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FOREWORD

This report covers installation and field main-
tenance of the NORSAR array for the period

1 January - 30 September 1971. Although most
of the equipment was installed by the start of
the report period, some installation work and
substantial testing remained to be done, this
is reflected in the report. Also, results of

a number of special tests, partly performed in
earlier periods, are included in the report,

these results not having been published before.

The report is mainly prepared by the subcontractor
for field work, NORATOM-NORCONTROL A/S. The reason
for the 9-month period (rather than a 6-month
period) is that the subcontract with Noratom-
Norconsult A/S was terminated at the end of Septem-
ber, and it was natural to include the last 3 months

of the contract in the same report.
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NORSAR PHASE III = FIELD OPERATION AND MAINTENANCE

1 JANUARY TO 30 SEPTEMBER 1971

ABSTRACT

This report covers the Field Operation and
Maintenance (FO&M) of the NORSAR system during
the period 1 January to 30 September 1971, and
succeeds Technical Report "NORSAR Phase III -
Field Operation and Maintenance, 1 July to

31 December 1970", later refered to as (1).

This reporting period of 9 months constituted
the second and final part of the FO&M contract
between NTNF/NORSAR and NORATOM-NORCONTROL A/S
under phase III of NORSAR.

1 INTRODUC TION

During the preceding period, the first 6 months of

phase III, the NORSAR field installations were completed

with the integration of the Seismic Short and Long Period

Electronic Modules (SLEM) units, and the break-in period

started. For further details refer to (1), and also to
Technical Report NORSAR Phase III - Operations 1 July
to 31 December 1970", later referred to as (2).

Although all the technical equipment had been checked out
at time of installation, scores of adjustments and correc-

tions had to be carried out during this period.

The hectic installation period had not left ample time

for preventive maintenance, and as it now turned out ,
some of the equipment had suffered from not being attended
to for a long time. Apart from subarray O01C, which was
constructed in 1967 and which was in operation up to

June 1969, the rest of the subarrays, which were equipped
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during 1968, 1969 and 1970, had only to a verv little
extent been used for any kind of operation before the
SLEMs were installed.

Field Operation and Maintenance (FO&M) Tasks.

As the SLEM installations were completed and the MORSAR
system went into the hreak-in period, which actually
lasted throughout the whole of this revorting period,
field maintenance now became the essential task of our

organization.

The SLEMs were all installed at the end of the previous
period, but they were not all operating due to discre-
pancies disclosed during check-out and due to lack of
spare parts. Those SLEMs would have to be made operative
and given final field tests as soon as the parts arrived.

The maintenance of the SLEMs was now, after acceptance,
our responsibility as was the maintenance of the rest of
the field installations apart from the data transmission
lines.

Operation of the system soon disclosed that many adjust-
ments were needed: LP seismometers needed adjustments

for Free Period (FP) and Mass Position (MP), scores of

SP seismometers were operating outside the tolerance limits
for Natural Frequency (NF) and Damping coefficient (D),

RAS5 amplifiers (for SP seis) would have to be adjusted,

to mention the most significant items.

Discrepancies with LP seismometers, which made it necces-
sary to open the tanks for adjustments revealed the

rather shocking situation that in many places a larae

degree of moisture was present and had in some instances
started corrosion on the instruments. It then became a
major task to clean up the LP installations and make arrange-

ments for prevention of further damage of this kind.




It also became a major task to find better ways and
means of servicing and adjusting the SP seismometers,
which during the installation period had caused a lot
of trouble because of relatively high temperature
sensitivity.

As the last period did not leave any time for activity
at the MC, various test equipment previously started on,
had to be completed now. In addition, the SLEM Test bed
which had been moved to the MC after completion of the
SLEM Pre-field Test at NDPC would have to be made opera-
tional soon.

Other tasks were temperature registrations and various
modifications and maintenance work on the field installa-
tions. As aiso mentioned before, the hectic installation
period had not left enough time for the necessary preven-
tive maintenance of the installations.

Figure 1.1 shows the geographical area of interest for
this report.

SLEM

Field Tests and Final Acceptance.

Spare parts for the SLEMs were not available at the end of
the installation period and as a result of this, four of
the SLEMs were lacking Analog/Digital Converters (A/DC)
while a fifth had some other discrepancies. The A/DCs had
been returned to the manufacturer for repair/replacement.
For more details of SLEM installation refer to (1) and
(2).

Repaired A/DCs were received in January and installed. Field

Tests were performed, and the rest of the SLEMs were all

finally accepted 24 January.
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Figure 1.1 Geographical area of interest for the FO&M group




1Spare Parts.

The SLEM spare parts were delivered in two shipments, one
at the end of February 1971 and the second shipment was
delivered 10 May. All parts were then checked, registered
and stored at the MC. All major parts, like spare cards,
were functionally tested in the spare SLEMs at the MC.

Two of the A/DCs were found unacceptable and returned
under warranty.

SLEM Test Bed at the MC.

As reported in (1) a data line was installed between the

MC and the Data Processing Center (DPC), and the SLEM

Test Bed and the two spare SLEMs were moved to the MC

when the SLEM Pre-field Tests were completed. It took

some time, however, before this data line could be utilized
effectively, due to various problems like distortion on

the line and difficulties with the Modems. Check-out of
the line was the task of DPC.

The Test Bed, which is shown partly in figure 2.1,
physically consists of two 19" equipment racks with
shelves for necessary portable test equipment fixed
between them. From top to bottom one rack holds the
LOOP CONTROL LOGIC PANEL and the MODEM which are both
part of the data line, while the other rack holds two
28V DC POWER SUPPLIES, one for each SLEM. Below this,
in each rack, the special purpose SLEM TEST PANEL is

mounted, on which the SLEM cables are terminated.




Then finally in the lower half there is space for one
complete SLEM in each rack. At the back of each rack
there is an outlet for 220V AC power.

In addition to the two-way data line there is also a

direct telephone line between the SLEM Testbed and the

DPC Modem room.

EEe Leien

Figure 2.1 SLEM Test-bed.
(The left rack which is only
partly shown, is identical to the
right except that it holds the

line -terminating equipment at the

top instead of the power supplies.
The SLEM Digital Unit at the bottom

is not shown).
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Service on the SLEMs.

During this break-in period there have been a number of
adjustments to and retesting of the SLEMs in the field, and
some cards and units had to be changed and brought to

the MC for repair.

