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SUMMARY 

This report covers the operation of the NORSAR system 
during the period 1 July - 31 December 1971, except 
for array monitoring and control and associated field 
maintenance, which activities are, in accordance v/ith 
Contract F19628-70-C-0283, covered by a separate re- 
port (NORSAR Report No. 40).  A chapter on workshop 
repairs is, however, included here, although the 
main emphasis is on NDPC operations. 

The report covers the first half year period when the 
regular NORSAR staff had the responsibility for all 
aspects of operation.  Consequently, some areas are 
treated in somewhat more detail than in earlier re- 
ports on the subject. 

1.     INTRODUCTION 

During the first part of this report period, all sides of 

the NORSAR system were completed and formally accepted by 

relevant authorities.  Full system responsibility was ac- 

cepted by NTNF as of 1 Sept, v/hen the contract between 

ESD and IBM/USA terminated, and most IBM/FSD personnel 

left the project.  Three IBM/FSD personnel stayed on at 

NORSAR,assigned to special tasks, and as consultants to 

the NORSAR staff. 

The transfer of responsbility caused no problems, as 

project personnel had for a considerable time been work- 

ing in close cooperation v/ith IBM/FSD towards that end. 

Furthermore, the system had in the past proved very re- 

liable, when allowed to run without scheduled interrup- 

tions.  Neverthelees, improvement work continued where 

and when a pay-off could be envisaged. 



2 .   STATUS OF SYSTEM 

2.1  Facilities 

The NORSAR facilities at Kjeller consist of the rented 

permanent building containing computer room, adjacent 

rooms for air conditioning, card punching, line termi- 

nation, storage and five offices," a semi-permanent 

prefabricated office building with 17 offices and 

auxiliary rooms, part of which is owned by the pro- 

ject, part of it rented; and a small house temporarily 

borrowed from KCIN at no cost. 

The maintenance center, with main workshop facilities, 

is also located at Kjeller, partly in a rented house, 

partly in a prefabricated, semi-permanent house similar 

to the office building, belonging to the project. 

NORSAR personnel share a lunchroom with KCIN personnel 

on the premises. 

2.2  Personnel 

Except for the Project Manager, all key positions in 

the project were filled in the period,' the Operations 

Manager temporarily acting as Project Manager.  An 

expected turn-over of personnel was experienced, in 

particular in the operator group.  One programmer left 

and was replaced by a new man.  Three experienced oper- 

ators were given special tasks and transferred to day 

shift work:  one as EP analyst assistant, one as AM&C 

analyst assistant, one assumed the position of program 

and tape librarian.  This left 10 operators for regu- 

lar machine operation shift work, working 2 per shift 

on a 5-week repeat schedule. 
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Until the end of September, the field and workshop 

maintenance was performed under a subcontract with 

Noratom-Norcontrol A/S.  Nine technicians plus a 

manager were engaged in NORSAR work.  The subcontract 

was terminated at the end of September, the maintenance 

work from then being conducted directly from NDPC.  Eight 

maintenance personnel were, in understanding with Noratom- 

Norcontrol A/S and the personnel themselves, transferred 

to NTNF/NORSAR for the purpose.  Practical work continued 

as before, with six men working in the field and two at 

the maintenance center, under direction of NDPC. 

Part time work for the project is being done by NTNF 

head office personnel, in particular with payroll, ac- 

counting, financial control, etc. 

2.3   Equipment, Maintenance 

2.3.1 NDPC_Eguipment 

In connection with the expiration of the IBM/FSD con- 

tract and the purchase of rented computers and associated 

equipment, responsibility for maintenance contracting 

was transferred to NTNF.  Consequently, such maintenance 

was contracted with IBM Norway, starting 29 June 1971. 

This contract consisted of two parts:  a standard con- 

tract covering preventive and corrective maintenance 

on standard equipment 24 hours per day, 7 days per week, 

and a maintenance agreement on "time and material" basis 

covering other IBM-delivered equipment (SPS, EOC, Brush 

Recorder, TOD Unit, etc.).  Two 2701 Data Adapters, 

having become surplus, were removed at the time.  A 

small stock of replacement parts, supplied by IBM/FSD, 

was inventoried and transferred to NORSAR, for use 

mainly in special equipment.  Spare units are to a cer- 

tain extent available for the EOC.  Figure 2.1 shows 

the final floor plan of the computer room. 
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Table 2.1 gives an indication of maintenance activity 

in the period. 

Month C.E. 
Maint. 

Pov/er 
Dov/n 

Mach. 
Error 

SPS* EOC A          B A          B A          B 

Jul 1           3 1.20 

Aug 7           5 8 9 15.10 

Sep 6           5 1 

Oct 10           8 2           2 4 2.10 

Nov 9           8 5           5 1 4.CO 

Dec 5        11 4 2 

Total 38        40 16           7 18 22.40 2 

* SPS maintenance included in other columns 

TABLE 2.1 

Maintenance Activity Jul - Dec 1971 
(Down Time in Hours) 

Air conditioning equipment was maintained under contract 

with a local firm.  No failure of this equipment v/as 

registered in the period. 

2.3.2 Communications 

The communications system consists of 22 dedicated lines 

(channels), 2400 baud modems, loop check unit for each 

line, and a call display at NDPC were signalling from 

the CTV is registered by buzzer and lamp. 

Lines, except project-owned local lines at each sub- 

array, are rented from the Norwegian Telegraph Admini- 

stration.  Also, maintenance of local lines and modems 

(project-owned) is done by contract with NTA.  At NDPC 



- 6 - 

essentially one person is engaged part-time in check- 

ing communications performance.  This is done by print- 

out scanning, and manual check as necessary.  Faults 

are reported to NTA, where action is taken (in order 

of priority; NORSAR has, unfortunately, not always top 

priority).  NORSAR's own technicians usually assist 

in on-the-spot fault locations and repairs of modems 

and local lines. 

Lines from several subarrays are usually routed via a 

12-channel carrier system.  As a result of this, a 

carrier outage will cause an outage of a number of sub- 

arrays, as there are no facilities for alternative 

routing.  Failure of the communication system between 

Oslo and Lillestr0m (near Kjeller) may cause an outage 

of 20 out of the 22 subarrays, whereas a cable fault 

between Lillestr0m and Kjeller may leave the complete 

system dead.  Input/output level changes occasionally 

occur along the v/ay, usually caused by the special 

precautions (equalizers, amplifiers, etc.) taken to 

make lines comply with the special quality requirements 

of CCITT M102.  Levels are checked by NORSAR personnel, 

both at NDPC and the CTV, in cooperation with inter- 

mediate NTA stations, and adjustments made by NTA as 

necessary.  Table 2.2 shows the line/group of lines 

outages in the period.  An insignificant number of 

minor modem repairs was performed. 

2.3.3   Trans-Atlantic Communication 

The Trans-Atlantic Line (TAL) installation at NDPC con- 

sists of one 2400 baud modem, and a switch/signal panel 

The line is used for alternative data and voice com- 

munication between NDPC and SAAC.  The line is routed 

from NDPC via cable to the satellite ground station at 

Goonhilly Downs in England, hence via satellite to USA. 
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NORSAR is not involved in rental or maintenance 

questions for this system.  Discovered failures are 

reported to the NTA. 

2.3.4 Figld_Egui£ment 

Field equipment status and maintenance for this re- 

porting period is covered by NORSAR Report No. 32, 

"Field Maintenance Report 1 Jan-30 Sep 1971" and 

No. 40 "Array Monitoring and Field Maintenance Report 

1 Oct 71-30 June 72".  Some additional information 

about workshop activities, relating to the latter 

half of the period, will be given. 

The workshop service is organized with the main 

workshop (MC) at Kjeller and a field workshop (FMC) 

in Brumunddal in the array area.   Usually "first 

line" repairs are performed in the field or in the 

field shop, while more time-consuming jobs and those 

requiring special tools and equipment are referred 

to the main workshop.  This is the case for most 

seismometer and SLEM jobs.  The MC is equipped 

with various seismometer test fixtures and SLEM 

test racks, connected through cable to the computer, 

to allow realistic tests to be run.  This feature 

is extensively used.  The main stock of replace- 

ment parts is kept at the MC. 

Considerable time was spent at the MC with recon- 

ditioning of seismometers both short and long period, 

initiated in most cases by replacement of out-of- 

tolerance instruments.  In the short period, case 

investigations indicated that the springs (suspen- 

sion and cal coil) might be the reason for substandard 

performance, possibly linked with temperature varia- 

tions.  Extensive temperature tests had been performed 

earlier (Report No. 32), however, no firm conclusions 
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could be drawn from the seismometer tests apart from 

a confirmation of instability  with changing tempera- 

tures.  Several seismometers were fitted with new 

springs',   this improved the performance and most units 

could then be adjusted to an apparently stable state 

within specifications.  Final adjustments had to be 

performed under normal working conditions," the 

seismometers were brought out to an LPV and adjusted 

there before going into storage as OK for replacement. 

Again, in many cases, whenever one of these recon- 

ditioned seismometers after some time was installed 

in a borehole, its characteristics were way out of 

specification and the procedure had to be repeated. 

Further studies of seismometer characteristics and 

behavior are in progress. 

In long period seismometers rusty magnets and filings 

had earlier been observed.  Seismometer recondition- 

ing continued on a small scale, as the short period 

instruments were given higher priority. 

Reconditioning and repair of Ithaco and RA-5 ampli- 

fiers continued. 

A summary of maintenance center activity in the period 

is given below.  (This may in some cases overlap in- 

formation given in other reports.) 

