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SUMMARY 

A short account i s  given of the development and operation of a unit 
within Blacknest which acts as a centre for handling data received from overseas 
seismological array stations and stations in  the British Isles and also exchanges 
data with other centres. 

The wock has been carried out as a long-term experiment to  assess 
the capability of small networks of existing research and development stations to 
participate in the monitoring of a possible future Comprehensive Test Ban treaty 
(cTB) and to  gain experience of the operational requirements for Data Centres. 
A preliminary assessment of a UK National Technical Means (NTM) for verifying 
a CTB is obtained inter alia. 

BDAC (Blacknest Data Analysis Centre), a small unit within the 
Blacknest seismological research group of AWRE, has been carrying out a long- 
running experiment i n  data collection and data-base management. An initial 
objective of the work was to demonstrate an operational capability for a small 
but globally distributed network of "UK type" seismographic arrays to participate 
i n  monitoring compliance with a possible future Comprehensive Test Ban treaty 
(CTB). 

In order to achieve this aim a number of new requirements fel l  upon 
an infra-structure which existed primarily for the acquisition and analysis of 
seismological data under research and development conditions. Principal among 
these new requirements were the establishment of faster lines of communication 
between Blacknest and recording stations, the organisation of a data-base to 
facilitate exchanges of data with other centres and the development of facilities 
to  enable routine analyses to be made of seismic events occurring i n  areas of 
interest. 

The work has been carried out on a long-term basis in  order to  gain 
practical experience of some of the problems which would be encountered i n  the 
operational monitoring of a CTB. Meanwhile, the objective has been widened to  
include and strengthen the data flow from a network of much nearer stations i n  
the British Isles and to evaluate the contribution which such a network might 
offer towards enabling more prompt detections and assessments of particular 
events of interest to be made. 

In this report short descriptions are given of data sources, the data- 
base, information exchange arrangements and communication links used in  the 
experiment, together with an account of some results obtained from data 
analysis. Further details of particular items are given as appendices. 

SOURCES OF DATA 

2.1 Array station network 

The advantages of a globally distributed network of recording stations 
for locating the sources of seismic disturbances have been well established (l), 
while the development of techniques using the phased outputs from seismometer 
arrays (2) has brought attendant inprovements i n  detection of weak seismic 
signals and identification of their likely origin. 



As a result  of long-standing arrangements  for  t h e  exchange of d a t a  
with controlling agencies which opera te  UK type seismometer a r rays  in  India, 
Canada and Australia, d a t a  from t h e  array stat ions in those  countries, and  f rom 
o n e  a r ray  s ta t ion in t h e  LIK, have for  many years supplied a n  imput to Blacknest 
f o r  research and  development purposes*. The exis tence of this numerically 
small, but globally distributed, group of stat ions with established links t o  
Blacknest provided t h e  initial basis of t h e  experiment outlined in th is  report. 

In a research and development context  bulk transmission of al l  
recorded d a t a  by slow, low-cost links is generally adequate,  but fo r  t h e  purposes 
of a n  experiment in operating a Data  C e n t r e  a more  rapid response i s  needed. 
However, due t o  t h e  high cost  of using rapid transmission links, i t  becomes 
necessary t o  l imit  t h e  d a t a  t ransmit ted by edit ing processes of one  kind o r  
another  at t h e  source. Facilities for processing d a t a  at t h e  a r ray  s ta t ions  had not 
been uniformly developed at t h e  outse t  of this experiment because earl ier  
established practice,  suited t o  research and development, was fo r  a r ray  
processing procedures t o  be applied, as required, t o  t h e  stations' magnet ic  t a p e  
recordings when they arrived at Blacknest. Each s ta t ion had nevertheless evolved 
some local  system for event  detect ion suited t o  t h e  part icular requirements of 
i t s  controlling agency and, with t h e  co-operation of t h e  respective agencies, 
advantage was taken of these  existing sys tems t o  provide l ists  of recorded 
teleseismic even t s  which could be sen t  at frequent intervals by a n  agreed rapid 
transmission route. 

Basic d a t a  t o  be selected by t h e  stat ions for transmission t o  t h e  Da ta  
C e n t r e  were  onset  t imes,  amplitudes and periods of recorded Pwaves ,  together  
with beam number information, corresponding t o  rough locations of epicentres  
f rom s ta t ions  which had a r ray  processing systems installed. These a r e  essentially 
t h e  Level I d a t a  defined in t h e  report  of t h e  ad hoc group of scientif ic exper t s  of 
t h e  Conference of t h e  Commit tee  on  Disarmament (3). 

Initially, d a t a  from only t w o  of t h e  array stat ions,  EKA and GBA, 
w e r e  available routinely.The d a t a  from EKA consisted of a daily listing of t h e  
required parameters  of teleseismic even t s  de tec ted  by a n  on-line correlator 
which produced a n  unphased summed output from t h e  eight most centrally 
s i tuated seismometers of t h e  21 e lement  array,  while t h e  d a t a  f rom GBA were  
daily listings of events  recorded by a single seismometer located centrally in t h e  
array.  At  th is  t ime, t h e  d a t a  from these  two  a r ray  s ta t ions  were  supplemented by 
d a t a  supplied daily f rom two non-array stat ions,  WOL, South England and SWD, 
Swaziland, s o  t h a t  some of t h e  functions of a d a t a  c e n t r e  could be implemented. 

The general  pat tern  of event  reporting the rea f te r  i s  i l lustrated in 
f igure  I which shows t h e  number of event  detections from t h e  Array Station 
Network (ASNET) t ransmit ted each month t o  BDAC and listed in t h e  data-base 

*The names and locations of these  four array stat ions are:- 

CBA GAURIBIDANUR, Kolar District, Karnataka,  India 
YKA YELLOWKNIFE, North-West Territory, Canada 
WRA WARRAMUNGA, Tennant Creek,  Northern Territory, Australia 
EKA ESKDALEMUIR, Langholm, Scotland 



files. At t h e  end of t h e  f irst  year of operation t h e  transmission by te lex of a 
daily log of events  recorded by a single seismometer near to t h e  c e n t r e  of WRA 
a r r a y  commenced. Because of t h e  seismicity of t h e  Banda Sea  region north of 
Australia t h e  number of seismic phases reported during t h e  f i rs t  month was 
excessive for  t h e  scope of t h e  data-base which had been set up. These regional 
d a t a  had only minor relevance t o  the  main purposes of t h e  experiment and, 
accordingly, a f t e r  November 1975, only those events  judged by t h e  analyst, who 
originated t h e  event  listings in Australia, t o  be P-waves from sources at a n  
angular distance of more than 30' f rom WRA were  included in t h e  reports. 

Event bulletins produced by t h e  "CANSAM" (4) on-line array 
processor at t h e  YKA ar ray  s ta t ion became available as a routine a f t e r  July 1976, 
while f rom June  1977 t h e  single instrument d a t a  from WRA were  replaced by a 
locally edi ted daily bulletin containing "teleseismic" event  detections produced 
by a n  SASP ( 5 )  seismometer ar ray s ta t ion processor. Teleseismic events  were  
arbitrari ly defined for  th is  purpose as those which gave rise to P-waves travelling 
a t  su r face  speeds of 15 km/s o r  more across t h e  array. Later,  from October  1977 
t h e  complete  detect ion list was t ransmit ted t o  BDAC where  t h e  d a t a  were  
edited,  as previously at WRA, t o  give a residual list of teleseismic wave 
detect ions  fo r  entry  t o  t h e  data-base files, ie, from this  point onwards t h e  
number of i t ems  reported t o  BDAC exceeded considerably t h e  number listed. 

Apart  from t h e  atypical  month of November 1975 t h e  histogram of 
f igure  1 indicates a generally upward trend in t h e  number of seismic even t  
repor ts  listed t o  over 1000 per month resulting from both t h e  establishment of a 
routine d a t a  link t o  t h e  array stat ions and t h e  developments t o  t h e  WRA system. 
I t  i s  expected tha t ,  when EKA and GBA a r e  equipped with a r ray  processing 
systems in t h e  near future,  fur ther  increases in t h e  average number of reports 
received by BDAC from this network will occur. Also under a facil i ty of t h e  
SASP system, transmissions of digital waveform information (CCD LEVEL I1 
da ta )  fo r  recorded waves having particular beam identi t ies can  be made as 
required. 

2.2 British Isles stat ions 

A network of stat ions near, in global terms, t o  t h e  Da ta  Centre ,  c a n  
give  valuable support t o  a thinly spread, world-wide network by enabling 
p re l~minary  rough es t imates  of t h e  locations of many events  t o  be made  with a 
more  rapid response than may be possible with t h e  extended network and by 
providing a reserve source of d a t a  when event  reporting from t h e  distant  stat ions 
i s  inadequate. 

The proportions of the  British Isles a r e  such t h a t  i t  i s  possible t o  
def ine  a network of useful dimensions, while remaining technically and 
financially feasible fo r  t h e  component stat ions t o  be connected t o  a c e n t r e  (or 
centres)  via t h e  public telephone system, which is  extensive. An experimental  
objective has been t o  assess t h e  detect ion capabilities of individual stat ions and 
t o  eva lua te  t h e  epicentre  locating capabilities of part icular groups of stat ions 
f rom which d a t a  were  available, even although t h e  ideal of a wholly "on-line" 
network,with its advantages of immediacy, common timing and common analysis 
technique, could not be fully realized. 



For this purpose d a t a  f rom th ree  short-period recording s ta t ions  in 
South England, controlled by BDAC, WOL, CLB and POS, have been combined 
with d a t a  f rom BYB - a BDAC controlled s ta t ion in Pembrokeshire, CWF at a 
s i t e  in t h e  English Midlands under t h e  control  of t h e  University of Leicester (6) ,  
f rom EKA - t h e  UK ar ray  s ta t ion in South Scotland - and from s ta t ions  of t h e  
DIAS network (7) in Ireland operated by t h e  Dublin Insti tute of Advanced Studies. 
In part icular a token British Isles network, "BINET", f rom which useful 
preliminary results  have been previously described (8), composed of th ree  
stat ions,  WOL, EKA and a n  e lement  of DIAS-NET, has been used as a basis for  
evaluation of epicentre  location capability. Da ta  a r e  also regularly received f rom 
t h e  Ins t i tu te  of Geological Sciences' Lowlands Network, LOWNET (9), in 
Scotland, under t h e  exchange arrangements enumerated in sect ion 3 of this 
report. 

DATA FLOW 

The seismic d a t a  flow in to  BDAC includes routine event  listings 
supplied by t h e  array stations, messages sen t  on a regular basis f rom other  
cen t res  and on-line signal inputs from British Isles stations. These data ,  which 
a r e  al l  received via rapid transmission links of one  kind or  another,  a r e  l isted in 
t ab le  I. Other  data ,  including magnet ic  t apes  and paper char t  records, mailed t o  
Blacknest f rom t h e  a r ray  stat ions under t h e  earl ier  established research and 
development arrangements  with t h e  controlling bodies, become available t o  
BDAC in due course, together  with seismological bulletins published by a number 
of o the r  centres.  

P a r t  of t h e  outward d a t a  flow from BDAC is in t h e  form of d a t a  
messages of various kinds t o  other  centres  and, in addition, a Seismic Event 
Summary i s  mailed regularly t o  several  organisations. This i s  a hard-copy 
printout of a data-base f i le  (BULLETIN) which i s  updated at weekly intervals and 
consists of two  parts: t h e  f i rs t  part  contains chronological listings of t h e  raw 
d a t a  (onset times, amplitudes and periods as available) f rom four a r ray  stat ions,  
GBA, WRA, YKA and EKA, and one non-array stat ion,  WOL; t h e  second par t  
contains es t imates  of epicentres, origin t imes  and magnitudes of particular 
seismic even t s  selected by reason of their apparent location near t o  known 
nuclear test s i tes  or in o ther  normally aseismic areas. Definitions of i t ems  
included in these  Seismic Event Summaries a r e  given at t h e  beginning of each  
issue; a copy of t h e  f i rs t  page of a n  Event Summary is  given in appendix A. 

For a number of reasons, d a t a  in t h e  mailed Weekly Event Summaries 
may lag  behind t h e  current  d a t a  by a few weeks and, therefore,  cen t res  which 
have expressed a desire t o  receive a prompt supply of BDAC d a t a  a r e  supplied 
under t h e  various arrangements for more  rapid transmission l isted in t ab le  2. A 
l i s t  of organisations which liaise with BDAC for supply or  exchange of d a t a  i s  
given in appendix B. 



