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LETTER DATED 25 JUNE 1985 ADDRESSED TO THE PRESIDENT OF THE CONFERENCE 
ON DISARMAMENT BY THE PERMANENT REPRESENTATIVE OF CHINA FORWARDING 
EXTRACTS FROM THE SPEECH BY CHAIRMAN DENG XIAOPING OF THE CENTRAL 
MILITARY COMMISSION, MADE ON 4 JUNE I985, AND THE SPEECH BY THE 
GENERAL SECRETARY OF THE COMMUNIST PARTY OF CHINA, MR. HU YAOBANG, 

MADE ON 6 JUNE I985 

I have the honour to forward to you herewith the e x t r a c t s from the speech by 
Chairman Deng Xiaoping of the Ce n t r a l M i l i t a r y Commission at i t s enlarged meeting 
on 4 June 1985 and the speech by the General Secretary of the Communist Party of 
China, Mr. Hu Yaobang, at the banquet i n honour of peace a c t i v i s t s from various 
countries on 6 June 1985-

I would be g r a t e f u l i f the t e x t s could be c i r c u l a t e d as an o f f i c i a l document 
of the Conference on Disarmament. 

(Signed) (Qian Jiadong) 
Ambassador 
Permanent Representative of China 
to the Conference on Disarmament 
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E x t r a c t s from the speech by Chairman Deng Xiaoping of the 
C e n t r a l M i l i t a r y Commission a t i t s enlarged meeting 

At an enlarged meeting of the C e n t r a l M i l i t a r y Commission on 4 June 1985» 
Chairman Deng Xiaoping announced that the Chinese Government had decided to reduce 
the People's L i b e r a t i o n Array (PLA) by 1 m i l l i o n men. 

Deng Xiaoping s a i d that the danger of world war remained. The f a c t o r s f o r war 
were l i k e l y t o i n c r e a s e due t o the ongoing arnis race of the two super-Powers. 
However, the people wanted peace and opposed war. The world f o r c e s f o r peace would grow 
more r a p i d l y than the f o r c e s f o r war. He a l s o s a i d t h a t the Chinese ^Government 
always held high the banner of opposing hegemonism and safeguarding world peace, 
pursued an independent f o r e i g n p o l i c y and r e s o l u t e l y stood by the f o r c e s f o r peace. 
As the f o r c e s f o r peace grew throughout the world, i t was p o s s i b l e that a l a r g e - s c a l e 
world war would not break out f o r a f a i r l y long time to come and t h a t the prospects 
f o r world peace v/ere h o p e f u l . 

Deng Xiaoping s t r e s s e d t h a t China wanted t o concentrate on i t s economic 
development so as to b u i l d i t s e l f i n t o' a strong and modernized s o c i a l i s t country. 
China needed a peaceful i n t e r n a t i o n a l environment and had been working hard t o create 
and safeguard such an environment. Economic development represented our o v e r - a l l ' 
i n t e r e s t to which e v e r y t h i n g e l s e should be subordinated. 

OUR COMMON HISTORICAL DUTY 

Speech by CPC General Secretary Hu Yaobang at the banquet 
i n honour of peace a c t i v i s t s from various c o u n t r i e s on 

I t g i v e s me much pleasure today to meet with the peace a c t i v i s t s from over 
20 c o u n t r i e s . I would l i k e t o take t h i s opportunity to express the keen concern of 
the Communist Party of China and the Chinese people over the i s s u e of peace and 
r e i t e r a t e China's commitment to the o b l i g a t i o n of safeguarding world peace. 

We have s t a t e d on many occasions t h a t the two paramount i s s u e s i n the world 
today are those o f peace and development, and that peace i s the p r e r e q u i s i t e f o r 
development. I t i s our s i n c e r e hope t h a t a l l c o u n t r i e s of the world w i l l l i v e i n 
harmony and work f o r common p r o s p e r i t y . These two i s s u e s i n v o l v e a l l the c o u n t r i e s 
and a l l the pople of the world, and a f f e c t the d e s t i n y of our f u t u r e .generations. 
Every statesman endowed with f o r e s i g h t should r e f l e c t on h i s r e s p o n s i b i l i t y f o r 
peace and s e c u r i t y of the people of h i s own country and of the whole world, indeed 
f o r the s u r v i v a l and development of the e n t i r e human race. Doing so, he cannot 
but adopt the only wise a l t e r n a t i v e i n approaching the i s s u e of war and peace, t h a t 
i s , upholding peace on the basis of f u l l respect f o r the independence and 
sovereignty of each and every country. 

I am o p t i m i s t i c about the f u t u r e of the mankind. I am e q u a l l y o p t i m i s t i c 
about the p r e s e r v a t i o n of world peace. Although the danger of war s t i l l e x i s t s , 
I b e l i e v e f i r m l y t h a t , provided that people of the whole world and a l l the peace-
l o v i n g c o u n t r i e s u n i t e and take p r a c t i c a l a c t i o n i n a j o i n t e f f o r t to prevent a new 
world war, there w i l l be good prospects f o r l a s t i n g world peace. The p r a c t i c a l 
a c t i o n s most important today should be aimed at urging the super-Powers, from 
d i f f e r e n t angles and by various means, to h a l t the arms race, e s p e c i a l l y the nuclear 
arms race and the arms race i n space and the conventional arms race as w e l l , and 
e q u a l l y needed are a c t i o n s aimed at urging a l l c o u n t r i e s i n v o l v e d i n i n t e r n a t i o n a l 
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disputes to s e t t l e them through peaceful means. Peace movements the world over are 
waging a tenacious s t r u g g l e towards t h i s end. Our 1 b i l l i o n Chinese people are 
prepared to j o i n hands with them i n unr e m i t t i n g e f f o r t s f o r world peace. 

We are r e a l i s t s . I t i s my view t h a t , under the present i n t e r n a t i o n a l 
circumstances, i t i s necessary fob a country to have i t s n a t i o n a l defences But 
measures i n t h i s f i e l d should be appropriate and defensive i n nature. As an ancient 
Chinese saying a p t l y put i t "Unity of w i l l i s an impregnable f o r t r e s s . " The 
s e c u r i t y of a country, i n the f i n a l a n a l y s i s , r e s t s mainly on the u n i t y of i t s 
people. B l i n d r e l i e f i n armed force and weaponry and i n unceasing arras expansion 
and war preparations at the expense of people's welfare arc bound e v e n t u a l l y to 
undermine the foundation of the n a t i o n a l s e c u r i t y of the country i n v o l v e d . 
Proceeding from t h i s b e l i e f , we are now going a l l out to achieve s o c i a l i s t 
modernization, to develop the productive forces of our s o c i e t y and to g r a d u a l l y 
r a i s e the l i v i n g standard of our people. China i s opposed to arms race and under 
no circumstances w i l l China take part i n i t . We are, of our own accord, c u t t i n g 
down on our armaments and reducing our armed f o r c e s . China pursues an independent 
and peaceful f o r e i g n p o l i c y , and w i l l never enter i n t o a l l i a n c e or e s t a b l i s h 
s t r a t e g i c r e l a t i o n s with any of the b i g powers. China d e s i r e s to maintain f r i e n d l y 
r e l a t i o n s w i t h a l l the c o u n t r i e s i n the world. This i s our fundamental n a t i o n a l 
p o l i c y . Аз you a l l know, China, being a l a r g e country, has many th i n g s to do. 
Nonetheless, a l l our work can be summed up i n two words: development and peace. 
We the Chinese leaders are concerned not only w i t h the development of our country, 
but a l s o with world peace. Every advance made by China i n her development adds t o 
the f o r c e s f o r peace i n the world. In t h i s sense, I too am a peace a c t i v i s t and 
working together with the f r i e n d s present here f o r the cause of world peace. 

I was d e l i g h t e d to l e a r n t h a t , at the peace forum, f r i e n d s from d i f f e r e n t 
c o u n t r i e s a i r e d t h e i r views f r e e l y , and focused on the solemn theme of safeguarding 
world pence i n a s p i r i t of mutual respect and seeking common ground while s e t t i n g 
aside d i f f e r e n c e s , without adopting any documents. This method i s very good and 
very s i g n i f i c a n t . We hope to conduct such f r e e and meaningful dialogues with more 
f r i e n d s from d i f f e r e n t c o u n t r i e s . 

F i n a l l y , I i n v i t e our f r i e n d s to v i s i t other p a r t s of our country and see how 
our people are working f o r the peaceful development of t h e i r homeland. ïou are 
most welcome to give us your a d v i c e . 
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DESTRUCTION QF CHEMICAL WEAPONS 
Element V of working paper CD/443 ( l984j China) e n t i t l e d "Proposals on 

№,jor Elements of a Future Convention on the Complete P r o h i b i t i o n and Total 
Destruction of Chemical Weapons" contains the following provisions: 

- 2. A l l chemical, weapon stocks should he t o t a l l y destroyed except 
f o r dual-purpose chemical agents which, as agreed upon, may he 
diverted f o r peaceful uses. Destruction should commence at the 
e a r l i e s t possible date a f t e r entry i n t o force of the Convention and 
should be completed within 10 years at the l a t e s t . 

- 3 . In order to eliminate as ea r l y as possible the threat to mankind 
of chemical warfare, States i n possession of chemical weapons should 
i n the f i r s t place destroy stocks of the most toxic and dangerous 
types of chemical weapons, e.g. supertoxic l e t h a l agents such as 
VX, Soman, Sarin, Tabun, mustard gas, etc. 

The d e l e ^ t i o n of the People's Republic of China now proposes f u r t h e r 

that: 
- The States P a r t i e s concerned destroy t h e i r chemical weapon stocks 

propo r t i o n a l l y and i n phases; 
- The destruction quantities i n each phase by the States Parties 

concerned be determined by the formulae f o r calc-ulating the stockpiled 
equivalent and destruction quantity as s p e c i f i e d i n Annex ... 

GE.85-62266 
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Annex 
STOCKPILED EQUIVALENT OP СНЕЖСАЬ WAEPAEE AGENTS 

L i s t of contents 
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1. I n t r o d u c t i o n 
The d e s t r u c t i o n of e x i s t i n g chemical weapon s t o c k p i l e s i s one of the most 

important elements of the f u t u r e Convention on the p r o h i b i t i o n of chemical weapons 
and would be a step of great p r a c t i c a l s i g n i f i c a n c e toward e l i m i n a t i n g the t h r e a t 
of chemical warfare (CW). In t h i s connection, agreement seems to have been 
reached on the f o l l o w i n g : 

- Each State Party i n possession of chemical weapons w i l l s t a r t d e s t r o y i n g i t s 
s t o c k p i l e at a c e r t a i n time a f t e r the entry i n t o f o r c e o f the Convention and 
complete the process w i t h i n 10 years. 

- No State Party possessing such s t o c k p i l e s w i l l g a i n any m i l i t a r y advantage 
through the d e s t r u c t i o n process. 
As regards the order of d e s t r u c t i o n , v a r i ous proposals have been put 

forward, f o r i n s t a n c e , d e s t r u c t i o n of the most t o x i c and dangerous types of 
chemical weapons f i r s t , a l t e r n a t e d e s t r u c t i o n o f CW agents o f d i f f e r e n t t o x i c i t i e s 
and other o p t i o n s . Whichever order i s a p p l i e d , i t i s e s s e n t i a l to determine how 
many tons of a CW agent a State concerned must destroy i n a given phase. This 
paper i s an attempt i n t h i s d i r e c t i o n -

T i l l now, the s t o c k p i l e d weight of chemical weapons or CW agents has been 
used as the most important measurement of the CW c a p a b i l i t y of a Sta t e . Under 
ordi n a r y circumstances, t h i s i s s u f f i c i e n t . However, i f t h i s were to be used as 
the b a s i s f o r balanced d e s t r u c t i o n of chemical weapons, the drawbacks are 
obvious, f o r CW c a p a b i l i t y i s determined by both the q u a n t i t y and the q u a l i t y , 

*/ 
1. e. t o x i c i t y , of CW agents.— Therefore, i t i s necessary to develop a new 
concept which w i l l take i n t o account the two aspects when e s t i m a t i n g CW 
c a p a b i l i t y . 
2. Toxi-city I n t e n s i t y (TI) 

D e f i n i t i o n : The T o x i c i t y I n t e n s i t y of a CW agent i s defined as the weight 
of l i v e s harmed ( i n the case of harmful agents) or k i l l e d ( i n 
the case of l e t h a l agents) by one milligramme of the agent. 

Ч For the purpose of t h i s paper, other f a c t o r s a f f e c t i n g CW c a p a b i l i t y , 
such as the e f f i c i e n c y of weapon systems and the l e v e l of t r a i n i n g and 
or g a n i z a t i o n of personnel, are not reckoned. 
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I t i s c l e a r that the TI i s the r e c i p r o c a l of the l e t h a l dose (LD, i n the 
case of l e t h a l agents) or the e f f e c t i v e dose (ED, i n the case of harmful agents), 
i . e . TI = 1/LD (or ED) (I) 
I t i s expressed as kg/mg. 

For the sake of r e l i a b i l i t y , the median l e t h a l dose (LD^^) or the median 
e f f e c t i v e dose (ED^^) i s always used in s t e a d of LD or ED, so the above formula 
can be converted i n t o 

TI = ̂ /LD^o •̂'••'"̂  
This i s tantamount to i n t r o d u c i n g a constant c o e f f i c i e n t i n t o Formula (I) which, 
being i d e n t i c a l f o r a l l States possessing chemical weapon s t o c k p i l e s , w i l l not 
a f f e c t the c o r r e l a t i o n i n t h e i r CW c a p a b i l i t i e s . 
3. S t o c k p i l e d Equivalent (SE) of CW Agents 

D e f i n i t i o n : The product o f the s t o c k p i l e d weight of a CW agent and i t s 
T o x i c i t y I n t e n s i t y i s r e f e r r e d to as the S t o c k p i l e d E q uivalent 
of the CW agent. That i s , 

SE = W . TI ( I I I ) 
Obviously, there can be two kinds of SE, i . e . l e t h a l SE ( f o r l e t h a l agents) 

and harmful SE (f o r harmful agents). SE can be expressed i n any u n i t or weight 
( i n kilogrammes, f o r example), but i t s values do not represent the a c t u a l 
q u a n t i t i e s of s t o c k p i l e d CW agents. The p h y s i c a l s i g n i f i c a n c e of SE i s the 
t h e o r e t i c a l weight of the c a s u a l t i e s caused by W tons o f CW agents. Hence, SE i s 
a q u a n t i t a t i v e expression of the CW c a p a b i l i t y of a St a t e . 

The formula shows that the CW c a p a b i l i t y of a State i s i n d i r e c t p r o p o r t i o n 
to the TI as w e l l as the weight o f i t s s t o c k p i l e . 
4- I l l u s t r a t i o n s o f A p p l i c a t i o n 

4.1. I l l u s t r a t i v e C a l c u l a t i o n of SE 
Assuming that Country A possesses two kinds of CW agents, CWÂ  and CWÂ , 

and Country В possesses CWA2 and CWÂ , with the f o l l o w i n g weights and TIs 
r e s p e c t i v e l y : 

"CWA^(A) = TICWA^= 5 kg/mg; 

"CWA2(A), (B) = 2 ° ° ^ ° " ^ ' T̂ CWÂ - 2°^S/mg; 

"CWA^(B) = 100 tons, -̂"-CWÂ z 10 kg/mg; 
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Then, according to Formula ( I I I ) , the SE of each CW agent i s : 
^^CWA^ = 0.5x10̂ 2 kg 

^^cwA^ = 
S^CWA^ = 1-^°'^ 

and the t o t a l SE of each country i s : 
op I p 

t o t a l ( A ) = 4.5x10 kg 

^ \ o t a l ( B ) = 5xlO-'-̂  kg 
The values of SE. ̂  ,,лч and SE. . ̂  show t h a t , though the two t o t a l ( A ) t o t a l ( B ) 

c o u n t r i e s are equal i n terras of s t o c k p i l e d weight (300 tons each), the CW 
12 

c a p a b i l i t y o f Country В i s i n f a c t 11.1 per cent ( i . e . 0.5x10 kg) higher 
than Country A, because t h e i r s t o c k p i l e s c o n t a i n d i f f e r e n t kinds of CW 
agents. Thus, the SE concept t r u l y r e f l e c t s the CW c a p a b i l i t i e s of the 
two c o u n t r i e s , which would be impossible i f the s t o c k p i l e d weights alone 
were taken i n t o c o n s i d e r a t i o n . 
4.2. I l l u s t r a t i v e C a l c u l a t i o n of Des t r u c t i o n Quantity (W^gg^ 

From the SE conversion Formula ( I I I ) can be derived Formula (IV) f o r 
c a l c u l a t i n g W^gg* W, = К • SE. . , . TI"-"-des t o t a l 

= SE^ . ТТ"-"-des 

= ^^des • ̂ 5̂0 ^̂ 50̂  
where Ŵ ^̂ : the a c t u a l weight of a CW agent to be destroyed by a State i n 

one phase of d e s t r u c t i o n 
K: the agreed d e s t r u c t i o n percentage i n th a t phase 
^ \ o t a l ' t o t a l S t o c k p i l e d Equivalent of the State 
TI,LD^Q or ED^q: the T o x i c i t y I n t e n s i t y , the median l e t h a l dose or 

median e f f e c t i v e dose o f the CW agent to be destroyed 
i n that phase 

^^des • S t o c k p i l e d Equivalent to be destroyed by the State i n t h a t 
phase 

In Formula ( I V ) , К i s an agreed constant and SE. ̂  a set value f o r 
t o t a l 

any given State. Therefore, the Ŵ ^̂  of an agent to be destroyed i s i n 
inv e r s e proportion to i t s TI. In t h i s way, a q u a n t i t a t i v e l i n k i s 
e s t a b l i s h e d between the d e s t r u c t i o n q u a n t i t y and t o x i c i t y of the CW agent 
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to be destroyed, thereby making i t p o s s i b l e to determine the qu a n t i t y of 
s p e c i f i c kinds of s t o c k p i l e d agents to be destroyed by d i f f e r e n t S t a t e s . 

Assuming t h a t the two above-mentioned c o u n t r i e s , A and B, are each to 
destroy one kind o f CW agent at an agreed r a t i o of 10 per cent i n a c e r t a i n 
phase, then each country should destroy 10 per cent of i t s t o t a l S t o c k p i l e d 
Equivalent no matter which agent i s to be destroyed. Thus, 

S^des^^) = ̂  ' ^ \ o t a l ( A ) 
= 4.5x1o-'--'- kg 

S^des^^) = ̂  ' ^ ^ t o t a l ( B ) 
= 5X10-'--'- kg 

From t h i s , the a c t u a l weight of any CW agent to be destroyed can be 
c a l c u l a t e d by app l y i n g Formula ( I V ) : 

"des(CWA^) = 90 tons ( f o r Country A) 

W, /017Л \ = 2 2 . 5 tons ( f o r Country A) d e s ( L w A ^ ) 

"desiCWA^) = 25 tons ( f o r Country B) 

"des(CWA ) = 50 tons ( f o r Country B) 

These r e s u l t s show th a t i f Country A wishes to destroy i t s CWÂ  
s t o c k p i l e f i r s t , i t need only destroy 2 2 . 5 tons i n t h a t phase. However, i f 
CWÂ  i s chosen i n s t e a d , i t must destroy 9 0 tons, t h a t i s , four times as much 
as CWÂ , because the TI of.'CWA^ i s only a quarter of t h a t of CWÂ . 

The r e s u l t s a l s o _show that i f c o u n t r i e s A and В both destroy CWÂ  f i r s t , 
even though the tonnages of t h e i r t o t a l s t o c k p i l e s and of CWÂ  are equal, the 
a c t u a l weights o f CWÂ  t o be destroyed by the two s i d e s are not the same 
owing to the i n e q u a l i t y of t h e i r a c t u a l CW c a p a b i l i t i e s , as i n d i c a t e d by 
t h e i r SEs. 

The above i l l u s t r a t e s t h a t by usin g the SE concept i t i s easy t o 
determine how many tons of a CW agent a State should destroy i n a given 
phase of d e s t r u c t i o n . 

5• Discussion and Conclusion 
(a) The concept of S t o c k p i l e d Equivalent of chemical warfare agents can 

t r u l y r e f l e c t the CW c a p a b i l i t i e s of St a t e s . I t may, t h e r e f o r e , serve as an 
appropriate b a s i s f o r balanced d e s t r u c t i o n of CW s t o c k p i l e s . 

(b) The formulae i n t h i s paper are a p p l i c a b l e to any l e t h a l or harmful CW 
agent. 



CD/605 
CD/CW/WP.114 
Annex 
page 6 

(c) The present formulae are a l s o a p p l i c a b l e to binary weapons, i n which 
case c e r t a i n key precursors would be i n v o l v e d . Hence, when c a l c u l a t i n g the 
S t o c k p i l e d Equivalent or Dest r u c t i o n Quantity of a key precursor, the formulae i n 
t h i s paper should be used together with the r e l e v a n t chemical equations by which 
the end-product ( i . e . a CW agent) i s formed from the precursor. 

(d) I f the d i v e r s i o n of some CW agents f o r peaceful purposes i s allowed as 
a means of e l i m i n a t i o n of CW s t o c k p i l e s under the f u t u r e Convention, the formula 
f o r D e s t r u c t i o n Quantity w i l l be the formula f o r d i v e r s i o n q u a n t i t y as w e l l . 

(e) In view of the p u r i t y change of the s t o c k p i l e d CW agents, a p u r i t y 
percentage "P" may be added to Formula ( I I I ) , which becomes 

SE = P • W • TI 
(f ) The present concept and formulae, being of a purely t e c h n i c a l and 

n e u t r a l nature, give no preference to any proposed order of d e s t r u c t i o n . 
Furthermore, by t h i s concept the States concerned would be f r e e to choose i n the 
l i g h t o f t h e i r s p e c i f i c c o n d i t i o n s t h e i r own order o f d e s t r u c t i o n without 
endangering the e x i s t i n g balance of f o r c e s between them. 



CONFERENCE ON DISARMAMENT CD/6061/ 
4 J u l y 1985 

O r i g i h a l : ENGLISH 

LETTER DATED 2 JULY I 9 8 5 FROM THE 
PERMANENT REPRESENTATIVE OF CANADA TRANSMITTING 
A TWO VOLUME COMPENDIUM OF CD VERBATIM RECORDS 

AND WORKING PAPERS SUBMITTED TO THE CONFERENCE ON THE 
SUBJECT OF THE PREVENTION OF AN ARMS RACE IN OUTER SPACE 

I r e f e r t o my 2 J u l y 1985 s t a t e m e n t b e f o r e 
t h e C o n f e r e n c e on D i s a r m a m e n t i n w h i c h I a n n o u n c e d 
t h a t I w o u l d be p r o v i d i n g t h e S e c r e t a r i a t w i t h c o p i e s 
o f a two v o l u m e compendium o f CD v e r b a t i m r e c o r d s and 
w o r k i n g p a p e r s s u b m i t t e d t o t h e C o n f e r e n c e on t h e s u b j e c t 
o f t h e p r e v e n t i o n o f an arms r a c e i n o u t e r s p a c e . 

I am p l e a s e d t o c o n f i r m t h a t a r r a n g e m e n t s 
have b e e n made f o r t h e d e l i v e r y o f 41 c o p i e s o f t h e 
compendium t o y o u r d o c u m e n t a t i o n o f f i c e . I w o u l d be 
g r a t e f u l i f you c o u l d e n s u r e t h a t a co p y i s d i s t r i b u t e d 
t o e a c h member d e l e g a t i o n o f t h e C o n f e r e n c e on D i s a r m a m e n t , 

Signed: J . Alan Beesley 
Ambassador and Permanent 
Representative 

!_/•" A l i m i t e d d i s t r i b u t i o n of t h i s compendium i n E n g l i s h only has been 
made to the members of the-Conference on Disarmament. A d d i t i o n a l 
copies are a v a i l a b l e from the Permanent Mission of Canada at Geneva. 
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O r i g i n a l ; RUSSIAN 

PREVENTION OF AN ARIÍS RACE IN OUTER SPACE 

Working Paper of a group of s o c i a l i s t countries 

1. The world has recently come to an extremely dangerous f r o n t i e r ; the arms 
race, which has reached unprecedented dimensions, i s not only i n t e n s i f y i n g but 
also threatening to spread to outer space. The danger that space w i l l become 
the springboard f o r aggression and war i s in c r e a s i n g l y r e a l . Programmes are 
being carried out to develop space weapons that are Intended to destroy objects 
i n space and attack targets on Earth from space. These a c t i v i t i e s , which stem 
from cal c u l a t i o n s on achieving m i l i t a r y s u p e r i o r i t y , are l i k e l y to make an 
arms race i n space i r r e v e r s i b l e and se r i o u s l y d e s t a b i l i z e the s i t u a t i o n , and 
they heighten the threat of nuclear vrar. The onset of an arms race i n 

outer space w i l l imdermine the prospects f o r arms l i m i t a t i o n and reduction as a 
whole. The m i l i t a r i z a t i o n of space, i f i t cannot be halted, w i l l swallow up 
enormous material and i n t e l l e c t u a l resources, thereby doing great damage to the 
peaceful development of mankind and the sol u t i o n of pressing global problems, and 
create insurmountable obstacles to i n t e r n a t i o n a l co-operation i n the peaceful use 
of outer space. 
2. I t i s necessary to prevent t h i s f a t a l course of events, and not to allow 
space to be turned into a source of m i l i t a r y danger. The exclusion of space from 
the sphere of the arms race must be a s t r i c t norm i n the p o l i c y of States, and a 
u n i v e r s a l l y recognized i n t e r n a t i o n a l o b l i g a t i o n . 

3. The s o c i a l i s t States consider that s t r i k e weapons of any kind - conventional, 
nuclear, l a s e r , particle-beam or any other form - whether i n manned or unmanned , 
systems should not be introduced into or stationed i n space. Space weapons 
should not be developed, tested or deployed e i t h e r f o r a n t i - m i s s i l e defence, or 
as a n t i - s a t e l l i t e systems, or f o r use against targets on Earth or i n the a i r . 
Such systems which have already been developed should be destroyed. In other 
words, the s o c i a l i s t States propose that agreement should be reached on the 
p r o h i b i t i o n and elimination of an ent i r e class of weapons, namely, attack space 
systems, i n c l u d i n g space-based a n t i - m i s s i l e systems and a n t i - s a t e l l i t e systems, 
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4. S t r i c t compliance with the i n d e f i n i t e 1972 Treaty on the Li m i t a t i o n of 
A n t i - B a l l i s t i c - M i s s i l e Systems between the USSR and the United States i s of 
p a r t i c u l a r s i g n i f i c a n c e f o r the prevention of the m i l i t a r i z a t i o n of space. 

The s o c i a l i s t States attach great importance to the absolute and s t r i c t 
implementation of multilaterarl -agreements -limit-i-ng—the use-of space f o r m i l i t a r y 
purposes. These include the Treaty on P r i n c i p l e s Governing the A c t i v i t i e s of 
States i n the Exploration and Use of Outer Space Including the Moon and Other 
C e l e s t i a l Bodies of 1967, and the Treaty Ъallning Nuclear Weapon Tests i n the 
Atmosphere, i n Outer Spaco and under Water of 1963-

5. Given present developments, urgent measures must be taken to prevent an 
arms race i n outer space. These measures may be worked out and adopted through 
both b i l a t e r a l and m u l t i l a t e r a l negotiations. The s o c i a l i s t States consider that 
b i l a t e r a l and m u l t i l a t e r a l negotiations complement each other. 
6. The s o c i a l i s t States express s a t i s f a c t i o n at the fac t that the Conference on 
Disarmament was able to take the decision to set up an ad hoc committee on item 5 

of i t s agenda, "Prevention of an arms race i n outer space". They are ready to 
co-operate with the other States members i n the implementation o f the Ad Hoc Connnittee's 
mandate, 
7. In the view of the s o c i a l i s t States, i n carrying out i t s mandate the ad hoc 
committee should as a f i r s t step at t h i s stage concentrate on examining the following 
issues: 

(a) P o l i t i c a l , m i l i t a r y , economic and other consequences of the extension of 
the arms race intcf outer space. 

(b) Significance of e x i s t i n g i n t e r n a t i o n a l agreements r e l a t i n g to the 
l i m i t a t i o n of m i l i t a r y a c t i v i t y i n outer space f o r the prevention of an arms race 
i n space, 

(c) Proposals by States members of the Conference on Disarmament on the 
prevention of an arms race i n outer space. Under t h i s point, consideration should 
be given i n p a r t i c u l a r to the proposals of the USSR on the conclusion of a t r e a t y on 
the p r o h i b i t i o n of the s t a t i o n i n g of weapons of any kind i n outer space ( 1 9 8 I ) , the 
conclusion of a tr e a t y on the p r o h i b i t i o n of the use of force i n outer space and from 
space against the Earth (1983) and on the use of outer space e x c l u s i v e l y f o r peaceful 
purposes f o r the benefit of mankind. 
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8, The s o c i a l i s t States express the hope that the s u c c e s s f u l f u l f i l m e n t of i t s 
mandate by the Ad Hoc Committee on the Prevention of an Arms Race i n Outer Space w i l l 
enable the Conference on Disarmament r a p i d l y to embark upon n e g o t i a t i o n s on the 
conclusion of an agreement or agreements, as a p p r o p r i a t e , f o r the prevention of an 
arms race i n outer space i n a l l i t s aspects, as i t was recommended to do by the 
United Nations General Assembly. Only the guaranteed prevention of the 
m i l i t a r i z a t i o n of space w i l l make i t p o s s i b l e to use space f o r c r e a t i v e r a t h e r than 
d e s t r u c t i v e ptirposes, and open the way f o r u n i t i n g the e f f o r t s of a l l States f o r the 
peaceful use of outer space. 





CONFERENCE ON DISARMAMENT 

ENGLISH 
Original : FRENCH 

PREVENTION OF NUCLEAR WAR, INCLUDING ALL RELATED 
MATTERS 

Working paper submitted by Romania 
Romania attaches p a r t i c u l a r importance to the prevention of nuclear war, 

including a l l related matters. 
The arms race, p a r t i c u l a r l y the nuclear-arms race, has escalated to record 

dimensions, increasing the danger of a nuclear d i s a s t e r which would destroy the 
attainments of our c i v i l i z a t i o n and even the necessary conditions for the 
existence of l i f e on our planet 

The deployment î)f United States, intermediate-range nuclear m i s s i l e s and the 
adoption of Soviet nuclear countermeasures have created an extremely dangerous 
s i t u a t i o n in Europe. 

Given the circumstances, i n p a r t i c u l a r the vast quantities of nuclear weapons 
stockpiled i n the world vjhicb could destroy,the planet several times over, we 
consider that the number one^ problem of our time i s to h a l t tho nuclear-arms race 
f i r s t of ill, embark on disarmament, avert the danger of a new world war and 
e s t a b l i s h peace in the vjorld. , 

The agreement reached on talks i n Gen.-jva on the problems of nuclear weapons 
snd th<; p r o h i b i t i o n of the m i l i t a r i z a t i o n of outer space wau welcomed by Romania 
as a major step towards the reduction of i n t e r n a t i o n a l tension. However, the 
agrw:em._'nt jnd the beginning of negotiations do not mean that the problems have 
been solved. Romania expects the declarations to be succeeded by genuine, 
sincere negotiations undertaken with a profound sense of r e s p o n s i b i l i t y , which 
would lead to appropriate agreements i n keeping with the hopos of the wor,ld's 
peoples and to the cenfsation of the arras r i c e , primarily the nuclear-arms race, 
the f i r s t steps i n t h e i r reduction, u n t i l t h e i r complete elimination, and the 
p r o h i b i t i o n of the m i l i t a r i z a t i o n of outer space. 

The r e s u l t s of these negotiations, which we would l i k o to see a t t a i n t h e i r 
fixed objv^ctive, namely, the "coraolete elimination of nuclear arms everywhere", 
can make a s i g n i f i c a n t contribution to the prev^^ntion of the r i s k of nuclear war. 

It should also be stressed that in Romania's opinion, side-by-side with 
the b i l a t e r a l t a l k s , to which other States should also be able to make an 
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appropriate contribution, m u l t i l a t e r a l negotiations should begin immediately i n 
the Conference on Disarmament on the subject of the prevention of nuclear war. 

M u l t i l a t e r a l and b i l a t e r a l negotiations must be mutually complementary, 
the e f f o r t s and r e s u l t s of each having a p o s i t i v e impact on progress i n the other. 
On the basis of t h i s p o s i t i o n of p r i n c i p l e , the Romanian delegation has, ever 
since this,Item was included i n the agenda, constantly c a l l e d for p r a c t i c a l 
negotiations to begin v/ithin an appropriate subsidiary body i n order to' i d e n t i f y 
and adopt .appropriate p r a c t i c a l measures to prevent the r i s k of nuclear war. 
1 . Since the i n c l u s i o n i n Conference's agenda of the item "Prevention of nuclear 
war, in c l u d i n g a l l related matters",, many views have been advanced on the approaóh 
towards and content of t h i s agenda item, including in several Working Papers, 
i n t e r a l i a , CD/341 of 4 February 1 9 3 5 ; CD/355 of 21 March 193^; CD/557 of 
28 March 1 9 8 5 ; 'CD/406 of 4 August 1983^ CD/4II of 11 August 1 9 8 5 ; - CD/484 of 
4 A p r i l 1 9 8 4 ; and CD/515 of 11 July 1 9 8 4 . 

A l l these views contain i n t e r e s t i n g ideas vihich deserve serious and thorough 
examination by the Conference i n order to i d e n t i f y appropriate steps that could-
be the subject of negotiations with a view to the adoption of measures to prevent 
nuclear war as well, as the use of force i n general and the threat' of use of f o r c e . 
2 . In order to consider these proposals, the Conference should e s t a b l i s h without 
delay^an appropriate subsidiary body to examine a l l proposals concerrting t h i s 
agenda item, in other words concerning the adoption of p r a c t i c a l measures for 
the prevention of nuclear war. 

The Romanian delegation i s ready to display the necessary f l e x i b i l i t y , f o r 
we believe that i n view of the complexity of t h i s subject any approach must 
nec e s s a r i l y be gradual, leading from the simple to the complex, and beginning 
with the i d e n t i f i c a t i o n of the main topics vihich should be covered by the 
negotiationsь 

In our opinion, the adoption of a programme of work i n the form of a l i s t of 
discussion topics, as suggested by several delegations, could f a c i l i t a t e our 
negotiations. 
5 . In order to contribute to the drawing up of such a l i s t , the Romanian 
delegation wishes to put forward, on an 'indicative basis, some ideas on topics 
structured in the folloiiiing manner: 

( i ) The prevention of nuclear war i n the general context of a l l problems 
r e l a t i n g to i n t e r n a t i o n a l s e c u r i t y , the r e l a t i o n s h i p between disarmament, 
the democratization of i n t e r n a t i o n a l r e l a t i o n s , the elimination of 
underdevelopment and e f f o r t s to bu i l d a new i n t e r n a t i o n a l order: 
The i n t e r r e l a t i o n s h i p between p o l i t i c a l , economic, m i l i t a r y , l e g a l and 

- , other factors . 
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' ( i i ) P o l i t i c a l and legal-measures to strengthen and develop s e c u r i t y a t the 
world l e v e l (United Nations) and at the r e g i o n a l l e v e l (Conference on 
Se c u r i t y and Co-operation i n Europe, other r e g i o n a l systems): 
P r o h i b i t i o n of the use or t h r e a t of use of f o r c e ; 
Undertakings by a l l States to s e t t l e t h e i r disputes p e a c e f u l l y ; 
Other measures to strengthen i n t e r n a t i o n a l peace and s e c u r i t y . 

( i i i ) Measures to increase confidence among States and to create the necessary 
c l i m a t e f o r the resumption of disarmament n e g o t i a t i o n s : 
N o t i f i c a t i o n concerning m i l i t a i y manoeuvres, sending of observers, improved 
i n f o r m a t i o n , communications and c o n s u l t a t i o n s among States and the 
adoption of other s p e c i f i c measures to enhance confidence among States 
on a r e g i o n a l and world-wide b a s i s ; 
Adoption of concrete measures to prevent a c c i d e n t a l nuclear war, by the 
extension of the e x i s t i n g b i l a t e r a l arrangements to other n u c l e a r -
weapon States and the preparation of a m u l t i l a t e r a l agreement on t h i s 
subject ; 
Discontinuance of a l l deployment or replacement of nuclear weapons, and 
of other a c t i o n s to s t o c k p i l e new means of mass d e s t r u c t i o n , i n c l u d i n g 
the discontinuance of a c t i o n s aimed at the m i l i t a r i z a t i o n of space 
during the b i l a t e r a l n e g o t i a t i o n s between the Soviet Union and the 
United States i n Geneva; 
Freezing of m i l i t a r y expenditures at the I 9 8 5 l e v e l and t h e i r gradual 
r e d u c t i o n , beginning with an i n i t i a l 10 per cent cut i n current 
expenditures. 

( i v ) Measures aimed at h a l t i n g the nuclear arms race: 
Freezing of e x i s t i n g nuclear a r s e n a l s , as an i n t e r i m measure that i s part 
of a nuclear disarmament process rather than a means of pr e s e r v i n g the 
sta t u s quo; 
Discontinuance of research, development and t e s t i n g of new weapons, 
p r i m a r i l y nuclear weapons, and t h e i r d e l i v e r y systems. In t h i s 
category of measures, the h a l t i n g of nuclear t e s t i n g i s of primary 
importance ; 
P r o h i b i t i o n of the m i l i t a r i z a t i o n of outer space, 

(v) Measures to l i m i t and reduce the use of nuclear weapons: 
P r o h i b i t i o n on the f i r s t - u s e of nuclear weapons, by u n i l a t e r a l 
d e c l a r a t i o n s or the preparation of a m u l t i l a t e r a l agreement; 
Adoption of e f f e c t i v e i n t e r n a t i o n a l arrangements to guarantee non-
nuclear-weapon States against the use or t h r e a t of use of nuclear weapons 
and of force i n gen e r a l ; 
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Negotiation and conclusion of an i n t e r n a t i o n a l conven.tion p r o h i b i t i n g 
the use of nuclear weapons; 

Creation of nuclear disengagement zones and nuclear-weapon-free zones 
i n various parts of the world, such as the Balkans, 

(vi) P r a c t i c a l measures to be negotiated with a view to the gradual reduction 
and complete elimination of stockpiles of nuclear weapons, inc l u d i n g 
the discontinuance of production of f i s s i o n a b l e material for m i l i t a r y 
purposes and the diversion of nuclear material to peaceful uses. 
This stage could culminate i n the preparation of a m u l t i l a t e r a l agreement 
fo r the discontinuance of the production, development, s t o r i n g and 
transfer of nuclear weapons as the f i n a l measure f o r out]awing nuclear 
weapons and averting a l l danger of nuclear war in the only completely 
r e l i a b l e manner. 

4 . The f i n a l objective of the Conference's a c t i v i t y should be, as stressed i n 
General Assembly r e s o l u t i o n 39/1^8 P and the d r a f t mandate proposed by the 
Group of 21 i n CD/341, to u.ndcrtake negotiations wicli a view to achieving 
agreement on appropriate and p r a c t i c a l measures for the prevention of nuclear war. 
In order to cont'^ibute 00 at'".aining t h i s f i n a l objective, the Conference should 
t h i s year set down i t s r e s u l t s i n a report v;hich cou]d have thrae d i s t i n c t parts: 

A part b r i e f l y summarir^ing the excnange of views i n the ad hoc Committee; 
A d e s c r i p t i o n of the various measures of a p o l i t i c a l and l e g a l nature xihich 

could, i n the ooinion of States members of the Conference on Disarmament, be 
examined with.'.n the United Nations or i n other forums, wj th a view to tho adoption 
of p r a c t i c a l measures for the pr'evention of nuclorr war. 

I d e n t i f i c a t i o n of p r a c t i c a l measures on which the Conference on Disarmament 
should begin negotiations. 
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E N G L I S H 

O r i g i n a l ? S P L Ï Ï I S H / E Ï T G L I S H 

LETTER DATED 8 JULY I 9 B 5 FROM THE РЕННАЫе^ГГ REPRESENTATIVE 
OF MEXICO ADDRESSED TO THE PRESIDENT OF THE CONFERENCE ON 
DISAñríAiffirJT TRANSMITTING THE TEXT OF THE STATEMENT ADOPTED 
DY THE SYMPOSIUM ON "SURVIVAL IN THE NUCLEA'i AGE" HELD IN 

m v YORK 0Ы 25 AND 26 APRIL 1 9 3 ; 

I have the honoiir to transmit herewith the text of the Statement adopted by 
the Symposium on ''Survival i n the nuclear age" held i.n New York on 25 and 
26 A p r i l 1 9 8 5 , under the sponsorship of the Third World Foundation for S o c i a l 
and Economic Studies and Parliamentarians for world Order. 

Since the Statement deals with topics which are intimately r e l a t e d with 
tnose included i n the agsn-ia of the Conference on Disarmament, I should be 
g r a t e f u l i f you woula kindly arrange to have the text of the Statement 
c i r c u l a t e d as an of f i c i a ? , document of the Conference. 

(Signed) Alfonso Garcia Robles 
Ambassador 

Permanent Representative of Mexico 
to the Conference on Disar.iiament 
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ЕТАТЕЖЖТ 

OF ТЫЕ SYIiPOSIUIÍ ON " S m v V J k L IK THE ШСЪЕйЕ AGE" HELD ТОШЕЕ THE 
SPONSORSHIP OF THE THIRD WORLD FOUNDATION FOR SOCIAL AND 
ECONOMIC STUDIES Am PARLIAMENTARIANS FOR WORLD ORDER 

(New York 2 5 - 2 6 A p r i l I 9 8 5 ) 

F o r t y years ago t h i s week the nations of the world, u n i t e d by t h e i r s t r u g g l e 
against a common enemy, and v i i t h memories f r e s h of the t e r r i b l e c o n f l i c t , convened 
w i t h the r e s o l v e to save succeeding generations from the scourge of war. Since then, 
i n the nuclear age that f o l l o w e d , those hopes have faded, and our generation now 
faces a challenge to s u r v i v a l . 

Gathered here at the United Nations, coming from East and West, North and 
South, we 29 p a r t i c i p a n t s are i n f u l l agreement that we must r e k i n d l e the hopes of 
San F r a n c i s c o and recapture the s p i r i t of cooperation that i n s p i r e d the Charter. 
In our d i s c u s s i o n s ve considered the problems of s u r v i v a l i n the nuclear age and the 
s e c u r i t y and w e l l - b e i n g of humanity. Our r e f l e c t i o r i s and conclusions are set out 
below. 

The Nuclear Threat 

The e s c a l a t i o n of the nuclear arms race a r i s e s i n the main from p o l i t i c a l 
competition and i n c r e a s i n g misurust and l a c k of confidence between the tvo major 
a l l i a n c e s , and from bhe d e s t a b i l i z i n g e f f e c t s of the r a p i d l y advancing technology 
оГ n u c l e a r weapons and t h e i r d e l i v e r y systems. These developments have increased 
t e n s i o n i n i n t e r n a t i o n a l r e l a t i o n s and heightened the r i s k of nucl e a r war. They 
have r e s u l t e d i n the b u i l d up of 50,000 nuclear warheads. 

The use of a f r a c t i o n of e x i s t i n g arsenals of nuclear weapons could b r i n g about 
c a t a s t r o p h i c consequences f o r the g l o b a l environment and the e c o l o g i c a l balance; i t 
could induce aro-ond our planet a nuclear winter which would be f a t a l f o r a l l 
i n c l u d i n g the a t t a c k e r even without any r e t a l i a t i o n , i t would v/reak dev a s t a t i o n 
on b e l l i g e r e n t s and n o n - b e l l i g e r e n t s a l i k e , and r e s u l t i n the d e s t r u c t i o n of 
c i v i l i z a t i o n and jeopardize the very s u r v i v a l of humankind. We have reached the 
stage where a vast and i n c r e a s i n g number of people the world over have come to 
recognize that any use o f nuclear weapons i s contrary to human conscience and reason, 
a crime against humanityj a v i o l a t i o n of the foremost human r i g h t — the r i g h t to 
l i v e . I'lankind has not only a common i n t e r e s t i n wanting to s u r v i v e , i t has a moral 
o b l i g a t i o n to do so. 

Yet n e g o t i a t i o n s on arms l i m i t a t i o n and disarmament issues are l a g g i n g fair 
behind the t e c h n o l o g i c a l development of new weapons systems of greater accuracy, 
range, v e r s a t i l i t y and d e s t r u c t i v e power. A l s o , q u a l i t a t i v e improvements create 
weapon systems vihich become i n c r e a s i n g l y d i f f i c u l t to v e r i f y . I f any s i d e , i n search 
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of m i l i t a r y advantage, develops and deploys s t r a t e g i c weapons that suggest an 
attempt to reach for a f i r s t s t r i k e c a p a h i l i t y , the other side i n e v i t a b l y responds. 
The escalation i s imending; the r i s k of the outbreak of nuclear war becomes more 
l i k e l y causing greater i n s e c u r i t y and i n s t a b i l i t y i n a l l aspects of i n t e r n a t i o n a l 
r e l a t i o n s . 

Any attempt to gain m i l i t a r y s u p e r i o r i t y , or acquire capabilitie's "to f i g h t and' 
win nuclear wars" i s not only i l l u s o r y , but i t undermines s e c u r i t y for a l l . 

East West Relations 

Just as the arms race i s sustained by and fuels East-West tensions, so 
disarmament cannot be achieved save i n the context of diminishing tension. While 
general and complete disarmament must remain the ultimate goal of a l l our e f f o r t s , 
human s u r v i v a l i n the nuclear age imposes on the nuclear powers an immediate duty 
to move toward the elimination of nuclear arms. But i t also makes i t imperative 
that they exercise moderation and r e s t r a i n t i n t h e i r mutual r e l a t i o n s . Restraint 
i n r e l a t i o n s betireen nations must become a way of l i f e . I f i t does, the arms race 
w i l l lose i t s stimulus and disarmament i t s obstacles. 

While the main burden of reaching agreement on disarmament must rest v;ith the 
two major powers and t h e i r a l l i e s , v/e believe that important roles e x i s t f o r a l l 
countries and f o r a l l people - i n c l u d i n g those of the developing world whose 
development i s a v i c t i m of the arms race and whose s u r v i v a l i s as endangered as a l l 
other nations. Most s p e c i a l l y , we see the need f o r c o a l i t i o n s of co-untries and 
groups - .including even aligned countries — that can together enlarge t h e i r 
influence with the main nuclear powers to ensure human s u r v i v a l i n the nuclear age. -
We are.confident that i n the end the c o l l e c t i v e voice of most of the world's people 
and governments can encourage the super powers to end the threat of an 
a l l - d e s t r o y i n g world c o n f l i c t . But those voices cannot be heard unless they are 
r a i s e d . We encourage them a l l to do so now before there are none to speak and none 
to l i s t e n . 

Freeze 

There i s an urgent need to stop the nuclear arms race, and thereafter to achieve 
important q u a l i t a t i v e l i m i t a t i o n s and s u b s t a n t i a l quantitative reductions of nuclear arms 
leading to t h e i r eventual t o t a l e limination. I f nuclear arms are to be e f f e c t i v e l y 
and meaningfully reduced there must f i r s t be a mutual and v e r i f i a b l e freeze on 
t e s t i n g , production and deployment of a l l nuclear weapons and t h e i r d e l i v e r y systems, 
along with a cut-off i n the production of f i s s i o n a b l e materials for weapons 
purposes. Such a freeze would r a i s e the l e v e l of t r u s t among states, ease 
i n t e r n a t i o n a l tension and create a favourable atmosphere f o r d r a s t i c reductions of 
nuclear arsenals. This process could be i n i t i a t e d by e i t h e r u n i l a t e r a l declarations 
or a j o i n t declaration by the two super-Powers^ 



CD/609 
page 4 

In the past, lack of consensus about the adequacy of v e r i f i c a t i o n of compliance 
with arms l i m i t a t i o n measures has o f t e n prevented agreement. Present and p o t e n t i a l 
v e r i f i c a t i o n c a p a b i l i t i e s are more than adequate to ensure that s i g n i f i c a n t v i o l a t i o n s 
of the measures urged i n t h i s Statement cannot remain undetected. 

Comprehensive Test Ban 

The p r o h i b i t i o n of nuclear weapon t e s t s i n a l l environments by a l l s t a t e s f o r a l l 
time has been the i n s i s t e n t demand of the i n t e r n a t i o n a l community f o r the l a s t 2? years. 
No other disarmament iss u e has been pursued so p e r s i s t e n t l y and f o r so long. A 
comprehensive t e s t ban i s c r u c i a l f o r the success of e f f o r t s to h a l t and reverse the 
nuclear arms race and to prevent the expansion of e x i s t i n g a r s e n a l s and the spread of 
nuclear weapons to a d d i t i o n a l c o u n t r i e s . Despite the .considerable progress made 
towards the co n c l u s i o n of a comprehensive t e s t b.an t r e a t y and the undertakings given by 
the three p r i n c i p a l nuclear weapons^PQwers i n the 1963 P a r t i a l Test Ban Treaty and the 
1968 Non-Prolif.eration Treaty, no t r e a t y was achieved. I t i s now widely recognized 
t h a t e x i s t i n g .means of v e r i f i c a t i o n and those agreed t o i n t h e , t r i l a t e r a l n e g o t i a t i o n s 
of 1 9 7 7 - 8 0 are q u i t e adequate to ensure compliance with a comprehensive t e s t ban. A l l 
that i s required i s the necessary p o l i t i c a l v / i l l and a d e c i s i o n to conclude a 
comprehensive t e s t ban t r e a t y . 

N o - F i r s t Use 

The solemn d e c l a r a t i o n made by two nuclear weapon s t a t e s not to,bo the f i r s t to 
use nuclear weapons i s an important c o n t r i b u t i o n t o decreasing the danger of nuclear 
war. We urge the other three nuclear weapon s t a t e s to assume a s i m i l a r o b l i g a t i o n not 
to be the f i r s t to use nuclear weapons. This would be tantamount to banning the use of 
nuclear weapons not only a g a i n s t a l l non-nuclear weapon s t a t e s , but indeed against a l l 
s t a t e s . 

Outer Space 

Outer space i s a "common herita g e of mankind". I t i s i n the common i n t e r e s t that 
the e x p l o r a t i o n and use of outer space should be s o l e l y f o r peaceful purposes, tnat 
the arms race should not be extended there,.and that outer space should not become a 
battle-ground of ,the f u t u r e . S t r a t e g i c defence i n i t i a t i v e s r e l a t i n g to b a l l i s t i c 
m i s s i l e defence systems, under research and development, and a n t i - s a t e l l i t e systems, 
r a i s e the s e r i o u s p o s s i b i l i t y of m i l i t a r i z a t i o n of outer space and a dangerous 
e s c a l a t i o n of the nuclear arms race. They a l s o threaten the v i a b i l i t y of s e v e r a l 
e x i s t i n g arms l i m i t a t i o n agreements. They introduce an a l t o g e t h e r ncv; element which 
i s dangerous and d e s t a b i l i z i n g and might a c t u a l l y provoke the use of nuclear weapons 
by e i t h e r s i d e . Instead of rendering nuclear weapons obsolete, i t i s more l i k e l y to 
r e s u l t i n a redoubled arms race i n both defensive and o f f e n s i v e weapons. 

These developments o f f e r no s u b s t a n t i a l defence against s t r a t e g i c b a l l i s t i c 
m i s s i l e s , and do not l i m i t the e f f e c t i v e n e s s of other systems - such as bomber a i r c r a f t 
and c r u i s e m i s s i l e s . At today's l e v e l s of super power deployment - about 
1 0 , 0 0 0 s t r a t e g i c warheads on each side ~ even a miraculous 95 per cent p r o t e c t i o n 
l e v e l would be i n s u f f i c i e n t to save e i t h e r s o c i e t y from u t t e r d e s t r u c t i o n i n the event 
of general nuclear war. Any e f f o r t i n research or t e s t i n g w i l l i n e v i t a b l y lead to a 
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r e c i p r o c a l e f f o r t by the other s i d e , and so each side w i l l move to more o f f e n s i v e 
systems, of submarine launched m i s s i l e s , c r u i s e m i s s i l e s , and advanced technology 
a i r c r a f t and m i s s i l e s i n order to overwhelm or evade the defence. 

The c o l l e c t i v e weight, of viiorld s c i e n t i f i c opinion r e j e c t s a "Star Wars" programme 
as an e x e r c i s e i n f u t i l i t y . In an environment of t e n s i o n and i n s e c u r i t y , i t i s a 
h i g h l y dangerous and vjas t c f u l investment i n d e l u s i o n . There i s no t e c h n i c a l s a l v a t i o n 
from the t h r e a t of nuclear war. Only p o l i t i c a l s o l u t i o n s l e a d i n g to the e l i m i n a t i o n 
of nuclear weapons can avert the danger. 

A l l nations should, t h e r e f o r e , agree on a ban on a l l t e s t i n g and deployment i n 
outer space of any ou^er space-based weapon f o r the d e s t r u c t i o n of objects on the 
ea r t h , i n the atmosphere or i n outer space; and of any ground based weapon f o r the 
d e s t r u c t i o n of objects i n outer space. 

N o n - P r o l i f e r a t i o n 

1985 w i l l see the t h i r d review of the N o n - P r o l i f e r a t i o n Treaty. The f a i l u r e by 
nuclear weapon s t a t e s during the l a s t 15 years to f u l f i l t h e i r o b l i g a t i o n under the 
NPT r e l a t i n g to the c e s s a t i o n of the nuclear arms race, and the c o n t i n u a t i o n of 
v e r t i c a l p r o l i f e r a t i o n of nuclear weapons increases tne danger of h o r i z o n t a l 
p r o l i f e r a t i o n and endangers the e n t i r e n o n - p r o l i f e r a t i o n regime. There i s need f o r 
concrete and meaningful a c t i o n now i f the N o n - P r o l i f e r a t i o n Treaty - which we 
emphasize i s a most important i n t e r n a t i o n a l agreement - i s not to become yet another 
v i c t i m of the arms race. 

Disarmament and Development 

There e x i s t s a dynamic t r i a n g u l a r r e l a t i o n s h i p between disarmament, development 
and s e c u r i t y . So long as the arms race, and p a r t i c u l a r l y the nuclear arms race, 
continues, the world v i i l l f a i l to achieve a more s t a b l e and balanced s o c i a l and 
economic development váthin a m.ore s u s t a i n a b l e i n t e r n a t i o n a l economic and ' p o l i t i c a l 
order, as w e l l as g l o b a l and n a t i o n a l s e c u r i t y . The armaments competition -
q u a n t i t a t i v e and q u a l i t a t i v e , conventional and nuclear - has had s e v e r e l y damaging 
economic and s o c i a l i m p l i c a t i o n s f o r the peoples of a l l nations - r i c h as w e l l as 
poor. Even a f r a c t i o n of the precious resources c u r r e n t l y v/asted i n excessive m i l i t a r y 
expenditures, i f d i v e r t e d to s o c i a l and economic development and e s p e c i a l l y f o r the 
reduction of poverty of two-thirds of the v-zorld's population, would v a s t l y improve 
l i f e and s e c u r i t y on our planet. The i n c r e a s i n g l y enormous m i l i t a r y expenditure has 
been detrimental to t h e i r economies by causing d i s t o r t i o n s and imbalances, and has 
con t r i b u t e d to the current worsening of the i n t e r n a t i o n a l economic s i t u a t i o n . There 
i s the f u r t h e r d i s t u r b i n g i m p l i c a t i o n of the spreading of the m i l i t a r y c u l t u r e to the 
developing c o u n t r i e s . The f a i l u r e to b r i n g the arms race under c o n t r o l has l e d to 
deepening c o n f r o n t a t i o n and d i s t r u s t , and a preoccupation with s e c u r i t y has had 
adverse consequences not only f o r East-West detente, but a l s o f o r North-South 
co-operation. Governments should plan f o r and prepare a process of conversion of 
resources from m i l i t a r y to c o n s t r u c t i v e c i v i l i a n use. Not l e a s t , such steps would 
increase confidence i n the s i n c e r i t y of t h e i r d e s i r e to reach genuine disarmament 
measures. 
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S i x Heads of Government Peace I n i t i a t i v e 

The d e c l a r a t i o n of the s i x Heads of Government, of 22 May 1984 renewed i n the 
New Delh i D e c l a r a t i o n of 28 January 1 9 8 5 , urged the nuclear powers to abide by t h e 
voice of reason. The D e c l a r a t i o n welcomed the b i l a t e r a l n e g o t i a t i o n s between the 
Soviet Union and the United States on "a complex of questions concerning space and 
nuclear arras .with a l l the questions considered and resolved i n t h e i r i n t e r ­
r e l a t i o n s h i p " . They endorsed the aim of preventing an arms race i n space and^ 
ac h i e v i n g s u b s t a n t i a l reductions of the e x i s t i n g nuclear a r s e n a l s and u l t i m a t e l y 
e l i m i n a t i n g nuclear arms everywhere. That D e c l a r a t i o n r e f l e c t s the sentiments of 
b i l l i o n s of people throughout the v/orld. These sentiments are rooted i n t h e i r 
i n t u i t i v e understanding that the com.mon s e c u r i t y of everyone on t h i s planet i s 
e s s e n t i a l to the s u r v i v a l of anyone i n the nuclear age. 

P u b l i c Opinion 

The l a c k of p o l i t i c a l w i l l by governments to h a l t and reverse the nuclear arms-
race has i n la r g e part been due to the absence of s u f f i c i e n t knowledge and 
understanding by the p u b l i c of the nature and consequences of the arms race. I t i s 
necessary to inform and m o b i l i z e p u b l i c opinion i f meaningful progress i s to be made. 

Proposed A c t i o n 

Meeting here on the occasion of the Award of the Third World P r i z e to 
W i l l y Brandt, we j o i n him i n the c a l l he has made on the major nuclear powers to 
agree "on r u l e s which make World VJar I I I i m p o s s i b l e " . Vie wholly agree with him th a t 
i t i s "unacceptable and t e r r i f y i n g " that the people of the world must "depend i n t h e i r 
r i g h t to l i v e on a small group of people i n one or two c a p i t a l s " , a s i t u a t i o n now 
created by the i r r a t i o n a l arms race. 

To t h i s end, we c a l l f o r the r a p i d i n i t i a t i o n and implementation of a programme 
on disarm,ament, which i n c l u d e s the measures l i s t e d belov; on which a c t i o n i s most 
urgentl y required : 

1. an agreement to prevent the m i l i t a r i z a t i o n of and the extension of the arms 
race to outer space; 

2 . the immediate c e s s a t i o n of a l l t e s t s of nuclear weapons and the prompt 
conclugion of a comprehensive t e s t ban t r e a t y ; 

3 . a mutual and v e r i f i a b l e freeze on the t e s t i n g , production, and deployment of 
nuclear weapons and t h e i r d e l i v e r y systems; 

4 . a d e c l a r a t i o n by those nuclear weapon s t a t e s that have not donoso, not to be 
the f i r s t to use nuclear weapons. 
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SUWARY 

The VJorking Paper se t s out United Kingdom views on the subject of seismic 
monitoring f o r a comprehensive nuclear t e s t ban. 

The f i r s t e i g h t paragraphs c o n t a i n h i s t o r i c a l background, and o u t l i n e the 
o b j e c t i v e s of f o r e n s i c seismology. 

Paragraphs 9 - 2 2 on the subject of Detection deal with the problems of l o n g -
range monitoring of underground nuclear e x p l o s i o n s , d i s c u s s i n g i n t e r a l i a the 
inst r u m e n t a t i o n a v a i l a b l e and d e t e c t i o n t h r e s h o l d s . 

Paragraphs 23-З8 on I d e n t i f i c a t i o n deal v/ith the problem of d i f f e r e n t i a t i n g 
between sei s m i c s i g n a l s due to explosions and earthquakes. 

Paragraphs 3 9 - 4 7 d i s c u s s the problem of Evasion, i n c l u d i n g the t e c h n i c a l 
f a c t o r s and other c o n s i d e r a t i o n s t h a t have to be taken i n t o account. 

Paragraphs 4 8 - 5 5 on Developments i n Detection and I d e n t i f i c a t i o n C a p a b i l i t i e s 
consider the question of whether the d e t e c t i o n and i d e n t i f i c a t i o n c a p a b i l i t i e s of 
seismic monitoring could be made adequate f o r the purposes of a t e s t ban. 

Paragraph 56 discusses the p o s s i b i l i t y of e s t a b l i s h i n g a Global Monitoring 
Network and i t s l i k e l y c a p a b i l i t i e s . 

Paragraphs 57 and 58 o f f e r conclusions that may be drawn from the a n a l y s i s i n 
the paper. 
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SEISMIC MONITORING FOR A COMPREHENSIVE NUCLEAR TEST BAN 

HISTORICAL BACKGROUND 

1 . The Conference of Experts, which met i n Geneva i n 1 9 5 8 , to study methods of 
d e t e c t i n g v i o l a t i o n s of a p o s s i b l e agreement on the suspension of nuclear t e s t s , 
recognized that s e i s m o l o g i c a l methods o f f e r e d the only p r a c t i c a l long range means of 
monitoring compliance with a t r e a t y banning underground nuclear weapon t e s t e x p l o s i o n s . 
The Experts concluded, on the basis of data then a v a i l a b l e , that a worldwide network of 
l 8 0 seismic c o n t r o l posts would be required to monitor t e s t s i n a l l environments. Their 
conclusion rested on a l a r g e data bank of seismic s i g n a l s from earthquakes, a moderate 
amount of i n f o r m a t i o n on the s i g n a l s from mostly r e l a t i v e l y small chemical e x p l o s i o n s , 
and the seismic measurements made on j u s t one underground nuclear e x p l o s i o n . The 
a v a i l a b l e t h e o r i e s on the generation of seismic waves by earthquakes and explosions were 
rudimentary. 

2 . The Governments of the United S t a t e s , the Soviet Union and the United Kingdom 
accepted the report by the Experts and i n November, 1 9 5 8 , convened a Conference to 
discuss a t r e a t y to p r o h i b i t a l l nuclear weapon t e s t e x p l o s i o n s , i . e . a comprehensive 
t e s t ban t r e a t y . Meanwhile, the United States had conducted f u r t h e r underground 
nuclear t e s t e x p l o s i o n s . In the view of VJestern delegates, the seismic data from, 
these t e s t s i n v a l i d a t e d some of the assessments p r e v i o u s l y made at the Experts 
Conference - but the Soviet d e l e g a t i o n disagreed. D i s c u s s i o n f a i l e d to bridge the 
t e c h n i c a l gap and f o r t h i s and other non-technical reasons the attempt to negotiate 
a comprehensive t r e a t y at t h a t time was abandoned. 

5 . In the f o l l o w i n g years, a P a r t i a l (or Limited) Test Ban Treaty p r o h i b i t i n g 
nuclear explosions i n space, i n the atmosphere and i n the oceans came i n t o force i n 
1963 ; and the United States and the Soviet Union agreed on a Threshold Test Ban Treaty 
i n 1974 and a Peaceful Nuclear Explosions Treaty i n 1 9 7 6 . The monitoring problems 
rel e v a n t to these t r e a t i e s are, however, not considered i n t h i s paper. In 1977 the 
United S t a t e s , the Soviet Union and the United Kingdom began another attempt to 
negotiate a comprehensive t e s t ban t r e a t y and, although some progress was made, the 
n e g o t i a t i o n s were adjourned i n I98O without reaching a c o n c l u s i o n . Since t h a t time, 
d i s c u s s i o n s r e l a t i n g to nuclear t e s t bans have taken place at the Conference on 
Disarmament i n Geneva. 

4 . The o r i g i n a l Conference of Experts stimulated various c o u n t r i e s to i n i t i a t e 
vigorous research programmes aimed at i n v e s t i g a t i n g the a p p l i c a t i o n of seismology t o 
the problem of monitoring a ban on underground nuclear v/eapon t e s t i n g , i . e . f o r e n s i c 
seismology. A report on progress was published by the United Kingdom Atomic Energy 
Au t h o r i t y i n 1965" This paper i s intended to summarize subsequent developments. 

THE OBJECTIVES OF FORENSIC SEISMOLOGY 

5 . There are two main problems to be solved before seismic means can be adequate f o r 
monitoring a t r e a t y banning underground nuclear weapon t e s t e x p l o s i o n s . F i r s t , there 
i s the problem of d e t e c t i n g seismic s i g n a l s from underground nuclear explosions 
against the ambient background of seismic n o i s e ; and second, of d i s c r i m i n a t i n g between 
s i g n a l s from explosions and earthquakes. These questions of d e t e c t i o n and 
i d e n t i f i c a t i o n are fundamental to f o r e n s i c seismology. In a d d i t i o n , there i s 
monitoring i n t e r e s t i n the accuracy with which i t i s p o s s i b l e to determine the 
l o c a t i o n ( i . e . the epicentre) the o r i g i n time and the magnitude of seismic sources. 
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6 . I t i s v i t a l not only to e s t a b l i s h the d e t e c t i o n and i d e n t i f i c a t i o n performances 
that can be achieved by seismic means and to seek to improve them, but a l s o to develop 
systems which would a l l o w them to be r e a l i z e d under what may bo termed o p e r a t i o n a l 
c o n d i t i o n s . Equipment, procedures and processes which are s a t i s f a c t o r y under 
experimental c o n d i t i o n s have to be made s u i t a b l e f o r f u l l - t i m e deployment i n the f i e l d , 
where environmental c o n d i t i o n s may be severe; operating s t a f f may be l e s s w e l l 
q u a l i f i e d ; and requirements w i l l e x i s t f o r the t i m e l y t r a n s m i s s i o n of r e l i a b l e data 
to a n a l y s i s c e n t r e s . In other words, seismic system development v;ork i s a l s o needed 
before an e f f e c t i v e o p e r a t i o n a l monitoring network could be created. 

7 . There are other problems relevant to underground test-ban monitoring which cannot 
be addressed i n a seismic .research programme.„ ;, For example, f o r e n s i c seismq.lqgy cannot 
d i f f e r e n t i a t e .between a nuclear weapon t e s t e x p l o s i o n and.a nuclear e x p l o s i o n f o r 
pî;,?eefuli-purpos-es; -!.-;For.ensic..::S:eisir.oIogy a l s o cannot d i s t i n g u i s h between underground 
nuclear and conventional explosions f o r which other arra.ngements v/ould have to be found. 
These problems w i l l not be considered f u r t h e r i n t h i s paper, 

8 . I t should be noted t h a t t h i s paper does not deal e i t h e r with the problems of 
o n - s i t e i n s p e c t i o n which viould be needed to complement seismic monitoring or w i t h 
questions r e l a t i n g to the monitoring of other than the underground environment. 

DETECTION 

In t r o d u c t i o n : 

9 . This s e c t i o n of the paper and the f o l l o w i n g s e c t i o n on I d e n t i l f i c a t i o n l a r g e l y 
deals with the problems of long-range monitoring of une ..rground nuclear explosions 
conducted under c o n d i t i o n s of close-ooupling/(see para. 4 5 ) in" hard rock. Monitoring 
at r e g i o n a l distances'^, i . e . a t l e s s th^n i,OCO kn/s, i s discussed i n l a t e r s e c t i o n s . 

Typ^_3 of : Seismic VJaves 

1 0 . An und&rs.v'ound disturbance, whether, n a t u r a l or man-made,, may generate at long range 
some or;:-¿.11.'of the f o l l o w i n g wuvc types: 

(a) ?rim.ary (?) l o n g i t u d i n a l body v/aves with propagation speeds v a r y i n g between 
about f) and 8 km/s near the earth ̂ s surface to about 13 ''-.-/й i n the earth's i n t e r i o r . 

(b) Secondary (S) transverse,body .waves with a propagation speed of about 
8 . 6 times the speed of the corresponding ,,P w-a^ie, S víaves are a l s o r e f e r r e d to as 
Shear t'/aves. 

(c) Love (L) h o r i z o n t a l l y p o l a r i z e d transverse wave;:; which propagate only near 
the surface of the e a r t h . Their rr.aximum spetd i s about 4 , 5 km/s, 

; .(d) Raylsigh waves which are propagated by an energy t r a n s f e r by p a r t i c l e s 
executing retrograde e l l i p t i c a l motion, ,ir. a v e r t i c a l plane ccntp.irí.ní.; the d i r e c t i o n 
of propagation. They t r a v e l r3ar-;.the;:Gar.th'i2 surface with a maximum speed of about 
4 km/s. 
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Ambient Noise BackgrotLná 

11. The s i g n a l s from an underground disturbance have t o be detected against the 
ambient seismic noise background. The n a t u r a l background (which i s a mixture of 
seismic waves of a l l types) o r i g i n a t e s p a r t l y i n the v i c i n i t y of the d e t e c t i o n 
s t a t i o n because of the random i n f l u e n c e s of wind, i n d u s t r i a l and domestic 
a c t i v i t y , thermal s t r e s s e s , e t c . and p a r t l y from remote sources, p a r t i c u l a r l y the . 
oceans. There i s a l a r g e peak i n the seismic noise spectrum at about 0 .15 Hz so 
that i t i s usual to search f o r seismic s i g n a l s i n frequency bands on e i t h e r side 
of t l i i s peale. For long-range d e t e c t i o n , these bands are normally centred on 
about 1 Hz - the sh o r t - p e r i o d ( S P ) band - and on about 0^05 Hz - the long-period ( L P ) 
band. The r a t i o of the s i g n a l amplitude t o the average amplitude of the no i s e , 
i . e . the s i g n a l - t o - n o i s e r a t i o , w i t h i n these bands i s a c r i t i c a l f a c t o r i n both the 
d e t e c t i o n and i d e n t i f i c a t i o n of seismic s i g n a l s . 

12. \Ihen c o n s i d e r i n g the d e t e c t a b i l i t y of s i g n a l s generated by underground 
ex p l o s i o n s , i t i s a l s o r e l e v a n t t l i a t the amplitude of the n a t u r a l background noise 
may be increased by the f l u c t u a t i o n s produced by earthquakes. Moderate and la r g e 
earthquakes generate seismic s i g n a l s which are well.above the ambient noise l e v e l 
f o r tens of minutes and, i n e f f e c t , increase the background l e v e l against which s i g n a l s 
from explosions would have to be detected. 