Summary of maintenance center activities 

1 July - 31 December 1971 

1)   SP Seismometer 

19 seismometers reconditioned (repaired or checked/ 

adjusted).  Recurring reasons for seismometer 
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failure:  suspension and adjusting springs, loose 

set-screws, broken coil wires, loose pigtails, 

mechanical misalignment, low magnets, 24 cables 

of different lengths prepared. 

2) RA-5 Amplifiers 

15 amplifiers reconditioned.  Dominant malfunc- 

tions:  low battery voltage, balance capacitor 

out of adjustment or defect, defect transistors, 

various characteristic values outside of tolerance 

limits.  A special test rig for RA-5, with de- 

tailed procedures for testing, is being prepared. 

3) LP Seismometer 

2 horizontal seismometers reconditioned and adjusted 

3 remote centering devices repaired. 

4) SLEM 

10 ADC's came in for check, of which 8 were sent 

back to factory.  Reasons:  missing numbers, 

wrong or unstable DC offset, gain, clock or 

reference voltage. 

5 SP LTA's checked/repaired for excessive ripple 

(faulty filter) and/or DC offset. 

2 test generators checked/repaired. 

1 EPU treated for excessive noise. 

5) Various 

4 BE cards repaired.  Burned resistors caused by 

lightning. 

Various single cards and other units treated for 

minor deficiencies. 
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A test set-up was made for testing of SP natural 

frequency and damping, and several tests per- 

formed using subarray 4B LPV as "test station". 

Measurements performed v/ith 8 Hz filters for 

possible introduction in the system. 

Various noise measurements performed (e.g., data 

channel noise at 4B in Sept) with no conclusive 

results. 

MC personnel took part in the establishment of 

new routines for equipment testing, status re- 

cording, spare parts control, etc. 
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3.    NDPC ACTIVITY 

3.1   Detection Processor Operation 

3.1.1 General_Considerations 

In July and August of 1971, the final modifications 

and extensions of the DP software were performed by 

IBM.  Among other things, these included the final 

checkout of the on-line array monitoring software 

and an option to provide a fast determination of 

arrival times and epicenters of large events.  A new 

set of scaling parameters for the on-line DP was in- 

troduced 2 6 July. 

During the above two months, the mode of DP operation 

was semi-continuous, in the sense that DP was taken 

down whenever needed for program debugging purposes, 

but otherwise was dedicated to continuous data re- 

cording. 

From 1 Sept 19 71 NTNF/NORSAR took over the formal 

responsibility for operating the NORSAR system.  From 

this date top priority was given to maintaining a 

continuous data recording and detection processing, 

with minimum system intervention.  However, whenever 

DP was subject to error stop for unknown reasons, an 

SPS and S/360 core dump was taken to provide a pos- 

sibility for the responsible programmers to locate 

and correct the cause of malfunctioning.  Also, the 

on-line DP was taken down when software changes or 

new parameter sets were introduced, as well as for 

hardware naintenance purposes.  In the latter case, 

however, the secondary S/360 computer was used for 

backup recording, so as to minimize the data loss. 



- 13 - 

3.1.2 Data_Recording_and_DP_Down_Time 

Figure 3.1.1 shows Detection Processor down time on a 

day-to-day basis for July-December 1971.  The total 

monthly recording time is given in Tables 3.1.1 and 

3.1.2. 
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Figure 3.1.1  Daily detection processor down time 
July - December 1971 

In spite of significant system development during July 

and August, the Detection Processor was still operational 

for more than 90% of real time in these two months.  The 

figures improved as could be expected for September- 

December, with generally less than 3% down time.  Most 

of the down time in the latter period is attributable 

to a few outages of relatively long duration (up to 7 

hours), mainly caused by power breaks or hardware failures 
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! DP EP 
Job Array DP C.E. Power 

Idle Mach. No. of Jobs 
Shop Mon. Test Maint. Down Error run in Job 

Shop 

Jul 708 6 29 1 15 

Aug 689 29 7 8 2 9 

Sep 704 5 4 6 1 21 

Oct 605 38 65 2 5 10 2 13 4 186 

Nov 690 2 13 9 5 1 6 

Dec 728 4 3 5 4 10 
Total 
hours 

4124 38 82 2 83 38 16 15 18 238 

COMPUTER A 

DP EP 
Job 
Shop 

Array 
Mon. 

DP 
Test 

C.E. 
Maint. 

Power 
Down 

Idle Mach. 
Error 

No. of Jobs 
run in Job 
Shop 

Jul 294 318 Ill 18 3 1020 

Aug 281 344 110 5 4 969 

Sep 6 384 300 25 5 1010 

Oct 120 249 313 25 8 2 27 1114 

Nov 11 197 383 110 4 8 5 2 1047 

Dec 11 230 287 205 11 876 
Total 
hours 

148 1635 1945 586 22 40 7 33 6036 

DP up time: 

EP up time: 

COMPUTER B 

(41244-148) -100 
4416 

(38+1635)-100 
4416 

% = 96.7% 

%  = 37.9% 

TABLE 3.1.1 

Computer Usage 1 July - 31 December 197] 
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DP DP EP EP NO. OF DP 
UPTIME UP % UPTIME UP % DP ERROR MTBF 
(hours) (hours) STOPS (days) 

Jul 708 95.2 294 39.5 

Aug 689 92.6 281 37.8 

Sep 710 98.6 384 53.3 10 3.0 

Oct 725 97.4 287 38.6 12 2.6 

Nov 701 97.4 197 27.4 7 4.3 

Dec 739 99.3 230 30.9 5 6.2 

TOTAL 4272 96.7 1673 37.9 34 3.6 

TABLE 3.1.2 

DP and EP Computer Usage 

A significant parameter is the number of DP error stops 

and the associated mean time between failures (MTBF), 

as seen in Table 3.1.1.  System stops when DP was taken 

down deliberately have not been included here. 

Of the 34 error stops in the period September-December, 

tape drive problems account for approximately half.  TAL 

operation, operator actions, EOC, software, SPS, other 

hardware are the other causes of Detection Processor 

error stops. 

The average MTBF for the last four months was 3.6 days, 

with the longest continuous interval of error-free DP 

operation being 10 days. 

3.1.3 DP_Operational_Problems 

The main DP problems related to software are summarized 

in the following, together with the associated Discrepancy 

Report No. (DR). 
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Trans-Atlantic data communication from NDPC to SAAC 

showed a generally good performance except for a ten- 

dency for the NORSAR DP to fall behind compared to real 

time when transmitting the data blocks.  The loss of 

data due to this was, however, minimal (typically a 

few seconds during a week), and the problem was de- 

ferred (DR 324). 

Errors in time delays for roughly half of the array 

beams were discovered on 5 October. These errors had 

been in the system since the creation of a core image 

tape on 2 August, and were due to an operator mistake. 

A new and correct core image tape was created immedi- 

ately, and steps were taken to provide more extensive 

checks on the procedure in the future (DR 375). 

The beam display of the Experimental Operations Con- 

sole (EOC) caused several error stops due to data 

chaining in August and September, and the EOC task 

was recoded to prevent this (DR 406). 

Status indicators on the EOC used for Array Monitor- 

ing were blanked out on several occasions after DP 

error stops.  This problem was solved early in 1972 

(DR 427) . 

3.1.4 DP_Al2orithms_and_Parameters 

When NTNF/NORSAR took over the operational DP system 

from IBM on 1 Sept 71, most basic routines were work- 

ing satisfactorily, and only a few software changes 

were made during the last part of 1971.  The most 

significant program changes were as follows. 

Detection Processor task priorities were reordered 

20 Sept (Change Request 353) to allow for less prob- 

ability of losing messages and detections to printer 
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and shared disk during heavy S/360 processing load 

conditions. 

A method for reducing the possibility of false detec- 

tions caused by reactivation of transmission lines 

after communication outages was developed and imple- 

mented on-line 16 November (Change Request 368). 

A continuous recording of all Long Period data on a 

"Low Rate Tape" was implemented on-line 16 November. 

This was done in order to make LP data more readily 

accessible for analysis, and to simplify retention 

of this type of data.  Also all data sent to and 

received from the Trans-Atlantic Link (TAL) was 

initially recorded on this tape (Change Request 398). 

A summary of DP parameter changes during 1971 is 

shown in Table 3.1.3.  Note that from 22-26 July a 

parameter error caused an effective DP detection 

threshold of 16 dB instead of 10 dB.  After continu- 

ous operation of the NORSAR system started 1 Sept, 

the following parameter changes were made. 

DP detection threshold was increased from 10 dB to 

10.5 dB on 16 November.  The reason for this was the 

large number of small detections during the fall 

months, which caused overflow on the shared disk at 

several occasions and subsequent operational EP prob- 

lems (Change Request 4 36). 

A new array beam deployment (Selected Surveillance) 

was introduced in the NORSAR DP 14 December.  (Change 

Request 4 54.)  The number of beams was reduced from 

331 to 318, mainly because of DP overload conditions 

experienced with the previous beam deployment.  Es- 

sentially, the new deployment (AB set 401) consisted 
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of retaining the previous beams no 1-259, deleting a 

number of packed beams in the Alaska-Aleutian-Japan 

region and adding a few beams to the USSR-China, Medi- 

terranean and East Africa regions.  See Table 3.1.4 for 

a list of the new array beam set. 

Detection Processor scaling parameters remained un- 

changed from 26 July to the end of the year, the Selected 

Surveillance filter being a 0.9-3.5 Hz Butterworth band- 

pass filter.  The most important scaling parameters are 

listed in Tables 3.1.5 and 3.1.6. 