TABLE 1 

Incoming Data Messages and other Routine Inputs to BDAC 

(A) Array Station Data Messages 

.- 

From 
--p 

EKA 

GBA 

WRA 

YKA 

L_- 

--- 
Route and Method 
of Transmission - 

Telecopied via 
direct line to AWRE 
Comcen, teleprinted 
onwards to BDAC 

Rate 

5/week 

3/week 

5/week 

2/week 

Action in BDAC Data Sent 

--. -.---- 
Manually load data 
to data-base file 

List of SP detections 
from on--line 8 channel 
correlator 

List of teleseisms 
picked from single 
SP seismo helicorder 
chart 

"SASP" detection list 

GBA to BARC via 
radio link, BARC 
to BDAC by Telex 
via Coracen l 

Telex to BDAC via 
Cmcen 

Load teleprinted 
punched paper tape 
data to data-base 
via Blacknest PDPll 

Load teleprinted 
punched paper tape 
data to data--base 
via Blacknest PDPll 

"CANSAM" detection 
list 

YKA to DEMR Ottawa 
via datel transfer, 
DEMR to VSC 
Washington via 
datel transfer,vsc t 
BDAC via ARPANET 

File transfer data 
from US AKPANET 
HOST at IS1 to BDAC 
data-base on 
R~360/195 computer 

Other Data Messanes 

Data Sent j Rate Route and Method 
of Transmission Action in BDAC 

IGS ~ i s t  of recordings 
from "LOWNET" stations 
and ESK  cotla land) 

Telex to BDAC via 
Comcerl 

Associate with 
other received data 

Teleseismic recordings 
from DIASNET stations 

Telex to BDAC via 
Comcen 

Associate with 
other received data 

DIAS 

F0 A Hagfors (HFs) array 
data 

Telex to BDAC via 
Comcen 

.- 

Associate with 
other received data 
---p------"- 

Data Sent 1 Rate 1 Route and Method 
of Transmission I Action in BDAC From 

CWF Single SP 
seismometer output 

On- Leased line Visually analyse 
~ i n e  (~irect to BDAC) record charts I - 

CLB Single SP On- Leased line 
seismometer output 1 Line I ,(Direct to BDAC) 
Single SP 
seismometer output 

Visually analyse 
records charts 

On- 
Line 

WOL 

EKA 

Leased line 
(Direct to BDAC) 

Single SP 
seiamometer output 

visually analyse 
record charts 

On- 
Line 

Leased line 
(Via Comcen) 

Leased line 
(~irect to BDAc) 

1 Visually analyse 
record charts 

visually analyse 
record chards 

Single SP 
seismome r output Line 
and Correlator Sum 



TABLE 2 

Outgoing Data Messages and other Routine Outputs from BDAC 

* General issue to collaborating organisations not receiving BDAC data via 
Telex or other active link. 

DATA-BASE 

A s c h e m a t i c  d iagram of t h e  d a t a  f low through t h e  BDAC data-base  i s  
g iven  in  f i g u r e  2. The  da ta-base  i s  concerned  with t h e  s t o r a g e  of r a w  d a t a  f r o m  
t h e  a r r a y  s t a t i o n  ne twork  (ASNET) and  f rom s o m e  of t h e  s i t e s  of a British Isles 
ne twork  (BINET). It  a l so  holds t h e  resu l t s  of e p i c e n t r e  de t e rmina t ions  fo r  
s e l e c t e d  e v e n t s  which have  been  derived via in-house processing o n  t h e  Blacknest  
PDP11/34 ANDAC (Array  Network  D a t a  Analysing Compute r )  fac i l i ty ,  t o g e t h e r  
wi th  t h e  magni tudes  m b  and  MS f o r  t h e s e  events ,  as available. In addit ion,  t h e  
da ta-base  provides a number of d i f f e ren t  ou tpu t  files; s o m e  of t h e s e  a r e  spec i f i c  
t o  in terna l  development ;  o the r s  a r e  r e l a t ed  t o  ex te rna l  requi rements ,  e i t h e r  as 
gene ra l  user  f i l e s  o r  as f i les  ta i lored  t o  t h e  needs of par t icu lar  organisations. 

Rate 

5/week 

5/week 

5/week 

4/week 

2/week 

l/week 

l/week 

As 
Required 

l/week 

To 

BARC 

SDAC 
-VSC 

NETS 

FOA 

CSEM 

IGS 

DIAS 

ISC 

# 

Method of 
Transmission 

Telex to Bombay 

ARPANET 
file transfer 

ARPANET 
file transfer 

Telex to 
Stockholm 

Telex to 
Strasbourg 

Telex to 
Edinburgh 

Telex to 
Dub l in 

File transfer 
within RC3601195 
Computer 

Mail 

i 

Data Sent 

Latest data from 
EKA, YKA 

Latest data from 
EKA, GBA, W R A ,  WOL 

Latest data from 
EKA, GBA, WRA, WOL, 
CWF 

Latest data from 
WOL, WRA, GBA, EKA 

Latest data from 
WOL, EKA, GBA 

Latest data from 
WOL, BYB, CWF 

Latest data from 
WOL, BYB, CWF 

Any available 
in BDAC 
data-base files 

BDAC Data-Base 
special 
File Name 

- 

UKLATE ST 

NEIDAT 

ASN 

C SEM 

- 

- 

- 

' ~ulletin 
L 

Seismic Event 
Summary 



All t h e  d a t a  involved a r e  f rom openly-publishing, unclassif ied sources  
and  t h e  data-base is held o n  t h e  Science Research  Council's Rutherford  
Labora tory  3601195 cornputer  complex,  which may be f r ee ly  accessed  by 
a c c r e d i t e d  users  via on-line te rminals  of t h e  public swi tched te lephone network 
(PSTN). Basic informat ion  about  t h e  s t r u c t u r e  of t h e  data-base is avai lable  t o  
new users, who m a k e  access  t o  i t ,  via a "Helpu file. A copy of this  f i le  i s  included 
in appendix A. The  3601195 sys tem is also a HOST compute r  of t h e  ARPA 
network,  which enables  users of this  network in t h e  USA t o  gain access t o  t h e  
BDAC data-base  f i les  by ag reemen t  and o f fe r s  t h e  potentid1 of access  by users  of 
o t h e r  l a rge  compute r  networks which may develop links with t h e  ARPA network. 
A shor t  descript ion of t h e  ARPA network and  a logical m a p  of t h e  sys tem a r e  
given in  appendix C. 

Loading of input d a t a  f rom BDAC t o  t h e  data-base f i les  o n  t h e  
RL360/195 may  be accomplished through a leased  l ine link v ia  University College 
London (UCL) which i s  also t h e  ga teway t o  t h e  ARPANET, o r  by d i r ec t  linkage t o  
t h e  Rutherford  Labora tory  through t h e  PSTN. For d a t a  which a r e  rece ived in  t h e  
fo rm of hard-copy listings, t h e  loading opera t ion  involves a corn bination of 
manual  keyboard submission of t h e  d a t a  f rom BDAC on-line te rminals  and 
a u t o m a t i c  r e fo rma t t ing  and e r ro r  de tec t ion  processing under t h e  cont ro l  of a 
I'LOADEK" program wr i t t en  within t h e  "ELECTRIC" sys tem protocol  of t h e  
RL3601195. A deta i led  account  of t h e  LOADER and o the r  data-base compute r  
programs has been given by Blamey (10). 

In t h e  case of d a t a  which a r e  avai lable  in  t h e  fo rm of te lepr in ted  
punched paper t ape ,  submission t o  t h e  RL3601195 data-base  i s  made  under t h e  
con t ro l  of a n  ANDAC compute r  program (11) which reads  t h e  tape ,  optionally 
ed i t s  out  non-teleseismic e v e n t s  and t r ansmi t s  t h e  result ing output  to a n  
RL360/ 195 input f i l e  for  fu r the r  processing via t h e  LOADER program. 

T h e  CANSAM lists  of de tec t ions  f rom t h e  Yellowknife a r r ay ,  YKA 
a r e  held o n  f i l e  by a HOST compute r  of t h e  ARPA network  at IJSC-IS1 t o  which 
they  a r e  re layed by cour t e sy  of t h e  Vela Seismological C e n t e r  in  Washington. 
Transfer  of t h e s e  d a t a  c a n  be e f f e c t e d  by using a version of a HOST t o  HOST 
d a t a  switching procedure, FTP, t h e  File  Transfer  Protocol  of t h e  ARPANET (12) 
whereby,  under t h e  cont ro l  of commands  f rom a BDAC terminal ,  a YKA d a t a  f i l e  
held by t h e  USC-IS1 HOST is  switched,  via t h e  UCL LONDON TIP, t o  a f i l e  on  
t h e  RL3601195 reserved for  YKA data .  An a l t e rna t ive  procedure  (13), control led 
f rom a t e rmina l  of t h e  Blacknest ANDAC computer ,  f i r s t  t r a n s f e r s  t h e  d a t a  f rom 
t h e  USC-IS1 t o  a n  ANDAC floppy disc; a second opera t ion  sends t h e  d a t a  t o  t h e  
YKA s t a t i o n  f i l e  o n  t h e  RL3601195. The  l a t t e r  method pe rmi t s  edi t ing  and 
r e f o r m a t t i n g  of t h e  d a t a  a s  required before  onward transmission t o  t h e  3601195. 

5. COMMLINICATION LINKS 

The  c r e a t i o n  of f a s t ,  rel iable d a t a  communicat ion  links a r e  c lear ly  of 
p r ime  impor tance  i n  t h e  e f f e c t i v e  opera t ion  of D a t a  Centres .  Also, uniformity in  
d a t a  t ransmission methods  would be a desirable a i m  fo r  c e n t r e s  which became  
engaged in  a fully opera t ional  ro le  with obligations fo r  making d a t a  exchanges  
wi th  o the r  cent res .  While t h e  a t t a i n m e n t  of such links has  remained a long-term 
ob jec t ive  f o r  BDAC, t h e  exper imenta l  basis of t h e  opera t ions  conducted  by t h e  
unit  has led to s o m e  diversi ty in t h e  links which have  been employed at various 
t imes ,  t hus  allowing observation of t h e  cha rac te r i s t i c s  and  compara t ive  
performances  of various sys t ems  t o  be made. 



5.1 Array stations 

Figure 3 shows the present arrangements for transmission of data 
from array stations EKA, GBA, WRA and YKA to BDAC. The links with the first 
three of these stations use conventional systems and the signals traff ic with 
them i s  handled by the AWRE communications centre (COMCEN), which is 
remote from Blacknest. Incoming signals from the array stations are teleprinted 
or telecopied (facsimile) from the COMCEN over a private leased line to  BDAC; 
the content of the data signals sent by these stations has been given earlier in  
this report. 

Data received via Telex are i n  the form of numerical listings and, i n  
the case of the transmitted punched paper tape outputs from a SASP (as at 
WRA), may include waveform information for selected events. The link t o  EKA i s  
a leased data quality telephone line which provides a direct multi-channel 
connection for a number of purposes. One channel of this link is used to transmit 
a daily signal to the COMCEN containing a list of the detections of an on-line 
correlator. Facsimile transmission is used on this channel thus providing a means 
of handling both numeric and analogue (waveform) material in  documentary 
form. 

The link through which the CANSAM data bulletins from station YKA 
are received i s  more complex. An important component of this link i s  the ARPA 
network, a resource sharing computer network principally within the continental 
United States, but with international extensions to nodes in  Norway and the UK. 
The procedure for transferring CANSAM data files from the USC-IS1 HOST, 
where they are temporarily stored, to  the BDAC data-base via the ARPANET has 
already been described in section 4 i n  this report. The earlier stages in the 
complete chain involve, first, the transfer by the controlling agency, the 
Canadian Department of Energy, Mines and Resources, of the CANSAM bulletins 
from YKA to Ottawa where the data are held i n  a f i le on the Department's 
CYBER 7400 computer system. 'The second stage is a double operation carried 
out by the Vela Seismological Center in  Washington who access the data by 
telephone line data transfer from the CYBER and then transmit them to a f i le on 
the IJSC-IS1 HOST computer of the ARPANET on which the UK has a standing 
account. 

5.2 British Isles stations 

The schematic diagram in  figure 4 shows current BDAC links with a 
number of individual stations and two networks within the British Isles with 
which arrangements for regular exchanges of data exist. With the exception of 
BYB, individual stations are linked via direct leased telephone line connections to  
Blacknest where the signals received are recorded on magnetic tape and paper 
charts; i n  this context the array station EKA i s  included as an element of a 
British Isles network linked directly t o  Blacknest via the COMCEN. The short 
period recording station WOL additionally serves as one point of a quadripartite 
Broad Band Array also connected to the Blacknest recording centre through 
telephone lines. 

Eskdalemuir Observatory (ESK) and the Lowlands Network (LOWNET) 
constitute a group of stations in  Scotland under the control of the Institute of 
Geological Sciences; the DlAS network operated by the Dublin Institute of 
Advanced Studies is situated t o  the west of Dublin. The present links with these 
two networks for exchanges of data are via Telex. 



5.3 Other centres 

Details of routine data exchanges between BDAC and several other 
national and international centres have been listed i n  tables I and 2. Further 
details of three transmission systems used i n  these exchanges, the ARPA 
network, Telex and Facsimile, are given i n  appendices C, D and E. 

In  addition to  these exchanges, data have been transmitted t o  BDAC 
for t r ia l  periods from three organisations (FOA Sweden, JMA Japan and DEMR 
Canada) using the Global Telecommunication System (CTS) of the World 
Meteorological Organisation (WMO). A description of the CTS is given i n  
appendix F and system diagrams are given i n  figures F1 and F2. Because of i ts 
world-wide coverage, use of the GTS for transmission of seismological data has 
been advocated by the AD HOC committee of experts of the CCD for monitoring 
in  a CTB situation. 

Exchanges of seismological data via air mail  are also made with a 
number of the centres listed i n  appendix R which are not at present linked 
through any of the message arrangements listed i n  tables 1 and 2. 

SOME RESULTS OF THE EXPERIMENT 

The f ive stations EKA, GBA, WRA, YKA and WOL have been the 
main sources of data on which the BDAC experiment has been based, although 
the scope of the exercise has been widened t o  include data from other sources. 
The following summaries of data-base statistics and analyses results are based on 
experience with these f ive stations. 

6.1 Event reports 

The pattern of event reports received i n  BDAC up t o  the beginning of 
1978 was illustrated diagrammatically i n  figure 1, the principal changes i n  the 
reporting status of the five stations during the period of operation were that 
YKA CANSAM reports did not become available unti l July 1976 and that the 
WRA SASP became operational i n  June 1977. Events listed by the BDAC data- 
base were "teleseisms" (as determined by either an analyst or a processing 
system at  each station). 

During 1977 rather more than 11500 items of data were reported 
from the stations and listed i n  the data-base (where for this purpose an i tem of 
data is  a P-wave arrival t ime with i ts  associated amplitude and period 
parameters). About 1% of the items reported during the year concerned events 
presumed to  be underground explosions. 

In  the eight month period following the installation of the SASP at  
WRA the number of items reported and listed rose t o  an annual rate of around 
13500. 