Seismic Wave Propagation 

13. Before a d e t a i l e d a n a l y s i s can be made of a seismic disturbance i t s e p i c e n t r e 
has t o be determined. To do t h i s u s i n g the w e l l e s t a b l i s h e d and most r e l i a b l e 
methods i t i s necessary to detect the d i r e c t P wave. (Detection of d i r e c t P i s 
a l s o r e q u i r e d before s e v e r a l of the i d e n t i f i c a t i o n c r i t e r i a can be app l i e d . ) 
D i r e c t P i s most e a s i l y detected i n the SP band. The tra n s m i s s i o n paths of 
P waves through the e a r t h from the source to a d i s t a n t r e c e i v e r are complex because 
of the s t r u c t u r e of the ear t h . Some of the P v/ave energy i s trapped between the 
earth's surface and the Mohorovicic (м) d i s c o n t i n u i t y and some penetrates the 
M d i s c o n t i n u i t y and i s r e f r a c t e d through the mantle and perhaps a l s o through the 
earth's core. As a r e s u l t i t i s p o s s i b l e to define f o r P waves three r e c e p t i o n zones 
aromd a seismic source. The f i r s t zone extends from 100 km t o about 1,000 km or 10° 
(where the angular measure r e f e r s to the angle subtended by the l i n e j o i n i n g source 
and r e c e i v e r at the earth's c e n t r e ) . In t h i s zone the f i r s t a r r i v a l P waves from 
shallow disturbances t r a v e l e s s e n t i a l l y along the M d i s c o n t i n u i t y and are then 
r e f r a c t e d back to the surface. The next zone, which may be a shadow zone, i s where 
the waves trapped above the И d i s c o n t i n u i t y have been very h e a v i l y attenuated and 
where the waves Vfhich have penetrated the M d i s c o n t i n u i t y have not been r e f r a c t e d 
s u f f i c i e n t l y t o be returned to the earth's surface. For the Western United S t a t e s , 
the second zone s t r e t c h e s from about 1,000 t o 2,000 km or from about 10° to 20°5 
there i s however l i t t l e or no shadow zone f o r P waves generated i n some eart h 
s t r u c t u r e s , notably i n s h i e l d and pla t f o r m regions such as e x i s t i n much of the USSR. 
The t h i r d zone completes the coverage of the earth's surface to 180°. In t h i s zone, 
the seismic waves r e t u r n to the earth's surface a f t e r proisagation through the deep 
mantle and, f o r ranges beyond about 90°, a l s o the core. The boiindaries between the 
zones are not sharp and they vary i n d i f f e r e n t parts o f the world according to the 
v a r i a t i o n s i n the earth's s t r u c t u r e . The amplitude of the d i r e c t P waves i n the 
f i r s t zone decreases approximately as the inverse' square or cube of distance depending 
on the r e g i o n . Beyond the second zone, the s i g n a l amplitude f i r s t i n c r e a s e s as the 
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t h i r d zone i s entered; then decreases w i t h i n c r e a s i n g range out to at l e a s t - 3 0 " ; 
and then decays very slov;ly t o around 9 5 ° . The amplitude then decreases r a p i d l y 
to a d i s tance of ahout 105° and from t h i s d i s t ance to 140° the P amplitude i s very 
low due t o the shadow cast by the earth's core. 

14. As seismic waves spread out from the source the various wave types tend t o 
separate because of t h e i r d i f f e r e n t speeds of propagation. In the f i r s t zone, 
however, the propagation distance i s so short and the r e g i o n through which the 
waves propagate i s so heterogeneous that d i r e c t P i s f o l l o w e d by a very complex-
wave t r a i n Vihich i s made up of -vraves of some or a l l the types described i n 
paragraph 10. At l o n g range and p a r t i c u l a r l y between 30° and 90° the SP seismograms 
c o n s i s t e s s e n t i a l l y of P waves only. Such seismograms, p a r t i c u l a r l y those from ' 
e x p l o s i o n s , are o f t e n very simple. This s i m p l i c i t y may a s s i s t i n t e r p r e t a t i o n but 
i t could mislead by g i v i n g a f a l s e impression of the nature of the source. 

Instrumentation 

15. The background noise from n a t u r a l and man-made sources sets the minimum 
d e t e c t i o n l e v e l s f o r seismic s i g n a l s . This l e v e l can, however, be degraded by the 
noise generated v i t M n the d e t e c t i o n equipment, i . e . by thermal noise i n the 
seismometer and the s i g n a l p r o c e s s i n g e l e c t r o n i c s . I n p r a c t i c e , such i n t e r n a l noise 
i s nofc s i g n i f i c a n t i n the types of seismometers and s i g n a l p r o c e s s i n g equipment now 
a v a i l a b l e . Indeed the i n s t r u m e n t a t i o n f o r seismology has improved markedly over the 
l a s t two decades. P r e v i o u s l y i t was necessary to use s i x seismometers and a s s o c i a t e d 
s i g n a l p r o c e s s i n g channels t o record f u l l y a seismic s i g n a l . I t w a s necessary t o 
have three SP seismometers to record the v e r t i c a l and two h o r i z o n t a l components of 
the ground motion i n the h i g h frequency part of the spectrum and a f u r t h e r 
three LP seismometers t o cover the low frequency band. By I 9 6 5 , r e l i a b l e seismometers 
of adequate s e n s i t i v i t y were commercially a v a i l a b l e but, whereas the SP instruments 
were s m a l l , p o r t a b l e and robust, the LP instraments were bulky, d i f f i c u l t t o set up 
and s u s c e p t i b l e to changes m ambient temperature and pressure. Much e f f o r t has been 
put i n t o developing s m a l l e r seismometers covering both the SP and LP bands, so c a l l e d 
broad-band instruments. They are по\т a v a i l a b l e . The KS 36OOO i s being manufactured 
i n the United S t a t e s , where an improved instrument, the KS 44000} i s under development. 
The U n i t e d Kingdom i s developing an instrument w i t h a performance s i m i l a r t o -that 
of KS 36000. I n most cases, such new instruments are competent t o handle the l a r g e 
dynami-c range of t e l e s e i s r a i c s i g n a l s without overloading; they are a l s o t a i l o r e d t o 
provide outputs which a l l o w the l a r g e volvime of data generated by a seismic d e t e c t i o n 
s t a t i o n t o be processed and t r a n s m i t t e d i n r e a l time. 

16. Ткз reduced s i z e of seismometers i s of p a r t i c u l a r importance because i t maíces 
i t much more p r a c t i c a b l e t o i n s t a l l them i n bore-holes to reduce the l e v e l of 
environmental n o i s e . The United Kingdom instrument i s b e i n g designed t o f i t i n t o a 
bore-hole of 4«5 inches diameter and the KS 44000 i s being developed so that i t s 
bore-hole does not have t o be d r i l l e d to the same high t o l e r a n c e s that are demanded 
by the KS 36000. 

17. G l o b a l seismic monitoring performance would be improved i f i t were p o s s i b l e to 
i n s t a l l seismometers on the sea-bed as part of a g l o b a l network. H i t h e r t o , the main 
d i f f i c u l t y has been t o develop a means to reduce the l a r g e ambient noise encountered 
by sensors deployed d i r e c t l y on the ocean f l o o r . The United States have experimented 
vrith a system i n which the sensors are placed i n deep bore-holes beneath the ocean 
f l o o r . S i g n i f i c a n t l y enhanced s i g n a l - t o - n o i s e r a t i o s г;еге measured, p a r t i c u l a r l y 
f o r r e g i o n a l s i g n a l s which are r e f r a c t e d by the oceanic lithosphère л 
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Detection ÎV.reLiliold 

1 8 . Using the modem instrumentation at land s i t e s , i t i s now t h e o r e t i c a l l y p o s s i b l e 
to d e t e c t ' a t distances of 3 0 ° - 9 0 ° , i . e . i n the t h i r d zone, the P wave s i g n a l s from 
most disturbances of body wave magnitude т ь 4 or a l i t t l e lower i.1 at s i t e s where the 
seismic noise l e v e l i s low, i . e . a t s i t e s w e l l away from sea coasts and human 
a c t i v i t y and where the seismometers can be emplaced i n hard rock. Seismologists 
measure the magnitude m of a seismic s i g n a l on a l o g a r i t h m i c s c a l e . For any 
p a r t i c u l a r s t a t i o n , the value of m f o r a given s i g n a l i s c a l c u l a t e d from: 

, m = log^Q (A/T) -!- В ( Л h) + С 

where А = the amplitude of the p a r t i c u l a r seismic s i g n a l of i n t e r e s t 
T r the period of the s i g n a l 
Б = a f u n c t i o n of , the angular distance between source and r e c e i v e r , 

and h, the depth of the source below the earth's surface 
С = a s t a t i o n c o r r e c t i o n term, e m p i r i c a l l y determined 

Л body wave magnitude f o r P waves, i . e . the magnitude of a compressional P waves 
which has t r a v e l l e d through the mantle, i s i n d i c a t e d by m̂ . 

19. At a noisy s i t e i t i s p o s s i b l e to improve d e t e c t i o n performance e i t h e r by 
s i n k i n g the seismometers about 100 metres i n bore-holes or by the use of an array of 
seismometers; array seismometers can be i n s t a l l e d i n bore-holes. The main value of 
bore-hole i n s t a l l a t i o n s i s i n i s o l a t i n g the seismometers from the e f f e c t s of 
atmospheric disturbances and high frequency seismic noise generated by the wind. A 
great deal of work has been done on i n v e s t i g a t i n g the performance of seismometer 
a r r a y s : i . e . a spread of seismometers over an area, with the outputs from the 
i n d i v i d u a l seismometers being e l e c t r o n i c a l l y processed and combined to maximize the 
s i g n a l - t o - n o i s e r a t i o . The o r i g i n a l hopes f o r arrays deployed over l a r g e areas, 
i..e. areas v/i th dimensions of 100 km or more - have not been r e a l i z e d , p r i m a r i l y 
because s i g n a l s showed a greater v a r i a t i o n i n amplitude and shape over the aperture 
of l a r g e arrays than had been expected. I t f o l l o w s that the use of la r g e arrays 
does not promise to give â s i g n i f i c a n t l y lower d e t e c t i o n threshold than that 
a v a i l a b l e with a s i n g l e seismometer s t a t i o n a t a s e i s m i c a l l y q u i e t s i t e . Modest 
array s t a t i o n s , i . e . arrays with l i n e a r dimensions of up to 25 km, may, however, bo 
u s e f u l at a l l s i t e s f o r improving s i g n a l / n o i s e r a t i o s e s p e c i a l l y at s i t e s which are 
lo s s q u i e t so that performance becomes comparable with that at the best s i t e s . In 
a d d i t i o n to lowering the background noise, arrays provide i n f o r m a t i o n on the speed 
and d i r e c t i o n of propagation of s i g n a l s which a s s i s t s with the i n t e r p r e t a t i o n of 
soismic s i g n a l s and makes an array more u s e f u l than s i n g l e s t a t i o n s f o r t r e a t y 
monitoring. 

Magnitude/Yield R e l a t i o n s h i p 

2 0 . An assessment of the s i g n i f i c a n c e of a d e t e c t i o n t h r e s h o l d of mb4 i n a t e s t ban 
context r e q u i r e s a knowledge of the r e l a t i o n s h i p between raw and the y i e l d of an 

+/ NOTE This performance would be e a s i e r to achieve i n the Northern Hemisphere 
than Tn the Southern Hemisphere because of the r e l a t i v e shortage of s u i t a b l e l a n d -
based s i t e s i n the l a t t e r . 
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underground nuclear e x p l o s i o n v/hich vjould produce a seismic wave'CiT t h i s iña^hitudS'. 
On the basis of data obtained from nuclear explosions conducted Ьу'the West, a 
threshold of т ь 4 can be equated to a nuclear e x p l o s i o n of about 1, k i l o t o n o c c u r r i n g 
i n a s h i e l d region with c l o s e coupling i n hard rock. As w i l l , become .clear l a t e r , , the 
c o n d i t i o n of c l o s e c o u p l i n g i n hard rock i s important. I f the medium i n which the 
explosion i s c a r r i e d out i s other than hard rock, the e f f i c i e n c y w i t h which the 
e x p l o s i v e energy i s converted ,into seismic waves i s reduced. Thus f o r explosions 
c a r r i e d out i n dry a l l u v i u m , the conversion e f f i c i e n c y i s only about cne tenth of that 
f o r hard rock and hence, f o r t h i s medium, га1э4 equates to about DO k i l o t o n s . The 
conversion e f f i c i e n c y can a l s o be reduced by measures which de=couple the e x p l o s i o n 
from i t s g e o l o g i c a l surroundings; t h i s p o s s i b i l i t y w i l l be examined l a t e r . 

2 1 . Before l e a v i n g the question of d e t e c t i o n performance, i t must be noted that the 
yield/magnitude r e l a t i o n s h i p has been e m p i r i c a l l y defined l a r g e l y from data from 
Western ,vnderground nuc.lear explosions c a r r i e d out at a r e l a t i v e l y fev; s i t e s , 
principàily the Nevada Test S i t e (NTS). The NTS i s i n an earthquake zone and i n an 
area with a h i g h l y a t t e n u a t i n g upper mantle. There has been much d i s c u s s i o n on 
whether the r e l a t i o n s h i p e s t a b l i s h e d i n such a zone a p p l i e s to explosions at t e s t 
s i t e s i n the USSR which are mainly i n aseismic r e g i o n s , i . e . regions f r e e from 
earthquakes, and w h e n the upper mantle s t r u c t u r e i s d i f f e r e n t from those' at' NTS; the 
debate has so f a r been i n c o n c l u s i v e . There must a l s o be u n c e r t a i n t y about conclusions 
r e l a t i n g to the d e t e c t i o n and i d e n t i f i c a t i o n of e x p l o s i o n s , which are based on data 
from explosions f i r e d a t a l i m i t e d number of t e s t s i t e s and at depths judged to be 
s u f f i c i e n t to meet the containment requirements imposed by the P a r t i a l (or Limited) 
Test Ban Treaty. The consequences f o r explosions away from the curr.ently used t e s t 
s i t e s and/or at-depths' s i g n i f i c a n t l y g r e a t e r than t h a t needed to ensure containment 
are to some extent unknown. 

2 2 . The magnitude of a disturbance i s determined by averaging the magnitude estimates 
fnom a number оГ s t a t i o n s . The measured magnitude of a disturbance i s subject to some 
u n c e r t a i n t y but i f the number of s t a t i o n s c o n t r i b u t i n g to the estimate i'S g r e a t e r 
than-say 10 the u n c e r t a i n t y i n the magnitude may be r a t h e r s m a l l . However, the ,' . 
c o u p l i n g between an e x p l o s i o n and the surroundinç, medium i s v a r i a b l e so t h a t the 
amplitude of the seismic vtàvos generated by explosions of given y i e l d i s not constant. 
Thus even i f the magnitude of an explosion can be determined a c c u r a t e l y there w i l l , 
s t i l l , be u n c e r t a i n t y i n the y i e l d estimate because of the u n c e r t a i n t y a'bout the 
c o u p l i n g . As already noted, f o r explosions i n s o f t rock, i . e . dry unconsolidated 
m a t e r i a l , the r a d i a t e d s i g n a l s may have amplitudes 10 times smaller than-those 
r a d i a t e d from explosions i n what i s u s u a l l y r e f e r r e d to as hard r o c k j i . e . water 
saturated rock or consp^dáted and igneous rocks with l i t t l e pore space. I f an 
e x p l o s i o n generates a s i g n a l that i s recorded at a number of s t a t i o n s w i t h good 
s i g n a l - t o - n o i s e r a t i o and i f the rock type were knov/n the y i e l d can be estimated to 
v j i t h i n an accuracy of about a f a c t o r of 2 ; i . e . i f the best estimate of the y i e l d 
of an e x p l o s i o n i s Y, i t i s h i g h l y l i k e l y t hat the true y i e l d l i e s between Y/2 and 2 Y . 

IDENTIFICATION 

Int r o d u c t i o n ' ' I ' 

2 3 . For t e s t ban purposes, v;henever a seismic s i g n a l i s detected a d e c i s i o n has to 
be taken on vihether i t i s due to an e x p l o s i o n or an earthquake. Recent research 
w i t h i n the United Kingdom has shown t h a t , worldwide, there are about 8 , 0 0 0 earthquakes 
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each year with a magnitude of т ь 4 or g r e a t e r . Thus f o r t e s t ban monitoring, there 
would be what amounts to about 8 , 0 0 0 ''false" s i g n a l s every year ^ 1 to be considered 
and r e j e c t e d before there could be confidence that there had been no " t r u e " s i g n a l s , 
i . e . s i g n a l s from e x p l o s i o n s , i n contravention of a Treaty. Unless there i s some 
hi g h l y e f f i c i e n t means of i d e n t i f y i n g q u i c k l y almost a l l of the seismic s i g n a l s 
generated by earthquakes, a t e s t ban monitoring system would be r a p i d l y overloaded 
and could not provide adequate confidence of Treaty compliance. Without such 
confidence there cculd be s u s p i c i o n s and accusations of v i o l a t i o n s to the detriment 
of i n t e r n a t i o n a l r e l a t i o n s . 

O r i g i n a 1 Discriminants 

2 4 . In 1 9 5 8 , there were r e a l l y only three measures by which earthquakes might be 
i d e n t i f i e d , namely l o c a t i o n , depth of focus and f i r s t motion. I t was accepted that 
i f a seismic s i g n a l were c a l c u l a t e d to o r i g i n a t e from a disturbance at sea, i t could, 
i n the absence of any hydroacoustic s i g n a l i n d i c a t i n g the occurrence of an underwater 
ex p l o s i o n , be c l a s s i f i e d as an earthquake. The l o c a t i o n or e p i c e n t r e of a 
disturbance and i t s o r i g i n time can be c a l c u l a t e d from the a r r i v a l times of s i g n a l s 
from the disturbance at a number of widely spread seismic s t a t i o n s by the techniques 
customarily used by s e i s m o l o g i s t s . The estimated l o c a t i o n w i l l be subject to both 
systematic and random e r r o r s and, i n using l o c a t i o n as a d i s c r i m i n a n t , t h i s has to 
be allowed f o r by r e q u i r i n g an estimated epicentre to be at l e a s t say 25 km o f f a 
shore l i n e before the disturbance should be c l a s s i f i e d as an earthquake. I t w i l l be 
noted from paragraph 18 above that the e p i c e n t r e of disturbance has to be computed 
before i t i s p o s s i b l e to assign a seismic magr.itudo to i t . 

2 5 . I f the depth of a disturbance can be c o n f i d e n t l y determined to be g r e a t e r than 
say, 10 km, i t would be safe to conclude that the disturbance was an earthquake. 
Methods whereby depth might be measured have bean i n v e s t i g a t e d i n d e t a i l . Attempts 
to estimate depth using t r a v e l times have been made by seeking to c a l i b r a t e regions 
using earthquake s i g n a l s o r i g i n a t i n g at depths which have been estimated by other 
means. The r e s u l t s have not been encouraging. On the seismbgrams from some 
earthquakes i t i s p o s s i b l e to see c l e a r pulses which are r e f l e c t i o n s of P and S waves 
from the earth's surface; these r e f l e c t i o n s being r e f e r r e d ' t o as pP and sP 
r e s p e c t i v e l y . The most r e l i a b l e method of depth e s t i m a t i o n i s to use the a r r i v a l time 
d i f f e r e n c e between the d i r e c t P wave and the surface r e f l e c t i o n s . There i s , however, 
a d i f f i c u l t y , p a r t i c u l a r l y váth low s i g n a l - t o - n o i s e r a t i o s i g n a l s , of i d e n t i f y i n g the 
surface r e f l e c t i o n s i n the seismogram. T h e o r e t i c a l l y a pP and sP wave i d e n t i f i c a t i o n 
can be checked by showing t h a t the time d i f f e r e n c e between P and the r e f l e c t i o n s 
v a r i e s with distance as predicted from t r a v e l time t a b l e s ; i n p r a c t i c e t h i s 
v a r i a t i o n with distance i s so s m a l l , p a r t i c u l a r l y a t long range, that the check i s 
not very e f f e c t i v e . Some confidence i n pP i d e n t i f i c a t i o n can be obtained i f i t can 
be determined that the f i r s t a r r i v a l s of the F and pP waves are of opposite p o l a r i t y , 
i . e . i f the f i r s t P a r r i v a l i s f o r an upward ground motion then the f i r s t pP a r r i v a l 
should have a downward motion and v i c e versa. The United Kingdom has developed 
s i g n a l processing .'nethods to a s s i s t with p o l a r i t y determination. Depth e s t i m a t i o n , ' 
however, often cannot be made because the soismograms are so complex that i t i s not 
p o s s i b l e to pick out any p o s s i b l e surface r e f l e c t i o n s . 

NOTE There would be f u r t h e r " f a l s e " s i g n a l s with magnitudes l e s s than m 4. 
b 
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2 6 . The t h i r d of the o r i g i n a l d i s c r i m i n a n t s was " f i r s t motion". For an 
e x p l o s i o n , which should generate an outward pressure a t the source i n a l l 
d i r e c t i o n s , the f i r s t motion at a l l s eismic s t a t i o n s d i s t a n t from the source 
should be outwards. At long d i s t a n c e t h i s means th a t the f i r s t ground movement 
due to an e x p l o s i v e source should always be i n an upwards d i r e c t i o n . On the 
other hand, an earthquake, which i s . the r e s u l t of a sudden s l i p along a g e o l o g i c a l 
f a u l t , should generate outward pressures i n some d i r e c t i o n s and inward pressures 
i n the o t h e r s . Thus, i f a number of seismic s t a t i o n s are l o c a t e d at long ranges 
around the ^jpicantre o f an earthquake, some should shov\f upviard f i r s t motions and 
some downward f i r s t motions. I t was t h e r e f o r e suggested t h a t , w i t h a g l o b a l 
network of seismic s t a t i o n s , i f one or more recorded a downward f i r s t motion f o r 
a s i g n a l , that s i g n a l should be c l a s s i f i e d as to an earthquake. Later 
observations i n d i c a t e t h a t the f i r s t motion d i s c r i m i n a n t i s not r e l i a b - l e . There 
have been examples of apparent downward f i r s t motions from explosions though 
whether or not these are due to the r e a l f i r s t motion being obscured by noise or 
to e r r o r s i n measurement or to some other cause i s not known. There have been 
other examples of a f a i l u r e to record any downward f i r s t motions from c e r t a i n 
eartnquakes. Whether or not these are due to the o r i e n t a t i o n s of the g e o l o g i c a l 
f a u l t s a t the l o c a t i o n of the earthquakes r e l a t i v e to the geographical 
d i s t r i b u t i o n of seismic s t a t i o n s a t which they were recorded i s a l s o not known. 
At a i l events, the i n i t i a l confidence placed i n the r e l i a b i l i t y of the f i r s t 
motion c r i t e r i o n evaporated. 

S i g n a l Complexity and S p e c t r a l Ratios 

2 7 . In the 1 9 6 0 s , the United Kingdom i n v e s t i g a t e d two other p o s s i b l e d i s c r i m i n a n t s , 
s i g n a l complexity and s p e c t r a l r a t i o s . The s i g n a l complexity c r i t e r i o n was 
suggested by,the ooservations up to t h a t time that seismograms recorded at arra y 
s t a t i o n s from,earthquakes at long range were o f t e n much more complex than those 
from e x p l o s i o n s . Although r e l a t i v e l y simple seismograms were sometimes recorded 
for.earthquakes, i t v;as bel i e v e d that a l l complex ones were of earthquake o r i g i n 
and nence disturbances with complex seismograms could be discarded as earthquakes 
l e a v i n g only simple seismograms to be i n v e s t i g a t e d f u r t h e r . Unfortunately as 
more o b s e r v a t i o n a l data on explosions accumulated, i t became c l e a r t h a t these too 
could g i v e r i s e to complex seismograms. The complexity c r i t e r i o n t h e r e f o r e ceased 
t o be a r e l i a b l e d i s c r i m i n a n t and i n t e r e s t i n i t waned. 

2 8 . To apply the s p e c t r a l r a t i o c r i t e r i o n , the r a t i o of the high (say 2 - 4 Hz) t o 
bh,e, low (say i - l Hz) frequency energy i n a P wave s i g n a l i s determined. I t was 
found t h a t the s i g n a l s from explosions i n East Kazakhstan had, i n g e n e r a l , 
r e l a t i v e l y more high frequency energy than s i g n a l s from earthquakes. However, 
when the s p e c t r a l r a t i o was measured f o r s i g n a l s from the Nevada- Test S i t e , a 
s i m i l a r d i f f e r e n c e was not found. I t t h e r e f o r e seems that the s p e c t r a l r a t i o 
c r i t e r i o n does not have u n i v e r s a l a p p l i c a t i o n . 

The m, C r i t e r i o n b s 

2 9 . A breakthrough i n i d e n t i f i c a t i o n occurred i n the 1960s w i t h the r e c o g n i t i o n 
t h a t underground explosions are normally much l e s s e f f i c i e n t than shallow 
earthquakes equivalent s i z e i n generating long o e r i o d Rayleigh waves (see 
paragraph 1 0 ) . Thus f o r an e x p l o s i o n and an earthquake which each have a short 
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period P wave magnitude of m̂ ,̂ the value of M^, 'Ч the long period Rayleigh wave 
magnitude f o r the e x p l o s i o n , i s l i k e l y to b e ' ^ s i g n i f i c a n t l y l e s s than the value 
of M f o r the earthquake. I f , f o r a l a r g e number of earthquake and e x p l o s i o n 
s i g n a l s , the values of m and M f o r each disturbance are p l o t t e d on C a r t e s i a n 
co-ordinates (m̂ ^ along the x - a x i s and along the y - a x i s ) , i t w i l l be found t h a t 
almost a l l , i f not a l l , the points representing earthquakes f a l l above a s e l e c t e d 
p o s i t i v e l y s l o p i n g l i n e from low ra^ and values to high m̂^ and M values and 
almost a l l , i f not a l l , p o i nts r e p r e s e n t i n g explosions f a l l below t h i s l i n e . In 
other words, the earthquakes and explosions separate out to form two s p a t i a l l y 
separated populations. The l i n e s e p a r a t i n g these two populations can be f i x e d 
e m p i r i c a l l y . Then, the values of m̂  and f o r a disturbance of unknown o r i g i n 
can be p l o t t e d on the m̂^ : diagram and She disturbance can be c l a s s i f i e d as an 
earthquake or e x p l o s i o n depending on whether the m̂^ : point f a l l s above or 
below the d i v i d i n g l i n e . This i s the a p p l i c a t i o n of the s o - c a l l e d m̂  : 
c r i t e r i o n . 

5 0 . The accuracy with which the d i v i d i n g l i n e between the earthquake and 
explosion populations can be determined depends on the s t a t i s t i c s of the data 
points from known earthquakes and e x p l o s i o n s . The e f f i c i e n c y of the a p p l i c a t i o n 
of the m̂^ : I ' j ^ c r i t e r i o n f o r i d e n t i f i c a t i o n purposes depends on the u n c e r t a i n t y 
i n the mpasuremont of the values of and f o r the disturbance f o r which an 
i d e n t i f i c a t i o n i s needed. Because of these u n c e r t a i n t i e s , the earthquake and 
explosion populations have to be d i v i d e d not by a l i n e but by a band with the 
width of the band being determined by the i n a c c u r a c i e s and by the l e v e l of 
assurance needed i n a v o i d i n g a f a l s e i d e n t i f i c a t i o n . Thus an unknown disturbance 
would be c l a s s i f i e d as an earthquake, an e x p l o s i o n , or u n c e r t a i n (ambiguous) 
depending on whether i t s m : M value f e l l above, below or i n the band. 

D S 
3 1 . I t i s obvious that the m̂^ : c r i t e r i o n can be a p p l i e d e f f i c i e n t l y only i f 
there i s , a n accurate estimate of both m̂  and M f o r an u n i d e n t i f i e d disturbance. 
Soiiietimas there are d i f f i c u l t i e s i n d e t e c t i n g the Rayleigh waves from disturbances 
f o r v/hich a body wave magnitude can be determined from the P wave. This may,be 
due simply t o the low s i g n a l l e v e l of the Rayleigh v;ave r e l a t i v e t o ambient noise 
or to the obscuration of the Rayleigh wave by the surface wave t r a i n from a l a r g e 
contemporary earthquake. For example, i n one study o f seismograms of earthquakes 
of magnitude m 4 . i'iJ and greater (equivalent to an explosion of about 5 k t c l o s e 
coupled i n hard rock) i t was found t h a t the surface waves v/ere obscured by s i g n a l s 
from other earthquakes i n I 4 per cent of the cases. The problem with d e t e c t i n g 
and measuring Rayleigh waves from explosions i s more severe because, f o r a given 
m̂^ t h e i r Rayleigh surface waves have lower amplitudes than those from earthquakes,. 

3 2 . United Kingdom experience i s t h a t , i n order to o b t a i n s u f f i c i e n t l y accurate 
estimates of m and H , the s i g n a l - t o - n o i s e r a t i o f o r the received s i g n a l s needs 
to bo about a f a c t o r of 3 higher than that needed purely f o r d e t e c t i o n purposes. 
This means t h a t , given a network t h a t can detect down bo m 4̂ (see para. I 8 ) , the 
i d e n t i f i c a t i o n , as opposed t o the d e t e c t i o n , threshold i s about m̂^ 4 , 5 (assuming 
surface waves can be observed (see paragraphs 33 and 4 9 ) ) corresponding to an 
explosion of about 3 k t c l o s e coupled m hard rock (or about ЗО k t i n a 
s u f f i c i e n t l y t h i c k stratum of dry a l l u v i u m ) . 

•'/ The n o t a t i o n used by s e i s m o l o g i s t s can be confusing. Although Secondary 
or Shiar-v/aves are r e f e r r e d to as S-waves, the s u b s c r i p t " s " i s used i n M^, to 
denote the magnitude of a surface wave of the Rayleigh type. 
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Anomaloua earthquakes 

3 3 ' Unfortunately, the ba s i s f o r the m̂^ : c r i t e r i o n does not hold good f o r a l l 
earthquakes. Some earthquakes have been recorded showing only r e l a t i v e l y weak surface 
waves о These anomalous earthquakes have mostly occurred i n South-Central USSR and 
Ti b e t ; s e v e r a l have occurred i n East Kazakhstan. There i s some question about 
whether a l l the anomalous earthquakes have been c o r r e c t l y c l a s s i f i e d . In some 
cases, a United Stat.es r e - e s t i m a t i o n of the value of M , t a k i n g account of the 
thick n e s s of the c r u s t under the Tibetan p l a t e a u , has îed t o m̂  : M values 
c o n s i s t e n t with the c r i t e r i o n . Other cases, however, have remained i n the anomalous 
category and these w i l l be considered l a t e r . 

Reservations about the m, : M c r i t e r i o n 
b 9 

3 4 - Some r e s e r v a t i o n s about the general e f f e c t i v e n e s s of the m : M c r i t e r i o n remain 
because i t has been p o s s i b l e t o t e s t i t against e x p l o s i o n s i g n a l s from very few 
areas. I t i s noted, f o r example, that i n an m : M diagram, the population of 
explosions at the Soviet t e s t s i t e i n E, Kazakhstan i s w e l l separated from t h a t f o r 
the population of Soviet earthquakes, whereas, f o r explosions at the American t e s t 
s i t e i n Nevada, the separation i s s m a l l . The reason f o r t h i s d i f f e r e n c e seems .to l i e 
i n the f a c t t h a t the t e s t s i t e s i n E. Kazakhstan and Nevada are i n s e i s m i c a l l y 
i n a c t i v e and a c t i v e regions r e s p e c t i v e l y and t h i s i m p l i e s that the regions have 
d i f f e r e n t u n d e r l y i n g g e o l o g i c s t r u c t u r e s . I t appears that the s t r u c t u r e under 
E. Kazakhstan r e s u l t s i n l e s s a t t e n u a t i o n i n the P waves than i s found f o r Nevada. 
Consequently the m̂  to r a t i o f o r a t e s t of a given y i e l d i n E. Kazakhstan i s 
gre a t e r than the r a t i o f o r the same y i e l d f i r e d i n Nevada and the point on the 
ra^ : M diagram f o r the E. Kazakhstan t e s t w i l l f a l l f u r t h e r away from the earthquake 
population than the equivalent point f o r Nevada. Nevertheless, the Nevada.data 
i n d i c a t e t h a t the ni. : M c r i t e r i o n 1 з s a t i s f a c t o r y at t h i s s i t e .and i t i s noted t h a t 
f o r e xplosions i n tñe A l e u t i a n Islands (a s e i s m i c a l l y a c t i v e r e g i o n ) , the separation 
between explosions and earthquakes on the m̂^ : diagram i s l a r g e r than f o r any other 
t e s t s i t e . With t h i s c o n f l i c t of evidence, the present r e s e r v a t i o n s about the 
m̂^ : M c r i t e r i o n w i l l probably be d i s p e l l e d - or j u s t i f i e d - only when i t i s 
possibîe t o understand more c l e a r l y why explosions and earthquakes normally separate 
out on the m̂^ : diagram; how to c o r r e c t m̂  f o r d i f f e r e n c e s i n the g e o l o g i c , 
s t r u c t u r e s beneatfí the s i t e of an underground e x p l o s i o n ; and how sur f a c e waves are 
generated. 

3 5 ' There i s c o n t i n u i n g s p e c u l a t i o n about whether the m̂^ : c r i t e r i o n would hold 
good i f disturbances of Icwer magnitude than a t present could be measured. The 
question i s whether, a t those lower magnitudes, the explosion and earthquake populations 
overlap. T h e o r e t i c a l arguments have been adduced both f o r and aga i n s t an o v e r l a p . 
Some observations i n i t i a l l y i n d i c a t e d t h a t the two po p u l a t i o n ^ did.indeed o v e r l a p ; 
l a t e r examination has i n d i c a t e d t h a t the overlap may be a t t r i b u t e d t o a bias i n the 
es t i m a t i o n of the magnitudes. For the moment, the question remains i n doubt. The 
a p p l i c a b i l i t y of the ; c r i t e r i o n t o lew magnitude disturbances w i l l a l s o depend 
on how f r e q u e n t l y anomaious'^earthquakes a t low magnitudes occur. 

Seismogram modelling 

3 6 . Attempts are being made t o understand why "anomalous" earthquakes cannot be 
c o r r e c t l y i d e n t i f i e d as earthquakes using the m̂^ : M c r i t e r i o n and to develop 
methods f o r t h e i r i d e n t i f i c a t i o n . Experience shows that many of these earthquakes 
each produce SP P-wave seismograms t h a t are comparatively simple showing between one 
and three pulses and l i t t l e e]se» The s i m p l e s t i n t e r p r e t a t i o n of these pulses i s t h a t 
they are P and the surface r e f l e c t i o n s fr'om ЕП earthquake at a depth of 2 0 - 3 0 km. 
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То confirm t h a t the seismograms are from an earthquake and not a s e r i e s of e x p l o s i o n s , 
techniques havo been developed to t e s t whether the amplitude, p o l a r i t y and a r r i v a l 
times of the pulses are compatible with the most widely accepted model of the 
earthquake source; the aim of the s t u d i e s being t o determine s u f f i c i e n t d e t a i l s o f 
the earthquake source t o a l l o w the observed seismograms to be modelled. Шеге i t 
has been p o s s i b l e t o apply these techniques, i . e . when there are an adequate number 
of seismic records a t good s i g n a l / n o i s e r a t i o s , i t has been shown c o n c l u s i v e l y that 
the disturbances are indeed earthquakes. The technique now needs to be a p p l i e d 
to many more earthquakes .before the f u l l value of the method, can be assessed. 

3 7 - These techniques f o r i d e n t i f y i n g anomalous earthquakes, would probably f a l l i f 
the earthquake occurred at depths s i m i l a r t o t h a t at which explosions aré f i r e d . ' 
How commonly anomalous earthquakes cccun a t such shallow deoths i s not known. So 
f a r none appear t o have been reported. 

3 8 . Modelling wcrk has a l s o been done f o r e x p l o s i o n s . For a long time i t has been 
p o s s i b l e to model seismograms recorded a t long range to p r e d i c t the general form of 
many P wave Mlgni.ls. Accounting f o r the d e t a i l e d shape of the seismograms recorded'. 
at long range i s , hovrever, proving very d i f f i c u l t even when the source s t r u c t u r e 
and the depth of f i r i n g are a c c u r a t e l y known. There i s no v a l i d a t e d theory t o account 
f o r the generation of the s h e a r , . i . e . Secondary and Love, waves v/hich are f r e q u e n t l y 
found i n seismograrris from e x p l o s i o n s . Part of the d i f f i c u l t y may a r i s e because' 
e x p l o s i v e sources are near the;earth's surface so that s p a l l i n g and f r a c t u r i n g 
d i s t o r t s the explosion s i g n a l i - This might be checked i f more explosions were 
c a r r i e d out at much grea t e r depths than those required merely t o c o n t a i n the e x p l o s i o n 
debris,. • . 

EVASION 

Introduction. 

3 9 - Before c o n s i d e r i n g the more recent work on d e t e c t i o n and i d e n t i f i c a t i o n , i t i s 
r e l e v a n t to d i s c u s s the. problem of evasion, i . e . the v u l n e r a b i l i t y of a t e s t ban 
monitoring system to d e l i b e r a t e l y engineered measures which would s i g n i f i c a n t l y 
degreide i t s e f f e c t i v e n e s s . The d e t e c t i o n and i d e n t i f i c a t i o n t h r e s h o l d f o r a seismic 
monitoring system are s p e c i f i e d i n term.s of seismic magnitudes but the adequacy of 
the system f o r t e s t ban monitoring purposes needs to be judged against i t s c a p a b i l i t y 
to detect and i d e n t i f y explosions q u a n t i f i e d i n terms of nuclear y i e l d . As. has 
already been pointed out i n paragraph 20 the r e l a t i o n between sei s m i c magnitude 
and y i e l d depends cn the nacure of the medium i n which the t e s t e x p l o s i o n i s c a r r i e d 
out; the seismic magnitude of an explosion of given y i e l d can vary by up to a f a c t o r 
of about 10 depending on the c h a r a c t e r i s t i c s of the medium i n which i t i s f i r e d . 
This v a r i a b i l i t y e x i s t s f o r explosions c l o s e l y coupled t o the surrounding medium and 
needs tc be taken i n t o account when assessi n g v e r i f i c a t i o n adequacy. Perhaps, 
more s i g n i f i c a n t l y , t h i s v a r i a b i l i t y can be increased by " a r t i f i c i a l l y " reducing the 
c o u p l i n g between the e x p l o s i o n and i t s surroundings, i . e . by f i r i n g the explosion i n 
an underground c a v i t y . But before exam.ining evasion by decoupling, two other 
evasion scenarios deserve review. In cne of them, an evader would seek feo d i s g u i s e ' 
an explosion so t h a t i t produced seismic s i g n a l s with earthquake-like c h a r a c t e r i s t i c s ; 
i n the other, an evader would aim to mask the explosion s i g n a l by the s i g n a l 
produced by a concurrent l a r g e earthquake. The presence of the earthquake s i g n a l i n 
e f f e c t increases the noise l e v e l above which the s i g n a l must be detebtëd. 

4 O 0 Any d i s c u s s i o n of evasion i n an arras c o n t r o l context g i v e s r i s e to p h l l o s p p h i c a l 
d i f f ? . c u l t i e s „ Some ai'gue that a State would not subscribe to a t e s t ban agreement 
unless i t was sure t h a t i t could continue t o implement i t s defence p o l i c y without 
recourse t o nuclear t e a t s and t h e r e f o r e evasion technologies merit l i t t l e 
c o n s i d s r a t i o n i n a s s e s s i n g v e r i f i c a t i o n c a p a b i l i t i e s . Others argue t h a t a State ' 
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might decide t o adhere to a t e s t ban because a ban would put an e f f e c t i v e brake on 
nuclear developments by others w h i l s t l e a v i n g i t some freedom to continue with i t s 
own by the use of techniques v;hich minipiize the r i s k of non-compliance with a ban 
being discovered or substantiated.. Between these extreme views, some recognize that 
a State might enter i n t o a t e s t ban regime i n completely good f a i t h but subsequently 
f i n d t h a t i t had a p r e s s i n g requirement f o r a fevi nuclear t e s t s , e.g. as an e s s e n t i a l 
part of a programme to j u s t i f y a p r e v i o u s l y unsuspected s e r i o u s f a u l t i n i t s nuclear 
s t o c k p i l e of weapons., ..Such a State might .then be tompted to employ evasion 
technologies) despite.,their d i f f i c u l t i e s , to s a t i s f y t h i s requirement as'a p r a f e r a b l c 
a l t e r n a t i v e t o being seen t o abrogate i t s Treaty o b l i g a t i o n s . There are a l s o other 
p o s s i b l e p o s i t i o n s t h a t States might .adopt between the two extremes. C a r e f u l judgement 
i s r e q uired on vih.ere to p l a c e , w i t h i n t h i s wide spectrum of view, the proper weight 
t c ávapiion scenarips.. A reasonable p o s s i b i l i t y t h a t c l a n d e s t i n e t e s t i n g a t 
m i l i t a r i l y s i g n i f i c a n t l e v e l s -could bo conducted i n thase circumstances would not bt 
an adequate b a s i s f o r a CTB,, 

M u l t i p l e explosions 

4 1 . The most potent of the current i d e n t i f i c a t i o n techniques i s provided by the 
ra^^ : c r i t e r i o n where an e x p l o s i o n i s . i d e n t i f i e d because i t s m^ : M̂^ r a t i o i s 
l a r g e r than t h a t f o r an earthquake. I f , however, a seismic monito.ring s t a t i o n could 
be misled i n t o b e l i e v i n g a value of m.̂  from a s m a l l e r e x p l o s i o n and a value of 
from a l a r g e r disturbance arose from a s i n g l e eve.nt, the estimated : M r a t i o 
f o r t hat event would assume a value appropriate to an earthquake. This deception 
could be p r a c t i s e d by f i r i n g a sequence of e x p l o s i o n s with i n c r e a s i n g y i e l d s . The 
standard practice, wpuld be t o estimate the value of from the f i r s t three or f o u r 
se'donds of the P wave on the seismogram and a value a p p r o p r i a t e to the f i r s t s m a l l 
y i e l d e x p l o s i o n would be estimated. The l a r g e r explosions l a t e r i n the sequence i f 
f i r e d w i t h i n a few seconds of each other would ¿genérate a d d i t i v e s u r f a c e waves and 
cause a high value of H to be estimated.. For a sequence of e x p l o s i o n s , the short 
period P wave s i g n a l s would obviously be complex, and hence e a r t h q u a k e - l i k e , .and the 
onset of the s i g n a l would be i n d i s t i n c t , because of the low y i e l d of the f i r s t 
e x p l o s i o n , leading, to u n c e r t a i n t y abcut the d i r e c t i o n of f i r s t motion-

4 2 . The e f f e c t i v e n a s a of t h i s p a r t i c u l a r evasion scenario i s debatable and i s 
u n l i k e l y to be adopted withcut some experimental i n v e s t i g a t i o n i n t o v/hether i t could 
work. I t might w e l l not do so because, with broad band seismometers, i t should be 
p o s s i b l e to measure the period of the P wave s i g n a l from explosions v;ith y i e l d s of not 
l e s s than a few tens of. k i l o t o n s . For explosions Jnia i s normally i n the one to two '•" 
second range whereas f o r earthquakes, the dominant period i s u s u a l l y gr&ater than tv-iO 
seconds. In any case- the seismograms from a temporally spaced and s p a t i a l l y separated 
sequence,of e x p l o s i o n s , while complex, may have f e a t u r e s , .including s p e c t r a l d i f f e r e n c e s , 
which á s e i s m o l o g i s t v/oulJ not a s s o c i a t e with an earthquake. I f susp.tcions were 
aroused, d e t a i l e d s e i s m o l o g i c a l study, on the b a s i s of the developing understanding 
of earthquake sources, could show th a t the s i g n a l х;аз not compatible with an earthquake 
o r i g i n . The b a s i c weakness of the m u l t i p l e e x p l o s i o n evasion s c e n a r i o i s that i t 
makes no attempt t o hide the seismic s i g n a l s and hence the monitoring system would 
acquire data which, i f p r o p e r l y interpreted,, could i d e n t i f y t h a t explosions had taken-
place. 

Explosion masking 

4 3 E v a s i o n could be attempted by f i r i n g a nuclear e x p l o s i o n s h o r t l y a f t e r the s t a r t 
of a l a r g e earthquake with the aim of masking the e x p l o s i o n s i g n a l i n the coda, 
i . e . the t a i l , of the earthquake s i g n a l a f t e r the c o n c l u s i o n of the main movement of 
thé earthquake signal,. Following a very l a r g e earthquake, the s e i s m i c noise l e v e l i s 
r a i s e d s i g n i f i c a n t l y f o r s e v e r a l hours a l l around the world because of the overlapping 
of r e v e r b e r a t i o n s from the main s.hock and the numerous a f t e r s h o c k s . Consequently 
the d e t e c t i o n t h r e s h o l d s w i l l be worsened. 
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4 4 - The e f f e c t i v e n e s s of t h i s evasion s c e n a r i o may be reduced by two f a c t o r s . 
F i r s t , the e x p l o s i o n s i g n a l would come from a poi n t s p a t i a l l y separate fl^ora the 
earthquake and by s i g n a l processing techniques t h i s could be e x p l o i t e d t o e x t r a c t the 
explosion s i g n a l from the earthquake coda. Second, the earthquake could be at a 
distance from a p a r t i c u l a r seismic s t a t i o n where the amplitude-distance curve f o r 
P waves i s c l o s e t o a minimum whereas the ex p l o s i o n could be a t a di s t a n c e c l o s e t o a 
maximum; again the exp l o s i o n s i g n a l would then be more e a s i l y detected against the 
earthquake coda. Assessments suggest t h a t , depending on the r e l a t i v e s i z e s of the 
earthquake and e x p l o s i o n , s p a t i a l d i s c r i m i n a t i o n could be h e l p f u l when the e x p l o s i o n 
and earthquake sources are a t l e a s t 2° or 3° a p a r t . 

4 5 . There would, of course, be considerable o p e r a t i o n a l problems with p r a c t i s i n g 
t h i s evasion technique. I t s e f f e c t i v e n e s s would increase w i t h the magnitude of the 
masking earthquake and with decreasing d i s t a n c e between the explosion s i t e and the 
earthquake. Presumably, i f t h i s evasion measure were t o be attempted, i t would be 
e s s e n t i a l to s t i p u l a t e t h a t the explosion should not be conducted u n t i l an earthquake 
with a magnitude i n excess of a given magnitude and v i t h i n a given range of the t e s t 
s i t e occurred. There would, however, be no way of f o r e c a s t i n g the t i m i n g of t h i s 
earthquake and hence the t e s t would have to be held a t almost i n s t a n t readiness f o r 
perhaps a very long p e r i o d , even i f the t e s t s i t e ' were i n a h i g h l y a c t i v e seismic 
area. Evasion by a masking earthquake - or the hide-ln-eat*thquake s c e n a r i o - f o r 
t e s t i n g w e l l above the d e t e c t i o n t h r e s h o l d of a monitoring network would c l e a r l y not 
be a t t r a c t i v e but there are contexts where i t s disadvantages could be t o l e r a b l e and 
hence i t cannot be disregarded. 

Decoupling 

4 6 . The t h i r d evasion technique i s that of decoupling, i . e . the conduct of an exp l c a i o n 
i n a l a r g e underground c a v i t y so th a t the e x p l o s i o n energy i s transfei^red l e s s w e l l 
to i t s g e o l o g i c a l surroundings. Theory and experiment i n d i c a t e that a decoupling 
f a c t o r of about 100 can be achieved a t frequencies of about 1 Hz. Thus a f u l l y 
decoupled 10 k i l o t o n e x p l o s i o n would generate s i g n a l s about 1 0 0 times s m a l l e r than 
f o r the .same ex p l o s i o n c l o s e coupled i n hard rock. Decoupling theory has been 
t e s t e d using chemical e x p l o s i v e s (up t o 1 , 0 0 0 kg) and a small nuclear e x p l o s i o n 
( y i e l d 3 8 0 tons) but there i s no experimental proof t h a t decoupling would be as 
e f f e c t i v e a t higher y i e l d s , i . e . those of p a r t i c u l a r concern i n a t e s t ban context. 
However, there i s no doubt t h a t f i r i n g i n a c a v i t y viould reduce the amplitude of the 
ra d i a t e d s i g n a l s t o a gr e a t e r or l e s s e r extent. 

4 7 - The s i z e of c a v i t y r e q u i r e d to achieve f u l l decoupling i n c r e a s e s w i t h the y i e l d 
of the explosion and there i s debate about the maximum s i z e of c a v i t y which would 
remain s u f f i c i e n t l y s t a b l e f o r a decoupled t e s t . I t i s t h e r e f o r e not p o s s i b l e t o 
estimate p r e c i s e l y how l a r g e an ex p l o s i o n could be e f f e c t i v e l y decoupled but the 
decoupling of s e v e r a l tens of k i l o t o n s cannot be r u l e d out. I f f u l l y decoupled by 
the c a v i t y , such a t e s t would g i v e s i g n a l s i n the normal SP and LP rec o r d i n g bands 
no l a r g e r than those from s e v e r a l hundred tons y i e l d c l o s e coupled i n hard rock. 
The engineering problems of c r e a t i n g a c a v i t y l a r g e enough to decouple s e v e r a l tens 
of k i l o t o n s i s beyond the scope of t h i s paper. 

DEVELOPMENTS IN DETECTION AND IDENTIFICATION CAPABILITIES 

In t r o d u c t i o n 

4 8 . Having completed t h i s d i v e r s i o n on evasion t e c h n o l o g i e s , i t i s p o s s i b l e to r e t u r n 
t o the question of whether the d e t e c t i o n and i d e n t i f i c a t i o n c a p a b i l i t y of seismic 
monitoring can be made adequate f o r t e s t ban purposes. The a t t r a c t i o n s of working 
i n the t h i r d zone (para. 1 3 ) , i . e . at t e l e s e i s r a i c d i s t a n c e s , were so great t h a t i n 
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the 1960s and 1970s the f o r e n s i c s e i s m o l o g i s t s concentrated almost a l l t h e i r research 
on t h i r d zone d e t e c t i o n and i d e n t i f i c a t i o n . A g l o b a l t e l e s e i s m i c natwork would r e q u i r e 
r e l a t i v e l y few s t a t i o n s •> c e r t a i n l y fewer than the 1 8 0 o r i g i n a l l y described by the 
1958 Conference of Experts ; and- they could be s i t e d so as to have good noise 
c h a r a c t e r i s t i c s . Perhaps, mora i m p o r t a n t l y , the monitoring of any Party t o a t e s t 
ban.treaty would not be c r i t i c a l l y dependent on the seismic data recorded by a s t a t i o n , 
or s t a t i o n s , on the t e r r i t o r y of t h a t Party even i n those cases where the t e r r i t o r y 
was very l a r g e . The d i s c u s s i o n so f a r i n t h i s paper, however, suggests'that the 
pet'formance a t t e l e s e i s r a i c ranges has i t s l i m i t a t i o n s . Taking the decoupling evasion 
s c e n a r i o i n t o account, i t has been seen that there i s a p o s s i b i l i t y t h a t a ' t e s t of 
some tens of k i l o t o n s could be c a r r i e d oat without producing seismic s i g n a l s above 
the d e t e c t i o n threshold., For those seismic s i g n a l s above the t e l e s e i s m i c d e t e c t i o n 
t h r e s h o l d , there are s t i l l shoi'tcomings i n achievable i d e n t i f i c a t i o n performances. 
The monitoring system vjould be l e f t annually wj.th'a considerable nunber o^ ¿¡vents 
which could net be unambiguously i d e n t i f i e d as earthquakes and t h i s could sap 
confidence i n Treaty ccmpliance. Suspicions might grow th a t the u n i d e n t i f i e d events 
concealed. one or more nuclear explosions-: . 

Д 9 . . In view of t h i s s i t u a t i o n , over the past e i g h t or so years, a t t e n t i o n has turned 
back to.the perform.ance of s t a t i o n s i n the f i r s t and second zones, i . e . at s o - c a l l e d 
r e g i o n a l ranges. This change of emphasis w.̂ s encouraged by the. d i f f i c u l t y of 
measuring for. low magnitude dis t u r b a n c e s , e s p e c i a l l y e x p l o s i o n s , so that the 
ra^ : M c r i t e r i o n could not be a p p l i e d , b s ^ 
Regional data f o r the m.̂  : M_ c r i t e r i o n ^ 

5 0 . The surface waves, whoss amplitudes are measured by M̂ , decay c o n t i n u o u s l y 
w i t h d i s t a n c e from the source and hence the nearer the r e c e i v e r i s t c the source the 
b e t t e r . A furt-her advantage of o b t a i n i n g a higher s i g n a l - t o - n o l s e r a t i o by having 
a s m a l l e r s o u r c e / r e c e i v e r d i s t a n c e i s t h a t the number of overlapping s u r f a c e 
waves from other disturbances i s reduced. Long period sei.smograms a t r e g i o n a l 
d i s t a n c e s are t h e r e f o r e p o t e n t i a l l y advantageous f o r i d e n t i f i c a t i o n purpo.3es and could 
reduce, i f not eliminate,, the present Q..5 ma,gnitude u n i t gap which c u r r e n t l y i s 
estimated: to e x i s t between the t e l e s e i s m i c d e t e c t i o n and i d e n t i f i c a t i o n threshold.'a. 

Detection.and i d e n t i f i c a t i o n a t r e g i o n a l d i s t a n c e s 

5 1 . Because of the shape of the curve of P wave amplitud^ decay with d i s t a n c e -
r a p i d decay out to abcut 5° and slow decay from 30° t o 90° (see para,, 13) -• the 
amplitude of the P wave observed 5° from a disturbance may,be l i t t l e , l a r g e r than at 
long range. So u s u a l l y only by ha-.'ing s t a t i o n s w i t h i n 5° pf any e p i c e n t r e v i i l l the 
s i g n a l - t o - n o i s e r a t i o f o r P be g r e a t e r than seen at t e l e s e i s m i c d i s t a n c e s . For many 
r e g i o n a l SP Ee.ismqg-ram5 however the l a r g e s t amplitude a r r i v a l i s .not the; f i r s t 
a r r i v i n g P wave but the s o - c a l l e d Lg phase which i s a high frequency surface v;ave 
t h a t a r r i v e s many seconds a f t e r P.. The Lg wave decays much more slowly^ With 
d i s t a n c e than P. There i s thus a lower de.tection threshold f o r Lg waves than f o r P. 
U n f p r t u n a t e l y , i t , i s necessary to record P t o be able to use.the estabiiáhetí 
procedures f o r determining the e p i c e n t r e of a distur'oance and f o r nieasuriñg и. 
which i s r e q u i r e d to a l l o w the т̂ ;̂ M i d e n t i f i c a t i o n c r i t e r i o n to be a p p l i e d . Much 
e f f o r t has been put i n t o the search for methods of i d e n t i f y i n g sources using the 
Lg phase alone or i n ccn.junotion with other r e g i o n a l phases but so f a r those have 
been unsuccessful- I t has thus not been p o s s i b l e to take advantage of the lower 
d e t e c t i o n t h r e s h o l d of Lg waves compared t o P waves t o lower the i d e n t i f i c a t i o n 
t h r e s h o l d . However, the d e t e c t i o n of S vraves at r e g i o n a l d i s t a n c e improves the 
accuracy of source depth e s t i m a t i o n . 
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Monitoring at high seismic frequencies 

52„ U n t i l about a decade ago, i t was assumed t h a t the imperfections i n the 
e l a s t i c i t y of the earth would introduce an at t e n u a t i o n of a f a c t o r of more than 
2 0 i n P waves as a frequency of 1 Hs propagated over long d i s t a n c e s . I f t h i s were 
t r u e , then i t was argued t h i s s o - c a l l e d a n e l a s t i c a t t e n u a t i o n at high frequencies, 
say at about 5 Hz, would be enormous, i . e . a f a c t o r approaching 1 0 ' . The 
o r i g i n a l assumption i s now known to be badly i n e r r o r . In f a c t , a n e l a s t i c 
a t t e n u a t i o n a t 5 Hz i s probably only about a f a c t o r of 2 0 over some transmission 
paths. Consequently s i g n a l amplitudes a t 5 Hz at long range must f o r some paths 
be vary, very much l a r g e r than o r i g i n a l l y envisaged. 

5 5 . The ambient noise spectrum (see paragraph 11) at q u i e t s i t e s f a l l s s t e e p l y , , 
with i n c r e a s i n g frequency above a frequency of about , 0 . 2 Hz - perhaps at a r a t e of 
about 4 0 db per decade - and hence, d e s p i t e the r e l a t i v e a n e l a s t i c a t t e n u a t i o n 
d i f f e r e n t i a l between 1 Hz and 5 Hz s i g n a l s , i t might be more p r o f i t a b l e i n some 
circumstances t o search f o r long range s i g n a l s a t 5 Hz than at 1 Hz. Some support 
f o r t h i s view comes from the t e l e s e i s r a i c d e t e c t i o n o f 8 Hz s i g n a l s from explosions 
at the E. Kazakhstan Test S i t e . I t i s , however, too e a r l y to say whether high 
frequencies o f f e r a means of improving o v e r - a l l monitoring e f f e c t i v e n e s s . 

5 4 . There i s another reason f o r i n v e s t i g a t i n g the p o s s i b i l i t i e s of monitoring a t 
higher frequencies. There i s evidence t h a t as the y i e l d of an exp l o s i o n i s 
decreased, the proportion of the P wave energy a t higher frequencies i n c r e a s e s . 
There i s a l s o evidence t h a t the proportion of high frequency energy i n the P wave 
s i g n a l from a decoupled e x p l o s i o n i s g r e a t e r than i n the s i g n a l from a c l o s e 
coupled explosion of the same y i e l d ; i n other words, the e f f i c i e n c y of decoupling 
appears to be frequency dependent and t h e o r e t i c a l p r e d i c t i o n s i n d i c a t e t h a t i f a 
decoupling f a c t o r of 1 0 0 . a p p l i e s at 1 Hz, the f a c t o r a t 5 t o 10 Hz could be as 
l i t t l e as 5-

5 5 . I t appears from the above t h a t there are p o s s i b i l i t i e s f o r t e s t ban monitoring 
i n observing higher seismic frequencies than have h i t h e r t o been considered. At the 
moment there are f a r toe few data p o i n t s to a l l o w assessments to be made and 
conclusions to be drawn. I t w i l l be necessary to demonstrate that high frequency 
s i g n a l s can indeed be detected over a v a r i e t y of sou r c e / r e c e i v e r paths and to 
i n v e s t i g a t e whether the sources of detected high frequency s i g n a l s can be i d e n t i f i e d 
as earthquakes or explosions with adequate assurance. I f a high frequency 
programme v/ere s u c c e s s f u l i n these.respects, there would be promise of at l e a s t a 
p a r t i a l t e c h n i c a l s o l u t i o n t o the low y i e l d and the decoupled e x p l o s i o n problems. 
However., f o r monitoring against low y i e l d decoupled e x p l o s i o n s , r e g i o n a l s t a t i o n s 
would c e r t a i n l y be required because the seismic magnitudes would be equ i v a l e n t t o a 
s t r o n g l y coupled e x p l o s i o n of 2 0 0 tons or l e s s . 

A GLOBAL MONITORING NETWORK 

5 6 . A negotiated ban on underground nuclear t e s t i n g would c e r t a i n l y demand the 
s e t t i n g up of a g l o b a l seismic network f o r monitoring a t t e l e s e i s r a i c ranges. How 
such a network would be provided has not been decided although the a c t i v i t i e s of 
the ad hoc Group of S c i e n t i f i c Experts (AHGSE) appointed by the Conference on 
Disarmament suggest that P a r t i e s to a Treaty would c o n t r i b u t e e x i s t i n g s t a t i o n s 
to the network,. I f t h i s were the case> the network vrould not be optimized from the 
t e c h n i c a l point of view; the l o c a t i o n s of s t a t i o n s would not be i d e a l f o r the 
g l o b a l monitoring r o l e and ¿he equipment at some s t a t i o n s would not be of the 
highest p o s s i b l e q u a l i t y . The s t a t i o n s already co-operating with the AHGSE are 
estimated to provide a d e t e c t i o n t h r e s h o l d which v a r i e s from about m 4 i n some 
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parts of the world t o т̂ 5̂ or g r e a t e r i n other p a r t s , notably i n the Southern 
Hemisphere. The AHGSE assesses t h a t an optimized network would have a d e t e c t i o n 
t h r e s h o l d of not higher than "1̂ 4̂.4 throughout the world. This i s higher than the 
m 4 quoted i n paragraph l 8 i n part because no account was taken of the p o s s i b i l i t y 
or ocean-bottom seismometers c o n t r i b u t i n g to the monitoring of those areas where 
land-based monitoring i s l e s s e f f e c t i v e . 

CONCLUSIONS 

57. On the b a s i s of data c u r r e n t l y a v a i l a b l e , i t i s estimated t h a t a properly 
designed and deployed g l o b a l netviork of seismic s t a t i o n s v/ould achieve a d e t e c t i o n 
t h r e s h o l d of m 4 and an i d e n t i f i c a t i o n t h r e s h old of m,4.5 throughout the world. 
With such a network i t might be thought t h a t any nucîear t e s t w i t h y i e l d above a 
few tens of k i l o t o n s would be discovered. However, m i l i t a r i l y s i g n i f i c a n t t e s t i n g 
can be conducted at y i e l d s beneath t h i s l e v e l . Furthermore, t h i s assessment of the 
d e t e c t i o n and i d e n t i f i c a t i o n t h r e s h o l d mu,st be t r e a t e d with c a u t i o n . I t r e s t s on 
data which are h i g h l y s e l e c t i v e and i t represents a considerable e x t r a p o l a t i o n from 
r e s u l t s obtained,on. e s s e n t i a l l y a research basis.. Confidence would be enhanced i f 
v a l i d data wore,widely a v a i l a b l e from nuclear explosions i n areas away from the very 
few e x i s t i n g n u c l e a r t e s t i n g s i t e s , e.g. from areas which are p o t e n t i a l l y d i f f i c u l t 
to monitor,, and from explosions c a r r i e d out under c o n d i t i o n s which might make 
v e r i f i c a t i o n l e s s e f f e c t i v e . Beyond the need to acquire more b a s i c data on the 
e f f e c t of t e s t c o n d i t i o n s and m.onitoring e f f i c i e n c y , there i s a requirement f o r 
experimental experience on the implementation and operation of a monitoring 
t e l e s e i s m i c . network ,'to demonstrate t h a t the performance estimated from research 
programmes can be achieved i n p r a c t i c e . Given the severe s e c u r i t y i m p l i c a t i o n s of a 
t e s t Ban, i t would:,be u n r e a l i s t i c to expect States ;to subscribe to a Comprehensive 
Treaty unless there can be a high assurance that estimated v e r i f i c a t i o n performances 
would be achieved, and t h a t they vfould e f f e c t i v e l y preclude the p o s s i b i l i t y of 
c l a n d e s t i n e t e s t i n g at m i l i t a r y s i g n i f i c a n t l e v e l s . 

58. At l e a s t f o r the present, i t appears that monitoring at t e l e s e i s r a i c ranges by 
i t s e l f , would be i n s u f f i c i e n t l y e f f e c t i v e t o permit a t e s t ban to be brought i n t o 
f o r c e . Paragraphs 48 to 55 describe how the shortcomings of t e l e s e i s r a i c monitoring 
might be made good, at l e a s t to some extent, by the a d d i t i o n of monitoring at r e g i o n a l 
ranges. I t i s , as y e t , .too e a r l y to estimate hew e f f e c t i v e r e g i o n a l monitoring 
might prove to be ; the outcome of cur.renb research prograrames has t o be awaited and 
i t should then become c l e a r whether a p o l i t i c a l l y , techn.i.cally and economically 
acceptable basis f o r r e g i o n a l seisraic v e r i f i c a t i o n networks can be devised. 
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OUTER SPACE MUST SERVE PEACE 

Rdply by Mr. M.S. Gorbachev to a l e t t e r from the 
Union of Concerned S c i e n t i s t s 

Dear Mr. K e n d a l l , 

In r e p l y to the l e t t e r sent by you on behalf of the Union of Concerned S c i e n t i s t s 
c o n t a i n i n g an appeal f o r the p r o h i b i t i o n of space weapons, I wish to say t h a t I f e e l 
profound respect f o r the opinions of eminent s c i e n t i s t s who recognize more c l e a r l y 
than many others, the dangerous consequences f o r mankind which the spread of the arras 
race t o outer space and the transformation of outer space i n t o an arena of m i l i t a r y 
r i v a l r y would e n t a i l . 

The Union of Concerned S c i e n t i s t s r i g h t l y demands that a c l e a r and i r r e v e r s i b l e 
p o l i t i c a l d e c i s i o n should be taken to prevent the m i l i t a r i z a t i o n of "outer space and 
leave i t f r e e f o r peaceful co-operatiori. The'problem t r u l y c a l l s f o r a bold approach. 
Yesterday's y a r d s t i c k s , narrow ideas about one-sided b e n e f i t s and advantages -
i l l u s o r y i n any case - w i l l not do here. Now, as never before, what i s needed i s a 
f a r - s i g h t e d p o l i c y based on an understanding of r e a l i t i e s and of the dangers we s h a l l 
i n e v i t a b l y - encounter tomorrow i f those who cari and must take the only r i g h t d e c i s i o n 
s h i r k t h e i r r e s p o n s i b i l i t y today. 

On behalf of the Soviet l e a d e r s h i p I should l i k e to s t a t e - i n a l l c e r t a i n t y : t h a t 
the Soviet U n i o n , w i l l n9t be the f i r s t t o take weapons i n t o outer space. We s h a l l 
make every e f f o r t to persuade other c o u n t r i e s too, and a b o v e - a l l the United S t a t e s of 
America, not to take such a f a t a l step, which would i n e v i t a b l y i n c r e a s e the t h r e a t of 
nuclear war and spur on an u n c o n t r o l l e d arms race i n a l l d i r e c t i o n s . 

With t h i s goal i n view, the Soviet Union, as you must s u r e l y know, has submitted 
a r a d i c a l proposal i n the United Natioíí^ a d r a f t t r e a t y on the p r o h i b i t i o n of the 
use of f o r c e i n outer space and from space a g a i n s t the E a r t h . I f the United States of 
America j o i n e d the overwhelming m a j o r i t y of States which have supported t h i s i n i t i a t i v e , 
the q uestion of weapons i n space could be c l o s e d once and f o r a l l . 

At the Soviet Union-United States n e g o t i a t i o n s on nuclear and space arms i n Geneva 
we are endeavouring to reach agreement on a complete ban on the development, t e s t i n g 
and deployment of s t r i k e systems i n outer space. Such a ban would not only make i t 
p o s s i b l e t o preserve outer space f o r peaceful development, e x p l o r a t i o n and s c i e n t i f i c 
d i s c o v e r y but a l s o to embark upon a process of r a d i c a l r e d u c t i o n and d e s t r u c t i o n of 
nuclear weapons. 

More than once, we have a l s o taken u n i l a t e r a l a c t i o n intended to give the 
United States a good ex-ample. The moratorium placed by the Soviet Union on the 
s t a t i o n i n g of a n t i - s a t e l l i t e weapons i n outer space has now been i n f o r c e f o r two years, 
and w i l l remain i n f o r c e f o r as long as other States a c t i n the same way. Our proposal 
that both p a r t i e s should completely cease work on the development of new a n t i - s a t e l l i t e 
systems and that the systems which the USSR and the United States of America already 
possess, i n c l u d i n g those whose t e s t i n g has not been completed, should be destroyed l i e s 
on the t a b l e i n Washington. The a c t i o n s of the United States side w i l l very s h o r t l y 
show what s o l u t i o n the United States A d m i n i s t r a t i o n i s going t o p r e f e r . 



CD/611 
page 5 

S t r a t e g i c s t a b i l i t y and. confidence would undoubtedly bo strengthened i f the 
United States of America together with the USSR .-agreed to r e a f f i r m i n bindi n g form 
i t s commitraent to the regime of the Treaty on the L i m i t a t i o n of A n t i - B a l l i s t i c 
M i s s i l e Systems, v/hich i s of u n l i m i t e d d u r a t i o n . The Soviet Union i s not developing 
any space s t r i k e weapons, a l a r g o - s c a l e a n t i - b a l l i s t i c m i s s i l e system or the ba s i s 
f o r such a system; i t i s a b i d i n g s t r i c t l y by i t s o b l i g a t i o n s under the Treaty both 
as a whole and i n i t s s e v e r a l p a r t s ; and i t i s unswervingly observing the s p i r i t 
and the l e t t e r of that most important document. Vic i n v i t e the United States 
l e a d e r s h i p to j o i n us i n t h i s matter and to renounce the plans being nurtured f o r 
the m i l i t a r i z a t i o n of outer space, plans which w i l l inevit.ably lead to t.he scrapping 
of that document, the key l i n k i n the e n t i r e process of nuclear arms l i m i t a t i o n . 

The USSR i s proceeding from the b e l i e f that a p r a c t i c a l s o l u t i o n of the problem 
of prevcntin.g an arms race i n outer space and ter m i n a t i n g i t on Earth i s p o s s i b l e 
provided both s i d e s have the p o l i t i c a l w i l l and a s i n c e r e d e s i r e to s t r i v e f o r th a t 
h i s t o r i c g o a l . The Soviet Union has that d e s i r e and that w i l l . 

I v-iish the Union of Concerned S c i e n t i s t s and a l l i t s members success i n t h e i r 
noble a c t i v i t i e s i n the cause of peace and progrès?.. 

Yours s i n c e r e l y , 

M. GORBACHEV 

Pravda, 6 J u l y 1985 
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A Proposal for the Establishment .and Progressive 
Improvement of an International Seismic Monitoring 

and V e r i f i c a t i o n System r e l a t i n g to a 
Comprehensive Nuclear Test Ban 

A. Introduction 

Agreement on the conclusion of a Comprehensive Nuclear 
Test Ban Treaty embracing a l l nuclear weapon tests as well 
as nuclear explosions for peaceful purposes continues to be 
seen in the international arena as one of the most important 
elements i n the quest for disarmament and arms control. In 
the P a r t i a l Test Ban Treaty of 1963 Contracting Parties 
expressed t h e i r determination to achieve the discontinuance 
of a l l test explosions of nuclear weapons for a l l time and 
to continue negotiations to thi s end. In i t s Preamble, the 
Non-Proliferation Treaty (NPT) of 1968 r e c a l l s t h i s resolve 
by a l l States Parties and establishes i n i t s A r t i c l e VI the 
obligation to conduct negotiations on nuclear disarmament i n 
good f a i t h . Reference i s also made to the relevant para­
graphs of the F i n a l Document of the F i r s t Special Session of 
the General Assembly devoted to Disarmament.. 

In s t r i v i n g for an agreement on a Comprehensive Nuclear 
Test Ban Treaty, extensive work has been accomplished by 
many delegations, and a substantial number of Working Papers 
have been presented from the early days of the Conference of 
the Eighteen-Nation Committee on Disarmament. In view of the 
significance in terms of m i l i t a r y security and the destabi­
l i z i n g e f f e c t s which might r e s u l t from the advantages that 
one state might draw from undetected u n i l a t e r a l t e s t i n g , 
these e f f o r t s have mainly addressed problems r e l a t i n g to 
GE.85-62359 
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the v e r i f i c a t i o n of a CTBT, in p a r t i c u l a r v e r i f i c a t i o n based 
on seismic technology, and to a lesser extent aspects of 
i n s t i t u t i o n a l arrangements for v e r i f i c a t i o n systems or 
comprehensive drafts for a CTBT. 

The s p e c i f i c purpose of the present Working Paper i s to 
bu i l d upon these e a r l i e r accomplishments - taking into 
account e s p e c i a l l y contributions from A u s t r a l i a , Japan, 
Norway and the Group of S c i e n t i f i c Experts - and to i n t e ­
grate them into the novel concept of a seismic monitoring 
and v e r i f i c a t i o n system evolving dynamically over time. 

Chapter В describes the nature of t h i s project and the 
rationale behind th i s approach. 

Chapter С outlines the s c i e n t i f i c / t e c h n i c a l measures 
required to upgrade over time the detection and i d e n t i f i ­
cation c a p a b i l i t i e s as well as the operating mode of the 
proposed seismic monitoring and v e r i f i c a t i o n network. 

Chapter D describes the i n s t i t u t i o n a l arrangements for 
a future seismic v e r i f i c a t i o n system under a treaty regime. 