3.1.5 Detection_Processor_Performance 

Statistics showing the number of on-line Selected Sur- 

veillance detections as a function of signal-to-noise 

ratio are shown in Figure 3.1.2.  The four time periods 

shown cover the months of August-December 1971.  In 

these figures individual detections closer together 

than 30 seconds have been grouped, since in most cases 

they would come from the same event. 

It is instructive to note the apparent "break point" on 

all the curves around an SNR of approximately 12 dB. 

Below this point noise detections start to dominate 

the picture, with the number of detections increasing 

very rapidly when SNR decreases.  A "noise slope" 

(AlogN)/(AlogSNR) = -15 may be fitted to the curves be- 

low 12 dB. 

Similarly, a "signal slope" (AlogN)/(AlogSNR) = -1.1 

seems to provide an adequate approximation for the be- 

havior of the curves above 12 dB, except for high SNR 

values, where Detection Processor clipping of signals 

and also the small expected number of detections af- 

fect the picture. 
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BEAM NO UX (S/KM) UY (S/KM) PHASL LAT LUN 

1 -C.0542707 -0*076/291 P 74 4 576 

2 -0.0571833 -0.0767291 p 74N 566 

3 -0.06U1158 -0.0787291 V 73N 55E 
4 -0.0557170 -0.0761095 p 74N 596 

5 -0.0366493 -0.0761893 P 73N 58t 
6 0.0117313 -0.0660309 P 66M 148W 

/ 0.0131976 -0.0634912 p 62 N 146W 

8 0.0102651 -0,0634912 p 62,9 151W 

9 0.0175964 -0.06U9316 i' 59.M 140W 

10 o.0146638 -0.06o9516 p 59N 144W 

11 C.0117313 -0.060951b p 5 8N 149W 

12 0.0087988 -0.0609516 p 58M 154W 

13 U.0038662 -U,C6o9516 i' 56,N 159W 

14 C.0102651 -0.0564119 P 5 5f9 152W 

15 0.0^73325 -0.0364119 P 55N 156W 

16 3.0044000 -0.0584119 p 55.M 161W 
17 0.00146/4 -0-0564119 p 55N 166W 

18 -0.0C14651 -0.0504119 p 55N 170W 

19 -0.0073302 -0.0564119 P 36,4 179W 

IC 0.0000012 -0.0556723 p 51N 168W 

.1 -0.0029314 -0.0538723 p 51U 172W 

22 -0.0058639 -0.0538723 p 52N 177W 

23 -0.OOR7965 -0.0556723 p 53 1 179E 

24 -3.0117290 -0.0558723 p 54M 175E 
2D -0.0146613 -0,0538723 p 55N 171E 

26 -0.0175940 -0.0536723 p 56N 1666 
27 -0.0205266 -0.0538723 P 37N 162E 
2c -C.0C73302 -0.0533326 p 4 9N 17BW 

29 -0.0102627 -0.0333326 p 49i4 177E 
30 -0.013195/ -0,0533326 p SON 1736 
31 -C.01ol276 -0.0533326 p 51N 169E 
32 -0.0190603 -0.0533326 p 52N 164E 

ii -0.0219929 -0.0533326 p 539 160E 
}4 -j.0234391 -0.C5J7930 p 50<4 1596 

35 -0.0263H6 -3,053/930 p 4 7N 154E 
36 -0.0293242 -0.0507930 p 52N 150E 
3/ -0.0278579 -Oc0462533 p 47>4 153E 
3c -C.0337230 -0.0462533 p 47N 1476 
3> -c. 0366333 • -0.0462533 p 4 7M 144E 
-.v -0.0293242 -0.0437137 p 459 151C 
41 -0.03^2367 -0.043/137 p 44N 149E 
V -u.0331693 -0.0457137 p 4 3N 147E 
43 -3.03^1218 -0.0437137 p 46 4 142E 
44 -0.03:7904 -0.043174c p 43N 149E 
45 -0.0337230 -C.0431740 p 4>2,>l 147E 
46 -0.0366535 -0.0431740 p 42N 144E 
47 - J.03 J58du -0.0431740 p 45,4 139E 
40 -0.0351893 -0.04O6344 P 40N 144E 
4, -0.03cl216 -0.04O6344 p 4 IN 141E 
30 -0.0410543 -0.0406344 p 42N 1376 
31 -0.0366555 -0.036C947 p 37.N 143E 
32 -0.0395B6G -0.C360947 p 39,4 139E 
33 -0.0331893 -0.0353351 p 32N 145E 
34 -0.03ol21H -0.0335551 p 34N 141E 
33 -0.0410543 -0.0355351 p 36'4 136E 
36 -0.0366553 -0,0330154 p 2 7N 1436 
37 -0.0395880 -0.0330154 p 32W 137E 
3d -0.04252u6 -0.C330154 p 34N 133E 
59 -0.0322567 -0.03u475d 0 C 
60 -0.0331693 -0.0304756 p 2CN 1456 
61 -0.0361218 -0.0304756 p 25N 140E 
62 -0.0439R6J -G.03o4756 P 32-1 1306 
63 -0.0J&6555 -C.C2/9361 p 17; 4 1446 
64 -0.0425206 -0,0279361 p 26M 131E 
63 -0.0454331 -0.0279361 p 30N 127E 
66 -o.03dl21d -0.0253965 0 0 
b/ -C.0439669 -0.02539o5 p 26N 126E 
60 -0.046919*. -0.0253965 p 29N 123E 
6) -0.0434331 -0=022856c p 22i4 125E 
7C -0.04e3857 -0.0223566 p 2 5N 1?CF 
71 -0.04O91 9<t -U,0203172 p 2CN 122E 
72 -0.0425206 -0.0177776 0 0 
li -J.0434531 -0,01777/6 p 14N 123E 
74 -0.0463057 -0.01/777b p 17N 119E 
75 -0.0439669 -0.0132379 0 0 
7c -J.0469194 -0,0152379 p UN 120E 
11 -0.C6C113* -O.C33C154 p 49 4 1C4E 
78 -0.05425U7 -0.0279361 p 39N 112E 
79 - j. 0630484 -3.0177//O p 39M 96E 
BO -0.0923737 -0,01 //776 p 5 69 55E 

REGION NUMBER AND NAME 

646 
646 
648 
648 
646 
67b 

1 
I 

1 I 
15 
15 
12 
11 
17 
1/ 
12 
9 
3 
3 
9 
7 
7 
6 
3 
3 
4 

21c 
16 
In 
16 
lb 
16 

216 
222 
221 
663 
221 
220 

• 663 
221 
221 
221 
6o2 
222 
223 
224 
223 
229 
224 
223 
22 9 
226 
611 
229 
226 
212 
211 
233 

0 
216 
213 
235 
215 
239 
234 

0 
236 
666 
24/ 
243 
246 

0 
24 9 
246 

J 
?5<: 
334 
656 
322 
333 

ALEUTIANS 
ALEUTIANS 

NOVAYA ZEMLYA 
NOVAYA ZEMLYA 
NOVAYA ZEMLYA 
NOVAYA ZEMLYA 
NOVAYA ZEMLYA 
ALASKA 
CENTRAL ALASKA 
CENTRAL ALASKA 
SOUTHEASTERN ALASKA 
GULF OF ALASKA 
GULF OF ALASKA 
ALASKA PENINSULA 
BRISTUL BAY 
SOUTH OF ALASKA 
SOUTH OF ALASKA 
ALASKA PENINSULA 
FOX ISLANDS, ALEUTIANS 
BERING SEA 
BERING SEA 
FOX ISLANDS, 
ANDREA,,OF IS. 
ANUR6ANUF IS., ALEUTIANS 
RAT ISLANDS, ALEUTIANS 
BERING SEA 
BcRlNG SEA 
KOMANDORSKY ISLANDS REG. 
NEAR EAST COAST KAMCHATKA 
ALEUTIAN ISLANDS REGION 
ALEUTIAN ISLANDS REGION 
ALEUTIAN ISLANDS REGION 
ALEUTIAN ISLANDS REGION 
ALEUTIAN ISLANDS REGION 
NcAR EAST COAST KAMCHATKA 
KURILE ISLANDS REGION 
KURILE ISLANDS 
SEA OF OKHOTSK 
KUKILE ISLANDS 
NORTHWEST UF KURILE IS. 
S6A UF OKHOTSK 
KURILE ISLANDS 
KURILE ISLANDS 
KURILE ISLANDS 
SAKHALIN ISLAND 
KURILE ISLANDS REGION 
066 COAST HOKKAIDO, JAPAN 
HOKKAluO, JAPAN, REGION 
EASTtR.N SCA OF JAPAN 
OFF E COAST HONSHU,JAPAN 
HUKKAIDO, JAPAN, REGIUN 
EASTERN SEA OF JAPAN 
OFF E COAST HONSHU,JAPAN 
NEAR W COAST HONSHU,JAPAN 
NORTH PACIFIC OCEAN 
OFF E COAST HONSHU,JAPAN 
NEAR H COAST HONSHU,JAPAN 
BUNIN ISLANDS REGION 
SOUTH UF HONSHU, JAPAN 
NEAR S COAST OF S. HONSHU 

MARIANA ISLANDS 
VOLCANO ISLANDS REGION 
KYUSHU, JAPAN 
MARIANA ISLANDS REGION 
RYUKYU ISLANDS REGION 
EAST CHINA SEA 

RYUKYU ISLANDS 
OFF COAST UF E. CHINA 
SOUTHEAST OF TAIWAN 
TAIWAN REGION 
PHILIPPINE ISLANDS REGION 

LUZON, PHILIPPINE ISLANDS 
PHILIPPINE ISLANDS REGION 

PALAWAN, PHILIPPINE IS. 
MONGlJL!a 
NURTH6ASTERN CHINA 
KANSU PROVINCE, CHINA 
URAL MOUNTAINS REGION 

TABLE 3.1.4 

NORSAR Array Beam Set 401 (14 December 1972) 