Reporting of explosions 

The totals of presumed underground nuclear explosions for each year 
during the period 1975 t o  1977 are listed i n  table 3, together wi th the numbers 
reported by one or more of the five stations. 



TABLE 3 

The c r i t e r i a  for  obtaining yearly to t a l s  of presumed underground 
nuclear  explosions include announcements  made  by governments  o r  off icial  
agencies,  informat ion  published by o the r  agencies  (NEIS, SIPRI (14)) and  avai lable  
support ing seismological  da ta .  The  con ten t s  of t ab le  3 and a l so  of tab les  4 a n d  5 
following should be in t e rp re t ed  in  t h e  light of t h e  informat ion  conta ined in  f igu re  
5 which shows t h e  magni tude  distr ibutions of t h e  t o t a l  number of presumed 
underground nuclear  explosions for  t h e  years  1975 t o  1977 a n d  of those  which 
w e r e  r epor t ed  to BDAC f rom t h e  f ive  s t a t i o n  ne twork  during t h e  period. Body 
wave  magni tude  d a t a  published by t h e  NEIS w e r e  used a s  a basis fo r  t h e  graphs  
p lo t t ed  in  f igure  5, e x c e p t  t h a t  in t h e  c a s e  of a f e w  explosions of low yield which 
NEIS repor t ed  without  magni tude  detai ls ,  values for  m w e r e  assigned which 
w e r e  e s t i m a t e s  of a world-wide ave rage  value obtainedbby ext rapola t ion  f rom 
avai lable  single s t a t ion  da ta .  Table  4 o m i t s  these  explosions f rom t h e  annual  
to t a l s  of presumed underground explosions and l i s t s  only t h o s e  assigned 
magnitudes of m b  = 4.5 o r  over by t h e  NEIS. 

7 

Year  

1975 

1976 

1977 

TABLE 4 

T o t a l  o f  
Presumed Underground 

Nuc lea r  E x p l o s i o n s  

3 5 

3 6 

4 2 

Table  5 l i s t s  t h e  number of explosions of m b  = 4.5 o r  over  which w e r e  
r epor t ed  to BDAC by 3 o r  m o r e  s ta t ions ,  enabling e p i c e n t r e  de terminat ions  t o  be 
made.  The  d a t a  cover  a period f rom July 1976 t o  December  1977 during which 
r epor t s  f r o m  a l l  f ive  s t a t ions  were  available. 

% of T o t a l  
R e p o r t e d  

80% 

- 
Number of E x p l o s i o n s  

Repor t ed  by One o r  More 
of  t h e  F i v e  S t a t i o n s  

2 5 

29 

32 

Number of  E x p l o s i o n s  
Repor t ed  by One o r  More 

of  t h e  F i v e  S t a t i o n s  

2 4 

Year 

1975 

% of T o t a l  
Reported 

71% 

80% 

7 6% 

T o t a l  of  Presumed 
Underground N u c l e a r  
E x p l o s i o n s  mb L 4.5 

3 0 



TABLE 5 

Epicentre determination 

Year 

July 1976 - 
December 1977 
I 

Tahle 6 lists the locations of 26 underground explosions i n  the USSR 
in  1976 to  1977 for which NEIS data are available and which were recorded by an 
adequately distributed proportion of the f ive station group (array station network 
and WOL) for valid epicentre location. 'The geographical distribution of the array 
stations in relation to  the USSR E Kazakh test site is shown in  figure 6. The 
comparative listings of table 6 give the NEIS and BDAC versions of the origin 
times and epicentres of each explosion, together with the computed distance 
between the NEIS and RDAC epicentres in each case. The stations which 
comprised the network for a particular BDAC determination are indicated by the 
abbreviations W, E, G, WA and Y, representing Wolverton, Eskdalemuir, 
Gauribidanur, Warramunga and Yellowknife. The numbers of stations contributing 
t o  the NEIS solutions are also listed. 

Table 7 similarly gives comparative listings of NEIS and BDAC 
epicentre determinations for 1 l explosions at the USA Nevada Test Site (NTS). 

Tota l  o f  Presumed 
Underground Nuclear 
Explosions m,, 2 4.5 

5 1 

The average distance between NEIS and BDAC computed epicentres 
for the USSR explosions in  table 6 is slightly less than 10 km. BDAC epicentral 
positions are fairly systematically displaced to  the South-East of the NEIS 
positions and, therefore, i n  terms of these particular comparisons, would be 
amenable t o  relocation procedures (none have been applied). The average 
distance between NEIS and BDAC epicentres of the NTS explosions i n  table 7 is 
60 km i n  the case of those events for which YKA data were not available. For 
NTS explosions where YKA data were included i n  the determinations the average 
distance between BDAC and NEIS epicentres i n  about 20 km, with systematic 
displacements of BDAC positions to  the North-East. 

Figure 7 shows the results of epicentre determinations for ten 
explosions i n  the USSR E Kazakh test site area for which data have been 
available from a 3 element network of stations i n  the British Isles (BINET) 
composed of WOL, EKA and one of the stations of the DIAS network. The NEIS 
epicentres given for these events fa l l  into two zones about 60 km apart. Points 
representing the NEIS epicentres i n  the two zones are enclosed within an open 
circle or an open triangle, respectively, i n  figure 7. The BINET epicentres for the 
events are plotted as small solid circles or triangles to indicate to  which of the 
two NEIS epicentral zones they relate. A systematic southward and (generally) 
eastward displacement of BINET epicentres relative t o  NEIS locations is 
apparent, with separations between the mean positions of each set of BINET 
epicentres and the related NEIS epicentral zone centres of 150 and 110 km. 

Number o f  Explosions 
Reported by Three o r  More 
Stat ions o f  the Network 

3 6 

Computation of epicentres was carried out on the Blacknest ANDAC 
computer system using a program SPUR (15) for foci at zero depth. 

% 
Located 

7 OX 

I 



TABLE 6 

USSR Explosions 

Notes: *Abbreviations for stations used in epicentre determinations are:- 
W = WOL, E = EKA, G = GBA, WA = WRA and Y = YKA 

Event Date and Region 

20 March 1976 
E Kazakh 

21 April 1976 
E Kazakh 

09 June 1976 
E Kazakh 

04 July 1976 
E Kazakh 

, 

23 July 1976 
E Kazakh 

29 July 1976 . 

W Kazakh 

28 August 1976 
E Kazakh 

29 September 1976 
Novaya Zemlya 

20 October 1976 , 

Novaya Zemlya 

I 

The number of stations used for computing magnitude may be less than the number for 
epicentre determination. ( ~ a t a  from two or more stations are used as available.) 

NEIS DATA 
Origin Time 
Epicentre 

Magnitude "b No. Stations Used 

0403 39.3 
50.05N 77.343 
5.1 
96 

0502 57.4 
49.93N 78.82E 
5.3 
98 

0302 57.6 
50.02N 79.08E 
5.4 
7 6 

0256 57.7 
49.92N 78.953 
5.8 
136 

0232 57.9 
49.79N 78.053 
5.1 
7 2 

0459 57.7 
47.78N 48.123 
5.9 
203 

0256 57.5 
49.97N 79.00E 
5.8 
157 

0259 57.4 
73.4N 54.823 
5.8 
2 16 

BDAC DATA 
Origin Time 
Epicentre 
Average 

Magnitude 
Stations Use * 
0403 39.0 
49.99N 77.363 
5.1 
W, E, G, WA 

0502 57.1 
49.84N 78.753 
5.3 
W, E, G, WA 

0302 57.0 
49.97N 79.023 
5.1 
W, E, G, WA 

0256 57.3 
49.82N 78.8E 
6.1 
W, E, G, WA 

0232 57.4 
49.69N 78.023 
5.2 
W, E, G, WA 

0459 57.9 
47.79N 48.023 
6.3 
W9 E, G, Y 

0256 57.3 
49.94N 78.893 
5.9 
W, E, G, WA 

0259 57.4 
73.26N 54.893 
6.3 

Distance 
between 

NEIS and 
BD AC 

Epicentres 

6.9 km 

10.3 

7.3 

15.9 

10.5 

7.8 

8.9 

15.1 

I 
0759 57.7 0759 57.5 

E' 

15.1 
73.42N 54.573 73.3N 54.82E 
5.1 1 5.3 

, 93 W, E, G, Y 



TABLE 6 (cont.) 

Notes: *Abbreviations for stations used in epicentre detenninations are:- 
W = WOL, E = EKA, G = GBA, WA = WRA and Y = YKA 

The number of stations used for computing magnitude may be less than the number for 
epicentre determination. ( ~ a t a  from two or more stations are used as available.) 

1 
i 

NEIS DATA BDAC DATA 
Origin Time i Origin Time 
Epicentre Event Date and Region Epicentre 
Average Magnitude "'b ' Magnitude 

1 No. Stations Used ; 5 Stations Use * 

Distance 
between 

NEIS and 
BDAC 

Epicentres 

10.3 km 

7.3 

05 November 1976 
Central Siberia 

23 November 1976 

3 

[ 

0359 56.7 1 0359 56.1 
61.53N 112.71E 61.46N 112.85E 
S.3  j 5.3 
8 7 

0502 57.4 a 0502 57.0 
I W' E' G' WA' 

07 December 1976 
E Kazakh 

30 December 1976 
E Kazakh 

29 March 1977 
E Kazakh 

29 May 1977 
E Kazakh 

29 June 1977 
E Kazakh 

26 July 1977 
Central Siberia 

30 July 1977 
E Kazakh 

0456 57.4 l 0456 57.2 1 7.1 

49.95N 78.933 
5.9 
W, E, G, WAY Y 

E Kazakh 

49.88N 78.913 
5.9 
185 

0356 57.5 
49.8N 78.14E 
5.1 
6.6 

0356 57.7 
49.79N 78.153 
5.4 
125 

0256 57.8 
49.94N 78.85E 
5.6 
183 

0306 58.0 
50.03N 78.933 
5.3 
132 

1659 57.6 
69.53N 90.583 
4.9 
101 

0156 58.0 
49.78N 78.163 
5.3 
6 8 

49.99N 79.01E 
1 5.9 
212 

49.87N 78.81E 
5.8 
W, E, G, WA, Y I 

0356 57.4 
l 
1 5.3 

49.76N 78.11E 
5.2 
W, E, G, Y 

0356 57.2 10.3 
49.72N 78.053 
5.4 
W, E, G, WA, Y 

0256 57.4 11.8 
49.9N 78.693 
6.2 
W, E, G, WA, Y 

0306 57.3 9.7 
49.94N 78.93 
5.4 
W, E, G, WA, Y 

1659 57.6 12.0 
69.46N 90.833 1 
5.1 
E, G, WA, Y l 
0156 57.4 
49.7N 78.083 
5.4 
W, E, G, WA, Y 

10.3 



TABLE 6 (cont.) 

The number of stations used for computing magnitude may be less than the number for 
epicentre determination. (Data from two or more stations are used as available.) 

I 

W = WOL, E = EKA, G = GBA, WA = WRA and Y = YKA 

NEIS DATA 
Origin Time 
Epicentre 

Magnitude "b No. Stations Used 

2159 58.8 
50.92N 110.76E 
5.2 
64 

0426 57.7 
49.81N 78.153 
5.0 
60 

2159 58.7 
64.22N 99.583 
5.0 
105 

0259 57.5 
73.38N 54.583 
5.7 
171 

0302 57.8 
50.09N 78.963 
5.9 
166 

0306 57.7 
49.84N 78.173 
5.5 
169 

0406 57.5 
49.96N 78.933 
5.9 
227 

0402 57.4 
49.88N 78.143 
4.9 
5 9 

stations used in 

i ' 1 Event Date and Region 

10 August 1977 
L Baikal Region 

17 August 1977 
E Kazakh 

20 August 1977 
Central Siberia 

01 September 1977 
Novaya Zemlya 

05 September 1977 
E Kazakh 

29 October 1977 
E Kazakh 

30 November 1977 
E Kazakh 

26 December 1977 
E Kazakh 

Notes *Abbreviations for 

BDAC DATA 
Origin Time 
Epicentre 
Average 

Magnitude 3 Stations Use * 
2159 58.0 
50.89N 111.09E 
5.1 
E, G, WA, Y 

0426 57.2 
49.77N 78.123 
5.0 
W, E, G, WA, Y 

2159 57.9 
64.03N 99.82 
5.0 
W, E, WA, Y 

0259 57.3 
73.25N 54.743 
6.2 
W, E, G, WA, Y 

0302 57.2 
50.01N 78.793 
5.9 
W, 3, G, Y 

0306 57.3 
49.76N 78.083 
5.5 
W, E, G, WA, Y 

0406 56.9 
49.93N 78.83 
6.1 
W, E, G, WA, Y 

0402 57.4 
49.78N 78.023 
5.2 
W, E, G, WA, Y 

epicentre determinations 

Distance 
between 

NEIS and 
BDAC 

Epicentres 

23.3 

5.0 

24.3 

15.4 

14.9 

9 8 

9.6 

14.6 

are:- 



TABLE 7 

USA Exploeione 

Notes: *Abbrevations for stations used in epicentre determinations are:- 
W = WOL, E = EKA, G = GBA, WA = WRA and Y = YKA 

Event Date and Region 

09 March 1976 
S Nevada 

14 March 1976 
S Nevada 

17 March 1976 
S Nevada 

17 March 1976 
S Nevada 

27 July 1976 
S Nevada 

28 December 1976 
S Nevada 

05 April 1977 
S Nevada 

25 May 1977 
S Nevada 

04 August 1977 
S Nevada 

09 November 1977 
S Nevada 

14 December 1977 
S Nevada 

The number of etations used for computing magnitude may be less than the number for 
epicentre determination. (Data from two or more stations are used as available..) 