The following checks/repairs on SLEM parts have been per-
formed at the MC:

a) 11 LTA cards repaired.
8 IC RC741 changed
3 IC LM308 changed

b) 3 Test Generator cards repaired.
2 IC F5-61 changed
1 IC RC741 changed

c) 1 Power Requlator card repaired.
1 IC LM304 changed

d) 7 A/DCs returned to the manufacturer

‘ under warranty with the following faults.
Missing numbers.
Unstable gain and DC offset.
Faulty potentiometer R 14.
Faulty A/D clock.

Wrong A/D reference voltage.

R NN

The two last ones have both been returned to

the factory three times with the same faults.

e) 2 Power Units repaired.

1 A bad diode in the 5V circuit changed.
1 1Two transistors in the regulator circuit
changed.
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f) 2 Digital Units repaired.

28V DC was connected to a Digital Unit
by mistake during field service, and
four modules were destroyed and had to

be replaced.

Another Digital Unit was serviced in
field. A module FF-08 was changed.

THE LP SYSTEM

As a guidance for the FO&M work the DPC started to list
the array status in a "Discrepancy Report" based on the
array monitoring carried out at the computer. This
revealed a large number of seismometers and amplifiers

as operating outside the parameter tolerances.

The LP seismometers need to be very precisely levelled
in order to perform correctly, and adjustments which
must be performed from time to time can be conducted
remotely from the DPC as well as from the adjacent
Central Terminal Vault (CTV). The intention was to run
these adjustments automatically under the array monitor-
ing program, but it took a long time before this program
was performing adequately, and the tests from DPC very
often resulted in instruments getting stuck in one or
another of the outer positions and had to be released

by the field personnel.
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This could usually be corrected by remote operation from
the CTV, but necessitated in some instances the opening
of the seismometer tanks to get at the levelling devices.

Dampness in LP Tanks and Reconditioning of Tanks and
Seismometers.

A certain amount of moisture had been noticed in LP tanks
on various occasions and had led to some scepticism, but
no action had been taken. Dehydrating substance is placed
inside the seismometers as well as outside in the tanks,
and it was thought that this would be ample to take up the
moisture that would come out of the concrete until it was

completely dried out.

As more attention was given to the LP system, indications
of a disturbing degree of increase in the moisture in the
tanks soon appeared. One seismometer that had too high
damping was opened, and the cause of the damping was rust
on the magnets in the narrow air gap between the magnet
and the data coil. The dehydrating substance in the tank

as well as inside the seismometer was completely saturated,
so the moisture had started the corroding action on the
untreated surfaces inside the magnets. A large amount of

moisture was apparent also in the two other tanks.

It should be noticed in this connection, that the Long
Period Vaults (LPV) in general contained a very high degree
of moisture. The vaults are hermetically sealed and would

normally not be opened very often.
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The matter was discussed anew at a meeting 15 April,

and a checking/cleaning/reconditioning action was initi-
ated. It was decided to check the 8 subarrays 0lA to

07B first, since those were the oldest installations,
apart from 01C, and also the sites in the B-ring were
more easily accessible. Further decisions concerning the
rest of the subarrays would then be taken upon review of

the results from these first subarrays.

The seismometers were given a performance check before the
work in the LPV started. Next the tanks were opened, and
the seismometers lifted out and checked visually. The
tanks were then cleaned and thoroughly dried with electric
heaters, they all had moisture inside, and then finally
they were painted white .inside, floor and wall. The seis-
mometers were reinstalled and checked out after having been

reconditioned with new magnets, if necessary.

In order to keep these sensitive instruments clean, it is
essential that the LPV floor outside the tanks also be

kept to a high degree of cleanness, and the floors were
therefore washed and vacuum-cleaned. In some places there
were filings around the tanks and even inside, left from the
adjustments of tank and lid during installation! Such
filings have previously been found on the magnets of seis-
mometers which were physically damped!

The work on these first 8 sites started 26 April and was
completed 25 June, and the results were as follows:

All the LP-tanks had moisture inside, to a varying
degree. 7 seismometers in all had rust on the magnets,
which were replaced and af terwards reconditioned at
the MC. In one case the whole seismometer was brought
to the MC for reconditioning, in addition to rust on
the magnets there was also corrosion on the pivot
assemblies. The remainder of the equipment in the
LPVs like Ja-, Jb- and Lb boxes were generally in

fair condition.
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The results from these checks were so alarming that
already before the work was completed on these first
8 sites, it was decided to continue the work on the

rest of the array in the same manner.

At the end of this reporting period the subarrays 01C
and 08C had undergone the LPV check, and the work had
started on two more subarrays, 09C and 10C. Meanwhile
necessary work on the SP system had received higher
priority during the summer months, and the LP work was
therefore slowed down.

Other Reconditioning Work at the LPVs

As discussed in the previous section, the floors of the
LPVs were cleaned well, but the finish of the floors was
not sufficiently good. It was therefore later decided
to give them another coat of paint, and at the same time
the wall-mounted steel ladder was also painted.

The fine-grained sand that is placed around the manhole-
opening in the LPV entrance has had a tendency to come down
on the floor. As another step in the cleanness-line various
approaches for prevention of this drawback were discussed.
The solution reached was to cover the sand with a layer of
"Leca" gravel which is a lightweight insulating material
casted into small spheres, but large enough not to hang onto
clothes or shoes.

As the final approach in this cleanness-line, shoe coverings
for use in the LPVs were made for the field personnel to

prevent sand and dirt from being brought into the vault.

The wooden roof over the LPV entrance also showed signs of

moisture at some places. To cope with this problem, the

ventilation has been improved.
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The locking mechanism on the manhole lids at the LPVs had
started to get rusty, and they were difficult to operate
at certain places. Greasing of these locking devices

was therefore added to the check list for the LPV.

During the LP check at 03B in May, it was noticed that
water was penetrating through the walls of the LPV. This
was at the very end of the snow-melting period, and

it was ascribed to poor drainage. No leakage has been
noticed later, but it would be advisable to check this
again next spring.

Improvements of LP Installations. Heated LP Tank Experiment.

Based on information from the previous seismic station

at Ringsaker, which utilized installations of somewhat the
same kind as at NORSAR, we proposed to introduce an electric
heating element in the LP tanks to increase the air tempera-

ture somewhat, in an effort to reduce the moisture in the
tanks.