Part I 
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bEAM NO UX (S/KM) UY (S/KM) PHASc LAT LON 

bl -0.0586495 -0.0152379 P 29N . 103C 

8 2 -0.0615821 -0.0152379 P 34N 98E 

83 -0.0b74471 -0.0152379 P 44N 87E 

K4 -0.0703797 -0.0152379 P 46N 81E 

85 -0.0571633 -C0126983 P 24N 104E 

B6 -0.0601158 -0.01*6983 V 29N 100E 

87 -U.Gb30484 -0.01*6983 Y 34N 95E 

B8 -0.0b598j9 -0.0128983 P 39N 90E 

BJ -3.06d9133 -0»C12b983 Y 44N 84E 

90 -0.058b495 -0.0101586 Y 2 3N 100E 

91 -0.C615621 -0.010158b P 29N 96fc 

92 -0.0b4514b -0.0101586 Y 34N 92E 
9 3 -C.0b7447l -0.010158b Y 39N 87E 

94 -0.0703797 -0.0101586 Y 44N 81E 

»S -0.0601158 -0.0076190 Y 2 3N 97E 
46 -0.0b30484 -0.0076190 P 29N 93E 
77 -J.0b39809 -0,00/6190 P 344 89E 
9b -0.0718459 -O.0C7bl9C Y 44N 78E 
99 -G.0bl5821 -0.0050793 V 24N 93E 

100 -0.0b4514b -0.0050793 Y 29N 90E 
101 -0.070379/ -0„0J50793 P 40N 81fc 

102 -0.0b30484 -0.0025397 Y 26N 90E 
103 -O.Cb596J9 -J.002539/ Y 29M 87E 
104 -0.0b&9133 -0.0025397 Y 35N 82E 
105 -0.0718459 -0,00^5397 V 40N 78E 
10b -0.0b45l4b 0.0 P 27N 87E 
1C7 -0.0733122 0,0 P *0N 75E 
108 -O.0bB9133 0.0025396 P 31:4 81E 
109 -0.0718459 0:002539o P 36M 77E 
lie -0.0747783 0.00*5396 Y 40N 73E 
111 -0.0777110 0.0023396 P 42N 70E 
112 -0.07J3747 0.0050793 P 32 N 78E 
113 -0.0733122 0.0C50793 P 37N 74E 
114 -0.07o244rt 0.0050793 P 39r4 71E 
115 -0.0716437 0.0076ie9 P 32N 75c 
lib -G.C7477B5 0.00/6189 P 37N 71E 
U7 -0.07624*8 0.0101586 P 38N 68E 
118 -0.0/47785 0.0126982 P 37N 66E 
119 -0.0777110' 0.GU698* P 4 ON 64fc 
120 -0.06744/1 0.0132379 P 19N 74E 
121 -0.076244b 0,0152379 P 39N 64c 

122 -0.0718459 0.01777/5 P 25N 68E 
123 -0.07 13122 0.0203172 P *8N 65E 
124 -0.07/711. G,022M56£ P S5r4 59; 
125 -0.070374/ C.0253965 P 25N 62E 
12b -J.07LI3747 0.03^4758 P 26N 58E 
127 -0.0/33122 0.0304758 P 31N 56E 
128 -0.0b89133 0.0330154 P 26N 56E 
129 -0.C718459 0.0330154 P 30 i 54E 
130 -0.0b74471 0.0353531 P 25iM 54E 
131 -0.07u379/ 0.0355551 P 29N 53E 
132 -0.0889133 0,0380948 P 28N 51E 
133 -0.0718459 O.C3aC948 V 33N 5CE 
134 -0.0777110 0.0330154 Y 39N 49E 
135 -J.0733122 0.0406344 Y 37M 46E 
13b -0.0659809 -0,01/7776 Y 44N 90E 
137 -0.0ob9133 -0.0177776 Y 48:; 84E 
138 -0.0718439 -0.0177776 Y 52N 77b 
139 -0.0o45l4b -0.0152379 P 39N 93E 
140 -0.0733122 -0,0152379 P 5lN 75E 
141 -0.0/18459 -0.CUe9B3 P 4eN 76E 
142 -0.0483657 0.0228568 P 6S 72E 
143 -0.0410543 0.0253965 1' 16S 69b 
144 -0.04b9144 0.0253965 P 8S 69b 
145 -J.05*7644 0.0253965 P CN 69E 
14b -0.0395890 0.0279362 P 17S 65E 
147 -0.0454531 0.0279362 P 9S 66E 
148 -C.05425J7 0.0330154 P 5N 60E 
149 -0.06cll56 0.0330154 P UN 59E 
150 -0.0557170 0,0333551 P <9N 57b 
151 r0.03b6493 j.0335551 P 13.N 57E 
152 -0.0371833 0.0380746 P 13.M 54t 
153 -0.055717J 0.04J6344 V 13N 52c 
154 -0.0527&4<t 0,043713/ P 13N 47b 
155 -C.G469194 0.0507930 P 12N 42b 
15b -0.0498520 0.055H723 P 20-1 39E 
157 -J.04*8520 0.0253965 P 4S 69c 
158 -C.0425206 0.0279362 P 12S 65E 
159 -J.C571833 0.0330154 P 9-1 60E 
lbC -O.G4i3H57 -0.00*3397 0 0 

REGIUN NUMBER AND NAME 

307 SZECHWAN PROVINCE. CHINA 
325 TSINGHAI PROVINCE, CHINA 
332 NUKTHERN SINKIANG PROV. 
329 EASTERN KAZAKH SSR 
316 YUNAN PROVINCEt CHINA 
307 SZECHWAN PROVINCE, CHINA 
325 TSINGHAI PROVINCE, CHINA 
321 SOUTHERN SINKIANG PROV. 
332 NORTHERN SINKIANG PROV. 
316 YUNAN PROVINCE, CHINA 
313 INDIA-CHINA BORDER REGION 
325 TSINGHAI PROVINCE, CHINA 
321 SOUTHERN SINKIANG PROV. 
332 NORTHERN SINKIANG PROV. 
29/ BURMA-CHINA BORDER REGION 
306 TIBET 
30b TIBET 
329 EASTERN KAZAKH SSR 
294 BURMA-INDIA BORDER REGION 
306 TIBET 
321 SuUTHERN SINJUANG PROV. 
31/ EASTERN INDIA 
306 TIBET 
30b TIBET 
321 SUUThcRN SINKIANG PROV. 
31C NEPAL 
320 KIRGIZ-SINKIA^G BORDER 
306 TIBET 
324 KASHMIR-SINKIANG BORDER 
716 KIRGIZ SSR 
713 CENTRAL KAZAKH SSR 
304 KASHMIR-TIBET BORDER REG. 
719 TAUZHlK-SlNKIANG BOROfcR 
715 TAUZHIK SSR 
303 KASHMIK-INIJIA BORDER REG. 
717 AFGHANISTAN-USSR BORDER 
713 TAOZHIK SSR 
71/ AFGHANISTAN-USSR BORDER 
339 UZBEK SSR 
314 INDIA 
339 UZBEK SSR 
710 PAKISTAN 
710 PAKISTAN 
346 IRAN 
354 WESTERN PAKISTAN 
353 SUUTHEKN IRAN 
34? IRAN 
353 SOUTHERN IRAN 
34ii IRAN 
352 PERSIAN GULF 
353 SUUTHEkN IRAN 
353 SOUTHERN IRAN 
34b IRAN 
338 CASPIAN SEA 
343 NORTHWESTERN IRAN 
332 NORTHERN SINKIANG PROV. 
329 EASTtRM KAZAKH SSR 
329 EASTtRN KAZAKH SSR 
321 SUUTHERN SINKIANG PROV. 
329 EASTERN KAZAKH SSR 
324 EASTERN KAZAKH SSR 
426 CHAGOS ARCHIPELAGO REGION 
429 MIO-INDIAN RISE 
42b CHAGOS ARCHIPELAGO REGION 
421 CARLSBcRG RIDGE 
42/ MASCARENE ISLANDS REGIUN 
429 MID-INDIAN RISE 
421 CARLSBcRG RIDGE 
417 ARABIAN SEA 
421 CARLSBERG RIDGE 
41/ ARABIAN SEA 
416 SOCOTRA REGION 
41o SUCOTR*. REGION 
553 WcSTERN ARABIAN PENINSULA 
55M ETHIOPIA 
55J WcSTERN ARABIAN PENINSULA 
42o CHAGUS ARCHIPELAGO REGION 
429 MIU-INOIAN RISE 
*21 CARLbBbRG RIDGE 

0 

TABLE 3.1.4 

Part II 
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BEAM 'NO UX    (S/K.M) ur  (S/KM) PHASS LAT LON 

161 -0.0513162 -CCCv5397 P ON  ' 102E 
162 -0.0542507 -0.0025397 P 6N 99E 

163 -0.0601156 -0,0025347 P 19 N 94E 
164 -0.049852C CO P 6S 101b 

165 -0.0527844 0.0 P IN 97E 
166 -0.0557170 CO P 5N 95E 

167 -0.05be>495 CO P 13-M 93E 

166 -0.0613821 CO P 20M 91E 

169 -0.0542507 0.00253*6 P 3N 93E 

170 0.0263940 -0.0556723 P 51N 12 8W 

171 CG361241 -0.0507)30 P 4 7N 112W 

172 0.0351916 -0.0507930 P 45N 116W 

173 0.0322590 -0.0507*30 P 44iM 120W 

174 0.0293265 -0.0507*30 P 43N 125W 

175 O.C2o394o -0,05J793J P 4 3N 129W 

176 0.0395904 -0.0482533 P 44N HOW 

177 G.03o6576 -0,0462533 P 42*] 114W 

178 0.0337253 -0.0462533 P *1N 118W 

174 0.030792P -0,0462533 P 4 0*1 122W 

l&O 0.02 78602 -C04h2533 P 40M 126W 

iai 0.0331241 -0.0457137 P 40.4 112W 

182 0.0551916 -0,045/137 P 38N 115W 

163 0.0 322 5 90 -0,045/13/ P 3 7N 119W 

164 0.0293265 -0.0457137 P 36N 124W 

its 0.0425229 -0.0431740 P 41N 1C5W 

186 0.C366578 -0,0431740 P 36N 113W 

l&l 0.0337253 -0.043174C P 54N 117W 

166 0.0307928 -0.0431740 P 3 3.N 120W 

lo9 0.C331916 -0.04^6344 P 52N 114W 

190 0.0337253 -0,0360*47 P 29N 114V. 