NEIS DATA 
Origin Time 
Epicentre 

Magnitude "'b 
No. Stations Used 

1400 00.1 
37.31N 116.36W 
6.0 
240 

1230 00.2 
37.31N 116.47W 
6.3 
298 

1415 00.1 
37.26N 116.31W 
6.1 
241 
1445 00.1 
37.11N 116.05W 
5.8 
217 

2030 00.1 
37.08N 116.04W 
5.3 
121 

1800 00.1 
37.1N 116.04W 
5.5 
166 

1500 00.2 
37.12N 116.06W 
5.6 
221 

1700 00.1 
37.09N 116.05W 
5.3 
180 

1640 00.1 
37.09N 116.01W 
5.0 
139 

2200 00.1 
37.07N 116.05W 
5.7 
216 

1530 0.2 
37.14N 116.09W 
5.7 
193 

1 

BDAC DATA 
Origin Time 
Epicentre 
Average 

Magnitude 
Stations Use * 

1359 58.5 
36.94N 115.58W 
5.7 
W, E, G, WA 

1229 58.8 
37.15N ll5.81W 
6.3 
W, E, G, WA 

1415 00.2 
37.78N 116.46W 
6.0 
W, E, G, WA 

1444 59.7 
37.4N 115.9213 
5.8 
W, E, G, WA 

2029 59.4 
37.11N 115.87W 
5.1 
W, E, WA, Y 

1800 00.0 
37.24N 115.7% 
5.4 
W, E, G, Y 

l459 59.7 
37.21N 115.92W 
5.7 
W, E, G, WA, Y 

1659 59.6 
37.18N 115.85W 
5.2 
W, E, WA, Y 

1639 59.8 
37.,19N 116.17W 
5.1 
W, WA, Y 

2200 00.3 
37.6N 116.25W 
5.8 
W, E, G, WA 

1529 59.6 
37.2N 115.87W 
5.6 
W, E, G, WA, Y 

Die tance 
between 

NEIS and 
BDAC 

Epicentres 

80.4 km 

61.6 

59.6 

33.4 

14.6 

31 .O 

15.1 

20.0 

17.7 

61.4 

20.5 



6.4 Magnitude determination 

Body-wave magnitude of events  fo r  which ampl i tude and period d a t a  
a r e  available t o  BDAC a r e  calculated from t h e  Gutenberg-Richter  (16) 
relationship:- 

where  A i s  t h e  zero-peak displacement in nanometres of t h e  maximum ground 
motion in t h e  f i r s t  f ew cycles of t h e  P-wave arrival ,  T i s  t h e  associa ted  wave 
period in seconds and B(A)is a distance correction.  

Values of magnitude m for  se lec ted  even t s  recorded by o n e  o r  more  
of t h e  four s ta t ions  WOL, EKA, CBA and WRA, f rom which both ampl i tude and 
period d a t a  a r e  routinely available, a r e  held in a data-base f i l e  (PRELIDET), 
toge the r  with provisional ep icen t re  determinations,  and a r e  subsequently 
published in P a r t  2 of t h e  BDAC seismic even t  summaries. 

In order  to establish a n  approximate  relat ionship f o r  BDAC 
magnitudes with those  obtained f rom a larger network, a comparison was made 
between BDAC and NEIS values for  a number of presumed underground nuclear 
explosions in 1975 to 1977 fo r  which both sets of d a t a  w e r e  available. The results  
of th is  comparison a r e  i l lustrated in  f igures 8 t o  I l in which BDAC magnitudes 
derived f rom t w o  or more  of t h e  four s ta t ions  report ing amplitudelperiod d a t a  
a r e  plotted agains t  t h e  NEIS values fo r  explosions in part icular  source  areas.  
These source  a r e a s  a r e  t h e  USA Nevada Tes t  Site,  t h e  USSR test s i t e s  at Novaya 
Zemlya and E Kazakh and a widespread zone of Cen t ra l  Siberia. 

The BDAC values of m in t h e s e  plots were  derived f rom application 
of  a l eas t  mean squares operation?17) on  t h e  individual s t a t ion  magnitude d a t a  
f o r  t h e  even t s  used, t h e  resultant  mean values being plotted agains t  those  
published by t h e  NEIS, using a procedure based o n  t h e  method of York (18) t o  
obtain a l eas t  mean squares best  f i t t ing  s t ra ight  line. 

6.5 D a t a  communications 

Except fo r  t h e  f e w  s e t s  of comparat ive  t e s t s  carr ied  out  in 
connect ion with t h e  WMO/CTS system, any evaluation of t h e  performance of 
d a t a  communications sys tems used by BDAC res ts  largely o n  qual i ta t ive  
assessments of exper ience  with them. Within th i s  experience t h e r e  i s  l i t t l e  
evidence of significant levels of information corruption occurring in  any of t h e  
sys tems  used f o r  d a t a  transmission. This view i s  supported by t h e  resul ts  of t h e  
tests to eva lua te  t h e  GTS network in which d a t a  s e n t  via t h a t  network w e r e  
supplied in duplicate by some o the r  method. These tests included:- 

(a) An eight  months period in 197711978 when d a t a  f rom t h e  HFS 
a r r a y  in Sweden w e r e  received via both t h e  CTS and commercia l  
Telex. 

(b) A f ive  month period of 1978 fo r  which copies of d a t a  put out  
over t h e  CTS from s ta t ion  MAT in Japan  w e r e  supplied via mail. 

(c) A seven week period of 1978 when YKA CANSAM d a t a  f rom 
Canada  were  received via both ARPANET and t h e  CTS. 



The usefulness of the observations made i n  these tests was l imited by 
the arbitrary basis of comparisons i n  (a) and (c) (indicating only the presence of 
an error, but not necessarily i n  which system), by the fact that one system, the 
CTS, was always a component of the comparisons, by the restricted scope of the 
exercise (primarily intended for evaluation of the GTS) and by the shortness of 
one of the tests. 

Nevertheless, the comparison established that, while a small number 
of discrepancies could be detected over a period, gross corruptions of data groups 
within messages received did not occur on any of the three systems used during 
the period of observations. A major failure in  the CTS performance in  the 
communication of seismological data, as far as these limited experiments'were 
concerned, however, was that not all the messages originated (and delivered via 
the other routes) were received. The data loss due to this deficiency was serious, 
amounting t o  about 25% of the total number of messages originated in  the case 
of both HFS and MAT data; also a few messages received via the CTS from HFS 
had been terminated before the end of data transmission. None of the data sent 
from Canada via the CTS were lost and only one numerical discrepancy was 
noted when cornpared with data received via the ARPANET, but no special 
significance could be attached to  this result because only seven messages were 
transmitted at weekly intervals i n  this test, cornpared with the very much larger 
number sent from MAT (daily) and HFS (several times per week) i n  tests 
extending over much longer periods. 

7. DISCUSSION 

'This experiment has been concerned with the integration of various 
facilities, existing and new, internal and external, t o  provide a framework (ie, 
data centre, data-base, recording station network and associated communication 
links) within which t o  gain practical experience of problems arising from 
engagernent in inter-dependent operations of this kind. To the extent that such 
an exercise is a co-operative venture, with different motivations among the 
constituents and a state of continuing development existing i n  many component 
parts of the framework, i t  becomes open-ended. While later additional objectives 
may be attained, some earlier aims remain unfulfilled. Under the terms of 
reference set out for the exercise the reasons for achievement or non- 
achievement of particular aims are valid experimental findings to be set 
alongside other purely technical results. Some brief comments on the results 
obtained t o  date are given in  the following sections, under the general headings 
used earlier i n  the text. 

7.1 The array station network 

A principal objective was t o  demonstrate an operational capability 
for this network. The performance of these stations was well known and 
docurnented throughout many years of research and development by the agencies 
concerned. What was required, therefore, was not just a re-determination of 
array station capability, but t o  ascertain how well this inherent capacity could be 
translated into reliable and speedy reporting and transmission of data for storing, 
dissemination and use i n  cornbined analytical operations at a data centre. 



Although much of th is  requi rement  has been real ized,  a l imi ta t ion  o n  
ful l  ach ievemen t  of t h e  objec t ives  has  been t h e  d ivergence  in t h e  s t a t u s  of t h e  
a r r a y  stat ions.  Thus. while i t  has been possible t o  demons t ra t e  t h e  availabil i ty of 
Level 2 d a t a  f r o m  t w o  a r rays  (EKA and  WRA), i t  has not  y e t  been possible t o  
ob ta in  al l  t h e  basic pa ramete r s  at Level l which a r e  requi red  t o  c a r r y  o u t  rout ine  
diagnostic  procedures a t  t h e  d a t a  cent re .  In part icular ,  body wave  magni tude  
r e su l t s  have been r e s t r i c t ed  t o  t h e  t h r e e  s t a t ions  which have  supplied de ta i l s  of 
period (EKA, GBA a n d  WRA) while promptly avai lable  R-wave d a t a  f o r  
ca lcula t ion  of MS have  been confined t o  BDAC sources  in  t h e  UK. Applicat ion of 
t h e  mb:MS diagnostic  has  been correspondingly l imited.  

De tec t ion  of  even t s  by ASNET is  less  than  t h e  theore t i ca l  opt imum 
because  only t w o  s t a t ions  (YKA and WRA) uti l ise fu l l  a r r a y  power by means  of  
s t a t i o n  processors - which provide summed a r r a y  de tec t ions  and a l e r t  t h e  D a t a  
C e n t r e  t o  e v e n t s  of  in t e re s t  by t r ansmi t t ing  beam numbers  corresponding t o  
approx ima te  ep icen t ra l  locations. The ave rage  threshold de tec t ion  level  fo r  a 
SASP has been conservatively set a t  m b  4.5 (4). Re fe rence  to  f igu re  5 shows t h a t ,  
in  t h e  rou t ine  repor t ing  of events ,  t h e  a t t a i n m e n t  of a repor t ing  level  of 90% of 
t h e  t o t a l  presumed nuclear  explosions corresponds to magnitudes of around m 
5.0. It m a y  be reasonably expec ted  t h a t  network de tec t ion  pe r fo rmance  wiR 
improve  o n  t h e  present  in ter im resul t s  when s t a t ion  processors a r e  instal led at 
a l l  t h e  arrays.  

Although t h e  global coverage  o f  s t a t ions  used by t h e  International  
Seismological  C e n t r e  f o r  ep icen t re  de te rmina t ion  is m o r e  extens ive ,  t h e  
de terminat ions  published by t h e  NEIS have been used as t h e  basis  f o r  comparison 
wi th  BDAC resul t s  in t ab le s  6 and  7, because of the i r  availabil i ty f o r  use within 
t h e  t imesca le  covered  i n  th is  report.  The NEIS d o  not  c la im a n  abso lu te  accuracy  
f o r  the i r  ep icen t re s  b e t t e r  t h a n  a f e w  t e n t h s  of a degree ,  but  t h e  r e l a t ive  
loca t ion  of ep icen t re s  i s  t aken  t o  be consistent .  In turn ,  t h e  BDAC ep icen t re s  
exhibi t  a good degree  of  consistency with those of t h e  NEIS, par t icular ly  in t h e  
case of explosions at t h e  E Kazakh t e s t  s i t e  fo r  which t h e  FSNET s ta t ions  a r e  
well d is t r ibuted  within t h e  source  window zone  of 30 t o  90 d i s t ance  f rom t h e  
test area .  Source-receiver  ca l ibra t ion  d a t a  in  t h e  f o r m  of published co-ordinates 
of mas te r  e v e n t s  in a r e a s  of in t e re s t  a r e  requi red  for t r ans l a t ion  of t h i s  r e l a t ive  
cons is tency i n t o  opt imum accuracy  of location. 

British Isles s ta t ions  

While contr ibutions t o  seismology have not  been wholly insignificant, 
t h e  British Isles have not  evolved a well-developed network  of seismological 
s ta t ions ,  because  perhaps, formerly,  t h e  st imulus fo r  c rea t ion  of nat ional  
ne tworks  tended t o  correspond with a country's geographical  loca t ion  near t o  
seismically a c t i v e  regions. Experience in  t h e  BDAC exper imenta l  programme has 
underlined t h e  value of t h e  complementary  ro le  which c a n  be played by local 
s t a t ions  in support ing t h e  seismological monitoring t a sk  of a global network. 

From t h e  viewpoint of th i rd  zone  monitoring t h e  British Isles a r e  
favourably placed in re la t ion  to much of t h e  world's land mass, f igu re  12, and  t h e  
major  ques t ion  f o r  a National Technical  Means (NTM) based o n  s t a t ions  within 
t h e  British Isles i s  one  of de tec t ion  capability. In th i s  con tex t ,  prel iminary 
s tudies  of d e t e c t i o n  performances  of internal  U K  s ta t ions  ind ica te  t h a t  high non- 

cul tura l  noise levels  m a y  in s o m e  cases be m a t c h e d  by high signal ampli tudes.  



The basis for  s i t e  selection should, therefore ,  be signal-to-noise ra t io  r a the r  than  
apparent  noise level, but with avoidance of proximity t o  sources of cultural  
noise. 

Accuracy of timing of seismic wave arrivals is  of paramount 
importance  fo r  a network having necessarily limited dimensions. The s c a t t e r  in 
t h e  ep icen t re  determinations of a three-point British Isles network, i l lustrated in 
f igure  7, demonstra tes  t h e  l imitat ions in location accuracy resulting f rom small 
network s i ze  and uncertainties in teleseismic wave arrival  t imes  picked (a t  t w o  
of t h e  t h r e e  s i tes)  from recordings of single instruments bpera t ing in  t h e  
seismically noisy environment of t h e  British Isles. In order  to improve both 
de tec t ion  performance and accuracy of arrival  t i m e  measurement,  e a c h  s i t e  of a 
t r i p a r t i t e  network in t h e  British Isles would ideally possess a multi-element a r ray  
of simple low cost  design; logistic considerations would in th is  case become a 
rnajor f a c t o r  in choice of s i t e  location. 