It was of course difficult to foresee how much difference
this would make, and also if it would bring in unforeseen
disturbances. It would therefore have to be tested out at

one site over a period of time.

Heating the air in the tanks very likely would allow us

to remove the insulating pads which now are stowed around
the seismometers. These pads which are made of thin fiber-
glass are a nuisance to the seismometers. Lots of those
small thin, almost invisible fibers will inevitably come
off the pads during handling, in and out of the tanks,

and further find their way into the delicate parts of the

seismometers when they are opened for service.
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It was decided to go ahead with such a test, and later on
the site 01B was selected as it earlier had shown a re-
latively high degree of moisture and also was easily acces-
sible.

In the beginning of July 1971 a heating element of 22W was
installed underneath the top of the tank 1id and connected
to the 28 VDC source in the CTV via a spare pair in the

data cable. The insulation pads were put back in.

During the following weeks measurements were made at the
DPC for noise and performance. The heating was switched
on and off, the noise level being monitored and compared
with the adjacent seismometer, which was for the occasion
mounted parallel to the first. No deterioration of
performance caused by the heating could be detected, and
repeated inspections in the tanks showed largely reduced
humidity in the heated tank.

Figure 3.1 shows the NS and the EW tanks opened, the NS tank
filled up with insulating pads around and on top of the
seismometer, while the pads are removed from the EW tank.

A bag of dehydrating substance can be seen beside the
seismometer. The technician is returning the thermometer
before the lids are put back on.
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Figure 3.2 shows the heating element as it was placed
underneath the lid.

Figure 3.1 The NS and the EW tanks opened,
; the NS tank with insulating pads in.

Figure 3.2 The heating element as it was installed
underneath the tank 1lid.
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Service on LP Seismometers and Accessories.

Apart from all the adjustments in the field that became
necessary because of the difficulties with the array
monitoring programs, we also had to replace some faulty
seismometers or parts thereof. The repair list from the
MC is as follows:

a) 4 LP seismometers repaired

for the following faults:

1 Broken Hairwire
3 Corrosion on pivot assemblies, of which
one was completely broken

1 rusty

b) 6 pairs of rusty magnets reconditioned

The magnets were cleaned and remagnetized.

c) 3 remote centering devices repaired

All of them had rusty bearings.
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THE SP SYSTEM

Because both the SP seismometers and the SP amplifiers
are very temperature sensitive, it was, as earlier men-
tioned, decided to leave them as much as possible the

way they were until the spring and concentrate the field
work on the LP system until then. A review of the situa-
tion in June/July concluded with the decision to stop the

LP work and utilize the summer months for SP work.

All the SP points would have to be visited, and various
general tasks were already on the list of necessary SP

work. These were as follows:

a) The general condition of the SP points, both
electrical and structural would have to be
checked.

b) A number of seismometers were operating
outside the parameter tolerances and would

have to be replaced.

c) The SLEM specifications had made it necessary
to change the gain-setting of the RA5 amplifiers
to 74.7 dB (8V p-p output).

d) A modification on the RA5 Input Card, located
in the Ja-box, for suppression of 50 Hz noise
in the Cal Amp mode had been decided. This was
a result of tests conducted earlier by Teleplan
A/S, the instrumentation consultant. By the
end of the report period, this modification

had been carried out at a total of 13 subarrays.
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e) A modification for suppression of 50 Hz noise
in the Cal.Seis. mode, which was needed at some
places with high-tension overhead powerlines in
the area, had been started before and some
9 points remained to be modified. Five of these
were modified during the report period.

(Ref.: (1) Technical Report "NORSAR Phase II -
Installations 1969 and 1970", Section 10.4, and
(2) Special Report "Suppression of SP Channel
Noise".)

Variations in Natural Frequency (NF) and Damping Ratio (D)
of the SP-seismometers.

The SP-seismometers had caused a great deal of trouble

in the past, that is during the installation, mainly
because of instability with regards to the NF. This problem
was at long last defined to be caused mostly by a very high
degree of temperature sensitivity.

(Refer to Technical Report "NORSAR Phase 2 - Field Operation
and Maintenance 1 June 1969 to 30 June 1970").

We therefore decided to make an investigation of the NF
and D data available for all the seismometers before we
started the SP-work in the field.

On the basis of earlier Field Checkout data and "Chanev"

data acquired from the DPC for the period April/May 1970

to January 1971 we listed NF and D for all the seismometers
and calculated the variations for the period. The list, dated
24 May 1971, appears in Appendix 1 of this report. The con-
clusion was that although a large number (46) of the seismo-
meters (35% of the total number) had NF outside the tolerance
limits in January 1971, they had been relatively stable over
this period. 10% of the seismometers showed no variation at
all, while 73,5% showed variations between 0,01 and 0,05 Hz.




I

20.

The total number of seismometers with NF outside the tole-
rance limits in May 1970 was 51, while it had been reduced

to 46 in July 1971. With regards to the D of the seismometers
the situation seemed to be somewhat worse. The total number
of seismometers with D outside the tolerance limits was 19

in May 1970, while it had increased to 69 in January 1971.
Theoretically the NF and D values should be very much
related to each other as they are mechanically interlocked
inside the seismometer. 68 seismometers or 51,5% of the total
number showed an increase in NF over the period, and the same
seismometers should then theoretically show a decrease in D
over the same period, but we counted 105 seismometers or 79,7%
with decreasing D value. However, in the past the D of the
seismometers had not been reacted upon in the same manner

as the NF, so this phenomenon was registered, but nothing

more was done about it at the time.

Field Adjustment of the SP seismometers' D.

Later on when the SP Field work started in July,another
situation appeared which again brought up the matter of dis-
proportion between the D and the NF of some seismometers.
Measurements of NF and D carried out in the field and at

the DPC very often did not coincide, and the differences

were more than could be credited to measuring inaccuracy.