Chapter E presents an i n s t i t u t i o n a l framework for the 
t r a n s i t i o n a l period during which a seismic monitoring and 
v e r i f i c a t i o n system would gradually evolve i n the absence 
and pending the elaboration of such l e g a l instrument. 

B. The Progressive Establishment of a Global Seismic 
Monitoring and V e r i f i c a t i o n System 

Most i n t e l l e c t u a l contributions to a seismic v e r i f i c a ­
tion system so far have v i s u a l i z e d the functioning of such a 
system only in the framework of a f u l l - f l e d g e d Comprehensive 
Nuclear Test Ban Treaty. By contrast, the purpose of t h i s 
Working Paper i s to propose the establishment and continuous 
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operation of an international monitoring and v e r i f i c a t i o n 
system based on seismic technology at the present stage, 
without awaiting the conclusion of a CTBT or other related 
contractual arrangements, which would continue to unfold 
under a treaty regime. 

In a f i r s t phase, the international seismic data ex­
change system, as tested i n 1984, should be put into opera­
tion on a permanent basis. In subsequent phases th i s system 
should be gradually improved i n a learning-by-doing process, 
and brought up to a standard which would match the s p e c i f i ­
cations of the most advanced network as described in the 
f i r s t report of the group of s c i e n t i f i c experts (CCD/558), 
eventually even surpassing i t with the aid of new technolo­
g i c a l developments. While e f f o r t s to agree on a Compre­
hensive Test Ban Treaty continue, an increasingly s o p h i s t i ­
cated seismic v e r i f i c a t i o n system would mature to meet the 
v e r i f i c a t i o n requirements of a l l parties concerned, so as to 
be f u l l y operational at the time of the conclusion of a 
CTBT. In a dynamic interaction of t h e o r e t i c a l development 
and p r a c t i c a l experience, the s c i e n t i f i c community could 
s t r i v e to resolve the remaining problems of a seismic v e r i ­
f i c a t i o n system in a l l i t s aspects: system operation, net­
work detection and i d e n t i f i c a t i o n c a p a b i l i t y , magnitude-
y i e l d estimation, evasion p o s s i b i l i t i e s . 

A summary which describes the development of such a 
v e r i f i c a t i o n system i s given in the next paragraph. A de­
t a i l e d description w i l l be included i n a supplementary 
technical report. 

The f i n a n c i a l implications of the establishment of such 
a comprehensive system, e s p e c i a l l y in i t s l a t e r , t e c h n i c a l l y 
more advanced stages deserve separate consideration, and 
w i l l have to be addressed at the appropriate time. 
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С. А System Design for the Gradual Improvement of Monitoring 
and V e r i f i c a t i o n C a p a b i l i t i e s for a Comprehensive Nuclear 
Test Ban 

The objective i s the incremental upgrading of the 
experimental data exchange system as used during the Group 
of S c i e n t i f i c Experts Technical Test i n 1984 with a view to 
establishing a functioning, permanently available monitoring 
and v e r i f i c a t i o n system. 

The c a p a b i l i t y of the system to detect and i d e n t i f y 
explosions would be gradually increased as the system i s 
conceptually and te c h n i c a l l y improved. Improved system 
operation c h a r a c t e r i s t i c s would come about in a sequence of 
phases. Each phase would be characterized by a d i f f e r e n t 
degree of sophistication as far as technical equipment and 
standardization of operation i s concerned and would allow 
for v e r i f i c a t i o n at d i f f e r e n t l e v e l s of magnitude or re­
spective y i e l d l e v e l s . Due to inadequate c a l i b r a t i o n data on 
source environments and sourcereceiver paths, magnitude 
level s can be correlated to y i e l d values only within a 
r e l a t i v e l y broad range. 

The approach used in this section distinguishes between 
v e r i f i c a t i o n on a global and a regional l e v e l . 

The international data exchange system would operate on 
a global scale and i t s establishment and operation would be 
the r e s p o n s i b i l i t y of both non-nuclear-weapon and nuclear-
weapon states. 

In-country networks, consisting of several i n t e r r e l a t e d 
stations or arrays, on the other hand, would have to be the 
subject of separate arrangements among nuclear-weapon states 
which would include s p e c i f i c a t i o n s on test s i t e s and c a l i ­
bration parameters to allow for as high a degree of c o n f i ­
dence as possible in v e r i f i c a t i o n e f f o r t s . The c a l i b r a t i o n 
data exchanged or co l l e c t e d among the nuclear-weapon states 
would be made available to non-nuclear-weapon states, thus 
adding a desirable degree of redundancy to the v e r i f i c a t i o n 
system. 
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1. Use of V e r i f i c a t i o n C a p a b i l i t i e s of Ex i s t i n g Seismic 
I n s t a l l a t i o n s 

In a base model a monitoring network of 50 to 100 
stations, as sp e c i f i e d by the GSE, would comprise e x i s t i n g 
seismic stations, e x i s t i n g l i n e s of communication, and 
exi s t i n g f a c i l i t i e s for the c o l l e c t i o n , analysis, and 
dissemination of seismic data. This network, c a l l e d GSE 
network below, would by and large correspond to the global 
seismic data exchange system as operated during the 1984 
test run. 

It i s estimated that the l e v e l of v e r i f i c a t i o n of thi s 
system would equal a magnitude of roughly 5.0 (mb). This 
corresponds to a y i e l d of approximately 100 kilotons (let), 
i n the event that seismic signals of explosions are muffled 
by virtue of dry unconsolidated rock. In wet hard rock the 
corresponding y i e l d can be as low as 10 kt. 

A network that would meet these s p e c i f i c a t i o n could be 
operational a f t e r a period of about two years. 

Station operation and maintenance would be provided by 
the countries hosting the seismic f a c i l i t i e s . 

System upgrading: 

* The international data exchange system would be operated 
in an extended test mode based on experience from the 
1984 GSE technical tes t . International Data Centers 
(IDCs) would be set up and operated i n s p e c i f i e d 
countries. The data reported by t h i s system would be 
limited to the basic parameters of detected seismic 
signals (Level I data). A network of stations based on 
an appropriate geographical d i s t r i b u t i o n of e x i s t i n g 
f a c i l i t i e s would be defined and incorporated into the 
monitoring' system as much as possible. F u l l y analyzed 
data would be di s t r i b u t e d within one week. 
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* The GSE would develop detailed s p e c i f i c a t i o n s for 
stations that are to p a r t i c i p a t e i n the future moni­
toring network. These s p e c i f i c a t i o n s would include 
agreed technical c h a r a c t e r i s t i c s of the sensors, 
e l e c t r o n i c s , and recording equipment, as well as the 
minimum acceptable s i t e c h a r a c t e r i s t i c s . Where de s i ­
rable, a l l of the data from these dedicated stations 
would incorporate a data authentication scheme. 

* Prototypes of the dedicated stations would be tested 
and i n s t a l l e d at a number of locations. 

* Test runs would be conducted by the GSE for the rapid 
exchange of seismic waveform data (Level II data) i n 
order to promote the p r a c t i c a l a v a i l a b i l i t y of t h i s 
technology. 

2. Improvement of Teleseismic V e r i f i c a t i o n C a p a b i l i t i e s 

Once i n operation, the basic international seismic 
monitoring system would be gradually refined and i t s 
c a p a b i l i t y to detect and i d e n t i f y explosions improved. 

By using the inherent c a p a b i l i t i e s to f u l l extent the 
v e r i f i c a t i o n c a p a b i l i t y of the GSE network could be upgraded 
to a l e v e l of magnitude 4.7 (mb), which corresponds to a 
y i e l d of 50 kt and would encompass the p o s s i b i l i t y of 
detecting and i d e n t i f y i n g muffled seismic signals that 
r e s u l t from detonations of t h i s y i e l d i n dry unconsolidated 
rock. In comparison the equivalent y i e l d for a magnitude 
4.7 (mb) explosion i n wet hard rock could be as low as 5 kt. 

In essence, the v e r i f i c a t i o n system would consist of the 
GSE network, however, i t would contain additional stations and 
would be operated on an improved technical l e v e l . 
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Further system upgrading includes: 

* A l l dedicated stations, operating by standardized 
s p e c i f i c a t i o n s , would be i n s t a l l e d at those locations 
which meet the system design c r i t e r i a for optimal 
global coverage. 

* Operation of International Data Centers would include 
exchange of Level II data on a routine basis. Data 
would be made available and d i s t r i b u t e d by IDCs. 

* Modern telecommunication systems and real-time communi­
cation by s a t e l l i t e would be set up for transmission 
of data within the international seismic data exchange 
system. 

These improvements should bring the v e r i f i c a t i o n capa­
b i l i t y of the global seismological monitoring system to a 
l e v e l of magnitude 4.0 (mb) which corresponds to a y i e l d of 
5 to 10 kt taking into account the p o s s i b i l i t y of muffled 
signals from explosions i n dry unconsolidated rock or to 
a y i e l d of about 1 kt for explosions i n wet hard rock. 

For obvious reasons, time-frames are d i f f i c u l t to set 
with precision. However, these improvements i n v e r i f i c a ­
t i o n c a p a b i l i t y could well be achieved after periods of 
approximately 4 and 8 years, respectively, from the time 
the continuous operation of the international data exchange 
system i s i n i t i a t e d . 
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3. Implementation of In-Country Networks 

In addressing the v e r i f i c a t i o n c a p a b i l i t y of a seismic 
monitoring system p a r t i c u l a r importance must be attached to 
the p o s s i b i l i t y of evading detection by decoupling explo­
sions in a cavity. 

The implementation of in t e r n a l networks, i n p a r t i c u l a r 
in the t e r r i t o r y of nuclear-weapon states, would e f f e c t i v e l y 
improve the v e r i f i c a t i o n c a p a b i l i t y by lowering the v e r i f i ­
cation l e v e l - within the region - to magnitude 3.0 (mb). 
This would o f f e r r e a l i s t i c p o s s i b i l i t i e s for detecting and 
ide n t i f y i n g evasion attempts involving y i e l d s of 10 kt or 
greater. 

The detection and i d e n t i f i c a t i o n of evasion attempts 
down to the l e v e l of 1 kt would obviously require a much 
larger technical input. In-country networks with borehole 
stations or arrays spaced over distances of 500 to 1000 km -
in areas where cavity decoupling i s possible - would appear 
to meet these requirements. 

System upgrading: 

* In t h e in-country n e t w o r k s the i n s t a l l a t i o n of addi­
t i o n a l arrays or borehole stations would be continued 
u n t i l the envisaged l e v e l of v e r i f i c a t i o n i s achieved. 

* Data on important geological and geophysical parameters 
as well as other data required for c a l i b r a t i o n purposes 
would be exchanged. 

* Real-time communication by s a t e l l i t e and modern t e l e ­
communication systems would allow IDCs f u l l access to 
the data from arrays and dedicated stations. 
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D. I n s t i t u t i o n a l Arrangements under the Auspices of a 
F u l l y Negotiated Test Ban Treaty 

The f i n a l elaboration of i n s t i t u t i o n a l arrangements for 
the v e r i f i c a t i o n and compliance chapters of a CTBT w i l l be 
incumbent upon the negotiators to such a treaty. A f i r s t 
comprehensive description of an i n s t i t u t i o n a l framework that 
might form part of a CTB-Treaty i s , however, included i n the 
interest of providing a l o g i c a l sequence for the evolution 
of i n s t i t u t i o n a l solutions from a pre-treaty stage to the 
d e f i n i t i v e stage of contractual arrangements. 

It i s suggested that the i n s t i t u t i o n a l structure of a 
v e r f i c a t i o n system based on seismic means comprise three 
organs : 

- a Consultative Committee as the body endowed with 
p o l i t i c a l decision-making powers; 

- a Committee of Experts as the organ with operational 
functions representing s c i e n t i f i c / t e c h n o l o g i c a l expertise 
and charged with the task of co-ordinating the implemen­
tation and continuous operation of an international data 
exchange system; 

- a Secretariat as the body with administrative-sup­
portive functions. 

This three-organ structure i s also r e f l e c t e d in other 
working papers, though the task as well as the decision­
making and/or operational powers d i f f e r . 

1. Consultative Committee 

The Consultative Committee should be the p r i n c i p a l 
organ with decision-making powers i n which a l l States 
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Parties to a treaty or a seismic v e r i f i c a t i o n agreement are 
represented and which supervises the work of the Committee 
of Experts and the Secretariat. With regard to the operation 
of a seismic monitoring and v e r i f i c a t i o n system, the follow­
ing duties should be assigned to the Consultative Committee: 

- to supervise and review the implementation and 
continuous operation of such a system based on the reports 
provided by the Committee of Experts; 

- to decide on, and recommend to States Parties, 
quantitative and q u a l i t a t i v e improvements of the i n t e r ­
national seismic data exchange system as proposed by the 
Committee of Experts; 

- to be a forum for consultation and co-operation i n 
which any Party can make in q u i r i e s and receive information 
as a r e s u l t of those i n q u i r i e s ; 

- to be a forum in which any Party can lodge a com­
p l a i n t and request an on-site inspection and to which a 
fa c t u a l report of the inspection i s presented; 

- to decide on budgetary questions. 

The Consultative Committee should decide on the basis 
of consensus with the exception of questions that concern 
procedural problems and personnel decisions, where a ma­
j o r i t y of those present and voting would be s u f f i c i e n t . The 
Consultative Committee should meet once a year and should 
assemble for extraordinary meetings upon the request of a 
State Party. 
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In order to be represented during i t s p e r i o d s o f recess 
the Consultative Committee, should establish an "Executive 
Group" comprised of a chairman e l e c t e d f o r a p e r i o d o f two 
years and f i f t e e n (15) members, of which f i v e should be 
permanently appointed representing the nuclear-weapon 
states. The remaining ten members should be selected by the 
Consultative Committee on the basis of an appropriate 
geographical balance and should serve for two years, with 
f i v e members being replaced every year. The "Executive 
Group" would take on special functions with regard to 
complaint procedure and would be the addressee for com­
munications from States Parties to the Consultative Committee. 

2. Committee of Experts 

Of the three organs, the Committee of Experts should be 
the operative element in the i n s t i t u t i o n a l set-up for a 
seismic v e r i f i c a t i o n system. I t should be the primary task 
of the Committee of Experts to ensure the implementation and 
smooth functioning of an international seismic data exchange 
system. The Committee of Experts should be i n charge of a l l 
s c i e n t i f i c / t e c h n i c a l aspects of a seismic monitoring and 
v e r i f i c a t i o n system and should be given executive functions 
in these matters while being responsible to, and dependent 
on the decisions of, the Consultative Committee. 

The Committee of Experts could be composed of 15 
s c i e n t i f i c experts who would be appointed by the Consulta­
t i v e Committee from among candidates nominated by States 
Parties. With respect to the composition of the Group, due 
regard should be paid to adequate geographical d i s t r i b u t i o n . 
Experts should serve for a period of f i v e years in the Group 
with three experts being replaced every year. 
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The Committee of Experts should be entrusted with the 
following duties: 

- to oversee and co-ordinate the implementation and 
continuous operation of the international data exchange 
system; 

- to develop standards for the technical and opera­
t i o n a l c h a r a c t e r i s t i c s of p a r t i c i p a t i n g seismic stations, 
international data centers, and data processing as well as 
data transmission; 

- to review the operation of the seismic monitoring and 
v e r i f i c a t i o n system and to consider and recommend improvements; 

- to i d e n t i f y on-site inspection techniques and to 
conduct international on-site inspections, according to 
agreed procedures, at the request of the Consultative 
Committee and to report the r e s u l t of such inspections to 
the Committee; 

- to be a forum for technical discussions with respect 
to events for which a Party seeks c l a r i f i c a t i o n ; 

- to m a i n t a i n c o n t a c t with the i n t e r n a t i o n a l data 
centers, with the appropriate national authorities of 
States Parties, and the WMO; 

- to undertake technical studies upon the request of 
the Consultative Committee. 

In executing i t s functions the Committee of Experts 
should draw on the expertise and work accomplished by the 
Group o f S c i e n t i f i c Experts (GSE). The Secretariat should 
a s s i s t the Committee o f Experts in organizational and 
administrative questions. 
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The Committee of Experts would meet twice a year and 
upon the request of the Consultative Committee. It would 
elect i t s own chairman and establish i t s own rules of 
procedure. Matters of substance would be decided by con­
sensus. Where a consensus i s not possible the d i f f e r i n g 
views would be presented without bias i n one comprehensive 
report. Other matters would be decided by a majority of the 
Committee. An annual progress report would be submitted to 
the Consultative Committee. A l l reports and studies prepared 
by the Committee of Experts would be di s t r i b u t e d to a l l 
States Parties. 

3. Secretariat 

The Secretariat, comprised of a Director and a small 
s t a f f , should a s s i s t the Consultative Committee and the 
Committee of Experts in a l l matters of an organizational, 
administrative, and f i n a n c i a l nature. 

4. Complaint Procedure 

If a State Party seeks c l a r i f i c a t i o n or requests an 
international on-site inspection with regard to an event on 
the t e r r i t o r y of another State Party i t has a choice of 
b i l a t e r a l l y addressing the State concerned and/or d i r e c t i n g 
i t s r e q u e s t to the Consultative Committee through i t s 
Executive Group. In any case States Parties should f e e l 
obliged to provide appropriate information and to co-operate 
i n the most e f f e c t i v e way possible i n order to d i s p e l 
suspicions of non-compliance. 

In the case of an on-site inspection the Consultative 
Committee, represented by the Executive Group, should, i n 
consultation with the State Party in whose t e r r i t o r y the 
inspection i s to be conducted, determine: 
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- the composition of the inspection team (members of 
the Committee of Experts and, i f necessary and appropriate, 
additional experts drawn from a l i s t pre-compiled in co­
operation with the Consultative Committee); 

- the time and duration of the inspection; 

- the area of inspection; 

- the inspection techniques. 

The inspection team would present a report to the 
Consultative Committee which would r e f l e c t i n a factual 
manner the r e s u l t s of the inspection and not attempt to 
assess any data c o l l e c t e d . In p r i n c i p l e , the report should 
be based on consensus; where th i s i s not possible, the 
report should r e f l e c t the d i f f e r e n t views p r e v a i l i n g i n the 
inspection team. 

E. I n s t i t u t i o n a l Arrangements for a T r a n s i t i o n a l Period 

1. During the period when a Comprehensive Test Ban 
Treaty has not been r a t i f i e d , in other words, when no 
appropriate international l e g a l instrument exists of which 
the provisions for a seismic monitoring and v e r i f i c a t i o n 
system could become a part, a t r a n s i t i o n a l i n s t i t u t i o n a l 
framework would be needed to set i n motion the seismic 
monitoring system described i n t h i s paper. As suggested 
above, a seismic monitoring and v e r i f i c a t i o n system should 
be started on the basis of the international seismic data 
exchange system as operated during the technical test run of 
1984, with the intention of improving the system i n q u a l i ­
t a t i v e and quantitative terms while i n permanent operation. 
During that t r a n s i t i o n a l period, i . e . u n t i l the conclusion 
of an international l e g a l instrument concerning underground 
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nuclear testing, the following functions, which would 
eventually be assumed by the Committee of Experts, could be 
assigned to the Group of S c i e n t i f i c Experts: 

- co-ordinating the implementation and continuous 
operation of an international seismic data exchange system; 

- drawing up recommendations for the improvement of the 
present network with regard to the seismic equipment at 
national seismic stations, means of data communication, 
equipment of international data centers, and standardized 
procedures for data processing and r e d i s t r i b u t i o n ; 

- maintaining contact with and co-ordinating the work 
of the international data centers, the competent national 
aut h o r i t i e s , and WMO; 

- serving as a forum for s c i e n t i f i c / t e c h n i c a l d i s ­
cussions; 

- carrying out technical studies. 

Under past and present mandates the GSE has already 
engaged i n executing some of these functions, namely the 
theoretic a l development of an international seismic data 
exchange system and, at least i n part, the testing of the 
envisaged network. E s s e n t i a l l y new would be the operational 
task of co-ordinating the permanent establishment and of 
reviewing the continuous operation of a global seismic 
monitoring system. Its new r e s p o n s i b i l i t i e s should be 
assigned to the GSE i n a mandate which the Conference on 
Disarmament should consider some time a f t e r the conclusion 
of the detailed report on the technical test run of 1984. 
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2. The r e s p o n s i b i l i t i e s of the Consultative Committee, 
the organ which should hold the p o l i t i c a l decision making 
powers, would be car r i e d out during the t r a n s i t i o n a l period 
by the Conference on Disarmament. The GSE would, as i n the 
past, report to the Conference on Disarmament which, i n 
turn, would adopt the reports based on consensus decisions, 
approve recommendations of the GSE, and entrust the GSE with 
further tasks. 

3. The Secretariat of the Disarmament Department of the 
United Nations would provide assistance and support i n 
organizational and administrative matters as i t does for the 
Conference on Disarmament. 

Under t h i s i n s t i t u t i o n a l arrangement, the Conference on 
Disarmament, the GSE, and the Secretariat of the Disarmament 
Department, would represent the predecessor bodies for the 
envisaged Consultative Committee, the Committee of Experts, 
and the Secretariat respectively. Within the framework and 
under the guidance of th i s t r a n s i t i o n a l set-up the present 
international seismic data exchange system, as tested i n 
1984, would be operated on a permanent basis and, while i n 
operation, progressively improved. 

Upon the conclusion of a CTBT, the technical means for 
an international seismic monitoring and v e r i f i c a t i o n system 
would be available and operating and the t r a n s i t i o n a l 
i n s t i t u t i o n a l arrangement would be succeeded by the perma­
nent one. 
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Upon entry i n t o f o r c e of the Chemical Weapons Convention, two types of 
permitted a c t i v i t i e s would need to be considered: 

(a) permitted a c t i v i t i e s f o r p r o t e c t i v e purposes, and 

(b) other permitted a c t i v i t i e s . 

(a) Permitted a c t i v i t i e s f o r p r o t e c t i v e purposes 

The permitted a c t i v i t i e s f o r p r o t e c t i v e purposes i^nply a l l a c t i v i t i e s aimed 
at the research, development and p r o d u c t i o n of p r o t e c t i v e items and medicaments-
a n t i d o t e s . Some of these a c t i v i t i e s may create doubt about the compliance w i t h 
the Convention and thus l e s s e n confidence among States P a r t i e s . I n order t o 
avoid t h i s and to enhance matual confidence, i t would be necessary, t o def i n e 
the f o l l o w i n g parameters: the type of t o x i c chemical, the c r i t e r i a and 
measures of v e r i f i c a t i o n . 

As f a r as the type of t o x i c chemicals i s concerned, there are very d i f f e r e n t 
chemical s t r u c t u r e s which i n c l u d e a wide range of compounds. This creates a 
complex p i c t u r e of the problem and d i f f i c u l t i e s f o r the monitoring of the 
research and development, as w e l l as the implementation of v e r i f i c a t i o n measures, 

A somewhat c l e a r e r view would be provided i f a l l t o x i c chemicals were 
c l a s s i f i e d i n t o groups according t o t h e i r e f f e c t s on the l i v i n g organisms, and 
i f a model substance was chosen on the b a s i s of i t s a p p l i c a t i o n t o l i v i n g 
organism. Such an approach permits c o n s i d e r a t i o n of only a few groups of t o x i c 
chemical compounds: 

- nerve gases; 
- neuro-toxic compounds; 
- s k i n poisons ; 
- blood poisons ; 
- c e l l poisons; 
- i r r i t a n t s and psycho agents, e t c . 

I f the c r i t e r i a of t o x i c i t y were a l s o to be taken i n t o account, the number 
of t o x i c compounds co.uld be reduced to a reasonable extent. Thus, f o r example, 

*/ See C D / 5 9 3 , C D / 4 0 1 and C D / 4 8 2 . 
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a i l poisons from the group of nerve poisons that are used f o r p r o t e c t i v e 
purposes, belong t o the group of "super-toxic l e t h a l chemicals" and the same 
c r i t e r i o n could be a p p l i e d t o a l l of them. Consequently, they can be subject to 
the same v e r i f i c a t i o n measures. The p e s t i c i d e s and dérivâtes of phosphorous 
organic conipounds and carbamic a c i d would n a t u r a l l y be excluded. 

The q u a n t i t i e s of t o x i c chemicals used f o r p e r m i t t e d - p r o t e c t i v e purposes are 
determined on an agreed b a s i s up to one metric t o n . 

1. S m a l l - s c a l e p r o d u c t i o n f a c i l i t i e s are f o r the purpose of C¥ Convention, 
considered as f a c i l i t i e s designed f o r the p r o d u c t i o n of su p e r - t o x i c chemicals f o r 
p r o t e c t i v e purposes i n p a r t i c u l a r . The p r e v a i l i n g view i s that t h i s type of 
f a c i l i t y should produce t o x i c chemicals i n aggregate q u a n t i t y (up t o one metric 
tonne per y e a r ) . Such f a c i l i t y should not t h e r e f o r e be l a r g e r than the o r d i n a r y 
p i l o t p l a n t . 

I n n e g o t i a t i o n s so f a r opinions were expressed that such f a c i l i t i e s should 
be allowed to produce the aggregate annual q u a n t i t y of a l l s u p e r - t o x i c chemicals-
chemical warfare agents permitted under the Convention. This mostly r e f e r s to 
the p r o d u c t i o n of s u p e r - t o x i c l e t h a l chemicals. The concentration of pr o d u c t i o n 
i n one place would be most appropriate from the p o i n t of i n t e r n a t i o n a l 
v e r i f i c a t i o n . 

As described i n the F i n n i s h paper (CD/CW/WP.92), t h i s type of f a c i l i t y 
should be f l e x i b l e and independent e n o u ^ t o a l l o w p r o d u c t i o n of d i f f e r e n t t o x i c 
chemicals, monitoring of the p r o d u c t i o n process and the f i l l i n g of samples f o r 
p r o t e c t i v e purposes. This f a c i l i t y i n the p r o d u c t i o n process should, i n the 
view of the Yugoslav d e l e g a t i o n , coniprise the f o l l o w i n g elements: storages f o r 
raw m a t e r i a l s ; p r o d u c t i o n ( i n t e r m e d i a t e s , f i n a l p r o d u c t s ) ; c o n t r o l a n a l y s i s 
( a n a l y t i c a l l a b o r a t o r y ) , storages f o r products and i n t e r m e d i a t e s ; f i l l i n g 
f a c i l i t i e s and d e s t r u c t i o n of wastes. 

The f a c i l i t y would i n general produce s u p e r - t o x i c l e t h a l chemicals and t h e i r 
key p r e c u r s o r s . Consequently, the p r o d u c t i o n should be d i v i d e d i n t o : 

(a) the f a c i l i t y f o r the p r o d u c t i o n of key p r e c u r s o r s , and 

(b) the f a c i l i t y f o r the p r o d u c t i o n of f i n a l products. 

S i m i l a r l y , two types of r e a c t i o n v e s s e l s ( r e a c t o r s ) may be used f o r 
c a r r y i n g out the r e a c t i o n of f l u o r i n a t i o n i n the f i r s t v e s s e l , and the r e a c t i o n s 
of a c i l l a t i o n , a l k i l a t i o n , e s t e r i f i c a t i o n , e t c . i n the second v e s s e l . 
The f i r s t r e a c t o r should be sp e c i a l ^ y d e s i g n e d to permit t o c a r r y out i n i t the 
r e a c t i o n s w i t h hydrogen f l u o r i d e a c i d and i t s dérivâtes, w h i l e the second one 
could be enamel-glazed. 

The c a p a c i t y of the f a c i l i t y should be separate f o r each product: f o r key 
precursor and f o r s u p e r - t o x i c chemical. The number of r e a c t o r v e s s e l s w i l l thus 
depend on the number of chemical warfare agents t o be produced i n the f a c i l i t y . 

The p r o d u c t i o n of these agents and the processes c a r r i e d out i n the 
f a c i l i t y should be automated, and automatic recorders should be placed at 
c r u c i a l p o i n t s to r e c o r d m a t e r i a l and energy balances: i n f l o w of chemical, 
pressure and temperature, e t c . The data c o l l e c t e d should be sto r e d i n a computer. 

' A l l a n a l y t i c a l data, s p e c t r a , disgrams, e t c . should be st o r e d i n the c o n t r o l 
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l a b o r a t o r y a n a l y s i n g the q x i a l i t y and q t i a n t i t y of raw m a t e r i a l s , intermediates and 
products. I t i s very important t h a t a l l data r e l e v a n t t o the pr o d u c t i o n he 
c o l l e c t e d and st o r e d i n a computer centre. The storages f o r raw m a t e r i a l s , 
intermediates and products should not exceed the storage c a p a c i t y permitted under 
the Convention (aggregate c a p a c i t y of the f i n a l product of one metric tonne). 

The f i l l i n g f a c i l i t y (room) i s used f o r f i l l i n g the samples and devices to 
be used f o r research of the p r o t e c t i v e e f f e c t s . This f a c i l i t y should be 
provided w i t h adequate equipment f o r f i l l i n g and c o n t r o l of the m a t e r i a l balance. 

B e a r i n g i n mind the f a c t that t h i s type of f a c i l i t y i s used f o r the synthesis 
of h i g h l y t o x i c chemicals, of chemical warfare agents f o r the most p a r t , i t 
should be e f f e c t i v e l y automated. Automation would be needed f o r e f f e c t i v e data 
r e c o r d i n g , monitoring of the p r o d u c t i o n and process c o n t r o l . The monitoring of 
a l l wastes would a l s o be necessary. The monitoring of the pr o d u c t i o n should, on 
i t s p a r t , meet the b a s i c requirements of continuous c o n t r o l of the m a t e r i a l and 
energy balances o f the sy n t h e s i s and storage of the data i n a computer centr e . 

(b) Other permitted a c t i v i t i e s 

1. Laboratory synthesis 

The l a b o r a t o r y s y n t h e s i s i m p l i e s r e s e a r c h of new chemical s t r u c t u r e s mainly 
f o r the (purpose of the) pharmaceutical i n d u s t r y and the production of p e s t i c i d e s 
( p r o t e c t i o n of p l a n t s ) . The q u a n t i t i e s thus synthesized range from 1 t o 
100 grajimies. The t o x i c i t y of the s y n t h e t i c compounds can be wide-ranging, namely 
from s u p e r - t o x i c t o other harmful chemicals. Having i n mind the nature of the 
l a b o r a t o r y synthesis ( i t s research character; s y n t h e s i s of s m a l l q u a n t i t i e s ; 
v a r i e t y of chemical s t r u c t u r e s ) the c o n t r o l of the syntheses and the q u a n t i t i e s 
produced i s very complex and d i f f i c u l t t o perform at the i n t e r n a t i o n a l l e v e l . 
On the other hand, although the q u a n t i t i e s which are l a b o r a t o r i c a l l y synthesized 
are not of m i l i t a r y s i g n i f i c a n c e , there i s nevertheless p o t e n t i a l r i s k that at a 
given moment and w i t h necessary development, they may be produced f o r m i l i t a r y 
use. I n a d d i t i o n , the l a b o r a t o r y synthesis improves knowledge about the e f f e c t s 
of any new synthesized chemical warfare agents on the l i v i n g organisms and t h e i r 
e f f i c i e n c y ; of the new chemical s t r u c t u r e s , and of the m i l i t a r y usefulness of 
these chemicals. This stage i s t h e r e f o r e the most complex one i n the development 
of new chemical weapons and i n r e a l i t y , an e f f e c t i v e c o n t r o l of i t i s very 
u n l i k e l y . 

2. Small-scale p r o d u c t i o n f a c i l i t i e s 

Having'in mind the proposals put forward by many delegations that the 
Convention should not prevent the development of the chemical, а л 1 pharmaceutical 
i n d u s t r y i n p a r t i c u l a r , the Yugoslav d e l e g a t i o n considers that there i s a need to 
examine the p o s s i b i l i t y of producing s u p e r - t o x i c l e t h a l chemicals f o r other 
permitted purposes. Hamely, tne r a p i d development of s y n t h e t i c organic chemistry 
over the past decades has brought about new methods of synthesis of b i o l o g i c a l l y 
a c t i v e chemical compounds whose s t r u c t u r e i s s i m i l a r to that of n a t u r a l compounds. 
Some of these compounds are h i g h l y t o x i c , but have ne v e r t h e l e s s , c e r t a i n 
t h e r a p e u t i c c h a r a c t e r i s t i c s which are i n c r e a s i n g l y b e i n g used i n the treatment of 
many diseases. Due to t h e i r h i g h t o x i c i t y , the doses of these chemicals used i n 
human treatment are very s m a l l . Consequently, the production of these compounds 
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can Ъе c a r r i e d out i n a p i l o t p l a n t . In the view of the Yugoslav d e l e g a t i o n , the 
annual p r o d u c t i o n of these s u p e r - t o x i c l e t h a l chemicals f o r other permitted 
purposes should not exceed one metric tonne, and only e x c e p t i o n a l l y t h e i r 
p r o d u c t i o n should he maximally two metric tonnes per year. The number of such 
f a c i l i t i e s w i l l depend on the development of the pharmaceutical i n d u s t r y . The 
f a c i l i t y , however, should he so designed to permit f u l l automation and monitoring 
at a l l stages of the p r o d u c t i o n process. As i n the case of s m a l l - s c a l e p r o d u c t i o n 
f a c i l i t i e s f o r p r o t e c t i v e purposes, these f a c i l i t i e s a l s o should he equipped w i t h 
instruments f o r r e c o r d i n g aggregate m a t e r i a l and energy balances and a l l parameters 
(pressure, temperature, etc.) i n the process of s y n t h e s i s . The s i z e of the 
r e a c t i o n v e s s e l ( r e a c t o r ) i n the f i n a l t e c h n o l o g i c a l stage should not be greater 
than 250 l i t r e s . The f a c i l i t y should i n c l u d e a l l the elements of a s m a l l - s c a l e 
production f a c i l i t y , except f o r the f i l l i n g room. 

3 . Large-scale p r o d u c t i o n f a c i l i t i e s or i n d u s t r i a l f a c i l i t i e s 

F a c i l i t i e s of t h i s type are used f o r the p r o d u c t i o n of dual purpose chemicals 
and p r e c u r s o r s . The chemicals manufactured i n such f a c i l i t i e s belong t o the so-
c a l l e d products f o r other permitted purposes and are b a s i c a l l y intermediates i n 
the i n d u s t r i a l t e c h n o l o g i c a l process. Such compounds today are w i d e l y used i n 
the c i v i l chemical i n d u s t r y f o r the p r o d u c t i o n of many organic products ( i n 
pharmaceutical i n d u s t r y , p l a s t i c s , p r o d u c t i o n of p e s t i c i d e s , e t c . ) . 

Depending on the t e c h n o l o g i c a l process and the c a p a c i t y of the l a r g e - s c a l e 
f a c i l i t y , methods w i l l have t o be devised t o monitor the p r o d u c t i o n f o r 
v e r i f i c a t i o n purposes. 

As the designated chemicals are by and l a r g e precursors or intermediates 
used i n the process of synthe s i s of a c i v i l chemical i n d u s t r y , technology and the 
f a c i l i t i e s i n which they are produced are p a r t of a chemical p l a n t . 

At b e s t , -under the terms of the Convention, the c a p a c i t y of the f a c i l i t y f o r 
the p r o d u c t i o n of dual-purpose chemicals and precursors should be such as t o meet 
the requirements of the complete t e c h n o l o g i c a l process at the p l a n t . I n other 
words, the annual output of the designated chemical at the p l a n t working w i t h 
f u l l c a p a c i t y (24-hour production) should be competely processed i n t o the f i n a l 
product. Therefore, the storages f o r intermediates (d-oal-p-urpose chemicals or 
precursors) should not exceed 30 per cent of the d a i l y output. 

F u r t h e r , the monitoring system and c o n t r o l of the p r o d u c t i o n of dual-purpose 
chemicals (phosgene, cyanogen, c h l o r i d e , hydrogen cyanide, etc.) should be such 
as t o permit automatic r e c o r d i n g of the m a t e r i a l and energy balances. 

Moreover, i t would be necessary to ensure adequate r e c o r d i n g of the 
parameters such as temperature and pressure i n f l o w of the raw m a t e r i a l s and 
outflow of the product. 

The m a t e r i a l balance of dual-purpose chemicals and precursors can a l s o be 
proved by the c o n t r o l of the f i n a l product i n the o v e r - a l l t e c h n o l o g i c a l process. 

Thus, f o r example, the p r o d u c t i o n of phosgene should be a u t o m a t i c a l l y 
c o n t r o l l e d and monitored by a computer (Annex l ) . The whole process can be 
c o n t r o l l e d i n t h i s way, and the data c o l l e c t e d can be used f o r r e p o r t s and c o n t r o l 
of the t r a n s f e r and d i v e r s i o n of intermediates i n t o the f i n a l product. 
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V e r i f i c a t i o n measures of the declared f a c i l i t i e s 

W i t h i n the framework of the permitted purposes, each State P a r t y may have 
f a c i l i t i e s f o r the pr o d u c t i o n of chemical warfare agents which could he used f o r 
research of the p r o t e c t i v e e f f e c t s , t o x i c chemicals f o r medical and a g r i c u l t u r a l 
purposes, as w e l l as f a c i l i t i e s f o r the pro d u c t i o n of chemicals used as 
intermediates i n the c i v i l chemical i n d u s t r y (other permitted a c t i v i t i e s ) . Such 
f a c i l i t i e s should he declared Ъу p r o v i d i n g the f o l l o w i n g i n f o r m a t i o n : 

( i ) the l o c a t i o n and name of the company or o r g a n i z a t i o n operating yhe 
f a c i l i t y ; 

( i i ) chemical name and fórmala of a l l dangerous chemicals (CWA, pr e c u r s o r s , 
dual-purpose chemicals, e t c . ) ; 

( i i i ) d e t a i l e d technology equipment f o r automated process; 

( i v ) end use of intermediates; 

(v) whether the whole q u a n t i t y of the chemical i s used i n s i t u or at another 
p l a n t or i s i t exported? 

( v i ) f u l l name of the p l a n t u s i n g the chemical f o r f u r t h e r p r o c e s s i n g ; 

( v i i ) the S t a t e ( s ) t o which the chemical i s exported; 

( v i i i ) maximum annual design c a p a c i t y of the p l a n t i n tonnes; 

( i x ) the q u a n t i t i e s t o he exported; 

(x) aggregate annual output of a l l chemicals; 

( x i ) aggregate annual use of the designated chemical f o r p r o c e s s i n g i n t o 
other chemical products; 

( x i i ) manner of r e p o r t i n g t o the i n t e r n a t i o n a l o r g a n i z a t i o n ; 

( x i i i ) proposed v e r i f i c a t i o n . 

V e r i f i c a t i o n of sm a l l - s c a l e production f a c i l i t i e s 

B e a r i n g i n mind that such f a c i l i t i e s mainly produce CW agents belonging t o 
the group of supe r - t o x i c l e t h a l chemicals and t h e i r key p r e c u r s o r s , and. 
pharmaceutical drugs such f a c i l i t i e s should he subject t o r o u t i n e i n t e r n a t i o n a l 
random i n s p e c t i o n . The n a t i o n a l team should a s s i s t the i n t e r n a t i o n a l team i n the 
process of v e r i f i c a t i o n . 

In order f o r the v e r i f i c a t i o n to he e f f e c t i v e i t would he necessary that a l l 
r e l e v a n t i n f o r m a t i o n he provided and t o a u t o m a t i c a l l y c o n t r o l the pr o d u c t i o n 
process w i t h the help of monitoring and r e c o r d i n g devices. 

Hence, the i n t e r n a t i o n a l team can, hy checking i n t o the documentation and hy 
v i s i t i n g the p l a n t , v e r i f y whether the corresponding synthesis i s t a k i n g place i n 
the p l a n t . 
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A l s o the i n t e r n a t i o n a l team has a t a s k to check whether a l l q u a n t i t y of 
s u p e r - t o x i c l e t h a l chemical: CWA and other chemical, were processed and used f o r 
research or f o r p r o d u c t i o n drugs and other chemicals f o r p e a c e f u l purposes. 

V e r i f i c a t i o n of l a r g e - s c a l e p r o d u c t i o n f a c i l i t i e s or i n d u s t r i a l f a c i l i t i e s 

As these f a c i l i t i e s are l a r g e l y a p a r t of the c i v i l chemical i n d u s t r y , i t 
would he necessary to ensure that t h e i r working continues -unimpeded. They o f t e n 
produce t o x i c chemicals which are w i d e l y used i n the chemical i n d u s t r y today. 
As a r e s u l t , these chemicals are produced i n l a r g e q u a n t i t i e s . The c a p a c i t y of 
a l a r g e - s c a l e f a c i l i t y can vary from s e v e r a l thousand t o a few tens of thousands 
of tonnes per year. These q u a n t i t i e s , however, are most o f t e n processed i n t o 
products intended f o r c i v i l i a n purposes. Subsequently, only small q u a n t i t i e s of 
dual-purpose chemicals are s t o r e d f o r the purpose of unimpeded p r o d u c t i o n and 
are u s u a l l y manufactured i n the f a c i l i t i e s intended f o r f u r t h e r p r o c e s s i n g . I f 
these chemicals are processed i n another p l a n t or i f they are exported, the 
i n t e r n a t i o n a l o r g a n i z a t i o n ( C o n s u l t a t i v e Committee) should he n o t i f i e d . 

The v e r i f i c a t i o n of such f a c i l i t i e s should, we b e l i e v e , be c a r r i e d out by a 
n a t i o n a l team, whose r o l e and tasks were explained i n the Yugoslav working 
paper CD/4â2. 

I f the report leaves doubt about the corresponding p r o d u c t i o n process, 
whether i n respect of q u a n t i t y or q u a l i t y , the i n t e r n a t i o n a l o r g a n i z a t i o n may 
decide t o i n s p e c t the f a c i l i t y . Such an i n s p e c t i o n should be based on a challenge 
i n s p e c t i o n . 
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COrJFERENCE ON DISARMAMENT CD/614V 
12 July 1985 

O r i g i n a l : ENGLISH 

LETTER DATED 12 JULY I985 ADDRESSED TO THE PRESIDENT 
OF THE CONFERENCE ON DISARMAMENT FROM THE CHARGE D'AFFAIRES A.I. 
OF THE PERMANENT MISSION OF FINLAND, TRANSMITTING A DOCUMENT 
ENTITLED "AIR MONITORING AS A MEANS FOR VERIFICATION OFCHEMICAL 

DISARMAMENT;C.2. DEVELOPMENT AND EVALUATION OF BASIC 
TECHNIQUES, PART I" 

I h a v e t h e h o n o u r t o t r a n s m i t t o y o u a d o c u m e n t 

e n t i t l e d " A i r M o n i t o r i n g a s a M e a n s f o r v e r i f i c a t i o n 

o f C h e m i c a l D i s a r m a m e n t ; 0 . 2 . D e v e l o p m e n t a n d 

E v a l u a t i o n o f B a s i c T e c h n i q u e s , P a r t I " . T h i s s t u d y 

r e p r e s e n t s a f u r t h e r c o n t r i b u t i o n o f t h e G o v e r n m e n t 

o f F i n l a n d t o . , t h e w o r k o f t h e C o m m i t t e e o n D i s a r m a m e n t 

o n c h e m i c a l w e a p o n s . 

I w o u l d a p p r e c i a t e i f t h e s t u d y w o u l d b e c i r c u l a t e d 

a s a n o f f i c i a l C D d o c u m e n t . 

(Signed) Pekka SSllS 
Chargé d'Affaires a . i . 

1/ A l i m i t e d d i s t r i b u t i o n of t h i s document i n English only has been made 
to the members of the Conference on Disarmament. Additional copies are 
available from the Permanent Mission of Finland at Geneva. 

GE.85-62518 
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15 J u l y 1985 

ENGLISH 
O r i g i n a l : RUSSIM 

LETTER DATED 15 JULY 1985 ADDRESSED TO THE PRESIDENT OF 
THE CONFERENCE ON DISAEO-'lAIIENT FROM THE REPRESENTATIVE OF 
THE UNION OF SOVIET SOCIALIST REPUBLICS TRAMSl'IITTING THE 

TEXT OP THE TASS STATEI^ISNT PUBLISHED ON 11 JULY 1985 

. I have the honour to transmit herewith г TASS statement issued on 
11 J u l y 1985 i n connection xvith the d e c i s i o n hy the u n i t e d States Congress 
to approve a p p r o p r i a t i o n s f o r the production of b i n a r y chemical weapons. 

I would k i n d l y request you to arrange to have t h i s statement c i r c u l a t e d 
as an o f f i c i a l document of the Conference on Disarmamento 

(Signed) V. ISSRAELYAN 

GE.85-62545 
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TASS STATEMEIW? 

Recently the House of Representatives of the United States Congress, f o l l o w i n g 
the Senate, decided to appropriate funds f o r the production of h i n a r y chemical 
•weapons. Although the s t a r t i n g date set f o r t h i s production i s 1 9 8 7 , and the 
d e c i s i o n i s accompanied hy some r e s e r v a t i o n s , a l l of t h i s does not change the 
substance of the matter: the United States i s i n p r a c t i c e approaching the p o i n t of 
adding to i t s m i l i t a r y a r s e n a l a new and even more dangerous type of barbarous 
weapon - a deadly nerve-gas mixture. 

In the i n t e n t i o n s of the s t r a t e g y planners i n Washington, the p r o d u c t i o n of 
b i n a r y weapons should be p a r t of a broad programme f o r the development of new 
weapons that are intended to ensure the m i l i t a r y s u p e r i o r i t y of the United S t a t e s . 
Not a day passes i n Washington without the d i s c u s s i o n and adoption of d e c i s i o n s 
r e l a t i n g to the development and deployment of new weapon systems: the MX and 
Midgetman i n t e r c o n t i n e n t a l b a l l i s t i c m i s s i l e s , b a l l i s t i c m i s s i l e submarines, 
s t r a t e g i c a i r c r a f t and o f f e n s i v e space weapons. 

The United States has talcen the d e c i s i o n s l e a d i n g to the p r o d u c t i o n of b i n a r y 
weapons p r e c i s e l y at a time when n e g o t i a t i o n s are under way on the p r e p a r a t i o n of a 
convention on the p r o h i b i t i o n and e l i m i n a t i o n of chemical weapons i n the Conference 
on Disarmament a t Geneva, w i t h -the support of the overwhelming m a j o r i t y of S t a t e s , 
I t i s nov/ c l e a r why the United States i s t r y i n g so p e r s i s t e n t l y to l e a d the 
d i s c u s s i o n of t h i s p r e s s i n g problem at the Conference i n t o an impasse. 

I t i s planned to s t a t i o n b i n a r y weapons above a l l i n the t e r r i t o r y of the 
Western European a l l i e s of the United S t a t e s . As i n the case of the P e r s h i n g - 2 and 
long-range c r u i s e m i s s i l e s t h a t have been deployed i n a number of Western European 
S t a t e s , here once again the i n s i d i o u s n e s s of Washington's i n t e n t i o n s i s d i s p l a y e d : 
i t would l i k e to remain on the s i d e l i n e s , counting on exposing i t s a l l i e s ' t e r r i t o r y 
to a r e t a l i a t o r y s t r i k e . Binary weapons would thus be yet another source of great 
danger to the densely-populated c o u n t r i e s of Western E-urope, 

The United S t a t e s ' p r o j e c t to begin production of binary'' chemical weapons must 
n e c e s s a r i l y arouse s e r i o u s alarm and i n d i g n a t i o n . The United States Government bears 
f - u l l r e s p o n s i b i l i t y f o r a l l consequences of t h i s step. I t i s the d i r e c t duty of 
peoples not to allow t h i s planned new crime against peace and mankind. 

The S o v i e t Union f i r m l y condemns the plans f o r the production and deployment of 
b i n a r y vjeapons. I t c o n s i s t e n t l y advocates the r a d i c a l s o l u t i o n of the question of 
the p r o h i b i t i o n and e l i m i n a t i o n of a l l types of chemical weapons, and r e i t e r a t e s i t s 
readiness a c t i v e l y to co-operate w i t h a l l peace-loving States i n a c h i e v i n g that g o a l . 
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PROGSESS REPORT TO THE CONFERENCE ON DISARMMENT ON THE 
••'TWENTIETH SESSION OP THE AD HOC GROUP OP SdENTIFIC 
EXPERTS TO CONSIDER INTERNATIONAL CO-OPERATIVE MEASURES 

TO DETECT AMD IDEETIFY SEISMIC EVENTS 

1. The Ad Hoc Group o f S c i e n t i f i c Experts to Consider I n t e r n a t i o n a l Co-operative 
Measures to Dectect-and I d e n t i f y Seismic Events, i n i t i a l l y e s t a b l i s h e d i n pursuance 
of the d e c i s i o n taken by the Conference o f the Committee on Disarmament on 
22 J u l y 1976, h e l d i t s t w e n t i e t h formal s e s s i o n from I 5 to I 9 J u l y I 9 8 5 i n the ; 
P a l a i s des Nations, Geneva, under the Chairmanship o f Dr. Ola Dahlman of Sweden. 
This was the t w e l f t h s e s s i o n of the Group convened under i t s new mandate by the 
d e c i s i o n of the Committee on Disarmament at i t s 4 8 t h meeting on 7 August 1979» 

2 . The Ad Hoc Group continues to be open to a l l Member States of the Conference 
on Disarmament as w e l l as upon request to non-Member S t a t e s . A c c o r d i n g l y , 
s c i e n t i f i c experts and r e p r e s e n t a t i v e s of the f o l l o w i n g Member States of the 
Conference on Disarmament p a r t i c i p a t e d i n the s e s s i o n ; A u s t r a l i a , Belgium, 
B u l g a r i a , Canada, China, Czechoslovakia, Egypt, German Democratic R e p u b l i c , • 
Germany, F e d e r a l Republic o f , Hungary, I t a l y , Japan, Netherlands, Poland, 
Sweden, Union of Soviet S o c i a l i s t R e p u b l i c s , United Kingdom o f Great B r i t a i n and 
Northern I r e l a n d and the United States o f America. 

3 . At t h e i r request and on the basis of previous i n v i t a t i o n s by the Committee on 
Disarmament, s c i e n t i f i c experts from the f o l l o w i n g non-Member States of the 
Conference on Disarmament p a r t i c i p a t e d i n the sessions Denmark, F i n l a n d , 
New Zealand and Non^ay. 

4. Under the current mandate of the Ad Hoc Group,.information on n a t i o n a l 
i n v e s t i g a t i o n s r e l a t e d to the work of the Group has been presented by experts 
from A u s t r a l i a , A u s t r i a , Belgium, B u l g a r i a , Canada, Czechoslovakia, Denmark, 
Egypt, F i n l a n d , German.Democratic Republic, Germany, F e d e r a l Republic o f , 
Hungary, I n d i a , Indonesia, I s l a m i c Republic o f I r a n , I t a l y , Japan, Netherlands, 
New Zealand, Norway, Peru, Poland, Romania, Sweden, Union o f Soviet S o c i a l i s t 
R e p u b l i c s , United Kingdom and United States o f America. 

5 . During i t s t e n t h s e s s i o n , the Ad Hoc Group agreed to e s t a b l i s h f i v e study 
groups i n order to achieve an appropriate c o m p i l a t i o n , summarization and 
assessment of the experience acquired through n a t i o n a l i n v e s t i g a t i o n s and 
co-operative s t u d i e s i n areas r e l e v a n t to i t s work. These open-ended study 
groups each deal w i t h a. s p e c i f i c i s s u e , and are ea.ch headed by a convenor and 
a co-convenor, as f o l l o w s ; 

1. S e i s m o l o g i c a l s t a t i o n s and s t a t i o n networks: Dr. Basham (Canada), 
Dr. Schneider (German Democratic Republic) 

2 . Data to be r e g u l a r l y exchanged (Level I d a t a ) ; Dr. Harjes (Geimany, 
Fede r a l Republic o f ) , D r . F i e d l e r (Czechoslovakia) 

GE . 8 5 - 6 2 8 9 4 
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3 . Format and procedures f o r the exchange of L e v e l I data through W M O / G T S : 
Dr. McGregor ( A u s t r a l i a ) , Dr. Mori (Japan) 

4 . Format and procedures f o r the exchange of Level I I data: Dr. Husebye 
(Norway), Dr. Christoskov ( B u l g a r i a ) 

5. Procedures to be used at i n t e r n a t i o n a l data centres: -Dr* Johansson (Sweden), 
Dr. Alewine (u n i t e d States of America). 

6. During i t s eighteenth s e s s i o n , the Ad Hoc Group worked out and agreed on 
d e t a i l e d pro-cedures and time schedule f o r a t e c h n i c a l t e s t concerning the exchange 
and a n a l y s i s o f L e v e l I data using the V M O / G T S (document C D / 5 3 4 ) . T h i s ~ t e c h n i c a l 
t e s t was the f i r s t one conducted making r e g u l a r use of the V M O / G T S . I t f u r t h e r 
developed-procedures f o r the use of the Ш О / G T S f o r s e i s m i c data exchange, and 
procedures r e l a t e d to the use of the Ш О / G T S at envisaged i n t e r n a t i o n a l data centres. 
The purposes ,of t h i s t e c h n i c a l t e s t were: 

- to develop and t e s t procedures (with the Ш О ) f o r the r e g u l a r t r a n s m i s s i o n 
of L evel I data from temporary n a t i o n a l f a c i l i t i e s t o experimental 
i n t e r n a t i o n a l data centres ( E I D C s ) . These vrere e s t a b l i s h e d d u r i n g the 
t e c h n i c a l t e s t to provide the s e r v i c e s o f both the n a t i o n a l f a c i l i t i e s 
and the IDCs f i r s t envisaged i n CCD/558; 

- to transmit ' b u l l e t i n s from EIDCs to p a r t i c i p a t i n g temporary n a t i o n a l 
f a c i l i t i e s using the W M O / G T S ; 

-- to t e s t procedures f o r r e t r a n s m i s s i o n of L e v e l I data messages over 
_ the V / M O / G T S ; 

- t o provide an,opportunity f o r t e s t i n g procedures f o r e x t r a c t i n g L e v e l I 
parameters at s e i s m i c s t a t i o n s ; 

- to develop ,and t e s t procedures f o r t r a n s m i s s i o n o f L e v e l I parameters 
to temporary n a t i o n a l f a c i l i t i e s ? 

- to t e s t proposed procedures at EIDCs f o r r e c e i p t and a r c h i v i n g o f L e v e l I 
data and f o r compilation and d i s t r i b u t i o n over the Ш О / G T S of event b u l l e t i n s 
and parameters usii.g Level I data, 

7. The t e c h n i c a l t e s t covered s e i s m i c L e v e l I data f o r bhe p e r i o d from 
C O . C O UnivertJi^l Co-ordinated Tine (üTC) I 5 October to 24.00 Ü T C I 4 December I 9 8 4 . 
The p r e p a r a t i o n and transmisoion of event b u l l e t i n s from EIDCs continued u n t i l 
15 January 198'5. The time p e r i o d from I 5 October to 26 October 1984 was designated 
as a p r e p a r a t o r y phase t o e s t a b l i s h r e l i a b l e communications. 

8 . I n a l l , 76 seismograph s t a t i o n s i n 36 countries c o n t r i b u t e d s e i s m i c L e v e l I 
data to the t e c h n i c a l t e s t . For o r g a n i z a t i o n a l and t e c b u i c a l reasons, however, 
not a l l o f these countries provided and r e c e i v e d data f o r the e n t i r e time p e r i o d , 

9 . Experimental i n t e r n a t i o n a l data centres were operated throughout the time 
p e r i o d of^the t e s t at Moscow, Stockholm and Washington, 

10. The t e c h n i c a l t e s t vras co-ordinated o v e r a l l by Dr. P e t e r McGregor, A u s t r a l i a , 
who c a r r i e d out t h i s important task v r i t h great s k i l l and d e d i c a t i o n . 
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11. During the t e c h n i c a l t e s t the Ad Hoc Group has enjoyed an e x c e l l e n t 
co-operation w i t h the Ш 0 as w e l l as w i t h the n a t i o n a l m e t e o r o l o g i c a l and 
s e i s m o l o g i c a l i n s t i t u t i o n s i n p a r t i c i p a t i n g c o u n t r i e s . 

12. The Ad Hoc Group reviewed a d r a f t report to the Conference on Disarmament 
on the r e s u l t s of the t e s t . This d r a f t report had been compiled by the Group's 
S c i e n t i f i c Secretary based on c o n t r i b u t i o n s from Study Group Convenors. A number 
of n a t i o n a l i n v e s t i g a t i o n s c o n t a i n i n g r e s u l t s of comprehensive analyses of the 
large volumes of data generated during the t e c h n i c a l t e s t formed the basis f o r t h i s 
m a t e r i a l . I n reviewing the d r a f t , the Group conducted p r e l i m i n a r y d i s c u s s i o n s on 
the t e c h n i c a l r e s u l t s of the t e s t and how they r e l a t e d to the s t a t e d o b j e c t i v e s . 

1 3 . The Ad Hoc Group agreed that the o b j e c t i v e s o f the t e c h n i c a l t e s t were 
s u c c e s s f u l l y f u l f i l l e d . The t e c h n i c a l t e s t has provided extremely valuable 
experience and t e c h n i c a l i n f o r m a t i o n , p r e v i o u s l y u n a v a i l a b l e , on the t o p i c s g iven 
i n paragraph 6. 

1 4 . The Ad Hoc Group a l s o discussed the schedule f o r i t s f u r t h e r work. I t 
envisages submitting i t s report to the Conference on Disarmament on the t e c h n i c a l 
t e s t d uring the f i r s t p a r t of the I 9 8 6 s e s s i o n , on the understanding that a 
complete d r a f t be d i s t r i b u t e d to the members of the Ad Hoc Group by 1 December 1985-

1 5 . The Ad Hoc Group suggests that i t s next s e s s i o n , subject to approval by the 
Conference on Disarmament, should be convened from 10 to 21 March 1986, i n Geneva. 
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O r i g i n a l s EIÎGLISH 

lETTER DATED 19 JULY 1985 iÜDDRESSED TO THE ERESIDEIÍT OP THE 
COHKSREHCE ON DISMÎ#JEÎW FROM THE CHARGE D'AFPAffiES A . I . 
OP THE PERMAt'ffiNT MISSION OP ТШ 12иШС REPUBLIC OP Ш М Т 
TRANSMITTIITG THE ̂ 'REPORT OF THE SIECLALISTS APPOINTED BY 
THE SECRETARY-GEÎIERAL TO liTTESTIGATE ALIEGATIONS BY Т Ш 
ISLAKIC REPUBLIC OF JRIû] CONCERNING THE USE OF CHEMICAL 

VffiAPONS'^ 1/' 

I have the honour to r e f e r to the question of the e f f e c t i v e v e r i f i c a t i o n of 
the use of chemicaJ v/eapons which i s one of the most centra .1 i s s u e s concerning the 
c r e a t i o n and, even more i m p o r t a n t l y , the v i a b i l i t y of a f u t u r e chemical v^eapons 
convention. 

I n c o n s i d e r i n g t h i s i s s u e the Conference should not f a i l to take advantage of 
the i n v a l u a b l e experiences gained by the i n t e r n a t i o n a l community through the 
re p o r t s r e c e n t l y prepared f o l l o w i n g i n v e s t i g a t i o n s of the a l l e g e d use of chemical 
weapons by Ir a q i n the course of the current P e r s i a n G u l f c o n f l i c t . 

The 'Report of the S p e c i a l i s t s appointed by the Secretary-General to i n v e s t i g a t e 
a l l e g a t i o n s by the I s l a m i c R e p u b l i c of I r a n concerning the use of chemical weapons'-, 
S e c u r i t y C o u n c i l dociaBont S/l6453 of 26 Iferch 1934 as a imir;ue r e f l e c t i o n of an 
•unprecedented yet s u c c e s s f u l f a c t - f i n d i n g m i s s i o n c a r r i e d out by the United Nations 
i n t h i s f i e l d i s of great value. 

I n v i e v of t h i s , the d e l e g a t i o n of the I s l a m i c R e p u b l i c of I r a n f i n d s i t 
appropriate to d i s t r i b u t e i n the Conference copies of the above-mentioned r e p o r t 
of the United Nations s p e c i a l i s t s , as annexed to t h i s l e t t e r , i n order to 
contribvite to the work of the Conference, p a r t i c u l a x l y i n the context of the 
endeavours pursued by the Ad Hoc Committee on Ghemica,! Weapons. 

Please regard t h i s l e t t e r as an o f f i c i a l document of the Conference and make 
arrangements a c c o r d i n g l y f o r i t s d i s t r i D u t i o n , F i f t y copies of t h i s алпех are 
fon-rarded to you along v.'ith t h i s l e t t e r f o r d i s t r i b u t i o n among the members and 
observer delegations of the Conference on Disarmament. 

(Signed) Farhad SI-IAHABI SIRJMTI 
Charge d ' a f f a i r e s a . i . 

ly'' A l i m i t e d d i s t r i b u t i o n of t h i s docujïient i n E n g l i s h only has been m̂ .de 
a v a i l a b l e to the Conference on Disarmament. A d d i t i o n a l copies are a v a i l a b l e from 
the Permanent M i s s i o n of the I s l a m i c R e p u b l i c of I r a n , 
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P r e f a c e 

F o r a number o f y e a r s p r i o r t o 1985, t h e 
C o n f e r e n c e on D i s a r m a m e n t (CD) and i t s p r e d e c e s s o r 
o r g a n i z a t i o n s h a v e r e c o g n i z e d t h e i m p o r t a n c e o f o u t e r 
s p a c e . I t was, h o w e v e r , o n l y on 29 M a r c h .1985 t h a t t h e CD 
s u c c e e d e d i n r e a c h i n g a g r e e m e n t on a mandate f o r an ad h o c 
C o m m i t t e e on t h e P r e v e n t i o n o f an Arms Race i n O u t e r 
S p a c e . T h i s d e v e l o p m e n t was welcomed b y Canada and o t h e r 
member n a t i o n s as a f i r s t s t e p t o w a r d an o r g a n i z e d 
e x a m i n a t i o n o f t h e s u b j e c t . T h i s p r o c e s s i s i n a c c o r d a n c e 
w i t h t h e U n i t e d N a t i o n s G e n e r a l A s s e m b l y r e s o l u t i o n w h i c h 
was a d o p t e d w i t h o u t d i s s e n t d u r i n g i t s 3 9 t h s e s s i o n on 
December 12, 1984 and w h i c h c a l l e d upon t h e CD t o 
c o n s i d e r t h e q u e s t i o n o f p r e v e n t i n g an arms r a c e i n o u t e r 
s p a c e as a m a t t e r o f p r i o r i t y . The mandate now a d o p t e d b y 
t h e CD i s a r e a l i s t i c o n e . I t i s n e i t h e r n a r r o w n o r 
r e s t r i c t e d b u t p e r m i t s t h e CD t o b e g i n some a c t i o n and 
u n d e r t a k e c o n c r e t e work a l m o s t i m m e d i a t e l y . 

The ad h o c C o m m i t t e e on t h e P r e v e n t i o n o f an Arms 
Race i n O u t e r Space e s t a b l i s h e d u n d e r t h e mandate, i s " t o 
e x a m i n e , as a f i r s t s t e p a t t h i s s t a g e , t h r o u g h 
s u b s t a n t i v e and g e n e r a l c o n s i d e r a t i o n , i s s u e s r e l e v a n t t o 
t h e p r e v e n t i o n o f an arms r a c e i n o u t e r s p a c e " . I n t h e 
p r o c e s s , i t s h o u l d t a k e i n t o a c c o u n t a l l e x i s t i n g 
a g r e e m e n t s , e x i s t i n g p r o p o s a l s and f u t u r e i n i t i a t i v e s , 
t h e n r e p o r t on t h e p r o g r e s s o f i t s work t o t h e C o n f e r e n c e 
on Disarmament i n A u g u s t , 1 9 8 5 . 

From t h e C a n a d i a n p e r s p e c t i v e , t h e c r e a t i o n o f 
t h e ad h o c C o m m i t t e e on o u t e r s p a c e i s i n l i n e w i t h 
Canada's e x p r e s s e d p o l i c y and c o n s t i t u t e s a s i g n i f i c a n t 
s t e p f o r w a r d i n c o m i n g t o g r i p s w i t h t h e s u b j e c t . The 
mandate o f t h e ad h o c C o m m i t t e e b o t h c o m p l e m e n t s and 
a c c u r a t e l y r e f l e c t s t h e r e a l i t i e s c o n c e r n i n g t h e b i l a t e r a l 
n e g o t i a t i o n s a l r e a d y u n d erway b e t w e e n t h e U n i t e d S t a t e s 
and t h e S o v i e t U n i o n i n G e n e v a . I t n e i t h e r u n d e r m i n e s , 
p r e j u d g e s n o r i n any way i n t e r f e r e s w i t h t h o s e 
n e g o t i a t i o n s and t h i s f a c t i s c o n s i d e r e d b y Canada t o be 
a b s o l u t e l y c e n t r a l to" t h e s u c c e s s f u l p r o c e s s o f b o t h s e t s 
o f d e l i b e r a t i o n s . 

On 26 A u g u s t 1982, Canada s u b m i t t e d i t s f i r s t 
s u b s t a n t i v e w o r k i n g p a p e r t o t h e CD on t h e o u t e r s p a c e 
i s s u e . T h a t document e n t i t l e d "Arms C o n t r o l and O u t e r 
S p a c e " (CD/320) u n d e r t o o k t o d i s c u s s g e n e r a l l y t h e s u b j e c t 
o f arms c o n t r o l and o u t e r s p a c e i n t e r m s o f s t a b i l i z i n g 
and d e s t a b i l i z i n g c h a r a c t e r i s t i c s . W i t h t h e e s t a b l i s h m e n t 
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o f an ad h o c C o m m i t t e e t o f o c u s i n more d e t a i l , Canada i s 
p r e p a r e d t o r e i n f o r c e i t s e f f o r t s and t o p a r t i c i p a t e 
a c t i v e l y and e f f e c t i v e l y i n d e v e l o p i n g an u n d e r s t a n d i n g 
and c o n s e n s u s f o r f u r t h e r work r e l a t i n g t o t h e s u b j e c t o f 
p r e v e n t i n g an arms r a c e i n o u t e r s p a c e . 

T h i s w o r k i n g p a p e r i s meant t o f a c i l i t a t e 
c o n s i d e r a t i o n o f t h i s a r e a b y t h e CD b y p r o v i d i n g a b a s i s 
f o r e x a m i n i n g i t s l e g a l c o n t e x t . I n g e n e r a l , as a r e v i e w 
o f i n t e r n a t i o n a l l a w r e l a t i n g t o arms c o n t r o l and o u t e r 
s p a c e , i t p r e s e n t s a b r o a d i n t e r p r e t a t i o n o f a v a r i e t y o f 
v i e w s c o n c e r n i n g t h e s i g n i f i c a n c e and a p p l i c a t i o n o f some 
o f t h e e x i s t i n g t r e a t i e s . I t d o e s n o t p u r p o r t t o p r o v i d e 
a C a n a d i a n g o v e r n m e n t p o s i t i o n on a n y i s s u e . I n s t e a d , i n 
t e r m s o f t h e CD mandate r e l a t i n g t o t h e p r e v e n t i o n o f an 
arms r a c e i n o u t e r s p a c e , i t s o b j e c t i v e i s t o p r o v i d e a 
r a t i o n a l b a s i s f o r d i s c u s s i o n f r o m w h i c h t h e ad h o c 
C o m m i t t e e m i g h t w i s h t o d e v e l o p i t s a p p r o a c h t o t h e 
s u b j e c t . I t w i l l be a p p a r e n t t h r o u g h o u t t h i s p a p e r t h a t 
d i f f e r e n t i n t e r p r e t a t i o n s may emerge due t o t h e l a c k o f 
c o n s e n s u s r e g a r d i n g t e r m i n o l o g y and d e f i n i t i o n s r e l a t i n g 
t o t h e o u t e r s p a c e . 

I . I n t r o d u c t i o n 

G e n e r a l l y s p e a k i n g t h e r e a r e f o u r s o u r c e s o f 
i n t e r n a t i o n a l l a w as o u t l i n e d b y A r t i c l e 3 8 ( 1 ) o f t h e 
S t a t u t e o f t h e I n t e r n a t i o n a l C o u r t o f J u s t i c e . • ' - T h e s e 
a r e : 

(a) i n t e r n a t i o n a l c o n v e n t i o n s , w h e t h e r g e n e r a l 
o r p a r t i c u l a r , e s t a b l i s h i n g r u l e s e x p r e s s l y 
r e c o g n i z e d b y t h e c o n t r a c t i n g s t a t e s ; 

(b) i n t e r n a t i o n a l c u s t o m , as e v i d e n c e o f a 
g e n e r a l p r a c t i c e a c c e p t e d as l a w ; 

(c) t h e g e n e r a l p r i n c i p l e s o f l a w r e c o g n i z e d by 
c i v i l i z e d n a t i o n s ; 

(d) . .. j u d i c i a l d e c i s i o n s and t h e t e a c h i n g s o f 
t h e most h i g h l y q u a l i f i e d p u b l i c i s t s o f 
v a r i o u s n a t i o n s , as s u b s i d i a r y means f o r t h e 
d e t e r m i n a t i o n o f r u l e s o f l a w . 

T h i s p a p e r w i l l l i m i t i t s c o n s i d e r a t i o n t o two 
c a t e g o r i e s . F i r s t , i n t e r n a t i o n a l c o n v e n t i o n s and t r e a t i e s 
r e l e v a n t t o o u t e r s p a c e w i l l be r e v i e w e d . T r e a t i e s 
e x p r e s s t h e i n t e n t i o n o f t h e p a r t i e s t o c r e a t e b i n d i n g 
o b l i g a t i o n s u n d e r i n t e r n a t i o n a l l a w . They may a l s o 
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r e f l e c t g e n e r a l p r i n c i p l e s o f l a w and t h e o b l i g a t i o n s 
u n d e r t a k e n as p a r t o f a t r e a t y may o b t a i n b r o a d e r 
a c c e p t a n c e s o as t o become a p a r t o f c u s t o m a r y l a w . 

S e c o n d , t h i s p a p e r w i l l f o c u s on UNGA r e s o l u t i o n s 
some o f w h i c h may r e f l e c t e x i s t i n g c u s t o m a r y l a w o r a t 
l e a s t be i n d i c a t i v e o f t h e d i r e c t i o n s i n w h i c h t h a t l a w i s 
e v o l v i n g . 

Comments b y l e g a l a n a l y s t s h a v e b e e n i n c l u d e d i n 
t h e t e x t where deemed a p p r o p r i a t e . 

I I . I n t e r n a t i o n a l A g r e e m e n t s 

Any c o n s i d e r a t i o n o f i n t e r n a t i o n a l t r e a t y l a w 
s h o u l d be u n d e r t a k e n on t h e b a s i s o f t h e p r i n c i p l e s 
e n u m e r a t e d i n t h e V i e n n a C o n v e n t i o n on t h e Law o f 
T r e a t i e s . 2 

A r t i c l e 31 o f t h i s C o n v e n t i o n p r o v i d e s t h e 
f o l l o w i n g g e n e r a l r u l e o f i n t e r p r e t a t i o n : 

1. A t r e a t y s h a l l be i n t e r p r e t e d i n good f a i t h i n 
a c c o r d a n c e w i t h t h e o r d i n a r y m e a n ing t o be g i v e n 
t o t h e t e r m s o f t h e t r e a t y i n t h e i r c o n t e x t and 
i n t h e l i g h t o f i t s o b j e c t and p u r p o s e . 