In a n  a l ternat ive  and more  easily envisaged network, composed of 
single recording points, i t  would be possible t o  achieve a sys tem of ra ther  g rea te r  
dimensional e x t e n t  and t o  compensate  for  occasional signal blackouts at 
par t icular  s i t e s  by a sufficiently numerous density of s i t e s  in t h e  network. I t  
would be essential  for  each recording point t o  be on-line to a c e n t r e  to gain t h e  
benef i t s  of common timing and waveform analysis procedures. 

7.3 D a t a  flow and data-base 

The d a t a  handling operations in  t h e  exper iment  so f a r  have been 
confined mainly to Level 1 da ta ,  which have consisted principally of t h e  basic 
pa ramete r s  of recorded P-waves. An extension of t h e  functions of t h e  present  
data-base to  deal  with o ther  basic parameters  and Level 2 d a t a  is  feasible and 
may be of a lower order  of difficulty t o  accomplish t h a n  t h e  routine acquisition 
of these  data. 

Access t o  any of t h e  available BDAC d a t a  i s  a simple operation f o r  
users who c a n  connect  t o  t h e  data-base and th is  does not add to t h e  work load of 
BDAC. Transfer of d a t a  t o  organisations without th is  access involves ac t ion  by 
BDAC in t h e  preparation, format t ing and despatch of messages. A fu tu re  
requirement  fo r  supply of d a t a  (other than by mailed bulletins) on a larger-scale 
than  i s  maintained at present would raise many problems of internal  organisation. 
A fu r the r  question which ar ises  in th is  connection i s  a possible move by t h e  
seismological community towards adoption of a universally agreed fo rmat  by al l  
agencies  engaging in t h e  exchange of seismological data.  This is  a problem of 
predictable difficulty, not leas t  for  BDAC, but which will require a solution 
part icularly if proposals t o  utilise t h e  GTS for  routine exchanges of d a t a  m e e t  
with international  agreement.  

7.4 Communication links 

In t h e  communication of d a t a  BDAC has made  use of several  systems, 
namely:- 

Telex - a public service  facil i ty with extensive world coverage, which 
i s  business oriented. 



The  ARPA network  - a resea rch  or iented  sys tem in t h e  USA which 
has developed in ternat ional  links, ope ra t ed  under t h e  aeg i s  of a US 
official  depa r tmen t .  

The  GTS - a special  purpose, non-public se rv ice  sys t em wi th  extens ive  
in ternat ional  links. 

Leased t e l ephone  lines - a hired public se rv ice  faci l i ty.  

Facs imi le  - a pictorial  t ransmission technique  using t h e  public 
te lephone network. 

T h e  expe r i ence  wi th  these  sys t ems  tends  t o  r e f l ec t  t h e  underlying 
s t r u c t u r e  and t e r m s  of r e fe rence  under which they  opera te .  Thus, in  t h e  case of 
Telex  a high level  of reliability resul t s  f r o m  a n  addressed message  sys t em using 
well es tabl i shed send-receive procedures opera t ing  under in t e r  nationally ag reed  
s t anda rds  as a public service.  Maximum eff ic iency in  d a t a  t ransmission i s  gained 
when t h e  Telex medium i s  in t e r f aced  at input and  ou tpu t  by paper tape handling 
dev ices  to minimise d a t a  r a t e  and minimise e r ro r s  and human intervention.  The  
l imi ta t ions  a r e  those  which a r i s e  f rom a sys tem which i s  res t ra ined t o  
speci f ica t ions  which gua ran tee  i t s  in ternat ional  availabil i ty a n d  reliability. I t  
would be  t o o  slow fo r  very la rge  quant i t ies  of d a t a  and  quest ions of cost 
e f fec t iveness  would arise.  ' 

Compute r  networks, such as t h e  ARPA network,  o f f e r  t h e  users  t h e  
advan tage  of d i r ec t  access t o  data-bases without  t h e  res t r ic t ions  imposed by 
in t e r f ac ing  through a n  in termedia t ing  (PTT) system. More cont ro l  remains  with 
t h e  user  t h a n  i s  a t  present  possible wi th  a public se rv ice  sys tem,  a n d  in tended 
a c t i o n s  c a n  be modified a n d  ex tended  as c i r cums tances  d i c t a t e ,  b u t  in  con t ra s t  
with a public serv ice ,  ease of access, rel iabil i ty a n d  sys t em availabil i ty of t h e  
A R P A  network  (as exper ienced in t h e  UK) a r e  a f f e c t e d  by i t s  own developing 
s t a tus .  

Because of i t s  speci f ic  appl ica t ion  t o  t h e  movement  of l a rge  
quan t i t i e s  of geophysical d a t a  (a la rge  Regional  Hub  m a y  be dealing wi th  2 x 10 '~  
message  groups per  day) t h e  GTS would appea r  t o  be especial ly su i t ed  to t h e  
r equ i remen t s  of in ternat ional  exchange of seismological da ta .  The  cos t s  of 
sending messages  through th is  sys tem may  be  less easi ly def ined than  t h e  charges  
f o r  se rv ice  through a PTT, s ince  t h e  seismological and  meteorological  functions 
m a y  fa l l  within t h e  s a m e  government  depa r tmen t  (UK) o r  even  within t h e  s a m e  
a g e n c y  (Japan). A t  present ,  however, t h e  GTS appea r s  t o  be  a n  unrel iable 
medium f o r  t h e  communicat ion  of seismological da ta ,  t h e  adve r se  resul t s  of t h e  
BDAC tests of t h e  sys tem being borne o u t  by t h e  expe r i ence  of o t h e r  
seismological  agencies.  

F a c t o r s  which aid t h e  appa ren t  rel iabil i ty of t h e  sys t em as f a r  as 
meteorologica l  d a t a  a r e  concerned are: t h e  sys t ema t i c  issue of messages  at 
e x a c t  t i m e s  and  regular  intervals ,  including NIL messages  fo r  a message  d u e  t i m e  
at which t h e r e  a r e  no available da ta ;  a l loca t ion  of ser ia l  numbers  to messages  by 
t h e  originat ing cen t re s ;  a u t o m a t i c  recognit ion and route ing  of messages f rom t h e  
message  headings; exac t i tude  of message headings. 



Leased telephone lines have been used for data transmission from 
several recording sites to Blacknest for long periods, without serious problems. 
Several qualities of circuits are available from the Post Office, but the standard 
rate speech quality circuits have proved to be adequate for single or dual mode 
for transmissions from recording stations. 

Facsimile devices use the public telephone network and the reliability 
of the technique i s  consistent with that of the telephone service. Transmission of 
numerical data and waveforms when required has been carried out for several 
years without major problems between station EKA and BDAC via AWRE. 
Successful transatlantic test transmissions have also been made. 

8. CONCLUDING SUMMARY 

(a) This experiment has provided practical experience at Blacknest 
with the operational requirements for data centres in monitoring a 
CTB and with the associated problems of rapid collection of data and 
data-base management. 

(b) Several methods of data communication have been evaluated 
through regular usage over adequate periods of time. 

(c) The characteristics and performance of a small but globally 
distributed network of seismological stations has been assessed 
through the medium of routine data reports. Parameters studied 
include:- 

(i) Volume of data to  be processed annually at the centre. 

(ii) Detection of nuclear explosions. 

(iii) Epicentre location capability for explosions. 

(iv) Network body-wave magnitudes. 

(d) Attention has been given to  furthering the development of UK 
National Technical Means for monitoring a Nuclear Test Ban. The 
performances of recording stations already deployed in  a provisional 
network are under assessment and estimates of the epicentre location 
capability of a three-point network of British Isles proportions have 
been obtained from co-operative exchanges of data. 

(e) Using existing or newly-established links, BDAC liaises with 20 
other centres in  various arrangements for the supply or exchange of 
data. W here appropriate, mutually agreed methods for more effective 
transfer of data have been implemented. 

(f) Data exchanges have so far been confined to  dealing with the 
basic parameters of seismic signals (CCD Level 1); a capacity to  deal 
with additional information (CCD Level 2) such as waveforms has 
been demonstrated though not fully exploited. 



(g) In  summary, BDAC has well-established data communications 
links with a network of array stations, an on-line l ink to  the UK array 
station and to  stations of a local network. Data-base facilities have 
been established which are accessible to  other agencies via the public 
telephone network and to  the USA via the ARPA network, while 
regular liaison with several other centres i s  maintained through 
various media. From i ts  present posture BDAC is equipped t o  develop 
or modify i ts  experimental programme as circumstances may require. 
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FIGURE 6. POSITIONS OF  ARRAY STATIONS IN RELATION TO E KAZAKI I  TEST SITE 



FIGURE 7. BINET EPICENTRE DETERMINATIONS FOR 10 EXPLOSIONS AT E KAZAKH 
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FIGURE 1 1 .  BDAC MAGNITUDES ---.-------------------------------------.-------- VERSUS NEIS MAGNITUDES FOR USA EXPI,OSIOP~IS ---- 
AT NEVADA TEST SITE --- -- ---- 



FIGURE 12. THE SOURCE _ - p  WINDOW (ZONES __ _._-____I_______ WITHIN 30' - 90') FOR THE BRITISH ISLES 



APPENDIX A 

Al. USER INFORMATION FOR BLACKNEST SEISMIC EVENT SUMMARIES 

ISSUED BY: BLACKNEST DATA ANALYSIS CENTRE PE-MOD BLACKNEST 9 

BRIMPTONT NR READING RG7 4RS 
BERKSHIRE* ENGLAND* 

PART l L I S T S  OF DETECTIONS 

DATES AND ARRIVAL TIMES OF OBSERVED SEISMIC WAVES ARE GIVEN I N  
SEPARATE CHRONOLOGICAL L I S T S  FOR EACH CONTRIBUTING STATION* 
AMPLITUDE,PERIOD AND BEAM NUMBERS ARE GIVEN FOR THOSE STATIONS 
SUPPLYING THESE DATA. 

NOTES 
1.EVENT DETECTIONS ARE INCLUDED AT THE DISCRETION OF A LOCAL ANALYST 

OR ARE SELECTED BY AN ON L I N E  PROCESSOR. 
2aNORMALLY ONLY TELESEISMIC P,-WAVES ARE REPORTED. 
3.CURRENT FORMAT OF THESE DATA L IST INGS I S  BDAC 5 1  

PART 2 ANALYSIS OF DATA FROM SELECTED SEISMIC FOCI 

ESTIMATES ARE GIVEN OF THE EPICENTRESrORIGIN TIMES AND 
MAGNITUDES OF SEISMIC FOCI LOCATED CLOSE TO NUCLEAR TEST 
SITES OR I N  ASEISMIC AREAS.THESE ESTIMATES ARE MADE USING 
ONLY THE DATA FROM THE STATIONS L ISTED UNDER EACH FOCUS. 

JEFFREYS AND BULLEN(1958) TRAVEL 'TIME TABLES ARE USED I N  
THE CALCULATION OF EPICENTRES AND ORIGIN T IMES iALL  FOCI  ARE 
ASSUMED TO BE AT THE SURFACEIBECAUSE ONLY A SMALL NUMBER OF 
STATIONS ARE USED THE UNCERTAINTIES I N  THE ESTIMATES WILL 
OFTEN BE LARGE* 

FOR ARRAY STATIONS THE ARRIVAL TIMES GIVEN ARE THOSE AT THE 
ARRAY REFERENCE POINTS.WHEN ARRIVAL TIMES ARE AVAILABLE FROM 
FEWER THAN 3 STATIONS*THE PUBLISHED EPICENTRES ARE DERIVED 
FROM THE ROUGH ESTIMATES OF THE EPICENTRAL AZIMUTH AND 
DISTANCE OBTAINED AT EACH ARRAY STATION. 

SUBSEQUENT ADDITIONS OR REVISIONS TO PART 2 OF PREVIOUSLY 
ISSUED BULLETINS MAY BE MhDEe 

EXPLANAI'ION OF COLUMN HEADINGS 

AMP. AMPLITUDE (NANOMETRES 1 / 2  PEAK TO PEAK) 
PER I PERIOD (SECONDS) 
BEAM NO* BEAM NUMBER(KEY ET AL 1 9 7 7 )  

(WEICHERT L HENGER 197S(YKA) )  
REGION REGION NAME (FL INN 8 ENGDAHL) 
LAT LATITUDE OF EPICENTRE (DEGREES) 
LONO I LONGITUDE OF EPICENTRE (DEGREES) 
MB BODY WAVE MAGNITUDE (GUTENBERG L RICHTER 1 9 5 6 )  
MS SURFACE WAVE MAGNITUDE (MARSHALL L BASHAM 1 9 7 2 )  

STATION REFERENCE POINTS FOR INSTRUMENT CONFIGURATIONS FOR ARRIVAL TIME 
REPORTED ARRIVAL TIME DATA DATA REPORTS 

WOL S1 1 8  46N 0 1  1 3  22W SINGLE SHORT PERIOD SEISMOMETER 
EKA S5 1 9  59N 0 3  0 9  33W UNPHASED SUM OF 8 SHORT PERIOD SEISHOMETERS 

*GB& 1 3  3 6  1SN 77  2 6  1OE SINGLE SHORT PERIOD SEISMOMETER 
WRA 1 9  5 6  5 2 s  1 3 4  2 1  03E PHASED ARRAY SUM OF UP TO 2 0  SHORT PERIOD 

SEISMOMETERS 
YKA 6 2  2 9  36N 1 1 4  3 6  19W PHASED ARRAY SUM OF UP TO 1 8  SHORT PERIOD 

SEISMOMETERS 

*NOTE1 ALTERNATIVE LOCATIONS MAY SOMETIMES BE USED AT STATION GBA* 
WHEN TH IS  OCCURSl ADDENDA GIVING CiETAILS OF THE CHANGES WILL BE 
INCLUDED A T  THE END OF PART 1 OF THE SUMMARY. 