We therefore proposed to make a series of parallel measure-
ments at the DPC and in the field for an investigation of

the matter. The report of this test, dated 20 August 1971,
appears in Appendix 2 of this report. The result of the
measurements which were carried out for all SP points of the
6 subarrays 09C to 14C, clearly indicated that the measure-
ments in the field of the seismometers'D to a great extent
showed higher values than the corresponding measurements

at the DPC, and Vice versa for the NF measurements. Two series
of measurements were conducted a few days apart, and in gene-
ral there was not much difference between the parallel
measurements at the DPC and at the parallel field measure-

ments.
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We did not immediately have the explanation to this phenome-
non , but after a closer investigation of the measurements

it became apparent that there very often was a disproportion
between the NF and D values compared to what one could
expect theoretically. Far more seismometers were outside

the tolerance limits for D than for NF. The results also
showed that by far the majority of the seismometers had NF
above 1 Hz and D below 70%, which are the nominal values.
After tests at the MC we came to the conclusion that the
damping resistor R 1 of 240 Kohm on the RA5 Input Card,
located in the Ja-box beside the RA5 amplifier, would have

to be adjusted to each seismometer individually. This would
make it possible to adjust the D in the field to the correct
value without having to take out the seismometer, and thereby
reducing the number of seismometers that would have to be
taken out for service to the ones with NF outside the tole-
rance limits. These seismometers in turn would generally have
to be adjusted further down in NF. The variation of the damp-

ing resistor would theoretically have no influence on the NF.

A short test was carried out at 04B 24 August for verification
of this "variable-damping-resistor" theory. The result was
exactly as predicted. The seismometers' D could easily be
adjusted and apparently without any side effects. There was

no noticeable change in NF. The detailed results are attached
in Appendix 3 of this report.

The test mentioned above also revealed another interesting
thing, namely, that the method used in the field for measuring
D apparently is accurate enough in an area near 70%, but not
any longer when the D goes higher or lower. This may well

explain the differences of measured values between the DPC
and the field in the past.

These experiments had by now received the highest priority,
and an extended test was next conducted with all the SP-
seismometers at the two subarrays 04B and 06C.
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The damping resistors on the RA5 Input Cards were exchanged
with potentiometers which were adjusted in the field to get

a D on or near enough 70%. The test was a complete success,

and the decision was taken to modify the whole array. The
detailed results of this test will be found in Appendix 4,
while Appendix 5 holds the final report on "FIELD ADJUSTMENT
OF THE SP SEISMOMETER'S DAMPING RATIO" submitted 8 August 1971.

Figures 4.1 and 4.2 show modified RA5 Input Cards of respec-
tively "Type used at 01C" and "Type used throughout the array
except at 01C". Apart from the damping resistor Rl modifica-
tion, the cards are also modified as earlier mentioned for
suppression of 50 Hz noise in Cal.Amp. mode. The resistor R6
of 200 ohm is replaced by two resistors of 100 ohm in series
and grounded over a 1 uF capacitor. Figure 4.3 shows a techni-
cian adjusting damping resistor at the WHV, while figure 4.4
shows the test setup in the CTV. By cooperation between WHV
and CTV two technigians can now easily adjust the D to proper

value.

The SP-seismometers' NF with Respect to the Temperature Sensi-
tivity.

While the various tests regarding the SP sedsmometers' D took
place in the field, we also explored the NF problem a bit
further. This was done at the MC.

As already mentioned we knew from previous tests that the NI
varied greatly with varying environmental temperature. In

most cases the NF would increase with decreasing temperature,
and the worst part about it, the individual seismometers would
vary differently. What we did not know exactly, and what could
be interesting to know, was whether the seismometers would
have the same NF with the same temperature during temperature
cycling.

A test was conducted with 6 seismometers which were adjusted
to NF between 0.9 and 1.0 Hz at + 20°C. The seismometers were
then cooled off to + 6°C and the NF was measured, whereupon
the temperature again was raised to +20°C, lowered to +6°C and
finally raised again to +200C, and each time the NF was

measured. The results are shown in table 4.1 and in the graph
figure 4.5.
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Figure 4.3 Technician adjusting damping
resistor at the WHV.

Figure 4.4 Test setup in the CTV
for field test.
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Seis. Natural Frequency in Hgz
Ser.No. | 3. 4209 | 2. +6°%| 3. +20°% | 4. +6°%C | 5. +20°% | -
299 0,99 1,01 1,01 1,01 1,01
517 0,94 1,35 0,97 1,37 0,99
428 0,92 0,84 0,97 0,89 0,98
400 0,91 1,23 0,92 1,20 0,93
505 0,91 1,16 0,99 1,16 0,91
30 0,91 1,12 0,90 1,10 0,91

Table 4.1 Natural Freguency of SP seismometers in relation

to environmental temperature.

The variations in NF with changing temperature and the spread
between the various seismometers were about as we had experi-
enced before. But in addition this test showed us, with the
uncertainties around the test taken into account, that the NF
seems to follow the temperature fairly steadily through the
cycles. In other words each individual seismometer seems to
end up with about the same NF at the same temperature after
a temperaturecycling of this nature which should be fairly

realistic.

The normal working temperature at the MC would be +20°C

and + 6°C would be near the operating temperature for the
seismometers in the bore holes. Because of the great varia-
tion in NF between these two temperature levels we felt that
it would be most correct to adjust the seismometers at a
temperature as near as possible to the operating temperature.
This would be inconvenient and time consuming at the MC,since
the seismometers would have to be brought back and forth bet-
ween the temperature chamber and the testbed. The conditions
at the temperature chamber are not stable enough for adjustment
of the seismometers. So, for the time being, with great demand
for seismometers in the field, we decided to do the adjustments
in the 0lA LPV, whereafter the seismometers could be brought

(carefully) to the Brumunddal Field Base for cablefitting and
potting.
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We do feel however, that it should be feasible to better
the conditions at the MC so that all the necessary adjust-
ments can be done there without difficulties. But it will
require some time and effort exploring the various solu-

tions.

Figure 4.6 shows the SP testbed in the seismometer testroom

at the MC.

Figure 4.6 SP testbed at the MC.

Transportation of the SP seismometers.

Although temperature variations were the large problem
with regards to changes in the seismometer parameters,
we also had experienced that transport of the seismometers

could create problems.

We knew that placing the seismometers upside down was the
simplest and safest solution for transport, since the mass

then would go to one side (upper position) and rest there,
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but this was of course not always the most practical way

of doing it. Another means of locking the seismometer mass
during transportation is to apply a DC Voltage of proper
value over the datacoil. For testing purposes we had earlier
made such a seismometer transport unit which,simply enough,
consisted of a small box with a 67,5 V battery connected to

a socket,matching the seismometer plug.