2. The c o n t e x t f o r t h e p u r p o s e o f t h e i n t e r p r e t a t i o n 
o f a t r e a t y s h a l l c o m p r i s e , i n a d d i t i o n t o t h e 
t e x t , i n c l u d i n g i t s p r e a m b l e and a n n e x e s : 

(a) any a g r e e m e n t r e l a t i n g t o t h e t r e a t y w h i c h 
was made b e t w e e n a l l t h e p a r t i e s i n 
c o n n e c t i o n w i t h t h e c o n c l u s i o n o f t h e t r e a t y ; 

(b) a ny i n s t r u m e n t w h i c h was made by one o r more 
p a r t i e s i n c o n n e c t i o n w i t h t h e c o n c l u s i o n o f 
t h e t r e a t y and a c c e p t e d b y t h e o t h e r p a r t i e s 
as an i n s t r u m e n t r e l a t e d t o t h e t r e a t y . 

3. T h e r e s h a l l be t a k e n i n t o a c c o u n t , t o g e t h e r w i t h 
t h e c o n t e x t s : 

(a) a n y s u b s e q u e n t a g r e e m e n t b e t w e e n t h e p a r t i e s 
r e g a r d i n g t h e i n t e r p r e t a t i o n o f t h e t r e a t y 
o r t h e a p p l i c a t i o n o f i t s p r o v i s i o n s ; 

(b) a ny s u b s e q u e n t p r a c t i c e i n t h e a p p l i c a t i o n 
o f t h e t r e a t y w h i c h e s t a b l i s h e s t h e 
a g r e e m e n t o f t h e p a r t i e s r e g a r d i n g i t s 
i n t e r p r e t a t i o n ; 
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( c ) a n y r e l e v a n t r u l e s o f i n t e r n a t i o n a l l a w 
a p p l i c a b l e i n t h e r e l a t i o n s b e t w e e n t h e 
p a r t i e s . 

4. A s p e c i a l m e a n i n g s h a l l be g i v e n t o a t e r m : f i t 
i s e s t a b l i s h e d t h a t t h e p a r t i e s s o i n t e n d e d . 

The d i s c u s s i o n o f t r e a t i e s w h i c h f o l l o w s i s 
a r r a n g e d c h r o n o l o g i c a l l y b y t h e d a t e o f t h e a g r e e m e n t i n 
q u e s t i o n . I t s h o u l d b e n o t e d t h a t s e v e r a l t r e a t i e s a r e 
c o v e r e d w h i c h m i g h t seem a t f i r s t g l a n c e t o be i r r e l e v a n t 
t o t h e , s u b j e c t o f arms c o n t r o l and o u t e r s p a c e . T h e s e 
a g r e e m e n t s a r e i n c l u d e d s i m p l y b e c a u s e some o f t h e i r 
p r o v i s i o n s ( e s p e c i a l l y t h o s e r e g a r d i n g v e r i f i c a t i o n ) o r 
t h e c i r c u m s t a n c e s s u r r o u n d i n g t h e i r n e g o t i a t i o n may s h e d 
l i g h t on d e v e l o p m e n t s r e s p e c t i n g arras c o n t r o l and o u t e r 
s p a c e . 

( i ) The C h a r t e r o f t h e U n i t e d N a t i o n s ( 1 9 4 5 ) 3 

The UN C h a r t e r h a s c o n s i d e r a b l e r e l e v a n c e t o t h e 
s u b j e c t o f arms c o n t r o l and o u t e r s p a c e . I t i s e x p l i c i t l y 
m e n t i o n e d i n s e v e r a l t r e a t i e s w h i c h d e a l d i r e c t l y w i t h 
^ o u t e r s p a c e i n c l u d i n g t h e 1967 O u t e r S p a c e T r e a t y where 
p a r t i e s a g r e e t o c a r r y on t h e i r a c t i v i t i e s r e l a t i n g t o t h e 
e x p l o r a t i o n and u s e o f o u t e r s p a c e " i n a c c o r d a n c e w i t h 
i n t e r n a t i o n a l l a w , i n c l u d i n g t h e C h a r t e r o f t h e U n i t e d 
N a t i o n s ..." ( A r t i c l e I I I ; s e e a l s o t h e P r e a m b l e ) . 
S i m i l a r l y , t h e Moon T r e a t y m e n t i o n s t h e C h a r t e r ( A r t i c l e s 
I I and IV) as does t h e E n v i r o n m e n t a l M o d i f i c a t i o n T r e a t y 
( P r e a m b l e and A r t i c l e V ) . 

P a r t i c u l a r l y r e l e v a n t i n t h e c o n t e x t i s one o f 
t h e s t a t e d p u r p o s e s o f t h e UN: 

1. To m a i n t a i n i n t e r n a t i o n a l p e a c e and s e c u r i t y , and 
t o t h a t e n d : t o t a k e e f f e c t i v e c o l l e c t i v e 
m e a s u r es f o r t h e p r e v e n t i o n and r e m o v a l o f 
t h r e a t s t o t h e p e a c e , and f o r t h e s u p p r e s s i o n o f 
a c t s o f a g g r e s s i o n o r o t h e r b r e a c h e s o f t h e 
peacfe, and t o b r i n g a b o u t by p e a c e f u l means, and 
i n c o n f o r m i t y w i t h t h e p r i n c i p l e s o f j u s t i c e and 
i n t e r n a t o n a l l a w , a d j u s t m e n t o r s e t t l e m e n t o f 
i n t e r n a t i o n a l d i s p u t e s o r s i t u a t i o n s w h i c h m i g h t 
l e a d t o a b r e a c h o f t h e p e a c e ; ( A r t i c l e 1) 

A l s o i m p o r t a n t i s t h e P r e a m b l e w h i c h s t a t e s t h a t 
t h e p e o p l e s o f t h e U n i t e d N a t i o n s w i l l e n s u r e t h a t "by 
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a c c e p t a n c e o f p r i n c i p l e s and t h e i n s t i t u t i o n o f methods, 
t h a t armed f o r c e s h a l l n o t be u s e d , s a v e i n t h e common 
i n t e r e s t " . 

S t a t e s a r e a l s o i n t e r a l i a o b l i g a t e d t o s e t t l e 
d i s p u t e s p e a c e f u l l y a n d r e f r a i n f r o m t h e t h r e a t o r use o f 
f o r c e u n d e r A r t i c l e 2: 

The O r g a n i z a t i o n and i t s members, i n p u r s u i t o f 
t h e P u r p o s e s s t a t e d i n A r t i c l e 1, s h a l l a c t i n 
a c c o r d a n c e w i t h t h e f o l l o w i n g P r i n c i p l e s . 

1. The O r g a n i z a t i o n i s b a s e d on t h e p r i n c i p l e o f t h e 
s o v e r e i g n e q u a l i t y o f a l l i t s Members. 

2. A l l Members, i n o r d e r t o e n s u r e t o a l l o f them 
t h e r i g h t s and b e n e f i t s r e s u l t i n g f r o m 
m e m b e r s h i p , s h a l l f u l f i l i n good f a i t h t h e 
o b l i g a t i o n s assumed b y them i n a c c o r d a n c e w i t h 
t h e p r e s e n t C h a r t e r . 

3. A l l Members s h a l l s e t t l e t h e i r i n t e r n a t i o n a l 
d i s p u t e s b y p e a c e f u l means i n s u c h a manner t h a t 
i n t e r n a t i o n a l p e a c e and s e c u r i t y , and j u s t i c e , 
a r e n o t e n d a n g e r e d . 

4. A l l members s h a l l r e f r a i n i n t h e i r i n t e r n a t i o n a l 
r e l a t i o n s f r o m . t h e t h r e a t o r use o f f o r c e a g a i n s t 
t h e t e r r i t o r i a l i n t e g r i t y o r p o l i t i c a l 
i n d e p e n d e n c e o f any s t a t e , o r i n any o t h e r manner 
i n c o n s i s t e n t w i t h t h e p u r p o s e s o f t h e U n i t e d 
N a t i o n s . . . . 

Such o b l i g a t i o n s w o u l d seem t o a p p l y a l s o t o t h e 
a c t i v i t i e s o f s t a t e s i n o u t e r s p a c e , e s p e c i a l l y i n v i e w o f 
t h e p r o v i s i o n s o f t h e O u t e r Space T r e a t y and o t h e r 
t r e a t i e s m e n t i o n e d a b o v e . 

An i m p o r t a n t p r o v i s o t o t h e s e o b l i g a t i o n s u n d e r 
t h e C h a r t e r i s c o n t a i n e d i n A r t i c l e 51 w h i c h s t a t e s : 

N o t h i n g i n t h e p r e s e n t C h a r t e r s h a l l i m p a i r t h e 
i n h e r e n t r i g h t o f i n d i v i d u a l o r c o l l e c t i v e 
s e l f - d e f e n c e i f an armed a t t a c k o c c u r s a g a i n s t a 
Member o f t h e U n i t e d N a t i o n s , u n t i l t h e S e c u r i t y 
C o u n c i l h a s t a k e n m e a s u r e s n e c e s s a r y t o m a i n t a i n 
i n t e r n a t i o n a l p e a c e and s e c u r i t y . M e a s u r e s t a k e n 
by members i n t h e e x e r c i s e o f t h i s r i g h t o f 
s e l f - d e f e n c e s h a l l be i m m e d i a t e l y r e p o r t e d t o t h e 
S e c u r i t y C o u n c i l and s h a l l n o t i n a n y way a f f e c t 
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t h e a u t h o r i t y and r e s p o n s i b i l i t y o f t h e S e c u r i t y 
C o u n c i l u n d e r t h e p r e s e n t C h a r t e r t o t a k e a t a n y 
t i m e s u c h a c t i o n as i t deems n e c e s s a r y i n o r d e r 
t o m a i n t a i n o r r e s t o r e i n t e r n a t i o n a l p e a c e and 
s e c u r i t y . 

( i i ) A n t a r c t i c T r e a t y (1959)"^ 

D u r i n g t h e I n t e r n a t i o n a l G e o p h y s i c a l Y e a r ( I GY) 
o f 19575 t h e i n t e r n a t i o n a l s c i e n t i f i c c o m m u n i t y 
c o n d u c t e d a number o f s t u d i e s o f man's e n v i r o n m e n t - t h e 
e a r t h , t h e o c e a n s , t h e a t m o s p h e r e and o u t e r s p a c e . The 
g u i d e l i n e s f o r t h e IGY c o n t a i n e d s e v e r a l i d e a s w h i c h were 
l a t e r i n c o r p o r a t e d i n t h e A n t a r c t i c T r e a t y o f 1959, and 
some o f t h e s e b a s i c p r o v i s i o n s s e r v e d as p r e c e d e n t s f o r 
l a t e r t r e a t i e s p a r t i c u l a r l y t h e 1967 O u t e r Space T r e a t y , 
t h e 1967 T r e a t y o f T l a t e l o l c o , t h e 1971 Seabed T r e a t y , and 
t h e 1979 Moon T r e a t y . 

Two o f t h e ma i n p u r p o s e s o f t h e A n t a r c t i c T r e a t y 
were t o e n s u r e c o n t i n u a t i o n o f s c i e n t i f i c c o o p e r a t i o n and 
t o a v o i d t h e m i l i t a r i z a t i o n o f t h e c o n t i n e n t . I n r e g a r d 
t o t h e l a t t e r , t h e s u i t a b i l i t y o f A n t a r c t i c a f o r n u c l e a r 
t e s t s and t h e t e s t i n g o f o t h e r m i l i t a r y e q u i p m e n t p r o v i d e d 
a s t r o n g i n c e n t i v e t o p r o h i b i t t h e m i l i t a r y u s e o f 
A n t a r c t i c a . 

The p r e a m b l e t o t h e A n t a r c t i c T r e a t y r e c o g n i z e d 
" t h a t i t i s i n t h e i n t e r e s t o f a l l manl<ind t h a t A n t a r c t i c a 
s h a l l c o n t i n u e f o r e v e r t o be u s e d e x c l u s i v e l y f o r p e a c e f u l 
p u r p o s e s and s h a l l n o t become t h e s c e n e o r o b j e c t o f 
i n t e r n a t i o n a l d i s c o r d " i n d i c a t i n g t h a t t h e p a r t i e s 
i n t e n d e d t o c r e a t e a l e g a l r e g i m e f o r t h i s a r e a w h i c h 
w o u l d e n s u r e p e a c e on t h e c o n t i n e n t and f a c i l i t a t e 
i n t e r n a t i o n a l c o o p e r a t i o n . 

I n i t s o p e r a t i v e p a r t , t h e T r e a t y s e e k s t o 
p r e s e r v e a n o n - m i l i t a r i z e d s t a t u s o f t h e A n t a r c t i c b y 
p r e s c r i b i n g i n A r t i c l e 1 ( 1 ) t h a t i t s h a l l be u s e d " f o r 
p e a c e f u l p u r p o s e s o n l y " and p r o h i b i t s " i n t e r a l i a a ny 
measures o f a m i l i t a r y n a t u r e , s u c h as t h e e s t a b l i s h m e n t 
o f m i l i t a r y b a s e s a nd f o r t i f i c a t i o n s , t h e c a r r y i n g o u t o f 
m i l i t a r y m a n o e u v r e s , as w e l l a s t h e t e s t i n g o f a n y t y p e o f 
weapons".^ I t i s i n t e r e s t i n g t o n o t e t h a t c e r t a i n 
t e r m s , s u c h as " p e a c e f u l p u r p o s e s " , a r e n o t d e f i n e d i n t h e 
t r e a t y . 

The T r e a t y , a c c o r d i n g t o p a r a g r a p h 2 o f A r t i c l e 
I , " s h a l l n o t p r e v e n t t h e u s e o f m i l i t a r y p e r s o n n e l o r 
e q u i p m e n t f o r s c i e n t i f i c r e s e a r c h o r f o r any o t h e r 
p e a c e f u l p u r p o s e s " . T h i s p r o v i s i o n i s s a i d t o h a v e b e e n 
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i n c l u d e d i n r e c o g n i t i o n o f t h e i m p o r t a n c e o f t h e s u p p o r t 
r e n d e r e d , t o s c i e n t i f i c a c t i v i t i e s b y n a v a l v e s s e l s and 
p e r s o n n e l . ^ 

The e x t e n t o f t h e f r e e d o m o f s c i e n t i f i c 
i n v e s t i g a t i o n , as e s t a b l i s h e d i n A r t i c l e I I o f t h e ' T r e a t y , 
i s s e t o u t i n A r t i c l e I I I . Freedom o f s c i e n t i f i c 
i n v e s t i g a t i o n i s p r o v i d e d f o r t o t h e e x t e n t t o w h i c h i t 
was a c t u a l l y e x e r c i s e d d u r i n g t h e IGY.^ F u r t h e r m o r e , 
one o f i t s i m p o r t a n t e l e m e n t s i s t h a t o f i n t e r n a t i o n a l 
c o o p e r a t i o n . T h e p a r t i e s t o t h e T r e a t y a g r e e t h a t t o 
t h e g r e a t e s t e x t e n t f e a s i b l e and p r a c t i c a b l e , e x c h a n g e s 
s h a l l t a k e p l a c e c o n c e r n i n g p l a n s f o r s c i e n t i f i c 
programmes, o r s c i e n t i f i c p e r s o n n e l b e t w e e n e x p e d i t i o n s 
and s t a t i o n s , and o f s c i e n t i f i c o b s e r v a t i o n s and r e s u l t s . 
P r o v i s i o n i s a l s o made f o r c l o s e c o o p e r a t i o n w i t h t h e 
s p e c i a l i z e d a g e n c i e s o f t h e U n i t e d N a t i o n s and o t h e r 
i n t e r n a t i o n a l o r g a n i z a t i o n s h a v i n g s c i e n t i f i c o r t e c h n i c a l 
i n t e r e s t i n A n t a r c t i c a ( A r t i c l e 1 1 ( 2 ) ) . 

A r t i c l e V p r o h i b i t s "any n u c l e a r e x p l o s i o n s i n 
A n t a r c t i c a and t h e d i s p o s a l t h e r e o f r a d i o a c t i v e w a s t e 
m a t e r i a l " . 1 1 

I n o r d e r t o p r o m o t e t h e o b j e c t i v e s and t o e n s u r e 
t h e o b s e r v a n c e o f t h e T r e a t y ' s p r o v i s i o n s , t h e p r i n c i p l e 
o f open i n s p e c t i o n was e s t a b l i s h e d i n A r t i c l e V I I o f t h e 
T r e a t y . l " ^ U n d e r p a r a g r a p h 3 o f A r t i c l e V I I , a l l a r e a s 
o f A n t a r c t i c a , i n c l u d i n g a l l s t a t i o n s , i n s t a l l a t i o n s and 
eq u i p m e n t s h a l l be o p e n a t a l l t i m e s t o i n s p e c t i o n b y a n y 
o b s e r v e r s d e s i g n a t e d b y s t a t e p a r t i e s . E a c h o f t h e s e 
o b s e r v e r s s h a l l h a v e c o m p l e t e f r e e d o m o f a c c e s s a t a n y 
t i m e t o any o r a l l a r e a s o f A n t a r c t i c a . A e r i a l 
o b s e r v a t i o n i s a l s o p e r m i t t e d . I n o r d e r t o f a c i l i t a t e 
o b s e r v a t i o n , i n f o r m a t i o n i s e x c h a n g e d b e t w e e n t h e p a r t i e s 
as t o e x p e d i t i o n s t o and w i t h i n A n t a r c t i c a , on a l l 
s t a t i o n s t h e r e i n and a n y m i l i t a r y p e r s o n n e l o r e q u i p m e n t 
i n t e n d e d t o be i n t r o d u c e d i n t o A n t a r c t i c a ( A r t i c l e 
I X ( 1 ) ) . No s a n c t i o n s a r e p r o v i d e d f o r n o n - c o m p l i a n c e w i t h 
t h e T r e a t y ' s p r o v i s i o n s . D i s p u t e s a b o u t i n t e r p r e t a t i o n o f 
t h e T r e a t y a r e t o be d e a l t w i t h b y c o n s u l t a t i o n s . I f a 
d i s p u t e r e m a i n s u n r e s o l v e d , i t may be t a k e n t o t h e 
I n t e r n a t i o n a l C o u r t o f J u s t i c e ( A r t i c l e X I ) . 

A r t i c l e I X o f t h e T r e a t y c o n t a i n s i m p o r t a n t 
e l e m e n t s f o r t h e j o i n t a d m i n i s t r a t i o n o f A n t a r c t i c a . I n 
p a r t i c u l a r , r e p r e s e n t a t i v e s o f c o n t r a c t i n g p a r t i e s s o 
e n t i t l e d s h a l l meet a t s u i t a b l e i n t e r v a l s f o r t h e p u r p o s e 
o f e x c h a n g i n g i n f o r m a t i o n and f o r c o n s u l t a t i o n on m a t t e r s 
o f common i n t e r e s t p e r t a i n i n g t o A n t a r c t i c a ; and f o r 
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f o r m u l a t i n g and c o n s i d e r i n g , a s w e l l as r e c o m m e n d i n g t o 
t h e i r g o v e r n m e n t s , m e a s u r e s t o f u r t h e r t h e p r i n c i p l e s and 
o b j e c t i v e s o f t h e T r e a t y . A r t i c l e X I I p r o v i d e s f o r a 
r e v i e w c o n f e r e n c e t h i r t y y e a r s a f t e r t h e T r e a t y ' s c o m i n g 
i n t o f o r c e . 

P r i o r t o t h e b e g i n n i n g o f i n t e r n a t i o n a l 
c o o p e r a t i o n f o r s c i e n t i f i c r e s e a r c h , a number o f s t a t e s 
had a l r e a d y made c l a i m s o f s o v e r e i g n t y o v e r p a r t o f 
A n t a r c t i c a . A r t i c l e I V o f t h e T r e a t y b a s i c a l l y " f r e e z e s " 
t h e c l a i m s t o s o v e r e i g n t y and j u r i s d i c t i o n o f i n t e r e s t e d 
s t a t e s . Under t h i s p r o v i s i o n , t h e T r e a t y d o es n o t h a v e 
t h e e f f e c t o f a r e n u n c i a t i o n b y any c o n t r a c t i n g p a r t y o f 
p r e v i o u s l y a s s e r t e d r i g h t s o r c l a i m s t o t e r r i t o r i a l 
s o v e r e i g n t y . F u r t h e r m o r e , no new c l a i m s o r e n l a r g e m e n t o f 
any e x i s t i n g c l a i m s s h a l l be a s s e r t e d w h i l e t h e T r e a t y ' i s 
i n f o r c e ( A r t i c l e I V ( 2 ) ) . 

C o n c e p t s e m b o d i e d i n t h e A n t a r c t i c T r e a t y , s u c h 
as t h e use o f t h i s a r e a f o r p e a c e f u l p u r p o s e s o n l y , t h e 
f r e e d o m o f s c i e n t i f i c i n v e s t i g a t i o n , t h e p r o m o t i o n o f 
i n t e r n a t i o n a l c o o p e r a t i o n and t h e e x c h a n g e o f i n f o r m a t i o n 
and s c i e n t i f i c p e r s o n n e l c o n s t i t u t e e x a m p l e s o f p r o v i s i o n s 
w h i c h may be o f r e l e v a n c e t o t h e s u b j e c t o f arms c o n t r o l 
and o u t e r s p a c e . The A n t a r c t i c T r e a t y i s an e x a m p l e o f 
t h e c o n t r i b u t i o n t h a t i n t e r n a t i o n a l l a w c a n make i n 
e n s u r i n g a s a f e r w o r l d . -̂̂  

( i i i ) The P a r t i a l T e s t Ban T r e a t y ( 1 9 6 3) 

C o n c e r n f o r r a d i o a c t i v e f a l l o u t c a u s e d b y n u c l e a r 
t e s t i n g was one o f t h e s t r o n g e s t m o t i v a t i n g f o r c e s b e h i n d 
t h e T r e a t y B a n n i n g N u c l e a r Weapon T e s t s i n t h e A t m o s p h e r e , 
i n O u t e r •• Space and U n d e r Water.!'* 

I t d e v e l o p e d b e t w e e n 1958 and 1962, w i t h 
n e g o t i a t i o n s e v e n t u a l l y b e i n g c o n d u c t e d i n t h e E i g h t e e n 
N a t i o n D i s a r m a m e n t C o m m i t t e e (ENDC). L a c k o f p r o g r e s s i n 
t h i s f o r u m l e d t o p r i v a t e n e g o t i a t i o n s w h i c h r e s u l t e d i n 
t h e T r e a t y . The ENDC and i t s s u c c e s s o r s h a v e c o n s i d e r e d 
b u t h a v e n o t c o n c l u d e d an a g r e e m e n t t o ban a l l n u c l e a r 
t e s t s . 

The d i r e c t e f f e c t o f p a r a g r a p h s 1 and 2 o f 
A r t i c l e I i s s u c h t h a t i t i s i l l e g a l t o c a r r y o u t a 
n u c l e a r e x p l o s i o n i n o u t e r s p a c e : 

1. E a c h o f t h e P a r t i e s t o t h i s T r e a t y u n d e r t a k e s t o 
p r o h i b i t , t o p r e v e n t , and n o t t o c a r r y o u t a n y 
n u c l e a r weapon t e s t e x p l o s i o n , o r any o t h e r 
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n u c l e a r e x p l o s i o n , a t a n y p l a c e u n d e r i t s 
j u r i s d i c t i o n o r c o n t r o l ; 

( a ) i n t h e a t m o s p h e r e ; b e y o n d i t s l i m i t s , 
i n c l u d i n g o u t e r s p a c e ; . . . 

2. E a c h o f t h e P a r t i e s t o t h i s T r e a t y u n d e r t a k e s 
f u r t h e r m o r e t o r e f r a i n f r o m c a u s i n g , e n c o u r a g i n g , 
o r i n a n y way p a r t i c i p a t i n g i n , t h e c a r r y i n g o u t 
o f any n u c l e a r weapon t e s t e x p l o s i o n , o r a n y 
o t h e r n u c l e a r e x p l o s i o n a n y w h e r e w h i c h w o u l d t a k e 
p l a c e i n a n y o f t h e e n v i r o n m e n t s d e s c r i b e d , o r 
h a v e t h e e f f e c t r e f e r r e d t o , i n p a r a g r a p h 1 o f 
t h i s A r t i c l e . 

( i v ) O u t e r S p a c e T r e a t y ( 1 9 6 7 ) 

The T r e a t y on P r i n c i p l e s G o v e r n i n g t h e A c t i v i t i e s 
o f S t a t e s i n t h e E x p l o r a t i o n and Use o f O u t e r S p a c e 
i n c l u d i n g t h e Moon and O t h e r C e l e s t i a l Bodies,-'-^ 
commonly known as t h e O u t e r Space T r e a t y , i s r e g a r d e d as 
t h e c o r n e r s t o n e i n t e r n a t i o n a l s p a c e l a w c o n v e n t i o n . As i s 
e v i d e n t f r o m i t s f u l l t i t l e , t h e T r e a t y e s t a b l i s h e s a 
b a s i c l e g a l f r a m e w o r k f o r g e n e r a l s p a c e e x p l o r a t i o n and 
u t i l i z a t i o n . M o r e o v e r , i t marks an i m p o r t a n t s t e p i n 
c o n t r o l l i n g c e r t a i n , t h o u g h n o t a l l , arms i n o u t e r s p a c e . 

B e i n g t h e f i r s t i n t e r n a t i o n a l c o n v e n t i o n d i r e c t l y 
r e l a t i n g t o an e n v i r o n m e n t r e g u l a t e d by, a t b e s t , n e b u l o u s 
c u s t o m a r y i n t e r n a t i o n a l l a w p r i n c i p l e s , i t s s i g n i f i c a n c e 
c a n n o t be o v e r e s t i m a t e d . I t s a d o p t i o n b r o u g h t a b o u t 
s u b s t a n t i v e c h a n g e s i n t h e l e g a l r e g i m e o f o u t e r s p a c e . 
What b e f o r e had m e r e l y b e e n a s e t o f n o n - b i n d i n g 
g u i d e l i n e s now became l e g a l o b l i g a t i o n s . 

S i n c e t h e T r e a t y h o l d s a c e n t r a l p o s i t i o n w i t h i n 
t h e l e g a l f r a m e w o r k g o v e r n i n g a l l a c t i v i t i e s c a r r i e d o u t 
i n s p a c e , i t i s n e c e s s a r y t o e x a m i n e i t s p r o v i s i o n s 
c l o s e l y . T h r e e g e n e r a l themes emerge f r o m s u c h an 
e x a m i n a t i o n : f r e e d o m o f e x p l o r a t i o n and u s e , p e a c e f u l u s e 
and c o o p e r a t i o n and i n t e r n a t i o n a l r e s p o n s i b i l i t y o f s t a t e s 
f o r t h e i r a c t i v i t i e s i n o u t e r s p a c e . 

I n t h e o p e r a t i v e p a r t o f t h e T r e a t y , A r t i c l e I 
r e i t e r a t e s t h e p r i m a r y i n t e r e s t s o f t h e i n t e r n a t i o n a l 
c ommunity: 

The e x p l o r a t i o n and use o f o u t e r s p a c e , i n c l u d i n g 
t h e moon and o t h e r c e l e s t i a l b o d i e s , s h a l l be 
c a r r i e d o u t f o r t h e b e n e f i t and i n t h e i n t e r e s t s 
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o f a l l c o u n t r i e s , i r r e s p e c t i v e o f t h e i r d e g r e e o f 
e c o n o m i c o r s c i e n t i f i c d e v e l o p m e n t , and s h a l l be 
t h e p r o v i n c e o f a l l m a n k i n d . 

O u t e r S p a c e , i n c l u d i n g t h e moon and o t h e r 
c e l e s t i a l b o d i e s , s h a l l be f r e e f o r e x p l o r a t i o n 
and u s e b y a l l S t a t e s w i t h o u t d i s c r i m i n a t i o n o f 
an y k i n d , on a b a s i s o f e q u a l i t y and i n 
a c c o r d a n c e w i t h i n t e r n a t i o n a l l a w , and t h e r e 
s h a l l be f r e e a c c e s s t o a l l a r e a s o f c e l e s t i a l 
b o d i e s . 

T h e r e s h a l l be f r e e d o m o f s c i e n t i f i c 
i n v e s t i g a t i o n i n o u t e r s p a c e , i n c l u d i n g t h e moon 
and o t h e r c e l e s t i a l b o d i e s , and S t a t e s s h a l l 
f a c i l i t a t e a n d e n c o u r a g e i n t e r n a t i o n a l 
c o o p e r a t i o n i n s u c h i n v e s t i g a t i o n . 

T h i s A r t i c l e e s t a b l i s h e s a b a s i c p r i n c i p l e o f s p a c e l a w : 
s p a c e s h a l l be f r e e f o r e x p l o r a t i o n and u s e b y a l l s t a t e s 
on t h e b a s i s o f e q u a l i t y . 

A c c o r d i n g t o A r t i c l e I I , o u t e r s p a c e i s n o t 
s u b j e c t t o n a t i o n a l a p p r o p r i a t i o n b y c l a i m s o f 
s o v e r e i g n t y , b y means o f u s e o r o c c u p a t i o n , o r b y a n y 
o t h e r means. T h i s A r t i c l e r e f l e c t s t h e n o t i o n o f r e s 
communis a l r e a d y g r a n t e d s u b s t a n t i a l r e c o g n i t i o n b y 
c u s t o m a r y i n t e r n a t i o n a l l a w . A r t i c l e I I I o b l i g e s s t a t e s 
t o u n d e r t a k e s p a c e a c t i v i t i e s " i n a c c o r d a n c e w i t h 
i n t e r n a t i o n a l l a w , i n c l u d i n g t h e C h a r t e r o f t h e U n i t e d 
N a t i o n s , i n t h e i n t e r e s t o f m a i n t a i n i n g i n t e r n a t i o n a l 
p e a c e and s e c u r i t y a n d p r o m o t i n g i n t e r n a t i o n a l c o o p e r a t i o n 
and u n d e r s t a n d i n g " . 

The p r i m a c y o f t h e c o m m o n . i n t e r e s t o f a l l 
n a t i o n s ! ^ i s s t r e s s e d a g a i n i n A r t i c l e I X o f t h e O u t e r 
Space T r e a t y w h i c h s t a t e s t h a t p a r t i e s s h a l l be g u i d e d b y 
t h e p r i n c i p l e o f c o o p e r a t i o n and m u t u a l a s s i s t a n c e i n t h e 
e x p l o r a t i o n a n d u s e o f o u t e r s p a c e , and s h a l l c o n d u c t a l l 
t h e i r a c t i v i t i e s w i t h due r e g a r d t o t h e c o r r e s p o n d i n g 
i n t e r e s t s o f a l l o t h e r p a r t i e s t o t h e T r e a t y , I t i s 
w o r t h y o f n o t e t h a t i n t h e f i r s t t h r e e a r t i c l e s o f t h e 
o p e r a t i v e p a r t o f t h e O u t e r Space T r e a t y , i n w h i c h t h e 
g u i d i n g p r i n c i p l e s g o v e r n i n g s p a c e a c t i v i t i e s h a v e b e e n 
l a i d down, no m e n t i o n o f t h e u s e o f t h e w h o l e o f o u t e r 
s p a c e e x c l u s i v e l y f o r p e a c e f u l p u r p o s e s h a s b e e n 
made.-'-^ I t i s o n l y w i t h r e s p e c t t o t h e moon and o t h e r 
c e l e s t i a l b o d i e s t h a t t h i s c o n c e p t h a s b e e n a c c e p t e d 
( A r t i c l e I V ( 2 ) ) . 
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A r t i c l e I V c o n t a i n s t h e o n l y p r o v i s i o n o f t h e 
O u t e r S p a c e T r e a t y a d d r e s s e d s p e c i f i c a l l y t o m i l i t a r y 
a c t i v i t i e s a nd r e a d s as f o l l o w s : 

S t a t e s P a r t i e s t o t h e T r e a t y u n d e r t a k e n o t t o 
p l a c e i n o r b i t a r o u n d t h e e a r t h a n y o b j e c t s 
c a r r y i n g n u c l e a r weapons o r a n y o t h e r k i n d s o f 
weapons o f mass d e s t r u c t i o n , i n s t a l l s u c h weapons 
on c e l e s t i a l b o d i e s , o r s t a t i o n s u c h weapons i n 
o u t e r s p a c e i n any o t h e r manner. 

The moon and o t h e r c e l e s t i a l b o d i e s s h a l l b e u s e d 
b y a l l S t a t e s P a r t i e s t o t h e T r e a t y e x c l u s i v e l y 
f o r p e a c e f u l p u r p o s e s . The e s t a b l i s h m e n t o f 
m i l i t a r y b a s e s , i n s t a l l a t i o n s and f o r t i f i c a t i o n s , 
t h e t e s t i n g o f any t y p e o f weapons and t h e 
c o n d u c t o f m i l i t a r y manoeuvres on c e l e s t i a l 
b o d i e s s h a l l be f o r b i d d e n . The u s e o f m i l i t a r y 
p e r s o n n e l f o r s c i e n t i f i c r e s e a r c h o r f o r a n y 
o t h e r p e a c e f u l p u r p o s e s s h a l l n o t be p r o h i b i t e d . 
The u s e o f a n y e q u i p m e n t o r f a c i l i t y n e c e s s a r y 
f o r p e a c e f u l e x p l o r a t i o n o f t h e moon and o t h e r 
c e l e s t i a l b o d i e s s h a l l a l s o n o t be p r o h i b i t e d . 

.The f i r s t p a r a g r a p h o f t h i s a r t i c l e c o d i f i e s t h e 
p o l i c y s e t f o r t h i n a b i l a t e r a l p l e d g e b y t h e U n i t e d 
S t a t e s and t h e S o v i e t U n i o n , l a t e r u n a n i m o u s l y a d o p t e d a s 
a r e s o l u t i o n o f t h e U n i t e d N a t i o n s G e n e r a l A s s e m b l y . l ^ 
W i t h i n i t s a d m i t t e d l i m i t s i t c o n t r i b u t e d a f f i r m a t i v e l y t o 
t h e s t a b i l i z a t i o n o f i n t e r n a t i o n a l r e l a t i o n s t h r o u g h t h e 
i m p o s i t i o n o f some r e s t r a i n t s on t h e m i l i t a r y u s e o f t h e 
s p a c e e n v i r o n m e n t . ! ^ I t a l s o expands t h e p r o h i b i t i o n 
a g a i n s t n u c l e a r t e s t s i n o u t e r s p a c e c o n t a i n e d i n t h e 
P a r t i a l T e s t Ban T r e a t y , t o encompass any o t h e r k i n d o f 
weapons o f mass d e s t r u c t i o n . 

The s e c o n d p a r a g r a p h o f A r t i c l e I V i s one o f t h e 
most c o n t r o v e r s i a l p r o v i s i o n s o f t h e T r e a t y and h a s o f t e n 
b e e n c i t e d i n s u p p o r t o f t h e c l a i m t h a t t h e T r e a t y f o r b i d s 
o n l y t h o s e m i l i t a r y a c t i v i t i e s t h a t a r e e n u m e r a t e d i n t h e 
a b o v e - m e n t i o n e d a r t i c l e . ^ 0 a rgument h a s b e e n 
a d v a n c e d t h a t A r t i c l e IV, i n c o n j u n c t i o n w i t h o t h e r 
p r o v i s i o n s o f t h e T r e a t y , i m p o s e s " c o m p l e t e 
d e m i l i t a r i z a t i o n o f o u t e r s p a c e " . H o w e v e r , t h e 
n e g o t i a t i n g h i s t o r y o f t h e T r e a t y , i t s t e x t and t h e 
p r a c t i c e o f s t a t e s w o u l d n o t seem t o s u p p o r t t h i s v i e w . 

To v e r i f y c o m p l i a n c e w i t h t h e p r o v i s i o n s o f t h e 
O u t e r Space T r e a t y , A r t i c l e X I I p r o v i d e s f o r i n s p e c t i o n 
"on t h e b a s i s o f r e c i p r o c i t y " o f a l l s t a t i o n s . 
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i n s t a l l a t i o n s and e q u i p m e n t on t h e moon o r o t h e r c e l e s t i a l 
b o d i e s . A d v a n c e n o t i c e o f i n s p e c t i o n i s r e q u i r e d t o 
e n s u r e s a f e t y and t o a v o i d i n t e r f e r e n c e w i t h t h e 
o p e r a t i o n s o f t h e f a c i l i t y t o be v i s i t e d . T h i s p r o v i s i o n 
f o r i n s p e c t i o n s d o e s n o t , h o w e v e r , a p p l y t o o b j e c t s i n 
e a r t h o r b i t . O b s e r v a t i o n o f l a u n c h e s and f l i g h t s o f 
s p a c e c r a f t on a v o l u n t a r y b a s i s i s a l s o a l l o w e d f o r by 
A r t i c l e X. A r t i c l e X I , w h i c h r e q u i r e s s t a t e s t o i n f o r m 
t h e UN S e c r e t a r y G e n e r a l , t h e p u b l i c and t h e s c i e n t i f i c 
c o mmunity " t o t h e g r e a t e s t e x t e n t f e a s i b l e and 
p r a c t i c a b l e , o f t h e n a t u r e , c o n d u c t , l o c a t i o n s a n d 
r e s u l t s " o f s p a c e a c t i v i t i e s , a l s o h a s a l i m i t e d r o l e i n 
t h e c o n t e x t o f v e r i f i c a t i o n . 

C o n c e r n i n g a n t i - s a t e l l i t e (ASAT) weapons A r t i c l e 
I V o f t h e O u t e r S p a c e T r e a t y , r e a d a l o n e , makes c e r t a i n 
l e g a l c o n c l u s i o n s c l e a r . F i r s t , weapons s y s t e m s o f any 
k i n d i n c l u d i n g c o n v e n t i o n a l weapon s y s t e m s c a n n o t be 
l a w f u l l y e m p l o y e d on t h e moon o r o t h e r c e l e s t i a l 
b o d i e s . S e c o n d , t h e p r e c i s e l a n g u a g e o f A r t i c l e IV i s 
s u c h t h a t ASATs " w o u l d n o t be p r e v e n t e d f r o m b e i n g p l a c e d 
i n o u t e r s p a c e , p e r s_e",^-^ s i n c e t h e r e i s no s p e c i f i c 
s t i p u l a t i o n i n A r t i c l e I V t h a t s p a c e s h a l l be u s e d 
" e x c l u s i v e l y f o r p e a c e f u l p u r p o s e s " and ASATs a r e n o t 
p r i m a f a c i e weapons o f mass d e s t r u c t i o n . M o r e o v e r , t h e 
n e g o t i a t i o n s b e t w e e n t h e s p a c e powers on t h i s m a t t e r ^ l 
s u g g e s t t h a t t h e y do n o t r e g a r d t h e t e r m s o f t h e O u t e r 
Space T r e a t y , as p r o h i b i t i n g t h e e m p l a c e m e n t o f 
a n t i - s a t e l l i t e d e v i c e s i n o u t e r s p a c e . T h i s a t t i t u d e i s 
f u r t h e r r e i n f o r c e d b y r e c e n t S o v i e t p r o p o s a l s t o b a n a l l 
weapons i n s p a c e . T h u s , i t w o u l d a p p e a r t h a t t h e t e r m 
"weapon o f mass d e s t r u c t i o n " d o es n o t c o v e r t h e 
emplacement i n o u t e r s p a c e o f n o n - n u c l e a r ASAT weapons. 
The same a n a l y s i s i s l i k e l y t o a p p l y t o l a s e r and 
p a r t i c l e - b e a m weapon s y s t e m s w i t h one r e s e r v a t i o n : t h e 
i n c i p i e n t n a t u r e o f s u c h s y s t e m s makes i t d i f f i c u l t t o 
c o n c l u d e w h e t h e r s u c h weapon s y s t e m s would be f o r t h e 
p u r p o s e o f mass d e s t r u c t i o n . T h i s w o u l d p r o b a b l y depend 
on t h e t y p e o f s y s t e m and i t s d e s i g n o b j e c t i v e s . 
F r a c t i o n a l o r b i t a l bombardment m i s s i l e s ( F O B S ) , a l t h o u g h 
c l e a r l y weapons o f mass d e s t r u c t i o n , may a l s o n o t be 
p r o h i b i t e d b y t h e O u t e r Space T r e a t y b e c a u s e t h e y a r e i n 
" o u t e r s p a c e " ( a s y e t u n d e f i n e d i n i n t e r n a t i o n a l l a w ) f o r 
l e s s t h a n one f u l l o r b i t a r o u n d t h e e a r t h . SALT I I , 
h o w e v e r , d o e s i n c l u d e a p r o v i s i o n p r o h i b i t i n g new FOBS 
s y s t e m s . 

I t i s w o r t h m e n t i o n i n g t h a t t h e O u t e r S p a c e 
T r e a t y i s n o t , i n f a c t , an arms c o n t r o l t r e a t y b u t was i n 
l a r g e m e a sure n e g o t i a t e d i n COPUOS. COPUOS d o e s n o t h a v e 
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a mandate s p e c i f i c a l l y t o n e g o t i a t e m a t t e r s c o n c e r n i n g 
arms c o n t r o l . T h a t i s t h e s p e c i f i c r e s p o n s i b i l i t y o f t h e 
CD. I t i s r e c o g n i z e d , h o w e v e r , t h a t t h e arms c o n t r o l and 
p e a c e f u l use a s p e c t s o f t h e o u t e r s p a c e i s s u e a r e c l o s e l y 
r e l a t e d . 

(v) The T r e a t y o f T l a t e l o l c o (1967) 

The p a r t i e s t o t h e T r e a t y f o r t h e P r o h i b i t i o n o f 
N u c l e a r Weapons i n L a t i n A m e r i c a ^ ^ a g r e e t o u s e n u c l e a r 
m a t e r i a l s u n d e r t h e i r j u r i s d i c t i o n e x c l u s i v e l y f o r 
p e a c e f u l p u r p o s e s and t o p r e v e n t on t h e i r t e r r i t o r i e s t h e 
t e s t i n g , u s e , m a n u f a c t u r e , p r o d u c t i o n , a c q u i s i t i o n , 
r e c e i p t , s t o r a g e , i n s t a l l a t i o n , d e p l o y m e n t o r a n y form o f 
p o s s e s s i o n o f n u c l e a r weapons. They a l s o a g r e e t o r e f r a i n 
f r om e n g a g i n g i n o r p a r t i c i p a t i n g i n t h e t e s t i n g , u s e , 
m a n u f a c t u r e , p r o d u c t i o n , p o s s e s s i o n o r c o n t r o l o f n u c l e a r 
weapons ( A r t i c l e I ) . I n e s s e n c e , t h e T r e a t y e s t a b l i s h e s a 
n u c l e a r weapons f r e e zone i n L a t i n A m e r i c a . 

The s a f e g u a r d s s y s t e m o f t h e I n t e r n a t i o n a l A t o m i c 
E n e r g y A g e n c y a p p l i e s t o p e a c e f u l n u c l e a r a c t i v i t i e s o f 
p a r t i e s as a c o n t r o l mechanism and f o r v e r i f i c a t i o n 
p u r p o s e s ( A r t i c l e X I I ) . I n a d d i t i o n , t h e C o n v e n t i o n 
e s t a b l i s h e s t h e A g e n c y f o r t h e P r o h i b i t i o n o f N u c l e a r 
Weapons i n L a t i n A m e r i c a t o e n s u r e , among o t h e r t h i n g s , 
c o m p l i a n c e w i t h T r e a t y p r o v i s i o n s ( A r t i c l e V I I ) . The 
T r e a t y i s n o t e w o r t h y as r e p r e s e n t i n g t h e f i r s t a g r e e m e n t 
on arms l i m i t a t i o n t o c r e a t e an e f f e c t i v e r e g i o n a l s y s t e m 
o f c o n t r o l u n d e r a p e r m a n e n t s u p e r v i s o r y o r g a n . 
S p e c i f i c a l l y , t h e A g e n c y and t h e IAEA h a v e t h e a u t h o r i t y 
t o v e r i f y t h a t d e v i c e s and f a c i l i t i e s i n t e n d e d f o r 
p e a c e f u l u s e s o f n u c l e a r e n e r g y a r e n o t u s e d t o t e s t o r 
m a n u f a c t u r e n u c l e a r weapons and t h a t e x p l o s i o n s f o r 
p e a c e f u l p u r p o s e s a r e c o m p a t i b l e w i t h t h e T r e a t y . Methods 
o f v e r i f i c a t i o n i n c l u d e i n s p e c t i o n s ( A r t i c l e X V I ) . 
M e a s u r e s a r e p r e s c r i b e d i n t h e e v e n t o f v i o l a t i o n 
i n c l u d i n g r e f e r r a l o f t h e m a t t e r t o t h e OAS and UN 
( A r t i c l e X X ) . The A g e n c y i s a l s o empowered t o enter i n t o 
r e l a t i o n s w i t h a n y i n t e r n a t i o n a l o r g a n i z a t i o n o r body, 
i n c l u d i n g a n y f u t u r e b ody e s t a b l i s h e d t o s u p e r v i s e 
d i s a r m a m e n t o r m e a s u r e s f o r t h e c o n t r o l o f armaments i n 
any p a r t o f t h e w o r l d ( A r t i c l e X I X ) . 

The T r e a t y m i g h t be s e e n t o s e r v e as an i n i t i a l 
model o f r e g i o n a l c o o p e r a t i o n f o r t h e c o n t r o l o f arms. 
The v e r i f i c a t i o n p r o v i s i o n s a l s o p r o v i d e a p r e c e d e n t f o r 
i n t e r n a t i o n a l c o n t r o l o r g a n i z a t i o n s . 
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( v i ) R e s c u e and R e t u r n A greement ( 1 9 6 8 ) 

The A g r e e m e n t on t h e R e s c u e o f A s t r o n a u t s , t h e 
R e t u r n o f A s t r o n a u t s , and t h e R e t u r n o f O b j e c t s L a u n c h e d 
i n t o O u t e r S p a c e ^ ^ as i t s t i t l e s u g g e s t s p r o v i d e s f o r 
t h e t e n d e r i n g o f a s s i s t a n c e and t h e r e s c u e o f a s t r o n a u t s 
i n d i s t r e s s w h e t h e r on s o v e r e i g n t e r r i t o r y o r f r o m a r e a s 
o u t s i d e o f s t a t e j u r i s d i c t i o n . 

( v i i ) The N o n - P r o l i f e r a t i o n T r e a t y (1968)^'^ 

T h i s T r e a t y was n e g o t i a t e d and d r a f t e d b y t h e 
ENDC p u r s u a n t t o t h e 1965 G e n e r a l A s s e m b l y R e s o l u t i o n 2028 
(XX) r e q u e s t i n g t h e ENDC t o g i v e u r g e n t c o n s i d e r a t i o n t o 
t h e p r o b l e m o f n u c l e a r weapons p r o l i f e r a t i o n . 

A r t i c l e I o f t h e N o n - P r o l i f e r a t i o n T r e a t y 
p r o h i b i t s t h e t r a n s f e r , f r o m a n u c l e a r - w e a p o n s t a t e " t o 
any r e c i p i e n t w h a t s o e v e r n u c l e a r weapons o r o t h e r n u c l e a r 
e x p l o s i v e d e v i c e s o r c o n t r o l o v e r s u c h weapons o r 
e x p l o s i v e d e v i c e s d i r e c t l y , o r i n d i r e c t l y . " I t a l s o 
r e q u i r e s n u c l e a r weapon s t a t e s " n o t i n a n y way t o a s s i s t , 
e n c o u r a g e , o r i n d u c e a n y n o n - n u c l e a r - w e a p o n S t a t e t o 
m a n u f a c t u r e o r o t h e r w i s e a c q u i r e n u c l e a r weapons o r o t h e r 
n u c l e a r e x p l o s i v e d e v i c e s , o r c o n t r o l o v e r s u c h weapons o r 
e x p l o s i v e d e v i c e s " . 

T h i s i s t h e a c t i v e p r o h i b i t i o n . The c o r o l l a r y i s 
f o u n d i n A r t i c l e I I w h i c h p r o h i b i t s t h e c o r r e s p o n d i n g 
a c t i v i t i e s on t h e p a r t o f t h e n o n - n u c l e a r r e c e i v i n g s t a t e . 

A r t i c l e I I I p r o v i d e s f o r v e r i f i c a t i o n u s i n g 
s a f e g u a r d s e s t a b l i s h e d b y t h e I n t e r n a t i o n a l A t o m i c E n e r g y 
A g e n c y . The IAEA i n s p e c t o r s h a v e t h e a u t h o r i t y t o c o n d u c t 
r e g u l a r o n - s i t e i n s p e c t i o n s o f n u c l e a r f a c i l i t i e s c o m i n q 
u n d e r t h e NPT r e g i m e . The NPT, t h e r e f o r e , c a n be s a i d t o 
s e r v e as a p r e c e d e n t f o r t h e e s t a b l i s h m e n t o f an 
i n t e r n a t i o n a l b o d y empowered t o m o n i t o r c o m p l i a n c e w i t h a 
m u l t i l a t e r a l c o n v e n t i o n d e a l i n g w i t h a s p e c i f i c t y p e o f 
weapon. 

( v i i i ) The S e a b e d T r e a t y ( 1 9 7 1 ) 2 8 

T h i s T r e a t y p r o h i b i t s e m p l a c i n g on t h e s e a b e d and 
t h e o c e a n f l o o r , and i n t h e s u b s o i l t h e r e o f b e y o n d t h e 
o u t e r l i m i t o f a c o a s t a l z o n e , a n y n u c l e a r weapons o r a n y 
o t h e r t y p e s o f weapons o f mass d e s t r u c t i o n as w e l l as 
s t r u c t u r e s , l a u n c h i n g i n s t a l l a t i o n s o r a n y o t h e r 
f a c i l i t i e s e s p e c i a l l y d e s i g n e d f o r s t o r i n g , t e s t i n g o r 
u s i n g s u c h weapons ( A r t i c l e I ) . 
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A r t i c l e I I I , p a r a g r a p h 1 o f t h e T r e a t y s t a t e s 
t h a t i n o r d e r t o e n s u r e c o m p l i a n c e , e a c h s t a t e p a r t y h a s 
t h e r i g h t t o v e r i f y , t h r o u g h o b s e r v a t i o n , t h e a c t i v i t i e s 
o f o t h e r p a r t i e s on t h e s e a b e d p r o v i d e d o n l y t h a t t h i s 
o b s e r v a t i o n does n o t i n t e r f e r e w i t h s u c h a c t i v i t i e s . Such 
o b s e r v a t i o n c a n be c o n d u c t e d b y t h e p a r t i e s t h r o u g h t h e 
use o f t h e i r own means, w i t h t h e a s s i s t a n c e o f o t h e r 
p a r t i e s o r t h r o u g h a p p r o p r i a t e i n t e r n a t i o n a l p r o c e d u r e s 
w i t h i n t h e f ramework o f t h e U n i t e d N a t i o n s and i n 
a c c o r d a n c e w i t h i t s C h a r t e r . S h o u l d a s t a t e b e 
d i s s a t i s f i e d w i t h i t s i n s p e c t i o n and r e a s o n a b l e d o u b t s 
r e m a i n c o n c e r n i n g t h e f u l f i l l m e n t o f o b l i g a t i o n s assumed 
un d e r t h e T r e a t y , t h e p a r t i e s s h a l l c o n s u l t w i t h a v i e w t o 
r e m o v i n g s u c h d o u b t s ( A r t i c l e I I I ( 2 ) ) . I f d o u b t s s t i l l 
p e r s i s t , t h e s t a t e q u e s t i o n i n g c o m p l i a n c e may n o t i f y t h e 
o t h e r p a r t i e s t o t h e T r e a t y w i t h a v i e w t o c o - o p e r a t i n g on 
f u r t h e r p r o c e d u r e s f o r v e r i f i c a t i o n i n c l u d i n g a p p r o p r i a t e 
i n s p e c t i o n o f i n s t a l l a t i o n s ( A r t i c l e I I I ( 3 ) ) . F i n a l l y , 
i f s a t i s f a c t i o n i s s t i l l l a c k i n g , t h e s t a t e may r e f e r t h e 
m a t t e r t o t h e UN S e c u r i t y C o u n c i l w h i c h i s empowered t o 
t a k e any a c t i o n i n a c c o r d a n c e w i t h t h e C h a r t e r ( A r t i c l e 
I I I ( 4 ) ) . The F i n a l D e c l a r a t i o n o f t h e S e c o n d R e v i e w 
C o n f e r e n c e o f t h e p a r t i e s t o t h e S e a bed T r e a t y s t a t e s t h a t 
p a r a g r a p h s ( 2 ) , (3) and (5) o f A r t i c l e I I I i n c l u d e t h e 
r i g h t o f p a r t i e s t o r e s o r t t o v a r i o u s i n t e r n a t i o n a l 
c o n s u l t a t i v e p r o c e d u r e s , s u c h as ad_ h o c c o n s u l t a t i v e 
g r o u p s o f e x p e r t s . 

L i k e t h e A n t a r c t i c T r e a t y , t h e T r e a t y o f 
T l a t e l o l c o and t h e O u t e r Space T r e a t y , t h e Seabed T r e a t y 
p r e v e n t s t h e i n t r o d u c t i o n o f n u c l e a r weapons t o a new 
r e g i o n o f t h e e a r t h ' s e n v i r o n m e n t . 

( i x ) A greement on M e a s u r e s to.-,Reduce t h e R i s k o f O u t b r e a k 

o f N u c l e a r War ( 1 9 7 1 ) 2 9 ^ A g r e e m e n t on M e a s u r e s t o 

Improve t h e D i r e c t C o m m u n i c a t i o n s L i n k (1971)-^'-' and 

Agreement on the Prevention of Nuclear War (1973) 

I n t h e P r e v e n t i o n o f N u c l e a r War A g r e e m e n t e a c h 
s i d e u n d e r t a k e s t o a c t i n a manner s o a s " t o p r e v e n t t h e 
d e v e l o p m e n t o f s i t u a t i o n s c a p a b l e o f c a u s i n g a d a n g e r o u s 
e x a c e r b a t i o n o f t h e i r r e l a t i o n s , as t o a v o i d m i l i t a r y 
c o n f r o n t a t i o n s and as t o e x c l u d e t h e o u t b r e a k o f n u c l e a r 
war b e t w e e n them and b e t w e e n e i t h e r o f [ t h e m ] and o t h e r 
c o u n t r i e s " ( A r t i c l e I ) . T h i s i s f u r t h e r e x t e n d e d b y 
A r t i c l e I I w h i c h r e q u i r e s t h e p a r t i e s t o r e f r a i n f r o m t h e 
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t h r e a t o r u s e o f f o r c e a g a i n s t t h e o t h e r o r i t s a l l i e s . 
I n a c r i s i s t h r e a t e n i n g n u c l e a r war t h e p a r t i e s a g r e e t o 
h o l d c o n s u l t a t i o n s . 

The A g r e e m e n t on M e a s u r e s t o Reduce t h e R i s k o f 
O u t b r e a k o f N u c l e a r War r e q u i r e s t h e p a r t i e s , i n t e r a l i a , 
t o n o t i f y e a c h o t h e r i m m e d i a t e l y o f s i g n s o f i n t e r f e r e n c e 
w i t h t h e i r e a r l y w a r n i n g s y s t e m s o r r e l a t e d c o m m u n i c a t i o n s 
f a c i l i t i e s i f s u c h o c c u r r e n c e s t h r e a t e n n u c l e a r war 
( A r t i c l e I I I ) . T h e r e i s , i n t h i s p r o v i s i o n , a r e c o g n i t i o n 
t h a t i n t e r f e r e n c e w i t h e a r l y w a r n i n g s y s t e m s ( i n c l u d i n g 
s a t e l l i t e s ) c o u l d r i s k t h e o u t b r e a k o f n u c l e a r w ar. S i n c e 
t h e p a r t i e s h a v e a g r e e d i n t h e P r e v e n t i o n o f N u c l e a r War 
Agreement n o t t o c r e a t e s i t u a t i o n s o r use f o r c e w h i c h 
w o u l d e n d a n g e r i n t e r n a t i o n a l p e a c e and s e c u r i t y o r c a u s e a 
d a n g e r o u s e x a c e r b a t i o n o f t h e i r r e l a t i o n s , t h e y h a v e an 
i m p l i e d u n d e r s t a n d i n g o f t h e need t o a v o i d i n t e r f e r i n g 
w i t h e a r l y w a r n i n g s a t e l l i t e s . 

The 1971 A g r e e m e n t on M e a s u r e s t o Improve t h e 
D i r e c t C o m m u n i c a t i o n L i n k r e q u i r e s t h e e s t a b l i s h m e n t o f 
two a d d i t i o n a l c o m m u n i c a t i o n s c i r c u i t s b e t w e e n t h e 
s u p e r p o w e r s , u s i n g s a t e l l i t e c o m m u n i c a t i o n s s y s t e m s 
( A r t i c l e I ) . F u r t h e r m o r e , " e a c h P a r t y c o n f i r m s i t s 
i n t e n t i o n t o t a k e a l l p o s s i b l e m e a s u r e s t o e n s u r e t h e 
c o n t i n u o u s and r e l i a b l e o p e r a t i o n o f t h e c o m m u n i c a t i o n 
c i r c u i t s ..." ( A r t i c l e I I ) . T h e s e p r o v i s i o n s t h e r e f o r e , 
t o p r o h i b i t i n t e r f e r e n c e w i t h c o m m u n i c a t i o n s s a t e l l i t e s 
i n v o l v e d i n t h e D i r e c t C o m m u n i c a t i o n L i n k . 

(X) C o n v e n t i o n on I n t e r n a t i o n a l L i a b i l i t y f o r Damage 
Cau s e d by Space O b j e c t s ( 1 9 7 2 ) 3 2 

T h i s C o n v e n t i o n i s p r i m a r i l y i n t e n d e d t o e n s u r e 
p r o mpt and e q u i t a b l e c o m p e n s a t i o n f o r v i c t i m s o f damage 
c a u s e d b y s p a c e o b j e c t s . I t e s t a b l i s h e s a s e t o f r u l e s 
f o r determining t h e source and measure o f l i a b i l i t y for 
damage o c c u r r i n g on e a r t h , i n o u t e r s p a c e and i n 
a i r s p a c e . S p e c i f i c p r o c e d u r e s a r e e n v i s a g e d f o r t h i r d 
p a r t y a r b i t r a t i o n i n c a s e s o f d i s a g r e e m e n t on 
r e s p o n s i b i l i t y o r payment o f damages. 

D i f f e r e n t d e g r e e s o f l i a b i l i t y a p p l y d e p e n d i n g on 
t h e l o c a t i o n o f t h e damage r e s u l t i n g f r o m s p a c e 
a c t i v i t i e s . I f t h e damage o c c u r s on t h e e a r t h ' s s u r f a c e 
o r t o a i r c r a f t i n f l i g h t t h e n t h e l a u n c h i n g s t a t e i s 
a b s o l u t e l y l i a b l e ( A r t i c l e I I ) . I f , h o w e v e r , t h e damage 
i s t o a n o t h e r s p a c e o b j e c t , t h e n l i a b i l i t y o n l y a t t a c h e s 
i f t h e damage i s due t o t h e l a u n c h i n g s t a t e ' s f a u l t 
( A r t i c l e I I I ) . 
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W h i l e t h e C o n v e n t i o n i s n o t d i r e c t l y r e l e v a n t t o 
arms c o n t r o l and o u t e r s p a c e , i t does r e i n f o r c e t h e v i e w 
t h a t s t a t e s a r e l e g a l l y r e s p o n s i b l e f o r t h e i r a c t i v i t i e s , 
p r e s u m a b l y i n c l u d i n g m i l i t a r y a c t i v i t i e s , i n o u t e r s p a c e . 
M o r e o v e r , s h o u l d t h e m i l i t a r y a c t i v i t i e s o f a sta . t e i n 
o u t e r s p a c e c a u s e damage t o t h i r d p a r t i e s , p r e s u m a b l y 
c i v i l l i a b i l i t y f o r t h o s e damages m i g h t f o l l o w . 

( x i ) B i o l o g i c a l Weapons C o n v e n t i o n ( 1 9 7 2 ) 3 3 

One o f t h e few t r u l y d i s a r m a m e n t a g r e e m e n t s , t h i s 
C o n v e n t i o n p r o h i b i t s t h e d e v e l o p m e n t , p r o d u c t i o n , 
s t o c k p i l i n g and a c q u i s i t i o n o f b i o l o g i c a l w a r f a r e a g e n t s 
and weapons i n c l u d i n g t o x i n s . I t a l s o r e q u i r e s t h e 
d e s t r u c t i o n o r d i v e r s i o n t o p e a c e f u l u s e s o f e x i s t i n g 
s t o c k s . 

O n l y l i m i t e d p r o v i s i o n s a r e i n c o r p o r a t e d w i t h 
r e g a r d t o h a n d l i n g c o m p l i a n c e p r o b l e m s . The p a r t i e s a g r e e 
t o c o n s u l t and c o o p e r a t e w i t h e a c h o t h e r t o r e s o l v e 
d i s p u t e s a b o u t i m p l e m e n t a t i o n ( A r t i c l e V ) . T h i s may t a k e 
p l a c e t h r o u g h a p p r o p r i a t e i n t e r n a t i o n a l p r o c e d u r e s w i t h i n 
t h e f r a m e w o r k o f t h e U n i t e d N a t i o n s , C o m p l a i n t s r e g a r d i n g 
v i o l a t i o n s o f t h e t r e a t y c a n be l o d g e d w i t h t h e UN 
S e c u r i t y C o u n c i l ( A r t i c l e V I ) and p a r t i e s a g r e e t o 
c o o p e r a t e w i t h a n y S e c u r i t y C o u n c i l i n v e s t i g a t i o n . R e c e n t 
d i f f i c u l t i e s i n r e s o l v i n g a l l e g a t i o n s o f t h e u s e o f 
c h e m i c a l a n d / o r t o x i n a g e n t s i n S o u t h - E a s t A s i a and 
e l s e w h e r e i l l u s t r a t e t h e c o n s e q u e n c e s o f t h e l a c k o f 
a d e q u a t e a g r e e d i n t e r n a t i o n a l v e r i f i c a t i o n o f c o m p l i a n c e 
p r o c e d u r e s i n s u c h a t r e a t y . 

( x i i ) A n t i - B a l l i s t i c M i s s i l e T r e a t y ( 1 9 7 2 ) 3 4 

T h i s T r e a t y b e t w e e n t h e USA and USSR p r o h i b i t s 
t h e d e p l o y m e n t o f a n t i - b a l l i s t i c m i s s i l e (ABM) d e f e n c e s 
e x c e p t f o r l i m i t e d s y s t e m s t o p r o t e c t e a c h n a t i o n a l 
c a p i t a l and one o t h e r a r e a ( A r t i c l e I and I I I ) , The 1974 
P r o t o c o l t o t h e T r e a t y r e s t r i c t s e a c h s i d e t o one s i t e 
o n l y . M o r e o v e r , w h i l e t h e T r e a t y p e r m i t s t h e d e v e l o p m e n t 
and t e s t i n g o f f i x e d l a n d - b a s e d ABM s y s t e m s a t s e l e c t e d 
t e s t s i t e s , t h e p a r t i e s u n d e r t a k e " n o t t o d e v e l o p , t e s t o r 
d e p l o y ABM s y s t e m s o r co m p o n e n t s w h i c h a r e s e a - b a s e d , 
a i r - b a s e d , s p a c e - b a s e d , o r m o b i l e l a n d - b a s e d " ( A r t i c l e V 
( 1 ) , e m p h a s i s a d d e d ) . I t c a n b e n o t e d t h a t r e s e a r c h i s 
n o t e x p r e s s l y p r o h i b i t e d b y t h e T r e a t y . 
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V e r i f i c a t i o n o f c o m p l i a n c e w i t h t h e ABM T r e a t y i s 
t o be p r o v i d e d b y t h e u s e o f " n a t i o n a l t e c h n i c a l means... 
i n a manner c o n s i s t e n t w i t h g e n e r a l l y r e c o g n i z e d 
p r i n c i p l e s o f i n t e r n a t i o n a l l a w " ( A r t i c l e X I I ( 1 ) ) . E a c h 
p a r t y a l s o a g r e e s n o t t o i n t e r f e r e w i t h t h e n a t i o n a l 
t e c h n i c a l means o f t h e o t h e r when u s e d i n a c c o r d a n c e w i t h 
A r t i c l e X I I ( 1 ) . F u r t h e r m o r e , t h e use o f d e l i b e r a t e 
c o n c e a l m e n t m e a s u r e s t o impede v e r i f i c a t i o n b y n a t i o n a l 
t e c h n i c a l means i s p r o h i b i t e d ( A r t i c l e X I I (2) and ( 3 ) ) . 
T h i s p r o v i s i o n a g a i n s t n o n - i n t e r f e r e n c e w i t h n a t i o n a l 
t e c h n i c a l means h a s d i r e c t r e l e v a n c e t o t h e l a w o f o u t e r 
s p a c e b e c a u s e one o f t h e p r i m a r y c o m p o n e n t s o f n a t i o n a l 
t e c h n i c a l means a r e r e c o n n a i s s a n c e s a t e l l i t e s . I n e s s e n c e 
t h i s p r o v i s i o n r e i n f o r c e s t h e l e g i t i m a c y o f s u c h s a t e l l i t e 
a c t i v i t i e s . 

A S t a n d i n g C o n s u l t a t i v e C o m m i s s i o n i s c r e a t e d t o 
d e a l w i t h c o m p l i a n c e i s s u e s and o t h e r q u e s t i o n s r e l a t i n g 
t o t h e i m p l e m e n t a t i o n o f t h e T r e a t y ( A r t i c l e X I I I ) . 

( x i i i ) SALT I ( 1 9 7 2 ) 3 5 ^ ^ d SALT I I ( 1 9 7 9 ) ^ ^ 

T h e s e a g r e e m e n t s l i m i t t h e number o f s t r a t e g i c 
d e l i v e r y v e h i c l e s t h a t t h e s u p e r p o w e r s may d e p l o y . O n l y 
one p r o v i s i o n o f t h e s e a g r e e m e n t s d i r e c t l y r e l a t e s t o 
o u t e r s p a c e . A r t i c l e I X ( 1 ) ( C ) o f SALT I I p r o h i b i t s t h e 
d e v e l o p m e n t , t e s t i n g o r d e p l o y m e n t o f : " s y s t e m s f o r 
p l a c i n g i n t o E a r t h o r b i t n u c l e a r weapons o r any o t h e r k i n d 
o f weapons o f mass d e s t r u c t i o n , i n c l u d i n g f r a c t i o n a l 
o r b i t a l m i s s i l e s " . A common u n d e r s t a n d i n g t o t h i s 
p r o v i s i o n s t a t e s t h a t i t does n o t r e q u i r e t h e d i s m a n t l i n g 
o f any e x i s t i n g l a u n c h e r s . T h i s p r o v i s i o n , h o w e v e r , w o u l d 
seem t o r e a f f i r m and e x t e n d s f o r t h e s e two s t a t e s t h e 
a p p l i c a b i l i t y o f t h e reètrictions r e g a r d i n g n u c l e a r 
weapons i n c o r p o r a t e d i n t o A r t i c l e I V o f t h e O u t e r Space 
T r e a t y . 

The o t h e r f e a t u r e s o f t h e s e a g r e e m e n t s t h a t a r e 
o f most i n t e r e s t h e r e , a r e t h o s e r e l a t i n g t o 
v e r i f i c a t i o n . SALT I i n c o r p o r a t e s t h e same p r o v i s i o n 
( A r t i c l e V) r e g a r d i n g u se o f n a t i o n a l t e c h n i c a l means as 
t h a t f o u n d i n t h e ABM T r e a t y ( A r t i c l e X I I ) . C o m p l i a n c e 
q u e s t i o n s a r e r e f e r r e d t o t h e same S t a n d i n g C o n s u l t a t i v e 
C o m m i s s i o n ( A r t i c l e V I ) . 
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SALT I I a l s o r e l i e s f o r v e r i f i c a t i o n on n a t i o n a l 
t e c h n i c a l means t o be u s e d i n a c c o r d a n c e w i t h g e n e r a l l y 
r e c o g n i z e d p r i n c i p l e s o f i n t e r n a t i o n a l l a w ( A r t i c l e XV 
( 1 ) ) . As i n SALT I and t h e ABM T r e a t y e a c h p a r t y 
u n d e r t a k e s n o t t o i n t e r f e r e w i t h t h e o t h e r ' s n a t i o n a l 
t e c h n i c a l means ( A r t i c l e XV ( 2 ) ) and n o t t o use d e l i b e r a t e 
c o n c e a l m e n t m e a sures t o impede v e r i f i c a t i o n b y n a t i o n a l 
t e c h n i c a l means ( A r t i c l e XV ( 3 ) ) . More p r e c i s e 
d e f i n i t i o n s o f c o n c e a l m e n t a r e p r o v i d e d i n t h e fo r m o f 
A g r e e d S t a t e m e n t s and Common U n d e r s t a n d i n g s . The u s e o f 
d e s i g n r e q u i r e m e n t s s u c h as " f u n c t i o n a l l y r e l a t e d 
o b s e r v a b l e d i f f e r e n c e s " t o d i s t i n g u i s h b e t w e e n weapons 
s y s t e m s a l s o f a c i l i t a t e s v e r i f i c a t i o n . As was t h e c a s e 
f o r t h e ABM T r e a t y and SALT I , t h e s e p r o v i s i o n s r e l a t i n g 
t o v e r i f i c a t i o n u n d e r s c o r e s t h e l e g i t i m a c y o f t h e use o f 
m i l i t a r y r e c o n n a i s s a n c e s a t e l l i t e s w h i c h a r e a m a j o r 
e l e m e n t o f n a t i o n a l t e c h n i c a l means o f arms c o n t r o l and 
d i s a r m a m e n t v e r i f i c a t i o n . 

I t i s w o r t h n o t i n g t h a t r e c e n t e v e n t s h a v e 
u n d e r l i n e d t h e l i m i t a t i o n s o f n a t i o n a l t e c h n i c a l means 
when u s e d a l o n e f o r v e r i f i c a t i o n o f s t r a t e g i c arms l i m i t s 
and h a v e e m p h a s i z e d t h e nee d f o r a d d i t i o n a l e f f e c t i v e 
methods o f h a n d l i n g c o m p l i a n c e q u e s t i o n s . 

SALT I e x p i r e d i n 1977 t h o u g h b o t h s i d e s a g r e e d 
t o a b i d e b y i t s t e r m s a f t e r t h a t t i m e . SALT I I e x p i r e s 31 
December 1985. Though n e v e r r a t i f i e d , b o t h p a r t i e s a g r e e d 
t o a b i d e b y t h e t e r m s o f SALT I I on a r e c i p r o c a l b a s i s . 

( x i v ) The Threshold Test Ban Treaty (1974)^'^ and the 
Peaceful Nuclear Explosions Treaty (197^)55 

T h e s e two t r e a t i e s a r e b i l a t e r a l ones b e t w e e n t h e 
USA and t h e USSR. The T h r e s h o l d T e s t Ban T r e a t y p r o h i b i t s 
u n d e r g r o u n d n u c l e a r weapons t e s t s e x c e e d i n g 150 k t 
( A r t i c l e I ) and l i m i t s t e s t s t o d e s i g n a t e d t e s t s i t e s 
( P a r a . 1 o f P r o t o c o l ) . 