DAIA ARE SUPPLIED BY COURTESY OF THE FOLLOWING ORGANISA'TIONS: 
GBA DATA: HHABHA ATOMIC RESEARCH CENTRE? SEISMOLOGY SECTION* MOD.LABS** 

TROMBAYt BOMBAY 4 0 0  0 8 5 1  IND IA .  
WRA DATA: THE AUSTRALIAN NA'TIONAI- UNIVERSITY? RESEARCH SCHOOL OF EARTH 

SCIENCESvINSTITUTE OF ADVANCEU STUDIESPPO BOX4 CANBERRArAuSTRALIA 
YtiA DATA! DEPARTMENT OF ENERGY MINES AND RESOURCES* EARTH PHYSICS BRANCH* 

D I V I S I O N  OF SEISMOLOGY L GEOTHERMAL S7'UDIESvOTTAWAvCANADA K1A OY3 



USER .- HELP .- FILE FOR - .- .-- RDAC DATA-BASE 

I4E:LP I S  A SUBDIRECTORY OF 3WMAINIIR AND CONTAINS S I X  F I L E S  H 1  TO H 6  
WITH CONTENTS AS FOLLOWS:- 

H 1  STAT ION EVENT L I S T S .  
H 2  EPICENTRE AND MAGNITUUE DETERMINATIONS. 
H 3  P U L L E T I N  D E T A I L S .  - 

H4  E.XF'LANA1IONS OF R U L L E T I N  COLUMN HEADINGS AND STATEMENTS I N  EVENT 
L I S T S .  

H5 LOCATION OF REPORTING STATIONS 8 INSTRUMENTATION D E T A I L S *  
H 6  ADLIRkSSES OF CONTRIHUTING STATIONS.  

PLEASE USE THE COMMANLI ' I Y P E  F L - H l 9 ( O R  H2,E'TC. ) TO OBTAIN  THE PARTICIJLAR 
HE:LP SECTION REQUIRED. 

NO1'E:ANY COMMANDS OF THE FORM 'TYPE---- '  REFERRED TO I N  THE TEXT 
OF F I L E S  H 1  'TO H 6  CAN BE IMPLEMENTED AFTER 'THE I N I T I A L  USE OF THE SE:T 
DIRECTORY COMHANIl 'SETD C=3WMAIN[IRa . 

I41 S'TA'TION EVENT L I S T S  

CHRONOL.OCiICAL L IS 'TS  OF TELESEISMIC  F' WAVE AKRIVALSC*J  ARE HELL1 I N  
SEPARATE MON1HL.Y F I L E S  FOR EACH CONTRIRlJTING STATION. 
THE CUh'REN'l' FORMhT FOK THESE L I S T S  I S  HDAC '5, 
I N  T H I S  FORMAT COLUMNS I N  T t iE  L I S T E D  DATA READING FROM L E F T  TO R IGHT  G I V E :  
MON'I'Hr LIAY ,HRS ,MINS rSECS, t  rENTHS,AMF'( NM 1/2PE:AR TO PEAK) ,F'E:RIlJrl(SECS) r 

HEAM NUMRER(S) (FOR ARRAY STNS WHEN A V A I L A B L E )  

DATA RETENTION I N  F I L E S  WITH IMMEDIATE ACCESS I S  NOT LESS THAN 3 1  DAYS*  
'TO P R I N T  OU1 CURREN'T K'lA'lA FOR A S'rATIC)N lJSE 'THE COMMAND 'TYPE*  FOLLOWEII 
BY FL-:STATION CODE.CURRENT MONTH(S) NAME & YEAR* 

E ,  G .  "l'YF:'E F'L I.WIIL + JAN7Etm OR ' TYPE Fl.:=.E:hA.F~EH70" 
'ro L I M 1 . r  PRINT-OUT 'TO N LINES OF IIATA ADKI *,NL.:::N* TO THE C:OMMAND 

E,Ci.'TYF'E FL.:( jklA. I ."EB78rNL.~10'WILLL P R I N T  OllT 1 0  L I N E S  CIF (;BA F'EH DA'IA 

EARL IER  DATA ARL ARCHIVE:D FOR A NOMINAL 2 YEAR F'ERIOLI. 

l':*EIC)MINAL. 'TfiRMS L)F: REF'ERENC;E.EVEN'TL; ARE INC:LLJDEI.I A'T DISCRE I ' ION OF' LOCAL 
ANALYST OR SEL..EClEICI BY 1.OCAL. ON...L.INE PRC)CESSOR3 



142 E P I  CEN'TRE AN11 MAGNI 'TUDE DETERMINATIONS 
..-I ------------- .-.- - .------- 
LIE'TAILS OF' LIETERMINATIONS OF EPICENTRESvORIGIN TIMES L MAONITUDES OF 
EVENTS LOCATEU I N  THE PROXIMITY OF NUCLEAR TEST SITES OR I N  ASEISMIC 
AREAS ARK HELL1 1N TWO FILESvINDEX 8 PRELIDET. ESTIHATES ARE BASED ONLY 

THE INDEX F I L E  CONTAINS CHRONOLOGICAL L ISTINGS OF EVENTS I N  THE ABOVE 
CATEGORY FOR WHICH DETERMINATIONS HAVE BEEN MADEIA SINGLE L I N E  ENTRY 
FOR EACH EVENT GIVES THE DATEvSEISMIC REGIONvCaMPUTED ORIGIN TIME AND 
E'F"ICENI'RA1. CO-.ORDINATESITHIS F I L E  PROVIDES A SUMMARY OF DETERHINATIONS 
MADE I N  THE CURRENT YEAR AND ACTS AS AN INDEX FOR THE PRELIDET F I L E *  
7Hk F:'REL-IDET F I L E  CONTAINS ENTRIES I N  THE SAME ORDER AS L ISTED I N  THE 
F I L E  INDEXsTHE COMPLETE ENTRY FOR EACH EVENT L ISTED CONTAINS DATE, 
CiE:lSMIC REOIONvCOMPUTED ORIGIN TIME AND EPICENTRAL CO-ORDINATES AS I N  
F I L E  INDEXvFOLLOWED BY P WAVE ARRIVAL TIMES~AHPLITUDESIPERIODSI 
MAGNITUDES MB 8 MS(WHEN AVAILABLE) FOR EACH STATION CONTRIBUTING TO 
THE EPICENTRE LOCATION GIVEN* 

TO PRINT OUT THE CURRENT INDEX F I L E  USE THE COMMANDaTYPE FL=INDEX78' 
'TO F'RIN'T OUT THE FRELIDET F I L E  USEaTYFE FL=FRELIDETm 
1F'F'RE:LIDEI" DATA FOR ONE PARTICULAR EVENT ONLY I S  REQUIRED THE USER 
CAN PROCEED AS FOLLOWS:- 
AIOBTAIN EVENT T I T L E  FROM F I L E  INDEX78 
B)OBTAIN 'IHE L I N E  NUMBER OF THE ENTRY FOR THE EVENT I N  F I L E  'FRELIDET' 

USING THE COMMANDmTYPE FL=PRELIDEfvNL=I : 'TITLE FROM INDEX78" 
WWERE'TPI'LE FROM INDEX78' I S  AS MANY CHARACTERS(PACKED CLOSE TOGETHER 
I S  O.K,)AS ARE NEEDED TO DISTINGUISH I T  FROM NEIGHBOURING LINES. 

C)SUBI'RAC'I ONE FROM THE L INE  NUMBER GIVEN BY THIS PRINT-OUT AND LET 
THIS NUMBER BE NN,WITH THIS INFORMATION USE THE FOLLOWING COHMAND 
'I'U GET 'IHE RE.:NUIKED PRINT-OUT 
'7YFr'E FL=PREL-IDET (NO) P LINENUM=NOvNL=11 ?LN=NNm 

14.4 rSULl..t'i'l l N  LIE TAILS 
--..- - --....-- 

Bl.JLL.E:'I'IN .LS A COMF'OSI'TE F I L E  CONTAINING THE T ITLE  PAGES AND THE TWO ' " q .  3E-C 1II:)NS (PANT 1 8 PAR'T 2 )  OF THE PUBLISHELI BLACKNEST SEISMIC EVENT 
SUMMARY, 

F:'AR'I' I HC)L.DS SEUUE.NI'IAL. EXTRACTS OF DATA FROM EACH OF THE SEPARATE 
S'I'A'TION E.VE:N'I' L.[STS I N  F'OHMAT HDACS, THESE EXTRACTS HOLD ALL DATA 
RE:F'C)Rl'ti.l.l I N  I'HE 7 DRY F'ERIOD BETWEEN 'THE DATES GIVEN I N  'THE BULLETIN 
HE:ADINGS 

F;.AR'IZ HOLDS EPICENTRE AND MAGNITUUE DETERMINATIONS FROM THE PRELIDET 
I::IL..t. WtiICti HAVL NC)T BEEN INCLUDED I N  EARLIER BULLETIN COMPILATIONS. 

TO F>R.l'N'I. OUI I'tit. (:URREN'rL..Y AVAILABLE BULLETIN USE THE COMMANlCl *TYPE F'L 
:::BULLE: I ' IN"  ,'IC) L.:[MI'T 'TC)  N LINES ADD' vNL:=Nm TO THE COMMAND* 

THk k'IUL..L.ETIN F'II-E: I S  NOI;\'MALL.Y UPDATED AT WEEKLY INTERVALSITHE eULLETIN 
COVER:LNC; 1IiL WEE!:I( F'FZECEDING 'THE CURRENT BULLETIN PERIOD I S  ALSO 
AVAIl..AE(L.E ON 1MME:DIA'I'E AC:CI:SS V.[A 'THE COMMAND 'TYPE FL.=PREVBULL m 

E:ARL.IER IIlJL..L..E'l'INS ARE ARCHIVED. 

IIA'I'A CI.JRRENT1.Y I.. :[S'I'E:D 1:N 'THE: EVENT SUMMARY ARE FROM THE FOLLOWING STATIONS 
E::E,A v WL)L. v GbA r WIC'A P I'hA 
S'IA'I 'IUN SWLI CL..OSE:D D(:)WN 20MAR'76vDATA UP 'TO 'THIS DATE REMAINS I N  ARCHIVES* 
111 F;'Flt.liif:NI ONSEl 'TIMES ONLY ON F:'ILE FROM SIA'TION YKAI 



144 E:XF'LANAlION ClF COLUMN HEADINGS 8 STATEMENTS I N  EVENTS L I S T S  
-.--.---.---------___-------------------.---------------------- 

AMP, AMF'L I ' rUDL  ( NANOME'TRES 1 / 2  PEAh TO PEAK ) 
F'EK, PERIOD (SECONDS) 
REGION REGION NAME ( F L I N N  8 ENGUAHL) 
L.A r , LATI TUUE OF EPICENTRE (DEGREES 
L.ONG. LONGI lUDt .  OF' EPICENTRE (DEGRELS) 
NB BODY WAVE MAGNITUDE (GUTENBERG P RICHTER 1 9 5 6 )  
M S SURFACE WAVE MAGNITUDE (MARSHALL 8 BASHAM 1 9 7 2 )  
NU DATA NO EVENlS  REPORTED BY STATION ANALYST.THIS NORMALLY REFERS TO 

THE 24HR PERIOLI COMMENCING AT 0 0 0 0  HRS UN THE DATE GIVEN 
UNLESS OTHERWISE STATED I N  THE L-IST, 

OUTAGE A USABLE VISUAL RECORD NOT AVAILABLE TO ANALYST MAGNETIC TAPE 
RECORD NORMALLY AVAILABLE I N  DUE COURSEI 

OUTAGE B SYS'rCM LIOWNTIMEv NO RECORDS(V1SUAL OR HAG. TAPE) AVAILABLE, 

H5 LOCATION RND INSTRUMENTATION DETAILS FOR REPORTING STATIONS 
-------.--------.--------------------------------------------- 
S I A T I O N  REFERENCE POINTS FOR INSTRUMENT CONFIGURATIONS FOR ARRIVAL 
REPORTED ARRIVAL TIME DATA TIME UATA REPORTS 

CWF 92 1 4  17.8N 0 1  18 26.1W SINGLE SHORT PERIOD SEISHOHETER 
WOL 5 1  1 8  46N 0 1  13 22W SINGLE SHORT PERIOD SEISMOMETER 
E h b  S 5  1 9  59N 03 0 9  33W UNPHASED SUM OF B SHORT PERIOD SEISHOHETERS 
68A 1 3  3 6  1 5 N  7 7  2 6  1 0 E  SINGLE SHORr PERIOD SEISMOMETER 
WKA 1 9  5 6  5 2 5  1 3 4  21 O3E PHASED ARRAY SUM OF UF' 'TO 2 0  SHORT 

PER I OD SE I SHONE TERS 
YKA 6 2  2 9  3 6 N  1 1 4  3 6  19W PHASED ARRAY SUN OF UP TO l 8  SHORT 

PERIOD SEISMOME'TEES 

1.46 ADDRESSES OF CONTRIBUTING ORGANISATIONS 

'THIS 1:IATA--BASE I S  HAINTAINED BY BLACKNEST [IA'TA ANALYSIS CENTRE( BDAC) 
F'OS'TAL ALILIRLSS BDAC 

PE-MOD BLACKNEST 
BRIhF'I'ON r READING KG7 4RS 
BERtiSHIRE 
ENGLRNII* 

TELEPHONE 

'TELEX 8 4 8 1 0 4 / 5  ( V I A  AWRE ALDERMASTON) 

FACSIMIL-E 0 7  5 5 6  5 3 2 8  (TELECOPIER TERMINAL) 

ARF'ANE'I ADDRESS l l h  A'I' IISC:-.l's1 (A'TTN:GROVER BRE) 

DATA FROM UK S'TATIONS WOL AND EKA C:ONTROL.LED BY BDAC 
1)l'HEK DA I A  SUF'F. L.. TELI BY COLIRILSY iJF I HE F CIL.LC)W.LNG OR(IANISA'TICJNS:.- 
CiBA DATA: BtiABtiA A I  CIMIC: HELSEARCH E:EI:N'l'RE r SEISMC)I..I:)GY SET;'TIONv 

Mf.)L1 L..AtiC;. r IIC'UMBAY t(l3MBAY 4OC' OHS, .INDIA. 
WRA 1:IA'I'A: THk; AUSTRALIAN NATIONAL. I lNlVERSITYrHESEARCH !SC:HOOL. OF 

E.Ali1H 3C1E::NC:ti.!i;, LNS'I1'ILI'rE (.)F ADVANC:E.I.l !jlI.lU:l.fSrPC) BOX 4 
CRNbE.RRA r AUS'l'RAL.. .[A, 

Y ~ A  rln'rn: I:ILFAR'IHENI CIF E.NI:RGY MINE::, ANI.I HESC)LIRCES~EAK'~H t ~ t i ~ ~ i c s  
BRANC;H r DE:PAF\'l ME.N I' OF' SElSMOLCIOY 8 OE:C)'IHEHMAL.. STL)DI:ES r 
CJ 171lWiI r CANALlR /\l/* OY3. 



