only to cut down the time required but also to get a 

better general view of the transport and trenching problems related to each site. 
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4. 3 Problems in connection with construction and technical installations 

These problems have been dealt with in detail earlier in the report,   see Chapter 3. 

The rapid deterioration of working efficiency with onset of winter conditions was an 

overruling but not unexpected fact.    This concerned not only soil removal operations 

but hampered also the installation and checking of technical equipment. 

It is important that time schedules for future installation periods should reflect this 

unpleasant fact, and that implementation should keep pace with the completion dates 

stipulated. 

APPENDIX   1 

REPORTS AND EXCERPTS  FROM REPORTS  ON SEISMOLOGY   AND GEOLOGY 

Al. 1      Excerpts from a note dated 25 July 1967 from R Lerner and R Lacos,   LL consul- 

tants on noise coherency and SP subarrays seismometer spacing 

A 4 km spacing was originally chosen for the first Norway small array on the basis 

of Montana Coherency vs Distance Data.      Typically,   the coherency  is  changing 

slowly through 0. 5 at 4 km range and f = 0. 6 cps;    and,  at 1 cps,   the coherency is 

changing slowly through 0. 4 at this range.    Further data from Montana showed no 

difference in coherency between seismometers on the surface and those placed in 

deep holes. 

Data from Lillehammer       so far indicate   a different dependence of coherency on 

distance.     The conclusions would seem to be that coherencies of less than 0. 4 can 

be obtained at distances over 2 km and for frequencies of 0. 6 Hz and up.    Prelimi- 

nary further data from Lillehammer taken on a very noisy day is not inconsistent 

with the above conclusions. 

Perhaps Lillehammer is atypical,   and perhaps coherency depends differently with 

depth at Lillehammer as compared with Montana.    Further work with Lillehammer 

data is in progress.    But until further experience shows otherwise,   it seems that a 

3 to 4 km spacing will be conservative in Norway,   instead of 4 km being marginal 

as was originally thought. 
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On this basis,   it appears to i -. that any array layout which contains about 20 instru- 

ments  spaced in a convenient pattern 3-4 km apart will constitute a satisfactory 

small array for the noise study.    Anticipating that the coherency may be in fact low 

enough to permit closer  spacing in later  subarrays,   we urge that several of the in- 

struments be placed at 2 km or 1  km spacing. 

The Ringsaker array 

Al. 2      Excerpts from report by Mr John C Harlan,   President of Drilled Shafts Inc,   LL con- 
sultant on geology and drilling 

At the request of Major D D Young,  AFOSR and Mr William Best,  SRPG,  a visit was 

made to Oslo,   Norway,   to determine the capabilities of local water well drillers to 

drill approximately 20 holes some 160 mm in diameter and 60 meters in depth for a 

seismic array near 0yer,  Norway. 

Personal interviews were made with the two larger water well drilling contractors 

and an on-site inspection was made in the proposed a/ea of installation of the main 

array. 

Geology 

The area is located north of Lillehammer near the small town of 0yerP   Norway,   ^n 

a plateau some 1000 meters above sea level.     The area has been subjected to a 

north to south movement glacier. 

Outcrops of metamorphic rocks of Eocambrian age were observed.     These rocks are 

generally sparagmite with areas of quartzitic sandstone,  feldspars and isolated ex- 

posures of slate. 

The area contains several shallow lakes while a considerable portion of the area is 

covered with marshland and peat bogs. 

Glacial gravel was observed at the surface over the entire area,  apparently v   rying 

in thickness from one to three meters.     Large blocks were observed near the moun- 

tain peaks but not over the general area in large numbers as would normally be ex- 

pected from glacial erosion.    Peat moss covers the entire area and varies in thick- 

ness from three inches to as much as one foot.     It appears that solid bedrock will be 

encountered at depths less than 20 feet if the locations are kept away from the lakes 

or peat bogs. 

Drilling   contractors 

1) Selvik - This is apparently the largest of the drilling contractors in Norway having 

been organized in 1950.    Approximately 400 wells are drilled per year with 5000 

meters being drilled in Norway and 8000 meters being drilled in Sweden.    We were 

advised that three rigs could be made available for this project. 

The drilling units are small drills mounted on three wheels and transported as a 

trailer.    One man normally operates the rig.     The unit is apparently designed as a 

mining or blast hole rig and is manufactured by a Belgian corporation and designated 
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as the HS-5.     The downhole hammer is also Belgian made,   while the bits being used 

were manufactured in Sweden. 

We  were also shown his office,   warehouse,   and storage yard where he had in stock 

sonn; 700 feet of 125 mm diameter drill pipe which could be divided among the three 

rigf  available for drilling the  160 to 175 mm holes. 

Casing   and   hole    diameters 

A standard casing of 131 mm (5. 15 in.)inside diameter and 140 mm (5. 50 in.) outside 

diameter is immediately available for use in the holes.    Since the geophones that 

are planned to be used are 4. 75 in OD,  it is felt that this is the minimum diameter 

casing which could be safely used and still assure clearance for installation and re- 

moval of geophones. 

If the depth of the holes   is   not   greater than 30 to 40 meters,   it is folt that a 160 mm 

standard bit would be adequate to give the required clearance for easy installation 

of the casing.    However,   should the depth requirements be greater than 40 to 50 

meters it is felt that the hole diameters should be increased to 175 mrn.    It should 

be noted that 175 mm bits are larger than normally used and will require 30 to 60 

days delivery time. 

Considerations may be given to installation of the holes without casing other than 

the top two or three meters of unconsolidated material.     It is felt that the rock be- 

low the surface casing would remain open with no caving occurring.    This would 

greatly simplify the installation of the holes and certainly reduce the cost and con- 

struction time involved.    It should be pointed out that the water table without a con- 

tinuous casing would generally be five to fifteen feet below the ground surface. 

Conclusions 

1) It is felt that the drilling program as laid out is very little different from that 

the water well contractors have normally been using and they will experience little 

or no great difficulty in drilling the holes in the extremely hard formations. 

2) Since the contractors normally only set a few feet of casing in their water wells, 

they were reluctant to estimate just what difficulties would be encountered in set- 

ting the casing.     Therefore,   it may be necessary to furnish portable electric weld- 

ing machines,  welders and possibly portable derricks to install the casing since it 

cannot be done with the drilling rigs. 

3) It will apparently take one rig two weeks to drill a 160 mm hole 60 meters deep 

and set the casing (based on six shifts per week of eight hours each). 

4) The recent contour map of the area (Sheet 1817-1) was found to be quite accurate 

in detail and may possibly be used in locating the actual locations of each station 

without a survey. 

Re commendations 

1)   Negotiate separate contracts immediately with each of the two contractors to 

furnish all necessary drilling equipment,  labor,   tools,  bits,   transportation,  etc, 

' 
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to drill approximately half of the job with the understanding that either contractor 

could finish work not completed by the other.     Negotiations  should be on a footage 

basis but both contractors appear to be  reputable enough that an hourly basis could 

be just as advantageous. 