We now made up 10 such units,so that we could have some for
seismometer transport between the MC and the Field Base as
well as for transport into the field. The unit is plugged
onto the seismometer at the start of any transport, and

the battery is so connected that the seismometer mass goes
to the upper position,which is equal to placing the seismo-
meter upside down. When a seismometer is transported into
the field, the battery unit stays on continuously until

the seismometer rests down in the bore hole.

Later on we had one rucksack fitted with a bracket for tran-
sport of seismometers in the upside down position, as an extra

precaution.

The figures 4.7, 4.8 and 4.9 show respectively, a seismo-
meter connected to a transport unit, technician with seis-
mometer tightened upside down in the rucksack,and with tran-
sport unit connected, and finally a technician at a WHV lowe-
ring down a seismometer into the bore hole, note that the

transport unit is still connected to the seismometer.

The RAS5 SP amplifier.

As the preceding sections may have indicated, a great deal of
activity has been concentrated around the various seismometer
problems, LP and SP, during this reporting period. But we
also have another critical link in the system, namely the
SP amplifier, the RA5. Iocated in the Ja-box in the WHV it is
exposed to large changes in environmental temperature, and is

inevitably influenced thereby.
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E y

Figure 4.7 SP seismometer with transport unit

connected.

Figure 4.8 Technician with SP seismometer

tightened in the rucksack.

(The seismometer is placed upside down
and has a transport unit connected to it).
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Figure 4.9 Technician lowering an SP seismometer

down into the bore hole.
(Note that the transport unit is still

connected) .

In a search for better ways and means of handling and
adjusting these amplifiers, we conducted a series of
tests which will be described in section 5, Temperature

Investigations.

As mentioned earlier,the SLEM specifications had made it
necessary to change the gainsetting on the RAS5s to 74,7 db
(8 V p-p). The gain was previously, at the time of installa-
tion, set to 80 db (10 V p-p). This adjustment was carried

out in the field as the various SP-points were visited.

Meanwhile,the need for amplifiers for replacement in the
field were increasing, and the special RA5 Testbed, which
we had started on earlier, was completed. It is shown in
figure 4.10. The testbed is built into a mobile equipment
rack and made in such a manner that the circuit cards from
the RA5 can be mounted on a panel and tested individually,
or the complete amplifier as such, mounted in the Ja-box,
can be tested and adjusted.
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Figure 4.10 RAS5 Testbed.

(Circuit cards from an amplifier

are mounted in the sockets on the front)..

The Ja-boxes with RA5 amplifiers at the 60 m experimental .
holes at the B-ring subarrays were removed in August and

used as spare units. (The seismometers have also later

been removed).

Service on SP seismometers and Amplifiers.

The repair list from the MC is as follows:

a) 27 SP seismometers repaired.

Some of these seismometers have been in for repair
a number of times and in the great majority of

the cases the cause has first of all been the NF
and secondly the D. Other errors have been located
to the data coil, the calibration spring, the main
springs or other mechanical faults. A number of the
seismometers have also been equipped with the new

type of cable, while they were in for service.
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The new cable has separate shields for
cal coil and data circuits, helping to
reduce 50 Hz noise in the system.

(Ref.: Report "Suppression of SP Channel
Noise".)

b) 13 RA5 amplifiers repaired

The batteries were replaced in all of them,
and in addition a few of them had other
faulty components like transistors and

capacitors.

TEMPERATURE INVESTIGATIONS

1968/69 Temperature/Humidity Recordings at 01C

Temperature/humidity recordings were performed for periods
of time during 1968/69 at the 01C CTV. The results are
included here, as they have not been published before.

It has been certified that the variations recorded in

the end of January/beginning of February 1969 are

caused by visits in the vault. The recordings are shown
in Appendix A6.
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Minimum - Maximum Temperature Registrations.

Minimum-maximum thermometers were in January 1970 placed
at a number of selected SP points to get a general pic-
ture of the extreme temperatures within the array.
Thermometers were placed down in the bore holes as well
as in the amplifier boxes in the WHVs. The details of
the registrations, the minimum and maximum temperatures
through 1970 are reported in (1).

The thermometers were left in and with a few exceptions

we have also this year gathered the minimum and maximum
temperatures within the array. The winter's low tempera-
tures at the various points were read off in June, while
the high temperatures of the summer were read off during
September and October and at the same time the thermometers
were retracted as it was felt that enough information of
this kind had been gathered.

The readings for 1971 are submitted in Table 5.1 and also
shown graphically in Figure 5.1. The layouts of both the

table and the graph are identical to the comparable ones
for 1970.

Preliminary Temperature Investigation 06B02 Jan 21-22nd
1970

A preliminary temperature investigation was performed at
06B02 on January 21-22nd 1970.

The main purpose of this test was to determine the pos-
sibility of monitoring the DET output of the RA5 from the
CTV. This will enable the maintenance crew to determine
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NORSA AR = MINIMUM / MAXIMUM TEMPERATURES 1971

Min.temp. September 70 - June 71. Max.temp. June - October 71.

Temperatures in degrees C.

Site WHV (Ja-box) Shallow hole Deep hole LPV/CTV
Min. Max. Min. Max. Min.|! Max. Min. | Max.
0OlA CTV 4,5 18,0
0lA LPV 1,0 13,0
0la 03 -1,5 18,2 3,0 9,5
01lA 04 - 1,0 19,0 2,0 10,5
01lA 05 -1,5 20,6 4,0 10,0
04B LPV ™
04B 02 ¢
04B 03 g
04B 05 =
03Cc 01 - 2,0 18,0 5,0 6,3
03C 05 - 1,5 |e 26,0 2,5 [Note 2
03Cc 02 - 2,0 21,0 1,0 11,3
05C LPV 18,0
05C 02 0,0 19,0 1,5 9,8
05C 04 -1,5 |¢ 26,3 1,5 10,2
05Cc 05 1,5 21,0 3,5 5,0
09C 04 - 3,6 16,0 1,3 8,0
0oC 00 -1,0 20,8 1,3 11,0
09c 01 -1,6 18,0 1,5 8,5
13C 04 1,5 18,0 2,0 10,0
13C 05 1,0 13,8 2,0 8,0
01C 04 (Fl) -10,9 |2 6,0 1,5 [Note 1
0lCc 0OO(oy)§ - 6,2 19,0 Note 2| " 2
0lc 05(nal1)}| - 7,8 12,0 3,4 L 1
02C 05 ™ -1,5 14,0 2,0 5,0
02C 01 o - 5,0 13,0 2,0 4,0
02c 02 % 0,5 12,0 1,5 7.0
P
Notes:

1) Thermometer previously removed by mistake.
2) Thermometer accidently broken during maintenance work.
3) Thermometers moved from 04B to 02C September 1970.