V e r i f i c a t i o n , as u n d e r t h e ABM T r e a t y and SALT 
T r e a t i e s , i s t o be c o n d u c t e d b y e a c h s i d e ' s n a t i o n a l 
t e c h n i c a l means u s e d i n a way c o n s i s t e n t w i t h 
i n t e r n a t i o n a l l a w ( A r t i c l e I I ) . E a c h p a r t y a g a i n a g r e e s 
n o t t o i n t e r f e r e w i t h t h e n a t i o n a l t e c h n i c a l means o f t h e 
o t h e r . T hese n a t i o n a l t e c h n i c a l means i n c l u d e s a t e l l i t e s 
as w e l l as g r o u n d - b a s e d s e i s m o g r a p h i c i n s t r u m e n t s . 
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I n a d d i t i o n , t h e p a r t i e s a g r e e t o c o n s u l t a b o u t 
i m p l e m e n t a t i o n . N o t e w o r t h y a l s o i s t h e e x c h a n g e o f d a t a 
p r o v i s i o n s i n t h e P r o t o c o l r e l a t i n g t o t e s t s i t e 
c o o r d i n a t e s , g e o l o g y , and t e s t d e t a i l s . T h i s T r e a t y was 
n o t r a t i f i e d and no d a t a e x c h a n g e o c c u r r e d . The p a r t i e s 
d i d however s t a t e t h a t t h e y w o u l d a b i d e b y t h e 150 k t 
l i m i t , on a r e c i p r o c a l b a s i s . 

The P e a c e f u l N u c l e a r E x p l o s i o n s T r e a t y i s 
i n t e n d e d t o complement t h e T h r e s h o l d T e s t Ban T r e a t y b y 
e s t a b l i s h i n g a r e g i m e t o g o v e r n u n d e r g r o u n d n u c l e a r 
e x p l o s i o n s f o r p e a c e f u l p u r p o s e s w h i c h b y d e f i n i t i o n a r e 
t h o s e c o n d u c t e d o u t s i d e t e s t s i t e s s p e c i f i e d u n d e r t h e 
l a t t e r t r e a t y . I t l i m i t s a n y s i n g l e p e a c e f u l n u c l e a r 
e x p l o s i o n t o 150 k t on a r e c i p r o c a l b a s i s . Any g r o u p o f 
p e a c e f u l n u c l e a r e x p l o s i o n s i s l i m i t e d t o 1500 k t . I n t h e 
c a s e o f a g r o u p e x p l o s i o n , o b s e r v e r s a r e t o be i n v i t e d 
o n - s i t e and t h e y c a n b r i n g t h e i r own m o n i t o r i n g 
e q u i p m e n t . S p e c i a l d e t a i l e d p r o c e d u r e s f o r t h e s h i p m e n t 
o f t h i s e q u i p m e n t a r e o u t l i n e d . O t h e r p r o v i s i o n s f o r 
i n s p e c t i o n s a r e g i v e n r e g a r d i n g g r o u p e x p l o s i o n s and 
i n d i v i d u a l e x p l o s i o n s o f d i f f e r e n t s i z e s . F o r e x p l o s i o n s 
b e l o w 150 k t , n a t i o n a l t e c h n i c a l means o f v e r i f i c a t i o n a r e 
r e l i e d upon, t o g e t h e r w i t h d e t a i l e d d a t a on t h e e x p l o s i o n 
p r o v i d e d b y t h e p a r t y c o n d u c t i n g i t . The amount o f 
i n f o r m a t i o n t o be p r o v i d e d v a r i e s w i t h t h e y i e l d o f t h e 
b l a s t . A j o i n t C o n s u l t a t i v e C o m m i s s i o n i s t o be 
e s t a b l i s h e d t o f a c i l i t a t e e x c h a n g e o f i n f o r m a t i o n and 
v e r i f i c a t i o n . D e t a i l e d p r o c e d u r e s f o r t h e c o n d u c t o f 
i n s p e c t i o n s a r e s p e l l e d o u t i n a P r o t o c o l . 

As w i t h t h e T h r e s h o l d T e s t Ban T r e a t y , t h e 
P e a c e f u l N u c l e a r E x p l o s i o n s T r e a t y h a s n o t b een r a t i f i e d . 
The T r e a t y i s s i g n i f i c a n t b e c a u s e i t i n v o l v e s o n - s i t e 
i n s p e c t i o n s t h a t w o u l d t a k e p l a c e a t m i l i t a r y - r e l a t e d 
s i t e s on t h e t e r r i t o r y o f e a c h s u p e r p o w e r . M o r e o v e r , t h e 
two T r e a t i e s b e c a u s e t h e y r e f e r t o n o n - i n t e r f e r e n c e w i t h 
n a t i o n a l t e c h n i c a l means, a g a i n r e i n f o r c e t h e l e g i t i m a c y 
o f m i l i t a r y r e c o n n a i s s a n c e s a t e l l i t e s a s v e r i f i c a t i o n 
s y s t e m s i n t h e arms c o n t r o l and d i s a r m a m e n t p r o c e s s . 

(xv) The R e g i s t r a t i o n C o n v e n t i o n ( 1 9 7 5 ) 

The C o n v e n t i o n on R e g i s t r a t i o n o f O b j e c t s 
L a u n c h e d i n t o O u t e r Space-^^ e n t e r e d i n t o f o r c e on 13 
September 1976. The T r e a t y e s t a b l i s h e s a m a n d a t o r y and 
u n i f o r m r e g i s t r a t i o n s y s t e m f o r o b j e c t s l a u n c h e d i n t o 
o u t e r s p a c e . I t p r o v i d e s f o r a g e n e r a l r e g i s t r y w h i c h i s 
k e p t b y t h e U n i t e d N a t i o n s S e c r e t a r y G e n e r a l and w h i c h i s 
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p u b l i c l y a c c e s s i b l e . The C o n v e n t i o n a l s o p r o v i d e s a 
u n i f o r m f o r m a t f o r i n f o r m a t i o n f u r n i s h e d b y l a u n c h i n g 
s t a t e s . 

The T r e a t y i s b a s e d on t h e v o l u n t a r y s y s t e m 
e s t a b l i s h e d b y G e n e r a l A s s e m b l y R e s o l u t i o n 1721 o f 
1 9 6 1 . U n d e r t h e v o l u n t a r y s y s t e m t h e r e was, h o w e v e r , 
no d e l i n e a t i o n o f what d e t a i l s s h o u l d be p r o v i d e d . 
C o n s e q u e n t l y , t h e i n f o r m a t i o n f u r n i s h e d b y c o u n t r i e s was 
n o t u n i f o r m and was n o t r e p o r t e d p r o m p t l y and on a r e g u l a r 
b a s i s . 

The R e g i s t r a t i o n C o n v e n t i o n i s a r e f l e c t i o n o f 
t h e g e n e r a l p r i n c i p l e s e s t a b l i s h e d b y t h e O u t e r Space 
T r e a t y and e l a b o r a t e d t h r o u g h t h e R e s c u e Agreement and 
L i a b i l i t y C o n v e n t i o n . W h i l e t h e o t h e r t r e a t i e s do n o t 
r e f e r t o a c e n t r a l r e g i s t r y s y s t e m , t h e O u t e r Space T r e a t y 
does c o n t e m p l a t e n a t i o n a l r e g i s t r i e s . ^ 1 

T h r e e r e a s o n s h a v e b e e n p o s i t e d f o r t h e 
e s t a b l i s h m e n t o f a c e n t r a l r e g i s t r y : e f f e c t i v e management 
o f t r a f f i c , e n f o r c e m e n t o f s a f e t y s t a n d a r d s , and 
i m p u t a t i o n o f l i a b i l i t y f o r damage.'^^ W h i l e t h e c e n t r a l 
r e g i s t r y i s t h e most s i g n i f i c a n t f e a t u r e o f t h e T r e a t y , i t 
f u l f i l l s s e v e r a l o t h e r i m p o r t a n t o b j e c t i v e s . L a u n c h i n g 
c o u n t r i e s must m a i n t a i n a n a t i o n a l r e g i s t r y ( A r t i c l e I I ) . 
A r t i c l e IV o f t h e R e g i s t r a t i o n C o n v e n t i o n r e q u i r e s 
m a n d a t o r y r e p o r t i n g t o t h e S e c r e t a r y - G e n e r a l o f t h e U n i t e d 
N a t i o n s o f i n f o r m a t i o n on a number o f d a t a , s u c h as t h e 
d a t e and l o c a t i o n o f t h e l a u n c h , c h a n g e s i n o r b i t a l 
p a r a m e t e r s a f t e r t h e l a u n c h , and t h e r e c o v e r y d a t e o f t h e 
s p a c e c r a f t - S t a t e s a r e n o t o b l i g e d t o d i s c l o s e t h e 
s p e c i f i c f u n c t i o n o f t h e s a t e l l i t e , b u t o n l y t h e " g e n e r a l 
f u n c t i o n o f t h e s p a c e o b j e c t s " ( A r t i c l e 1 ( e ) ) . 
F u r t h e r m o r e , t h e R e g i s t r a t i o n C o n v e n t i o n does n o t r e q u i r e 
a l a u n c h i n g s t a t e t o p r o v i d e a p p r o p r i a t e i d e n t i f i c a t i o n 
m a r k i n g s f o r i t s s p a c e c r a f t and i t s component p a r t s . ^ 3 

I t i s w o r t h y o f n o t e t h a t , n o t w i t h s t a n d i n g t h e 
f a c t t h a t o v e r h a l f o f t h e s a t e l l i t e s l a u n c h e d s e r v e 
m i l i t a r y purposes,'''''* n o t one o f t h e l a u n c h i n g s 
r e g i s t e r e d has e v e r b e e n d e s c r i b e d as h a v i n g a m i l i t a r y 
f u n c t i o n . 

( x v i ) E n v i r o n m e n t a l M o d i f i c a t i o n C o n v e n t i o n (1977) 

The E n v i r o n m e n t a l M o d i f i c a t i o n C o n v e n t i o n ^ ^ 
i t s t i t l e s u g g e s t s a i m s a t p r o h i b i t i n g t h e h o s t i l e use o f 
p o t e n t i a l l y d i s a s t r o u s e n v i r o n m e n t a l m o d i f i c a t i o n 
t e c h n i q u e s . T h i s C o n v e n t i o n i s r e l e v a n t t o o u t e r s p a c e 
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b e c a u s e o f t h e p o t e n t i a l o f s p a c e s c i e n c e and t e c h n o l o g y 
f o r use i n e n v i r o n m e n t a l m o d i f i c a t i o n e i t h e r f o r p e a c e f u l 
o r h o s t i l e u s e s . The d u a l - p u r p o s e n a t u r e o f t h e s e 
t e c h n o l o g i e s i s e x p l i c i t l y r e f e r r e d t o i n t h e P r e a m b l e o f 
t h e C o n v e n t i o n w h i c h r e c o g n i z e s t h a t t h e u s e o f s u c h 
t e c h n i q u e s f o r p e a c e f u l p u r p o s e s c o u l d " c o n t r i b u t e t o t h e 
p r e s e r v a t i o n and i m p r o v e m e n t o f t h e e n v i r o n m e n t f o r t h e 
b e n e f i t o f p r e s e n t a n d f u t u r e g e n e r a t i o n s " , w h i l e t h e i r 
m i l i t a r y o r any o t h e r h o s t i l e a p p l i c a t i o n " c o u l d h a v e 
e f f e c t s e x t r e m e l y h a r m f u l t o human w e l f a r e " . 

The k e y p r o v i s i o n o f t h e C o n v e n t i o n i s c o n t a i n e d 
i n A r t i c l e I (1) w h i c h p r o h i b i t s " m i l i t a r y o r any o t h e r 
h o s t i l e u s e o f e n v i r o n m e n t a l m o d i f i c a t i o n t e c h n i q u e s 
h a v i n g w i d e s p r e a d , l o n g - l a s t i n g o r s e v e r e e f f e c t s a s t h e 
means o f d e s t r u c t i o n , damage o r i n j u r y t o any o t h e r S t a t e 
P a r t y " . E n v i r o n m e n t a l m o d i f i c a t i o n t e c h n i q u e s a r e d e f i n e d 
as t h o s e w h i c h c a n be u s e d " f o r c h a n g i n g - t h r o u g h t h e 
d e l i b e r a t e m a n i p u l a t i o n s o f n a t u r a l p r o c e s s e s - t h e 
d y n a m i c s , c o m p o s i t i o n o r s t r u c t u r e o f t h e E a r t h , i n c l u d i n g 
i t s b i o t a , lithosphère, h y d r o s p h e r e , and a t m o s p h e r e , o r o f 
o u t e r s p a c e " ( A r t i c l e I I , e m p h a s i s a d d e d ) . The 
C o n v e n t i o n , t h e r e f o r e , h a s d i r e c t a p p l i c a t i o n t o o u t e r 
s p a c e . 

The C o n v e n t i o n d o e s n o t e s t a b l i s h a b a n on a l l 
e n v i r o n m e n t a l m o d i f i c a t i o n t e c h n o l o g i e s f o r m i l i t a r y o r 
h o s t i l e p u r p o s e s , b u t o n l y f o r t h o s e w h i c h h a v e 
w i d e s p r e a d , l o n g - l a s t i n g o r s e v e r e e f f e c t s . No d e f i n i t i o n 
o f t h e s e t e r m s may be f o u n d i n t h e C o n v e n t i o n i t s e l f . 
However, t h e u n d e r s t a n d i n g s w h i c h accompany t h e C o n v e n t i o n 
and f o r m p a r t o f i t s n e g o t i a t i n g r e c o r d , d e f i n e 
" w i d e s p r e a d " as e n c o m p a s s i n g an a r e a o f s e v e r a l h u n d r e d 
s q u a r e k i l o m e t e r s ; " l o n g - l a s t i n g " as l a s t i n g f o r a - ^ p e r i o d 
o f months o r a p p r o x i m a t e l y a s e a s o n ; and " s e v e r e " a s 
i n v o l v i n g s i g n i f i c a n t d i s r u p t i o n o r harm t o human l i f e , 
n a t u r a l and e c o n o m i c - r e s o u r c e s o r o t h e r a s s e t s . T h e s e 
b r o a d and l e g a l l y n o n - b i n d i n g p r o v i s i o n s do n o t a l t e r t h e 
l a r g e l y r e c o g n i z e d c o n s e q u e n c e t h a t w h a t e v e r i s n o t 
p r o h i b i t e d v e r b i s e x p r e s s i s b y t h e C o n v e n t i o n i s 
i m p l i c i t l y p e r m i t t e d . ^ ~ T h u s , n o n - h o s t i l e t e c h n i q u e s 
a r e n o t p r o h i b i t e d , r e g a r d l e s s o f t h e i r e f f e c t s , n o r a r e 
t e c h n i q u e s w h i c h p r o d u c e d e s t r u c t i v e e f f e c t s b e l o w a 
c e r t a i n t h r e s h o l d . 

A n o t h e r c h a r a c t e r i s t i c o f t h e C o n v e n t i o n d e r i v e s 
f r o m t h e d u a l - p u r p o s e c h a r a c t e r o f e n v i r o n m e n t a l 
m o d i f i c a t i o n t e c h n o l o g i e s . The C o n v e n t i o n s t a t e s t h a t i t s 
p r o v i s i o n s " s h a l l n o t h i n d e r t h e use o f e n v i r o n m e n t a l 
m o d i f i c a t i o n t e c h n i q u e s f o r p e a c e f u l p u r p o s e s " ( A r t i c l e 
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I I I ) . As a r e s u i t o f t h e i r d u a l - p u r p o s e c h a r a c t e r , t h e 
d i s t i n c t i o n b e t w e e n p e a c e f u l and m i l i t a r y a p p l i c a t i o n s 
becomes v e r y d i f f i c u l t t o d r a w. P e a c e f u l a p p l i c a t i o n s 
m i g h t i n c l u d e c h a n g i n g r a i n f a l l p a t t e r n s , d i s s i p a t i n g f o g , 
and t h e d i v e r s i o n o f h u r r i c a n e s and e a r t h q u a k e s t o name 
b u t a few.'^^ H o s t i l e a p p l i c a t i o n s m i g h t i n c l u d e 
t r i g g e r i n g o f e a r t h q u a k e s , u p s e t t i n g t h e e c o l o g i c a l 
b a l a n c e o f a r e g i o n and d e s t r o y i n g c r o p s . The p u r p o s e o f 
u s i n g e n v i r o n m e n t a l m o d i f i c a t i o n t e c h n i q u e s i n war a l s o 
i n c l u d e s i n t e r f e r i n g w i t h c o m m u n i c a t i o n s . B e c a u s e o f t h e 
d i f f i c u l t y o f d i s t i n g u i s h i n g r e s e a r c h and d e v e l o p m e n t f o r 
p e a c e f u l a p p l i c a t i o n s f r o m t h a t f o r h o s t i l e u s e s , nowhere 
does t h e C o n v e n t i o n p r o h i b i t r e s e a r c h and d e v e l o p m e n t o f 
e n v i r o n m e n t a l m o d i f i c a t i o n t e c h n o l o g i e s f o r w a r - l i k e 
p u r p o s e s . 

A r t i c l e I I I (2) s t a t e s t h a t p a r t i e s t o t h e 
C o n v e n t i o n u n d e r t a k e t o f a c i l i t a t e , a nd h a v e t h e r i g h t t o 
p a r t i c i p a t e i n , t h e f u l l e s t p o s s i b l e e x c h a n g e o f 
s c i e n t i f i c and t e c h n o l o g i c a l i n f o r m a t i o n on t h e use o f 
e n v i r o n m e n t a l m o d i f i c a t i o n t e c h n i q u e s f o r p e a c e f u l 
p u r p o s e s . A r t i c l e I V p r o v i d e s t h a t e a c h p a r t y t o t h e 
C o n v e n t i o n u n d e r t a k e s " t o t a k e a n y measure i t c o n s i d e r s 
n e c e s s a r y i n a c c o r d a n c e w i t h i t s c o n s t i t u t i o n a l p r o c e s s t o 
p r o h i b i t and p r e v e n t a n y a c t i v i t y i n v i o l a t i o n o f t h e 
p r o v i s i o n s o f t h e C o n v e n t i o n a n y w h e r e u n d e r i t s 
j u r i s d i c t i o n o r c o n t r o l " . S u c h a p r o v i s i o n w o u l d seem t o 
h ave l i t t l e p r a c t i c a l s i g n i f i c a n c e s i n c e no d e f i n i t i o n i s 
g i v e n as t o what c o n s t i t u t e s an " a c t i v i t y i n v i o l a t i o n " . 
F u r t h e r m o r e , r e c o u r s e t o d i f f e r e n t n a t i o n a l l a w s p r e c l u d e s 
t h e e s t a b l i s h m e n t o f a u n i f o r m and o b j e c t i v e s e t o f 
s a n c t i o n s i n c a s e o f n o n - c o m p l i a n c e . 

No means o f v e r i f i c a t i o n a r e p r o v i d e d f o r i n t h e 
C o n v e n t i o n . However, a r e c e n t s t u d y ^ O has i n d i c a t e d 
t h a t m i l i t a r y and c i v i l i a n w e a t h e r s a t e l l i t e s c o u l d a s s i s t 
i n v e r i f y i n g c o m p l i a n c e w i t h t h e p r o v i s i o n s o f t h e 
C o n v e n t i o n , t h o u g h i t w o u l d be d i f f i c u l t t o d e t e r m i n e t h e 
cause of any unusual developing weather p a t t e r n w h i c h may 
have been d e t e c t e d . 

Where a s t a t e q u e s t i o n s c o m p l i a n c e w i t h 
p r o v i s i o n s o f t h e t r e a t y , i t may r e q u e s t c o n s u l t a t i o n w i t h 
a n o t h e r s t a t e i n a c c o r d a n c e w i t h A r t i c l e V, C o n s u l t a t i o n 
may a l s o t a k e p l a c e t h r o u g h s u i t a b l e i n t e r n a t i o n a l 
p r o c e d u r e s w i t h i n t h e f r a m e w o r k o f t h e UN i n c l u d i n g t h e 
s e r v i c e s o f a p p r o p r i a t e i n t e r n a t i o n a l o r g a n i z a t i o n s . 
F u r t h e r m o r e , a C o n s u l t a t i v e C o m m i t t e e o f E x p e r t s may be 
c o n v e n e d t o d e a l w i t h c o m p l i a n c e m a t t e r s . I t w o u l d be 
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composed o f r e p r e s e n t a t i v e s o f any s t a t e p a r t y w i s h i n g t o 
p a r t i c i p a t e . The C o m m i t t e e i s c h a r g e d w i t h t r a n s m i t t i n g 
t o t h e D e p o s i t a r y , a r e p o r t o f i t s f i n d i n g s w h i c h w o u l d 
t h e n be d i s t r i b u t e d t o a l l s t a t e p a r t i e s . F i n a l l y , a n y 
p a r t y h a v i n g r e a s o n t o b e l i e v e t h a t a n o t h e r p a r t y i s i n 
b r e a c h o f i t s t r e a t y o b l i g a t i o n s , may l o d g e a c o m p l a i n t 
w i t h t h e UN S e c u r i t y C o u n c i l . The C o u n c i l i s empowered t o 
i n i t i a t e i t s own i n v e s t i g a t i o n and p a r t i e s t o t h e 
C o n v e n t i o n a r e o b l i g a t e d t o c o o p e r a t e w i t h t h e S e c u r i t y 
C o u n c i l . 

( x v i i ) Moon T r e a t y ( 1 9 7 9 ) 

The A g r e e m e n t G o v e r n i n g t h e A c t i v i t i e s o f S t a t e s 
on t h e Moon and O t h e r C e l e s t i a l B o d i e s ^ l i s t h e most 
r e c e n t a g r e e m e n t d e a l i n g d i r e c t l y w i t h o u t e r s p a c e . A 
R e s o l u t i o n was a d o p t e d b y c o n s e n s u s i n t h e UN G e n e r a l 
A s s e m b l y on 5 December 1979 rec o m m e n d i n g t h e T r e a t y f o r 
s i g n a t u r e and t h e T r e a t y came i n t o f o r c e on 
11 J u l y 1984.52 s h o u l d be n o t e d t h a t as o f 31 M a r c h 
1984 t h e r e a r e o n l y f o u r p a r t i e s t o t h i s T r e a t y . The 
r e s u l t o f l e n g t h y d i s c u s s i o n and c o m p r o m i s e , t h e Moon 
T r e a t y i s a c o m p o s i t e o f g e n e r a l p r i n c i p l e s and s p e c i f i c 
p r o v i s i o n s o u t l i n i n g p e r m i s s i b l e a c t i v i t y on t h e moon and 
o t h e r c e l e s t i a l b o d i e s . ^ 3 The T r e a t y i s a f u r t h e r 
e l a b o r a t i o n o f c e r t a i n c o n c e p t s i n t h e O u t e r Space 
T r e a t y . W h i l e i t d o e s n o t a p p l y t o t h e " e a r t h o r e a r t h 
o r b i t s and w h i l e few s t a t e s a r e p a r t y t o t h e T r e a t y , t h e 
p r i n c i p l e s i t c o n t a i n s r e g a r d i n g s p a c e c o n d u c t a r e o f 
g r e a t i n t e r e s t . 

The Moon T r e a t y i s m o d e l e d on t h e O u t e r S p a c e 
T r e a t y ; s p a c e a c t i v i t i e s a r e t o be c a r r i e d o u t i n 
a c c o r d a n c e w i t h i n t e r n a t i o n a l l a w i n t h e i n t e r e s t o f 
m a i n t a i n i n g p e a c e and s e c u r i t y and p r o m o t i n g i n t e r n a t i o n a l 
c o o p e r a t i o n and u n d e r s t a n d i n g . E x p l o r a t i o n and use i s t o 
be c a r r i e d o u t f o r t h e b e n e f i t and i n t h e i n t e r e s t s o f a l l 
n a t i o n s . A l l o f t h e s e p r i n c i p l e s , w h i l e q e n e r a l , a r e o f 
r e l e v a n c e t o s p a c e l a w t o d a y . 

T h e r e a r e s e v e r a l k e y a r t i c l e s i n t h e Moon T r e a t y 
w h i c h s e r v e t o e s t a b l i s h s t a t e c o n d u c t f o r t h e moon and 
o t h e r c e l e s t i a l b o d i e s . A r t i c l e I V (1) p r o v i d e s t h a t 
e x p l o r a t i o n and u s e o f t h e moon s h a l l be t h e p r o v i n c e o f 
a l l m a n k i n d and s h a l l be c a r r i e d o u t f o r t h e b e n e f i t and 
i n t h e i n t e r e s t s o f a l l c o u n t r i e s r e g a r d l e s s o f t h e i r 
d e g r e e o f e c o n o m i c o r s c i e n t i f i c d e v e l o p m e n t . I n c a r r y i n g 
o u t a c t i v i t i e s , s t a t e s s h a l l be g u i d e d b y t h e p r i n c i p l e o f 
c o o p e r a t i o n and m u t u a l a s s i s t a n c e . S e c o n d l y , 
s c i e n t i f i c i n v e s t i g a t i o n must be c a r r i e d o u t w i t h o u t 
d i s c r i m i n a t i o n and on t h e b a s i s o f e q u a l i t y and i n 
a c c o r d a n c e w i t h i n t e r n a t i o n a l l a w . 
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W h i l e arms c o n t r o l was n o t a m a j o r f o c u s o f 
d i s c u s s i o n d u r i n g t h e n e g o t i a t i o n s , some n a t i o n s d i d 
e x p r e s s c o n c e r n o v e r t h e m i l i t a r y i m p l i c a t i o n s o f c e r t a i n 
s p a c e a c t i v i t i e s . A r t i c l e I I I o f t h e Moon T r e a t y c o n t a i n s 
t h e o n l y p r o v i s i o n s p e c i f i c a l l y a d d r e s s e d t o m i l i t a r y 
a c t i v i t i e s . P a r a g r a p h 1 p r o v i d e s t h a t t h e moon and o t h e r 
c e l e s t i a l b o d i e s s h a l l be u s e d " e x c l u s i v e l y f o r p e a c e f u l 
p u r p o s e s " . W h i l e i n t h i s c a s e t h e l a n g u a g e i s v i r t u a l l y 
i d e n t i c a l t o t h a t f o u n d i n A r t i c l e I V (2) o f t h e O u t e r 
Space T r e a t y , t h e e f f e c t i s t o e x p a n d t h e a r e a o f 
a p p l i c a t i o n o f t h e p e a c e f u l p u r p o s e s a d m o n i t i o n . ^ 5 
Under t h e O u t e r S p a c e T r e a t y o n l y t h e moon and c e l e s t i a l 
b o d i e s were s p e c i f i c a l l y l i m i t e d t o p e a c e f u l p u r p o s e s . 
B e c a u s e o f t h e d e f i n i t i o n a l c o n c e p t c o n t a i n e d i n A r t i c l e I 
o f t h e t h e Moon T r e a t y , o r b i t s a r o u n d and o t h e r 
t r a j e c t o r i e s t o and a r o u n d t h e moon and o t h e r c e l e s t i a l 
b o d i e s must a l s o be d e v o t e d t o p e a c e f u l p u r p o s e s . ^ 6 
W i t h r e g a r d t o A r t i c l e I I I ( 2 ) , some n a t i o n s w a n t e d t o 
a s s u r e t h a t t h i s p r o v i s i o n d i d n o t d i f f e r i n e f f e c t f r o m 
A r t i c l e 2 (4) o f t h e UN C h a r t e r a n d d i d n o t d e r o g a t e f r o m 
t h e r i g h t o f s e l f - d e f e n c e u n d e r A r t i c l e 51 o f t h e UN 
C h a r t e r . A r t i c l e I I I (2) o f t h e Moon T r e a t y p r o h i b i t s 
"any t h r e a t o r u s e o f f o r c e o r a n y o t h e r h o s t i l e a c t o r 
t h r e a t o f h o s t i l e a c t " on t h e moon. S i n c e t h e r e i s no 
d e f i n i t i o n o f t h e t e r m " h o s t i l e a c t " , t h e r e i s no f i r m 
u n d e r s t a n d i n g as t o how a h o s t i l e a c t m i g h t d i f f e r f r o m 
t h e use o f f o r c e . I n t h i s r e g a r d , i t s h o u l d be n o t e d t h a t 
when F r a n c e s i g n e d t h e Moon T r e a t y i t r e p o r t e d a 
c l a r i f i c a t i o n t o t h e U n i t e d N a t i o n s a s f o l l o w s : 

F r a n c e i s o f t h e v i e w t h a t t h e p r o v i s i o n s o f 
A r t i c l e 3, P a r a g r a p h 2 o f t h e a g r e e m e n t r e l a t i n g 
t o t h e u s e o r t h r e a t o f f o r c e c a n n o t be c o n s t r u e d 
as a n y t h i n g o t h e r t h a n a r e a f f i r m a t i o n , f o r t h e 
p u r p o s e s o f t h e f i e l d o f e n d e a v o u r c o v e r e d b y t h e 
a g r e e m e n t , o f t h e p r i n c i p l e o f t h e p r o h i b i t i o n o f 
t h e t h r e a t o r u s e o f f o r c e , w h i c h s t a t e s a r e 
o b l i g e d t o o b s e r v e i n t h e i r i n t e r n a t i o n a l 
r e l a t i o n s , a s s e t f o r t h i n t h e UN C h a r t e r . ̂"7 

A r t i c l e I I I (2) a l s o p r o h i b i t s t h e u s e o f t h e moon a s a 
b a s e f o r t h r e a t e n i n g t h e e a r t h o r s p a c e c r a f t . 

P a r a g r a p h 3 o f A r t i c l e I I I p r o h i b i t s o r b i t i n g o f 
n u c l e a r and o t h e r k i n d s o f mass d e s t r u c t i o n weapons a r o u n d 
t h e moon and any o t h e r t r a j e c t o r y t o o r a r o u n d t h e moon. 
I t a l s o f o r b i d s t h e p l a c e m e n t o r u s e o f s u c h weapons on 
t h e moon. I t w o u l d seem t h a t p a r a g r a p h 3 a t t e m p t s t o 
s e t t l e t h e q u e s t i o n c a u s e d b y t h e o m i s s i o n o f t h e moon 
from t h e p r o h i b i t i o n c o n t a i n e d i n A r t i c l e I V (1) o f t h e 
O u t e r Space T r e a t y r e g a r d i n g p l a c e m e n t o f n u c l e a r weapons 
and o t h e r weapons o f mass d e s t r u c t i o n . 
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P a r a g r a p h 4 f o r b i d s " t h e e s t a b l i s h m e n t o f 
m i l i t a r y b a s e s , i n s t a l l a t i o n s a n d ч f o r t i f i c a t i o n s , t h e 
t e s t i n g o f any t y p e o f weapons and t h e c o n d u c t o f m i l i t a r y 
m a noeuvres" on t h e moon. 

A s r e g a r d s v e r i f i c a t i o n , p a r t i e s t o t h e a g r e e m e n t 
a r e a l l o w e d t o i n s p e c t a l l s p a c e v e h i c l e s , e q u i p m e n t , 
f a c i l i t i e s s t a t i o n s and i n s t a l l a t i o n s b e l o n g i n g t o a n y 
o t h e r p a r t y . P u r s u a n t t o A r t i c l e XV ( 1 ) , t h e A g r e e m e n t 
a u t h o r i z e s e v e r y c o n t r a c t i n g s t a t e t o c o n d u c t s u c h 
i n s p e c t i o n "on i t s own b e h a l f o r w i t h t h e f u l l o r p a r t i a l 
a s s i s t a n c e o f any o t h e r s t a t e p a r t y o r t h r o u g h a p p r o p r i a t e 
i n t e r n a t i o n a l p r o c e d u r e s w i t h i n t h e f r a m e w o r k o f t h e 
U n i t e d N a t i o n s and i n a c c o r d a n c e w i t h t h e C h a r t e r " . 

I f a p a r t y b e l i e v e s a n o t h e r p a r t y i s n o t 
f u l f i l l i n g t h e o b l i g a t i o n s i n c u m b e n t upon i t p u r s u a n t t o 
t h e Moon T r e a t y , i t may r e q u e s t c o n s u l t a t i o n s w i t h a v i e w 
t o a r r ' i v i n g a t a m u t u a l l y a c c e p t a b l e r e s o l u t i o n o f a n y 
c o n t r o v e r s y ( A r t i c l e XV ( 2 ) ) . S h o u l d no s e t t l e m e n t be 
f o r t h c o m i n g , t h e p a r t i e s may t a k e m e a s u r e s t o s o l v e t h e i r 
d i s p u t e by a n y o t h e r p e a c e f u l means. The a s s i s t a n c e o f 
t h e S e c r e t a r y - G e n e r a l may be s o u g h t b y e i t h e r p a r t y i n 
o r d e r t o r e s o l v e t h e c o n t r o v e r s y ( A r t i c l e XV ( 3 ) ) . 

( x v i i i ) I n t e r n a t i o n a l T e l e c o m m u n i c a t i o n C o n v e n t i o n ( 1 9 8 2 ) 

The p r e s e n t l y a p p l i c a b l e I n t e r n a t i o n a l 
T e l e c o m m u n i c a t i o n C o n v e n t i o n was a d o p t e d i n 1982 i n 
N a i r o b i . 5 8 The p u r p o s e s o f t h e I n t e r n a t i o n a l 
T e l e c o m m u n i c a t i o n s U n i o n ( I T U ) a r e t o m a i n t a i n and e x t e n d 
i n t e r n a t i o n a l c o o p e r a t i o n f o r t h e i m p r o v e m e n t and r a t i o n a l 
u s e o f t e l e c o m m u n i c a t i o n s , t o e n s u r e t h e e f f i c i e n t u s e o f 
t h e r a d i o s p e c t r u m and t o h a r m o n i z e t h e a c t i o n s o f s t a t e s 
i n t h e a t t a i n m e n t o f t h e s e e n d s . 5 9 The ITU i s a l s o 
r e s p o n s i b l e f o r t h e a l l o c a t i o n o f r a d i o f r e q u e n c i e s f o r 
a l l o u t e r s p a c e a c t i v i t i e s a nd f o r e n s u r i n g t h a t t h e r a d i o 
s p e c t r u m i s u t i l i z e d w i t h o u t h a r m f u l i n t e r f e r e n c e . W i t h 
r e s p e c t t o t h e u s e o f t h e g e o s t a t i o n a r y o r b i t , p r o v i s i o n 
i s made r e q u e s t i n g s t a t e s t o u n d e r t a k e e f f i c i e n t and 
e c o n o m i c a l u t i l i z a t i o n t o e n s u r e e q u i t a b l e a c c e s s f o r a l l 
members ( A r t i c l e 3 3 ) . 

However, t h e o p p o r t u n i t i e s f o r an e q u i t a b l e and 
r a t i o n a l a l l o c a t i o n o f o r b i t a l p o s i t i o n s a r e r e d u c e d b y 
A r t i c l e 38 (1) o f t h e C o n v e n t i o n w h i c h s t a t e s : 

Members r e t a i n t h e i r e n t i r e f r e e d o m w i t h r e g a r d 
t o m i l i t a r y r a d i o i n s t a l l a t i o n s o f t h e i r army, 
n a v a l and a i r f o r c e s . 
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I I I . U n i t e d N a t i o n s G e n e r a l A s s e m b l y R e s o l u t i o n s 

The e v o l u t i o n o f s p a c e l a w h a s c l o s e l y f o l l o w e d 
s p a c e e x p l o r a t i o n . I t s h o u l d be n o t e d t h a t even p r i o r t o 
t h e f i r s t l a u n c h i n g s , i t was t h o u g h t t h a t on t h e b a s i s o f 
i n t e r n a t i o n a l l a w , o u t e r s p a c e was r e s communis.^*-* 
Thus, as was t h e c a s e w i t h t h e h i g h s e a s , s p a c e was 
u n d e r s t o o d t o be f r e e f o r a l l t o use and t o be b e y o n d 
s o v e r e i g n c l a i m s . E v e n w h i l e t h e use o f o u t e r s p a c e was 
a t an e x p e r i m e n t a l s t a g e , t h e n e e d f o r i t s r e g u l a t i o n was 
s t r o n g l y d e f e n d e d . I n i t i a l e f f o r t s o f t h e U n i t e d S t a t e s 
i n e a r l y 1957^1 t o b a n t h e u s e o f c o s m i c s p a c e f o r 
m i l i t a r y p u r p o s e s d i d n o t meet w i t h a f a v o u r a b l e r e s p o n s e 
f r o m t h e S o v i e t U n i o n . H o w e v e r , t h e t w e l f t h s e s s i o n 
o f t h e U n i t e d N a t i o n s G e n e r a l A s s e m b l y a d o p t e d R e s o l u t i o n 
1148 c a l l i n g f o r t h e " j o i n t s t u d y o f an i n s p e c t i o n s y s t e m 
d e s i g n e d t o e n s u r e t h a t t h e s e n d i n g o f o b j e c t s t h r o u g h 
o u t e r s p a c e s h o u l d be e x c l u s i v e l y f o r p e a c e f u l and 
s c i e n t i f i c p u r p o s e s . " ^ 3 

Soon a f t e r t h e l a u n c h i n g o f t h e f i r s t S o v i e t and 
A m e r i c a n s a t e l l i t e s ' ' ^ t h e i n t e r n a t i o n a l l e g a l a s p e c t s o f 
o u t e r s p a c e a c t i v i t i e s b e g a n t o be e x a m i n e d . I n 1958, t h e 
U n i t e d N a t i o n s G e n e r a l A s s e m b l y c r e a t e d an ad h o c 
C o m m i t t e e on P e a c e f u l U s e s o f O u t e r S p a c e b y R e s o l u t i o n 
1348 e n t i t l e d " Q u e s t i o n o f t h e P e a c e f u l Use o f O u t e r 
Space.'5 A l r e a d y a t t h i s e a r l y s t a g e t h e A s s e m b l y 
r e s o l v e d t o " p r o m o t e e n e r g e t i c a l l y t h e f u l l e s t e x p l o r a t i o n 
and e x p l o i t a t i o n o f o u t e r s p a c e f o r t h e b e n e f i t o f 
m a n k i n d " . " T h i s was t o be a c h i e v e d on t h e b a s i s o f 
s o v e r e i g n e q u a l i t y b y i n t e r n a t i o n a l c o o p e r a t i o n i n t h e 
s t u d y and u t i l i z a t i o n o f s p a c e f o r p e a c e f u l p u r p o s e s . I t 
was t h o u g h t t h a t t h e i m p l e m e n t a t i o n o f t h e s e aims c o u l d 
b e s t be c a r r i e d o u t b y t h e e s t a b l i s h m e n t o f an a p p r o p r i a t e 
i n t e r n a t i o n a l b o d y w i t h i n t h e f r a m e w o r k o f t h e U n i t e d 
N a t i o n s . C o n s e q u e n t l y , t h e ad h o c C o m m i t t e e was f o r m e d 
composed o f e i g h t e e n members and c h a r g e d w i t h r e p o r t i n g t o 
t h e G e n e r a l A s s e m b l y a t i t s n e x t s e s s i o n , on: 

(1) t h e a c t i v i t i e s and r e s o u r c e s o f t h e U.N. a n d o t h e r 
i n t e r n a t i o n a l b o d i e s r e l a t i n g t o t h e p e a c e f u l u s e s o f 
o u t e r s p a c e ; 

(2) t h e a r e a o f i n t e r n a t i o n a l c o o p e r a t i o n and p r o g r a m s i n 
t h e p e a c e f u l u s e s o f o u t e r s p a c e w h i c h c o u l d 
a p p r o p r i a t e l y be u n d e r t a k e n w i t h i n t h e U.N.; 

(3) t h e f u t u r e o r g a n i z a t i o n a l a r r a n g e m e n t s t o f a c i l i t a t e 
i n t e r n a t i o n a l c o o p e r a t i o n i n s p a c e a c t i v i t i e s ; and 
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(4) t h e n a t u r e o f l e g a l p r o b l e m s w h i c h m i g h t a r i s e i n 
c a r r y i n g o u t s p a c e p r o g r a m s . 

The ad h o c C o m m i t t e e o b t a i n e d p e r m a n e n t s t a t u s , 
as a S t a n d i n g C o m m i t t e e , i n 1959 b y UNGA R e s o l u t i o n 
1472 a l m o s t one f u l l y e a r l a t e r . T h i s r e s o l u t i o n 
r e c o g n i z e d t h e common i n t e r e s t o f m a n k i n d as a w h o l e i n 
f u r t h e r i n g t h e p e a c e f u l u s e o f o u t e r s p a c e and, 
s i g n i f i c a n t l y , made m e n t i o n o f t h e p a r a m o u n t a i m t o 
b e n e f i t a l l s t a t e s " i r r e s p e c t i v e o f t h e i r e c o n o m i c o r 
s c i e n t i f i c d e v e l o p m e n t " t h r o u g h s p a c e e x p l o r a t i o n . The 
A s s e m b l y a l s o n o t e d t h a t t h e U.N. s h o u l d p r o m o t e 
i n t e r n a t i o n a l c o o p e r a t i o n i n o u t e r s p a c e . The n e x t 
s i g n i f i c a n t R e s o l u t i o n , 1 7 21, a d o p t e d u n a n i m o u s l y i n 
December 1961,^5 w o u l d s e r v e t o g u i d e t h e s u b s e q u e n t 
e v o l u t i o n o f s p a c e l a w . I n a d d i t i o n t o r e i t e r a t i n g t h e 
a f o r e - m e n t i o n e d p r i n c i p l e s , t h e A s s e m b l y a d o p t e d t h e 
g u i d i n g p r i n c i p l e t h a t o u t e r s p a c e and c e l e s t i a l b o d i e s 
w o u l d be " f r e e f o r e x p l o r a t i o n and use b y a l l S t a t e s i n 
c o n f o r m i t y w i t h i n t e r n a t i o n a l l a w and w o u l d n o t be s u b j e c t 
t o n a t i o n a l a p p r o p r i a t i o n " . ^ ^ The A s s e m b l y c a l l e d upon 
s t a t e s l a u n c h i n g o b j e c t s t o f u r n i s h COPUOS w i t h 
i n f o r m a t i o n r e g a r d i n g l a u n c h d e t a i l s and a c q u i r e d 
s c i e n t i f i c and t e c h n o l o g i c a l k n o w l e d g e . T h i s i n f o r m a t i o n 
was t o be c o m m u n i c a t e d t h r o u g h t h e S e c r e t a r y - G e n e r a l who 
was r e q u e s t e d t o m a i n t a i n a p u b l i c r e g i s t r y o f a l l 
f u r n i s h e d d e t a i l s . COPUOS was i n s t r u c t e d t o m a i n t a i n 
c l o s e l i n k s w i t h t h e S e c r e t a r i a t i n o r d e r t o e n s u r e f u l l 
c o o p e r a t i o n and i n t e r a c t i o n b e t w e e n g o v e r n m e n t and 
n o n - g o v e r n m e n t a l o r g a n i z a t i o n s c o n c e r n e d w i t h o u t e r s p a c e 
m a t t e r s . 

Thus b y 1961 t h r e e i m p o r t a n t themes had emerged: 

(1) t h a t e x p l o r a t i o n was t o be a c c o r d i n g t o i n t e r n a t i o n a l 
l a w ; 

( 2 ) t h a t a l l s t a t e s w o u l d be f r e e t o e x p l o r e and u s e t h e 
o u t e r s p a c e e n v i r o n m e n t ; 

(3) t h a t s p a c e c o u l d n o t be s u b j e c t t o c l a i m s o f 
s o v e r e i g n t y . 

T h ese themes were f u r t h e r e l a b o r a t e d upon i n 1963 
by t h e v e r y i m p o r t a n t R e s o l u t i o n 1962 e n t i t l e d 
" D e c l a r a t i o n o f L e g a l P r i n c i p l e s G o v e r n i n g t h e A c t i v i t i e s 
o f S t a t e s i n t h e E x p l o r a t i o n and Use o f O u t e r S p a c e " . ^ 1 
The f o l l o w i n g g u i d i n g p r i n c i p l e s were p r o p o u n d e d : 
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t h e e x p l o r a t i o n and u s e o f o u t e r s p a c e 
s h o u l d be c a r r i e d on f o r t h e b e n e f i t and i n 
t h e i n t e r e s t o f a l l m a n k i n d ; 

o u t e r s p a c e a n d c e l e s t i a l b o d i e s s h o u l d be 
f r e e f o r e x p l o r a t i o n and u s e b y a l l s t a t e s 
on a b a s i s o f e q u a l i t y a n d i n a c c o r d a n c e 
w i t h i n t e r n a t i o n a l l a w ; 

o u t e r s p a c e a n d c e l e s t i a l b o d i e s s h o u l d n o t 
be s u b j e c t t o n a t i o n a l a p p r o p r i a t i o n ; 

t h e a c t i v i t i e s o f s t a t e s i n t h e e x p l o r a t i o n 
and u s e o f o u t e r s p a c e s h o u l d be c a r r i e d on 
i n a c c o r d a n c e w i t h i n t e r n a t i o n a l l a w , 
i n c l u d i n g t h e C h a r t e r o f t h e U n i t e d N a t i o n s ; 

s t a t e s s h o u l d b e a r i n t e r n a t i o n a l 
r e s p o n s i b i l i t y f o r n a t i o n a l a c t i v i t i e s i n 
o u t e r s p a c e , t h i s r e s p o n s i b i l i t y t o be b o r n e 
b y t h e s t a t e s a l o n e o r b y t h e i n t e r n a t i o n a l 
o r g a n i z a t i o n s and by t h e s t a t e s 
p a r t i c i p a t i n g i n them; i t was a l s o s e t f o r t h 
t h a t n a t i o n a l a c t i v i t i e s s h o u l d r e q u i r e 
c o n t i n u i n g s u p e r v i s i o n b y t h e s t a t e 
c o n c e r n e d ; 

i n t h e e x p l o r a t i o n and u s e o f o u t e r s p a c e , 
s t a t e s s h o u l d be g u i d e d b y c e r t a i n 
p r i n c i p l e s o f r e s p o n s i b i l i t y , a s w e l l as 
r e q u e s t c o n s u l t a t i o n b e t w e e n i n t e r e s t e d 
p a r t i e s ; 

t h e s t a t e on whose r e g i s t r y an o b j e c t 
l a u n c h e d i n o u t e r s p a c e i s c a r r i e d s h o u l d 
r e t a i n j u r i s d i c t i o n and c o n t r o l o v e r s u c h 
o b j e c t a n d i t s component p a r t s ; 

e a c h s t a t e w h i c h l a u n c h e s o r p r o c u r e s a 
l a u n c h i n g o f t h e o b j e c t i n t o o u t e r s p a c e 
s h o u l d be i n t e r n a t i o n a l l y l i a b l e f o r damage 
t o a f o r e i g n s t a t e b y s u c h o b j e c t o r i t s 
component p a r t s on t h e e a r t h , i n a i r s p a c e 
o r i n o u t e r s p a c e ; 

s t a t e s s h o u l d r e g a r d a s t r o n a u t s a s e n v o y s o f 
m a n k i n d i n o u t e r s p a c e a n d s h o u l d r e n d e r t o 
them a l l p o s s i b l e a s s i s t a n c e ; t h e p r i n c i p l e 
o f t h e r e t u r n o f a s t r o n a u t s a n d t h e i r s p a c e 
v e h i c l e s t o t h e s t a t e o f r e g i s t r y was a l s o 
l a i d down.^2 
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The D e c l a r a t i o n o f L e g a l P r i n c i p l e s , as w e l l as 
i t s p r e c u r s o r R e s o l u t i o n 1 7 2 1 , d i d n o t c o n t a i n any-
s p e c i f i c c o n t r o l s on m i l i t a r y u s e s o f o u t e r s p a c e a n d / o r 
c e l e s t i a l b o d i e s , b u t d i d make r e f e r e n c e t o t h e g e n e r a l 
p r i n c i p l e t h a t t h e e x p l o r a t i o n and u s e o f o u t e r s p a c e 
s h o u l d be c a r r i e d on f o r p e a c e f u l p u r p o s e s . 

A n o t h e r f a c t o r w h i c h f a v o u r e d p r o g r e s s i n t h e 
enhancement o f p u b l i c o r d e r i n s p a c e d u r i n g t h i s p e r i o d 
c o u l d be b r o a d l y c l a s s i f i e d as c o m m u n i t y c o n c e r n s . I n 
1962, w i t h i n t h e E i g h t e e n - N a t i o n C o m m i t t e e on D i s a r m a m e n t 
(ENDC) s e v e r a l c o u n t r i e s p r e s s e d f o r p r i o r i t y i n t h e 
q u e s t i o n o f t h e P e a c e f u l U s e s o f O u t e r S p a c e . ^ 3 D u r i n g 
1963, a j o i n t d r a f t r e s o l u t i o n t o b a n n u c l e a r and o t h e r 
weapons o f mass d e s t r u c t i o n from, o u t e r s p a c e was i n i t i a t e d 
i n t h e ENDC. F o l l o w i n g p r i v a t e n e g o t i a t i o n and a g r e e m e n t 
b e t w e e n t h e U n i t e d S t a t e s a n d t h e S o v i e t U n i o n , t h e d r a f t 
was r e f e r r e d t o t h e G e n e r a l A s s e m b l y . On•13 O c t o b e r 1963, 
t h e G e n e r a l A s s e m b l y a p p r o v e d t h e d r a f t as R e s o l u t i o n 1884 
( X V I I I ) . I n i t s o p e r a t i v e p a r t , t h e r e s o l u t i o n c a l l s upon 
a l l s t a t e s : " ( a ) t o r e f r a i n f r o m p l a c i n g i n o r b i t a r o u n d 
t h e e a r t h any o b j e c t s c a r r y i n g n u c l e a r weapons o r any 
o t h e r k i n d s o f weapons o f mass d e s t r u c t i o n , i n s t a l l i n g 
s u c h weapons on c e l e s t i a l b o d i e s , o r s t a t i o n i n g s u c h 
weapons i n o u t e r s p a c e " o r i n a n y way p a r t i c i p a t i n g i n t h e 
c o n d u c t o f t h e f o r e g o i n g a c t i v i t i e s . The s u b s t a n c e o f 
t h i s r e s o l u t i o n e v e n t u a l l y was i n c o r p o r a t e d i n t o The O u t e r 
S p a c e T r e a t y o f 1967 as A r t i c l e I V ( 1 ) . 

T h ese i m p o r t a n t c o n c e p t s f o r m e d t h e b a s i s f o r 
c o n d u c t i n o u t e r s p a c e and f u t u r e s p a c e l a w c o n v e n t i o n s . 
I t i s w o r t h y o f n o t e t h a t R e s o l u t i o n 1962 was a d o p t e d 
u n a n i m o u s l y . N e v e r t h e l e s s , t h e a d o p t i o n o f t h e 
s i g n i f i c a n t p r o v i s i o n s i n a l l t h e a f o r e - m e n t i o n e d G e n e r a l 
A s s e m b l y r e s o l u t i o n s , w h i l e w e l c o m e d , were c o n s i d e r e d o n l y 
as p r o v i s i o n a l s t e p s i n e s t a b l i s h i n g o u t e r s p a c e law.^"* 
From a l e g a l p o i n t o f v i e w . G e n e r a l A s s e m b l y r e s o l u t i o n s 
do n o t c o n s t i t u t e b i n d i n g i n t e r n a t i o n a l l a w , and h a v e t h e 
c h a r a c t e r o f r e c o m m e n d a t i o n s o n l y . Hov;ever, i n some c a s e s 
c e r t a i n r e s o l u t i o n s , may r e f l e c t c u s t o m a r y i n t e r n a t i o n a l 
l a w o r r e p r e s e n t a s t e p i n t h e p r o c e s s o f t h e p r o g r e s s i v e 
d e v e l o p m e n t o f t h e l a w . 

I t i s n o t e w o r t h y t h a t as r e g a r d s R e s o l u t i o n 1962 
many s t a t e s d e c l a r e d , b e f o r e i t s a d o p t i o n , t h a t t h e i r 
g o v e r n m e n t s w o u l d c o n s i d e r t h e r e s o l u t i o n a s l e g a l l y 
b i n d i n g , o r w o u l d a t l e a s t a g r e e t o c o m p l y w i t h i t s 
p r i n c i p l e s . ^ 5 
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However one c h a r a c t e r i z e s t h e l e g a l i m p a c t o f 
G e n e r a l A s s e m b l y r e s o l u t i o n s , i t i s e v i d e n t t h a t 
s u b s e q u e n t s p a c e t r e a t y l a w h a s r e f l e c t e d many p r i n c i p l e s 
embodied i n t h e s e e a r l y r e s o l u t i o n s . More r e c e n t 
r e s o l u t i o n s i n t h e G e n e r a l A s s e m b l y h a v e h ad l e s s i m p a c t 
on t h e d e v e l o p m e n t o f t h e l a w o f o u t e r s p a c e . T h e y h a v e , 
however, s i n c e 1 9 8 1 , h i g h l i g h t e d a n a p p r e h e n s i o n f e l t b y 
some n a t i o n s o v e r an a p p a r e n t t r e n d t o w a r d s s t a t i o n i n g 
weapons i n o u t e r s p a c e . 

I V . Summary 

On t h e b a s i s o f t h e f o r e g o i n g r e v i e w o f 
i n t e r n a t i o n a l l a w r e l a t i n g t o arms c o n t r o l a n d o u t e r 
s p a c e , c e r t a i n t h e m e s , e m e r g e . T h e s e may b e s u m m a r i z e d a s 
f o l l o w s : 

(1) G e n e r a l i n t e r n a t i o n a l l e g a l norms r e g a r d i n g 
m i l i t a r y a c t i v i t i e s o n e a r t h ( e . g . t h e UN 
C h a r t e r ) a l s o a p p l y t o m i l i t a r y a c t i v i t i e s 
i n o u t e r s p a c e ( O u t e r S pace T r e a t y a n d Moon 
T r e a t y ) . 

(2) O u t e r s p a c e a n d c e l e s t i a l b o d i e s a r e n o t 
s u b j e c t t o n a t i o n a l a p p r o p r i a t i o n a n d a r e 
f r e e f o r n o n - p r o h i b i t e d u s e s s u c h a s 
e x p l o r a t i o n a n d s c i e n t i f i c i n v e s t i g a t i o n b y 
a l l s t a t e s ( O u t e r S p a c e T r e a t y and Moon 
T r e a t y ) . 

(3) S t a t e s b e a r i n t e r n a t i o n a l r e s p o n s i b i l i t y f o r 
t h e i r n a t i o n a l a c t i v i t i e s i n o u t e r s p a c e and 
on c e l e s t i a l b o d i e s ( O u t e r S p a c e T r e a t y , 
Moon T r e a t y a n d L i a b i l i t y C o n v e n t i o n ) . 

(4) C e r t a i n m i l i t a r y a c t i v i t i e s i n o u t e r s p a c e 
a r e c o n s i s t e n t w i t h i n t e r n a t i o n a l l a w . 
T h e s e i n c l u d e : 

( a ) The u s e o f m i l i t a r y p e r s o n n e l i n s p a c e 
( O u t e r S p a c e T r e a t y ) . 

( b ) The u s e o f s p a c e - b a s e d r e m o t e s e n s o r s 
f o r m i l i t a r y p u r p o s e s (ABM T r e a t y , SALT 
T r e a t i e s , T h r e s h o l d T e s t Ban T r e a t y , 
and P e a c e f u l N u c l e a r E x p l o s i o n s T r e a t y ) . 



(с) The use o f s p a c e - b a s e d c o m m u n i c a t i o n s , 
n a v i g a t i o n , m e t e o r o l o g i c a l s y s t e m s . 

C e r t a i n m i l i t a r y a c t i v i t i e s i n s p a c e a r e 
i n c o n s i s t e n t w i t h i n t e r n a t i o n a l l a w . T h e s e 
i n c l u d e : 

( a ) I n t e r f e r e n c e w i t h s p a c e - b a s e d r e m o t e 
s e n s o r s u s e d f o r m i l i t a r y p u r p o s e s a s 
b e t w e e n t h e USA a n d USSR (ABM T r e a t y , 
SALT T r e a t i e s , T h r e s h o l d T e s t Ban 
T r e a t y , and P e a c e f u l N u c l e a r E x p l o s i o n 
T r e a t y ) . 

( b ) P l a c e m e n t o f n u c l e a r weapons and o t h e r 
weapons o f mass d e s t r u c t i o n i n o r b i t 
a r o u n d t h e e a r t h a n d on c e l e s t i a l 
b o d i e s o r i n o r b i t a r o u n d them. ( O u t e r 
S p a c e T r e a t y , Moon T r e a t y , SALT I I ) . 
T h i s i n c l u d e s new f r a c t i o n a l o r b i t a l 
s y s t e m s (SALT I I ) . 

( c ) H o s t i l e a c t s o r u s e o f f o r c e o n 
c e l e s t i a l b o d i e s a n d o r b i t s a r o u n d 
them. (Moon T r e a t y ) . 

(d) P l a c e m e n t o f m i l i t a r y b a s e s and c o n d u c t 
o f m i l i t a r y t e s t s o r manoeuvres on 
c e l e s t i a l b o d i e s a n d i n o r b i t s a r o u n d 
them. ( O u t e r S p a c e T r e a t y and Moon 
T r e a t y ) . 

( e ) T e s t i n g o f n u c l e a r weapons i n o u t e r 
s p a c e ( P a r t i a l T e s t Ban T r e a t y ) . 

( f ) D e v e l o p m e n t , t e s t i n g , d e p l o y m e n t o f 
s p a c e - b a s e d ABM s y s t e m s o r c o m p o n e n t s 
(ABM T r e a t y ) . 

( g ) M i l i t a r y o r h o s t i l e u s e o f 
e n v i r o n m e n t a l m o d i f i c a t i o n t e c h n i q u e s 
i n o u t e r s p a c e ( E n v i r o n m e n t a l 
M o d i f i c a t i o n T r e a t y ) . 
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V. C o n c l u s i o n 

O p i n i o n s may v a r y on w h e t h e r o r n o t e a c h o f t h e 
f i v e c a t e g o r i e s o u t l i n e d a b o v e c o u l d be e x t e n d e d t o 
encompass o t h e r s p a c e a c t i v i t i e s b e y o n d t h o s e i t e m i z e d . 
O p i n i o n s w i l l a l s o d i f f e r o n t h e l e g a l s t a t u s o f many o f 
t h e themes l i s t e d . Much o f t h e d i s c u s s i o n s u r r o u n d i n g 
what a c t i v i t i e s a r e p e r m i t t e d and what a r e p r o s c r i b e d 
f o c u s s e s o n c e r t a i n k e y d e f i n i t i o n s s u c h a s " p e a c e f u l 
p u r p o s e s " , " f r e e u s e " , " m i l i t a r i z a t i o n " . C o n s i d e r a t i o n o f 
t h e s e d e f i n i t i o n s may f a c i l i t a t e t h e f u t u r e d e l i b e r a t i o n 
o f t h e CD on arms c o n t r o l and o u t e r s p a c e . 
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NOTES 

(1) (1946) n o . 67 U n i t e d K i n g d o m T r e a t y S e r i e s , Cmd. 
7015. S i g n e d 26 J u n e 1 9 4 5 ; e n t e r e d i n t o f o r c e 
24 O c t o b e r 1 9 4 5 . 

(2) (1980) n o . 58 U n i t e d K i n g d o m T r e a t y S e r i e s , Cmd. 
7964. Opened f o r s i g n a t u r e 23 May 1 9 6 9 ; e n t e r e d i n t o 
f o r c e 27 J a n u a r y 1 9 8 0 . 

(3) S u p r a , n o t e 1. 

(4) ( 1 9 6 1 ) , 402 U n i t e d N a t i o n s T r e a t y S e r i e s 7 1 . Opened 
f o r s i g n a t u r e 1 December 1 9 5 9 ; e n t e r e d i n t o f o r c e 13 
June 1 9 6 1 . 

(5) The I n t e r n a t i o n a l G e o p h y s i c a l Y e a r ( I G Y ) was 
o r g a n i z e d u n d e r t h e a u s p i c e s o f t h e I n t e r n a t i o n a l 
C o u n c i l o f S c i e n t i f i c U n i o n s i n 1957-58 and was 
p l a n n e d a n d c a r r i e d o u t b y more t h a n 50 s t a t e s . E a c h 
p a r t i c i p a t i n g s t a t e p l a n n e d and d e v e l o p e d i t s own 
p r o g r a m s , w h i c h were c o o r d i n a t e d b y a s p e c i a l 
C o m m i t t e e f o r t h e I n t e r n a t i o n a l G e o p h y s i c a l Y e a r . 
See: B u e d e l e r , The I n t e r n a t i o n a l G e o p h y s i c a l Y e a r , 
UNESCO, ( 1 9 5 7 ) ; Chapman, I G Y - Y e a r o f D i s c o v e r y , 
( 1 9 5 9 ) . 

(6) See a l s o A r t i c l e I X (1) ( a ) : "use o f A n t a r c t i c a f o r 
p e a c e f u l p u r p o s e s o n l y " a n d t h e f i r s t a n d f o u r t h 
p r e a m b u l a r p a r a g r a p h s . 

(7) S t e i n , " L e g a l R e s t r a i n t s i n Modern Arms C o n t r o l 
A g r e e m e n t s " , ( 1 9 7 2 ) , 66 A m e r i c a n J o u r n a l o f 
I n t e r n a t i o n a l Law, 255, 259; V l a s i c , " D i s a r m a m e n t 
Decade, O u t e r S p a c e and I n t e r n a t i o n a l Law", ( 1 9 8 1 ) , 
26 M c G i l l Law J o u r n a l 1 7 3 . 

(8) H a n e s s i a n , "The A n t a r c t i c T r e a t y " , ( 1 9 5 9 ) , 
I n t e r n a t i o n a l a n d C o m p a r a t i v e Law Q u a r t e r l y 4 3 6 , 4 6 8 . 

(9) A r t i c l e I I s t a t e s : "Freedom o f s c i e n t i f i c 
i n v e s t i g a t i o n i n A n t a r c t i c a and c o o p e r a t i o n t o w a r d 
t h a t e n d , a s a p p l i e d d u r i n g t h e I n t e r n a t i o n a l 
G e o p h y s i c a l y e a r , s h a l l c o n t i n u e , s u b j e c t t o t h e 
p r o v i s i o n s o f t h e p r e s e n t T r e a t y " . 

(10) A r t i c l e I I I s t a t e s : 
" 1 . I n o r d e r t o p r o m o t e i n t e r n a t i o n a l 
c o o p e r a t i o n i n s c i e n t i f i c i n v e s t i g a t i o n i n 
A n t a r c t i c a , as p r o v i d e d f o r i n A r t i c l e I I o f t h e 
p r e s e n t T r e a t y , t h e c o n t r a c t i n g P a r t i e s a g r e e 
t h a t , t o t h e g r e a t e s t e x t e n t f e a s i b l e and 
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p r a c t i c a b l e : (a) i n f o r m a t i o n r e g a r d i n g p l a n s f o r 
s c i e n t i f i c programmes i n A n t a r c t i c a s h a l l be 
e x c h a n g e d t o p e r m i t maximum economy and 
e f f i c i e n c y o f o p e r a t i o n s ; (b) s c i e n t i f i c 
p e r s o n n e l s h a l l be e x c h a n g e d i n A n t a r c t i c a 
b e t w e e n e x p e d i t i o n s a n d s t a t i o n s ; (c ) s c i e n t i f i c 
o b s e r v a t i o n s a n d r e s u l t s f r o m A n t a r c t i c a s h a l l be 
e x c h a n g e d a n d made f r e e l y a v a i l a b l e . 

2. I n i m p l e m e n t i n g t h i s A r t i c l e , e v e r y 
e n c o u r a g e m e n t s h a l l be g i v e n t o t h e e s t a b l i s h m e n t 
o f c o o p e r a t i v e w o r k i n g r e l a t i o n s w i t h t h o s e 
S p e c i a l i z e d A g e n c i e s o f t h e U n i t e d N a t i o n s and 
o t h e r i n t e r n a t i o n a l o r g a n i z a t i o n s h a v i n g a 
s c i e n t i f i c o r t e c h n i c a l i n t e r e s t i n A n t a r c t i c a . " 

A c c o r d i n g t o A r t i c l e V ( 2 ) , i f a l l t h e c o n t r a c t i n g 
p a r t i e s were t o a d h e r e t o a n y b r o a d e r i n t e r n a t i o n a l 
a g r e e m e n t s c o n c e r n i n g t h e u s e o f n u c l e a r e n e r g y , 
i n c l u d i n g n u c l e a r e x p l o s i o n s a n d t h e d i s p o s a l o f 
r a d i o a c t i v e w a s t e m a t e r i a l , t h o s e a g r e e m e n t s w o u l d 
a p p l y t o A n t a r c t i c a . 

A r t i c l e V I I ( 2 ) . T h i s p r o v i s i o n was t h e f i r s t t i m e 
t h a t t h e two s u p e r p o w e r s a g r e e d on an o n - s i t e 
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ANNEX 1 

STATUS OF MULTILATERAL AGREEMENTS RELATING TO OUTER SPACE 

Opened f o r No. o f P a r t i e s 
S i g n a t u r e as o f ( d a t e ) 

1. C h a r t e r o f t h e U n i t e d 
N a t i o n s 1945 158 31 M a r c h 1984 

2. A n t a r c t i c T r e a t y - 1959 32 31 December 1984 

3. P a r t i a l T e s t Ban T r e a t y 1963 111 31 December 1984 

4. Ou t e r Space T r e a t y 1967 92 31 December 1984 

5. T r e a t y o f T a l a t e l o l c o 1967 29 31 December 1984 

6. Rescue & R e t u r n A g r e e m e n t 1968 79 31 M a r c h 1984 

7. N o n - P r o l i f e r a t i o n T r e a t y 1968 127 31 December 1984 

8. Seabed T r e a t y 1971 81 31 December 1984 

9. C o n v e n t i o n on I n t e r n a t i o n a l 
L i a b i l i t y f o r Damage C a u s e d 
b y Space O b j e c t s 1972 72 31 M a r c h 1984 

10. B i o l o g i c a l Weapons C o n v e n t i o n 1972 104 31 December 1984 

11. R e g i s t r a t i o n C o n v e n t i o n 1975 32 31 December 1984 

12. E n v i r o n m e n t a l M o d i f i c a t i o n 
C o n v e n t i o n 1977 54 31 December 1984 

13. Moon T r e a t y 1979 4 31 M a r c h 1984 

14. I n t e r n a t i o n a l T e l e c o m m u n i c a t i o n s 
C o n v e n t i o n ( a ) 1973 

(b) 1982 
156 

8 
31 
30 

iMarch 1984 
J u n e 1985 

S o u r c e s ; 

Bowman, M.J. and D.J. H a r r i s . M u l t i l a t e r a l T r e a t i e s ; I n d e x 
and C u r r e n t S t a t u s . L o n d o n : 1984. 

U n i t e d S t a t e s . Arms C o n t r o l and Di s a r m a m e n t A g e n c y . 1984 
A n n u a l R e p o r t . W a s h i n g t o n : A p r i l , 1 985. 
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O r i g i n a l : EKGLISH 
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A p p l i c a t i o n of (Nuclear) Safeguards Remote V e r i f i c a t i o n Technology 
' to v e r i f i c a t i o n of a chemical weapons convention 

I n t r o d u c t i o n 

Success i n the chemical weapons convention n e g o t i a t i o n s i s to a major degree 
dependent on the r e s o l u t i o n of the problems concerning v e r i f i c a t i o n , and many 
proposals to t h i s end have been made hy the member States of the Conference on 
Disarmament. 

Among these various proposals, one of the most promising as a v e r i f i c a t i o n 
technology f o r chemical weapons f a c i l i t i e s i s RECOVER (Remote Continual 
V e r i f i c a t i o n ) technology (CD/271), which technology was o r i g i n a l l y developed 
f o r the Arms C o n t r o l and Disarmament Agency of the United States Government as 
a g l o b a l data c o l l e c t i o n system f o r the safeguard of nucl e a r m a t e r i a l , A "second 
generation" system now being developed i n Japan w i l l permit a s a f e , economic and 
r e l i a b l e t r a n s m i t t a l of d i g i t a l data to a c e n t r a l monitoring o r g a n i z a t i o n from 
various sensors placed a t f a c i l i t i e s , and would thus appear s u i t a b l e f o r 
a p p l i c a t i o n to v e r i f y i n g the i n a c t i v e s t a t u s of chemical weapons f a c i l i t i e s and 
the s i t u a t i o n of chemical weapons s t o c k p i l e s , e l i m i n a t i o n processes e t c . 

An o u t l i n e of the Safeguards Remote V e r i f i c a t i o n Technology now being 
developed i n Japan i s given below, together w i t h an examination of i t s p o s s i b l e 
a p p l i c a t i o n to a chemical weapons v e r i f i c a t i o n system, 

1, Safeguards Remote V e r i f i c a t i o n Technology 

Development s t a t u s 

RECOVER technology was f i r s t developed i n 1981 by the United States as a 
prototype system u t i l i z i n g the telephone network, w h i l e f u r t h e r research was taken 
up by Japan, At present, an advanced system u t i l i z i n g the domestic telephone 
network and another system u t i l i z i n g s a t e l l i t e commun!catiçns are being developed, 
which development i s to be completed i n 1985. 

The f i r s t generation technology had various l i m i t a t i o n s , such as the low 
r e l i a b i l i t y of the hardware and the a b i l i t y only to transmit "on-off" data from 
the sensors, e t c . In c o n t r a s t , -the advanced type now being developed has increased 
the r e l i a b i l i t y of the hardware so that i t w i l l be maintenance-free f o r a p e r i o d 
of about one year, and w i l l a l s o be able to transmit s t i l l images and al p h a -
nimierical data, as w e l l as being able to respond to remote commands from a 
monitoring centre to p l a y back i n f o r m a t i o n recorded by c l o s e d - c i r c u i t t e l e v i s i o n 
cameras at f a c i l i t i e s and transmit the necessary i n f o r m a t i o n to s a i d o r g a n i z a t i o n . 

The technology has thus become more p r a c t i c a l as a v e r i f i c a t i o n system, 
I\irthermore, w i t h the a d d i t i o n of s a t e l l i t e telecommunication hardware c o s t i n g 
about 115,000,000 (approximately $52 ,000) , i t would be p o s s i b l e to l i n k up the 
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( i n t e r ) n a t i o n a l monitoring o r g a n i z a t i o n w i t h f a c i l i t i e s l o c a t e d i n remote areas 
where telephone network access would he d i f f i c u l t . A system concept i l l u s t r a t i o n 
of Safeguards Remote V e r i f i c a t i o n as i s being developed i n Japan i s shown i n 
Figure 1 . (Figure 2 shows the technology as a p p l i e d on board a s h i p ) . 

System c h a r a c t e r i s t i c s 

The system c h a r a c t e r i s t i c s of t h i s technology as an automatic remote 
monitoring system i s as f o l l o w s : 

(a) Communication means ... o r d i n a r y p u b l i c telephone l i n e s , i n c l u d i n g 
s a t e l l i t e c i r c u i t s , may be used f o r data t r a f f i c of up to approximately 2 , 4 0 0 b i t s 
per second, as i s the normal case ( s p e c i a l l i n e s may be used f o r t r a f f i c of g r e a t e r 
data i n t e n s i t y ) , 

(b) Automated operation ,,, the system i s designed to be tamper-resistant 
and, w i t h the use of h i g h - r e l i a b i l i t y hardware, should r e q u i r e maintenance only 
about once a year; thus reducing the frequency of mandatory v i s i t s by i n s p e c t o r s , 

(c) P r o t e c t i o n of transmitted i n f o r m a t i o n .,. i n f o r m a t i o n to be transmitted 
i s scrambled by a combination of a random f a c t o r and a code key, and the accuracy 
of the transmitted i n f o r m a t i o n i s assured by various p a r i t y checks. 