')   Schedule the noise level holes that are to be drilled north-east of Oslo first and 

■t started on them as soon as possible.     Geologic maps and reports along with sur- 

face geology indicate that this will be a more difficult area than the Oyer area. 

3) Determine as soon as possible the amount of casing to be cemented in order to 

plan the cementing procedures. 

4) Determine if it is possible to set the geophones under water in an open hole. 

A1. 3      Excerpts from report dated 8 Sep 1967 by Norconsult geologist on survey and siting 

of boreholes for Oyer SP subarray (original in Norwegian,  translation not official) 

Attendants at survey;       Mr Ronning,   Philco-Ford 

"     Christensen     " " 

"     Hatle,   Norconsult A/S 

Map reference; Gopollen 1817 I,   1967,   Grid zone  32V 

Air photo ref: Oyer,   series 3013,   1967,   scale 1:15000 

The boreholes are marked by wooden poles of length 2 m,   numbered from 1 to 20. 

Borehole   1 Map ref NP 849-01 5 
Photo "   El 5 

Borehole 1 is situated approx 100 m N of the road between Brettdalen and Akksj0- 

seter,   on a mountain terrace running E-W.     Bedrock is exposed several places and 

the area is treeless.    Depressions in the terrain are sparsely covered with morainic 

material with heather-humus on top. 

The upper layers of the bedrock consist of dark sparagmite with strike E-W and dip 

30    N.     Lower layers near the road contain a dark shale with strike and dip as above. 

The shale is less permeable than the spifagmite,   and the ground water emerges 

along the strike direction at road level as shallow ponds which are drained towards 

W. 

It is assumed that the ground water level at the borehole corresponds to the level 

of :he ponds    i e   6-7 meters below the borehole surface. 

The firm ground and slightly hilly terrain should present no transport problems. 

LP   vault 

Site for the LP vault was marked approx 50 m N of borehole 1.    The site is on a 

slope of loose deposits with rock outcrops visible at the top of the slope.    Bedrock 

foundation and easy drainage are both enabled by making a cut in the hillside adjusted 

to the vertical dimensions of the structure. 
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C T    vault 

A site for the CT vault was marked some 25 m W of borehole 1 ,   also on a small 

slope with rock outcrops at the top.     The above considerations  regarding foundation 

and drainage apply also here. 

Site    for    temporary    recording   house 

A site for the house was  staked on a small morainic ridge about half-way between 

borehole 1  and the road.     The site is well drained in all directions and the depth to 

bedrock is probably small. 

Water   supply 

Water for the house can probably be  supplied from a pond some  150 m from the site. 

The difference in altitude is about 3 m. 

It should be mentioned that an existing water supply for the mountain farms further 

downhill is by means of a plastic hose running from a well above the road (NW) and 

down to the road-fork near the house site,     This should be kept in mind when digging 

cable trenches in the area. 

Sewer 

The sewer may conveniently be led under the road and down the hillside below. 

Borehole   2A Map ref   NP 876-029 
Photo "    D17 

The borehole is staked W of and approx 150 m from the river Ner-Ästa.    There are 

outcrops of rock which have been worn by the river into flat benches.    The bedrock 

consists of light and dark sparagmite with some thin layers of dark shale.    The strike 

is E-W with dip 10    to the north.     There is a secondary cracking NNE,  with steep dip. 

Due to noise from the River Ner-Asta and difficult transport conditions it was de- 

cided to look for another site for this seismic point. 

Borehole   2B Map ref   NP 874-026 
Photo "    D17 

Borehole 2B is staked close to the trail from Akksj0seter,   approx 400 m closer to 

the house    at the descent to the valley by borehole 2A. 

It is situated in an open field covered by grass and surrounded by small trees.    Out- 

crops of rock cannot be traced in the vicinity,   but loose boulders consist  of dark 

sparagmite.    Depth to bedrock is estimated to 10 m.    A strip of bog running SE from 

the site down to the valley might facilitate digging of ditches 

Transportation of the drill rig from Akksjoseter to the site will be difficult as the 

trail is rough and stony,  but is feasible with powerful tractors. 

It is recommended that borehole 2B be used because of more favourable transport 

and seismic noise conditions.     Seismic  soundings should be performed to find the op- 

timum drilling point,   i e    the point having the least depth of overburden. 
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Borehole     3 Map ref    NP 919-036 
Photo "     D20 

Borehole   3 is staked on a long mountain ridge running NNW.     Outcrops of rock can- 

not be observed at the surface as the ridge is covered by morainic drifts consisting 

of gravel and flat boulders with a thin layer of heather humus.     The terrain is di- 

verse with scattered trees and open spaces. 

The borehole is staked approx 10 m E of the trail from B0saetra.     Nearby there is 

a depression in the terrain approx 6-7 m deep which is most probably a sunken 

moraine.     Approx 100 m E of the site and 10-12 m lower down there  is a bog.     The 

borehole was not staked in the depression itself because of the possibility of flooding. 

Depth to groundwater level will be about 10-12 m. 

Transport conditions are good,   the existing path from Bctsaetra being firm and free 

from large boulders. 

It is recommended that the depth of the overburden by checked by means of seismic 

soundings in order to find the best site for the borehole. 

Borehole    4 '     Map ref   NP 876-066 
Photo "    C17 

The map-derived site for borehole 4  turned out to be in the middle of a bog,   and 

was immediately rejected due to impossible transport conditions and non-existence 

of rock outcrops. 

The new site for borehole 4 is about 600 m closer to point 5,  i e   at the  S-E end 

of Skyttilhaugen. The area has some forest and marshy tracts. 

There are some outcrops and the rock is a dark sparagmite with numerous quartz- 

itic veins oriented independent of the stratification.     The strike of the rock is E-W 

and dip about 60    N.     The rock forms horizontal benches and there are secondary 

cracks: in NS and NW direction with steep dip. 

About 7 m further south and 1 m lower,   there is a marshy tract  which indicates 

the ground water level in this area. 

Transport conditions are very poor.    Only a very primitive track leads to the site 

and this track has obstacles in the form of large boulders,  passes through swampy 

bogs and crosses creeks on rudimentary bridges. 

It is recommended that helicopters be used for transport of drill rigs to borehole 4. 

Borehole   5 Map ref   NP 853-056 
Photo "    C15 

Borehole 5 was staked on a small rock terrace about 100 m N of the cross-roads 

at Djupslia. 

At the request of Mr Brown,   LL,   borehole 5 was moved about 500 m W along the 

road passing Djupslia.     This was done in order to maintain a distance of 3 km be- 

tween boreholes 4 and 5. 
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Borehole    5 Map ref   NP 848-058 
(corrected) Photo "     C15 

Borehole 5 is staked on a mountain terrace running E-W about 100 m N of the road 

passing Djupslia. 

The area has rock outcrops,   sparsely covered with quarternary deposits and forest 

and heather on the surface. 

The rock consists of slaty,  dark sparagmite with some sulphide minerals.   The strike 

is  EW,   and dip about 70    N.     Ground water level is probably below the bottom of a 

15m borehole. 