191 0.C331916 -G.0355551 P 2 7N lllw 
192 0.0366576 -0,0330154 P 25N 106W 

193 0.0351916 -0.05U4758 P 22U 10PW 
194 0.0337253 -0.027*361 P 19N 108W 

1*5 0.0 1'-'1241 -0,0253*65 P 19,4 101W 

146 0.035191b -0.0253965 P 17M 1C4W 

19 7 CO 5t657b -0.0226568 P 16N 1C0W 

196 0.0410566 -0.0203172 P 17N 94W 

199 0.03-11241 -0.020 U72 P 15^ 9/W 

200 0.042522 * -0.0177/76 P 16N 91W 

201 v.'O J959O4 -CC 1/7 776 P 14N 93W 
202 CC459892 -CC152379 P 16N 66W 

2C3 0.0410566 -0.0132379 P 13-1 90W 
204 0.04^5229 -0.0126983 P 12'4 88W 

2C5 0.0439892 -0,0lJl5d6 P 12'M 66W 
2u6 O.041D566 -0.01J1566 P ION P7W 

20/ C.C425229 -CC0/614C P 9N 64W 
2C8 0.0 366571. -C0076190 0 0 
209 J.04i05t>o -O.O030743 I' 7 I 83W 
21C 0.c36l241 -0,0J5G793 P 0 t B6W 

211 C.0595904 -0,0025397 P iu 82W 
212 0.043*892 0,0 P on 76W 
213 0.0410566 CO P 3N 78W 
214 0.0361241 0.0 P 4S 82H 
215 0»04b3cb0 0,0025346 1' ION 71W 
216 0.C434554 0.CC5396 P 6N 73W 
217 0.0425229 C00<:539o P 34 74W 
218 0.0395904 0.0025396 P IS 7 714 
219 0.0J81241 0.005J793 P 7S 77W 
220 0.0566578 0,0076169 P 12S 76W 
221 0.05<>2530 -C 0025397 P 2C^i 71W 
222 0.0557195 CO P 2 ON 68W 
223 0.0571656 0.0025396 P *1N 64W 
224 0.0537193 C0050793 P 18N 63W 
225 0 . 0 5 /1 6 5 6 0.00/616* P 19.'4 6CW 
226 0.C54253C C.0076189 P 1 5(M 62W 
227 0.0557193 U.CI„15B6 P 17N 59W 
226 C0527866 C0K1566 P 13,4 61W 
2*9 0.04 96542 0.01C158O P 9N 62W 
230 0.0674494 0.020 3172 P 32 N 42W 
231 '   0.0O45168 COZo'il /2 P 2 8,N. 4fW 
232 0.0O15644 C02J3172 P <;4N 46W 
2ii C0639832 C0226366 P 30N 41W 
2S<< 0.0601161 0.0226566 P 2 3M 44W 
235 C.05 /185b 0.022656(5 P 19>i 46W 
236 0.0542530 0.022*668 P 15N 47W 
237 0.0/53145 C023J965 P 4 IN 31M 
2iti C.C703619 0.0253465 P 36N 35W 
23* 0.052786b 0-0253 *65 P 13M 46W 
240 0.071F4W2 0.0279362 P 39N 

TABLE 

Part 

31 W 

3.1.4 

III 

REOIUN NUMBER AND NAME 

700 
70 7 
2 96 
273 
706 
706 
703 
319 
705 
25 

456 
33 
32 
30 
iJ 

459 
33 
51 
3b 
3'. 

478 
II 
3; 
38 

460 
4<» 
43 
38 
4-, 
4H 
4 4 
44 
51 
53 
5/ 
64 
58 
61 
66 
62 
Li 
43 
71 
76 
75 
77 
76 
0 

77 
69o 
83 
9 ) 
8 3 

106 
10*. 
94 

103 
10/ 
111 
115 
86 

402 
402 
92 
92 
9, 
4/. 
95 
97 

403 
403 
4C3 
403 
403 
403 
403 
404 
40 3 
403 
405 

NORTHERN SUMATRA 
MALAY PENINSULA 
BURMA 
SOUTHWEST OF SUMATRA 
NORTHERN SUMATRA 
NORTHERN SUMATRA 
ANOAMAN ISLANDS REGION 
BAY OF BENGAL 
OFF W.COAST OF N. SUMATRA 
VANCOUVER ISLAND REGION 
MONTANA 
WESTERN IDAHO 
OREGON 
OFF COAST OF OREGON 
OFF COAST OF OREGON 
YELLOWSTONE PARK, WYO. 
WESTERN IDAHO 
NEVADA 
NORTHERN CALIFORNIA 
OFF COAST OF NORTH CALIF. 
UTAH 
NEVADA 
CENTRAL CALIFORNIA 
OFF COAST OF CALIFORNIA 
WYOMING 
WESTERN ARIZONA 
SOUTHERN CALIFORNIA 
OFF COAST OF CALIFORNIA 
W, ARlZ-McXlCO BORDER 
BAJA CALIFORNIA 
GULF OF CALIFORNIA 
GULF OF CALIFORNIA 
OFF COAST OF CENT. MEXICO 
RtVILLA GIGfcOO ISLANDS 
MICHUAoAN, MEXICO 
OFF COAST MICHOACAN, HEX. 
NEAR CUAST GUERRERO, MEX. 
CHIAPAS, MEXICO 
N=AR CUAST OF OAXACA, MEX 
MEXICO-GUATEMALA BORDER 
NEAR CuAST OF CHIAPAS,MEX 
BRITISH HONDURAS 
NEAR COAST OF GUATEMALA 
OFF CIUST UF CENT.AMERICA 
NICAKAOUA 

UFF CUAST OF COSTA RICA 
COSTA KICA 

OFF CUAST OF CUSTA RICA 
GALAPAGOS ISLANDS REGION 
SOUTH CF PANAMA 
NORTHERN COLOMBIA 
SOUTH OF PANAMA 
OFF COAST OF N. PERU 
LAKE MARACAIBO 
NURTHEKN COLOMBIA 
COLOMBIA 
ECUADOR 
NORTHtKN PcRU 
NtAR CUAST OF PERU 
DOMINICAN REPUBLIC REGION 
NORTH ATLAMTIC OCEAN 
NORTH ATLANTIC OCEAN 
LEEWARD ISLANDS 
LEEWARO ISLANDS 
LEEWARD ISLANDS 
LEEWARD ISLANDS 
WINDWARD ISLANDS 
NEAR COAST OF VENEZUELA 
NORTH ATLANTIC RIDGE 

ATLANTIC 
ATLANTIC 
ATLANTIC 
ATLANTIC 
ATLA II IC 
ATLANTIC 
ISLANDS 

NORTH 
NORTH 
NORTH 
NORTH 
NORTH 
NORTH 
AZORES 
NORTH ATLANTIC 
NORTH ATLANTIC 
AZORLS ISLANDS 

RIDGE 
RIDGE 
RIDGE 
RIDGE 
RIDGE 
RIDGE 
REGION 
RIDGE 
RIDGE 
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BtA.w   NU UX    (5/KM) 

241 0.05132J5 
242 0.0498542 
243 0.048386 0 
244 0.0469217 

245 0.CW54554 

246 0.0410566 

247 0.036657c 
248 0.0351916 

249 0.0322590 

250 0.0146636 

251 0.0307926 
252 0.0190626 
253 0.01613J1 
254 0.0293263 

255 0.02o5269 
256 0.02 78602 
25/ 0.0^:49277 
258 0.0219952 
239 C.0190626 

260 -0.0439869 

261 -0.0313163 
2 62 -J.0586496 
263 -0.0t34332 
264 -0.0527845 
265 -0.0463637 
266 -0.0615621 
267 -J.0357171 
268 -0.0527845 
269 -J.00/3302 
27C 0.0029336 
2 71 -0.0131932 
2 72 -0.0117290 
2 /3 -0.02 >4591 
274 -0.0337230 
273 -0.011729.1 
276 -0.0190603 
277 -0.OJ67965 
278 -O.Cl<»66l3 
2 79 -0.0410544 
260 -0.0190603 
261 -0.0322561 
262 -0.0395661 
263 0.02u52E 9 
264 J.0t<»6636 
265 -0.046919<. 
266 -0.0190604 
287 0,0J»l915 
2rS6 0.01C2631 
269 0.01 90626 
290 -J.03?25o7 
241 C.033/232 
292 0.00146/4 
293 0.00^9336 
2 94 -u.016l27t. 
293 -O.Ci.29314 
296 C.0140626 
297 O,003866t 
298 0.00C0011 
299 -0.01612/6 
300 -0.0190603 
301 -O.02 93242 
302 -0.0263916 
3C3 -0.02 J324C 
304 -0.0/18459 
305 -0.0et'9133 
306 -J,U4S3857 
307 -0.049852'. 
306 -0.0327044 
309 -j.0463637 
310 -0.0913132 
311 "-0.C5425C/ 
312 -0.041T543 
313 -O.04 396o 9 
314 -•J.0366533 
313 -O.Cj^2367 
316 -0.0331893 
317 -0.0361218 
318 -'J,OJ372JO 

UY    IS/KM) PHAib LAI LU'M 

0,0274362 P in 43W 
0.0304756 P ION 41W 
0.0330134 P 9N 39W 
0.0333331 P 6n 36W 

0.036C946 P 8h 34W 
0.0406344 P 4N 33 W 
0.04 31740 P 1 . 30W 
0.0437137 P IN 27W 

0,045/13? P 25 26W 

0.0437137 P 18S 13W 
0,04fc2534 P lb 22W 

0.0462334 P 12S 15W 
0.0462534 P 145 12W 

0.05J7930 P ON \  IV. 