Table 5.1 NORSAR minimum/maximum temperature readings 1971.
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during the CTV inspection if a WHV visit is necessary
to adjust the RA5 bal and gain.

The detector terminals of the RA5 were connected to the
telephone line and a termistor placed in the JA box and
connected to one of the power pairs and recording
started at CTV at 1610 on the 21st.

WHV was opened for cooling.
On the next day the vault was heated to 27° &,

The recorder used for detector and temperature recording
was a newly purchased piece of equipment and had| during
the night started to spill ink which spoiled all re-
cording after 0400 on Jan 22nd. However, detector output
and temperature were monitored in parallel at WHV during
heating and noted.

The attached curve indicates the decrease in detector
voltage with decreasing temperature from 7.1 Volt at
0 degrees to 5.2 Volts at -8°c. (Table 5.2, Fig 5.2, 5.3).

It was found that connecting the RA5 detector terminal

to the telephone did not have any influence on the RAS
performance.

Registration period: March 1970 to June 1971

Bore hole: First half: Through Plan D
equipment to DPC where
results were noted at fixed

intervals.

Second half: Local record-
ing at 06B CTV.
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TEST RESULTS 06B02 21-2

2 Jan 1970

T i } !
(B U
/ZDET f \ CH2
T 1
| |

RAS5 | |
\‘QDPTA : . REC. 2
i T
WHV CTV
TIME OUTPUT TEMP DET
~C
1610 15v 0 7.1 WHV OPEN
1710 15V - 2,5 6,9 - COOLING
1810 15,5v - 4,- 6,5
1910 15,5 - 4,5 6,4
2010 15,5 - 5,5 6,35
2110 16,0 - 8,0 6,30
2210 15,0 - 8,0 6,20
2310 16,0 - 8,0 5,85
0010 16,0 - 7,0 6,10
0110 16,05 - 6,5 6,10
0210 16,40 - 6,5 6,20
0310 16,60 - 7.0 6,20
0410 16,50 - 7,8 6,20
0510 16,60
0610 16,70 RECORDING
0710 16,70 DESTROYED
0810 16,00 BY INK.
0910 15,80
1010 16,0
1105 5,2
6,65 HEATING
4,85
5,35
+ 27° 5,55
1237 5,80

Table 5.2




NORSAR
PRELIMINARY TEMPERATURE INVESTIGATION 06B02 JAN 21-22nd. 1970.
2.HEATING.
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30 19
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RA5 Amplifier: August 1970 to June 1971

Through local recording

Equipment at WHV: Fenwal thermistors con-
nected to the CTV through
telephone pair and one of

the power pairs

Equipment at CTV: Temperature bridge network

with power supplies.

Brush 2-channel recorder
replaced by a Sanborn
2-channel recorder for

last part.

Results plotted on graph paper.

As no provision was available to record the outside air
temperature, contact was taken with the Meteorological
Institute. This institution supplied printouts of the
observations from the nearest observation point, @stre
Toten, about 20 km from 06B02. This data is plotted

on the same graph paper sheets as the recording to
facilitate comparison.

On a separate sheet the average of the bore hole tempera-
ture, the RAS5 temperature and the outside air temperature
are plotted for the complete period. (Fig 5.4)

Detailed registrations are to be found in Appendix A7.

Influence of Temperature Changes on the RA5 Amplifiers.

RA5 S/N 820 which had been kept at room temperature for
a long time, was adjusted for optimum gain and balance.
A thermistor was installed inside the RA5 and another in

the JA box. Test equipment was connected through a




t
+

HH

'3

It

e +H t 4
i H H H i
1y 1 H
i 'k e H
}
3 1 o8
i { aas
- - + s
H 1 i1t a aagesn
%b 44+
. +-+-4 b
H 2 HI
: |

T

16
r 0

It

T

I

[Sg e sondd

sass

T

180

1
5 2
I3
I
1T
1806 o1
1

.

1T

+H

aos

1
g 8

T

-

T

'-r;‘“

R T

H1HHH

i

TTHT
jonut

susoy

IREang

[ONS Darmne

1

T

T
1

"

janaeRasani

ussauna

jusGanEss

4

ssgan

S8
aSgssgen

sass

be

Tt

§99¢ 28

191

=
Se884saE

s

HAT o

+H{

T
e e

3353481

g
pess oe
i

Is

Il
1
peSQs vuRgs 2a

i

fied

T

1S
jos.

1

HHHH e

IS NSNS EUN s SRS SESUNERSES )

5534554

23

133

HH
8 Be:
+ H

H1

H4HH

e Exe:
jabgs sy i 156

[

P

b

sspupsans

R Re A

ase

1T
T

It

Sade

sesmacas

)8t

0

a .
e

aa

T

3T

11
1L

23 as

T
jsagsas s

t

in o

1

1a)

It
Tt
-

I
$8na s

isau SWE

11t

”n

jgssss

i

jBassstas

e

!

1

:
1

g

3+

8 suie

THH

[$oss endansaass ae

IR

2v%e o

NI

«

33sap=sage

194 2994

Figure 5.4

jS9e 5 5e

)

:

H

o

jhesl

Ht

S

%

Rt S e phe




42,

length of cable and the JA box moved outside to cool down.
The amplifier and box were therefore subject to a slow
decrease in temperature. Measurements were made every

5 minutes with longer intervals towards the end of the
period. The results are plotted on Figure 5.5,

and are listed in Table 5. 3.

This test gives a good picture of the thermal charac-
teristic of the JA box and RAS5 and detector voltage and

gain variation vs. temperature.

As seen from the attached table, the temperature in the
RA5 lags the temperature in the JA box by % hour at
start (temp. difference 25°C) and 45 mins. at the end
of the period (temp. difference 6-7°C) .