Access is from a nearby road up a gentle slope in slightly hilly terrain and transport 

conditions are quite gocd. 

Borehole   6 Map ref   NP 856-089 
Photo "    B16 

Borehole 6 is staked at the top of a small mountain ridge about 200 m W of the chalet 

Tautra. 

The site has rock outcrops with some quarternary deposits in the depressions of 

the terrain,   and there are no trees. 

The rock is sparagmite with some separate quartzitic veins.     The strike is E-W 

and dip 80    N.    Secondary cracks have strike NS with steep dip.     There is also 

horizontal cracking in benches with dip about 10   S.     The rock is cracked in a great 

cubic pattern,   giving a massif appearance. 

From the top of the mountain ridge to a sii.all bog on the NW side,   the difference in 

altitude is about 10 m.   The ground water will probably be at this level in the bore- 

hole. 

Access is via the chalet Tautra, along an undulating and winding track with steep in- 

clines. Transport conditions are very difficult and it necessary to use very powerful 

tractors to force these steep slopes. 

It is recommended that helicopter transportation to borehole 6 be considered. 

Borehole   7 Map ref   NP 817-088 
Photo "    BIL 

Borehole 7 is staked near the top of a mountain ridge,  about 400 m E  of the chalet 

Flätämoslaeen. 

The site has outcrops of rock with some quarternary deposits in depressions  in the 

terrain,   and there are no trees. 

The rock   is dark sparagmite with numerous quartzitic veins and some pyrite.     The 

strike  is  E-W and dip 45    N. 

Ground water level is deep because the mountain ridge is drained in several direc- 

tions and there is no reason to anticipate difficulties on this  account. 

Transport conditions are good,     liiere  is easy access from the road south of the 

borehole in slightly hilly terrain. 
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It is recommended that ground water in the borehole be tested for corrosivity 

against concrete and steel. 

Borehole    8 Map ref   NP 825-033 
Photo "     D13 

Borehole 8 is marked about 1 00 m on the W side of the road passing Nysetra, and 

about 1200 m NE of this chalet. 

This site is on a typical till where the deposits consist of gravel and heather bog. 

The area has only a few trees with some heather humus around the bog areas. 

About 100 m W of the borehole and about 2 m lower down,   there is a swampy bog. 

Groundwater level will probably be high in this hole. 

Transport conditions to the borehole are very good,   over a firm,   even moraine. 

It is recommended that seismic soundings be made in the area in order to find the 

best site for the borehole. 

Borehole   9 Map ref   NP 788-064 
Photo "    C9 

Borehole 9 is staked about 3 m W of the end of a minor road,  S of Varg0ymyra. 

The site consists of dense brushwood of birch. The quarternary deposits consist 

of gravel and great boulders. Bedrock is to be found about 30 m S of this site on 

private property,   G nr 90,   b nr 2,   belonging to Ola Krlb0l,   0yer. 

The rock is light and dark sparagmite with some thin layers of dark shale.    The 

strike is E-W and dip about 65    N. 

Groundwater can be seen at the surface as a spring about 4 m lower than the bore- 

hole.    It is therefore probable that the ground water will be high in the  hole. 

Depth to bedrock is probably small because there is exposed rock close by. 

Transport conditions are good and it is possible to drive by car to the drilling site. 

It is recommended that the ground water be tested for corrosivity. 

Borehole    10 Map ref   NP 765-015 
Photo "    E8 

Borehole 10 is staked about 100 m S of the chalet Sydda on a gentle incline. 

The site has rock outcrops at several places and is covered by a thin layer of gra- 

vel and turf.     There are no trees in the area. 

The rock is a very slaty, dark sparagmite shale, with grains of pyrite and chalco- 

pyrite.    Strike is E-W and dip 40    N. 

About 40 m below the borehole, there is a spring and well. The difference in alti- 

tude from tie well to the top of the borehole is about 6 m. Ground water is there- 

fore expected to be high in the borehole, 

Transport conditions are good.    It is possible to drive by car to the drilling site. 

It is recommended that the ground water be tested for corrosivity. 
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Borehole    11 Map ref   NP 813-998 
Photo "    B12 

Borehole 11  is marked off about 700 m E of Storhaugen on a rising at the S end of a 

bog. 

The site has rock outcrops and is covered by a thin layer of gravel.     There is heather 

humus in depressions in the terrain,  and there are no trees in the area. 

The rock is dark sparagmite with quartzitic veins.    Strike is E-W and dip 75    N. 

There are secondary crackings with strike NS and steep dip,  and horizontal cracking. 

The rock thus has the appearance of blocks. 

Difference in altitude to the nearby bog is about 10 m.    Ground water is therefore ex- 

pected in the lower parts of the borehole. 

Transport conditions are difficult because there is neither road nor track to the site. 

The most appropriate access route will be on the W and S side of the bog along Stor- 

haugen.     The ground here is firm but hilly. 

Borehole    12 Map ref   NP 782-985 
Photo "    F7 

Borehole 12 is sited on a small elevation in the terrain about 500 m NE of Steinsetra. 

The site has no outcrops and the ground consists of moraine with gravel and large 

boulders.    It is difficult to ascertain the depth to bedrock because there are no out- 

crops in the vicinity,   but it is probably great since the mountain here inclines gently 

down to Gudbrandsdalen and great morainic deposits have been pushed in this direc- 

tion. 

There are boggy areas to the N and E,   the difference in altitude from the top of the 

borehole being about 5 m.    Ground water is expected to be high in the borehole. 

Transport conditions from the road to the borehole are good.    The distance is about 

100 m in gentle,  hilly terrain. 

It is recommended that seismic soundings be performed before drilling begins. 

Borehole   13 Map ref   NP 808-963 
Photo "    G9 

Borehole 13 is staked at the S end of Stormyra,   about 100 m from the road. 

The   site has no outcrops and the soil consists of moraine with sand,   gravel and large 

stones.     The moraine has dammed up Stormyra bog on the S side,  and it is therefore 

likely that the moraine has low permeability.     The difference in altitude from top of 

borehole to the bog is about 2 m,   and it is probable that there will be ground water in 

the hole.    The area has some scattered brushwood and heather humus in the higher 

parts. 

With regard to quarternary deposits,  the same conditions   apply as for borehole 12, 

i e   probably great depth to bedrock. 

Transport conditions to the borehole are good,   in gentle   hilly,   but firm terrain. 

It is recommended that seismic soundings be performed before drilling commences. 
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Borehole    14 Map ref   NP 843-974 
Photo "    F12 

Borehole  14 is staked on a long mountain ridge about 200 m E of the road passing 

HtfgSsen.     The site has exposed rock with some  soil in depressions in the terrain. 

The rock consists of a hard,   dark sparagmite with some biotite and pyrite.    Strike 

is NW and dip 70    N.    Secondary cracking runs ME with a steep dip. 