0,05J7930 P es 14W 
0.0533326 P 2N 17W 
0.0333326 P IS 15w 
0.0533326 P 4S 13V. 
0=0533326 P 6S llw 
C.C437137 P 5 IN 131E 
0.0431740 P 52N 114E 
0.0406344 P 54N 102; 
0,03.^0447 P 429 124fc 
0.0335551 P 4 5M 112E 
0.0330154 P 38*1 119E 
C.0253965 V 4 3.N 96f 
0.020 3172 P i2h 105E 
0„0152379 P i 5N 105E 
0.0380947 SKP 155 174W 
0.0355551 0 0 
0.0 3JO154 PKP *9S 179W 
0.0304758 PKP 265 176V. 
C.030*756 PCP 51M 146E 
0.0279361 POP 31N 141E 
0.0233 965 PKP 30S 179W 
0.0226368 0 0 
0.,.152379 PKP 3CS 176* 
0,0132379 PKP 18S 169W 
0.0152379 0 0 

•0,0126983 PKP 16S 154E 
0.0050793 c 0 
0.0025397 0 0 

0,0 0 0 
0.0 0 c 
0,0 c 0 
0.00*5396 0 0 
0,005o/93 c c 
0.00 76189 PM'' 325 90V* 
0,0l269G<: 0 0 
0,0152 374 POP 3 IN 53b 
0.C177775 0 C 
0.0177775 PKP 74S 52W 
C,02^3172 0 0 
0.0228566 0 C 
0,0233965 0 0 
C.Oi/9362 0 (. 
0.0333331 0 0 
0>035355i 0 0 
0.0431740 P 255 26t 
O.04t,2534 P 17S 28E 
0>05j7930 1' 6S 35E 
0.0338723 P IS 30E 
C.0538723 P 1 . 32C 
C,043174(1 P 37,\ 44t 
0,0462534 P 37.i 41E 
0,0634 »i2 P 289 33E 
0,0660309 P 35\ 306 
0.0660309 P 37 ( 30E 
0.066 3706 P 37N 26K 

0   11661(706 P 38*1 266 
C ,«.. 6t :>7C6 P 39 J 2 9b 
0.0711102 P 34 i 26E 
J,0711102 P 36 . 2oc 
0;073649H P 35.9 24t 
0,0701893 p J5 I 22b 
0.0 76 1693 P 36 J 22E 
0.0 7616 45 P 37 , 23L 
U,C tii /?92 P J7 I 21E 

TABLE 3.1.4 

Part IV 

REblON NUMBER AND NAME 

403 
40 3 
406 
40o 
406 
406 
406 
406 
40/ 
410 
406 
410 
410 
406 
406 
561 
40/ 
407 
406 
656 
326 
327 
658 
334 
656 
334 
307 
66<f 
1/3 

o 
177 
171 
663 
211 
177 

0 
177 
174 

0 
595 

• • 

'J 

I 
0 

6 92 
0 

346 

157 

C 
J 

') 
0 
0 

584 
58 0 
573 
572 
56a 
34 3 
366 
553 
371 
36o 
366 
366 
366 
370 
36 9 
370 
40 9 
366 
3o-. 
361 

NORTH ATLAMTIC RIDGE 
NURTH ATLANTIC RIDGE 
C= MIU-ATLANTIC RIDGE 
C. MID-ATLANTIC RIDGE 
C, MID-ATLANTIC RIDGE 
C. MID-ATLANTIC RIDGE 
C. MID-ATLANTIC RIDGE 
C. MIO-ATLANTIC RIDGE 
SUUTH ATLANTIC OCEAN 
SOUTH ATLANTIC RIDGE 
C. MID-ATLANTIC RIDGE 
SOUTH ATLANTIC RIDGE 
SUUTH ATLANTIC RIDGE 
C. MID-ATLANTIC RIDGE 
ASCENSION ISLAND REGION 
OFF S. COAST OF NW AFRICA 
NORTH uF ASCENSION ISLAND 
NORTH UF ASCENSION ISLAND 
ASCENSION ISLAND REGION 
EASTERN RUSSIA 
HAST ur LAKE BAIKAL 
LAKE BAIKAL REGION 
NORTHEASTERN CHINA 
MONGOLIA 
NURTHEASTERN CHINA 
MUNGOLIA 
SZECHhAN PROVINCE, CHINA 
EASTERN CHINA 
TONGA ISLANDS 

KUKMMDCC ISLANDS REGION 
SUUTH uF FIJI ISLANDS 
ScA UF UKHUTSK 
SOUTH UF HONSHU, JAPAN 
KtRMAUtC ISLANDS REGION 

KERMADLC ISLANDS KEGIUn 
TUNGA ISLANDS REGlUN 

COkAL SEA 

SOUTHERN PACIFIC OCEAN 

MAN 

WLDDELL SEA 

KEPOBLIC OF SOUTH AFRICA 
RHUDESIA 
TANZANIA 
LAKE TANGANYIKA REGION 
UGANOA 
TURKEY-IRAN BORDER REGlUN 
IUI'.KLY 

UNlTtD ARAb REPUBLIC 
E4STER.N MEDITERRANEAN SEA 
TURKEY 
TUKKcY 
TURKEY 
TURKEY 
CRETE 
UUDECAiESt ISLANDS 
CrtETfc 
MculTEKRANLAN SEA 
SJOTh^RN GREECE 
SuUTHiKN GREECt 
S.JUTHERN G,<EECE 
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. • Multiplier 
Value 
0.9- 
3.5 Hz 
Filter 

Correspond- 
ing noise 
scaling 

1.  Input single seismo- 
meter values 23.4 qu/nm 

2.  Filter input shift 
jALPHA) 2**ALPHA 1 46.8 

3.  Filter noise sup- 
pression (GF) 1/GF 3.7 12.6 i 

4.  Filter arithmetic 
scaling ^FSCALE) 1/FSCALE 1.00 12.6 i 

5.  Filter output shift 
(DELTA) 2**DELTA 0 12.6 • 

6.  Subarray beamforming 
iGSA) GSA=/6 /6 30.2 i 

7.  Subarray output 
shift (BETASA) 2**BETASA -1 15.1 i 

8.  Array beam preshift 
_(RHO) 2**RHO -1 7.5 i 

9.  Array beamforming 
iGLA) GLA=/22 /22 35.4 • 

10. Array beam output 
shift (BETALA) 2**BETALA -4 2.2 i 

11. Rectification 
/2/TT 

/2/TT 1.8 n 

12. Rectification shift 
jMU) 2**MU . 0 1.8 n 

13. STA integration 
4STAW)=(R*S) STAW 15 26.4 H 

14. LTA scaling shift 
(ZETA)=(NU-SIGMA) 2**ZETA 3 211 ii 

TABLE 3.1.6 

Detection Processor Scaling 
26 July 1971 - 6 Jan 1972 
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The intersection (12 dB) between the noise and signal 

slopes is remarkably stable for all time periods 

selected.  This represents the SNR above which only 

a negligible number of false alarms (i.e., noise de- 

tections) may be expected.  Looking at the corre- 

sponding number of detections above 12 dB, however, 

one discovers an average number of 12, 5, 6 and 9 

for the four time period respectively.  This drop in 

the detection rate during the fall months is without 

doubt caused by increased background seismic noise. 

Note that a major earthquake swarm from Kamchatka 

has somewhat biased the detection rate for the fourth 

time period. 

*2.0- 

•-10 <B—U«16*>- 

1000-• 

w500- 
§ 
i— o 
£300 
S 

U- 
o 

w 
100 

?   50 

30 

20 

dB 

A ffl 

ARRAY BEAM DEPLOYMENT 
 131 BEAMS  

STA INTEGRATION WINDOW 
 \s MC  

—1*318-" 
BEAMS 

DP THRESHOLD 
 10 dB  -KISdB- 

JUL1 AUG1 SEP1 0CT1 
— DAY OF YEAR 1971 

N0V1 DEC I 

Figure 3.1.3 Daily number of DP detections July - December 1971 
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The number of detections declared by the DP shows sig- 

nificant day-to-day variation as shown in Figure 3.1.3. 

This figure gives the combined daily number of detections 

for Selected and General Surveillance, with no grouping 

of detections close in time.  It is seen from this pic- 

ture that while an average number of 100 detections per 

day was seen in July, this number increased to 500 in Octo- 

ber, with the same DP threshold.  In contrast to this, 

the number of reported seismic events declined substan- 

tially from July to October.  Obviously, the false alarm 

rate was much higher in October, and it has later been 

verified that the variability of the seismic noise (and 

thus the probability of false alarms) is very much de- 

pendent on the shape of the noise power spectrum.  Thus 

the fall and winter weather conditions seem to both 

increase the noise level and increase the false alarm 

rate, both factors contributing to a degrading of the 

NORSAR DP performance. 