The JA box was then moved back in the workshop for
heating to room temperature and results monitored again
(Table 5.4.). These tests were used as a guide for
further temperature chamber tests

During phase I of NORSAR's operation it was noted that
the RAS5 amplifier performance to a large extent was
dependent upon variations in temperature and/or humidity.
During the snow-covered period the operation was con-
siderably better. All later temperature investigations
in the field were attempts to clarify this.

When the temperature chamber was installed, it was
expected to aid further investigation of the RA5 ampli-
fier. The temperature chamber was installed at the
NORSAR maintenance center Feb 12th, 1971. The experience

with this type of chamber did not conform with expecta-
tions.




TIME || RA5 TERMISTOR °cC JA BOX TERMISTOR °c DET. OUTPUT
2123 || 13.33k +19.0° || 13.30kx +18.95° 5.33
2230 || 13.63K 18.0° || 13.95k 17.7° 5.015
2235 || 13.80k 15. 4K 15.4° 4.79 15.6
2240 || 14.20k 17.4° || 17.3k 13.0° 4.74 15.75 -
2245 || 14.55k 16.75°| 18.55K 11.5° 4.66 15.68
2250 || 15.35K 15.50°|| 20.5K 9.4° 4.56 15.82 °
2255 || 15.97K 14.7° || 21.3K 8. 3° 4.49 15.80
2300 || 16.84k 13.5° || 22.34k 7.6° 4.41 16.0
2305 || 17.75K 12.4° || 23.40K 6.6° 4.32 16.0
2310 || 18.60K 11.4° || 24.40k 5.8° 4.26 16.0
2315 || 19.63K 10.3° || 25.38K 5.0° 4.16 16.0
2320 || 20.60k 9.3° || 26.30K 4.26° 4.09 16.1
2325 || 21.60K 8.4° || 27.60K 3.26° 4.01 16.1
2330 || 22.20k 7.8° || 28.20k 2.90° 3.98 16.06
2335 || 23.20K 6.8° || 29.00k 2.3° 3.91 16.08
2340 || 24.20K 6.0° || 29.60k 1.8° 3.85 16.03
2345 || 25.00K 5.3° || 30.20K 1.4° 3.80 16.13
2355 || 26.50k 4.2° || 31.18k 0.84° 3.76 16.00
J000 || 27.30K 3.3° || 31.70K 0.5° 3.72 16.00
0007 || 28.00K 3.0° || 32.20K 0.2° 3.68 15.97
0010 || 28.50K 2.6° || 32.60K -0.3° 3.65 15.92
0015 || 29.20K 2.2° Il 33.20K -0.4° 3.62 16.00
0030 || 30.83k 1° 34.41K ~1.0° 3.53 16.00
0035 || 31.34K .8°% || 34.84x -1.35° 3.515 16.06
0040 || 31.94K .4° || 35.20K -1.60° 3.50 16.02
0045 || 32.40K .1° || 35.50K -1.75° 3.46 16.10
0050 || 32.90K - .2°% || 35.90k -1.95° 3.46 16.05
0055 || 33.30K - .4° || 36.10k -2.0° 3.43 16.00
0100 || 33.70K - .6° || 36.30K -2.1° 3.425 15.95
0117 || 24.90K -1.4° || 37.20k -2.6° 3.37 15.97
0130 || 35.80K -1.8° || 37.90k -3.0° 3.35 16.00
0145 || 36.50K -2.25°| 38. 20k =3.1% 3.33 15.95
0200 || 37.30K -2.80° || 38. 70k -3.48 3.30 15.88
0215 || 37.90k -3.0° || 39. 00k -3.6° 3.29 15.92
0230 || 38.23K -3.10° || 39. 30k -3.75° 3.26 15.92
0245 || 38.63K -3.4° | 39.40k -3.8° 3.27 15.94
0300 || 39.02K -3.6° | 39.80k -4.0° 3.27 16.00
0315 || 39.30k -3.75° | 39. 90K -4.05° 3.27 15.96 _
0330 || 39.50K -3.85° || 40. 00K -4.10° 3.26 16.00
0400 || 39.90K -3.87° || 40. 23k -4.20° 3.25 16.00
0550 || 40.00K -4.100| 40.4xk -4.250 3.26 16.00
0710{| 40.00K -4.10001 39.54K -3.83° 3.27 16.00
0925 39. 34K -3.760 || 39.14K -3.6° 3.30 15.92
TABLE 5.3 - COOLING
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NORSAR
Temperature investigation vy, Sole~ Jan 14.-15.1971.

° TIME RA5 TERMISTOR JA BOX TERMISTOR DET QUTPUT
0930| 38,70k - 3.4° 35, 10K - 1,5° 3,34 15,90
0945| 36, 70K - 2,4° 30, 60K +1,2° 3,44 16,01
0950| 36,00k - 2,0° 28, 50K + 2,6° 3,48 15,93
0955| 34,30K - 1,0° 27, 20K + 3,6° 3,55 15,99
1000| 33,00K - .2° 26, 10K + 4.45° 3,60 15,97
1005| 32.00K + .3° 24.80K + 5.40° 3,65 15.91
1010| 30.90K + 1.0° 23. 70K + 6.40° 3.69 15.92
1015| 29. 70K + 2.2° 23. 30K + 6.70° 3.75 15.95
1020| 28.50K + 2.6° 22.60K + 7.4° 3.81 16.0
1025| 27.73K + 3,2° 22.13K + 7.8° 3.85 15.95
1030| 26.73K + 4.1° 21.50K + 8.4° 3.90 15.91
1050| 23.88K + 6.3° 19.98K + 9.96° 4.06 15.94
1055| 23.00K + 7.0° 19.50K +10. 4° 4.09 15.94
1100| 22.50K + 7.5° 19. 20K +10.8° 4.12 15.92
1115| 21.00K + 8.9° 18. 40K +11.2° 4.18 15.98
1215| 17.6 K +12.6° 16.60K +13.8° 4.42 15.96
1230] 17.2 K +13.0° 16.4 K +14.0° 4.45 15.86
1240| 16.92K +13.4° 15.8 K +14.95° 4.47 15.92
1300| 16.22K +14.4° 15. 13K +15.8° 4.54 £
1327| 15.23k +14.9° 14. 10K +17.4° 4.63 .
1355| 14.20K +15.6° 13.42K +18. 4° 4.71 -

TABLE 5.4

HEATING
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Temperature and humidity were controlled by cutting and
installing plastic cams which were driven by a timer
motor. No provision was made for de-activating this
motor to run constant temperature checks. To run such
checks, the cam followers had to be locked mechanically
at the right temperature. This was a time-wasting

and troublesome procedure.