The mountain ridge forms a natural dam for a bog on the N side with a marsy tract 

between the borehole and the road,  down to a lower level in the S.    The area has 

some widely scattered brushwood with peat and heather humus on the surface. 

The ground water level is indicated by two dams NE of the borehole with a differ- 

ence in altitude of about 2 m.     The rock is however very massif,   so there will not 

necessarily be ground water in the borehole. 

Transport conditions are good except for the above-mentioned 20 m wide marshy 

tract. 

It is recommended that the ground water be tested for corrosivity. 

Borehole    15 Map ref   NP 844-936 
Photo "    HI 3 

Borehole 15 is staked about 400 m on the N side of the road passing Veslesetra. 

The site is on a flat moraine mound with soil consisting of gravel and scattered 

boulders.     The area has only a few scattered bushes and heather humus on the sur- 

face. 

Depth to bedrock is uncertain because there are no outcrops in the immediate vicin- 

ity. 

On the W side of the borehole there is a bog,   the difference in altitude being about 

15 m.    Ground water is expected to be at this level,  maybe somewhat higher. 

Transport conditions are fairly good.    Access is along an undulating trail and it is 

necessary to use a tractor. 

It is recommended that seismic soundings be performed before drilling borehole 15. 

Borehole    16 Map ref   NP 873-941 
Photo "    Hll 

Borehole 16 is staked about 150 m N of Sj0saetra in terraced terrain,   the mountain 

ridges running E-W.     There are no trees on the site.     The surface is covered by 

heather humus and grass turf. 

Outcrops can be   seen at several places and the rock is dark sparagmite with some 

scattered grains of pyrite.    Strike is E-W and dip 70    N.    Secondary cracking is 

N-S with steep dip.    There is also horizontal cracking,  forming terraces. 

At the borehole there is about 2 m of morainic drift. 

In the same area there are several springs which emerge near the borehole.     The 

ground water will undoubtedly be high in the borehole. 
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Access is from a nearby road and transport conditions are good.     The terrain is 

mostly meadow with some scattered stones. 

It is recommended that the water be tested for corrosivity. 

Borehole    17 Map ref   NP 875-984 
Photo "     F15 

Borehole  17 is  staked about 200 m N of the chalet Brennlia on a long mountain ridge 

running E-W. 

There are no trees and the surface is covered by a thin layer of morainic drift with 

heather humus on top.     Depth of the moraine is estimated to be 1  m.     E of the point 

there is exposed rock,   a light sparagmite with quartzitic veins.     Strike is  E-W and 

dip 60    N.    Secondary crackings run NW with steep dip,   and horizontally forming 

terraces. 

The site is drained in several directions,   and it is assumed that the borehole will be 

dry.     Water for the drilling may be problematic. 

Transport conditions are very good since a car can be used to the borehole. 

Borehole    18 Map ref   NP914-968 
Photo "     G(F)20 

Borehole  18 is  staked about 40 m S of the road passing Brennhaug on a steep hill 

facing south,   by the river Gjaesa. 

The terrain consists of talus masses from the mountain above and quarternary mor- 

ainic deposits with gravel and groat boulders.     The site is on the E side of a clearing 

where the rock is exposed at the edge of the woods.    South of the point there is an 

E-W dislocation where the depth to bedrock may be great owing to the talus masses. 

A Korehole at a point where bedrock is  sure to be reached was preferred,   even 

though the distance to the road above is short. 

The rock is light sparagmite with strike  E-W and dip 80    south.     Secondary cracking 

is N-S and dip 60° W, 

A few meters W of the point there is a spring,   but on account of the intense cracking 

towards the valley,   it is assumed that the hole will be nearly dry. 

Transport conditions are fairly good,   along an old steep trail. 

Borehole   20 Map ref   NP 841-011 
Photo "    E14 

Borehole 20 is marked off about 1 00 m E of the road through Brettdalen,  located on 

a hill facing south. 

There are no trees in the area and the ground consists of moraine with grass peat 

and heather humus on the surface. 

Rock outcrop was not observed in the vicinity,   but in the hills above  Brettdal there 

are  some  E-W mountain ridges that have outcrops. 

The depth of the soil is uncertain,   but is assumed not to be too deep.     About 10J m 

S of the point there was observed a side moraine and an esker. 
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Depth to ground water  is assumed to be about 10 m,   corresponding to the difference 

in altitude between the borehole and a nearby  bog. 

Transport conditions  are  good.     It is possible to drive to the borehole by car. 

It is  recommended that seismic  soundings be performed around borehole 20 in order 

to try to find a better site. 

Al . 4      Report dated 8 March 1968 from Norconsult AS on seismic  soundings at Oyer   dur- 

ing the period 6-16 September 1967 

Introduction 

Norconsult A/S has been assigned by the NDRE,  Kjeller,   to evaluate the subsurface 

conditions in connection with the drilling of seismometer holes for the seismic sta- 

tion at Oyer,   Lillehammer.    As part of this work,   seismic soundings of the loose 

deposits have been carried out at 8 different areas within the project site during 

the period of September 6-16,   1967.     The purpose of the  soundings has been to find 

the locations where the depth to bedrock is most shallow in order to reduce,   or pos- 

sibly eliminate drillings  ir. the loose deposits.     Where the depth to bedrock is less 

than 4 m,   one counts on being able to replace the drillings with excavation to bed- 

rock. 

Program   of   measurements 

The program of measurements comprises 8 different areas of measurement placed 

with 3-5 km in between.     The layout is shown in Figure Al. 1.     In the terrain the 

areas are marked by baseplugs numbered Hole 2B,   3,   8,   12,   13,   15,   19 and 20. 

Within each area two 105 m long profiles were measured with intersection above 

the primary selected point of drilling.     The location of the profiles has otherwise 

been determined by proximity to roads,  and peat bogs have been avoided as far as 

possible. 

A plan of the profiles within the different areas is shown in Figure Al. 2. 

Measuring   equipment,    personnel,    extent   of   measurements 

The extent of the technical investigations is shown in the table below which gives 

time spent,   measuring equipment,   personnel,   material used etc: 

Period of measurements: 

Personnel: 

Profiling: 

Method of investigation: 

Apparatus applied: 

Elevation basis: 

Element of investigation: 

September 6 -  16,   1967 

Ing Sundin and Ing Wedberg,  A/S Seismiske 
Malinger and 3 assistants 

Ing Kristiansen,  Norconsult A/S 

Seismic refraction 

Semab,   22 channels 

Local elevation system in meters 

Land 
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Figure Al. 2     Orientation of seismic sounding profiles 



- 89 

Loose deposits: 

Local transportation: 

Preliminary result: 

Time spent: 

Journeys and preparations: 

Field work: 

Material used: 

Number of profiles: 

Total length of profiles: 

Length of profiles with 
velocity measurements: 

Number of initiation points: 

Number of soundings 

Median depth of loose deposits: 

Total depth measurement: 

Moraine 

Cars and tractors 

Results given continuously 

9 days 

2 days 

7 days 

7.4 kg dynamite and 120 percussion caps 

16 

1 600 meters 

1 600 meters 

80 

352 

6. 4 meters 

2609 meters 

Results    of   measurement; 