3.1.6 Data_Retention 

Procedures and software for retention of short and long 

period data beyond the mandatory 9 month period were 

developed in August and September.  From 1 October, the 

data retention program was run on a regular basis, with 

1 March 1971 being the start time for regular event 

retention. 

The criteria for data saving were the following:  All LP 

data was to be retained indefinitely on Low Rate tapes. 

For SP data, time intervals of variable length for selected 

events were to be retained indefinitely on specially cre- 

ated "stacked" data tapes. 
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For the purpose of event selection, the world was 

divided into 3 regions:  Seismic, Aseismic and Special 

Interest areas. 

The special interest areas were initially defined to 

encompass known nuclear test sites',   and the following 

boundaries were selected: 

Between 45°N-77°N  and   45°E-69°E 

47°N-54°N  and   72°E-83°E 
M        ^0„,  r-rO„    __0  llnnOn  -,-,-,0 49 N-55 N  and 1173~E-177 W 

35°N-39°N  and  114°W-120°W 

Event selection was to be performed using event data 

from NOAA and NORSAR bulletins, with the option to in- 

clude events manually selected by an analyst. 

For each bulletin event, the NORSAR or NOAA epicenter 

information was used in conjunction with a "seismicity 

map" developed by IBM to decide whether or not the 

event occurred in an area of significant seismic ac- 

tivity.  Possible location errors of 100 km (NOAA) 

and 500 km (NORSAR) were allowed for in this process. 

On this basis, the time interval to be saved for each 

event was determined by epicentral distance from NORSAR 

and body wave magnitude as shown in Table 3.1.7.  If 

an event satisfied more than one criterion, the one im- 

plying the longest time interval to save was to be 

chosen. 

In October, an option was provided to run the routine 

data retention in a foreground partition of the Event 

Processor. This allowed for very efficient operation 

from a computer time viewpoint from this date. 
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Source Region 

Seismic 

Distance (A) 

0°*A<;l5O 

0°^A^180° 

0°^A^180° 

Magnitude (m, ) 

m, >3.5 
D 

m, > 4 . 6 
D 

m, > 5.8 b 
m,>6.5 

D 

Retention 
Interval 

1 

1 

2 

3 

Aseismic 

0°*A*15° 

25°^A^105° 

25°<A<105° 

0°^A^180° 

m, > 3 . 5 
D 

m,<4.2 b 
mb^4 .2 

m, >6 .5 
D 

1 

1 

2 

3 

Special 
Interest 

0°<A<105° 

0°iA^105° 

0°^Ail80° 

0°^A^180° 

m,<4.2 
D 

m, £4.2 
b 

m, >5.0 
r> 

m, > 6 . 5 
b 

1 

2 

2 

3 

Events Selected 
by Analyst 

Retention Intervals 1 -     (P-2 min)   to   (P+10 min) 

2 -      (P-2  min)   to   (P'P'+IO  min) 

3 -      (P-2 min)   to   (P'P'+40  min) 

TABLE   3.1.7 

Rules  for retaining SP data  at NDPC 
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3.2     Event Processor Operations 

3.2.1   General_Considerationsi_Mode_of_Ogeration 

The Event Processor (EP) is a software package which 

performs a detailed study of selected detections from 

the Detection Processor (DP), in order to refine the 

location and compute various signal parameters. 

Implementation of the EP at NORSAR started in the be- 

ginning of 1971, and from the end of April the system 

was run on a regular basis.  That involved a necessary 

and important daily review by analysts, a process which 

led to a gradual improvement of both EP's and the ana- 

lysts' performance. 

During this reporting period, the EP was more or less 

continuously in a state of change, and most so in the 

first two months.  This applies to algorithms, para- 

meters, output and review procedures.  Completely new 

algorithms were implemented, others were heavily modi- 

fied, and much work was also invested in pure debugging, 

in order to get the software in line with the intentions 

The EP is heavily parametrized, and much work was put 

down in the optimization of these parameters. 

On 1 Sept 1971 the formal responsibility for the opera- 

tion switched from IBM/FSD to NTNF/NORSAR, and from 

the same date a weekly seismic bulletin was produced 

and distributed externally to about 50 institutions 

throughout the world. 

In the daily analysis work, the first question to be 

answered by the analyst is whether a processed detec- 

tion is a seismic event (including later phases) or 
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not.  Table 3.2.1 shows that for the time period 

15 Sept - 31 Dec 1971, 56.9% of the processed detections 

were accepted.  On the other side, 19.6% were rejected 

because there were other processings of the same event, 

Analyst Classification Number of 
Processings Percentage 

Accepted as events 

Rejected as being: 

- Noise detections 

- Local events 

- Double processings 

- Communication errors 

971 

280 

54 

335 

66 

56.9 

16.4 

3.2 

19.6 

3.9 

Sum Processed 1706 100 

TABLE 3.2.1 

Analyst Decisions for EP Processings 
during the Time Period 15 Sept - 31 Dec 1971 

while 16.4% were rejected as being noise detections. 

This last decision is a difficult one; there is just 

no objective criterion which the analyst can use in 

deciding whether a particular detection is caused by 

noise or a real event.  In practice, the requirement 

would be that the beam should show a clear cycle, and 

very few events were accepted where not also at least 

a few subarrays showed the signal.  Figure 3.1.2 in 

chapter 3.1.5 shows that the "breaking point" between 

signals and noise detections was around 12 dB, and this 

was also used as the EP-threshold until 15 Nov 71, when 

the EP-threshold was raised to 13 dB.  Before .this 

change, there were an average of 67.7% noise detections, 

and this was more than one could afford during a time 
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period when there was lack of computer time.  Also, 

as demonstrated in Section 3.1.5 (Figure 3.1.3) the 

number of noise detections increased throughout the 

autumn, in proportion to the increase in the noise 

level (Figure 3.2.1a).  After the EP-threshold was 

raised to 13 dB, the noise detections dropped to 

2.9%, meaning of course that many real events never 

came to EP. 

3.2.2   Computer_Utilization 

According to Table 3.1.2, EP was up 37.9% of the time 

on the B-computer.  Since there is always available 

background partition(s) during EP operation, this means 

that less than 37.9% of the capacity of the B-computer 

was used on EP. 

A detailed study (Bungum and Berteussen 1971) of the 

computer time required by EP showed that 9 min 2.9 sec 

were used per event, excluding the time used for tape 

handling.  As much as 53% of this time was spent in 

the Time Delay Correction Package, while the Depth 

Estimator took 12%. 

As Table 3.2.1 shows, there were processed a total 

of 971 detections during the 3%   last months of 1971, 

57% of which were accepted as real events.  Taking 

also into consideration that some of these accepted 

ones were later phases, the time per accepted event 

was therefore closer to 20 minutes.  This was not con- 

sidered satisfactory, and the above cited computer 

time analysis was part of an effort to find out where 

one could possibly cut down the required computer 

time. 
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3.2.3   Special_EP_0£erational_Problerris 

Since the Event Processor in this period has been in a 

transition phase, with debugging and implementation of 

new algorithms going on continuously, most of the opera- 

tional problems have been terminations or hangups caused 

by modifications of the system.  Apart from these self- 

inflicted bugs, which were found and corrected, errors 

inherent in the system turned up and caused problems. 

For instance, in the middle of the period the procedure 

of re-cycling of the assigned EPX numbers caused a 

temporary hangup of EP operation until the error was 

located and the algorithm corrected.  A small problem 

of Event Tape use was corrected by modifying the tape 

monitoring routine in the Event Processor, such that 

the operator is left with the decision of v/hether a 

Job Step 3 may use the same Event Tape as Job Step 4. 

The standard configuration of operation for the Event 

Processor was changed to 2 regions (A & B), as the 3 

regions' operational mode (A,B & C) are never used. 

However, the output editing step (Job Step 4) was al- 

lowed to execute in one region only (A), thus freeing 

enough core space to Background to allow jobs of normal 

size to execute concurrently.  An additional bonus is 

the free space obtained in the Core Image Library when 

removing the B and C phases of the different packages. 

To allow the data retention program to run concurrently 

with the Event Processor on the B-computer, a special 

background version of the Event Processor was implemented 

The data retention program has a high I/O rate and makes 

little use of the CPU.  It should therefore be run in 

foreground 2.  In the new EP background version, the EP 

monitor was linked into the third unused region (C), 

thereby freeing 40K for a foreground 2 region. 
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3.2.4  EP_Pararaeters_and_Algorithms 

Of the more significant changes in parameter values 

in this period, the following should be mentioned. 

July 16 

Changes in the parameters for the correlation package: 

The constants used for computing prior probabili- 

ties (HPPRB2) were changed from 0.5 to 1.0. 

The variance estimate for region corrections 

(VSUBR2) was reduced from 0.16 to 0.04. 

Changes in the parameters for the event parameter 

extraction package: 

The number of samples between the start sample 

and the first peak (NAL4), when determining the 

arrival time by threshold pick, was doubled from 

50 to 100. 

The number of samples between the start sample and 

the arrival time (NAA4), when determining the 

first motion direction, was decreased from 30 to 

10. 

The correlation function threshold (FB4) in the 

first motion direction calculation was increased 

from 0.75 to 0.90. 

October 27 

The EW coordinates of the instruments relative to the 

center seismometer for subarray 0 3C were corrected. 