(d) Transmittable i n f o r m a t i o n ,,, "on-off" data, analogous i n f o r m a t i o n , 
s t i l l images and alpha-numerical data. 

(e) A p p l i c a t i o n ,., t r a n s m i s s i o n of i n f o r m a t i o n to a m o n i t o r i n g centre of 
a f a c i l i t y where i n s p e c t o r s are permanently s t a t i o n e d or to a ( i n t e r ) n a t i o n a l 
m onitoring o r g a n i z a t i o n , 

A b r i e f d e s c r i p t i o n of the hardware being developed as Safeguards Remote 
V e r i f i c a t i o n Technology i s given i n Table 1 , 

2 , A p p l i c a t i o n of Safeguards Remote V e r i f i c a t i o n Technology to a chemical 
weapons v e r i f i c a t i o n system 

In examining p o s s i b l e a p p l i c a t i o n of Safeguards Remote V e r i f i c a t i o n 
Technology to a chemical weapons v e r i f i c a t i o n system, i t i s necessary f i r s t to 
c l a r i f y i n d e t a i l what i s the exact" demand on v e r i f i c a t i o n , whether i t would 
s u f f i c e to detect a b n o r m a l i t i e s at the f a c i l i t y monitored or whether more 
s u b s t a n t i a l i n f o r m a t i o n i s r e q u i r e d , as w e l l as the o v e r a l l system of o n - s i t e 
i n s p e c t i o n w i t h i n which framework t h i s technology would be a p p l i e d . 

However, f o r the purposes of t h i s s e c t i o n , such r e a l - l i f e c o n s i d e r a t i o n s 
w i l l be put to one s i d e and p o s s i b l e a p p l i c a t i o n of t h i s technology w i l l be 
shown i n an exemplar manner. The demand on v e r i f i c a t i o n i s understood to be 
as f o l l o w s : 

(a) as regards chemical weapons s t o c k p i l e f a c i l i t i e s and former production 
f a c i l i t i e s to be destroyed at a f u t u r e date, v e r i f i c a t i o n of t h e i r i n a c t i v e 
status ; 

as to e l i m i n a t i o n f a c i l i t i e s and permitted production f a c i l i t i e s , m o n i t o r i n g 
of t h e i r a c t i v i t i e s ; 
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as to the transshipment of chemical weapons, the monitoring of p o s s i b l e 
container a b n o r m a l i t i e s both p r i o r to and a f t e r completion of transshipment, 

(b) communications between the f a c i l i t i e s and monitoring o r g a n i z a t i o n w i l l 
be conducted by means of an e x i s t i n g communications network. 

P o s s i b l e a p p l i c a t i o n s 

Given the imderstanding above, exemplar a p p l i c a t i o n of Safeguards Eemote 
V e r i f i c a t i o n Technology to various f a c i l i t i e s f o r chemical weapons s t o c k p i l i n g , 
producing, e l i m i n a t i n g e t c , would be as shown i n Table 2 , 

The e s t i m a t i o n of cost was made on the b a s i s of the cost of a complete 
v e r i f i c a t i o n system comprising o f : 

- f o r f a c i l i t i e s , whose s i z e was understood to be on a s c a l e s i m i l a r to 
t h a t of the f a c i l i t i e s discussed at the chemical weapons v e r i f i c a t i o n 
workshop at the Tooele Army Depot i n November 1983, sensors, o n - s i t e 
m \ i l t i - p l e x e r s , network c o n t r o l u n i t s and s a t e l l i t e communication 
systems ; 

- f o r transshipment c o n t a i n e r s , a complete set of o p t i c a l f i b r e s e a l s . 

In t h i s e s t i m a t i o n the cost of v e r i f i c a t i o n hardware f o r the various 
f a c i l i t i e s were as f o l l o w s : 

- s t o c k p i l e f a c i l i t i e s 138,000,000 (approximately $152,000) 

- permitted production f a c i l i t i e s Y75 ,000,000 ($300,000) 

- former production f a c i l i t i e s Y46,000,000 ($184,000) 

- e l i m i n a t i o n f a c i l i t i e s Y75 ,000,000 ($300,000) 

( i t need not be s t r e s s e d t h a t these f i g u r e s are i n any case j u s t i l l u s t r a t i v e and 
the r e a l cost w i l l v a i y according to the s c a l e of the f a c i l i t y , i t s c o n f i g u r a t i o n 
e t c , ) , 

Conclusions 

The EECOVER system, which was developed f o r safeguarding n u c l e a r m a t e r i a l has, 
i n the course of development of.such "second•generation" technology as the 
a d d i t i o n of remote c o n t r o l c a p a b i l i t y , improved r e l i a b i l i t y and the u t i l i z a t i o n 
of s a t e l l i t e communication, become a more p r a c t i c a l system of Safeguards-related 
technology and the economic aspect, such as the cost of various hardware, i s 
improving r a p i d l y . I t i s recommended th a t the Conference on Disarmament give 
due c o n s i d e r a t i o n to a p o s s i b l e a p p l i c a t i o n of t h i s and r e l a t e d technology to 
the v e r i f i c a t i o n of a chemical weapons convention, thus g r e a t l y advancing i t s 
work i n the f i e l d of v e r i f i c a t i o n technology f o r a comprehensive ban on chemical 
weapons, 
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O r i g i n a l : ENGLISH 

German Democratic Republic 
N a t i o n a l V e r i f i c a t i o n Measures to Implement the Convention on 

the P r o h i b i t i o n o f Chemical Weapons 
Int r o d u c t i o n 

E f f e c t i v e measures to v e r i f y compliance with a fu t u r e convention banning 
chemical weapons are of great importance. Every State Party must be given the 
assurance that the o b l i g a t i o n s undertaken are s c r u p u l o u s l y observed by a l l the p a r t i e s 
to the convention. This issue deserves p a r t i c u l a r a t t e n t i o n because of the current 
a c t i v i t i e s to s t a r t the production of a new generation of chemical weapons - binary 
weapons. 

The s o c i a l i s t c o u n t r i e s have proposed a whole array of mechanisms of 
v e r i f i c a t i o n . 

N a t i o n a l v e r i f i c a t i o n measures are of fundamental s i g n i f i c a n c e . In applying such 
measures, States would l i v e up to the r e s p o n s i b i l i t y they have f o r the implementation 
of the convention. What i s more, those measures represent the b a s i s on which the 
e n t i r e system of v e r i f i c a t i o n must be b u i l t . 

The purpose of the Working Paper i s to st i m u l a t e the d r a f t i n g of pr o v i s i o n s 
p e r t a i n i n g to two aspects of n a t i o n a l v e r i f i c a t i o n , that i s g u i d e l i n e s f o r the 
establishment of a n a t i o n a l v e r i f i c a t i o n a u t h o r i t y and f o r the c o n t r o l of c e r t a i n 
chemicals. 
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Part I contains proposals and p o s s i b l e o r g a n i z a t i o n a l g u i d e l i n e s f o r the 
operation of a n a t i o n a l a u t h o r i t y . The establishment of a s p e c i a l or the 
e n t r u s t i n g of an already e x i s t i n g body w i l l enable the State Party concerned 
to meet the r e s p o n s i b i l i t y f o r the implementation of the convention on i t s 
t e r r i t o r y and f o r compliance with i t . The n a t i o n a l a u t h o r i t y should have 
appropriate powers and co-operate with the C o n s u l t a t i v e Committee, e s p e c i a l l y 
with regard to the exchange of data and support f o r i n t e r n a t i o n a l procedures. 
I t may be set up as a s i n g l e body. I t s d u t i e s may a l s o be performed by s e v e r a l 
separate bodies. 

Part I I s e t s out p o s s i b l e g u i d e l i n e s f o r a n a t i o n a l system of accounting f o r 
and c o n t r o l of chemicals i n connection with the convention. An important 
aspect of the a c t i v i t i e s of the n a t i o n a l a u t h o r i t y i s to ensure that chemical 
weapons are not produced. 

The problem of non-production r e c e n t l y acquired added t o p i c a l i t y i n view of 
the plans to produce a new generation of chemical weapons. The Convention must, 
t h e r e f o r e , provide f o r appropriate measures to guarantee that such weapons are 
not manufactured i n a way circumventing the Convention. C l e a r l y phrased 
r e g u l a t i o n s concerning permitted a c t i v i t i e s i n the Convention w i l l have to 
s a t i s f y t h a t requirement. 

The Working Paper se t s f o r t h the ideas regarding the implementation of 
n a t i o n a l v e r i f i c a t i o n measures that have already been d e a l t w i t h by the 
Conference, I t draws on the p o s i t i o n s s p e c i f i e d i n documents CD/220, CD/353 

and CD/334. A l s o , i t takes i n t o c o n s i d e r a t i o n what i s s a i d i n document CD/482 

submitted by Yugoslavia and document CD/315 presented by Canada. The Paper does 
not c l a i m to be complete. The suggestions made i n i t are to help make progress. 
They would provide guidance to States i n the discharge of t h e i r o b l i g a t i o n s 
under the convention. I t stands to reason t h a t , besides the f u n c t i o n s 
o u t l i n e d i n t h i s Paper, other t a s k s , e.g., the monitoring of the d e s t r u c t i o n of 
CW s t o c k p i l e s , and f a c i l i t i e s may be elaborated i n more d e t a i l . 
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GUIDELINES FOR A NATIONAL SYSTEM FOR THE IMPLEMENTATION OF A 
CVÍ - CONVENTION 

I . S t r u c t u r e and basic Functions o f the n a t i o n a l system 
1. Each State party to the Convention s h a l l adopt i n accordance with i t s 
c o n s t i t u t i o n a l process measures i t considers necessary to implement the 
Convention and i n p a r t i c u l a r , to p r o h i b i t and prevent, on i t s t e r r i t o r y 
or anywhere under i t s j u r i s d i c t i o n or c o n t r o l , any a c t i v i t y which would 
c o n s t i t u t e a v i o l a t i o n of the Convention. In order to provide f o r an 
appro p r i a t e instrument to f u l f i l these undertakings the State party should 
e s t a b l i s h a n a t i o n a l system f o r the implementation of a CW-Convention. 
Whereas the r e s p o n s i b i l i t y f o r e s t a b l i s h i n g and maintaining of a n a t i o n a l 
system r e s t s e n t i r e l y w i t h the government of each State, t h i s n a t i o n a l 
system, to f u l f i l i t s purpose, should comprise the f o l l o w i n g : 

- laws and other r e g u l a t i o n s c o n s t i t u t i n g a l e g a l s t r u c t u r e of s u p e r v i s i o n 
and c o n t r o l ; 

- a n a t i o n a l a u t h o r i t y ; 
- o r g a n i z a t i o n a l and o p e r a t i o n a l elements at the f a c i l i t y l e v e l . 

2 . Laws and other r e g u l a t i o n s 
In order to ensure s t r i c t compliance with the undertakings not to 

develop, produce, otherwise acquire, s t o c k p i l e or r e t a i n or t r a n s f e r chemical 
weapons ; 

to destroy or d i v e r t f o r permitted purposes e x i s t i n g stocks and to 
el i m i n a t e chemical weapons production f a c i l i t i e s 
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each State party should 
- e s t a b l i s h d i r e c t l y binding norms with sanctions or p e n a l t i e s f o r non­

compliance ; 
- e s t a b l i s h r e g u l a t i o n s or other l e g a l measures to organize the 

implementation of the undertakings under the Convention i n respect 
to chemical weapons, f a c i l i t i e s and chemicals touched upon by the 

*/ 
Convention.— 

3. N a t i o n a l a u t h o r i t y 
Each State party s h a l l have a s p e c i a l a u t h o r i t y i n order to ensure 

the c o r r e c t execution of a l l measures under the Convention. To t h i s end, 
a s p e c i a l body/bodies could be e s t a b l i s h e d or e x i s t i n g i n s t i t u t i o n s , 
a u t h o r i t i e s or o r g a n i z a t i o n s could be empowered. 
4 . Functions, r i g h t s and d u t i e s o f the n a t i o n a l a u t h o r i t y 

(a) In the i n t e r n a l f i e l d 
- to serve as a n a t i o n a l f o c a l point f o r questions r e l a t e d 

to the implementation of the Convention; 
- to get the r e l e v a n t i n f o r m a t i o n from the corresponding 

n a t i o n a l organs, agencies and e n t e r p r i s e s ; 
- to i n v e s t i g a t e the a c t u a l s t a t e of a f f a i r s concerning 

compliance with the Convention; 

Ч The chemicals and the measures a p p l i c a b l e to them w i l l be defined 
i n the Convention. They are c a l l e d i n t h i s Paper "the chemicals 
concerned". 
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- to supervise c l o s e l y the process of d e s t r u c t i o n or d i v e r s i o n f o r 
permitted purposes of s t o c k p i l e s of chemical weapons and the 
e l i m i n a t i o n of production f a c i l i t i e s f o r chemical weapons; 

- to e s t a b l i s h or a s s i s t the Government i n e s t a b l i s h i n g p r o v i s i o n s 
on the possession, t r a n s f e r or use of the chemicals concerned; 

- to develop recommendations f o r the implementation o f accounting 
and c o n t r o l procedures, as necessary, to enable the State to 
discharge i t s o b l i g a t i o n s under the Convention; 

- to ca r r y out n a t i o n a l i n s p e c t i o n s ; 
- to i n s t a l l i n f a c i l i t i e s i n v o l v e d i n a c t i v i t i e s with regard to 

chemicals concerned t e c h n i c a l means of v e r i f i c a t i o n ; 
- to p a r t i c i p a t e i n the overseeing of measures concerning environmental 

p r o t e c t i o n i n connection with a c t i v i t i e s to implement the Convention; 
to r e c e i v e the f i n a n c i a l means necessary f o r the f u l f i l m e n t of 
i t s f u n c t i o n s ; 

- to report to the Government on i t s a c t i v i t i e s and i t s f i n d i n g s . 
In the i n t e r n a t i o n a l f i e l d 
- to serve as a point of communication w i t h n a t i o n a l a u t h o r i t i e s of 

other States P a r t i e s and the C o n s u l t a t i v e Committee; 
- to keep the Con s u l t a t i v e Committee informed on the s t r u c t u r e and 

the f u n c t i o n s of the n a t i o n a l a u t h o r i t y ; 
- to co-operate with the C o n s u l t a t i v e Committee and with n a t i o n a l 

a u t h o r i t i e s of other States P a r t i e s i n s o l v i n g o r g a n i z a t i o n a l 
and t e c h n i c a l questions i n connection with the implementation of 
the Convention, i n p a r t i c u l a r the t r a i n i n g of n a t i o n a l i n s p e c t o r s 
i n standard v e r i f i c a t i o n techniques and the use of re l e v a n t 
equipment ; 



CD/620 
CD/CW/WP.119 
page 6 

- to transmit the data as agreed i n the Convention to the Co n s u l t a t i v e 
Committee or i t s appropriate s u b s i d i a r y organ and evaluate the 
inf o r m a t i o n received from i t ; 

- to provide the Co n s u l t a t i v e Committee with a d d i t i o n a l i n f o r m a t i o n , 
e x p e r t i s e and la b o r a t o r y support i f required f o r the implementation 
of the Convention; 

- to f a c i l i t a t e and provide support f o r the i n s p e c t i o n s conducted 
by the C o n s u l t a t i v e Committee or i t s s u b s i d i a r y organ i n accordance 
with the Convention. 

5 . F a c i l i t i e s 
The f a c i l i t i e s on the t e r r i t o r y or under the j u r i s d i c t i o n and c o n t r o l of 

each State Party i n v o l v e d i n a c t i v i t i e s w i t h regard to chemicals concerned 
should f u l f i l the f o l l o w i n g requirements : 

- to implementat r e l e v a n t norms and r e g u l a t i o n s of the n a t i o n a l system 
of c o n t r o l ; 

- to report to the n a t i o n a l a u t h o r i t y ; 
- to provide the c o n d i t i o n s necessary f o r i n s p e c t i o n s ; 
- to all o w the i n s t a l l a t i o n and unhampered f u n c t i o n i n g of t e c h n i c a l 

means o f v e r i f i c a t i o n . 
I I . The n a t i o n a l system f o r account and c o n t r o l of chemicals 
1. The n a t i o n a l system should account and c o n t r o l the chemicals concerned i n 
the State and secure the d e t e c t i o n of p o s s i b l e l o s s e s or unauthorized use or 
removal of those chemicals. 

I t should comprise 
- an inf o r m a t i o n system; 
- i n s p e c t i o n s . 

2 . In order to provide the n a t i o n a l a u t h o r i t y w i t h the data necessary f o r 
the f u l f i l m e n t of i t s f u n c t i o n s the f a c i l i t i e s as mentioned under I 5 should 
provide f o r the f o l l o w i n g i n f o r m a t i o n : 
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- f a c i l i t y design; 
- operations i n v o l v i n g the chemicals concerned on an annual b a s i s , i . e . 
(a) volume of production; 
(b) volume of the chemicals acquired from other n a t i o n a l f a c i l i t i e s 

or by import; 
(c) use of the chemicals f o r production of other chemicals w i t h i n the 

f a c i l i t y o r f o r t r a n s f e r ; 
(d) t r a n s f e r to other f a c i l i t i e s w i t h i n t h i s S tate, or by export. 

5 . The n a t i o n a l a u t h o r i t y should c o l l e c t , process and evaluate the f o l l o w i n g 
d a t a : 

- the l i s t i n g o f current f a c i l i t i e s producing or using the chemicals 
concerned ; 

- the record of data on the i n v e n t o r i e s of the chemicals concerned 
possessed a t each f a c i l i t y ; 

- data on t r a n s f e r s ; 
- the record of i n s p e c t i o n data and a l l o p e r a t i o n a l i n f o r m a t i o n r e q u i r e d 

f o r the e v a l u a t i o n of a c t i v i t i e s w i t h regard to the chemicals 
concerned. 

4 . N a t i o n a l i n s p e c t i o n s should be c a r r i e d out w i t h the aim to 
- examine the design i n f o r m a t i o n given by the f a c i l i t y ; 
- examine the i n v e n t o r i e s of the chemicals concerned and a l l r e l e v a n t 

f a c i l i t y records; 
- observe the a c t i v i t i e s by the f a c i l i t y operators i n respect to p h y s i c a l 

inventory t a k i n g and measuring; 
- make independent measurements concerning the types and volumes of 

the production of the chemicals concerned and take samples i f 
necessary ; 

- check s e a l s and other containment s u r v e i l l a n c e equipment. 
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5. Inspectors 
For the purpose of n a t i o n a l i n s p e c t i o n s the n a t i o n a l a u t h o r i t y may 

designate a group of in s p e c t o r s as w e l l as l a b o r a t o r i e s to analyse samples. 
The i n s p e c t o r s should have the r i g h t 
- to v i s i t a l l f a c i l i t i e s i n v o l v e d i n a c t i v i t i e s with regard to the 

chemicals concerned ( I t could be provided t h a t the i n s p e c t o r s 
w i l l be accompanied by f a c i l i t y o p e r a t o r s ) ; 

- to request i n f o r m a t i o n on the production and use of the chemicals 
concerned and check a l l r e l e v a n t f a c i l i t y records. 
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Statement 

i s s u e d Ъу the Representatives of the Parliaments 
of the Warsaw Treaty memher States 

Budapest, 14 May, 1985 

The Representatives o f the Parliaments of the Warsaw Treaty memher States 
held a meeting i n Budapest, on 14 May, 1985, on the occasion of the t h i r t i e t h 
a nniversary of the s i g n i n g of the Warsaw Treaty. 

The meeting was attended hy: 

the d e l e g a t i o n of the N a t i o n a l Assembly of the People's Republic of B u l g a r i a , 
l e d by Stanko Todorov, 

the d e l e g a t i o n of the Fe d e r a l Assembly of the Czechoslovak S o c i a l i s t 
R e p u b l i c , led.by A l o i s Indra, 

the d e l e g a t i o n o f the Volkskammer of the German Democratic R e p u b l i c , l e d 
by Gerald G e t t i n g , 

the d e l e g a t i o n o f the N a t i o n a l Assembly of the Hungarian People's R e p u b l i c , 
l e d by I s t v a n S a r l o s , 

the d e l e g a t i o n of the Sejm of the P o l i s h People's R e p u b l i c , l e d by 
Stanislaw Gucwa, 

the d e l e g a t i o n of the Grand N a t i o n a l Assembly of the S o c i a l i s t Republic 
of Romania, l e d by N i c o l a e Giosan, 

the d e l e g a t i o n of the Supreme Soviet of the Union of So v i e t S o c i a l i s t 
R e p u b l i c s , l e d by Lev Tolkunov and Avgust Voss. 

The p a r t i c i p a n t s of the meeting emphasized that the Warsaw Treaty has 
r e l i a b l y served the p r e s e r v a t i o n of the h i s t o r i c achievements of s o c i a l i s m and 
the development of the many-sided co-operation of the a l l i e d c o u n t r i e s , and has 
played an outstanding p a r t i n safeguarding and s t a b i l i z i n g peace i n Europe and 
the world f o r three decades. The parliaments, the supreme organs r e p r e s e n t i n g 
the people's power of the member S t a t e s , have conside r a b l y c o n t r i b u t e d to the 
deepening of the co-operation of the Warsaw Treaty member S t a t e s , to the 
st r u g g l e f o r the r e d u c t i o n of i n t e r n a t i o n a l t e n s i o n , and to the development 
of p e a c e f u l co-operation. On s e v e r a l occasions, they have c o n s i s t e n t l y c a l l e d 
on the parliaments and peoples of the world to promote e f f o r t s to curb the 
arms race, f i r s t of a l l nuclear armament, to reduce the dangers of c o n f r o n t a t i o n , 
and to renew the process of détente. 

In A p r i l t h i s year the Warsaw meeting of the supreme p a r t y and s t a t e leaders 
of the Warsaw Treaty member States passed a imanimous d e c i s i o n on the extension 
of the Warsaw Treaty, c o n v i n c i n g l y p r o v i n g the commitment of the member States 
to continue t h e i r common l i n e aimed at peace and p e a c e f u l co-existence. The 
extension of the t r e a t y i s i n accordance w i t h the v i t a l i n t e r e s t s of the peoples 
of the f r a t e r n a l c o u n t r i e s and serves the s t a b i l i z a t i o n of peace and i n t e r n a t i o n a l 
s e c u r i t y . 

The Warsaw Treaty member States have never been i n favour o f the d i v i s i o n 
of Europe and the world i n t o c o n f r o n t i n g m i l i t a r y b l o c s . They signed t h e i r t r e a t y 
of defence s i x years a f t e r NATO had been e s t a b l i s h e d . As i t was reconfirmed once 
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again at the Warsaw meeting, the memher States take a stand f o r the simultaneous 
disbanding of t h e i r a l l i a n c e and the n o r t h - A t l a n t i c b l o c and, as a f i r s t s t e p , 
f o r the e l i m i n a t i o n of the m i l i t a r y o r g a n i z a t i o n s of the a l l i a n c e s . However, as 
long as NATO and the danger t h r e a t e n i n g peace i n Europe and the world e x i s t , the 
s o c i a l i s t countries w i l l be strengthening t h e i r a l l i a n c e and t a k i n g appropriate 
measures to keep t h e i r c o l l e c t i v e defensive a b i l i t y at,-a s u i t a b l e l e v e l , 
simultaneously stepping up the s t r u g g l e f o r disarmament, peace and the e l i m i n a t i o n 
of m i l i t a r y b l o c s . The Warsaw Treaty member States do not seek to gain m i l i t a r y 
s u p e r i o r i t y , but do not allow others to gain m i l i t a r y s u p e r i o r i t y over them. 

The Warsaw Treaty member States w i l l i n t e n s i f y e f f o r t s to avert a nuclear 
catastrophe, to stop the extension of the arms race to outer space, to stop the 
arms race on the e a r t h , to r a d i c a l l y reduce and f i n a l l y e l i m i n a t e nuclear 
weapons, to ensure the balance of power at the lowest p o s s i b l e l e v e l , to change 
over to disarmament, to make sure that the all-European process i s maintained i n 
the s p i r i t o f the H e l s i n k i P i n a l A c t , and to e s t a b l i s h comprehensive and 
r e c i p r o c a l l y b e n e f i c i a l i n t e r n a t i o n a l co-operation based on e q u a l i t y . 

The r e p r e s e n t a t i v e s of the Parliaments of the Warsaw Treaty member States 
met i n Budapest i n the days when the peoples of Europe and the world are solemnly 
commemorating the 40th anniversary of the great v i c t o r y over fascism. Concerning 
the d e c i s i v e r o l e of the Soviet people i n the d e s t r u c t i o n of f a s c i s m , and the 
importance of the s e l f - s a c r i f i c i n g s t r u g g l e of the peoples of the a n t i - f a s c i s t 
c o a l i t i o n and many other c o u n t r i e s , they emphasized: the innumerable v i c t i m s , 
i n c a l c u l a b l e d e s t r u c t i o n and hard lessons of the Second World War p e r s i s t e n t l y 
demand the i m i t y of a l l peoples and States, and a l l peace-loving f o r c e s i n the 
i n t e r e s t o f p r e s e r v i n g the peace of our world and s a v i n g human c i v i l i z a t i o n . In 
t h i s context the p a r t i c i p a n t s of the meeting welcomed the c a l l of the CPSU 
Centra l Committee, the Presidium of the Supreme Soviet of the USSR and the C o i m c i l 
of M i n i s t e r s of the Soviet Union addressed to the "peoples, parliaments and 
governments of the world" on the occasion of the 40th anniversary of the end of 
the Second World War to undertake a c t i v e common ac t i o n s i n the name of s t a b l e 
and l a s t i n g peace. 

The p a r t i c i p a n t s of the meeting expressed t h e i r f i r m c o n v i c t i o n that the 
parliaments and parliamentary r e p r e s e n t a t i v e s of a l l States can and must take an 
a c t i v e part i n the s t r u g g l e to e l i m i n a t e the danger of a nuclear world war, to 
pursue a c o n s t r u c t i v e dialogue and co-operation to e s t a b l i s h an atmosphere of 
confidence, and to improve the i n t e r n a t i o n a l c l i m a t e . This i s p a r t i c u l a r l y 
important today when the forces that expand t h e i r a r s e n a l s , prepare f o r the 
m i l i t a r i z a t i o n of outer space, continue the p o l i c y of m i l i t a r y t h r e a t and 
revanchism, query the t e r r i t o r i a l - p o l i t i c a l r e a l i t i e s of post-war Europe, and 
o v e r t l y i n t e r f e r e w i t h the i n t e r n a l a f f a i r s of independent co\mtries are 
becoming more a c t i v e . 

The r e p r e s e n t a t i v e s of the Parliaments of the Warsaw Treaty member States 
once again c a l l on the parliaments and parliamentary r e p r e s e n t a t i v e s of Europe 
and the world to overcome t h e i r d i f f e r e n c e s of view, be partners i n the s t r u g g l e 
to avert the danger of nuclear a n n i h i l a t i o n , and to pursue broad i n t e r n a t i o n a l 
co-operation i n the i n t e r e s t of maintaining general peace and s e c i r r i t y . 

The meeting was held i n the s p i r i t o f comradeliness, f r a t e r n a l f r i e n d s h i p 
and f u l l understanding. 
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LETTER DATED l 8 JULY 1985 ADDRESSED TO THE PRESIDENT OF THE 
CONFERENCE ON DISARMAMENT FROM THE CHARGE D'AFFAIRES OF THE 

PERMANENT MISSION OF THE ISLAMIC REPUBLIC OF IRAN 

Upon i n s t r u c t i o n s from my Government, I have the honour to b r i n g the 
f o l l o w i n g t o your a t t e n t i o n . 

The c r i m i n a l régime of Iraq i n c o n t i n u a t i o n of i t s i l l e g a l use of 
chemical weapons i n war, made f u r t h e r r e s o r t to the use of those banned 
weapons against the Forces of the I s l a m i c Republic of I r a n , on 7 and 8 May 1985. 

The use of chemical weapons on 7 May 1985 was c a r r i e d out by f i r i n g mortar 
s h e l l s against the I r a n i a n Forces s t a t i o n e d i n an area north-east of Basra, and 
the i n c i d e n t on 8 lAay was against the Forces i n Kenareh, south-west of Sardasht 
employing a r t i l l e r y s h e l l s f i l l e d with l e t h a l chemicals. As a r e s u l t of these 
recent uses of Chemical Weapons a number of I r a n i a n s were i n j u r e d . 

These c r i m i n a l a c t i o n s , on the part of the I r a q i régime has been condemned 
by the I n t e r n a t i o n a l Community on s e v e r a l occasions i n the recent past but the 
régime i n question has given no heed to the se r i o u s concerns of the world 
community. 

Please be kind enough to regard t h i s l e t t e r as an o f f i c i a l document of 
the Conference on Disarmament and al l o w f o r i t s c i r c u l a t i o n a c c o r d i n g l y . 

(Signed) Farhad SHAHABI SIRJANI 
Chargé d ' A f f a i r e s a . i . 
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PART A: SUMMARY 

The o b j e c t i v e of t h i s paper i s the incremental upgrading of the experimental 
data exchange system as used during the Group of S c i e n t i f i c Experts Techni c a l Test 
i n 1984 w i t h a view to e s t a b l i s h i n g a f u n c t i o n i n g , permanently a v a i l a b l e monitoring 
and v e r i f i c a t i o n system. 

The c a p a b i l i t y of the system to detect and i d e n t i f y explosions would be 
gr a d u a l l y increased as the system i s conceptually and t e c h n i c a l l y improved. 
Improved system operation c h a r a c t e r i s t i c s would come about i n a sequence of phases. 
Each phase would be c h a r a c t e r i z e d by a d i f f e r e n t degree of s o p h i s t i c a t i o n as f a r 
as t e c h n i c a l equipment and s t a n d a r d i z a t i o n of operation i s concerned and would 
allow f o r v e r i f i c a t i o n a t d i f f e r e n t l e v e l s of magnitude or r e s p e c t i v e y i e l d l e v e l s . 
Due to inadequate c a l i b r a t i o n data on source environments and source-receiver 
paths, magnitude l e v e l s can be c o r r e l a t e d to y i e l d values only w i t h i n a r e l a t i v e l y 
broad range. 

The approach used i n t h i s s e c t i o n d i s t i n g u i s h e s between v e r i f i c a t i o n on a 
g l o b a l and a r e g i o n a l l e v e l . 

The i n t e r n a t i o n a l data exchange system would operate on a g l o b a l s c a l e and i t s 
establishment and operation would be the r e s p o n s i b i l i t y of both non-nuclear-
weapon and nuclear-weapon S t a t e s . 

In-country networks, c o n s i s t i n g of s e v e r a l i n t e r r e l a t e d s t a t i o n s or a r r a y s , on 
the other hand, would have to be the subject of separate arrangements among 
nuclear-weapon States which would i n c l u d e s p e c i f i c a t i o n s on t e s t s i t e s and 
c a l i b r a t i o n parameters to allow f o r as high a degree of confidence as p o s s i b l e i n 
v e r i f i c a t i o n e f f o r t s . The c a l i b r a t i o n data exchanged or c o l l e c t e d among the 
nuclear-weapon States would be made a v a i l a b l e to non-nuclear-weapon S t a t e s , thus 
adding a d e s i r a b l e degree o f redundancy to the v e r i f i c a t i o n system. 

Use of V e r i f i c a t i o n C a p a b i l i t i e s of E x i s t i n g Seismic I n s t a l l a t i o n s 

In a base model a monitoring network of 50 to 100 s t a t i o n s , as s p e c i f i e d by 
the GSE, would comprise e x i s t i n g seismic s t a t i o n s , e x i s t i n g l i n e s of communication, 
and e x i s t i n g f a c i l i t i e s f o r the c o l l e c t i o n , a n a l y s i s , and dissemination of seismic 
data. This network, c a l l e d GSE network below, would by and large correspond to 
the g l o b a l seismic data exchange system as operated during the I 9 8 4 t e s t run. 

I t i s estimated that the l e v e l of v e r i f i c a t i o n of t h i s system would equal a 
magnitude of roughly 5.O (mb). This corresponds to a y i e l d of approximately 
100 k i l o t o n s ( k t ) , i n the event that seismic s i g n a l s of explosions are muffled by 
v i r t u e of dry unconsolidated rock. I n wet hard rock the corresponding y i e l d can 
be as low as 10 k t . These r e l a t i o n s can be considered as i n d i c a t i n g an upper and 
lower y i e l d l i m i t f o r a given magnitude. 

A network that would meet these s p e c i f i c a t i o n could be o p e r a t i o n a l a f t e r a 
period of about two years. 

S t a t i o n o p eration and maintenance would be provided by the c o u n t r i e s h o s t i n g 
the seismic f a c i l i t i e s . 
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System upgrading: 

- The i n t e r n a t i o n a l data exchange system would be operated i n an extended 
t e s t mode based on experience from the 1984 GSE t e c h n i c a l t e s t . 
I n t e r n a t i o n a l Data Centers (IDCs) would be set up and operated i n s p e c i f i e d 
c o u n t r i e s - The data reported by t h i s system would be l i m i t e d to the b a s i c 
parameters of detected seismic s i g n a l s (Level I d a t a ) . A network of 
s t a t i o n s based on an appropriate geographical d i s t r i b u t i o n of e x i s t i n g 
f a c i l i t i e s would be defined and incorporated i n t o the monitoring system 
as much as p o s s i b l e - F u l l y analysed data would be d i s t r i b u t e d w i t h i n 
one week. 

- The GSE would develop d e t a i l e d s p e c i f i c a t i o n s f o r s t a t i o n s that are to 
p a r t i c i p a t e i n the fu t u r e monitoring network. These s p e c i f i c a t i o n s would 
in c l u d e agreed t e c h n i c a l c h a r a c t e r i s t i c s of the sensors, e l e c t r o n i c s , and 
recording equipment, as w e l l as the minimum acceptable s i t e c h a r a c t e r i s t i c s . 
Where d e s i r a b l e , a l l of the data from these dedicated s t a t i o n s would 
inco r p o r a t e a data a u t h e n t i c a t i o n scheme. 

- Prototypes of the dedicated s t a t i o n s would be te s t e d and i n s t a l l e d at a 
number of l o c a t i o n s . 

- Test runs would be conducted by the GSE f o r the ra p i d exchange of seis m i c 
waveform data (Level I I data) i n order to promote the p r a c t i c a l 
a v a i l a b i l i t y of t h i s technology. 

Improvement of Teleseismic V e r i f i c a t i o n C a p a b i l i t i e s 

Once i n ope r a t i o n , the basic i n t e r n a t i o n a l seismic monitoring system would be 
g r a d u a l l y r e f i n e d and i t s c a p a b i l i t y to detect and i d e n t i f y e x plosions improved. 

By using the inherent c a p a b i l i t i e s to f u l l extent the v e r i f i c a t i o n c a p a b i l i t y 
of the GSE network could be upgraded to a l e v e l of magnitude 4.7 (mb), which 
corresponds to a y i e l d o f 50 kt and would encompass the p o s s i b i l i t y o f d e t e c t i n g 
and i d e n t i f y i n g muffled seismic s i g n a l s that r e s u l t from detonations of t h i s y i e l d 
i n dry unconsolidated rock. In comparison the equivalent y i e l d f o r a magnitude 
4.7 (mb) expl o s i o n i n wet hard rock could be as low as 5 k t . 

In essence, the v e r i f i c a t i o n system would c o n s i s t of the GSE network, however, 
i t would c o n t a i n a d d i t i o n a l s t a t i o n s and would be operated on an improved t e c h n i c a l 
l e v e l . 

Further system upgrading i n c l u d e s : 

- A l l dedicated s t a t i o n s , o perating by standardized s p e c i f i c a t i o n s , would 
be i n s t a l l e d a t those l o c a t i o n s which meet the system design c r i t e r i a f o r 
optimal g l o b a l coverage. 

- Operation of I n t e r n a t i o n a l Data Centers would includ e exchange of Level I I 
data on a r o u t i n e b a s i s . Data would be made a v a i l a b l e and d i s t r i b u t e d by 
IDCs. 

- Modern telecommunication systems or r e a l - t i m e communication by s a t e l l i t e 
would be set up f o r transmission of data w i t h i n the i n t e r n a t i o n a l s e i s m i c 
data exchange system. 
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These improvements should b r i n g the v e r i f i c a t i o n c a p a b i l i t y of the g l o b a l 
s e i s m o l o g i c a l monitoring system to a l e v e l of magnitude 4.O (mb) which corresponds 
to a y i e l d of 5 to 10 k t t a k i n g i n t o account the p o s s i b i l i t y of muffled s i g n a l s 
from explosions i n dry unconsolidated rock or to a y i e l d of about 1 kt f o r 
explosions i n wet hard rock. 

For obvious reasons, time-frames are d i f f i c u l t to set with p r e c i s i o n . 
However, these improvements i n v e r i f i c a t i o n c a p a b i l i t y could w e l l be achieved a f t e r 
periods of approximately four and e i g h t years, r e s p e c t i v e l y , from the time the 
continuous operation of the i n t e r n a t i o n a l data exchange system i s i n i t i a t e d . 

Implementation of In-Country Networks 

In addressing the v e r i f i c a t i o n c a p a b i l i t y of a seismic monitoring system 
p a r t i c u l a r importance must be attached to the p o s s i b i l i t y of evading d e t e c t i o n by 
decoupling explosions i n a c a v i t y . 

The implementation of i n t e r n a l networks, i n p a r t i c u l a r i n the t e r r i t o r y of 
nuclear-weapon S t a t e s , would e f f e c t i v e l y improve the v e r i f i c a t i o n c a p a b i l i t y by 
lowering the v e r i f i c a t i o n l e v e l - w i t h i n the region - to magnitude 3-0 (mb). 
This would o f f e r r e a l i s t i c p o s s i b i l i t i e s f o r d e t e c t i n g and i d e n t i f y i n g evasion 
attempts i n v o l v i n g y i e l d s of 10 kt or g r e a t e r . 

The d e t e c t i o n and i d e n t i f i c a t i o n of evasion attempts down to the l e v e l of 
1 k t would obviously r e q u i r e a much l a r g e r t e c h n i c a l input. In-country networks 
with borehole s t a t i o n s or arrays spaced over distances of 5OO to 1,000 km - i n 
areas where c a v i t y decoupling i s p o s s i b l e - would appear to meet these 
requirements. 

System upgrading: 

- In the in-country networks the i n s t a l l a t i o n of a d d i t i o n a l a r r a y s or 
borehole s t a t i o n s would be continued u n t i l the envisaged l e v e l of 
v e r i f i c a t i o n i s achieved. 

- Data on important g e o l o g i c a l and geophysical parameters as w e l l as other 
data required f o r c a l i b r a t i o n purposes would be exchanged. 

^ Real-time communication by s a t e l l i t e and modern telecommunication systems 
would allow IDCs f u l l access to the data from arrays and dedicated 
s t a t i o n s . 
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PART B: DESIGN AND ASSESSMENT OF A SEISMIC SYSTEM FOR 
MONITORING UNDERGROUND NUCLEAR EXPLOSIONS 

1. I n t r o d u c t i o n 

Most i n t e l l e c t u a l c o n t r i b u t i o n s to a s e i s m o l o g i c a l v e r i f i c a t i o n system so 
f a r have v i s u a l i z e d the f u n c t i o n i n g of such a system only w i t h i n the framework 
of a f u l l - f l e d g e d Comprehensive Nuclear Test Ban Treaty (CTBT). By c o n t r a s t , 
the purpose of t h i s paper i s to propose the establishment and continuous 
operation of an i n t e r n a t i o n a l monitoring and v e r i f i c a t i o n system based on 
se i s m o l o g i c a l technology at the present stage, w e l l before the co n c l u s i o n of a 
CTBT or other r e l a t e d c o n t r a c t u a l arrangements, which would continue to unfold 
under a t r e a t y régime. 

In a f i r s t phase, the i n t e r n a t i o n a l seismic data exchange system, as te s t e d 
during two months i n 1984, should be put i n t o operation on a permanent b a s i s . 
In subsequent phases, t h i s system should be g r a d u a l l y improved i n a 
learning-by-doing-process, and brought to a standard which would match the 
s p e c i f i c a t i o n s of the most advanced network as described i n the f i r s t r e p o r t 
(CCD/558, 1978) of the GSE, e v e n t u a l l y even surpassing i t . While e f f o r t s to 
agree on a CTBT continue, an i n c r e a s i n g l y s o p h i s t i c a t e d seismic v e r i f i c a t i o n 
system would mature to meet the v e r i f i c a t i o n requirements of a l l p a r t i e s 
concerned, so as to be f u l l y o p e r a t i o n a l at the time of the s i g n i n g of a CTBT. 
In a dynamic i n t e r a c t i o n of t h e o r e t i c a l development and p r a c t i c a l experience, 
the s c i e n t i f i c community could s t r i v e to reso l v e the remaining problems of a 
v e r i f i c a t i o n system i n a l l i t s aspects: system op e r a t i o n , network d e t e c t i o n 
and i d e n t i f i c a t i o n c a p a b i l i t y , magnitude-yield e s t i m a t i o n , and evasion 
p o s s i b i l i t i e s . 

The gradual development of such a v e r i f i c a t i o n system i s o u t l i n e d below. 

2. Yield-magnitude R e l a t i o n s 

The body-wave magnitude mb was o r i g i n a l l y introduced to measure the 
streng t h of earthquakes based on P wave s i g n a l s i n the f a r f i e l d . This concept 
has a l s o been used to estimate the y i e l d s of underground nuclear e x p l o s i o n s . 
General r e g r e s s i o n formulas, such as 

mb = c^ l o g W + c^ (W = y i e l d i n k t TNT equi v a l e n t ) 

have been widely discussed. Explosion y i e l d s cannot be c a l c u l a t e d d i r e c t l y 
from seismic s i g n a l s , but have to be estimated i n r e l a t i o n to a nearby 
c a l i b r a t i o n e x p l o s i o n of known y i e l d . In the absence of c a l i b r a t i o n explosions 
f o r most t e s t s i t e s i t i s impossible to derive accurate y i e l d estimates even 
f o r w e l l recorded events. 

The strength of a seismic s i g n a l , i . e . the magnitude, s t r o n g l y depends on 
the medium i n which the explosion i s detonated. Explosions i n hard rocks, l i k e 
g r a n i t e , or t u f f g ive considerably stronger s i g n a l s than the explosions i n 
unconsolidated rocks such as al l u v i u m . When the explosion i s l o c a t e d above or 
below the water t a b l e , i . e . i n dry or wet m a t e r i a l , f u r t h e r d i f f e r e n c e s i n 
seismic amplitudes appear. 
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In the f o l l o w i n g we have used a published magnitude-yield r e l a t i o n 
(Murphy, 1981) which i s based on data from the United States t e s t s i t e i n 
Nevada ( F i g . 1). 

( l a ) mb = 3.92 + 0.81 l o g W (hard wet rock) 

( l b ) mb - 3-32 + 0.81 l o g W (dry unconsolidated rock) 

These r e l a t i o n s can be considered as g i v i n g an upper and lower y i e l d l i m i t 
i n k i l o t o n s f o r a given magnitude. 

Seismic s i g n a l s t r e n g t h depends not only on the explosion y i e l d and the 
shot medium, but a l s o on the wave trans m i s s i o n p r o p e r t i e s of the e a r t h . These 
p r o p e r t i e s vary considerably f o r d i f f e r e n t s ource-receiver paths. I n c l u d i n g 
a l l these e f f e c t s i n t o the variance of the r e g r e s s i o n curves of F i g . 1, the 
range of y i e l d u n c e r t a i n t y would be a f a c t o r of about 10. Taking t h i s 
u n c e r t a i n t y i n t o account we c o r r e l a t e magnitude 5-0 (mb) roughly with 100 k t 
(118 k t from equation ( l b ) ) i n dry unconsolidated rock and with 10 k t 
(21 k t from equation ( l a ) ) i n wet hard rock. 

For magnitude 4-7 (mb) these values are simply decreased by a f a c t o r of 
two g i v i n g 50 k t i n dry unconsolidated rock and 5 k t i n wet hard rock. 

F i n a l l y we w i l l d i s c u s s i n t h i s study a g l o b a l network with a v e r i f i c a t i o n 
c a p a b i l i t y of the magnitude 4.O (mb) l e v e l which we c o r r e l a t e with 10 k t 
(7 k t from equation ( l b ) ) i n dry unconsolidated rock and with 1 k t (1.25 kt 
from equation ( l a ) ) i n wet hard rock. 

Seismic s i g n a l s from an e x p l o s i o n can a l s o be reduced by detonating the 
explosion i n a l a r g e , underground c a v i t y . This method can be used f o r the 
purpose of evasion and w i l l be discussed i n d e t a i l i n part С of t h i s study. 
Such c a v i t i e s must be constructed i n hard rock, l i k e g r a n i t e , or s a l t . From 
t h e o r e t i c a l c a l c u l a t i o n s (to be shown i n part C) f o l l o w s a maximum decoupling 
f a c t o r of 200, which decreases a 10 k t explosion to a f i c t i t i o u s tamped 50 t 
e x p l o s i o n . Using r e l a t i o n ( l a ) we derive an equivalent magnitude of 2.9 (mb). 
Explosions i n s a l t are i n f e r r e d to couple more e f f i c i e n t l y , r e s u l t i n g i n an 
estimated mb-yield curve which i s o f f s e t above the g r a n i t e curve by as much as 
0.5 u n i t s mb. Because of the c a v i t y s i z e needed f o r f u l l decoupling explosions 
i n the order of 10 kt are regarded to be about the upper t e c h n i c a l l y f e a s i b l e 
y i e l d l i m i t . Decoupled explosions of t h i s s i z e can be monitored by r e g i o n a l 
networks with v e r i f i c a t i o n c a p a b i l i t i e s at magnitude З.О (mb) l e v e l . To 
monitor decoupling attempts of 1 k t explosions r e s u l t i n g i n a f i c t i t i o u s tamped 
5 t e x p l o s i o n , dense r e g i o n a l networks would be needed as o u t l i n e d l a t e r i n 
part C. Because the body-wave magnitude mb concept breaks down f o r c l o s e 
source-receiver distances we w i l l d i s c u s s t h i s v e r i f i c a t i o n l e v e l i n terms of 
s i g n a l amplitude decay and adequate s t a t i o n spacing i n s t e a d of mb-yield 
c o r r e l a t i o n . 
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3. V e r i f i c a t i o n C a p a b i l i t i e s of Global Seismic Systems 

At the beginning the seismic monitoring system c a l l e d phase 1 system 
would be based on e x i s t i n g seismic f a c i l i t i e s as used during the I 9 8 4 GSETT. 
In t h i s experiment, conducted f o r two months between 15 October and 14 December, 
alt o g e t h e r 79 seismic s t a t i o n s i n 38 c o u n t r i e s intended to p a r t i c i p a t e . For 
the purpose of t h i s study we sel e c t e d those s t a t i o n s which reported a minimum 
number of l e v e l 1 parameters f o r at l e a s t 10 events. Besides amplitude and 
period of P wave, sh o r t - p e r i o d and long-period noise data were used as a 
s e l e c t i o n c r i t e r i o n . S t a r t i n g from the b u l l e t i n published by the Swedish Data 
Center i n Stockholm immediately a f t e r the end of the experiment we thereby 
found 47 s t a t i o n s of which the geographical d i s t r i b u t i o n i s shown i n F i g . 2 , 
S t a t i o n codes, geographic co-ordinates and noise estimates are given i n Table 1. 

Three experimental I n t e r n a t i o n a l Data Centers (EIDCs) were operated at 
that time by Sweden, United States of America and USSR. For exchange of seismic 
data between n a t i o n a l f a c i l i t i e s and the EIDCs as w e l l as among the data 
centres themselves, the world-wide channels of the WMO/GTS (World M e t e o r o l o g i c a l 
Organization Global Telecommunication System) were used. The t e c h n i c a l t e s t 
had the f o l l o w i n g purposes (GRP.134, I 9 8 4 ) : 

- to develop and t e s t procedures (with the WMO) f o r the r e g u l a r 
transmission of Level I data from temporary n a t i o n a l f a c i l i t i e s to 
experimental i n t e r n a t i o n a l data centres (EIDCs); 

- to transmit b u l l e t i n s from EIDCs to p a r t i c i p a t i n g temporary n a t i o n a l 
f a c i l i t i e s using the WMO/GTS; 

- to t e s t procedures f o r r e t r a n s m i s s i o n of Level I data messages over the 
WMO/GTS; 

- to provide an opportunity f o r t e s t i n g procedures f o r e x t r a c t i n g Level I 
parameter at seismic s t a t i o n s ; 

- to develop and t e s t procedures f o r transmission of Level I parameters 
to temporary n a t i o n a l f a c i l i t i e s ; 

- to t e s t proposed procedures at EIDCs f o r r e c e i p t and a r c h i v i n g of 
Level I data and f o r co m p i l a t i o n and d i s t r i b u t i o n over the WMO/GTS of 
event b u l l e t i n s and parameters using Level I data. 

Changed from methodical to routine operation the o b j e c t i v e s of the 
Technical Test would i n essence meet the requirements of a seismic monitoring 
system i n i t s f i r s t phase and t h e r e f o r e , could immediately become o p e r a t i o n a l . 

Within a two year period i t should be p o s s i b l e to improve s u c c e s s i v e l y 
the performance of the system as w e l l as to overcome those d i f f i c u l t i e s t h a t 
were revealed during the I 9 8 4 experiment. This holds e s p e c i a l l y f o r 
procedures used at EIDCs with respect to 
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T a b l e t.- S t a t i o n c o d e s , c o o r d i n a t e s and n o i s e s t a t i s t i c s 
f o r GSETT n e t w o r k 

s t a t i o n 
code 

1 a t . l o n g . S P - n o i s e L P - n o i s e 
ampl s d a m p l s d 
CnmJ Cmb u n i t s D L n m l С fi s u n i t s D 

•1 аро 6 0 . 5 4 1 3 . 95 1 . 58 0 . AO 1 5 3 . 0 0 0 . 30 
2 asna - 2 3 . 6 7 1 3 3 . 9 0 0 .91 0 . 2 7 1 0 7 . 0 0 0 . 3 0 
3 b d í -1S.66 -A7.90 60. 26 0. 67 400.00 0. 30 

A bud A7 . A8 19 .02 31 , 62 0.20 200.00 0.30 
с сор 55 . 68 1 2 . A 3 5 8 . 68 0 . 26 2 6 2 . 0 0 0 . 3 0 
6 e t ао - 2 0 . 0 9 1 A 6 . 2 5 3 . 0 9 0 . 2 1 9 9 . 0 0 0 . 30 
7 dag 7 6 . 77 - 1 8 . 6 5 3 . 6 3 0 . 1 5 2 0 0 . 0 0 0 . 3 0 
fi dbn 5 2 . 10 5 . 1 8 5 . 75 0 . 2 5 2 8 9 . 0 0 0 . 3 0 
9 dkm 5 3 . 26 - 6 . 2 6 7 7 . 6 2 0 . 27 2 0 0 . 0 0 0 . 30 

10 eka 55 , 3 3 - 3 . 1 6 2 . 1 9 0 . 2 4 5 7 , 0 0 0 . 3 0 
i 1 enn 5 0 . 77 5 . 9 2 A . 5 7 0 . 30 2 0 0 . 0 0 0 . 30 
12 f bas 6 A . 7 7 - 1 A 6 . 8 9 2 . 1 9 0 . 2 6 5 8 . 0 0 0 . 3 0 
1 3 о ас A 5 . 7 0 - 7 5 . 4 8 3 . 7 2 0 . 25 4 9 . 0 0 0 . 3 0 
14 gba 1 3 . 6 0 7 7 . 4 4 3 . 0 2 0 . 1 2 1 5 7 . 0 0 0 . 3 0 
15 o r í A9.69 1 1 .22 5. 50 0.10 166.00 0.30 

16 h i s 6 0 . 13 13.70 1 .70 0. Ae 93.00 0.30 

1 7 j o s A8. 50 20.54 3.02 0. 20 200.00 0. 30 

ia kba A7 . 08 13.ЗА 2 . A5 0 . 2 6 2 0 0 . 0 0 0 . 30 
1 9 khc A 9 . 13 1 3 . 5 9 3 . 39 0 . 1 4 3 3 0 . 0 0 0 . 30 
20 l a c ЗА.39 - 1 1 6 . A 1 1 . 6 6 0 . 2 9 3 4 6 . 0 0 0 . 30 
21 l o r A 7 . 27 3 . 85 1 . 5 5 0 . 1 9 4 0 . 00 0 . 30 
о I s z - 1 5 . 2 8 28 . 19 2 .00 0 . 2 6 2 0 0 . 0 0 0 . 30 
23 I tx 2 9 , 33 - 1 0 3 . 6 7 0 . 70 0 . 2 9 2 2 3 . 0 0 0 . 30 
2A mat 3 6 . 5 A 1 3 8 . 2 1 7 . 2 A 0 . 1 7 2 6 7 . 0 0 0 . 3 0 
25 - 6 7 . 6 0 6 2 . 87 1 .12 0 . 2 6 2 0 0 . 0 0 0 . 3 0 
26 mbc 7 6 . 2 4 - 1 1 9 . 3 6 3 . 6 0 0 . 2 A 1 2 8 . 0 0 0 . 3 0 
27 m 1 г 4 5 . A9 2 5 . 9 A 3 . 98 0 . 23 2 0 0 . 00 0 . 30 
28 (lins A 2 . 3 9 1 2 , 6 8 5 .01 0 . 1 1 2 0 0 . 0 0 0 . 3 0 
29 тоу. 5 0 . 65 1 -1 . 62 3 .31 0 . 1 7 2 3 5 . 0 0 0 . 30 
30 пЬ2 61 .ÍDA 11.21 0. A2 0.15 97.00 0 . 30 

31 nna -11.99 -76.84 12.30 0.39 400.00 0.30 

32 л и г 6 0 . 5 1 2 A . 65 6 . 7 6 0 . 1 7 1 2 0 . 0 0 0 . 3 0 
3 3 nwao - 3 2 . 9 3 1 1 7 . 2 3 1 . 32 0 . 1 3 1 A 5 . 0 0 0 . 30 
ЗА obn 5 5 . 1 2 3 6 . 6 0 15 . 1 A 0 . 2 0 2 0 0 . 0 0 0 , 3 0 
35 pmo - 1 5 . 0 0 - 1 A 7 . 9 0 1 A . 10 0 . 3 0 4 0 0 . 0 0 0 . 30 
36 р г и A 9 . 9 9 1 A . 5 A 6 .31 0 . 2 2 1 3 3 . 0 0 0 . 30 
37 p s z 4 7 . 9 2 • 1 9 . Б 9 6 . 7 6 0 . 29 2 0 0 . 0 0 0 . 3 0 
за r s n y АА . 5 5 - 7 4 . 5 3 9 . 3 3 0 . 3 5 1 4 1 . 0 0 0 . 3 0 
39 Г50П 5 0 . 86 - 9 3 . 7 0 3 . 1 6 0 . 1 9 8 9 . 0 0 0 . 30 
АО r s s d A A . 1 2 - 1 0 A . O A 2 . 40 0 . 2 3 9 3 . 0 0 0 . 30 
А1 sb a - 7 7 . 6 5 1 6 6 . 7 6 4 . 9 0 0 . 2 0 4 0 0 . 0 0 0 . 30 
А 2 s l l 6 0 . A8 13 . 3 2 2 . 5 7 0 . 3 8 1 3 9 . 0 0 Q . 30 
A3 suf 6 2 . 7 2 2 6 . 15 1 . 1 2 0 . 2 7 2 0 0 . 0 0 D. 30 
АА t b v 6 0 . 0 8 1 2 . 8 3 1 . 2 3 0 . 1 4 2 0 0 . 0 0 0 . 30 
А 5 v t s 4 2 . 60 2 3 . 20 1 . 7 8 0 . 3 0 2 0 0 . 0 0 0 . 3 0 
А6 we 1 - A 1 . 2 9 1 7 4 . 7 7 85 . 10 0 . 2 0 4 0 0 . 0 0 0 . 3 0 
А7 y k a 6 2 . 49 - 1 1 4 . 6 1 1 . 2 3 0 . 2 7 1 5 1 . 0 0 0 . 30 
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- the use of d i f f e r e n t algorithms f o r event a s s o c i a t i o n ; 

- the i n c l u s i o n of long-period parameters i n the c o m p i l a t i o n of seismic 
b u l l e t i n s ; 

- the l a c k of communication (other than v i a the WMO/GTS) between IDCs, 
r e s u l t i n g i n l a c k of comparison of Level I data a r c h i v e s , and, l e s s 
important, redundant but confusing transmission requests. 

Apart from r o u t i n e system operation on the basis of improved i n s t r u c t i o n s 
elaborated by the GSE, the network should be extended to achieve a more equal 
coverage of the globe by i n c l u d i n g and/or deploying a d d i t i o n a l seismic 
s t a t i o n s on the Eurasian continent and i n the southern hemisphere. 

As f a r as the t e c h n i c a l standard of the s t a t i o n s i s concerned, e f f o r t s 
should be made to s u c c e s s i v e l y replace analog recording f a c i l i t i e s by d i g i t a l 
equipment as w e l l as to i n t e n s i f y the use of d i g i t a l data processing and 
a n a l y s i s techniques at n a t i o n a l f a c i l i t i e s . With regard to these points the 
GSE should work out d e t a i l e d s p e c i f i c a t i o n s f o r seismic s t a t i o n s to p a r t i c i p a t e 
i n the monitoring networks i n the follow-up phases. These s p e c i f i c a t i o n s 
f u r t h e r described i n chapter 4 would i n c l u d e agreed t e c h n i c a l c h a r a c t e r i s t i c s 
of the seismic sensors, e l e c t r o n i c s , and recording equipment, as w e l l as 
minimum acceptable s i t e c h a r a c t e r i s t i c s . 

Further a c t i v i t i e s of the GSE should concentrate on the development of 
methods f o r r a p i d exchange of seismic waveforms (Level I I data). For t e s t i n g 
the procedures, m u l t i l a t e r a l experiments should be c a r r i e d out u s i n g a v a i l a b l e 
channels of modern telecommunication systems i n c l u d i n g s a t e l l i t e connections 
(see chapter 5)-

5.1 System performance 

In s e i s m o l o g i c a l terms the c a p a b i l i t y of a seismic v e r i f i c a t i o n system i s 
expressed by the lowest mb-magnitude of a seismic event t h a t i s estimated to 
be detected, located and i d e n t i f i e d . The es t i m a t i o n technique w i l l be 
described i n some d e t a i l f o r phase 1 system. 

With regard to nuclear explosions magnitudes can be converted to y i e l d on 
the basis of a v a i l a b l e magnitude-yield r e l a t i o n s i n c l u d i n g data from 
c a l i b r a t i o n explosions as o u t l i n e d i n chapter 2, 

5.2 Detection c a p a b i l i t y 

For the assessment of network d e t e c t i o n c a p a b i l i t y d i f f e r e n t methods are 
used. The a n a l y s i s of Davies (1969) contained i n the SIPRI r e p o r t as w e l l as of 
Basham and Witham (1970), E l v e r s (1978) and that given by the GSE i n the f i r s t 
r eport to the Committee on Disarmament i n Geneva, (CCD/558, (1978)) are 
conceptually based on a s t r a i g h t f o r w a r d s t a t i s t i c a l e s t i m a t i o n model. For a 
given network of seismic s t a t i o n s with known background noise l e v e l , a set of 
epicenter l o c a t i o n s and standard amplitude-distance a t t e n u a t i o n curves f o r 
seismic waves, the d e t e c t i o n c a p a b i l i t y i s expressed by the magnitude 
CO. responding,to a f i x e d p r o b a b i l i t y t h a t a s p e c i f i e d minimum number of s t a t i o n s 
detect an event. 
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Another method found i n a paper of K e l l y and Lacoss ( I 9 6 9 ) and i n a GSE 
working paper of the United States (US/GSE/7, 198O) takes average world-wide 
s e i s m i c i t y i n t o account. Using known earthquake recurrence r a t e s , a s y n t h e t i c 
l i s t of events i s produced as a reasonable approximation to those a c t u a l l y 
observed i n a s p e c i f i c time i n t e r v a l . I f s t a t i o n parameters are kept unchanged 
t h i s method allows an independent check on the r e s u l t s of stu d i e s mentioned 
p r e v i o u s l y . 

A t h i r d procedure i s based on r e a l data c o l l e c t e d during s p e c i a l 
experiments as f o r example during the ISM ( I n t e r n a t i o n a l Seismic Month, 
Lacoss (1974)) or r o u t i n e l y by i n t e r n a t i o n a l agencies (e.g. I n t e r n a t i o n a l 
Seismological Centre (ISC), Newbury, U.K.). Estimates of.network d e t e c t i o n 
thresholds are obtained using the recurrence method or maximum-likelihood 
techniques (Ringdal e t . a l . (1977), Ringdal (1984)). 

Estimates of d e t e c t i o n c a p a b i l i t i e s of seismic networks d i f f e r 
s u b s t a n t i a l l y as a r e s u l t of these approaches. In general, the d e t e c t i o n 
threshold increases i n the order of the described procedures. The reason f o r 
t h i s i s p a r t l y due to the d i f f e r e n c e between o p e r a t i o n a l s t a t i o n performance 
used i n the l a s t approach and the i d e a l i z e d assumption based on pure noise 
s t a t i s t i c s which are input to the method described f i r s t . With respect to the 
network of phase 1 i t i s p o s s i b l e to check the two methods against each other. 
This can be done using the noise data reported during the Technical Test as 
input f o r the s t a t i s t i c a l approach and comparing the r e s u l t s with e m p i r i c a l 
d e t e c t i o n thresholds on the basis of the recurrence curve e s t i m a t i o n method. 
I t should be noted that the l a t t e r method i s only a p p l i c a b l e f o r a few regions 
where the number of events recorded during the GSETT was s u f f i c i e n t l y high. 

The d e t a i l e d t e c h n i c a l background of the c a l c u l a t i o n s f o r e s t i m a t i n g 
network d e t e c t i o n c a p a b i l i t i e s of the GSETT network as w e l l as of other models 
presented i n t h i s paper are given i n Harjes (1985), Ciervo et a l . , (1985), 
Wirth (1977) and Elvers ( 1 9 8 O ) . 

The basic input parameters t h a t are to be s p e c i f i e d at the beginning are 

- Seismic s t a t i o n l o cations^and t h e i r noise s t a t i s t i c s (mean and v a r i a n c e ) . 

For the GSETT network noise data were estimated from s h o r t - p e r i o d and 
long-period noise amplitudes reported by s t a t i o n s p a r t i c i p a t i n g i n the 
t e s t . S t a t i o n names, geographical co-ordiantes and noise, parameters are 
given i n Table 1. 

- Amplitude-distance r e l a t i o n s f o r seismic phases. 

We used the a t t e n u a t i o n curve f o r P and PKP waves i n F i g . 3 which was 
derived from ISC data f o r the NORSAR array (Ringdal and Fyen, 1979). 
This curve was smoothed at r e g i o n a l distances and we e s p e c i a l l y omitted 
the amplitude anomaly around 20 deg. I t was found (Harjes, 1985) that 
the r e s u l t s f o r a g l o b a l network s y s t e m a t i c a l l y depend on the type of 
P wave at t e n u a t i o n f u n c t i o n , i f f o r example other curves published by 
Gutenberg-Richter (1956), Everden-Clark (1970) or Veith-Clawson (1972) 
are used. There i s a major e f f e c t from extending the a t t e n u a t i o n curve 
beyond 100 degree distance to include PKP phases as w i l l be discussed 
l a t e r . 
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i g . 3: Amplitude-distance a t t e n u a t i o n curve f o r P- and PKP-wave amplitudes. 
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- S i g n a l - t o - n o i s e r a t i o required f o r d e t e c t i o n of P or PKP waves. The 
S/N r a t i o s t r o n g l y depends on the s t a t i o n operation. As long as at a 
ma j o r i t y of s t a t i o n s events are detected by v i s u a l i n s p e c t i o n , a 
conservative estimate of S/N = 3 i s used. When automatic detectors 
are g e n e r a l l y implemented, the S/N r a t i o could be lowered to a value of 
1.5 which would consequently lower the d e t e c t i o n threshold by О.З 
magnitude u n i t s . 

- The d e t e c t i o n c r i t e r i a define the minimum number of s t a t i o n s which are 
necessary to detect an event. 

T h e o r e t i c a l l y , four s t a t i o n s are needed to l o c a t e an event. In phase 1 
system, we r e q u i r e f o r at l e a s t e i g h t s t a t i o n s to declare an event to be 
detected. This takes i n t o account o c c a s i o n a l non-functioning of some 
s t a t i o n s and r e f l e c t s the experience from the GSETT. 

On the basis of these input data 90 per cent d e t e c t i o n p r o b a b i l i t y of the 
GSETT network was c a l c u l a t e d i n terms of mb-magnitude. F i g . 4 shows the 
de t e c t i o n threshold f o r a g r i d spacing of 15 degrees. 

A l a r g e geographical v a r i a t i o n of about one magnitude u n i t i n d e t e c t i o n 
c a p a b i l i t y ranging from 3.8 to 4.9 can be seen. This p a r t l y r e s u l t s from the 
heterogeneous s t a t i o n d i s t r i b u t i o n but a l s o from the high noise values which 
were reported by most of the s t a t i o n s i n the southern hemisphere. 

Comparing these r e s u l t s w i t h e m p i r i c a l d e t e c t i o n p r o b a b i l i t i e s derived on 
the basis of the recurrence e s t i m a t i o n method, the magnitudes are f a i r l y 
s i m i l a r . In F i g . 4 the mb values w i t h i n the c i r c l e s r e f e r to those areas f o r 
which the data base of the GSETT permitted t h i s k i n d of a n a l y s i s with some 
confidence. 

Anyhow, the r e s u l t s r e v e a l t h a t even under t e s t c o n d i t i o n s world-wide 
d e t e c t i o n of magnitude 5-0 (mb) events could e a s i l y be accomplished with t h i s 
network. According t o chapter 2 t h i s corresponds roughly to a y i e l d of 10 k t 
i n water saturated hard rock or to a y i e l d of 100 k t , assuming a detonation i n 
unconsolidated dry rock. 

3.3 Location c a p a b i l i t y 

The accuracy of seismic event l o c a t i o n i s important i n context with 
monitoring underground nuclear explosions as longitude and l a t i t u d e and, i n 
p a r t i c u l a r depth are fundamental i d e n t i f i c a t i o n parameters. More than 
90 per cent of a l l earthquakes occur under oceans and/or at l e a s t below 30 km 
(Sykes et a l . , 1983 ), i . e . i n areas where t e s t i n g of nuclear devices i s at 
present assumed to be t e c h n i c a l l y impossible. Moreover i t i s e s s e n t i a l to 
know whether an epicenter l i e s w i t h i n the borders of a c e r t a i n country and, i n 
the case of a nuclear weapon State, i n s i d e or outside a c e r t a i n t e s t area. 

As has been stated e a r l i e r , at l e a s t four s t a t i o n s are needed to l o c a t e an 
event. Accuracy of epicenter determination depends c r i t i c a l l y on the number 
of s t a t i o n s that detect the event. Consequently the l o c a t i o n c a p a b i l i t y w i l l 
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decrease with decreasing magnitude. On the basis of these c o n d i t i o n s the 
achievable l o c a t i o n accuracy f o r an event of magnitude 5.0 as w e l l as of 4-0 
was c a l c u l a t e d . The r e s u l t s are shown i n F i g s . 5 and 6. The numbers a t the 
g r i d p oints denote the major a x i s of the estimated 95 per cent confidence 
l o c a t i o n e l l i p s e i n kilometers f o r a h y p o t h e t i c a l epicenter of an event of the 
given magnitude. 

At the envisaged v e r i f i c a t i o n l e v e l of magnitude 5-0 (mb) the l o c a t i o n 
accuracy of phase 1 system v a r i e s between 20 km and 40 km. The l o c a t i o n e r r o r 
increases to 40 km - 100 km f o r small events (mb = 4 . 0 ) . Such general estimates 
of l o c a t i o n accuracy must be considered as order-of-magnitude estimates, 
because only s t o c h a s t i c e r r o r s are considered i n t h i s model. The r e a l l o c a t i o n 
e r r o r s might be considerably l a r g e r due to systematic d i f f e r e n c e s between the 
tr a v e l - t i m e model and the r e a l e a r t h . These e r r o r s can only be d i s c l o s e d by 
c a l i b r a t i o n events with known epicenter co-ordinates. 

5.4 I d e n t i f i c a t i o n 

Various methods have been developed and teste d i n the past to d i s t i n g u i s h 
between seismic s i g n a l s from underground explosions and earthquakes. The 
monitoring system should be capable of pr o v i d i n g at the e a r l i e s t p o s s i b l e date 
a l l necessary data f o r any i d e n t i f i c a t i o n scheme. The most prominent methods 
that should be covered are the f o l l o w i n g : 

- f o c a l depth determination with high accuracy on the basis of standard 
epicenter determination combined with implementation of secondary 
phases ; 

- f i r s t - m o t i o n s i g n c r i t e r i o n of sh o r t - p e r i o d and long-period f i r s t 
a r r i v a l s ; 

- Ms:mb c r i t e r i o n ; 

- S p e c t r a l d i s c r i m i n a n t s (complexity, t h i r d moment of frequency). 

A system as operated during GSETT would be completely based on Level I 
parameters extracted from the recordings of t e l e s e i s r a i c s i g n a l s . These 
d i s c r i m i n a n t s are part of the complete set of Level I data l i s t e d i n the reports 
of the GSE to the CD (CCD/558, (1978), CD/45, (1979))- According to the 
i n s t r u c t i o n s f o r e x t r a c t i o n of Level I data at a three-component s t a t i o n of 
sho r t - and long-period seismometers, these data comprise more than 50 d i f f e r e n t 
parameters. The workload f o r measuring the data f o r a l l recorded events i s 
considerable, although data from d i g i t a l s t a t i o n s can be determined by 
automated and/or i n t e r a c t i v e procedures. 

The volume of Level I data g e n e r a l l y increases with the strength of the 
seismic events as the seismograms conta i n various phases which have to be 
reported. In c o n t r a s t to t h i s , only a few parameters can be extracted from 
s i g n a l s of small events which are much more d i f f i c u l t to i d e n t i f y . Considering 
that 90 per cent of the seismic events can immediately be declared to be 
earthquakes as soon as the epicenter and f o c a l depth are known, the workload 
required f o r e x t r a c t i o n of the complete set of Level I data i s out of 
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proportion to the usefulness of these parameters. I t would be more reasonable 
to determine r o u t i n e l y a subset of the data needed f o r l o c a t i n g the event and 
as a second step to exchange the seismograms (Level I I data) i n case of 
su s p i c i o u s events. On the basis of these data any d i s c r i m i n a n t t h a t promises 
t o be most e f f e c t i v e f o r i d e n t i f i c a t i o n could be deri v e d . 

The proposed two-step procedure, however, i s not a p p l i c a b l e at the l e v e l 
on which the GSETT network i s operated. In t h i s experiment the m a j o r i t y of 
p a r t i c i p a t i n g States reported a subset of Level I parameters c a l l e d minimum 
s e t . In a d d i t i o n to noise amplitudes i n the s h o r t - p e r i o d and long-period band 
these data contained the parameters of the f i r s t a r r i v a l and of the surface 
waves of Rayleigh type. Apart from l o c a t i o n and depth determination by 
standard hypocenter determination, minimum s e t data would a l l o w a p p l i c a t i o n o f 
f i r s t - m o t i o n s i g n and Ms:mb c r i t e r i o n . For e x t r a c t i o n of a d d i t i o n a l 
d i s c r i m i n a n t s , i n p a r t i c u l a r s p e c t r a l parameters, Level I I data would be 
req u i r e d . 