The results of the measurements are given below: 

Profile No 

Hole 2B I 

Hole 2B I 

Hole 2B II 

Hole 3 I 

Hole 3 II 

Hole 8 I 

Hole 8 II 

Hole 12 I 

Distance along the profile 
(meters) 

2 5 
27 5 
52 5 
77 7 

102 5 

2 5 
27 5 
52 5 
77 5 

102 5 

2 5 
27 5 
52 5 
77 5 

102 5 

2, 5 
27. 5 
52. 5 
77. 5 

102. 5 

2. 5 
27. 5 
52. 5 
77. 5 

102. 5 

2. 5 
27. 5 
52. 5 
77. 5 

102. 5 

2, 5 
27. 5 
52. 5 
77. 5 

102. 5 

Depth Remarks 
(meters) 

6,0 Local elevation system 
3. 5 
4. 5 W -  E 
5. 0 

5. 6 

4. 1 1 = 50/11-30 
4. 5 
2. 3 
2. 5 N - S 
3. 8 

7. 3 
6.9 
4. 6 NW - SE 
5. 2 
6. 2 

5. 3 I- 50/11= 30 
4. 1 
7. 0 
8. 5 SW - NE 
6.9 

4. 5 
3, 7 
4. 2 N - S 
4. 3 
4. 3 

4. 1 1 = 55/11 = 50 
3. 3 
4. 4 
4. 7 NW - SE 
5. 2 

4. 5 
4. 5 
5. 5 N - S 
2. 8 
2. 5 
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Profile No Distance along the profil e                 Depth Remarks 
(meters) (meters) 

5. 2 Hole 12 II 2. 5 I = 20/11 = 50 
27, 5 4. 6 
52. 5 4. 7 
77. 5 4. 3 W  -  E 

102. 5 4. 1 

Hole 13 I 2. 5 3. 1 
27. 5 3. 1 
52. 5 5. 8 NW  - SE 
77. 5 4. 9 

102. 5 5. 3 

Hole 13 II 2   5 4. 0 I - 40/11 = 10 
27. 5 4. 3 
52. 5 5. 0 
77. 5 5. 0 SW - NE 

102. 5 4. 8 

Hole 15 I 2. 5 9.2 
27. 5 10. 2 
52. 5 7. 7 W  -  E 
77. 5 8. 1 

102. 5 7, 7 

Hole    5 II 2. 5 11. 1 1-- 50/11 = 50 
27. 5 11. 0 
52. 5 6, 3 
77. 5 7. 3 N - S 

102. 5 8. 6 

Hole 19 l 2. 5 9. 0 
27  5 8. 2 
52. 5 4. 7 NW - SE 
77. 5 1, 5 

102. 5 1. 9 

Hole 19 II 2. 5 9. 0 1= 105/11= 5 
27. 5 7. 7 
52. 5 2. 5 
77. 5 4, 1 SW - NE 

102, 5 3. 3 

Hole 20 I 2. 5 11. 1 
27. 5 9.6 
52. 5 8. 3 SW - NE 
77. 5 8. 7 

102.5 9.8 

Hole 20 II 2. 5 9.5 1 = 20/11 = 50 
27. 5 8.4 
52. 5 10. 7 
77. 5 12. 9 NW - SE 

102. 5 12. b 

The results of the soundings and profiles carried out that indicate the estimated 

depth to bedrock are shown as 16 profiles in figures Al. 3 and Al. 4. 

Conclusions 

Most of the seismic sounding points indicate a shallow depth to bedrock.     It has 

been possible to place the points such that only two drill holes   (20 and 15)   would 

have to penetrate more than 4 m of loose deposits. 

The most shallow depth to bedrock within each area of measurement is obtained by 

placing the drillholes   at the following locations: 
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Hole No          Least depth of loose deposit 
(meters) 

2B 2,3 

3 4. 1 

8 3. 3 

12 2. 5 

13 3.1 

15 7. 3 

19 1.5 

20 8. 3 

Position 

27 m S     of baseplug 

2 i '    SW " 

23 ' 1   NW " 

82 ' 'S" 

13 ' 1   NW " 

27 ' 'S" 

25 ' '   NW " 

32 ' ,    SE   ,, 

Al. 5      Coordinates of seismic points,   NORSAR Phase  1 

Seismic 
point 

Sta- 
tus 

Cart 
0N 

e s i a n 
0E 

U T M   -   s 

X 

y s t e m 

Y 

Altitude 
in meters 
above  sea 
level 

lOY (1) 61o20'13.4546" 10o35'   8.2385" 6801524,999 584847,858 974,54 

1A1 (81 6lo21'17,2450" 10o32,36, 2904" 6803444,364 582542,923 922,22 

1A2 (9) 61022'59,9818" 10o28'25, 5383" 6806536,715 578746,490 904,95 

tA3 (7) 6l024,13,9576" 10o31'50.608il, 6808895,390 581736,124 1004,6 3 

1B1 (5) nu 

1B2 (6) nu 61024M2. 8450" 10o36,14,4468" 6808954,975 585649, 818 1024,79 

1B3 (4) nu 61022'57. 8984" i0o38l22,922211 6806683,760 587613,428 970,82 

1C1 (2) 6lo20'46. 2759" 10o38'  4.0405" 6802604,810 587435,264 918,80 

1C2 (31 6l021,12,9977" 10o43'  4,9589" 6803546,275 591884,295 961,67 

iC3 (19) 6^019,29.9726,l 10o42l49. 3073" 6800353   020 591735,483 799,45 

1D1 (171 6l018,32, 0614" 10O38l   0,6381" 6798451,451 587488,536 931,81 

1D2 (18) 6l017'38, 2190" 10o42'20, 3333" 6796884,583 591395.026 864,40 

1D3 (16) bi0ib'   9,3848" 10o37l45,445r' 6794031,946 587372,649 990,42 

1E1 (14) nu 61018l   0.8621" 10O34'18,854911 6797405,276 584212,669 929.51 

IE2 (15) nu 

1E3 (13) nu 

IFl (ID 6lo19'24,1201" 10o31'   5,7732" 6799913,060 581279,788 989,98 

1F2 (12) nu 

1F3 (10) nu 

1F4 (20) 6lo20l   2,2700" 10o34'17, 3629" 6801160,699 584100,071 928,35 

Table Al. 1     (Iyer  subarray coordinates 
(nu =  not in use,   incomplete hole or  seismometer  not installed,   ref 
Figure 2. 13). 
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1                 Seismic 
1                 point 

Cart 
0N 

a s i a n 
0E 

U T M   -   s 

X 

y s t e m 

Y 

Altitude 
in meters 
above sea 
level 

SH 1 

!                 DH1 

60o38,18, 1616" 

60o38,18,2460" 

11028,13, 3811" 

11028'13,1265" 

6725207,163 635114,040 361,79 

1                 SH 2 
1                 DH 2 

60o36'48,7306" 