November 15 

The EP prethreshold level (PSTHRSH) was raised from 

12 to 13 dB. 
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December 7 to 22 

During this period the filter base  was changed and new 

filters were tested as processing filters for EP.  The 

final results were: 

The same filter, a 1.0-3.0 Hz Butterworth bandpass 

filter, was used in the correlation procedure, the 

array beamforming and during plotting.  (Earlier, 

different filters had been used for different jobs.) 

The filter base was rearranged to comprise the 

following bandpass filters: 

1) 1.0 - 3.0 Hz (EP-processing filter) 

2) 1.4 - 3.4 " 

3) All Pass 

4) 0.8 - 2.5 " 

5) 0.75- 4.0 " 

6) 1.6 - 3.2 " 

7) 1.2 - 3.0 " 

December 22 

The parameters determining the length of the plotted 

output (TBFRP & TAFTP) were changed so that the smallest 

plot had an Array Beam Panel 80 seconds long (whereas 

the earlier value was 40 seconds). 

New algorithms have been added to the EP system, and 

changes have been made in the already existing.  To the 

already mentioned implementations (see 3.2.3), one should 

add: 

July 

The test mode package was implemented.  This addition 

simplifies the problem of testing out new algorithms in 

an EP context. 
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The event family grouping package was implemented 

as a part of the Event Processor Controller.  Many 

of the hangups of the Event Processor during this 

period were caused by the event family grouping pack- 

age, and so far it has not given any results (that 

is, in relating different EPXes).  However, since 

this package performs some important functions in 

the control of the detections received, it was de- 

cided that it was better to leave it in its non- 

productive state within the system, rather than to 

take it out. 

The supergrouping algorithm was also implemented as 

a part of the Event Processor Controller.  This routine 

merges detections which are related in time and from 

the same partition, into supergroups.  Apart from 

minor bugs that have been corrected, this routine 

performs as expected. 

December 

Coding was inserted in the calibration and interpola- 

tion package to compute standard deviations for the 

computed velocity, inverse velocity, azimuth and range, 

on the basis of the standard deviations computed for 

the inverse velocity components by the correlation 

procedure. 

Algorithms for automatic parameter change in Detection 

Bulletin File line editing were inserted.  (An edited 

change in the arrival time, dominant period or ampli- 

tude gives automatically a corresponding change in 

the origin time, amplitude and magnitude, or magnitude 

only.) 
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The logic for choice of plot length in Job Step 3 was 

improved and some obvious errors were corrected. 

3.2.5   EP_Pe£f2£2§22§_§£atistics 

A special report (Bungum and Berteussen, 1972) has been 

prepared which partly covers this reporting period. 

However, some results will still be given here. 

Table 3.2.2 shows, on a monthly basis, the number of 

events reported by NORSAR, totally and in the teleseismic 

zone.  On a daily basis, this is also displayed in Figure 

3.2.1b, where one dominating feature is the swarm from 

Kamchatka on day 349, also mentioned in chapter 3.1.5. 

Figure 3.2.1a shows for the same time period the average 

noise level within the processing frequency band, com- 

puted as the beam average of the Long Term Average (LTA) 

in Selected Surveillance. 

The gradual increase in the background noise level through- 

out the autumn, and the simultaneous decrease in the 

number of reported events, is very clear from Figures 

3.2.1a and 3.2.1b.  Also, the reader can easily from the 

same figures assure himself of the good day-to-day corre- 

lation between noise and signals, swarms excepted. 

Another way of studying the number of reported events 

is to look at the distribution of the daily number of 

events as presented in Figure 3.2.2.  The empirical 

curve is smoothed but still shows considerable devia- 

tions from the theoretical Poisson distribution for this 

process.  The main reasons for the deviation is swarms 

and variations in detectability caused by noise varia- 

tions . 
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Figure 3.2.1a Average noise level at NORSAR within the processing 
.frequency band 0.9-3.5 Hz, for the time period 
1 Aug - 31 Dec 1971. 
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Figure 3.2.1b Daily number of events reported by NORSAR as a 
. function of day of year for the time period 
1 July - 31 December 1971. 
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Figure  3.2.2    Number of days when    N    events  are  reported 
by NORSAR,   as  a  function of N,   for the time 
period 1 July -  31 December  1971.     The  smooth 
curve  is the theoretical Poisson distribution, 
based on the  same total number of events. 

A comparison with  NOAA  is  also  presented  in  Table 

3.2.2,  which shows  that  roughly  50%  of the  events 

reported by NORSAR are  confirmed by NOAA.     The world- 

wide  coverage by NOAA of course  accounts   for  the  large 

number of NOAA events  not reported by NORSAR. 

Some  results   from a  location  study  are  also  presented 

in Table  3.2.2.     For events  located by both NOAA and 

NORSAR the distribution of the difference has  been 

computed on  the monthly basis.     The  50%   level  varies 
between  170  and  210  km,  while  for the  complete report- 

ing period   (Figure  3.2.3)   the  50%  level  is  at  200  km 

and  the  90%  at  560  km. 
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Figure  3.2.3     Incremental  and cumulative distribution of  location 
differences between NOAA and NORSAR for all events 
reported by both institutions  in the time period 
1 July -  31 December  1971,   located by NOAA within 
30°-90°  from NORSAR. 

Finally,   it  should be  noted  that  during  the  reporting 
period  time delay  and  location  corrections were  used 
which were  computed from preliminary data,   based on 
only 18  single  seismometers   (Plan D).     Therefore,   after 
the  implementation of better corrections  and  a tuning 
of  the  filters,   one  should expect  significant  improve- 
ments  as  compared to the above  results. 
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3.3   Array Monitoring and Control 

The array monitoring and control activities at NDPC, 

being closely related to the field maintenance work, are 

extensively covered in NORSAR Report No. 40. 

3.4    Change Control Board (CCB) 

A Change Control Board (CCB) was formally established 

1 Sept 1971, as a succession to the IBM CCB.  Protocols 

were transferred from IBM to the new CCB.  The board 

is organized with 3 permanent members (of which 1 IBM) 

and a secretary.  In addition, other personnel take 

part in meetings (which are held weekly) for present- 

ing and explaining discrepancies or change requests, 

or reporting results of requests.  Requests are assigned 

to a person working in the relevant field, and results are 

reported to the board in due course.  All changes to, or 

discrepancies in, the NORSAR system, whether hardware 

or software, are handled by the CCB.  The request form 

is shown in Figure 3.4.1.  Table 3.4.2 indicates the 

CCB activity in the period 1 Sept - 31 Dec 19 71. Table 

3.4.1 explains the codes used in weekly printouts. 

Table 3.4.3 shows a typical printout page. 
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NORSAR CHANGE CONTROL BOARD 

Discrepancy Report ,r Change Request |  | 

PORT NO: ORIGINATOR: DATE; GMT TIME: 

CEIVED BY CCB: 

STEM AFFECTED 

REFERENCE (REPORT NO): 

1 EP - Event Processor 

j| DP - Detection Processor 

AM - Array Mon. &  Control 

LP - LP Processing 

2 OS - Other Software 

SCRIPTION OF TOPIC 

J     NK 

r_j CK 
l   J    FE 

LJ   OP 

| PC 

NDPC Hardv/are 

Communication Hardware 

Field Equipment 

Operational Procedures 

Parameter Change 

CIONS PROPOSED i * 

?IONS   PERFORMED 

IMENTS 

ASSIGNED  TO; 

lUMENTATION/OP.PROC.   IS  UPDATED IMPLEMENTATION  DATE: 

l/STATUS  CODE 

DATE 

SIGNATURE 

MENTS 

1 2 3 4 5 6 

i 
i 

I 
I 1 1 ! i  

Figure  3.'4.1    NORSAR CCB Discrepancy Report 

ATTACr'/VTTT 
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Status   1   Sep  1971 Status   31  Dec  1971 
(transferred   from 

IBM) 

NUMBER OF REQUESTS FOR EACH STATUS CODE 

A   N/A 84 

B    0 9 

C   N/A 9 

D    9 13 

E   N/A 20 

I   11 14 

L    4 5 

R   N/A 1 

U    0 6 

W    0 3 

TABLE   3.4.2 

CCB Activity  1 Sept -   31 Dec  1971 
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3.5    Seismic Data Exchange 

3.5.1  NORSAR_Weekly_Seismic_Bulletin 

Regular distribution of weekly seismic bulletins 

started in September 1971. The bulletin is sent 

to fifty institutions in seventeen different countries 

Country                      No. of Institutions 

Australia 1 

Canada 1 

Denmark i 

Federal Republic of Germany 6 

Finland 2 

France 3 

German Democratic Republic 2 

India 3 

Israel 1 

Japan 1 

Netherlands 1 

Norway 2 

Sweden 3 

Switzerland 1 

USSR 1 

United Kingdom 4 

United States of America 17 

3.5.2  §ulletins_Receiyed 

NORSAR received bulletins regularly, starting before 

or during the report period, from stations/institutions 

at the following locations: 

Bergen, Norway (including Kongsberg, Troms0 and 

Kings Bay stations) - weekly 

Hagfors, Sweden - daily detector readings, array 

Uppsala, Sweden - weekly 

Helsinki, Finland - weekly, four stations 

Copenhagen, Denmark - weekly, network 
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Gauribidanur, India - weekly- 

Moscow, USSR - monthly 

LASA - weekly 

NOAA - monthly 

3.5.3  Tage_Distribution 

NORSAR data tapes were supplied to the following during 

the period: 

University of Copenhagen, Denmark (3) 

University of Helsinki, Finland (3) 

University of Utrecht, Netherlands (2) 

University of Karlsruhe, Federal Republic of 

Germany (1) 

Lincoln Laboratory, U.S.A. (2) 

SAAC (169) 
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