With respect to the Ms:mb c r i t e r i o n the e v a l u a t i o n of the t e s t r e s u l t s 
revealed that only a small percentage (about 20 per cent) of those events which 
were defined by P-detections could be amended with long-period parameters. The 
long-period noise values i n Table 1 are estimated from these reported data. 
For a number of s t a t i o n s they are simply set to 200 nm and 400 nm. The same 
model as f o r P waves was now used f o r Rayleigh waves to f i n d the d e t e c t i o n 
c a p a b i l i t y of the GSETT network i n terms of surface wave magnitude Ms. 

Besides the s t a t i o n data from Table 1, the w e l l known "Prague" formula, 
recommended by lASPEI and i t s extension to r e g i o n a l distances as given i n a 
previous GSE report (CCD/558, 1978), has been a p p l i e d f o r amplitude-distance 
c o r r e c t i o n . 

Ms = l o g (2A/T) + 1.66 log Д*" f o r Д ^ 25 deg. 
(2) 

Ms = l o g (2A/T) + l o g Д"'+ 0.92 f o r Д ^ 25 deg. 

F i g . 7 shows the d e t e c t i o n c a p a b i l i t y of the GSETT network estimated i n 
terms of Ms u n i t s based on 0.9 p r o b a b i l i t y of d e t e c t i o n at four or more 
s t a t i o n s with a S/N r a t i o of at l e a s t 1.5. For most parts of the northern 
hemisphere we c l e a r l y get values below magnitude 4-0 (Ms). In the southern 
hemisphere the d e t e c t i o n t h r e s h o l d f o r surface waves i s increased to 
magnitude 4-2 (Ms). 

As f o r body-wave magnitude mb there are surface wave magnitude-yield 
r e l a t i o n s from various authors. For our purposes the M a r s h a l l et a l . (1971) 
curve seems to be app r o p r i a t e . 

(3) Ms = l o g W + 2 (W = y i e l d i n k t ) 

This r e l a t i o n was derived f o r explosions i n consolidated rock. I t i s 
s u f f i c i e n t as a g l o b a l average estimate. Referred to t h i s curve, a y i e l d of 
100 k t c o r r e l a t e s to a surface-wave magnitude of 4.O (Ms). 
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In f a c t , we can r e l a x the d e t e c t i o n c r i t e r i o n from F i g . 7 because we intend 
to use the Rayleigh waves f o r i d e n t i f i c a t i o n and not f o r d e t e c t i o n and l o c a t i o n . 
I f a Rayleigh wave d e t e c t i o n of two s t a t i o n s and more (instead of four s t a t i o n s 
and more) i s considered to be s u f f i c i e n t , we get a surface wave d e t e c t i o n 
threshold of Ms = 4-0 n e a r l y a l l over the world ( F i g . 8 ) . 

The poor r e p o r t i n g of long-period parameters during the GSETT can be 
a t t r i b u t e d , even more than f o r the s h o r t - p e r i o d d e t e c t i o n c a p a b i l i t y , to the 
f a c t that some co u n t r i e s concentrated p r i m a r i l y on methodical aspects and l e s s 
on complete r e p o r t i n g of a l l seismic events. As soon as the experimental stage 
of phase 1 has been overcome, system performance w i l l g r a d u a l l y improve. 
I d e n t i f i c a t i o n of explosions with a y i e l d of 100 k t i s already p o s s i b l e with a 
high degree of confidence i n the very beginning as shown by the r e s u l t s of the 
GSETT. 

3.5 System operation 

The seismic v e r i f i c a t i o n system at a magnitude 5-0 (mb) l e v e l could 
e s s e n t i a l l y be operated l i k e the experimental system during the GSETT. The 
i n s t r u c t i o n s and procedures elaborated and a p p l i e d during t h i s experiment would 
be improved on the b a s i s of the t e s t r e s u l t s which are c u r r e n t l y being evaluated. 

As a main component the system would comprise a network of about 50 seismic 
s t a t i o n s . Maintenance, s t a t i o n operation and e x t r a c t i o n of a minimum set of 
Level I parameters (Conference Room Paper 134/Rev.l, 1984) of a l l recorded 
s e i s k l c events would be provided by the n a t i o n a l f a c i l i t i e s of the p a r t i c i p a t i n g 
States. Within one week a f t e r recording of an event,,the extracted data would 
be transmitted v i a the WMO/GTS to at l e a s t three I n t e r n a t i o n a l Data Centers. 
I n s t a l l a t i o n of one or two a d d i t i o n a l IDCs i n the southern hemisphere ( A u s t r a l i a , 
South America, A f r i c a ) should be encouraged. 

Technical equipment and personnel of an IDC would be provided by S t a t e 
h o s t i n g a data center. The o p e r a t i o n a l procedures would be i n accordance with 
the i n s t r u c t i o n s given i n the t h i r d r e p o r t of the GSE (CD/448, (1984)). Each 
country c o n t r i b u t i n g seismic data would have unhindered access to the data 
archives of each IDC. 

Communication and data exchange between IDCs and n a t i o n a l f a c i l i t i e s should 
not be l i m i t e d to the WMO/GTS as during the GSETT but incl u d e a l s o other 
channels as f o r example t e l e x and telephone l i n e s and, i f a v a i l a b l e , computer 
l i n k s v i a high-speed communication systems. 

Seismic b u l l e t i n s compiled by the IDCs a f t e r r e c o n c i l i a t i o n should be 
d i s t r i b u t e d v i a WMO/GTS with a time delay of at most two weeks a f t e r the date 
of the seismic event. A f i n a l b u l l e t i n that contains the epicenter data, 
the complete parameter set reported by the i n d i v i d u a l seismic s t a t i o n s , as w e l l 
as the data of unassociated a r r i v a l s should be made a v a i l a b l e to a l l 
p a r t i c i p a t i n g c o u n t r i e s one week a f t e r transmission of the b u l l e t i n c o n t a i n i n g 
purely epicenter data. 
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4. Technical Design of Future Dedicated Seismic S t a t i o n s 

Seismic s t a t i o n s belong to the most important elements of a g l o b a l network as 
t h e i r performance determines p r i m a r i l y the c a p a b i l i t y of the whole system. The 
t e c h n i c a l concept of a prototype s t a t i o n could be s i m i l a r to that of an "National 
Seismic S t a t i o n " (NSS) described by Dahlman and I s r a e l s o n (I98O), however, b u i l t 
up of the most advanced t e c h n o l o g i c a l components. The s t a t i o n s p r e s e n t l y operated 
i n the RSTN (Regional Seismic Test Network, US/GSE/24, (1982)) come very c l o s e to 
t h i s l e v e l as they meet i n p r i n c i p l e the requirements with respect to 

- data q u a l i t y ; 

- data a v a i l a b i l i t y ; 

- system s e c u r i t y ; 

- r e l i a b i l i t y ; 

- maintenance. 

Taking recent t e c h n i c a l developments i n t o account and f o l l o w i n g i n p r i n c i p l e 
the d e s c r i p t i o n of the NSS concept given by Dahlman and I s r a e l s o n (198O), a 
dedicated s t a t i o n would c o n s i s t of the f o l l o w i n g components: 

- a data a c q u i s i t i o n system i n c l u d i n g a primary three-component set of 
broadband seismometers (e.g. GEOTECH KS-36OOO), a backup three-component 
set o f s h o r t - p e r i o d seismometers (e.g. GEOTECH S-750) and e l e c t r o n i c s to 
f i l t e r , a m p l i f y , d i g i t i z e , format and au t h e n t i c a t e the data. Seismometer 
output of the broadband instruments i s f i l t e r e d i n three d i f f e r e n t 
passbands: a long-period (LP) band (0.01 - 0.1 Hz), a mid-period (MP) band 
(0.07 - 2 Hz), and a sh o r t - p e r i o d (SP) band (1.0 - 10 Hz). Analog s i g n a l s 
of the broadband seismometer outputs are d i g i t i z e d by 2 4-bit A/D conv e r t e r s , 
p r o v i d i n g a r e s o l u t i o n of at l e a s t 120 dB at 10 Hz and higher a t lower 
fre q u e n c i e s . Sampling frequency f o r long-period data i s 1 Hz, f o r 
mid-period data 4 Hz and f o r s h o r t - p e r i o d data 40 Hz. This i s achieved 
by a process of oversampling and d i g i t a l f i l t e r i n g . More d e t a i l s on the 
various components of an NSS are given by Dahlman and I s r a e l s o n ( 1 9 8 O ) . 

For r e d u c t i o n of seismic background noise the whole data a c q u i s i t i o n package 
i s i n s t a l l e d i n a borehole. I f the s i t e i s s i t u a t e d on hard rock, a depth of 
100 m - w i l l be s u f f i c i e n t whereas 50O ̂  are required i n l e s s competent m a t e r i a l 
(GSE/FRG/17, 1984). 

- surface i n s t a l l a t i o n ; 

The f a c i l i t i e s i n c l u d e "low power" microprocessor systems and d i f f e r e n t 
p e r i p h e r a l u n i t s f o r data r e c o r d i n g and data t r a n s m i s s i o n . The c o n f i g u r a t i o n o f 
the s t a t i o n hardware i s shown s c h e m a t i c a l l y i n F i g . 9. The seismic data stream 
supplemented by a c t u a l time of day as w e l l as s t a t i o n s t a t e - o f - h e a l t h i n f o r m a t i o n 
(2,400 bps) i s passed continuously i n a s p e c i a l mode ( d i g i t a l delay l i n e ) to a 
communications t e r m i n a l f o r transmission v i a s a t e l l i t e to the IDCs. Simultaneously, 
the data are a l s o stored on magnetic tape i n case s a t e l l i t e communication should 
be i n t e r r u p t e d due to f a i l u r e . 
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An a l t e r n a t i v e to magnetic tape recording i s o f f e r e d by magnetic d i s k d r i v e s 
which have a t present c a p a c i t i e s of 600 MB. Data c o l l e c t e d i n a time period of 
more than three weeks could be stored i n a r i n g b u f f e r on t h i s medium. Access to 
any data s e c t i o n of the recorded time period can be provided by any communication 
channel connected to the system. This must not n e c e s s a r i l y be a s a t e l l i t e l i n k 
but can even be accomplished v i a a 1,200 bps telephone l i n e . Information on 
seismic events detected by an automatic event t r i g g e r i n the three passbands, 
implemented i n the microprocessor system, i s a l s o recorded on the d i s k as a 
separate f i l e and remotely a c c e s s i b l e as w e l l . Normally, data t r a n s m i s s i o n would 
be r e s t r i c t e d to the d e t e c t i o n l o g and to short s e c t i o n s (30 s) of t r i g g e r e d 
events. Assuming an a c t u a l transmission speed of 1/3 of the nominal c a p a c i t y of 
a data l i n e , t r a n s m i s s i o n of a data sample of 30 s from a three-component s t a t i o n 
(40 Hz sampling r a t e ) r e q u i r e s 144 s on a 1,200 bps l i n e . This demonstrates t h a t , 
even on low-speed data l i n e s , r o u t i n e t r a n s m i s s i o n of Level I I data a t an average 
of 20 events/day would not cause serious problems. 

The concept of a s t a t i o n w i t h a d d i t i o n a l data storage c a p a c i t y i s p r e f e r r e d at 
s t a t i o n s where e l e c t r i c power would not have to be sup p l i e d by e l e c t r i c generators 
but by the mains, and where s a t e l l i t e t r a n s m i s s i o n i s not f e a s i b l e . For reasons 
of e f f i c i e n c y the t r a n s f e r r a t e of the connected communication l i n e should be as 
high as p o s s i b l e . 

- s a t e l l i t e communications l i n k ; 

The data are t r a n s m i t t e d i n r e a l time v i a s a t e l l i t e to a system c o n t r o l and 
r e c e i v i n g s t a t i o n operated under c o n t r o l of an IDC. Commands from the IDC to the 
s t a t i o n would a l s o be tran s m i t t e d v i a s a t e l l i t e o r, o p t i o n a l l y v i a other data 
channels. 

5. Exchange of Seismic Waveforms (Level I I data) 

According to the reports submitted to CD by the GSE (CCD/558, (1978), 
CD/43, (1979), CD/448 (1984)) exchange of Level I I data i n a f u t u r e s e i s m i c 
monitoring system w i l l be made, upon request, between n a t i o n a l f a c i l i t i e s through 
IDCs. F u l l agreement was achieved i n the GSE with regard to t h i s procedure as 
w e l l as on the s i g n i f i c a n c e of waveform data f o r i d e n t i f i c a t i o n . I n v e s t i g a t i o n s 
of Barkeby et a l . (1981) and Ber g k v i s t (1983) moreover proved the usefulness of 
Level I I data a t IDCs f o r event d e f i n i t i o n and phase a s s o c i a t i o n . Nevertheless 
i t was not yet p o s s i b l e to achieve agreement i n the GSE on items l i k e 

- volume of Level I I data to be requested; 

- format of d i g i t a l data to be exchange on magnetic tape or v i a 
telecommunication channels; 

- standards f o r p r o t o c o l s f o r handling data t r a n s m i s s i o n between computers. 

Consequently no e f f o r t s have been made so f a r to develop and to t e s t 
i n s t r u c t i o n s and procedures f o r exchange of seismic waveforms. We consider the 
s o l u t i o n of these problems as the most urgent task, s i n c e the importance of 
Level I I f o r l o c a t i n g and i d e n t i f y i n g seismic events w i l l i n c r e a s e to the same 
degree as the threshold of the v e r i f i c a t i o n system decreases. This i s a l s o v a l i d 
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f o r the e f f i c i e n c y of IDCs with respect to phase a s s o c i a t i o n , e p i c e n t r e 
determination and depth e s t i m a t i o n . As long as event d e f i n i t i o n and l o c a t i o n i s 
purely based on Level I data, an i n t e r n a t i o n a l v e r i f i c a t i o n system w i l l be i n f e r i o r 
to systems a v a i l a b l e to i n d i v i d u a l c o u n t r i e s and, i n p a r t i c u l a r to e x i s t i n g 
i n t e r n a t i o n a l s e i s m o l o g i c a l data centres as f o r example the NEIS (Na t i o n a l Earthquake 
Information S e r v i c e , Boulder) or the ISC ( I n t e r n a t i o n a l Seismological Center, 
Newbury). 

I t has been repeatedly s t a t e d by many s c i e n t i s t s that exchange and a n a l y s i s 
of large volumes of Level I I data i s no longer a t e c h n i c a l problem. Today, 
technology of computer and telecommunication systems allows r a p i d and p r a c t i c a l l y 
u n l i m i t e d exchange of Level I I data with a high degree of r e l i a b i l i t y . D i f f e r e n t 
communication channels are a v a i l a b l e and were s u c c e s s f u l l y t e s t e d or are i n 
routi n e use by various c o u n t r i e s . Numerous n a t i o n a l working papers presented i n 
the GSE and summarized i n CD/448 (1984) deal with experience i n t h i s f i e l d . For 
transmission of d i g i t a l seismic data between computers and microprocessor 
systems on a n a t i o n a l , b i l a t e r a l or a m u l t i l a t e r a l l e v e l , the f o l l o w i n g 
telecommunication systems are most common: 

- commercial telephone l i n e s (ЗОО - 2,400 bps); 

- v i r t u a l or dedicated data l i n e s (1,200 - 9,600 bps) of i n t e r n a t i o n a l 
packet switched networks; 

- s a t e l l i t e t ransmission (max. 90 Mbps) v i a INTELSAT. 

Due to the f a c t that t h i s technology i s not a v a i l a b l e i n some parts of the 
globe i t seems to be r e a l i s t i c t h a t , as a f i r s t step, d i g i t a l s t a t i o n s of the 
network take part i n ro u t i n e exchange of Level I I data, p r o v i d i n g , on request, 
the data at l e a s t by mail on magnetic tape. A standard format f o r the data 
tapes should be worked out by the GSE, although the IDCs would c e r t a i n l y be able 
to convert the data to any format required by the State that requested the d i g i t a l 
seismogram. 

Exchange of d i g i t a l Level I I data by mail w i l l end as soon as data can be 
transmitted d i r e c t l y to an IDC by means of other telecommunication channels. At 
the lowest l e v e l , telephone l i n e s would be used f o r data t r a n s m i s s i o n . Data 
handling would be made on the basis of simple p r o t o c o l s l i k e SAFT or KERMIT that 
can be made a v a i l a b l e f o r nearly a l l kinds of microprocessors and computers. The 
capacity of the telephone c i r c u i t s i s l i m i t e d to 1,200 bps and may be e r r o r prone 
at data rates greater than 3ОО bps. Therefore, t h i s type of communication would 
not be s u i t a b l e f o r r o u t i n e exchange of large volumes of data, but would s a t i s f y 
the requirements of data requests i n phase 1. 

Packet switched networks provide higher transmission rates than telephone 
l i n e s . The former c u r r e n t l y have connections to 36 c o u n t r i e s , i n p a r t i c u l a r to 
those of Western Europe, North America, Far East and A u s t r a l i a . These systems 
o f f e r transmission l i n e s up to 9,600 bps and would be s u i t e d to i n t e r a c t i v e 
a p p l i c a t i o n s as w e l l as r e l i a b l e transmission of long data f i l e s . Real-time 
transmission of seismic data from a three-component s t a t i o n would only r e q u i r e 
2,400 bps, i f a sampling frequency of 40 Hz (16 b i t word length) i s assumed. 
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Protocols f o r data handling are made a v a i l a b l e as part of software packages 
supplied by computer manufacturers. I t would be necessary to agree upon a standard 
p r o t o c o l before the system i s used i n t e n s i v e l y f o r Level I I data exchange on an 
i n t e r n a t i o n a l l e v e l . 

The most advanced telecommunication: technology i s p r e s e n t l y provided by 
s a t e l l i t e s such as INTELSAT. The ca p a c i t y of t h i s system as described i n 
US/GSE/16 (1981) allows transmission at a data r a t e as high as 90 Mbps. Compared 
to t h i s , f o r a l l data of the NORESS array c o n s i s t i n g of 25 seismic s t a t i o n s with a 
t o t a l of 36 seismometers (samplying r a t e 40 Hz), 32 kbps i s s u f f i c i e n t . Real-time 
data transmission v i a INTELSAT from the NORESS array as w e l l as from s i x RSTN 
s t a t i o n s i n Canada and the United States of America to a data centre i n Washington 
c l e a r l y demonstrates that s a t e l l i t e communication has opened a new dimension f o r 
a f u t u r e seismic monitoring system. From the t e c h n i c a l point of view i t i s no 
longer u n r e a l i s t i c to assume o n - l i n e t r a n s m i s s i o n of seismic data from a l l s t a t i o n s 
of a g l o b a l network to the IDCs, even i f i t c o n s i s t e d of 100 s t a t i o n s or more. 
Taking t h i s p o s s i b i l i t y i n t o account, we t h i n k that i t would be absurd i f , i n the 
f u t u r e , v e r i f i c a t i o n were p r i m a r i l y based on Level I data and d i d not make use of 
Level I I data to the f u l l extent provided by technology. This i m p l i e s that other 
components of the system have a l s o to be upgraded to an adequate t e c h n i c a l l e v e l . 

6. Gradual Improvements of V e r i f i c a t i o n C a p a b i l i t i e s 

A monitoring system of 100 k t explosions marks only the f i r s t phase of a 
development aimed at world-wide v e r i f i c a t i o n of nuclear t e s t s at the lowest 
s i g n i f i c a n t y i e l d l e v e l , which, at present, i s regarded to be about 1 k t . This 
goal could be achieved by a gradual upgrading of the GSETT system. The 
improvements are r e l a t e d to d i f f e r e n t components that could be incorporated 
p r o g r e s s i v e l y d e f i n i n g d i f f e r e n t phases i n the development of the v e r i f i c a t i o n 
system. 

6.1 System performance i n phase 2 

As a f i r s t step i n the process of system upgrading the inherent c a p a b i l i t i e s 
should be used to t h e i r f u l l extent, operating the GSETT-system on an improved 
t e c h n i c a l l e v e l . This could e a s i l y be achieved by the f o l l o w i n g means: 

- implementation of e f f i c i e n t automatic d e t e c t i o n algorithms at d i g i t a l 
s t a t i o n s i n order to lower s i n g l e - s t a t i o n d e t e c t i o n t h r e s h o l d . This 
would allow d e t e c t i o n of seismic s i g n a l s at a S/N r a t i o of about 1.5, 
which i s considered to be the lower l i m i t at which a seismic s i g n a l 
can c l e a r l y be d i s t i n g u i s h e d from background noi s e ; 

- replacement of analog seismic s t a t i o n s by d i g i t a l ones. As f a r as the 
t e c h n o l o g i c a l design of these s t a t i o n s i s concerned, standards f o r 
hardware and software components should be s p e c i f i e d by the GSE. A 
po s s i b l e t e c h n i c a l concept f o r the s t a t i o n s was o u t l i n e d i n chapter 4; 

- extend the network by i n c l u d i n g e x i s t i n g seismic s t a t i o n s i n areas w i t h 
i n s u f f i c i e n t network d e t e c t i o n c a p a b i l i t y . According to F i g . 2 t h i s 
holds e s p e c i a l l y f o r areas i n A s i a , South America, and A f r i c a . As an 
a l t e r n a t i v e new s t a t i o n s could be deployed as w e l l . For s i t e s e l e c t i o n , 
noise c o n d i t i o n s should be taken as the main c r i t e r i o n . An average 
noise l e v e l of about 1 nm to 3 nm at 1 Hz i s d e s i r a b l e . 
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6.1 .1 V e r i f i c a t i o n c a p a b i l i t i e s 

In computing the d e t e c t i o n c a p a b i l i t y i n magnitude (mb) u n i t s f o r the seismic 
networks discussed i n t h i s paper, an amplitude c o r r e c t i o n up to l 8 0 degree distance 
was a p p l i e d . This i s an extension of previous s t u d i e s which r e s t r i c t e d t h i s 
c o r r e c t i o n to distances of l e s s than 100 degrees. At t h i s point we want to 
emphasize the importance of t h i s amendment with regard to an improved d e t e c t i o n 
c a p a b i l i t y f o r the southern hemisphere. I t has been sta t e d t h a t i n the southern 
hemisphere the d e t e c t i o n c a p a b i l i t y i s lower due to the small number of s t a t i o n s i n 
t h i s area. By extending the amplitude-distance c o r r e c t i o n s to iBo degrees, i . e . 
by i n c l u d i n g PKP phases, the d e t e c t i o n c a p a b i l i t y i n the southern hemisphere can 
be d r a m a t i c a l l y improved without i n s t a l l i n g new s t a t i o n s . This can be demonstrated 
by l o o k i n g at a recording of an underground nuclear explosion at the French t e s t 
s i t e i n the South P a c i f i c . F i g . 10 shows 15 seismograms from the GRAEFENBERG (GRF) 
array i n Southern Germany from which the uppermost seismogram i s computed by the 
delay-and-sum method to improve S/N r a t i o . The GRF s t a t i o n A l i s l o c a t e d at a 
distance of 145-7 degrees from the epicentre and records a c l e a r s i g n a l from t h i s 
estimated 5 to 10 kt e x p l o s i o n . In the lower l e f t corner of F i g . 10 the phase 
a s s o c i a t i o n and l o c a t i o n given by the EIDC Stockholm, Sweden, i s p l o t t e d . The 
event was defined on the basis of two PKP d e t e c t i o n s and only two P d e t e c t i o n s . 
Without the PKP phases t h i s event would have remained undetected. I t i s important 
f o r the c a p a b i l i t y of the phase 2 system that data centres use the PKP phases on 
a r o u t i n e b a s i s . 

Considering a d d i t i o n a l improvements i n t e c h n i c a l operation described above, 
the d e t e c t i o n threshold of the GSETT nework can e a s i l y be lowered by 0,5 magnitude 
u n i t s . From F i g . 4 we can then derive a world-wide d e t e c t i o n c a p a b i l i t y of at 
l e a s t magnitude 4-7 (mb). In the model c a l c u l a t i o n s t h i s d e t e c t i o n l e v e l can be 
achieved by lowering the S/N r a t i o necessary f o r s i g n a l d e t e c t i o n to 1,5 • This value 
seems to be r e a l i s t i c as soon as automatic detectors are implemented at the seismic 
s t a t i o n s . 

Using again the magnitude-yield r e l a t i o n from equation ( l b ) the magnitude 
4,7 (fnb) d e t e c t i o n threshold corresponds roughly to about 5 kt explosions i n wet 
hard rock and to about 50 kt explosions i n dry unconsolidated rock. S i m i l a r l y i t 
can be estimated that o p e r a t i o n a l improvements w i l l c l e a r l y increase the number of 
r e p o r t i n g s of long-period s i g n a l s . Narrow f i l t e r c h a r a c t e r i s t i c s could lower the 
noise estimates at l e a s t by a f a c t o r of two. These estimates (Table 1) were 
guessed from poor rep o r t i n g s during the GSETT i n a very conservative way. This 
would i n turn lower the d e t e c t i o n threshold i n terms of surface-wave magnitude 
Ms from F i g , 7 by 0.5 u n i t s , r e s u l t i n g i n a world-wide i d e n t i f i c a t i o n c a p a b i l i t y 
of at l e a s t magnitude 5-7 (Ms). Using the Ms-yield r e l a t i o n from equation (5) t h i s 
means a v e r i f i c a t i o n l e v e l of about 50 kt f o r nuclear e x p l o s i o n s . 

6.1 ,2 System operation 

Operation of the phase 2 system does not d i f f e r s u b s t a n t i a l l y from that of the 
extended t e s t as f a r as e x t r a c t i o n , transmission and c o m p i l a t i o n of Level I data 
are concerned. The number of parameters to be reported w i l l not be increased 
s i g n i f i c a n t l y but w i l l be based on the minimum set supplemented by a few long-period 
data used f o r r o u t i n e determination of Ms magnitude. In t h i s phase seismic events 
would f i r s t of a l l be i d e n t i f i e d on the basis of accurate hypocentre l o c a t i o n . 
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f i r s t - m o t i o n s i g n as w e l l as of Ms:mb r a t i o . These data would be used as a bas i c 
c r i t e r i o n f o r d e f i n i t i o n of sus p i c i o u s events. In t h i s case a f i n a l d e c i s i o n would 
requi r e c a r e f u l a n a l y s i s of the o r i g i n a l seismograms (Level I I data) by n a t i o n a l 
means. For t h i s purpose Level I data are not considered to be adequate even i f 
the complete parameter set were a v a i l a b l e . 

At the end of phase 2, s t a t i o n s with d i g i t a l equipment w i l l dominate i n the 
g l o b a l network although some analog s t a t i o n s are s t i l l expected to be i n operation. 
The t e c h n i c a l l e v e l of d i g i t a l s t a t i o n s w i l l d i f f e r i n so f a r as only a proportion 
of them w i l l have access to telecommunication systems. Therefore Level I I data 
exchange w i l l mainly be based on computer tapes. I t i s estimated that the phase 2 
system could be f u l l y o p e r a t i o n a l i n about four years. 

6.2 System performance i n phase 3 

Upgrading of the t e c h n i c a l f a c i l i t i e s of the seismic s t a t i o n s w i l l be 
continued i n t h i s phase. S i g n i f i c a n t improvements of the system v e r i f i c a t i o n 
c a p a b i l i t y , however, are achieved by o p t i m i z i n g the d i s t r i b u t i o n of seismic 
s t a t i o n s . The model of a network that i s expected to allow world-wide d e t e c t i o n 
of about 1 kt explosions i n wet hard rock or about 10 kt explosions i n dry 
porous media i s shown i n F i g . 11, Compared to the improved GSETT network of 
phase 2, t h i s c o n f i g u r a t i o n of a t o t a l of 50 s t a t i o n s i s c h a r a c t e r i z e d by a more 
homogeneous geographical d i s t r i b u t i o n . I t i s a h y p o t h e t i c a l network which i s 
intended to be an updated v e r s i o n of Network I I I from a previous GSE report 
(CCD/558, 1978). I t mainly c o n s i s t s of e x i s t i n g and planned seismic s t a t i o n s , 
which should be upgraded to s a t i s f y the t e c h n i c a l s p e c i f i c a t i o n s defined i n 
chapter 4 . Table 2 shows the s t a t i o n co-ordinates. In a d d i t i o n , average noise 
values are set to the minimum requirements: namely 3 nm and 50 nm at 1 s and 20 s, 
r e s p e c t i v e l y . 

To achieve the system performance required i n t h i s phase, considerable e f f o r t 
should be made with regard to 

- development and operation of new dedicated seismic s t a t i o n s i n various 
countries of the globe; 

- upgrading the equipment of a l l s t a t i o n s to the l e v e l of dedicated 
s t a t i o n s ; 

- connection of dedicated s t a t i o n s to telecommunication systems to provide 
real-time transmission of recorded seismic data (Level I I data); 

- operation of IDCs that take over the fun c t i o n s of c o n t r o l and r e c e i v i n g 
centres f o r the seismic s t a t i o n s and f o r continuously incoming 
Level I I data as w e l l . 

6.2.1 V e r i f i c a t i o n c a p a b i l i t i e s 

Estimates of d e t e c t i o n , l o c a t i o n and i d e n t i f i c a t i o n thresholds were calcuated 
f o r the h y p o t h e t i c a l network i n F i g . 11 f o l l o w i n g the same procedures as described 
i n d e t a i l i n chapter 3- F i g . 12 shows the 90 per cent p r o b a b i l i t y i n magnitude 
mb-units of de t e c t i o n at four or more s t a t i o n s with a S/N r a t i o of at l e a s t 1.5-
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T a b l e 2: S t a t i o n c o d e s , c o o r d i n a t e s and n o i s e s t a t i s t i c s 

f o r l e v e l 3 n e t w o r k 

i S t a t i o n l a t . l o n g . SP - n o i s e L P - n o i s e 

code ¿íTip 1 

CnrnD 

Bd 

Cmb u n i t s D 

amp 1 

Cnm: CMS 

sd 

u n i t 

1 a s p a -23.67 133.90 3.00 0.20 50.00 0.50 

2 b d í -15.66 -47.90 3. 00 0. 20 50.00 0.50 

3 b i j 40.04 116.18 3.00 0.20 50.00 0.30 

A bng 5 .14 19. 49 3. 00 0. 20 50.00 0.30 

5 boc 5 .32 -74.55 3 .00 0.20 50.00 0,30 

6 bod 58.84 114.72 3.00 0.20 50.00 0.30 

7 b a t -24.49 25 ,94 3.00 0,20 50,00 0. 30 
8 chg 19. 35 99. 91 3. 00 0. 20- 50 . 00 0. 30 

9 c t a o -20.09 146.25 3.00 0 .20 50,00 0,30 

•10 dag 76.77 -18.65 3. 00 0.20 50.00 0.50 

11 eka 55 .33 -3.16 3 . 00 0.20 50.00 0,30 

1 2 e l t 54.17 87,.16 3.00 0.20 50. 00 .0.30 

13 i b a s 64.77 -146:89 3.00 0 .20 50,00 0,50 

•1ч gba 1 3 . 6 0 7 7 . 44 5 . 00 0 . 2 0 5 0 . 00 0 . 5 0 
15 o r í 49 .69 11 .22 5.00 0 .20 50,00 0, 50 

16 h i s 6 0 . 13 13.70 5. 00 0, 20 50. 00 0.50 

17 hlw 30.34 31 .36 5.00 0 .20 50.00 0. 50 
1 S kba 4 7 . 0 Ê 1 3 . 34 3.00 0. 20 50. 00 0. 30 

19 khc 49 . 13 13.59 3 , 00 0 .20 50.00 0.30 

20 k i c 6. 86 -5.28 3.00 0. 20 50.00 0.30 
•21 kmi 25 .12 102,74 3.00 0 . 20 50,00 0.50 

22 k s r 38.51 128.65 3, 00 0. 20 50.00 0.50 

23 1 ac 34.39 -116.41 3.00 0.20 50.00 0.30 

24 }. or 47.27 3.85 3.00 0. 20 50.00 0. 50 

25 Ipb -17.21 -68.53 3.00 0.20 50,00 0 . 30 
26 l S 2 -15.28 23.19 3. 00 0.20 50.00 0. 30 

27 I t x 29.33 -103 .67 3.00 0 .20 50.00 0.50 

2 S l 2 h 36 . 09 103.84 3.00 0. 20 50. 00 0.50 

29 mat 36.54 138.21 3.00 0 .20 50.00 0 .50 

30 maw ¿ 7 . 6 0 62.87 3.00 0.20 50.00 'D.30 
31 mbc 76.24 -119.36 , , 3.00 0 .20 50.00 0.50 
~2 0 mns 42 .39 12.68 3 . 00 0. 20 50 . 00 0.50 

33 max 50.65 11 .62 3 .00 0 .20 50 . 00 0.30 

34 n a i -1 .37 36. 98 3. 00 0.20 50.00 0. 50 
ЗБ nb2 61 .04 1 1 . 2 1 3 , 00 0 . 2 0 50 . 0 0 0 . 3 0 
•7 ¿ . nna -11.99 -76.84 3. 00 0. 20 50. 00 0.30 
37 nwao -32.93 1 17.23 3.00 0 .20 50.00 0.30 

з е obn 5 5 . 1 2 36 . 60 3 . 00 0 , 2 0 5 0 . 0 0 0 . 5 0 
39 pmo - 1 5 . 0 0 - 1 4 7 .90 3 , 0 0 0 . 2 0 5 0 , 0 0 0 . 50 
АО r s n y 44 .55 - 7 4 . 53 3 . 00 0 . 2 0 5 0 . 00 0 . 30 
41 r s o n 5 0 . 8 6 - 9 3 . 7 0 3 , 0 0 0 . 2 0 5 0 . 0 0 0 . 3 0 
Л 2 r s s d 4 4 . 12 - 1 0 4 . 0 1 3 . 0 0 0 . 2 0 5 0 . 0 0 0 . 30 
43 sb a - 7 7 . 8 5 1 6 6 . 7 6 3 . 0 0 0 . 2 0 5 0 . 0 0 0 . 3 0 
44 s p a - 8 9 . 7 6 - 0 . 7 6 3 . 0 0 0 . 20 5 0 . 0 0 0 . 3 0 
45 s u f 6 2 . 7 2 2 6 . 15 3 . 0 0 0 . 2 0 5 0 . 0 0 0 . 3 0 
46 5 ve 5 7 . 2 8 6 0 . 9 5 3 . 0 0 0 . 2 0 S O . 00 D. 30 
47 we 1 - 4 1 . 2 9 174 .77 3 . 0 0 0 . 2 0 5 0 , 0 0 0 . 30 
4S wmq 4 3 . 8 2 8 4 . 6 9 3 . 0 0 0 . 2 0 5 0 . 0 0 0 . 5 0 
49 yak 6 2 . 1 0 1 3 0 . 5 5 3 , 0 0 0 . 2 0 5 0 . 0 0 0 . 5 0 
50 yk a 6 2 . 4 9 - 1 1 4 . 6 1 3 . 00 0 . 2 0 5 0 . 00 0 . 3 0 
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C a l c u l a t i o n s of mb are based on P and PKP waves with the amplitude-distance curve 
from F i g . 3 . Although there i s s t i l l a higher d e t e c t i o n c a p a b i l i t y i n the northern 
hemisphere, i n p a r t i c u l a r i n Western Europe and Scandinavia, the g l o b a l v a r i a t i o n 
of thresholds i s much smaller than i n F i g . 4- In most c o n t i n e n t a l areas the 
det e c t i o n t h r e shold i s lower than or equal to magnitude 4 - 0 (mb). Only i n l a r g e r 
parts of the oceans, i s i t at a l e v e l of 4-1 (mb). I t has to be emphasized that 
the f a i r l y uniform d e t e c t i o n c a p a b i l i t y i s a r e s u l t of the optimal g l o b a l 
d i s t r i b u t i o n of s t a t i o n s with i d e n t i c a l noise c h a r a c t e r i s t i c s . When phase 3 
system comes i n t o o peration, lower d e t e c t i o n thresholds should be p o s s i b l e because 
s e v e r a l s t a t i o n s w i l l have lower noise values than the assumed minimum requirements. 

I t has already been mentioned that a magnitude value of 4-0 (mb) i s equivalent 
to a y i e l d i n the order of 1 kt f o r explosions i n wet hard rock (equation ( l a ) ) , or 
to a y i e l d l e v e l of about 10 k t , t a k i n g i n t o account m u f f l i n g of s i g n a l s by 
detonating explosions i n dry unconsolidated sediments (equation ( l b ) ) . 

Below 10 kt the p o s s i b i l i t y of e f f i c i e n t decoupling by detonating explosions 
i n c a v i t i e s has to be considered. The technique lowers the corresponding mb 
magnitude co n s i d e r a b l y . This can only be v e r i f i e d by r e g i o n a l (in-country) 
networks as w i l l be described i n chapter 7-

The estimated l o c a t i o n c a p a b i l i t y f o r the phase 3 network ( F i g . 11) i s shown 
i n F i g . 13. The numbers at the g r i d points give the l o c a t i o n e r r o r s i n kilometres 
at the d e t e c t i o n threshold f o r a h y p o t h e t i c a l explosion at that e p i c e n t r e . The 
corresponding magnitude values are contained i n F i g . 12. The l o c a t i o n e r r o r s are 
i n the order of 30 km to 60 km. Comparing these r e s u l t s with the l o c a t i o n e r r o r s 
f o r the GSETT network at magnitude 4 - 0 (mb) ( F i g . 6 ) , a remarkable improvement 
due to better geographical s t a t i o n d i s t r i b u t i o n can be concluded. We emphasize 
that t h i s estimate has to be de a l t with c a u t i o n . More r e l i a b l e and then often 
b e t t e r l o c a t i o n r e s u l t s can only be expected by using c a l i b r a t i o n events. 

F i n a l l y we estimated the i d e n t i f i c a t i o n c a p a b i l i t y of phase 3 system based on 
the mb:Ms c r i t e r i o n . F i g . 14 gives a p i c t u r e of the d e t e c t i o n t h r e s h o l d i n terms 
of surface-wave magnitude Ms u n i t s . The estimates are based on O.9 p r o b a b i l i t y of 
det e c t i o n at two or more s t a t i o n s with a S/N r a t i o of at l e a s t 1.5- The "Prague" 
attenuation formula (2) was used as an amplitude distance c o r r e c t i o n . 

In most parts of the northern hemisphere the values are below Ms = 3 - 0 , 
e s p e c i a l l y on the c o n t i n e n t s . On the other hand there are large areas i n the 
southern hemisphere where the d e t e c t i o n threshold f o r surface waves i s as high 
as 5.3 (Ms). Unless more s t a t i o n s are i n s t a l l e d i n the southern hemisphere t h i s 
d i f f e r e n c e w i l l always be the same. 

Following the Ms-yield r e l a t i o n (3) a surface wave magnitude of 3-0 (Ms) 
corresponds to the y i e l d of roughly 10 k t . As we used a rather o p t i m i s t i c noise 
value of 50 nm f o r a l l s t a t i o n s i t can be concluded that a l e v e l of 10 kt i s a 
lower l i m i t f o r the a p p l i c a t i o n of mb:Ms i d e n t i f i c a t i o n c r i t e r i o n . For smaller 
events which are to be detected by phase 3 system as shown i n F i g . 12, other 
i d e n t i f i c a t i o n c r i t e r i a have to be used which are l i s t e d i n s e c t i o n 3-4-
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6.2.2 System operation 

Due to the t e c h n i c a l improvements i n t h i s phase some new aspects are 
introduced with regard to system o p e r a t i o n . 

E x t r a c t i o n and r e p o r t i n g of Level I data by n a t i o n a l f a c i l i t i e s would not be 
necessary any more as automatic t r i g g e r algorithms implemented at the s t a t i o n s 
would provide IDCs with the bas i c data f o r event d e f i n i t i o n . False alarms could 
e a s i l y be excluded by v i s u a l i n s p e c t i o n of Level I I data received from each 
s t a t i o n . Moreover IDCs would be able to search f o r a r r i v a l s which were missed by 
the d e t e c t o r of a s t a t i o n but were detected at neighbouring s t a t i o n s . By 
re - a n a l y s i n g seismic records the number of unassociated d e t e c t i o n s could be reduced 
c o n s i d e r a b l y . This was a l s o proved by Bergkvist et a l . ( I 9 8 3 ) on the basis of a 
sm a l l - s c a l e data exchange experiment during a two-week period i n October 198O. 
During the GSETT about 60 per cent of the reported a r r i v a l s never became 
as s o c i a t e d with any of the events defined by the EIDCs. This again provides strong 
evidence f o r the importance of Level I I data with respect to event d e f i n i t i o n . 
Another e s s e n t i a l point r e l a t e s to the advantages of waveform data w i t h respect 
to i d e n t i f i c a t i o n of seismic phases that provide higher accuracy of epi c e n t r e 
determination and depth es t i m a t i o n (Roy, 1982). Therefore, the e l a b o r a t i o n of 
procedures f o r a n a l y s i s of Level I I data at IDCs i s u r g e n t l y needed. 

Apart from processing of Level I I data the fu n c t i o n s of the IDCs remain 
unchanged. As f a r as changes of the t e c h n o l o g i c a l equipment are concerned, 
improvements at IDCs would mainly i n v o l v e computer c a p a c i t y and data exchange 
v i a high speed telecommunication systems. Advanced technology i n these f i e l d s 
would f a c i l i t a t e c o m p i l a t i o n of event b u l l e t i n s , a r c h i v i n g and management of 
Level I data and Level I I data, and communications with other IDCs as w e l l as with 
n a t i o n a l f a c i l i t i e s of p a r t i c i p a t i n g S t a t e s . 

In t h i s phase immediate a v a i l a b i l i t y of Level I I data from a l l s e i s m i c 
s t a t i o n s of the network at the IDCs would f a c i l i t a t e the process of data requests 
i n order to i d e n t i f y s u s p i c i o u s events. At a magnitude l e v e l of 4-0 (mb) the 
number of events that w i l l a p r i o r i not be c l a s s i f i e d as earthquakes and consequently 
declared to be s u s p i c i o u s i s estimated to be at most 500 per year. This was 
estimated from the recurrence curve based on ISC data f o r shallow events ( f o c a l 
depth < 15 km) i n 1982. Each country would have unhindered access to the Level I I 
data a r c h i v e s . Exchange of Level I I data at t h i s stage would p r e f e r a b l y be made 
v i a telecommunication channels on the basis of standard p r o t o c o l s elaborated by 
the GSE f o r d i f f e r e n t communication systems. O p t i o n a l l y , the data could a l s o be 
provided on magnetic tape or, i f requested, i n any other form. 

In essence, phase 3 system defines the t e c h n o l o g i c a l and o p e r a t i o n a l framework 
of a g l o b a l seismic monitoring system f o r world-wide v e r i f i c a t i o n a t a y i e l d 
t h r e s h o l d of 1 k t to 10 k t explosions depending on source environments as explained 
i n chapter 2. 

7. Implementation of Regional Networks 

An increase i n v e r i f i c a t i o n c a p a b i l i t i e s beyond the l e v e l of magnitude 
4.0 (mb) could be achieved on the r e g i o n a l l e v e l by i n s t a l l a t i o n of r e g i o n a l 
networks, i n p a r t i c u l a r i n the t e r r i t o r y of nuclear weapon Stat e s . These s t a t i o n s 
monitor areas which have a high p o t e n t i a l f o r c a r r y i n g out c l a n d e s t i n e nuclear 
t e s t s . In p r i n c i p l e , i t i s p o s s i b l e to lower the d e t e c t i o n t h r e s h o l d to any 
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magnitude l e v e l by i n c r e a s i n g the d e n s i t y of the seismic s t a t i o n s . The degree of 
adequate v e r i f i c a t i o n that has to be achieved i s l e s s of a t e c h n i c a l problem than 
a p o l i t i c a l one. Therefore, l o c a t i o n , c o n f i g u r a t i o n and operation of r e g i o n a l 
networks would be p r i m a r i l y the subject of arrangements among nuclear weapon 
States. These arrangements would a l s o i n c l u d e s p e c i f i c a t i o n s on t e s t s i t e s and 
c a l i b r a t i o n parameters. Data exchanged or c o l l e c t e d among nuclear weapon States 
would be made a v a i l a b l e to non-nuclear weapon States, thus adding a d e s i r a b l e 
degree of redundancy to the v e r i f i c a t i o n system. 

We w i l l l i m i t the f o l l o w i n g d i s c u s s i o n to some s e i s m o l o g i c a l aspects of 
r e g i o n a l networks. Seismic s t a t i o n s i n Western Europe and Scandinavia which 
p a r t i c i p a t e d i n the GSETT can be regarded as an example of t h i s type of network. 
The geographical d i s t r i b u t i o n of 25 s t a t i o n s s e l e c t e d from the GSETT network 
shown e a r l i e r i n F i g . 2 i s p l o t t e d i n F i g . 15 on a 2-degree g r i d . Using the 
s t a t i o n noise data from Table 1 and an atte n u a t i o n curve f o r r e g i o n a l distances 
and s h i e l d type path (Der et a l . , 1982), the 90 per cent p r o b a b i l i t y f o r d e t e c t i o n 
at four or more s t a t i o n s with a S/N r a t i o of at l e a s t 1.5 i s given i n F i g . l 6 . 

I t can be seen that the r e g i o n a l d e t e c t i o n c a p a b i l i t y of t h i s subnetwork of 
25 mostly h i g h - q u a l i t y s t a t i o n s i s considerably higher than the average g l o b a l 
estimate from F i g . 4, even i f the d i f f e r e n c e s i n input parameters are taken i n t o 
account. 

For the t e r r i t o r y of nuclear weapon States, Dahlman and I s r a e l s o n (I98O) 
c a l c u l a t e d d e t e c t i o n c a p a b i l i t i e s f o r models of 20 and 30 uniformly d i s t r i b u t e d 
s t a t i o n s i n the United States of America and i n the USSR assuming t h a t , with a 
p r o b a b i l i t y of 90 per cent, seismic s i g n a l s are detected at four or more s t a t i o n s 
with a S/N r a t i o of 1.5- Estimates of d e t e c t i o n t h r e s h o l d i n terms of mb were 
given f o r P waves as w e l l as f o r Lg waves on the basis of distance a t t e n u a t i o n 
curves from V e i t h and Clawson (1972) and N u t t l i (1973), r e s p e c t i v e l y . According 
to the r e s u l t s obtained f o r the network of 20 s t a t i o n s i n the United States 
of America the d e t e c t i o n l e v e l turned out to be 3.6 (mb) f o r P waves and 
2.3 (mb) f o r Lg waves. For a network of 20 s t a t i o n s i n the USSR the coresponding 
magnitudes were З.3 (mb) f o r P waves and 2.7 (mb) f o r Lg waves. The r e s u l t s f o r 
the P waves however were based on an amplitude-distance r e l a t i o n which was 
considered to be v a l i d f o r s h i e l d areas i n the USSR. I t was a l s o emphasized by 
the authors that the Lg r e s u l t s obtained f o r the two c o u n t r i e s , i n p a r t i c u l a r f o r 
the USSR, could w e l l be too o p t i m i s t i c because of u n c e r t a i n t i e s i n the Lg 
amplitude-distance curve. 

The d e t e c t i o n threshold of the USSR network obtained f o r P waves was found 
to be i n reasonable agreement with estimates by Evernden (1976) who obtained 
values between 3.2 and 3.7 f o r a network composed of 15 i n t e r n a l and 15 e x t e r n a l 
s t a t i o n s . 

The r e s u l t s of model c a l c u l a t i o n s , using only P waves, are c e r t a i n l y 
conservative estimates of the d e t e c t i o n c a p a b i l i t y of networks c o n t a i n i n g 
in-country s t a t i o n s because r e g i o n a l phases l i k e Lg waves can considerably 
enhance the d e t e c t i o n c a p a b i l i t y . An estimate which made use of m u l t i p l e 
r e g i o n a l seismic phases l i k e Pn, Pg and Lg was given by Hannon (1983). The 
s t a t i o n d i s t r i b u t i o n , was i d e n t i c a l with the model used by Evernden ( I 9 7 6 ) ; 
however, Hannon located hypothetic seismic arrays at the s i t e s of the 15 i n t e r n a l 
s t a t i o n s . With these m o d i f i c a t i o n s 90 per cent d e t e c t i o n p r o b a b i l i t y i n the USSR 
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was estimated to be at 2.4 (mb) for areas of special interest and between 3.0 (mb) 
and 3 " ! (i^b) over about 90 per cent of the country. Obviously detection of seismic 
signals at this magnitude level could also be achieved inside the United States 
of America i f a similar model for a regional seismic network were used. 

Another method we used for estimating detection capability of regional networks 
is based on experimental data collected in Europe from long-range refraction studies, 
studies. This approach does not involve the d i f f i c u l t i e s encountered with the 
various assumptions made with the model calculations, but gives a r e a l i s t i c 
estimate of the minimum station separation required for detection of signals from 
explosions of the order of 1 ton to 10 tons. These results are discussed in detail 
in part C. 

As far as system operation i s concered, implementation of regional networks 
in a global seismic monioring system to achieve reliable verification of evasion 
attempts down to the level of 1 kt would obviously require a much larger technical 
input with regard to 

- number of seismic stations to be operated and maintained; 

- volume of data to be transmitted; 

- number of events to be processed. 

Nevertheless, the principles of system operation as outlined for the phase 3 
verification system in section 6.2.2 would not have to be changed. This also 
applies to the technical equipment of such an extended network that could 
comprise more than 200 stations including seismic arrays. 

The performance requirements for a seismic verification system - and 
especially those for in-country stations - are established by p o l i t i c a l and military 
military considerations. Seismologists provide the technical specifications of 
the seismic system necessary to meet those requirements. 

Nuclear weapon States might look upon the in-country stations combined with 
their own national technical means as a verification system independent of the 
earlier described global network. As the global verification capability of the 
in-country stations i s very limited, i t i s , however, essential that an international 
verification system of highest quality i s available to a l l parties to a 
Nuclear Test Ban Treaty. 
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PART С: CAVITY DECOUPLING OF UNDERGROUND NUCLEAR EXPLOSIONS 

1. I n t r o d u c t i o n 

Clandestine underground t e s t i n g of nuclear explosions i s a serious t h r e a t to 
any t r e a t y which p a r t l y or comprehensively bans nuclear weapon t e s t s . Therefore, 
the v e r i f i c a t i o n measures of such a t r e a t y have to be so e f f e c t i v e that 
c l a n d e s t i n e t e s t i n g has only l i t t l e chances to go undetected,, This requires a 
good understanding of p o s s i b l e c l a n d e s t i n e t e s t i n g methods. Probably the most 
important method i s decoupling the t e s t device from the surrounding rock by 
detonating i t a t the centre of a s u f f i c i e n t l y l a r ge c a v i t y ( L a t t e r et a l . , 196I; 
Herbst et a l . , 196I, Murphey, I96I). This leads to reduced seismic wave 
r a d i a t i o n , compared with the r a d i a t i o n from a tamped explosion of the same y i e l d . 

We w i l l concentrate i n the f o l l o w i n g on a model of decoupling which i s 
s p h e r i c a l l y symmetric, i . e . we assume that the ex p l o s i v e detonates at the centre 
of a s p h e r i c a l c a v i t y . The radius of t h i s c a v i t y i s the c r i t i c a l q u a n t i t y . 
We w i l l i n v e s t i g a t e t h e o r e t i c a l l y how the displacement spectrum o f the r a d i a t e d 
P waves changes with i n c r e a s i n g c a v i t y s i z e . The theory presented here i s l a r g e l y 
the same that has been used i n e a r l i e r d i s c u s s i o n s of decoupling (Healy et a l . , 
197I; Evernden et a l . , I 9 8 4 ) . 

In these d i s c u s s i o n s i t i s assumed that the pressure spectra of tamped and 
decoupled nuclear explosions have the same form, corresponding to a s t e p - f u n c t i o n 
pressure i n the time domain. We i n v e s t i g a t e a d d i t i o n a l l y what happens, i f 
decoupling increases the high-frequency s p e c t r a l pressure amplitudes r e l a t i v e to 
the low-frequency amplitudes. 

A few numerical estimates w i l l be given f o r displacement spectra and 
decoupling f a c t o r s i n the case of a 1 k t explosion i n s a l t . The only decoupling 
experiment described i n the open l i t e r a t u r e , the SALMON-STERLING experiment i n 
the United S t a t e s , took place i n a s a l t dome and provided the in f o r m a t i o n 
necessary f o r q u a n t i t a t i v e estimates of decoupling i n s a l t (Springer et a l , . 1968; 
Sisemore et a l . , 1969; Healy et a l . , 1971). 

Then we discuss the maximum distance to which a 1 kt decoupled explosion i n 
s a l t can be observed. At frequencies up to 10 Hz such an exp l o s i o n r a d i a t e s 
seismic waves l i k e a 5 t tamped e x p l o s i o n , according to a decoupling f a c t o r of 
200. This i s i n the y i e l d range of chemical e x p l o s i o n s , as they are used i n 
long-range r e f r a c t i o n s t u d i e s o f the lower lithosphère. From long-range p r o f i l e s 
with underwater, q u a r r y - b l a s t and borehole-explosion e x c i t a t i o n of seismic waves, 
as observed mainly i n Europe over the past 20 years, a maximum distance of the 
Pn wave of about 500 km f o r a 1 kt decoupled explosion i s d e r i v e d . This new 
estimate bears on the den s i t y of station-networks i n s i d e the United States of 
America and the USSR, which are necessary f o r monitoring a comprehensive t e s t ban 
or a threshold t e s t ban with low y i e l d t h r e s h o l d . 

F i n a l l y , we b r i e f l y d i s c u s s the p o s s i b i l i t y to e x p l o i t the r e l a t i v e l y weak 
decoupling at higher frequencies than 10 Hz, say at 30 Hz, f o r monitoring 
decoupling attempts. 
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2. Source Model o f a Nuclear Explosion 

For s e i s m o l o g i c a l purposes, a nuclear e x p l o s i o n (tamped, p a r t i a l l y decoupled 
or completely decoupled) i s f u l l y described by the pressure f u n c t i o n p(t) at the 
e l a s t i c r a d i u s rg^» Given these two q u a n t i t i e s , the r a d i a t i o n of seismic waves 
both through a homogeneous medium and through a r e a l i s t i c e a r t h s t r u c t u r e can 
r e a d i l y be c a l c u l a t e d . For the d i s c u s s i o n of decoupling i t i s s u f f i c i e n t to 
consider a homogeneous medium with observation points i n the f a r - f i e l d , i . e . at 
l e a s t s e v e r a l wavelengths away from the e x p l o s i o n . In t h i s case the spectrum of 
the P-wave f a r - f i e l d displacement f o l l o w s from the theory developed by Sharpe 
(1942): 

i V -о. 75r , +iVr 
e l e l 

where 

(jj - angular frequency, 

P(a>) - spectrum of the pressure p ( t ) , 

V = P-wave v e l o c i t y , 

p - d e n s i t y , 

r = distance to observation p o i n t , 

i = imaginary u n i t . 

Eq. (1) i s v a l i d f o r a Poisson s o l i d , i . e . a medium whose P-wave v e l o c i t y 
i s -УЗ times the S-wave v e l o c i t y . This i s a reasonable assumption f o r many rocks , 
and i t i s s u f f i c i e n t f o r a d i s c u s s i o n o f decoupling. For a given rock type i n 
which nuclear t e s t s are made V and/i' are f i x e d , and the spectrum (1) depends only 
on the value of the e l a s t i c radius r and on the pressure spectrum PinJ). 

The pressure time f u n c t i o n and spectrum can be w r i t t e n i n a d i f f e r e n t form, 
which i s more s u i t a b l e f o r l a t e r d i s c u s s i o n s : 

P (t) = 

P ( i~?) = P F ( i-') , 
о 

where P i s the peak pressure and f ( t ) the normalized pressure f u n c t i o n whose 
maximum°value i s 1. F(u)) i s the spectrum of f ( t ) . Then (1) reads 

и ( ) = 
O.75 r .P 

e l о 
ii-. Г ( £-> ) 

2 2 2 V - 0 . 7 5 r ^ ^ +iVr t~3 
e l 

(3) 
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The peak pressure PQ i s the maximum pressure, under which the rock r e a c t s 
according to the laws of l i n e a r e l a s t i c i t y ; i t i s a m a t e r i a l property. The 
e l a s t i c r a d i u s r^-j^ depends a l s o on the rock type and i n a d d i t i o n on the y i e l d W 
of the e x p l o s i o n and the degree of decoupling. The normalized pressure 
f u n c t i o n F ( t ) i s , i n the most general case, the sum of a step f u n c t i o n and an 
impulsive term such as an exponential f u n c t i o n , 

f ( t ) = ¿"H(t) + d - á " )e~'^^~^ , О ¿- 1 , (4) 

with the decay time T. The spectrum of t h i s f u n c t i o n i s 

F ( C O ) = -H . ^ - / ^ (5) 

The s t e p - f u n c t i o n term i n (4) i s thought to represent the s t a t i c 
overpressure of hot gas which f i l l s the explosion c a v i t y a f t e r the detonation; 
the c a v i t y i s shot-produced i n the case of a tamped explosion of p r e - e x i s t i n g i n 
the case of a decoupled e x p l o s i o n . The impulsive term i n (4) i s thought to be 
due to the shock wave produced by the e x p l o s i o n . 

The law (4) covers most of the source-time f u n c t i o n s that have been assumed 
fo r nuclear e x p l o s i o n s . Considerable u n c e r t a i n t y e x i s t s with respect to the 
parameters of t h i s law. Both pure step f u n c t i o n s ( i = l ) and pure impulsive 
functions (¿=0) have been proposed, sometimes f o r the same e x p l o s i o n . Thus, 
there i s more u n c e r t a i n t y about source-time f u n c t i o n s of nuclear explosions than 
about source-time f u n c t i o n s of earthquakes, whose d i s l o c a t i o n - t i m e f u n c t i o n s are 
close to step f u n c t i o n s . For a more extended d i s c u s s i o n of t h i s u n c e r t a i n t y see 
Müller (1973) and Ak i et a l . (1974). D e t a i l e d and r e l i a b l e i n v e s t i g a t i o n s of 
explosion source-time f u n c t i o n s have been made f o r low y i e l d s and were based on 
c l o s e - i n measurements of displacements, p a r t i c l e v e l o c i t i e s and a c c e l e r a t i o n s i n 
boreholes around a few explosions (Werth and Herbst, 1963; Rogers, I 9 6 6 ; 
Healy et a l . , 1971)' These authors favour s t e p - f u n c t i o n pressure laws at the 
e l a s t i c r a d i u s , i . e . ó = 1 i n (4) and (5) . Most d i s c u s s i o n s of decoupling are 
based on t h i s form of the pressure, both f o r tamped and decoupled e x p l o s i o n s , 
but below we w i l l be more gen e r a l . 

3 . Decoupling of F a r - F i e l d Spectra 

Decoupling of a nuclear explosion depends on the radius r ^ of the ( s p h e r i c a l ) 
c a v i t y i n which the explosion i s detonated. A tamped exp l o s i o n corresponds to 
r ^ » 0 , i . e . f u l l c oupling of the e x p l o s i o n to the rock; l e t the corresponding 
value of the e l a s t i c radius r^^, f o r a given y i e l d W, be a. I f then r ^ i s 
increased, coupling i s decreased, and r^-j^ decreases because the e l a s t i c l i m i t of 
the rock i s reached at sh o r t e r d i s t a n c e s . The s i t u a t i o n , i n which r , = r and 

e l с 
hence the rock acts l i n e a r l y everywhere outside the c a v i t y , i s the beginning of 
f u l l decoupling; l e t the corresponding c a v i t y radius be a': r ^ ^ = a' at the 
beginning of f u l l decoupling. I f r i s f u r t h e r i n c r e a s e d , r 

^ , 

i h с 
ncreases again 

since then r^^^ = r ^ . Decoupling increases f u r t h e r , althougñ^only at high 
frequencies as shown below. 
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We then compare the spectrum (3) f o r a tamped e x p l o s i o n ( r =0, r = a ) , 

"^^^ = " 7 ^ 7 ' - 2 , 2 2 . • T T T Z J ^ • 

J V - 0 . 7 5 a + i V a c > ^ 

n e x t f o r t h e l i m i t i n g c a s e o f a f u l l y d e c o u p l e d e x p l o s i o n ( r ^ , = r^-^ = 

a' ) , 

о O-"^^^' 1 . (7) 
= — ^ T V i • ~ 2 2 2 , i + i c ^ - r r ' 

J V -0.75a' +iVa'co 

a n d f i n a l l y f o r t h e g e n e r a l c a s e o f a f u l l y d e c o u p l e d e x p l o s i o n (г^_ = 

^ e l > 
-J _ - I I <( 

4 i CJ 
Ij., = ^ V r ^ ' . .2 _ . / 2 . 2 , , „ „ 1 + 1 ^ - . т г 

0.75r^P^ 1 . j ' V i c ^ T T 
— (6; 

V^-0.75r'' O^+i.Vr ^ 
с • с 

In each of the three cases a spectrum of the normalized pressure of the 
form (5) has been assumed. The corresponding t h i r d f a c t o r i n (6) , (7) and (8) 
i s an a l l - p a s s f a c t o r , i f 6,0', or ó" i s c l o s e to 1, but i t can develop i n t o a 
more pronounced high-pass f a c t o r , i f t h i s parameter i s much l e s s than 1. 

The y i e l d dependence of the e l a s t i c radius a i n (6) i s u s u a l l y assumed 
according to a cube-root law: 

a = € W-'-̂^ (9) 

For example, the tamped 5-3 kt expl o s i o n SALMON i n s a l t had an e l a s t i c 
r a d i u s of 169 m (Healy et a l . , 1971), r e s u l t i n g i n £- r 97 m/ktl / 3 . 

The y i e l d dependence of the radius a' i n (7) f o l l o w s from an expression 
of L a t t e r et a l . (1961), r e l a t i n g the s t a t i c pressure i n the c a v i t y 
(here b' PQ) to the energy E of the explosion and to the c a v i t y volume: 

19 
where У 1.2 f o r an a i r - f i l l e d c a v i t y and E = 4-2 10 ^W with W i n k t and E i n 
erg. From (10) we have: 

1/3 

^ ^2 7Г cf P¿ 
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The y i e l d dependence of P " i n (8) f o l l o w s from an equation s i m i l a r to 
(10): ^ 

p./ O. 3E 
° ^ 2 7r¿"rl 

The formulas (6) to (12) allow q u a n t i t a t i v e estimates of displacement 
s p e c t r a , provided-that reasonable assumptions on the parameters {6,T), (6',"^') 
and (0",Г") can be made. 

From the spectra U(uJ) ,U ' (iw) ,U" (¿u') , given above, decoupling f a c t o r s D(u.') 
can be defined as the r a t i o of the spectrum U(¿J) of the tamped explosion and 
the spectrum of the decoupled e x p l o s i o n . U s u a l l y the l i m i t i n g case of f u l l 
decoupling i s considered, which gives minimum values of the decoupling f a c t o r 
at f u l l decoupling: 

with ü(u/) from (6) and U'(¿J) from (7) . 

Two examples of displacement spectra and the decoupling f a c t o r are shown 
i n F i g s . 1 and 2. They correspond to the case of a 1 kt e x p l o s i o n i n s a l t . 
The r e l e v a n t parameters have been taken from the SALMON-STERLING decoupling 
experiment i n which the 5.3 k t explosion SALMON produced a c a v i t y with 
radius 17.4 m where l a t e r the O.38 kt explosion STERLING was detonated 
(Healy et a l . , 1971). The P-wave v e l o c i t y i n s a l t i s assumed to be 
V = 4.7 km/s. Three d i f f e r e n t c a v i t y r a d i i were chosen: (a) r^, = 0 (tamped 
e x p l o s i o n ) , the e l a s t i c r adius being = a from (9); (b) r ^ = r^^^ = a' 
( l i m i t i n g case of f u l l decoupling) with a' f o l l o w i n g from (11) and depending 
on the s t a t i c pressure P'^; (c) r ^ - rei>a' (general case of f u l l decoupling) 
with the corresponding s t a t i c pressure P'̂  f o l l o w i n g from (12). The pressure-
time f u n c t i o n s at the e l a s t i c r a d i u s , assumed i n F i g s . 1 and 2, are a l l step 
f u n c t i o n s . This i s the usual assumption i n d i s c u s s i o n s of decoupling, and, 
as f a r as the tamped explosion i s concerned, i t has an experimental b a s i s from 
c l o s e - i n observations of s e v e r a l e x p l o s i o n s , as mentioned e a r l i e r . In the 
case of the decoupled explosion the assumption i m p l i e s that the impulsive part 
of the pressure which c e r t a i n l y e x i s t s can be disregarded f o r seismic r a d i a t i o n . 

A l l spectra shown i n F i g s . 1 and 2 have a w e l l - d e f i n e d low-frequency 
plateau, corner frequency and high-frequency slope corresponding toui~^ 
dependence. Decoupling from r ^ = 0 to r ^ = a ' ( = l 6 . 5 m i n F i g . l and 29 m i n 
F i g . 2) lowers s t r o n g l y the low-frequency p l a t e a u , but at the same time s h i f t s 
the corner frequency to higher frequencies. Thus decoupling at higher 
frequencies i s much l e s s than at low frequencies. I n c r e a s i n g r^, beyond a' then 
leaves the s p e c t r a l plateau almost unchanged, but reduces the corner frequency 
such that now a l s o high-frequency decoupling becomes l a r g e . 
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( b e r ) 

F i g • 1 
Decoupling f o r 
t i e n s , t h a t ( 1 
pressure under 
440 bar (Healy 
e l a s t i c r a d i u s 
c a v i t y r a d i u s , 
spectrum of a 

a 1 kt e x p l o s i o n i n s a l t under the assump-
c a v i t y formation does not lower the peak 

which the s a l t behaves 
et a l . , 1971 )i, and (2) 
X q i i s a step f u n c t i o n 
Bottom : и i s 

l i n e a r l y ( p Q = P¿ = 
the p r e s s u r e at the 
i n t i me ; T ^ i s th e 

the f a r - f i e l d d i s p l a c e m e n t 
tamped e x p l o s i o n ( r ^ = O), U' the spectrum 

in the l i m i t i n g case of f u l l d e c o u p l i n g (r^, = a' = 16.5 m) , 
and U" the spectrum i n the general case of f u l l d e c o u p l i n g 
(under the assumption r,;, = 50 m) . The s p e c t r a are norma­
l i z e d w i t h r e s p e c t to the p l a t e a u of U. The c o r r e s p o n d i n g 
pressure f u n c t i o n s are p ( t ) , p ' ( t ) and p " ( t ) . Top : Th e 
d e c o u p l i n g f a c t o r shown i s the r a t i o U/U', c o r r e s p o n d i n g 
to the l i m i t i n g case of f u l l d e c o u p l i n g . D e c o u p l i n g i s 
strong w i t h v a l u e s around 200 at f r e q u e n c i e s up to about 
10 Hz, then i t decreases s t r o n g l y to a v a l u e o f 6 a t about 
60 Hz; the value i s 206 at 1 Hz and 153 at 10 Hz. I f r^, a 
the d e c o u p l i n g f a c t o r U/U" would be the same as U/U' at 
f r e q u e n c i e s up to lO Hz, but i t would i n c r e a s e a t h i g h e r 
f r e q u e n c i e s , because U" i s lowered. 
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•Fig. 2 

The same as F i g . 1, but under the assumption t h a t c a v i t y 
formation f o r d e c o u p l i n g by a p r e c e d i n g e x p l o s i o n has 
weakened the s a l t and lowered the p r e s s u r e , under which the 
s a l t behaves l i n e a r l y , from P' = P = 440 bar to P' = 80 bar 
(Healy e t a l . , 1 9 7 1 ) . The main d i f f e r e n c e to F i g . 5 i s that 
f u l l d e c o u p l i n g now r e q u i r e s c a v i t y r a d i i a' = 29 m. 
High-frequency d e c o u p l i n g i s i n c r e a s e d . 
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In F i g . 1 the assumption was made that the peak pressure, under which the 
s a l t behaves l i n e a r l y , i s the same f o r the tamped and the decoupled e x p l o s i o n , 
i . e . that PQ = P'Q (= 44^ b a r ) . This i s c o r r e c t , i f the process of c a v i t y 
formation f o r decoupling does not weaken the s a l t . I f the c a v i t y i s produced 
by a nuclear e x p l o s i o n , as i n the case of the SALMON-STERLING experiment, the 
rock d i r e c t l y behind the c a v i t y w a l l w i l l probably be weakened with the e f f e c t 
that the peak pressure P'Q i s l e s s than PQ. I n t e r p r e t a t i o n of the STERLING 
c l o s e - i n observations gave P'Q - 8 0 bar (Healy et a l . , 1 9 7 1 ) and thus a 
s u b s t a n t i a l r e d u c t i o n . The corresponding change i n F i g . 2 i s a s h i f t to lower 
frequencies of the spectrum U'(u)). Moreover, t h i s spectrum now corresponds to 
a c a v i t y radius a' = 2 9 m. High-frequency decoupling i s somewhat l a r g e r than i n 
F i g . 1, but the e s s e n t i a l e f f e c t of diminished values of P'Q, r e l a t i v e to PQ; i s 
that f u l l decoupling r e q u i r e s now a c a v i t y volume which i s l a r g e r by a f a c t o r of 
PQ/P'Q ( i n the present example 5 - 5 ) -

The y i e l d dependence of decoupling f o l l o w s from (6) and ( 7 ) under the 
assumption of s t e p - f u n c t i o n pressures (b = é= 1 ) : the low and high-frequency 
values of the decoupling f a c t o r are independent of y i e l d , but the t r a n s i t i o n 
between the two l e v e l s s h i f t s to lower frequencies f o r i n c r e a s i n g y i e l d . 

The low-frequency value of the decoupling f a c t o r , D ( 0 ) , has a simple 
meaning: i n the frequency range where i t a p p l i e s , a decoupled e x p l o s i o n of 
y i e l d W r a d i a t e s seismic waves l i k e a tamped e x p l o s i o n of y i e l d W/D(0). For 
a 1 k t e x p l o s i o n i n s a l t t h i s frequency range i s below 1 0 Hz. Hence, at these 
frequencies a decoupled 1 k t e x p l o s i o n looks l i k e a tamped 5 t e x p l o s i o n . This 
equivalence w i l l be used l a t e r . 

4. Impulsive Pressure Functions f o r Decoupled Explosions 

In t h i s s e c t i o n we b r i e f l y d i s c u s s f a r - f i e l d displacement s p e c t r a of 
decoupled explosions which correspond to more impulsive pressure f u n c t i o n s at 
the e l a s t i c r adius than the step f u n c t i o n s assumed so f a r . I t i s c l e a r that 
the pressure at the c a v i t y w a l l has an impulsive component c o n t a i n i n g high 
frequencies ( L a t t e r et a l . , I 9 6 I ) . In the case of only p a r t i a l decoupling the 
e l a s t i c r adius i s l a r g e r than the c a v i t y r a d i u s , and the high frequencies of 
the shock wave are l o s t on the way to the e l a s t i c r a d i u s . For example, the 
STERLING exp l o s i o n was p a r t i a l l y decoupled, w i t h an e l a s t i c r a d i u s of 5 1 as 
compared to the c a v i t y radius of 17-4 ni, and the c l o s e - i n o b servation of t h i s 
e x p l o s i o n could be explained by a pressure step at the e l a s t i c r a d i u s 
(Healy et a l . , 1 9 7 1 ) . I t i s not c l e a r , whether t h i s s i t u a t i o n continues to be 
a p p l i c a b l e , i f f u l l decoupling i s achieved. F u l l - d e c o u p l i n g experiments with 
nuclear explosions are the only means to decide t h i s question; however, to our 
knowledge no such experiments have been described. Therefore, we give here a 
t h e o r e t i c a l estimate of decoupling f o r a case which i s s u b s t a n t i a l l y d i f f e r e n t 
from the u s u a l l y assumed case of a s t e p - f u n c t i o n pressure a t the c a v i t y w a l l . 