60o36'48,7338" 

llo28'38,2305" 

llO28'38,6270" 

6722455,743 

6722456,071 

635595,715 

635601,738 

329,92 

330,15 

1                 SH 3 60o36l14,2174,, llO29'13,0297" 6721408,416 636165,031 374,50         j 

1                  SH 4 60o36,12,7661" llO27'25.3085" 6721301,932 634528,920 301,74         | 

1                 SH 5 60o36'47,6803" 11C,30'24,5923" 

Table Al. 2     Falldalen SP noise  study array coordinates 
(SH = shallow hole,    DH = deep (60 m) hole) 

[     Seismic 
1     point 

Cart 
0N 

e s i a n 
0E 

U TM   -   s 

X 

y s t e m 

Y 

Altitude        j 
in meters 
above sea 
level 

I     0ycr 
|      LPV 

bi^o'^sses' 10o35'   7,5135" 6801569,030 584836,008 978,43 

1     Falldalen 
1      LPV 

60O36'23,0274l Ho28'50,9784" 6721668,190 635819,482 354,62 

1     Borgseter 
1     LPV 61025,24,7539l 12022'58,2546" 6814808,079 680475,193 688,08 

Table Al , 3      Long period array coordinates 

APPENDIX    2 

CABLE   SPECIFICATIONS   AND   TESTING 

A2. 1      Cable for transmission of analog signals (and power)  WHVs  -  DRC,   STK type A12 

0. 91   EWBP -  52P (Figure A2. 1) 

Specifications 

Specifications are based on US REA specifications  PE-23 of January  1963;    small 

deviations  from these are  specified. 

Number of pairs 

Conduc 'or s 

Insulation 

12 

0. 91   mm Cu (19 AWG) 

0. 375  mm PE 
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Colour codf 

Inner mantle 

Shield 

Outer mantle 

Sheath 

Corrosion protection 

Outer diameter 

1 Wh   JMue 
2 Wh   Or 
3 Wh   Green 
4 Wh   Br 
5 Wh   Grey 
6 Red   Blue 
7 Red   Or 
8 Red   Green 
1 Red   Br 
10 Red   Grey 
1 1 Black   Blue 
12 Black   Or 

1 . 3  mm PE,   black 
(REA:  50 mils  -   1 . 27 mm) 

0. 2 mm single coated aluminium   PE laminate 
+ 1   mm     tinned,   flat-rolled copper  litz wire 

1 mm thick,   black PE,   laminated to shield 
(REA:  1. 02 mm) 
Outer diameter   16.5  mm 

2 layers of galvanized band steel, 
18 mm x 0. 3 mm each 

1. 3 mm PVC,   black 

20.5 mm 

Figure A2. 1      Signal cable 

Testing 

100"', of delivered cable lengths have been subjected to the following tests: 

High tension: 

Conductor/conductor 
Conductor, shield 

Continuity and short circuits: 

Shielding 
Pairs 

Samples (50-70"'.) measurements: 

Loop (pair) resistance 
Unbalance 

Insulation  resistanci 

4.5 kV DC for  3  seconds 
20    kV DC      

57^   km at 2 0    C 
max mean 0.656       km 
max max    2. 62 km 

1 bOO megohm ■ km 



- 96 - 

Cross  capacitance 

Pair   pair unbalance 

Crosstalk at 150 kHz: 

Mean far-end crosstalk rms 
(a few measurements) 

Pair-Shield unbalance 

Air pressure test: 

Inner mantle 
Max pressure decay in 1  hr 

min mean  47. 3 nF/km 
max mean 56. 0 nF/km 

max mean rms 40    pF/lOOO ft 
max max 160 pF/I 000 ft 

<73 db/1000 ft 

max mean 100 pF/l000 ft 
max max    500 pF/1000 ft 

0. 85 kp/cm, 
0. 07 kp/crr/ 

Splicing   of   signal    cable 

Figure A2. 2 is a sketch depicting the splicing in principle. 

.RESIN UNDER PRESSURE 

POXY RESIN 

RMOUR CONNECTION 

SHIELD CONNECTION 

Figure A2, 2     Signal cable splice 
Al - aluminium shield,    Sh - sheath 

A2. 2      Communications cable,  STK types 

L14-0. 9 KABA - 37 D (earth cable) 
L14-0. 9 KAWP-  37 D (overhead cable) 

Spec ifications   (NTA Specifications 14C) 

No of pairs 

Insulation 

Shield 

Inner mantle 

Sheath 

Outer mantle 
(corrosion protection) 

Cross capacitance 

Side   side unbalance, 
max mean 
max max 

Earth Overhead 

14 14 

paper paper 

0, 9 mm AI 1 . 1  mm Al 

1. 5 mm PE - 
20x0. 5 band steel 7x1.4 mm 

asphalt + iute 

37 nF/km t 5% 

40 pF   230 m 
150 pF '2 30 m 

support wire 

1. 3 mm black PVC, 
cross section as figure 8 

3 7 nF/km f 5% 

40 pF/230 m 
150 pF/230 m 
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Karth Overhead 

Side   earth, 
max mean 1 50 pF   230 m 150pF./230m 
max max 600 pF   230 m 600 pF   230 m 

Pai r/pair, 
max 100 pF   230 m 100pF/230m 

Testing    (earth and overhead cable equivalent) 

Insulation 10 000 megohm ■ km 

High tension 
conductor   conductor 500    V DC 
conductor/mantle 2000 V DC 

APPENDIX    3 

SEISMOMETER AND   WHV CIRCUITRY SPECIFICATIONS AND WIRING DIAGRAMS 

A3. 1      HS-10-1 (ARPA) SP seismometer specifications 

Generator constant 846 V/'m   sec at 3 c   s and 0. 707 critical damping 

Natural frequency 1.0 es t  3ao 

DC resistance 50 000 ohms t  S0^  (coil centre tapped) 

Moving mass 825g±1.5'r'o 

Calibration coil 
Motor constant 0. 0326 newtons amp 

Calibration coil 
Sensitivity 1  millimicron   microampere 

Outer case test pressure 250 psi 

Outer case dimensions 4. 75 in.   OD by 1 1 . 25 in.   long 

A 3. 2      IP seismometer specifications 

Model    7505R    L P    vertical    seismometer 

DC power required 4. 0 V DC.   150 mA 
24    V DC,   35 0 mA 
18    V DC,   1. 5  mA 

Weight 160 lbs (72. 5 kg) 

Dimensions 15. 5 x  1 2 x 24  inches 
393. 7 x   304. 8 x 609. 6 mm 

Natural period 10 to  30 sec.   adjustable 

Weight of inertial mass 1 0 kg ±   1 "', 

Spring rate 10. 3 lbs   in.  t   3"'^ 

Critical damping resistance 90 times  natural period,   in ohms  t 3 "0 

Transducer 
Type Moving coil 
Damping Electromagnetic 
Flux densitv in air gap 1950 ±   100 gauss (max) 
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Coils 
Data coil 

Number of coils 
Terminal resistance 
Turns 
Wire size 
Effective generator 
constant 