APPENDIX B 

ORGANISATIONS WITH WHICH BDAC LIAISES FOR SUPPLY 
OR EXCHANGE O F  DATA 

Name  and Address of Organisat ion Abbrevia ted  -. . 
Ti t l e  

Aust ra l ian  National  University 
Resea rch  School of Ea r th  Sciences 
Ins t i t u t e  of Advanced Studies 
PO Box 4, Canbe r ra ,  Austral ia  

Bhabha Atomic  Resea rch  C e n t r e  
Seismology Sect ion,  MOD Labs 
Trombay,  Bombay 
400 085 India 

C e n t r e  Seismologique Europeo-Mediterranean 
5 R u e  Ren'e D'escartes 
F67084, S t rasbourg  CEDEX 
F r a n c e  

D e p a r t m e n t  of Energy, Mines and Resources  
Ea r th  Physics Branch 
D e p a r t m e n t  of Seismology and Geo the rma l  Studies 
O t t a w a ,  C a n a d a  K l A OY 3 

Dublin Ins t i t u t e  fo r  Advanced Studies 
School of Cosmic  Physics, Geophysical Sec t ion  
5 Merrion Square  
Dublin 2, Ireland 

For sva re t s  Forskningsanstal t  
(Nat ional  Defence  Resea rch  Inst i tute)  
S104 50, Stockholnl 80  
Sweden 

Ins t i t u t e  of  Geological  Sciences 
Murchison House, West Mains Road 
Edinburgh EH9 3LA 
United Kingdom 

In terna t ional  Seismological C e n t r e  
Newbury RC13 ILA 
Berkshire 
Uni ted  Kingdom 

J a p a n  Meteorological  Agency 
D e ~ a r t m e n t  of  Observat ions,  Seismological Division 
1-3-4 Ote-machi  Chiuoda-ku, Tokyo 
Japan ,  100 

. 
Commissa r i a t  'a L'Energie Atomique 
Labora to i r e  D'etection et Geephysique 
BP  136, 92120 Montrouge 
F r a n c e  

ANU 

BARC 

CSEM 

DEMR 

DIAS 

FOA 

IGS 

ISC 

JMA 

LDG 



Name and Address of  Organisat ion 

Pak i s t an  Meteorological  Agency 
Geophysical  C e n t r e  
Post  Box No. 2, Q u e t t a  
Pakis tan  

US Geological  Survey 
National  F:,arthquake Information Service  
Box 25046, Denver Federa l  C e n t e r ,  S top  967 
Denver ,  Colorado 80225, USA 

Royal  Norwegian Council  for  Sc ient i f ic  and 
Ind i~s t r i a l  Resea rch ,  NTNF/NOIISAR 

PO Box 51, 2007 Kjeller 
Norway 

Seismological  In s t i t u t e  
Aox 517 
S-751 2 0  Uppsala 
Sweden 

Seismological  Observa tory  
Villavei 9 
N-5014 Bergen U 
Norway 

Universi ty of Cal i forn ia  
Se ismographic  S ta t ions  
Berkeley,  Cal i forn ia  94720 
USA 

Universi ty of Leeds  
D e p a r t m e n t  of Ea r th  Sc iences  
The  Universi ty,  Leeds  LS2 9JT 
Uni ted  Kingdom 

Universi ty of Le ices t e r  
D e p a r t m e n t  of Geology 
Universi ty Road,  Le ices t e r  LE1 7RH 
Uni ted  Kingdom 

Vela Seismological  C e n t e r  
312 Montgomery S t r e e t  
Alexandria,  Virginia 223 14 
USA 

Zen t r a l in s t i t u t  fiir Physik de r  Erde  
ln s t i t u t s t e i l  J e n a  
6 9  Jena ,  Burgweg l l 
DDR 

Abbrevia ted  
T i t l e  

NEIS 

NORSAR 

VSC 



APPENDIX C 

THE ARPA NETWORK 

The  A R P A  network  i s  o n e  of seve ra l  packet-switching c o m p u t e r  
ne tworks  now in ex is tence .  I t  has wide geographical  -coverage  in t h a t ,  while  t h e  
main  body of t h e  ne twork  i s  in t h e  con t inen ta l  USA, t h e r e  a r e  ex tens ions  via  
s a t e l l i t e  links t o  Hawaii and  to Norway and  t h e  Uni ted  Kingdom. 

The  ne twork  cons is t s  of m o r e  t h a n  100 se rv i ce  c o m p u t e r s  of var ious  
kinds ca l led  HOSTS which a r e  linked to special ised s t o r e  and  fo rward  c o m p u t e r s  
of a communica t ions  sub-network,  t h e  ARPANET. T h r e e  t ypes  of communica t ion  
c o m p u t e r  a r e  in use in th i s  sub-net,  IMPS ( In t e r f ace  Message Processors) ,  which 
c a n  b e  connec t ed  t o  up t o  4 HOSTS, TIPS (Terminal  I n t e r f a c e  Processors )  which 
c a n  be  connec t ed  t o  3 HOSTS and  c a n  handle u p  t o  6 4  te rmina ls ,  and  t h e  
PLURIBUS, a la rger  mult iprocessor  t y p e  which p e r m i t s  t h e  a t t a c h m e n t  of many 
m o r e  HOSTS and  terminals .  Connect ions  to a TIP c a n  b e  via t e l ephone  l ines  at a 
wide  r ange  of bit  ra tes .  

T h e  UK connect ion  t o  t h e  ARPANET i s  via  a TIP s i t u a t e d  at t h e  
D e p a r t m e n t  of S t a t i s t i c s  and  Compute r  Sc ience ,  Univers i ty  Co l l ege  London 
(UCL). As  t h e  UK ARPANET C o n t r a c t o r ,  t h e  t a sk  of UCL has  been  t o  superv ise  
i n t e r ac t ion  be tween  t h e  various bodies conce rned  in t h e  UK,  Norway and  t h e  
USA and  to develop  t h e  UK node  as a non-commercial  use; s e r v i c e  facilit;, i h i l e  
ca r ry ing  ou t  r e sea rch  in to  t h e  ope ra t ion  of compu te r  ne tworks  ( 19). 

T h e  a r r a n g e m e n t s  at UCL a r e  r a t h e r  d i f f e r en t  t h a n  at mos t  o t h e r  
s i t e s  of t h e  ARPANET in t h a t  t h e  s i t e  does  not  itself provide a n y  s igni f icant  
HOST fac i l i t i es ,  but  instead,  by means  of front-end c o m p u t e r s  (PDPSs), provides 
l inks to REMOTE HOST c o m p u t e r s  and acts as a GATEWAY t o  o t h e r  networks.  
O n e  such  REMOTE HOST i s  t h e  Sc ience  Resea rch  Council's IBM 3601195 
c o m p u t e r  complex  at Ruther ford  High Energy Labora tory ,  Chi l ton ,  Berkshire. 
T h e  UCL P D P 9  s o f t w a r e  i n t e r f aces  t h e  normal  RHEL 3601195 works ta t ion  
procedures  with t h e  ARPANET protocols  t h u s  rel ieving t h e  3601195 of any  
r equ i r emen t s  f o r  special ised sof tware .  In t h i s  way t h e  RHEL 3601195 func t ions  as 
a SERVER HOST of t h e  ARPA network ,  enabl ing  access to t h e  360 t o  b e  m a d e  
v ia  a t e r m i n a l  a t t a c h e d  t o  any  USER HOST in t h e  network.  

A logical m a p  of t h e  ne twork  i s  shown in f i gu re  C l .  'The principal  
l inks in t h i s  ne twork  in so f a r  as t h e  present  ac t i v i t i e s  of BDAC a r e  conce rned  
are:- 

RHEL 3601195 - LONDON (UCL) TIP (2.4 kbps) 

LONDON TIP - NORSAR TIP (9.6 kbps) 

NORSAR TIP - SDAC PLURIBUS (9.6 kbps, nominal) 

SDAC PLURIBUS - USC-IS1 TIP (56 kbps) 

T rans fe r s  of d a t a  held by a HOST c o m p u t e r  at IS1 c a n  b e  in i t ia ted ,  v ia  
a 1.2 kbps link f r o m  BDAC to LONDON TIP, to BDAC data-base  f i les  o n  t h e  
RHEL 3601195 and  t h e  BDAC data-base  i s  regular ly acces sed  by users  a t t a c h e d  
to SDAC. 



0 IMP A PLURlBUS IMP 

0 TIP + SATELLITE CIRCUIT 

(PLEASE NOTE THAT WHILE THIS MAP SHOWS THE HOST POPULATION OF THE NETWORK l'CCORDlNG TO THE BEST 
INFORMATION OBTAINABLE, NO CLAIM CAN BE MADE FOR ITS ACCURACY) 



APPENDIX D 

TELEX 

A Telex system which used the existing public telephone network was 
f irst introduced in the UK on a very small-scale i n  1932, but the basis of the 
present service was laid i n  1952 when the British Post Off ice brought into 
operation a dedicated network alongside the original system. The new system was 
rapidly enlarged t o  a point where use of the public telephone network could be 
phased out leading t o  the commencement in  1958 of a ful ly automatic service 
wi th subscriber dialled calls on a wholly separate network based on 51 inland 
exchanges. 

'The present day Telex Service is very internationally orientated with 
40% of al l  UK originated calls being international and, consequently, it is  
estimated (20) that the 66000 subscribers t o  the UK Telex 'system generate a 
similar number of international calls as the 14 million subscribers to  the much 
larger public telephone network. 

International Telex communication is now available t o  over 170 
countries, with subscriber dialled calling available to  100 of these, representing 
98% of the 54 million current total of international calls. A l l  UK international 
t ra f f ic  is routed through an international GATEWAY exchange i n  London. 

With such a high proportion of Telex activity involving international 
traff ic, co-operation on technical aspects at the international level is especially 
important and the degree of co-operation achieved via international consultative 
bodies, such as the Comite Consultatif International Telegraphique et  
Telephonique (CCITT), has been greater than in  other areas of telecommuni- 
cation. For this reason, although the standard Telex transmission speed of 50 
bi t ls  may be considered slow by current state-of-art standards i n  other fields, i t 
seems unlikely that the UK network wil l  be independently upgraded because of 
the significant cost factors which would be involved i n  the provision of 
speedlcode interfacing with other networks, 

The internationally standardised rate of 50 bit ls provides a maximum 
information transmission speed of 6 $  charactersls; the requirement for synchro- 
nising two communicating teleprinters involves using some of the available data 
bits as start and stop signals for each transmitted 5 bi t  character. Telex 
networks throughout the world have adopted the International Telegraph 
Alphabet No. 2 (ITA2) whereby, by means of "letter shift" and "figure shift" 
characters, sufficient combinations are available i n  a f ive b i t  code for 
transmission of a l l  necessary alphabetical and figure characters, and punctuation 
marks and control characters such as line-feed and carriage return symbols. 

Standard teleprinters currently provided by the Post Office are 
equipped with paper tape punches and readers for automatic operation and 
produce hard-copy available in two printing colours with up t o  five copies 
obtainable by use of multiply paper. Punched paper tape messages may be 
prepared "off line" and, since automatic paper tape transmission is faster than 
manual typing, the maximum available information transmission rate of about 70 
wordslmin can be exploited by using pre-prepared tapes - this minimises the 
charges for line time in international calls. 



Each Telex terminal has a unique "ANSWER-BACK" code comprised 
of the terminal number followed by some appropriate combination of letters. 
Calls are initiated by dialling a required number and the called terminal 
automatically responds by transmitting i ts "ANSWER-BACK" code indicating 
that i t is ready to receive a message. The code of the calling terminal i s  then 
transmitted to the distant installation by pressing the "HERE IS" key of the 
machine and transmission of the message can then proceed either by manual 
typing from a keyboard or via automatic transmission of a pre-prepared paper 
tape. At the end of a call i t  is usual to confirm the connection with an exchange 
of "ANSWER-BACK" codes by depression of "HERE IS" and "WHO ARE YOU" 
keys at the calling terminal. No speech facilities are available on Telex and an 
appropriate printed service signal (from an internationally standardised set of 
control signals) i s  received in  the case of an unsuccessful call attempt. 

Telex charges are based on a unit payment for a number of seconds 
transmission time over a given distance. For example, at present rates of 
charges, calls up to 35 miles distance are allowed 60 s transmission time per 24p 
unit and, over 35 miles, 20 s transmission t ime per unit. Calls to Europe cost in 
the range 15 t o  30 plminute and distant international calls (USA, Australia, 
Japan) are charged at 90 plminute. Since it requires approximately 1 min to 
transmit I m of perforated paper tape on auto-transmit, a rule of thumb i s  that 
calls to distant stations cost around E l  per metre of tape generated. 