Two RA5 amplifiers were installed in the chamber, SN 226
and SN 820.

During the starting period some overall tests were run.
During these tests it was found that the RAS5 is extemely
sensitive to changes in the temperature, but performed
distinctly better upon stabilization of the temperature.
Some experience of this fact had been obtained earlier

during the phase I operation at @yer.

Most of the test runs were planned before the chamber
arrived.

The plan was to investigate whether it would be of ad-
vantage to adjust the amplifiers at some temperature
closer to what could be expected in the field. To
clarify this, the test was divided in 3 parts.

Check no. 1: RAS5 performance with amplifiers adj. at
room temperature.

Check no. 2: RAS5 performance with amplifiers adj. at
-5°c.

Check no. 3: RAS5 performance with amplifiers adj. at
+12,5°C.

(12,5°C represents the average temperature derived from

the min-max temperature readings in the array.)
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As the tests progressed, it was evident that it was

not convenient for later work to adjust the RAS5 in the
temperature chamber. This is due to (1) the difficult
method of adjusting the chamber temperature, and (2)
the fact that the chamber has to be opened to do the
adjustment and the RA5 then immediately is subject to

a quick temperature change. However, it is recommended
to adjust the RAS5 amplifiers in a cellar room with a

temperature closer to +12,5°C rather than at room
temperature (+20°¢) .

Frequency response of the RA5 is run for each test at
various temperatures, the results being presented in

tables, Appendix A8, together with voltage/gain/temp
curves.
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OTHER TASKS

Apart from the matters already discussed we have also
dealt with a number of other, less significant tasks.
The major items of these will be commented on in the

following.

CTV Standby Power-system.

Faulty Time Delay Relays.

The CTV standby power-system consists of a 28 V Ni-Cd
battery and a controlled charger. In case of mains inter-
ruption, the battery will carry the load until it reaches

a low voltage of 24V. The load will then automatically be
cut off. Upon recurrence of the main power, the automatic
charger will control the battery recharging within preset
limits. As an additional safeguard, in case the automation
should fail, a "Time Delay Relay" will,after a preset time,
change the charging condition from "HIGH" (32,5V) to "NORMAL"
(29,4V) or maintenance charging.

These Time Delay Relays showed a number of failures during
check-out in 1970 and were all returned under warranty to
the manufacturer for repair/modification and the greater
portion of them did not get back until spring 1971. They
were then reinstalled at the various CTVs as other work
necessitated visits.

Time-setting of the Time Delay Relays.

A request to the manufacturer of the battery chargers about
the most correct time-setting of the Time Delay Relays brought
forth some uncertainties about overcharging and gassing of
the batteries, so a test was conducted to investigate these
circumstances. The test was carried out in May/June at 09C

and can naturally be divided in 3 parts as follows:
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PART 1 Discharging of Fully Charged Battery.
The main power was disconnected, and the
normal load was carried by the battery.
The result is shown in figure 6.1.
The time lapses to "BATTERY LOW" - indica-
tion was recorded to 48 hours and to "LOAD
OFF" to 61 hours. The load current was 6,3 A.
PART 2 Normal Charging Condition from "LOAD OFF"-
level of Battery.
The main power was reconnected and normal
charging-progress went on.
The result is shown in figure 6.2.
The automatic changeover from "HIGH" to
"NORMAL" or maintenance charging took place
after approximately 9.3/4 hours.
The "LOAD ON" condition was established less
than 10 seconds after reconnection of main
power.
PART 3 Forced "HIGH" Charging.

The monitoring circuit of the charger was
disconnected and the system set to "HIGH"
charging (32,5V) for 5 hours to determine

the charging current and the gassing effect.
The current diagram is shown in figure 6.3.
The charging rate started with 40A, dropping

quickly to 12-14A and had come down to 8.75A
after 5 hours.
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Gassing started 3 - 4 minutes after start
of the test and was increasing towards the
end of the period. The electrolyte level
did not decrease noticeably during the test,

however.

The regulating zener diodes N1, N2 and N3
on the circuit card U3 got very hot during
this test, and because they were placed
onto the card without any air gap, the card

burned somewhat.

CONCLUSION

Because the charging current quickly drops to
nearly the same level as with "NORMAL" or
maintenance charging and the gassing does

not seem to be too unconvenient, it should
not be necessary to set the Time Delay Relays
lower than 9 - 10 hours, which is necessary
for quick recharging of the batteries after

mains dropout. See figure 6.2.

Faulty Charger at 08C.

Apart from the faulty Time Delay Relays, the chargers have
performed well except at 08C, where there have been some
troubles. This was taken care of by the manufacturer under
warranty, but because of lack of spare parts it took a

long time ©before the charger was restored to full working
order. The site was in normal operation during most of this
time, however.

Extra Filter for Battery Monitor, BEM modification.

The battery-current measurement over the SLEM were infested
with a high degree of noise and the installation consultant,
"Teleplan A/S", proposed a modification (dated 2 February
1971) on the "CTV Monitoring Protection Card,BEM". This
modification was carried out at the various CTVs as part

of the general routine during visits.
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Maintenance of the Batteries.

Although they had not been used much before the installa-
tion of the SLEMs, the batteries had been installed since
1968/69 and started to show corrosion of varying degrees.
In some places mould had also started to grow on the
wooden boxes, this of course was due to moisture in the

CTVs, which had no source of heating.

Upon request,the manufacturer recommended cleaning off
the corrosion, which appears as a white fluffy substance on
top of the batteries, and cover the poles with acid-free

vaseline.

The vaseline was purchased and cleaning of the batteries

has been carried out as time has permitted.

Routine checks of the batteries also revealed deviations

from the nominal density-value, which should be 1.17-1.19.
The manufacturer recommended that this should be regulated
with adjustment of the charging voltage, and such procedure

was incorporated in the maintenance routines.

Breakdown of 4V Power Supply at 10C.

Discrepancy with the EW Mass Position (MP) adjustment was
detected on a visit to 10C 19 July, but other tasks did
not leave time enough for localization of the fault.
Later, the cause was found to be <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>