Calibration coil 
Number of coils 
Terminal resistance 
Turns 
Wire size 
Effective motor 
constant 

Damping coil 
Number of coils 
Terminal resistance 
Turns 
Wire size 

1 
50000 ohms +10% at 25° C (770F) 
22500 
No 47 AWG 
750 V - s/m i 2% 

0. 2 ohms i 0. 05 ohms at 25° C (77° F) 
1 
No 36 AWG 
0. 032 newtons/amp i 0. 0025   newtons/amp 

1 
580 ± 20 ohms at 25° C (77° F) 
3260 
No 36 

Mass position monitor (mounted on seismometer) 

Output Zero to ± 1. 5 V DC,   zero to 1 50 nA 
Power required 18. 0 V DC,   1. 5 mA 

4, 0 V DC,   150 mA 

Remote centering unit (mounted on seismometer) 

Motor type 
Speed 
Power required 

DC 
60 rpm t 10% 
24 V DC,   100 mA 

Remote centering device (external to seismometer) 

Motor type 
Speed 
Power required 

Environmental characteristics 

Temperature 

Relative humidity 

Altitude 

Vibration 

Shock 

DC 
60 rpm t 10% 
24 V DC,   350 mA 

0oC to 60° C (32° F to 140° F) OPERATE 
-20° C to 60° C (-40F to 140° F) STORAGE 

0 to 95% OPERATE 

15 000 ft OPERATE 
50 000 ft STORAGE 

Zero (Operate) 
Will withstand all vibration encountered in nor- 
mal shipping and maintenance (transit) 

Will withstand all shocks encountered in normal 
shipping and maintenance 

Model   8700D    LP   horizontal    seismometer 

DC power required 

Weight 

Dimensions 

Natural period 

Weight of inertial mass 

Transducer 
Type 
Damping 
Flux density in air gap 

4. 0 V DC, 150 mA 
24 V DC, 350 mA 
18    V DC,   1. 5 mA 

115 lbs (52, 2 kg) 

15. 5 x 12 x 24 in.   (394 x 305 x 610 mm) 

10 to 30 sec,   adjustable 

1 0 kg t 1 % 

Moving coil 
Electromagnetic 
1950 + 100 gauss (max) 
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Coils 

Data coil 
Number of coils 
Terminal resistance 
Turns 
Wire size 
Effective generator 
constant 

1 
50000 ohms t  10%  at 250C  (770F) 
22500 
No 47 AWG 
750 V- s/m ± 2% 

1 
0. 2 ohms +0.5 ohms at 25° C (77° F) 
1 

Calibration coil 
Number of coils 
Terminal resistance 
Turns 
Wire size No 36 AWG 
Effective motor constant     0. 032 newtons/amp ±  0. 0025 newtons/amp 

Damping coil 
Number of coils 1 
Terminal resistance 580 ± 10 ohms at 25° C (77° F) 
Turns 3260 
Wire size No 36 

Mass position monitor (mounted on seismometer) 

Output Zero to ± 50 |iA 
Power required 18. 0 V DC,   1. 5 mA 

4. 0    V DC,   150 mA 

Remote centering device (external to seismometer) 

Motor type 
Speed 
Power required 

DC 
0. 625 rpm t 10% 
24 V DC,   350 mA 

A3. 3      Type RA-5 amplifier  specifications 

P o w e r 

Voltage 

Current 

+ 18 V DC and -18 V D^ 

Dependent on number of boards used.     A 3-channel 
basic  system requires        ^roximately 16 ma at 
+ 18 V DC.     With the addition of three each 24 db'' 
octave filters,   three each 26 db/octave filters 
and six each differential output amplifiers,   re- 
quirements are approximately 25 mA at +18 V 
DC and 5 ma at  -18 V DC. 

Signal    channe 

Input impedance 

Input noise voltage 
(equivalent) 

Input type 

I nput voltage 

Source requirements 

Set by input attenuator if one is used.     Without 
attenuator,   will consist of a capacitive compo- 
nent of approximately 800 a^iF   in parallel with a 
resistive component of more than 1000 megohms. 

Less than 0. 05  nV rms over a frequency band 
from 0. 8 to  10. 0 cps. 

Differential and floating 

30 mV-pp before clipping 

Resistive path of 50 megohms or  less must ap- 
pear across input terminals either by source or 
by resistor added at input terminals of data chan- 
nel. 
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Frt'qurncy response Without optional filtering,   not more than 3 db 
down at 0. 00^  cps  and  1200 cps 

Preamplifier voltage  gain 180 at detector  output.     Variable  Irom  100 to 
250 

High-level output  voltage  gain To customer's  spi-cifications 

Offset output voltage 
Detector output Adjustable, 6 V DC (±2 V DC) 
Multilevel amplifier Adjustable, normally set at 0 V 
Differential  amplifier Adjustabh , normally  set at 0  V 

Output  Signal  level 
Detector output Minimum of 8  V-pp before clipping 
Multilevel amplifier Minimum of 28  V-pp with 118 V DC power 

source 
Differential amplifier Minimum of 56  V-pp differential ±18 V DC power 

source 

Dynamic  range 
Detector output 106 db with gain of 180 
High-level amplifier output   100 db with overall single-ended gain of 1000 

Output impedance 
Multilevel amplifier Less than 5 ohms 
Differential amplifier 5 ohms,   each leg 

Filter Response All similarly specified 3 db points (±1 db) will 
track from channel to like channel 

Crosstalk At least 54 db down between channels 

Environmental    gain    stability 

Temperature Not more than 3 db variation from nominal over 
a temperature range from -30° C to +50    C 

Power Not more than 1  db variation from normal with 
change in positive  supply from +15 V to +28 V 
or with negative supply change from  -15 V to 
-28 V. 

Detector DC offset variations Not more than ±3 V DC change with temperature 
related to temperature changes change from -30    C to +50   C 

Shock Will withstand normal shipment by commercial 
carrier including air freight 

Physical 

Size 7 in. x 5 in.  x 1 3| in. 

Weight Dependent on number of boards.     Basic system 
weighs approximately 45 oz 

A 3. 4      AB and  TB circuitry diagrams 

Figures A3. 1  through A3. 8 give details of the  WHV circuitry except for  internal 

RA-5 amplifier. 
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CAL. 
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SEISS BY-PASS 

SEISS BY-PASS 

CD 

Figure A3. 4      Uinction box    wiring diagram;   type lOY(l) 
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BLU. 