APPENDIX E 

FACSIMILE 

Facsmi l e  c a n  be  defined as a technique  f o r  t r ansmi t t i ng  a n  a c c u r a t e  
copy of  a s h e e t  of paper containing informat ion  f rom o n e  point  to ano the r  using 
te lecommunica t ions .  As such i t  provides a means  of t r ansmi t t i ng  d a t a  which 
e x i s t s  in a n  o therwise  non-machine-readable form. 

Facsirni le  appea r s  t o  be  at a point in development  r eached  s o m e  yea r s  
ea r l i e r  by Telex. It  uses t h e  public swi tched t e l ephone  ne twork  (PSTN) and,  
t he re fo re ,  has  t h e  potent ia l  for  rapid growth  as a means  of d a t a  communicat ion.  
Although t h e  technique  has  been in use f o r  abou t  40 years ,  mach ines  have  no t  
been  widely avai lab le  until  t h e  present  decade .  The re  a r e  a mult ipl ici ty of 
mach ines  and  manufac turers ,  with wide var ia t ion  in techniques  a n d  s tandards ,  
but a number  of la rger  manufac tu re r s  a r e  producing machines  which a r e  
compa t ib l e  and  rneet  s tandards  which conform t o  t h e  recommendat ions  of 
in terna t ional  consu l t a t ive  bodies such as t h e  CCITT. 

T h e  f i r s t  genera t ion  of machines  designed f o r  gene ra l  use, now 
classif ied as Group 1 (19681, t r ansmi t  A4 s ized  copy over  t h e  PSTN in  e i t h e r  6 
minu tes  o r  4 minutes  (coarse  scan). Compa t ib l e  Group  I machines  use a 
f r equency  modula ted  sys t em with a ca r r i e r  of 1700 5 400 Hz, t h e  e x t r e m e s  of 
2100 and 1300 Hz represent ing  black and  wh i t e  in t h e  original  copy. An impor t an t  
p a r a m e t e r  in main ta in ing  compatibi l i ty is  t h e  "index of co-operation" which i s  a 
va lue  der ived  f r o m  t h e  d i ame te r  of t h e  ro t a t ing  drum of a facs imi l e  mach ine  and  
t h e  number  of s c a n  l ines in a given length. 

S t anda rds  w e r e  laid down in 1976 f o r  Group 2 machines  which a r e  
designed t o  t a k e  advan tage  of higher qual i ty  t e l ecommunica t ion  c i r cu i t s  and  
r e d u c e  l ine t i m e  cos t s  by &ansrnissim of A4 size copy in 3 minutes ,  o r  2 minu te s  
at c o a r s e  scan. Group  2 machines  use a m o r e  compiex  s y s t e m  of modulat ion 
(am/pm/vsb) in a so-called "duo binarytf mode of d a t a  t ransmission (21) which 
a l lows opera t ion  at t h e  double speed  wi thout  l ine  d is tor t ion  e f f ec t s .  Some  
m a n u f a c t u r e r s  produce  machines  which combine  Group 1 a n d  Group  2 s t anda rds  
the reby  enabl ing  t h e  user t o  main ta in  links wi th  a l l  o t h e r  ins ta l la t ions  o n  a 
world-wide basis. 

S tandards  f o r  ttsub-minutell, th i rd  gene ra t ion  (Group 3) mach ines  have  
y e t  t o  be  establ ished.  In o rde r  t o  ach ieve  much f a s t e r  t ransmission speeds  ove r  
na r row band te lephone  c i r cu i t s  i t  i s  likely t h a t  s ac r i f i ce s  in resolut ion of 
i n t e r m e d i a t e  (grey) tones  of t h e  t r a n s m i t t e d  m a t e r i a l  will b e  necessary,  with 
only t w o  tone ,  black and  white ,  copy being avai lab le  at t h e  highest  ra tes .  C r o u p  
3 mach ines  a r e  at p re sen t  in a n  evolut ionary s tage ;  d ig i ta l  t echn iques  a r e  likely 
to be  used in the i r  development  and a u t o m a t i c  unat tended ope ra t ion  will be a 
growing requi rement .  

T h e  c o s t  of t r ansmi t t i ng  informat ion  by Facs imi le  (based o n  320 
words per  A4 shee t )  at t h e  present  Group 1 4 min r a t e  i s  abou t  t h e  s a m e  as by 
Te lex  both  f o r  inland and  in terna t ional  dest inat ions.  With t h e  a d v e n t  of f a s t e r  
mach ines  and  i t s  advan tage  of being a b l e  t o  send pictorial  as well  as t ex tua l  
ma te r i a l ,  Facsirni le  s e e m s  likely to o f f e r  s igni f icant  advan tages  in s o m e  
appl ica t ions  of d a t a  communicat ions.  



APPENDIX F 

WMO GLOBAL TELECOMMUNICATION SYSTEM 

T h e  global te lecommunica t ion  sys t em (CTS) of t h e  World Meteorolo-  
g ica l  Organisa t ion  (WMO) has  def ined  funct ions  of co l lec t ion  of observa t ional  
d a t a ,  dis tr ibut ion of  t h e  d a t a  t o  National ,  Regional  and  World Meteorological  
C e n t r e s  and  transmission of processed informat ion  be tween  c e n t r e s  (22). I t  i s  
organised  on  a 3 level  basis:- 

(a) A rnain t runk c i rcui t  and  i t s  branches  ( f igure  F1) which link 
toge the r  t h r e e  World Meteorological  C e n t r e s  (WMCs) and t e n  
des ignated  Regional  Telecommunica t ions  Hubs (RTHs). 

(b) Regional  te lecommunica t ions  ne tworks  (which may  be  
assoc ia ted  wi th  RTHs not  on  t h e  main  t runk and  Regional  C e n t r e s  not  
combined with RTHs). 

(c)  National  te lecommunica t ions  ne tworks  - assoc ia t ed  wi th  
National  Meteorological  C e n t r e s  (NMCs). 

In principle, t h e  te lecommunica t ions  ne tworks  a r e  engineered  as a n  
i n t e g r a t e d  sys t em fo r  t h e  col lect ion,  exchange  and d is t r ibut ion  of meteorologica l  
d a t a  on  a world-wide basis wi th  t h e  a i m  of deal ing e f f ec t ive ly  wi th  t h e  
r equ i r emen t s  of al l  nat ional  meteorologica l  serv ices  and  a l s o  of World a n d  
Regional  Meteorological  Cent res .  

T h e  ne twork  makes  use of exist ing cables,  landlines, radio and 
t e l ephone  faci l i t ies .  Fo r  opera t ional  and  f inancial  reasons,  s t anda rd  te lephone  
t y p e  c i r cu i t s  and  radio links having s imi lar  cha rac t e r i s t i c s  a r e  p re fe r r ed  f e r  
t ransmiss ion  of medium and high-speed da ta .  In genera l ,  t h e  ne twork  uses 
ded ica t ed  c i rcui t s ,  l eased  f rom national  PTTs (Pos t ,  Te lephone  and  Telegraph 
Authorities).  T h e  c o m p l e t e  sys t em is based o n  a hierarchica l  in terconnect ion  of 
c e n t r e s ,  ie,  NMCs, RMCs, RTHs, WMCs ( f igure  F2), t h e  l a rge r  c e n t r e s  (WMCs, 
RMCs,  RTHs) having equipment  f o r  se lec t ion ,  swi tching  and edi t ing  in o rde r  t o  
provide na t ional  c e n t r e s  wi th  t h e  d a t a  t hey  require. 

F1. FUNCTIONS 

T h e  World C e n t r e s  and Regional  Hubs have  s imi lar  te lecommuni-  
c a t i o n s  funct ions  for  co l lec t ion  of observat ional  d a t a  within the i r  respec t ive  
zones  of responsibility and  relaying d a t a  as in terna t ional ly  a g r e e d  ove r  t h e  main  
t runk  and  i t s  branches. 

National  C e n t r e s  have  responsibi l i t ies  f o r  co l lec t ing  d a t a  within the i r  
o w n  t e r r i t o r i e s  and  t r ansmi t t i ng  t h e  informat ion  t o  a n  a s soc ia t ed  RTH. 

C e n t r e s  a r e  not  r e s t r i c t ed  in  cho ice  of equ ipmen t  ins ta l led  fo r  d a t a  
handling, but  t h e  C T S  requi rements  f o r  compat ib le  i n t e r f ac ing  wi th  t h e  ne twork  
m u s t  be  observed. P r e s e n t  r a t e s  of t ransmission fo r  ne twork  d a t a  (in t h e  ma in  
t runk  c i rcui t s )  a r e  typical ly around 2400 baud. T rans fe r s  of d a t a ,  of which a 
cons iderable  volume may be facs imi le  ma te r i a l ,  a r e  accompl ished  by s t o r e  and  
fo rward  techniques  o r  by d i r ec t  through-switching operat ions.  



F2. U K  NATIONAL METEOROLOGICAL CENTRE 

T h e  National  Meteorological  C e n t r e  fo r  t h e  UK i s  at Bracknell,  
Berkshire and  i s  a l so  a n  RTH o n  t h e  main  t runk  of t h e  C T S  wi th  f ac i l i t i e s  fo r  
dual  m o d e  message  swi tching  (simultaneous message  receiving and  outputt ing) .  
Bracknell  a l s o  acts as a Regional  Meteorological  C e n t r e  (RMC) wi th  equipment  
f o r  d a t a  processing addit ional  t o  t h e  manda to ry  te lecommunica t ions  fac i l i t ies  
provided f o r  t h e  r equ i r emen t s  of t h e  C T S  network.  



FIGURE F1. SCHEMATIC DIAGRAM O F  THE MAIN TRUNK CIRCUIT OF THE WMO 
GLOBAL TELECOMMUNICATIONS SYSTEM 
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Some Metr ic  and S1 Uni t  Conversion Factors  

(Based on DEF STAN 00-1112 "Metric Uni ts  f o r  Use by t h e  Minis t ry  of Defence", 
DS Met 5501 "AWRE Metric Guide" and o the r  B r i t i s h  Standards) 

Quan t i ty  Unit Symbol Conversion 

Basic Uni ts  

Length 

Mass 

Derived Uni ts  

metre 

kilogram 

Force newton 

Work. Energy, Quan t i ty  of Heat jou le  

Power 

E l e c t r i c  Charge 

j 
E l e c t r i c  P o t e n t i a l  
E l e c t r i c a l  Caps-citance 
E l e c t r i c  Resis tance 
Conductance 
Magnetic Flux 

c 1 Magnetic Flux Density 
Inductance 

Complex Derived Uni ts  

Angular Veloci ty  

Accelera t ion 

Angular Accelera t ion 
Pressu re  

Torque 

Surf ace  Tension 

Dynamic Viscos i ty  

Kinematic Viaicosity 

Thermal Conduct ivi ty  

wat t  

coulomb 
v o l t  
f a rad  
ohm 
siemen 
weber 
t e s l a  
henry 

rad ian  per  second 

metre par square  second 

rad ian  per  square  second 
newton per  square  metre 

bar  

newton metre 

newton pe r  metre 

newton second pe r  square  metre 

square  metre  per second 

wa t t  per metre ke lv in  

1 m = 3.2808 f t  
1 f t  = 0.3048 m 
1 kg = 2.2046 l b  
1 l b  = 0.45359237 kg 
1 ton = 1016.05 kg 

1 N = 0.2248 lb f  
1 l b f  = 4.44822 N 
1 J = 0.737562 f t  l b f  
1 J = 9.47817 x 1om4 Btu 
1 J = 2.38846 x 10-~ k c a l  
1 f t  lb f  = 1.35582 J 
1 Btu = 1055.06 J 
1 kca l  = 4186.8 J 
1 W = 0.238846 c a l l s  
1 c a l l s  = 4.1868 W 

r a d / s  1 r a d / s  = 0.159155 r e v / s  
1 r e v / s  = 6.28319 r a d / s  

m / s 2  l m / s 2  = 3.28084 f t / s 2  
1 f t / s 2  = 0.3048 m / s 2  

r a d / s 2  - 
N/m2 = Pa 1 ~ / m ~  = 145.038 x 10'~ l b f l i n ?  

1 l h f / i n ?  - 6.89476 X 103 N/m2 
ba r  = 105 N/m2 - 

1 i n .  Hg = 3386.39 N/m2 
N m 1 N m = 0.737562 l b f  f t  

1 l b f  f t  = 1.35582 N m 
N /m 1 N/m = 0.0685 l b f / f t  

1 l b f / f t  = 14.5939 ~ / m  
N s / m 2  1 N s / m 2  = 0.0208854 lb f  s / f t 2  

1 l b f  s / f t 2  = 47.8803 N s / m 2  
m 2 / s  1 m 2 / s  = 10.7639 f t 2 / s  

1 f t 2 / s  = 0.0929 m 2 / s  
W/m K - 

Odd Units* 

Rad ioac t iv i ty  hecquerel  Bq 1 Bq = 2.7027 x 10-l1 C1 
1 C i  = 3.700 X 101° Bq 

Absorbed Dose RraY GY 1 Gy = 100 rad 
1 rad  = 0.01 Gy 

Dose Equivalent s i e v e r t  Sv 1 Sv = 100 rem 
1 rem = 0.01 Sv 

Exposure coulomb per  kilogram C/kg 1  kg = 3876 R 
1 R = 2.58 X 10-~ C/kg 

Rate of Leak (Vacuum Systems) m i l l i b a r  l i t r e  per second mb 11s 1 mb 1: 0.750062 t o r r  
1 t o r r  = 1.33322 mb 

*These terms a r e  recognised terms wi th in  t h e  me t r i c  system. 