Figure A3. 5     Junction box,   w-ring dia^rarq;   type branching point inner hexagon 
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Figure  A^. 6      Junction box    wiring diagram;   type outer hexagon,   left branch 
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BLU 

Figure A3. 7     Junction box wiring diagram;    typt' outer hexagon,   right branch 
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BLU, 

Figure A3. 8     Junction box wiring diagram;    type 1F4(20) 
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APPENDIX    4 

DATA   CONCERNING   BOREHOL1.   DRILLING 

A4. 1      Statistics,   drilling and casing operations 

Borehole 
number 

Transport Drilling Casing Overl Durden De lays 

Rennarks Manh Manh Machh Manh Digging Drilling Manh Machh Manh Machh 

lOY(l) 19 16. 5 5 25 7 10 
1C1  (2) 43 19. 0 4 18 22 
1C2 (3) 93.5 13. 5 6 30 30. 5 
1B3 (4) 23 7 38 58 
1B1  (5) 73 23. 5 6 12 15 17. 5 
1B2 (6) 9 6 70 43.5 
1A3 (7) 24 6 12 12 16 15.5 
1A1 (8) 116 42 42. 5 70.5 39 49. 5 125.5 Cave-in 

of hole 
1A2 (9) 25.5 6.5 6 9 3 
1F3 (10) 71 11. 5 10 15 6 36 
1F1  (11) 29 16 14. 5 9 15 
1F2 (12) 51 10 12 9 21. 5 
1E3 (13) 152. 5 3. 5 8 13 101 
1E1  (14) 70 12.5 17 15 20 
1E2 (15) 3 20 11. 5 Not finished 
1D3 (16) 34 15. 5 15 25 9 
1D1 (17) 42 11 6 4. 5 4 17. 5 
1D2 (18) 33 25 5 17. 5 8 18 
1C3 (19) 156 36 13 39 94 28. 5 128. 5 Snow diffi- 

culties 
1F4 (20) 136 15.5 34 87 72. 5 10 186. 5 Very deep 

deposit 

Totals 1203.5 78 274 270 434 72. 5 272 890 

Table A4. 1     Statistics,   individual boreholes 
(Manh - man hours,    Machh - machine hours) 

Transport Drilling Casing 
Overburden 
digging 

Delays 

5 0 manh/ 
hole 

12. 7 drillh/ 
hole 

7. 9 manh/ 
hole 

13.4 manh/ 
hole 

10. 3 manh/ 
hole 

27.4 machh/ 
hole 

Table A4. 2     Average for 16 holes 
(Holes 1A1(8),   1E2(15),   1C3(19) and 1F4(20) are excluded from average) 

A4. 2      Drilling reports 

Tables A4. 3 through A4. 27 are detailed reports covering all drilling and casing ope- 

rations. 
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A4. 3      Mortar-sand testing report 

NORCONSULT AS 
Examination of Aggregate 

COriSHLTi: •.IM5En$,   ARCHITECTS  »  cCONOMIJTS 

Sathirallnten 11, Hl»lk 

Poanlidilrni: P.O Boa 177 . HOVIK • NoraiT 

TtlcphoM: Otlo 5)00 00 • Tel«ir»m«r NnrCOn«uh Oalo 

1     Customer:               NDRE, Kjeller                                                                                                          ] 

1      Project:                   Seismic Station.   0yer 

Aggregate:              Sand for mortar in drillholes          Quantity:      1kg 

Sample taken:        Project site                                             Date:             Sept 22 1967 

'      Humus test,  color:      0-0.5                             Remarks:   Satisfactory 

1      Mud volume %:              2.3                                    Remarks:         "       " 

j      Specific weight:             2.66      kg/dm               Remarks:   Normal 

1      Sieve analysis 1 
j      Mesh width (mm) 0.15 0.30 0.60 1.20 2.40 4.80 9.60 19.0 38. 0 FM   1 

%   retair 

0' 

10- 

led -5 5.4 6 3.6 2 0.0 

—/ 

7 •5 2 .4 1 

— 

,0 
^~ 

0 0 D 1.90 

20- 

1   ,0' 

140- 
o 

... 

I             <   fin 
I t 

J t t 
/ / / 

1    7fl. J y 
/ / 

»0- i 1 A 
»00- 

0. i«        0. 0         0. to       1. 
—   MESt 

K>         2. 
( WIDTH Imnrt) — 

W        ».1 •0        19. 0        11. 0 

Remarks:   Sand of satisfactory quality. 

Oslo, Sept 28 1967                                                                        1| 

Figure A4. 1      Consultants report on sand for cementing mortar casing 
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A4. 4      Mortar specifications (original in Norwegian) 

The composition of the mortar to be used for cementing the casing tubes in the bore- 

holes at Oyer is as follows: 

Cement:        a)   Belgian sulphate-resistant cement. 
Agent:   A/S Stormbull 

b)   Danish sulphate-resistant cement corresponding to US cement type V. 
Agent:    Norsk Portland Cementkontor A/S 

Sand: Fine 

Proportions:    1 part cement -1.5 part sand 

Consistency:    Thin pouring - slump approx 15 cm 

It is assumed that injection tubes down to the bottom of the holes will be used  to 

displac ground water present. 

A4. 5     Control of welding and pressuretesting of casings in drillholes 

Control in connection with the welding and pressuretesting of the casings in drill 

holes at the Seismic Station,   0yer: 

- Forge scales to be removed from all welds. 

- Welds and areas burned and scraped off to be covered by 2 coats of "Corroless" 
non-corrosive paint. 

- Casings to be controlled with a template for possible welding grades. 

- Casings to be covered by oil at the point of welding after the welding is finished. 

- Casings to he pressure tested at 6 kg/cm^,  and the welds visually inspected (soap 
foam) for possible leakage before being placed in the drillholes. 

-   W 
6 

hen in Place,  the casings to be checked for tightness with airpressure at 
kg/cm^, and control of stable pressure to be kept for 30 minutes. 

The position of the welds in the drillholes to be registered. 

APPENDIX   5 

SOME DATA CONCERNING THE POWER SUPPLY AT 0YER 

The power connection consists of termination equipment at the Moksa power plant 

at Tretten,  a high tension (10 kV) pole line from the plant to the timber-line near 

Vetlsetra,   a 10 kV  earth cable from there to the transformer hut,   and finally a short 

220 V earth cable connection to the DRC hut. 



) 

13-, 

A5. 1      Terminal at the power plant 

The termination equipment comprises a power  switch,   two disconnecting switches 

and a cabinet with ampere-,   volt-,   kWh-meters and controls for the power switches. 

The switches are installed in two cells,   one      mtaining a disconnecting switch and 

transformers for measuring current and voltage,   the other the power  switch and the 

remaining disconnecting switch. 

A5. 2      Wires and cables 

a) The pole line uses steel-aluminium conductors,   type SAHF No 16 (equivalent to 
16 sq mm Cu),   mounted on single wooden poles.     Terminating poles and poles 
introducing angles on the line are double,   so-called H-masts. 

b) High tension earth cable:    Type NKBA,   11  kV,   3 x 10 sq mm Cu. 

c) Low tension earth cable;    Type  PFSP,   3 x 50 sq mm Cu. 

A5. 3      Transformer hut 

The hut has three cells,   containing respectively: 

a) A transformer,   10 kV 1 5%/230 V,   50 kVA 

b) High tension switches 

c) Low tension fuses and measuring equipment 

The transformer hut is produced and delivered by Norsk Elektrisk &  Brown Boveri, 

Oslo. 
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