We assume that the normalized pressure of the f u l l y decoupled e x p l o s i o n 
( l i m i t i n g case) i s 

f ' { t ) = 0.1 H ( t ) + 0.9e - t / x -
(14) 
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i . e . that the peak pressure i s 10 times the s t a t i c pressure (¿ = 0 . 1 ) . Moreover, 
we assume "f ^ = 0.01 s which i s a rough estimate, based on s c a l i n g r e l a t i o n s f o r 
tamped explosions (Mueller and Murphy, 1971). Both assumptions, o n e ' and on 
' , could w e l l be extreme cases, the r e a l i t y being l e s s extreme, i.e.<5 ' > 0.1 

and T< < 0 . 0 1 s. Decoupling r e s u l t s are shown i n F i g s . 3 and 4 . 

The spectrum U' of the decoupled explosion i s now considerably r i c h e r i n 
frequencies above 1 Hz, compared with the s t e p - f u n c t i o n pressure cases of F i g s . 1 
and 2 . U' has a pronounced peak at about 20 Hz, and the decoupling f a c t o r i s 
considerably reduced around 10 Hz, compared with the decoupling f a c t o r s of F i g s . 1 
and 2 . The minimum c a v i t y radius f o r f u l l decoupling i s more than doubled, 
a' = 35.4 m i n F i g . 3 and a' = 62.5 m i n F i g . 4, compared with a' = l 6 , 5 m i n 
F i g . 1 and a' = 29 m i n F i g . 2 

In summary, _ i f f o r f u l l decoupling the s e i s m i c a l l y a c t i v e pressure at the 
c a v i t y w a l l has a strong impulsive p a r t , decoupling i s t e c h n i c a l l y more d i f f i c u l t 
to achieve and at the same time l e s s pronounced than i n the case where only a 
s t e p - f u n c t i o n pressure i s o p e r a t i v e . T h e o r e t i c a l estimates of decoupling under 
the s t e p - f u n c t i o n pressure assumption ( F i g s . 1 and 2) may give a too o p t i m i s t i c 
p i c t u r e of the p o s s i b i l i t i e s of decoupling, the assumptions behind F i g s . 3 and 4, 
on the other hand, may be too p e s s i m i s t i c . 

5. Discussion 

5.1 Cavity s i z e 

Cavity s i z e s f o r f u l l decoupling of 1 kt explosions i n s a l t vary 
s i g n i f i c a n t l y , depending on the strength of the s a l t and the s p e c t r a l content of 
the s e i s m i c a l l y a c t i v e pressure at the c a v i t y w a l l , the values found here ranging 
from 16.5 to 62.5 m. The corresponding v a r i a t i o n i n c a v i t y volume i s 1:55-
S i m i l a r r e s u l t s can be expected f o r g r a n i t e ; other rocks such as a l l u v i u m of 
t u f f appear l e s s s u i t e d f o r c a v i t y decoupling because of t h e i r lower s t r e n g t h . 

The simplest method to produce c a v i t i e s f o r decoupled t e s t s i s by other 
nuclear t e s t s ; t h i s appears a l s o to be the only way to make a v a i l a b l e a large 
enough number of c a v i t i e s f o r t e s t s e r i e s of m i l i t a r y s i g n i f i c a n c e . This way 
of producing c a v i t i e s may, however, weaken the c a v i t y w a l l and lower the 
maximum pressure with l i n e a r behaviour of the rock. As a consequence, l a r g e r 
c a v i t i e s may be needed than i n cases where they are produced by other means. 

A more consuming method of c a v i t y production i s s o l u t i o n mining i n s a l t , 
i . e . the s a l t i s solved i n water which i s pumped away. Because the c a v i t y w a l l s 
are not weakened, probably l a r g e r y i e l d s can be decoupled than i n c a v i t i e s 
produced by nuclear t e s t s . The technique of s o l u t i o n mining i s used f o r the 
production of underground o i l and gas r e s e r v o i r s , and s t a b l e c a v i t i e s with 
volumes of t y p i c a l l y I06 m3 have been constructed. This volume value would 
correspond to a radius of 62 m under the assumption of a s p h e r i c a l c a v i t y ; 
s t a b i l i t y c o n s i d e r a t i o n suggest shapes which are more elongated i n the v e r t i c a l 
d i r e c t i o n . Formula (11) can be used to estimate roughly the maximum y i e l d 
which can be coupled f u l l y i n such a c a v i t y . Using a'= 62 m, ¿ ' '=1, PQ = 440 bar, 
one obtains W = 52 k t . 

We conclude that techniques are a v a i l a b l e to set c a v i t y decoupling i n e f f e c t 
over a r e l a t i v e l y l a rge y i e l d range. This does not mean that they a c t u a l l y w i l l 
be a p p l i e d , since other f a c t o r s , such as c o s t , long-time s t a b i l i t y , r a d i o a c t i v e 
f a l l o u t problems and the r i s k that c l a n d e s t i n e t e s t s are detected, w i l l play an 
important r o l e . 
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r r e q u e n c y ( B r ) 

F i g . 3 

F i n q u e n с i" (Нг) 

F i g . 4 

F i g • 3 

Displacement s p e c t r a and d e c o u p l i n g f a c t o r f o r a more i m p u l s i v e 
pressure f u n c t i o n p ' ( t ) than i n F i g . 1. The spectrum U' i s now 
s t r o n g l y peaked at 20 Hz, and the d e c o u p l i n g f a c t o r i s reduced 
a c c o r d i n g l y . The minimum c a v i t y r a d i u s f o r f u l l d e c o u p l i n g i s 
35.4 m. 

F i g . 4 

The same as F i g . 3, but f o r a maximum p r e s s u r e p ' ( t ) of 80 b a r . 
Compare with F i g . 2,where the same peak p r e s s u r e i s assumed, 
but p ' ( t ) i s a step f u n c t i o n . The minimum c a v i t y r a d i u s f o r 
f u l l d e c o u p l i n g i s 62.5 m. 
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5.2 Detection range of Pn 

An estimate of the maximum distance to which a 1 kt decoupled e x p l o s i o n can 
be detected s e i s m i c a l l y f o l l o w s from a comparison with experience from long-range 
r e f r a c t i o n seismology. Here, chemical explosions i n q u a r r i e s , boreholes, lakes 
or offshore at sea are used and the Pn wave t r a v e l l i n g i n the lower lithosphère 
at depths to about 100 km i s the main wave type s t u d i e d ; f o r a review see Fuchs 
and V i n n i k (1982) and Prodehl ( I 9 8 4 ) . C r u s t a l phases such as Pg and Lg have 
r a r e l y or never been i n v e s t i g a t e d on long-range p r o f i l e s i n the r e l e v a n t distance 
range, 300-1,000 km. Therefore, they are disregarded i n the present 
i n v e s t i g a t i o n , although they c e r t a i n l y are a l s o u s e f u l f o r d e t e c t i o n purposes. 
Our question i s then: to what distance would Pn be observable f o r a 1 kt 
decoupled explosion i n s a l t ? In the frequency range of long-range r e f r a c t i o n 
seismology, 1-10 Hz, t h i s e xplosion would be equivalent to a tamped 5 t e x p l o s i o n 
i n s a l t , under the assumption of a decoupling f a c t o r of 200, as already mentioned 
( F i g s . 1 and 2 ) . Lower values of the decoupling f a c t o r ( F i g s . 3 and 4) would 
increase the equivalent y i e l d of a tamped explosion a c c o r d i n g l y , but to be on the 
safe side we assume the y i e l d 5 t i n the f o l l o w i n g . We then replace the 
5 t nuclear explosion by a chemical 5 t e x p l o s i o n . C e r t a i n l y , t h i s i s j u s t i f i e d 
f o r the present purpose of an estimate, since both explosions release the same 
energy, although p o s s i b l y according to somewhat d i f f e r e n t time f u n c t i o n s . In 
t h i s way we can now make use of the experience that has accumulated over the 
years i n long-range r e f r a c t i o n s t u d i e s . In the f o l l o w i n g we concentrate (with 
one exception) on long-range p r o f i l e s i n C e n t r a l and Western Europe; F i g . 5 
shows a map with these p r o f i l e s . The t e c t o n i c s e t t i n g along them ranges from 
o r o g e n i c a l l y a c t i v e on the Alpine long-range p r o f i l e to r a t h e r s t a b l e on the 
p r o f i l e s c r o s s i n g Great B r i t a i n and France, r e s p e c t i v e l y . 

Y i e l d s of 1-5 t are q u i t e t y p i c a l values f o r e x c i t a t i o n of waves by 
underwater explo s i o n s . Pn i n such experiments i s u s u a l l y observed with good 
s i g n a l - t o - n o i s e (S/N) r a t i o to distances from 6OO to 1,500 km. For i n s t a n c e , 
i n the E a r l y - R i s e experiment i n North America 5 t shots were detonated i n 
Lake Superior and observed on s e v e r a l p r o f i l e s with lengths up to 2,000 km 
(Warren et a l . , 1968; Ansorge, 1975)- Depending on the p r o f i l e , Pn was 
observed with good S/N r a t i o out to distances from 7OO to 1,400 km. A second 
example i s a long-range p r o f i l e c r o s s i n g France from Bretagne to Provence 
(Hirn et a l . , 1973). The shot s i z e s were 1-3 t , f i r e d underwater o f f the coast 
of Bretagne, and Pn was observed with good S/N r a t i o out to 900 km. The t h i r d 
example are long-range p r o f i l e s c r o s s i n g Great B r i t a i n (Bamford et a l . , 1976; 
Faber, 1978). F i g . 6 shows record s e c t i o n s from these p r o f i l e s . As i n d i c a t e d 
i n the f i g u r e , the charge s i z e f o r the most d i s t a n t p r o f i l e segments was 1.2 and 
1.6 t , r e s p e c t i v e l y . The record s e c t i o n s show qu i t e v a r i a b l e S/N r a t i o f o r Pn, 
but even i n the worst case ( p r o f i l e S2) Pn i s detectable out to 700 km. 

The o b j e c t i o n may be r a i s e d here that underwater shots may couple seismic 
energy more e f f i c i e n t l y i n t o the ground than tamped explosions i n s o l i d rock. 
This i s p o s s i b l y t r u e . We therefore go to the other l i m i t and show i n 
F i g s . 7-10 record s e c t i o n s based on recordings of quarry b l a s t s and borehole 
e x p l o s i o n s . Quarry b l a s t s c l o s e to the surface i n f i s s u r e d and f r a c t u r e d rock 
are c e r t a i n l y l e s s e f f i c i e n t i n producing seismic waves than tamped explosions 
f a r away from the surface i n competent rock. The same i s true f o r borehold 
e x p l o s i o n s , i n p a r t i c u l a r i f they are above the water t a b l e . 
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F i g . 5 
Long-range p r o f i l e s i n C e n t r a l and Western Europe f o r which 
propagation i s d i s c u s s e d i n t h i s study. Record s e c t i o n s are 
reproduced i n F i g s . 6-10 except f o r the p r o f i l e c r o s s i n g F r a n c e . 
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Fig. 6 
Long-range p r o f i l e o b s e r v a t i o n s i n G r e a t B r i t a i n (Faber, 1978). 
N1 and N2 are p r o f i l e s with s h o t p o i n t s a t sea n o r t h o f S c o t l a n d , 
S2 is a r e v e r s e d p r o f i l e w i t h s h o t p o i n t s o u t h o f E n g l a n d . The 
phases l a b e l l e d d, d j , . . . , d^ are p a r t s of t h e ^ s g i s m i c phase P^. 
Amplitudes are t r u e amplitudes m u l t i p l i e d by x ' where x i s 
shotpoint d i s t a n c e . The charge s i z e i s i n d i c a t e d f o r each of the 
p r o f i l e segments a l p h a , beta, gamma and d e l t a . 
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The two p r o f i l e s shown i n F i g . 7 are located i n southern Germany. The 
f i r s t p r o f i l e ( F i g . 7, bottom) runs from Boehmischbruck i n eastern Bavaria SW to 
the southern Black Forest (Emter, 1971; Ansorge et a l . , 1979)- The shotpoint 
was a quarry l o c a t e d on basement rock, and the charge s i z e s were 5-7 t . Pn i s 
observed to distances of 400 km w i t h acceptable S/N r a t i o ; s t a t i o n s beyond 
400 km are not a v a i l a b l e . The record s e c t i o n at the top of F i g . 7 i s p r a c t i c a l l y 
a reversed p r o f i l e . At the shotpoint Steinbrunn i n the southern Rhinegraben 
close to Mulhouse borehold explosions with y i e l d s of 0 . 4 - 2 . 8 t were used 
(Rhinegraben Research Group f o r Explosion Seismology, 1974)- The boreholes d i d 
not reach the water t a b l e , so c o u p l i n g of seismic waves i n t o the ground was not 
optimum. This and the Rhinegraben sediments below Steinbrunn e x p l a i n why Pn i s 
l e s s w e l l observed than on the p r o f i l e Boehmischbruck-Steinbrunn. 

F i g . 8 shows a record s e c t i o n of the Alpine long-range p r o f i l e ( A l p i ne 
Explosion Seismology Group, 1976). The shotpoint was l o c a t e d i n western Hungary, 
borehole explosions w i t h y i e l d s of 1, 2 and 4 t were used, and the p r o f i l e ran 
850 km westwards through A u s t r i a and the south of S w i t z e r l a n d . I t terminated, 
a f t e r bending SW, i n the French Alps c l o s e to Grenoble. Pn i s v i s i b l e to a 
distance of 48O km, although p a r t l y with poor S/N r a t i o . Beyond 5OO km Pn i s 
completely l o s t i n the n o i s e . 

The next example i s taken from Burkhardt et a l . ( 1 9 7 б ) , who recorded s e v e r a l 
large quarry b l a s t s a t Eschenlohe i n southern Bavaria on a p r o f i l e to the north 
( F i g . 9 ) . The y i e l d of these b l a s t s v a r i e d from 12.8 to 21.7 t - A p a r t i c u l a r 
feature of the records i n F i g . 9 i s that absolute p a r t i c l e v e l o c i t i e s are 
a v a i l a b l e from the i n f o r m a t i o n given at the end of the seismograms. Pn i s 
observed with good S/N r a t i o to a distance of 500 km. The noise l e v e l i ncreases 
by a f a c t o r of 5 to 10 when the p r o f i l e a t a distance of 520 km reaches the t h i c k 
sediments of northern Germany. As a consequence, Pn cannot be i d e n t i f i e d beyond 
540 km. 

We f i n a l l y show i n F i g . 10 record s e c t i o n s from the i n t e r n a t i o n a l p r o f i l e VII 
which runs NE-SW from Poland through Czechoslovakia and Bavaria i n t o the A l p s . 
Borehole explosions of about 1 t were used at the shotpoints Szinawa and 
Wojcieszow. The shots at Szinawa produced very c l e a r Pn a r r i v a l s at s t a t i o n s i n 
Bavaria from 35O to 420 km. Around 4OO km the S/N r a t i o i s approximately 4 : 1 , 
and absolute Pn amplitudes are about O.4 ^ / s at frequencies from 4 to 8 Hz. 
Pn observations i n Bavaria from shotpoint Wojcieszow, at d i s t a n c e s from 290 to 
390 km, are l e s s c l e a r . Detection of Pn, however, i s s t i l l p o s s i b l e at the 
l a r g e s t d i s t a n c e s . 

A general conclusion from the record s e c t i o n s f o r shots i n q u a r r i e s and 
boreholes i s that Pn was observed to distances of 4OO to 500 km; i n t h i s 
c o nclusion we d i s r e g a r d the Steinbrunn-Boehmischbruck p r o f i l e ( F i g . 7 top) whose 
weak Pn a r r i v a l s are explained by bad shot coupling c o n d i t i o n s , as mentioned 
above. We conclude f u r t h e r : under improved noise c o n d i t i o n s , e.g. those which 
would apply to c a r e f u l l y s e l e c t e d borehole s t a t i o n s of r e g i o n a l networks suggested 
f o r monitoring test-ban t r e a t i e s i n s i d e the United States of America and the USSR 
(Sykes et a l . , 1983), Pn from a 5 t e x p l o s i o n would have been s a f e l y observed i n 
each of the cases shown at l e a s t to a distance of 500 km. In the case of F i g . 9 
t h i s c onclusion would imply that a noise reduction by a f a c t o r of 2 to 4 would 
al l o w a s i m i l a r y i e l d r e d u c t i o n and thus b r i n g the y i e l d to the d e s i r e d 5 t ; a 
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Fig.10 Long-range profile 
observations on 
ititernational profile VII, 
running SW from Poland 
towards the Alps (record 
sections made available 
by Dr. H. Gebrande, 
Institut fur Allgemeine 
und Angewandte Geophysik, 
Universitat München). 
Charge sizes of borehole 
explosions were 1.2 t at 
shotpoint Szinawa (top) 
and 0.5-1.0 t at 
shotpoint Wojcieszow 
(bottom). Absolute 
particle velocities in 
A 4 s are obtained by 
multiplying the trace 
amplitudes in cm (see 
scale) with the factor A* 
given below the sections. 
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noise r e d u c t i o n by a f a c t o r of 2 to 4 due to borehole i n s t a l l a t i o n of seismometers 
i s no excessive assumption at a l l , c o n s i d e r i n g noise c o n d i t i o n s downhole and on 
the surface as given f o r example i n GSE/FRG/17, (1984) f o r Northern Germany. 

Our f i n a l aim was to estimate the distance range over which Pn would be 
observed f o r a decoupled 1 kt nuclear explosion i n s a l t o r, e q u i v a l e n t l y , f o r a 
5 t tamped explosion i n s a l t . The long-range p r o f i l e s w i t h e x c i t a t i o n by 
underwater explosions that were discussed above (seismogram examples i n F i g . 6) 
give maximum Pn distances from 70O to 1,400 km, the p r o f i l e s with e x c i t a t i o n by 
quarry b l a s t s or borehole explosions give maximum Pn distances of 5OO km or more. 
Which of the two e x c i t a t i o n c o n d i t i o n s on long-range p r o f i l e s i s c l o s e r to the 
cond i t i o n s of a tamped explosion i n competent s a l t i s unknown. In order to be on 
the safe s i d e , we choose 5OO km as the maximum distance to which Pn from a tamped 
5 t explosion or a decoupled 1 kt nuclear e x p l o s i o n can be recorded s a f e l y i f the 
noise l e v e l a t a seismic s t a t i o n i s 10 nm/s or below. This i s roughly 10 times 
lower than i n the l e f t part and 100 times lower than i n the r i g h t part of the 
record s e c t i o n i n F i g . 9- S t a t i o n s at c a r e f u l l y s e l e c t e d s i t e s may w e l l reach 
these low noise amplitudes, e s p e c i a l l y i f the seismometers are loc a t e d on hard 
rock. This can e a s i l y be derived from the noise amplitudes reported by the 
s t a t i o n s during the GSETT as w e l l as from the noise c o n d i t i o n s of s e v e r a l 
s t a t i o n s i n the Federal Republic of Germany. 

On sediments the noise c o n d i t i o n s at the surface are much worse. By 
i n s t a l l a t i o n of the seismometers i n boreholes at depths of 3ОО m to 4OO m the 
noise amplitudes can be lowered to 10 nm/s and l e s s (GSE/FRG/17, 1984). A 
comprehensive t e s t ban or a threshold t e s t ban wich a much lower threshold than 
the c u r r e n t l y agreed upon 150 k t , w i l l r e q u i r e i n t e r n a l s t a t i o n s i n the 
United States of America and the USSR. The design of these r e g i o n a l networks 
depends c r i t i c a l l y on the d e t e c t a b i l i t y of presumed decoupled e x p l o s i o n s . This 
subject i s discussed i n d e t a i l by Sykes et a l . (1983) f o r the USSR. These authors 
analyse an extended network, c o n s i s t i n g of 25 i n t e r n a l and 15 e x t e r n a l s t a t i o n s , 
the i n t e r n a l s t a t i o n s being mainly d i s t r i b u t e d to monitor those zones of the USSR 
where s a l t domes or s a l t deposits occur. Their a n a l y s i s assumed a maximum 
det e c t i o n distance f o r a decoupled 1 kt explosion of only 250 km. This 
assumption i s based on one piece of evidence, the observation of the p a r t l y 
decoupled О .38 k t exp l o s i o n STERLING which was recorded a t 111 km, but not at 
240 km. The evidence from many long-range p r o f i l e s presented here shows that 
a more r e a l i s t i c and nevertheless conservative estimate f o r the maximum d e t e c t i o n 
distance i s 500 km. We hope that the Sykes et a l . a n a l y s i s w i l l be repeated with 
t h i s number. For the time being we conclude that networks, having s t a t i o n 
distances of 500-1,000 km i n zones with s a l t domes or s a l t d e p o s i t s , allow 
monitoring nuclear explosions at the 1 kt (decoupled) l e v e l . 

5,3 High-frequency decoupling 

The d i s c u s s i o n of d e t e c t i o n of Pn from decoupled nuclear explosions i n the 
foregoing s e c t i o n has been r e s t r i c t e d to the frequency range 1-10 Hz which i s the 
range u s u a l l y observed on long-range p r o f i l e s i n r e f r a c t i o n seismology. In t h i s 
frequency range decoupling i s assumed to be strong, as i l l u s t r a t e d by the 
decoupling f a c t o r of 200 used here. Decoupling at higher frequencies i s 
considerably l e s s : a t 30 Hz the decoupling f a c t o r s according to F i g s . 1-4 span 
the range 3 to 20. I t has been discussed (Blandford, 1982; Glenn, 1984; 
Glenn et a l , , I985) or s t r o n g l y suggested (Evernden et a l . , 1984) to use high-
frequency observations of seismic waves f o r monitoring decoupling attempts. 
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The problem with t h i s suggestion i s that i t i s not known at present whether 
absorption of Pn i s low enough f o r observation of 30 Hz components above the 
noise l e v e l . This question requires d e t a i l e d o b s e r v a t i o n a l s t u d i e s at high 
frequencies. From current knowledge i t appears that the weaker high-frequency-
decoupling can p o s s i b l y be e x p l o i t e d f o r monitoring decoupled explosions over 
c e r t a i n favourable propagation paths (Glenn et a l . , I 9 8 5 ), but not i n ge n e r a l . 

The r e g i o n a l networks i n the United States of America and the USSR should 
be constructed according to the requirements f o r d e t e c t i o n of Pn i n the 1-10 Hz 
frequency range, as s p e c i f i e d i n the foregoing s e c t i o n . However, the 
instrumentation should record broadband a t l e a s t to 30 Hz, such t h a t high-
frequency monitoring could be employed i n case i t turns out to be f e a s i b l e . 

6. Conclusion 

Decoupling of nuclear t e s t s i n la r g e s a l t c a v i t i e s appears to be t e c h n i c a l l y 
f e a s i b l e f o r y i e l d s of 1 kt to s e v e r a l tens of k t . Seismic monitoring of the 
Pn waves of such t e s t s i s l i k e w i s e p o s s i b l e , provided that s t a t i o n d i s t a n c e s are 
5 0 0 - 1 , 0 0 0 km i n areas where s a l t i n the form of domes or s u f f i c i e n t l y t h i c k 
deposits occurs. S t a t i o n s have to be s i t e d i n boreholes a t places w i t h very 
low n o i s e . For optimum c o n s t r u c t i o n of networks of such s t a t i o n s i n nuclear 
weapon s t a t e s i t i s mandatory that r e l e v a n t i n f o r m a t i o n on geology and seismic 
noise c o n d i t i o n s i s a v a i l a b l e . 



CD/624 
page 61 

REFERENCES 

Ak i , K., Bouchon, M., Reasenberg, P., 1974: Seismic source f u n c t i o n s f o r an 
underground nuclear e x p l o s i o n . 
B u l l . Seism. Soc. Am. 64, 131-I48 

Alpine Explosion Seismology Group, 1976: A l i t h o s p h e r i c seismic p r o f i l e along 
the a x i s of the Alps, 1975-
Pure Appl. Geophys. 114, 1,109-1,130 

Ansorge, J . , 1975: Die F e i n s t r u k t u r des obersten Erdmantels unter Europa und dem 
m i t t l e r e n Nordamerika. 
Ph.D. t h e s i s . U n i v e r s i t y of Karlsruhe, 111 

Ansorge, J . , Bonjer, K.-P., Emter, D., 1979: S t r u c t u r e of the uppermost mantle 
from long-range seismic observations i n southern Germany and the Rhinegraben 
area. 
Tectonophysics 56, 31-48 

Bache, Т.е., 1982: Estimating the y i e l d of underground nuclear e x p l o s i o n s . 
B u l l . Seism. Soc. Am. 72, 1 3 I - I 6 8 

Bamford, D., Faber, S., Jacob, В., Kaminski, W., Nunn, K., Prodehl, C., Fuchs, K., 
King, R., Willmore, P., 1976: A l i t h o s p h e r i c s e i s m i c p r o f i l e i n B r i t a i n -
I . P r e l i m i n a r y r e s u l t s . 
Geophys. J . R. A s t r . Soc. 44, 145- l60 

Barkeby, G., N. B e r g k v i s t , 0 . Dahlman, P. Johansson, H. Ohlsson, F. Roy, 198I : 
Common data base experiment - progress report on data a n a l y s i s . National 
Defense I n s t i t u t e , Stockholm, Report С 20431-Tl 

Basham, P.W. and K. Whitham, 1970: S e i s m o l o g i c a l d e t e c t i o n and i d e n t i f i c a t i o n of 
underground nuclear e x p l o s i o n s . 
Report, EPB, Department of Energy, Mines and Resources, Ottawa, Canada 

B e r g k v i s t , N., E. Johannisson, I . Nedgard, 1983: Common data base experiment -
event d e f i n i t i o n from s h o r t - p e r i o d wave form data. N a t i o n a l Defense 
I n s t i t u t e , Stockholm, Report С 20484-TI 

Blandford, R.R., 1982: Seismic event d i s c r i m i n a t i o n . 
B u l l . Seism. Soc. Am., 72, 69-87 

Burkhardt, H., Buttkus, В., K e l l e r F., Vees, R., 1976: Seismic long-distance 
observations of quarry b l a s t s - t e s t s measurements i n West Germany. 
I n : Explosion seismology i n C e n t r a l Europe (eds. P. Giese, C. Prodehl, 
A. S t e i n ) , 119-126 

CCD/558, 1978: Report to the Committee on Disarmament of the Ad Hoc Group of 
S c i e n t i f i c Experts to consider i n t e r n a t i o n a l co-operative measures to detect 
and to i d e n t i f y s e i s m i c events. Disarmament Conference Document 

CD/43, 1979: Second re p o r t of the Ad Hoc Group of S c i e n t i f i c experts to consider 
i n t e r n a t i o n a l co-operative measures to detect and i d e n t i f y seismic events. 
Disarmament Conference Document 



CD/624 
page 62 

CD/448, 1978: Third report to the Conference on Disarmament of the Ad Hoc Group 
of S c i e n t i f i c Experts to consider i n t e r n a t i o n a l co-operative measures to 
detect and i d e n t i f y seismic events. Disarmament Conference Document. 

Ciervo, A.P., S.K. Sanemitsu, D.E. Snead and R.W. Suey, 1983: Seismic network 
assessment program f o r d e t e c t i o n . 
Report IO27A, P a c i f i c - S i e r r a Research, Los Angeles, CA 

Conference Room Paper 134/Rev.l, 1984: Procedures f o r the GSE Technical Test 
(GSETT) 1984. Ad Hoc Group of S c i e n t i f i c Experts to consider i n t e r n a t i o n a l 
co-operative measures to detect and i d e n t i f y seismic events, 
eighteenth s e s s i o n , Geneva, Switzerland 

Dahlman, 0 . , H. I s r a e l s o n , 198O: I n t e r n a l s e i s m o l o g i c a l s t a t i o n s f o r monitoring a 
comprehensive t e s t ban t r e a t y . 
N a t i o n a l Defense I n s t i t u t e , Stockholm, Report С 20358-Tl 

Davies, D., 1969 : Seismic methods f o r monitoring underground nuclear e x p l o s i o n s . 
SIPRI, Stockholm, Sweden 

Der, Z.A., A. O'Donnell, T.W. McElfresh, R. J u l i t a , J.A. B u r n e t t i , M. M a r s h a l l , 
M. S i l k and E. Gordon, 1982: A study of seismic wave propagation a t 
r e g i o n a l distances i n f i v e areas of the world. 
Teledyne-Geotech, VSC-TR-82-14, A l e x a n d r i a , V.A 

E l v e r s , E., 1978: The c a p a b i l i t y of a network of s e i s m o l o g i c a l s t a t i o n s to detect 
events and to o b t a i n i d e n t i f i c a t i o n parameters. Na t i o n a l Defense I n s t i t u t e , 
Stockholm. 
Report С 20321-Tl 

Emter, D., 1971: Ergebnisse seismischer Untersuchungen der Erdkruste und des 
obersten Erdmantels i n Suedwestdeutschland. 
Ph.D. t h e s i s , U n i v e r s i t y of S t u t t g a r t , I O 8 p. 

Evernden, J.F., 1976: Study of s e i s m o l o g i c a l evasion. Part I I . E v a l u a t i o n of 
evasion p o s s i b i l i t i e s using normal microseismic n o i s e . 
B u l l . Seism. Soc. Am., 66, 281-324 

Evernden, J.F. and D.M. Cla r k , 1970: Study of t e l e s e i s m i c P. I I . - Amplitude data. 
Phys. Earth Plan e t . I n t . , 4 , 24-31 

Evernden, J.F., Archambeau, C.B., Cranswick, E., 1984: An up-dated e v a l u a t i o n of 
seismic decoupling. P r e p r i n t 

Faber, S., 1978: Refraktionsseismische Untersuchung der Lithosphaere unter den 
b r i t i s c h e n I n s e l n . 
Ph.D. t h e s i s , U n i v e r s i t y of Karlsruhe, 137 ?• 

Fuchs, K., Vinnek, L.P., 1982: I n v e s t i g a t i o n of the s u b c r u s t a l lithosphère and 
asthenosphere by c o n t r o l l e d source seismic experiments on long-range p r o f i l e s . 
In: c o n t i n e n t a l and ocean r i f t s (ed. G. Palmasen), American Geophysical 
Union Geodynamics S e r i e s , V o l . 8 , 8 I - 9 8 , 1982 

Glenn, L.A., 1984: V e r i f i c a t i o n l i m i t s f o r test-ban t r e a t y . 
Nature 310, 359-362 



page 63 

Glenn, L.A., Ladd, A.J.С., Moran, В., Wilson, К.A., 1985: E l a s t i c r a d i a t i o n from 
e x p l o s i v e l y loaded e l l i p s o i d a l c a v i t i e s i n an unbounded medium. 
Geophys. J.R. a s t r . Soc. 81 , 251-241 

GSE/FRG/17, 1984: Aspects of modern developments i n seismic event recording 
techniques. 
Report of the Delegation of the Fed. Rep. of Germany, Geneva, Switzerland 

Gutenberg, B. and C.F. R i c h t e r , 1956: magnitude and energy of earthquakes. 
Ann. Geofis., 9, 1-15 

Hannon, W.J., J r . , 1985: Seismic v e r i f i c a t i o n of a Comprehensive Test Ban. 
May issue of Energy and Technology Review, Lawrence Livermore Nat i o n a l 
Lab., 51-65 

Harjes, H.P,, 1985: g l o b a l seismic network assessment f o r t e l e s e i s m i c d e t e c t i o n 
of underground nuclear e x p l o s i o n s . 
I . Model c a l c u l a t i o n s f o r d i f f e r e n t amplitude-attenuation curves. 
J . Geophys., V o l . 57, ( i n press) 

Healy, J.H., King, C.-Y., O ' N e i l l , M.E., 1971: Source parameters of the Salmon 
and S t e r l i n g nuclear explosions from sei s m i c measurements. 
J . Geophys. Res. 76, 5 ,544-5,355 

Herbst, R.F., Worth, G.C., Springer, D.L., 1 9 6 I : Use,of l a r g e c a v i t i e s to reduce 
seismic waves from underground e x p l o s i o n s . 
J . Geophys. Res. 66 , 959-978 

Hirn, A., Steinmetz, L., Kind, R., Fuchs, K., 1975: Long range p r o f i l e i n 
western Europe: I I . Fine s t r u c t u r e of the lower lithosphère i n France 
(southern Bretagne). 
Z. Geophys. 59, 565-584 

L a t t e r , A.L., LeLevier, R.E., M a r t i n e l l i , E.A., McMillan, W.G., 1961: A method 
of concealing underground nuclear e x p l o s i o n s . 
J . Geophys. Res. 66, 945-946 

K e l l y , E.J. and R.T. Lacoss, I 9 6 9 : Estimation o f s e i s m i c i t y and network 
d e t e c t i o n c a p a b i l i t y . Technical note 1969-41, L i n c o l n Lab, MIT, Mass. 

Lacoss, R.T., R.E. Needham and B.R. J u l i a n , 1974: I n t e r n a t i o n a l Seism.ic Month 
event l i s t . Technical Note 1974-14, L i n c o l n Lab., MIT, Mass. 

M a r s h a l l , P.D,, Douglas, A. and J.A. Hudson, 1971: surface waves from underground 
ex p l o s i o n s . 
Nature, 254, 8-9 

Müller, G., 1975: Seismic moment and long-period r a d i a t i o n of underground 
nuclear e x p l o s i o n s . 
B u l l . Seism. Soc. Am. 65, 847-857 

Mueller, R.A., Murphy, J.R., 1971: Seismic c h a r a c t e r i s t i c s of underground 
nuclear detonations, Part I , Seismic spectrum s c a l i n g 
B u l l . Seism. Soc. Am. 61 , 1,675-1,692 



СБ/624 
page 64 

Murphey, В.F., 1961: P a r t i c l e motions near explosions i n h a l i t e . 
J . Geophys. Res. 66, 947-958 

Murphy, J.R., 1981 : P wave coupling of underground explosions i n various 
g e o l o g i c a l media. I n : I d e n t i f i c a t i o n of seismic sources - earthquake or 
underground e x p l o s i o n , (eds E.S. Husebye, S. M y k k e l t v e i t ) , 201-205 

N u t t l i , O.W., 1973 : Seismic wave a t t e n u a t i o n and magnitude r e l a t i o n s f o r 
Eastern North America. 
J . Geophys. Res., 78, 876-885 

Prodehl, C , 1984: S t r u c t u r e of the earth's c r u s t and upper mantle. 
In : L a ndolf-Boernstein, Neue S e r i e , V o l . V/2a, (eds., K. Fuchs, H. S o f f e l ) , 
97-206, Springer V e r l a g , B e r l i n 

Rhinegraben Research Group f o r Explosion Seismology, 1974: The 1972 seisraic 
r e f r a c t i o n experiment i n the Rhinegraben - f i r s t r e s u l t s -
I n : Approaches to Taphrogenesis (eds. J.H. l i l i e s , K. Fuchs), 122-137, 
Schweizerbart, S t u t t g a r t 

Ringdal, F., E.S. Huseby and J . Fyen, 1977: Earthquake d e t e c t i b i l i t y estimates 
f o r 478 g l o b a l l y d i s t r i b u t e d seismograph s t a t i o n s . 
Phys. Earth Planet. I n t . , 15, 24-32 

Ringdal, F., J . , Fyen, 1979: An a n a l y s i s of g l o b a l P-wave a t t e n u a t i o n 
c h a r a c t e r i s t i c s using ISC data f i l e s . 
NORSAR Semiann. Techn. Summ., K j e l l e r , Norway 

Ringdal, F., 1984: Study of magnitudes, s e i s m i c i t y and earthquake d e t e c t i b i l i t y 
using a g l o b a l network. 
NORSAR Semiann. Techn. Summ., K j e l l e r , Norway 

Rogers, L.A., 1966 : F r e e - f i e l d motion near a nuclear e x p l o s i o n i n s a l t : p r o j e c t 
Salmon. J . Geophys. Res. 71, 3,415-3,426 

Roy, F., 1982: common data base experiment - depth e s t i m a t i o n u s i n g m u l t i s t a t i o n 
data. N a t i o n a l Defense I n s t i t u t e , Stockholm, Report С 20454-Tl 

Sharpe, J.A., 1942: The production of e l a s t i c waves by ex p l o s i o n pressures, 1, 
theory and e m p i r i c a l f i e l d o b s e r v a t i o n s . 
Geophysics 7, 144-154 

Sisemore, C.J., Rogers, L.A., Pe r r e t , W.R., 1969: P r o j e c t S t e r l i n g : Subsurface 
phenomenology measurements near a decoupled nuclear event. 
J . Geophys. Res. 74, 6 ,623-6,657 

Springer, D., Denny, M., Healy, J . , Mickey, M., 1968: The S t e r l i n g experiment: 
decoupling of seismic waves by a short-generated c a v i t y . 
J . Geophys. Res. 73, 5,995-6,011 

Sykes, L.R., Evernden, J.F., Cifuentes, I . , 198З : Seismic methods f o r v e r i f y i n g 
nuclear t e s t bans. 
In: Physics, technology and the nuclear arms race (eds. D.W. Hafemeister, 
D. Schroeer), 85-133, American I n s t i t u t e of Physics, New York 



CD/624 
page 65 

US/GSE/7, 1980: I n v e s t i g a t i o n of the pr o p e r t i e s of CD-Network I I I using 
s y n t h e t i c data. 
Report of the United States Delegation, Geneva, Switzerland 

US/GSE/16, 1981 : I n t e r n a t i o n a l telecommunications options f o r seismic data 
t r a n s m i s s i o n . 
Report of the United States Delegation, Geneva, Switzerland 

US/GSE/24, 1982: A r e g i o n a l seismic t e s t network. 
Report of the United States Delegation, Geneva, Switzerland 

V e i t h , K.F., Clawson, G.E., 1972: Magnitude from short period P wave data. 
B u l l . S e i s . Soc. Am,, 62, 435-452 

Warren, D.H., Healy, J.H., Hoffman, J.C., Kempe, R., Sr i n i v a s r e d d y , R., 
St u a r t , D.J., 1968: P r o j e c t E a r l y Rise t r a v e l times and amplitudes. 
US-Geological Survey Open-File Report, Menlo Park, 150 p. 

Werth, G.C., Herbst, R.F., 1963 : Comparison of amplitudes of seismic waves from 
nuclear explosions i n four mediums. 
J . Geophys. Res. 68, 1,463-1,475 

Wirth, M.H., 1977: Estimation of network d e t e c t i o n and l o c a t i o n c a p a b i l i t y . 
Report, Teledyne-Geotech, Alexandria, V.A 





CONFERENCE ON DISARMAMENT CD/625 
31 J u l y 1985 

EWGLISH 
O r i g i n a l : RUSSIAN 

LETTER DATED 31 JULY I985 ADDRESSED TO THE PRESIDENT OF 
,THE CONFERENCE ON DISARMAMENT FROM THE REPRESENTATIVE OF 
THE UNION OF SOVIET SOCIALIST REPUBLICS TpNSMITTIMG THE 
TEXT OF-THE STATEMENT MADE BY THE GENERAL''SECRETARY OF 
THE CPSU CENTRAL COMMITTEE, MIKHAIL GORBACHEV CONCERNING 
THE ANNOUNCEMENT BY THE SOVIET UNION OF A UNILATERAL 
MORATORIUM ON ALL NUCLEAR EXPLOSIONS FROM б AUGUST I985 

TO 1 JANUARY 1986 

I have the honour to transmit herewith the t e x t of the statement made by 
the General Secretary of the Ce n t r a l Committee of the CPSU, M.S. Gorbachev, 
concerning the announcement by the Soviet Union of a u n i l a t e r a l moratorium on 
a l l nuclear explosions from б August 19З5 to 1 January 1986. 

I request you to arrange f o r i t s d i s t r i b u t i o n as an o f f i c i a l document of 
the Conference on Disarmament, 

(signed)' V. Jssr a e l y a n 

GE.85-63368 



CD/625 
page 2 

STATEMENT BY M.S. GŒBACHEV, СЕЖНАЬ SECRETARY OF THE 
CEMRAL COMMITTEE OP THE COMMÜNIST PARTY OP THE 

SOVIET UNION 

Moscow, 29 J u l y ( T A S S ) , The c o n t i n u i n g nuclear a.rms race i n v o l v e s tremendous 
dangers f o r the f u t u r e of world c i v i l i z a t i o n . I t i s l e a d i n g to i n c r e a s i n g t e n s i o n 
i n the i n t e r n a t i o n a l arena and a growing m i l i t a r y menace, wh i l e d i v e r t i n g c o l o s s a l 
i n t e l l e c t u a l and m a t e r i a l resources from c o n s t r u c t i v e purposes. 

Prom the very b e g i n n i n g of the nuclear age, the Soviet Union has waged a 
con s i s t e n t and vigorous s t r u g g l e to h a l t the accumulation of nuclear a r s e n a l s , 
r e s t r a i n m i l i t a r y r i v a l r y , and strengthen confidence and pe a c e f u l co-operation among 
S t a t e s . This has been the aim of a l l the very extensive a c t i v i t i e s of the USSR i n 
the framework of the Un i t e d Nations, and i n m u l t i l a t e r a l and b i l a t e r a l n e g o t i a t i o n s 
on the l i m i t a t i o n and r e d u c t i o n of armaments. The Soviet Union i s not seeking 
m i l i t a r y s u p e r i o r i t y ; i t favours the maintenance of the balance of m i l i t a r y f o r c e s 
at the lowest p o s s i b l e l e v e l . 

I t i s our c o n v i c t i o n that the ce s s a t i o n of a l l nuclear weapon t e s t s would be 
an important c o n t r i b u t i o n to the strengthening of s t r a t e g i c s t a b i l i t y and peace on 
e a r t h . I t i s no secret t h a t even more dangerous kinds and types of weapons of mass 
d e s t r u c t i o n are developed and p e r f e c t e d i n the course of such t e s t s . 

In the i n t e r e s t s of c r e a t i n g favourable c o n d i t i o n s f o r the conc l u s i o n of an 
i n t e r n a t i o n a l t r e a t y on a general and complete p r o h i b i t i o n of nuclear weapon t e s t s , 
the U S S R has repeat e d l y proposed to nuclear-weapon States to arrange a moratorium 
on a l l n u c l e a r e x p l o s i o n s , s t a r t i n g from a mutually agreed date. R e g r e t t a b l y , i t 
has not yet proved p o s s i b l e t o talce t h i s important s t e p . 

In an endeavour t o f a c i l i t a t e the c e s s a t i o n of the dangerous competition i n 
the b u i l d - u p of nuclear arsenals and d e s i r i n g to set a good example, the So v i e t Umon 
has decided to h a l t u n i l a t e r a l l y a l l nuclear explosions s t a r t i n g from 6 August t h i s 
year. We c a l l upon the Government of the United States to cease i t s nuclear 
е:ф1о81опз as from the same date, which i s marked throvighout the world as the day 
of the tragedy of Hiroshima. Our moratorium i s proclaimed t i l l 1 January 19^6, hut 
i t w i l l continue i n e f f e c t beyond that date i f the Un i t e d S t a t e s , f o r i t s p a r t , 
r e f r a i n s from c a r r y i n g out nuclear e x p l o s i o n s . 

There i s no doubt that a mutual moratorium by the USSR and the United States 
on a l l nuclear explosions would serve as a good ехащр1е al s o f o r other n u c l e a r -
weapon S t a t e s . 

The Soviet Union expects the United States to give a p o s i t i v e response to t h i s 
i n i t i a t i v e and to h a l t i t s nuclear e x p l o s i o n s . 

This would meet t h e . a s p i r a t i o n s and hopes of a l l peoples. 
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1. I n t r o d u c t i o n 

In order to r e a l i z e the I n t e r n a t i o n a l Seismic Data Exchange System, i t w i l l 
be necessary to examine t e c h n i c a l , a d m i n i s t r a t i v e and f i n a n c i a l aspects of the 
System i n the l i g h t of the r e s u l t s of s c i e n t i f i c and t e c h n i c a l s t u d i e s made up to 
now by the Ad Hoc Group of S c i e n t i f i c Experts to Consider I n t e r n a t i o n a l 
Co-operative Measures to Detect and I d e n t i f y Seismic Events. 

Japan has already presented the Working Paper CD/389 i n d i c a t i n g the 
requirements f o r an e f f e c t i v e f u n c t i o n i n g of t h i s System. I t must now be made 
c l e a r what kind of concrete measures w i l l be needed to meet these requirements. 
Drawing upon the r e s u l t s of the f i r s t , second and t h i r d Reports of the Group of 
S c i e n t i f i c Experts, t h i s Working Paper attempts to i d e n t i f y those concrete measures 
that are indi s p e n s a b l e to an e f f e c t i v e f u n c t i o n of the System. I t a l s o gives a 
p r e l i m i n a r y estimate of the f i n a n c i a l costs of these measures. 

2 . Basic ideas i n i d e n t i f y i n g the measures 

A most r e a l i s t i c and e f f e c t i v e measure of v e r i f i c a t i o n of a nuclear t e s t ban 
w i l l r e q u i r e the f o l l o w i n g two steps: 

(1) To begin w i t h , to e s t a b l i s h a m u l t i l a t e r a l v e r i f i c a t i o n system with 
the highest p o s s i b l e degree of confidence on the ba s i s of the e x i s t i n g 
and a v a i l a b l e f a c i l i t i e s and equipments. 

( 2 ) To proceed to improve continuously the v e r i f i c a t i o n c a p a b i l i t i e s w i t h 
a view to reaching the f i n a l g o a l : a system capable of d e t e c t i n g and 
i d e n t i f y i n g with high degree of confidence an underground nuclear 
e x p l o s i o n of any k i n d , at any place. 

3 . Required measures 

3.1 Seismograph s t a t i o n s and s t a t i o n s network 

(The network model i s based on the Network I I I (SRO) i n the CCD/558) 

3 . 1 . 1 Arrangements f o r the seismic observation 

(a) D i g i t a l i z a t i o n of seismograph system 

I t i s necessary to change the analogue r e c o r d i n g method i n t o the 
d i g i t a l r e c o r d i n g method, p r e f e r a b l y broadband with high dynamic, at the 
f o l l o w i n g S t a t i o n s : 

- Most of the s t a t i o n s on the A f r i c a n c o n t i n e n t ; 

- Some s t a t i o n s i n the South P a c i f i c , the A n t a r c t i c , and the A r c t i c . 

The d i g i t a l i z a t i o n can be accomplished by procuri n g or modifying the 
f o l l o w i n g equipments: 

- a n a l o g u e - t o - d i g i t a l converter; 
- s i g n a l détecter; 
- d i g i t a l recorder; 
- a n a l y s i n g equipment. 
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(b) S t a n d a r d i z a t i o n of observation equipments 

Observation equipments of each seismic s t a t i o n should meet the 
requirements f o r " s i n g l e s t a t i o n " (optimal v a r i a n t ) or "array s t a t i o n " 
described on the t a b l e 8,1 of CCD/558. (Computer f o r data processing at 
each s t a t i o n should be i d e n t i c a l or can be functioned by means of a common 
computer program language,) 

(c) D i s t r i b u t i o n of an o p e r a t i o n a l manual 

The standard operation manual i n c l u d i n g the f o l l o w i n g procedures should 
be made by the GSE and d i s t r i b u t e d to each s t a t i o n ; 

- Analysing the recorded s i g n a l s and e x t r a c t i n g Level I parameters; 

- C o r r e c t i n g f o r instrument response; 

- M a i n t a i n i n g and ensuring c a l i b r a t i o n i n t e g r i t y ; 

- Responding promptly to requests from an i n t e r n a t i o n a l data 
centre; 

- Keeping a l l data at l e a s t one year at each s t a t i o n . 

(d) D i s t r i b u t i o n of computer programs f o r data processing 

The common computer programs f o r data processing should be prepared 
and d i s t r i b u t e d l i k e w i s e . 

(e) P e r i o d i c a l c a l i b r a t i o n measurement of seismic devices of 
each s t a t i o n 

As i t i s necessary to c a r r y out the c a l i b r a t i o n measurement at l e a s t 
twice a year (see CD/43, page 14) , a standard procedure f o r the c a l i b r a t i o n 
of observation equipments should be determined and be followed by each 
s t a t i o n . 

3.1 ,2 Maintenance of observation f u n c t i o n 

(a) Prevention of i n t e r r u p t i o n i n f u n c t i o n 

Following measures should be taken: 

Establishment of back-up observation p o i n t s , 

- D u p l i c a t i n g the short MTBF (Mean Time Between F a i l u r e ) equipment; 
- Measures f o r shortening MTTR (Mean Time to Repair) of equipment; 
- Spares f o r maintenance, 

(b) Requirements f o r maintenance 

- Maintenance t e c h n i c i a n s ; 
- Tools and equipments f o r maintenance. 
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5 .1 .3 Improvement of the d e t e c t i o n and the i d e n t i f i c a t i o n c a p a b i l i t y of the 
I n t e r n a t i o n a l Seismic Data Exchange System 

(a) S o p h i s t i c a t i o n of the performance of s t a t i o n s 

The emphasis should be placed on the f o l l o w i n g s t a t i o n s : 

- S t a t i o n s on the A f r i c a n continent; 
- In the South P a c i f i c ; 
- On the South American con t i n e n t . 

(b) Enhancement of the observation c a p a b i l i t y i n the ocean areas and 
t h e i r v i c i n i t i e s 

I t i s necessary to take the f o l l o w i n g measures: 

- I n s t a l l a t i o n of ocean-bottom seismographs on the ocean f l o o r or 
i n a borehole on the ocean f l o o r ; 

- Development of s p e c i a l system deployed f o r T-phase d e t e c t i o n . 

The GSE s h a l l examine the p o s i t i o n s and the State p a r t i e s w i l l 
j o i n t l y or i n d i v i d u a l l y i n s t a l l and operate these seismographs. The 
State p a r t i e s s h a l l j o i n t l y develop these sensors. 

(c) Measures f o r high-noise l e v e l areas 

I f these are seismographs l o c a t e d i n high-noise l e v e l areas, they 
should be moved to more appropriate p l a c e s . 

The State party i n which such a s t a t i o n i s l o c a t e d should move i t . 

(d) Reinforcement of the observation c a p a b i l i t y covering the areas 
f o r t r a d i t i o n a l nuclear e x p l o s i o n t e s t s . 

I t i s necessary to c o n s t i t u t e the s p e c i a l d e t e c t i o n networks with 
remote seismic sensors deployed on the observation p o i n t s around the 
nuclear t e s t s i t e s . These p o i n t s should be determined by computer 
s i m u l a t i o n or by other methods and i n t e g r a t e d i n t o the I n t e r n a t i o n a l 
Seismic Data Exchange System. 

The State p a r t i e s s h a l l j o i n t l y i n s t a l l and operate the network. 

(e) Supplementary measure f o r s p e c i a l areas 

I t i s a l s o necessary to examine the p o s s i b i l i t y of e s t a b l i s h i n g 
s p e c i a l networks f o r d e t e c t i n g underground nuclear t e s t s i n the areas 
where the impact of the e x p l o s i o n can be s h a r p l y reduced because of 
g e o l o g i c a l or t e c t o n i c natures. ( S a l t c a v i t y , dry a l l u v i u m , etc.) 
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3.2 Level I data e x t r a c t i o n 

3.2 .1 R a t i o n a l i z a t i o n of the process of exchanging data 

(a) S p e c i f i c a t i o n of the parameters to be exchanged 

The l i s t of parameters to be exchanged should be s p e c i f i e d on the 
basis of the GSE s t u d i e s . And i t i s necessary to e s t a b l i s h a procedure 
fo r a d d i t i o n and m o d i f i c a t i o n i n the l i s t i n the course of the a c t u a l 
operation. 

(b) Research and development, of f i l t e r techniques and others, f o r 
Level I data e x t r a c t i o n 

I t i s necessary to make research and develop f i l t e r techniques such 
as the p o l a r i z a t i o n f i l t e r i n g technique. 

The State party s h a l l v o l u n t a r i l y develop and propose techniques 
to the GSE. 

3 . 2 . 2 Automation of data e x t r a c t i o n 

(a) Promotion of the automation of data e x t r a c t i o n 

Automatic e x t r a c t i o n of seismic parameters i s very d e s i r a b l e f o r 
reducing workload of operators. 

Following a c t i o n s w i l l be needed: 

- I n s t a l l a t i o n of a mini-computer f o r automatic e x t r a c t i o n at 
each s t a t i o n ; 

- Development of a u n i f i e d a l g o r i t h m f o r automatic e x t r a c t i o n . 

The State party should f a c i l i t a t e the automation and exchange 
information about the alg o r i t h m . 

(b) Complementary measure f o r automatic e x t r a c t i o n 

Programmer-seismologists should be s t a t i o n e d at each s t a t i o n . 

The State party should s t a t i o n these personnel. 

3.3 Exchange of Level I data through the WMO/GTS 

3.3-1 Communication between the seismic s t a t i o n s and the GTS s t a t i o n 

Communication between the seismic s t a t i o n s and the n a t i o n a l GTS 
s t a t i o n should be e s t a b l i s h e d by the State party i n accordance with the 
circumstances of each State. 
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3.3-2 Communication between n a t i o n a l GTS s t a t i o n s and I n t e r n a t i o n a l 
Data Centres (WMO/GTS) 

(a) Improvement of low-speed c i r c u i t s i n the WMO/GTS network. 

In order to transmit a req u i r e d amount of Level I data, and t a k i n g 
i n t o account the future increase of data, improvement of the f o l l o w i n g 
low-speed c i r c u i t s of WMO/GTS network should be made as e a r l y as p o s s i b l e : 

- Western and southern part of A f r i c a ; 
- South-west part of A s i a ; 
- Some part of South America; 
- Some part of the South-west P a c i f i c r e g i o n . 

The CD s h a l l request the WMO to take necessary a c t i o n s . 

(b) Improvement of manually operated centres of WMO/GTS 

Relaying of seismic data from a GTS centre to another or to an IDC 
should be made a u t o m a t i c a l l y i n order to reduce handling time at the GTS 
centre. 

In t h i s regard, centres i n the f o l l o w i n g areas need automation: 

- A f r i c a ; 
- South America; 
- Eastern Europe. 

The CD s h a l l request the WMO to take necessary a c t i o n s . 

(c) Transmission format of Level I data 

On the basis of the GSE s t u d i e s , the f i n a l t r a n s m i s s i o n format of 
Level I data from seismic s t a t i o n s to I n t e r n a t i o n a l Data Centres should 
be determined. 

(d) F a m i l i a r i z a t i o n of personnel at GTS s t a t i o n s 

An o p e r a t i o n a l manual f o r the personnel working at GTS s t a t i o n s should 
be made and the personnel should f a m i l i a r i z e i t s e l f with handling the 
Level I data. 

The CD s h a l l request the WMO to take necessary a c t i o n s . 

3-4 Level I I data exchange 

3.4-1 Communication f o r Level I I data exchange 

(a) Arrangement f o r Level I I data transmission 

The most appropriate measure f o r L e v e l I I data t r a n s m i s s i o n should 
be adopted by each State party according to i t s circumstances, t a k i n g i n t o 
account the options recommended i n the CD/448. 
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(b) Arrangement f o r communication 

In the case of d i g i t a l data communication, the required softwares 
should a l s o be prepared by the p a r t i e s concerned through c o n s u l t a t i o n . 

3 . 4 . 2 Level I I data a n a l y s i s 

(a) Standard Level I I data a n a l y s i s procedure 

The f o l l o w i n g should be provided f o r Level I I data a n a l y s i s by 
each State party: 

- Standard procedure f o r Level I I data a n a l y s i s ; 
- U n i f i e d softwares f o r the data processing computer; 
- Operation manual f o r a n a l y s t . 

(b) Reinforcement of Level I I data a n a l y s i s c a p a b i l i t y of each State 
party 

- Employment of w e l l - t r a i n e d a n a l y s t s ; 
- Devices f o r a n a l y s t s . 

3.5 I n t e r n a t i o n a l Data Centres 

3.5-1 F a c i l i t i e s and equipment f o r the operation of the I n t e r n a t i o n a l 
Data Centres 

The necessary a c t i o n s should be undertaken by the State p a r t i e s i n 
which IDC i s l o c a t e d . The expenditure required f o r the a c t i o n s should 
be borne by a l l State p a r t i e s . 

(a) Establishment of required f a c i l i t i e s 

C e r t a i n f a c i l i t i e s such as b u i l d i n g , e l e c t r i c power supply, a i r -
c o n d i t i o n i n g apparatus are necessary. 

(b) I n s t a l l a t i o n of communication equipment and other r e l a t e d 
devices 

In order to c a r r y out the telecommunication promptly and c e r t a i n l y , 
each IDC should i n s t a l l the f o l l o w i n g equipments and devices: 

- communication equipments; 
- communication t e r m i n a l equipments; 
- software f o r data telecommunication. 

. (c) I n s t a l l a t i o n of equipments f o r processing, a n a l y s i s and storage 
of data 

In order to c a r r y out processing, a n a l y s i s and storage of data, IDC 
should i n s t a l l the f o l l o w i n g equipments: 

- a large s c a l e speedy data processor; 
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- s u f f i c i e n t and adequate memory u n i t s ; 
- c o n t r o l t e r m i n a l s ; 

- back-up equipments i n c l u d i n g an a l t e r n a t e computer. 

3 . 5 . 2 M a i n t a i n i n g the c o n t i n u i t y of IDC operation 

(a) Employment of s u f f i c i e n t number of personnel 
I t i s necessary to employ a s u f f i c i e n t number of the f o l l o w i n g 

q u a l i f i e d personnel : 

- s e i s m o l o g i s t ; 
- maintenance t e c h n i c i a n ; 
- programmer; 
- a d m i n i s t r a t i o n s t a f f . 

(b) D u p l i c a t i o n of major equipments 

In order to operate the IDCs without i n t e r r u p t i o n even i n case of 
major equipment f a i l u r e , the system should be d u p l i c a t e d . 

3.6 Assessment of the v e r i f i c a t i o n c a p a b i l i t y of the I n t e r n a t i o n a l Seismic 
Data Exchange System 

3 . 6 . 1 Assessment of the i n i t i a l c a p a b i l i t y of the System 

(a) Estimation of computer s i m u l a t i o n 

The i n i t i a l v e r i f i c a t i o n c a p a b i l i t y of the System should be 
estimated, i n the f i r s t i n s t a n c e , by computer s i m u l a t i o n . For t h i s 
purpose, an adequate s i m u l a t i o n model needs to be developed and the 
rele v a n t information should be c o l l e c t e d as much as p o s s i b l e . 

The GSE s h a l l undertake the e s t i m a t i o n . 

(b) C o r r e c t i o n of the assessment by the r e s u l t s of t e c h n i c a l t e s t s 

The r e s u l t s of t e c h n i c a l t e s t s should be used f o r the c o r r e c t i o n of 
the assessment. 

(c) Reassessment a f t e r the comprehensive experimental e x e r c i s e of 
the System 

3 . 6 . 2 Continuous e v a l u a t i o n during the a c t u a l operation 

The v e r i f i c a t i o n c a p a b i l i t y should be continuously monitored and 
evaluated by a s p e c i a l organ. In p a r t i c u l a r , i n case of change or 
improvement of elements of the system, a s p e c i a l e v a l u a t i o n should be 
c a r r i e d out. 
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4 . A p r e l i m i n a r y estimate of the required costs and personnel 

4-1 Work method 

(a) From among the concrete measures, those measures with f i n a n c i a l 
and personnel i m p l i c a t i o n s are s e l e c t e d . 

(b) The c a l c u l a t i o n i s made on the basis of the NETWORK I I I (SRO) 
(CCD/558 Chapter 4 ) , Equipments and Estimated costs to e s t a b l i s h and 
operate the S p e c i f i e d System (CCD/558, Chapter 8 ) , and the three Reports 
of the GSE. With regard to the improvement of the System, experience 
and knowledge gained i n Japan i s taken i n t o account. 

(c) The p r i c e s used i n c a l c u l a t i o n are the estimated p r i c e s i n 
Japan i n 1984-1987 and shown i n United States d o l l a r s ($US 1 = 240 Yen). 

4.2 Estimated costs and personnel required f o r i n i t i a t i n g the a c t u a l 
operation of the I n t e r n a t i o n a l Data Exchange System as an e f f e c t i v e 
v e r i f i c a t i o n measure 

4 . 2 . 1 D i g i t a l i z a t i o n of seismic recording 

(a) Number of the s t a t i o n s to be d i g i t a l i z e d : 

5 : : i n A f r i c a 
4 ; : i n South America 
2 ; ; i n the South P a c i f i c 
4 ; ; i n the A n t a r c t i c 
2 ; ; i n the A r c t i c 
6 ; ; i n other regions T o t a l : 25 s t a t i o n s 

(b) Equipments and i t s costs per s t a t i o n : 

( A n a l o g u e - t o - d i g i t a l 
Analysing converter 
equipments . $US 58,000 

i n c l u d i n g ( g.g^^^ détecter 

D i g i t a l recorder $US 50,000 

T o t a l : $US 88,000 

(c) T o t a l cost f o r 23 s t a t i o n s 

25 X $us 88,000 = $us 2 ,024,000 

(d) A d d i t i o n a l requirement of personnel 2 operators i n each s t a t i o n . 

4 . 2 . 2 S t a n d a r d i z a t i o n of observation equipments 

(a) Number of the s t a t i o n s to be standardized: 

Same as (a) = 23 s t a t i o n s . 
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(b) Equipment 

Borehole seismograph system: 

- borehole $US 188,000 

- sensor $US 100,000 

- telemeter equipment $US 58,000 

D i g i t a l i z a t i o n (as mentioned i n (a)) ($US 88,000) 

Computer f o r d i g i t a l data processing $US 1 ,542,000 

T o t a l cost without d i g i t a l i z a t i o n $US 1 ,868,000 

T o t a l cost i n c l u d i n g d i g i t a l i z a t i o n $US 1 ,956,000 

(c) T o t a l cost f o r 25 s t a t i o n s : 

Without d i g i t a l i z a t i o n 

25 X $us 1 ,868,000 = $us 42 ,968,000 

I n c l u d i n g d i g i t a l i z a t i o n 

25 X $US 1 ,956,000 = $US 44 ,988,000 

(d) A d d i t i o n a l requirements of personnel: 

2 telemeter t e c h n i c i a n s at each s t a t i o n 

4 . 2 . 5 D i s t r i b u t i o n of computer programs f o r data processing 

Preparation of common computer programs $US 292,000 

Magnetic tapes f o r d i s t r i b u t i o n (very small amount) 

4 . 2 . 4 Employment of personnel f o r continuous operation 

A d d i t i o n a l requirement of personnel f o r continuous data 
exchange operation: 12 at each s t a t i o n 

4 . 2 . 5 Prevention of i n t e r r u p t i o n i n f u n c t i o n 

Establishment of a back-up observation p o i n t : 

- borehole $US l 8 8 , 0 0 0 

- sensor $US 100,000 

- telemeter equipment $US 58,000 

Spare sets of i n t e g r a l c i r c u i t x 5 

5 X $us 58,000 = $us 144,000 

T o t a l cost f o r one s t a t i o n $US 440,000 
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4 . 2 . 6 Requirements f o r maintenance 

(a) A d d i t i o n a l requirement of personnel: 

2 maintenance t e c h n i c i a n s at each s t a t i o n 

(b) Tools and equipments f o r maintenance: 

2 u n i t X $US 29,000 = $US 58,000 

(c) Required expenditure (cannot be estimated) 

(d) A t r a v e l l i n g maintenance team: 

Technicians: 8 

T r a v e l l i n g expenses per year: $US 25,000 

4 . 2 . 7 Automation of data e x t r a c t i o n 

(a) Equipments and i t s costs per s t a t i o n : 

Mini-computer f o r automatic data e x t r a c t i o n : $US 2,771,000 

Software f o r the automatic data e x t r a c t i o n : $US 2 ,500,000 

T o t a l cost: $US 5 ,271,000 

(b) A d d i t i o n a l requirement of personnel: 

6 programmer-seismologists at each s t a t i o n ( f o r the cou n t r i e s 
where seismic events occur not f r e q u e n t l y ) ; 

12 programmer-seismologists at each s t a t i o n ( f o r the countries 
where seismic events occur f r e q u e n t l y ) . 

4 . 2 . 8 Communication between the seismic s t a t i o n and the GTS s t a t i o n f o r 
Level I data transmission 

The cost of the establishment of the communication measure v a r i e s 
from country to another. In the case of Japan f o r example. 

Data transmission and r e c e i v i n g equipments 

Terminal equipments 

Software f o r data transmission 

A c q u i s i t i o n of an e x c l u s i v e l i n e $US 25,000 

T o t a l cost $US 100,000 

$US 75,000 
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4 . 2 . 9 Communication f o r Level I I data exchange 

(a) P o s t a l s e r v i c e 

The a i r m a i l postage of a magnetic tape or 

a d i s k e t t e f o r one i n t e r v a l $US 3ОО 

(b) I n t e r n a t i o n a l telephone s e r v i c e 

Terminal u n i t , computer and software $US 125,000 

Telephone charge per year $US 4 ,200 

4 . 2 . 1 0 Reinforcement of Level I I data a n a l y s i s c a p a b i l i t y of each State party 

(a) Equipments and costs f o r one p a r t i c i p a n t 

Hardware f o r data a n a l y s i s $US 2 ,771,000 

Software $US 2 ,500,000 

T o t a l cost $US 5 ,271,000 

(b) Requirement of personnel 

6 a n a l y s t s f o r each p a r t i c i p a n t 

4.2 .11 I n t e r n a t i o n a l Data Centres 

(a) Equipment and costs f o r one IDC 

Communication equipment and required software $US 170,000 

Equipment f o r data processing (computer, 

recording u n i t s and software) $US 16,667,000 

T o t a l cost f o r one IDC $US 16 ,837,000 

(b) T o t a l cost f o r 3 IDCs 

3 X $us 16,837,000 = $us 50,511,000 

(c) Requirement of personnel f o r one IDC 

8 s e i s m o l o g i s t s 
8 maintenance t e c h n i c i a n s 
10 programmers 
10 personnel f o r b u l l e t i n 
5 a d m i n i s t r a t i o n s t a f f 
T o t a l personnel f o r one IDC: 41 
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(d) Annual o p e r a t i o n a l cost 

Annual cost f o r 3 IDCs: 

3 X $us 1 ,010,000 = $us 3 ,030,000 

4.3 Estimated costs and personnel required f o r improving the d e t e c t i o n 
and the i d e n t i f i c a t i o n c a p a b i l i t y of the system 

4 . 3 . 1 S o p h i s t i c a t i o n of the performance of s t a t i o n s 

(a) Number of s t a t i o n s to be ameliorated 

We assume that 10 t y p e - I I s t a t i o n s should be modified to t y p e - I l l 
s t a t i o n s (small a r r a y with 6 observation p o i n t s ) i n order to improve the 
c a p a b i l i t y of the system as a whole. 

(b) Cost f o r the m o d i f i c a t i o n of one s t a t i o n 

Cost f o r one observation p o i n t : 

Borehole (depth: 200 m) $US l 8 8 , 0 0 0 

Sensor $US 100,000 

Telemeter equipment $US 38,000 

T o t a l $US 326,000 

Cost f o r one small array s t a t i o n (6 p o i n t s ) 

6 X $US 326,000 = $US 1 ,956,000 

Hardwares of array centre $US 3 ,358,000 

Softwares of array centre $US 3 ,333,000 

T o t a l cost $US 8 ,647,000 

(c) Cost f o r the m o d i f i c a t i o n of 10 s t a t i o n s : 

10 X $us 8 ,647 ,000 = $us 86 ,470,000 

4 . 3 . 2 Enhancement of the observation c a p a b i l i t y i n the ocean areas and t h e i r 
v i c i n i t i e s 

(a) Number of ocean-bottom seismographs to be i n s t a l l e d 

We assume that 10 ocean-bottom seismographs should be i n s t a l l e d 
i n the f o l l o w i n g areas: 

5 i n the P a c i f i c Ocean; 
3 i n the Indian Ocean; 
2 i n the A t l a n t i c Ocean. 
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(b) Cost f o r the i n s t a l l a t i o n of one seismograph 

Sensors (short p e r i o d , Z, N, E, x 4) $US 3 ,750,000 

Cable $US 4 ,375,000 

Cost f o r the i n s t a l l a t i o n $US 1 ,875,000 

Ground environment $US 830,000 

T o t a l cost $US 10 ,830,000 

(c) Cost f o r the i n s t a l l a t i o n of 10 seismographs 

10 X $us 10 ,830,000 = $us 108,500,000 

(d) Operation cost f o r 10 systems per year 

0.006 X $US 850,000 = $US 49,800 

4 . 5 - 5 Measures f o r high-noise l e v e l areas 

(a) Removal costs f o r one seismic s t a t i o n 

Sensor $US 100,000 

Borehole $US 188,000 

Communication equipment: ( t r a n s m i t t e r ) $US 58,000 

( r e c e i v e r ) $US 58,000 

T o t a l cost f o r one s t a t i o n $US 564,000 

4-5-4 Reinforcement of the c a p a b i l i t y covering the areas f o r t r a d i t i o n a l 
nuclear e x p l o s i o n t e s t s 

(a) Areas to be covered 

We assume that 6 (average) seismographs should be e s t a b l i s h e d around 
the t r a d i t i o n a l nuclear t e s t s i t e areas f o r d e t e c t i n g very small seismic 
events, and observation data should be tra n s m i t t e d by telemetry ( i f 
necessary, by s a t e l l i t e communication). 

4 t e s t areas on the northern Eurasian continent 

1 t e s t s i t e area i n North America 

1 t e s t s i t e area i n As i a 

1 t e s t s i t e area i n the South P a c i f i c 

T o t a l 7 t e s t s i t e areas and 42 seismographs 
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by means of i n s p e c t i o n s i n the c i v i l i a n chemical i n d u s t r y 

I . General aspects 

Under a convention p r o h i b i t i n g chemical weapons, the branches of the 
c i v i l i a n chemical i n d u s t r y r e l e v a n t to the v e r i f i c a t i o n of non-production would 
be subjected to systematic i n t e r n a t i o n a l i n s p e c t i o n s . The scope of s u r v e i l l a n c e 
would depend to a la r g e extent on the substances s e l e c t e d and t h e i r s i g n i f i c a n c e 
f o r c i v i l i a n purposes, and on the i n t e n s i t y of the a c t u a l i n s p e c t i o n procedures. 
The i n s p e c t i o n s can apply i n the i n d u s t r i a l s e c t o r both to producers, manufacturing 
i n d u s t r i e s , and end users. 

This paper surveys the range of substances i n v o l v e d and the scope of 
s u r v e i l l a n c e and o u t l i n e s the i n d u s t r i a l s e c t o r t h a t would have t o be covered. 
A f t e r the entry i n t o f o r c e of a convention those substances would be'selected 
products of chemicals f a c t o r i e s which would be subject to r e g u l a r i n s p e c t i o n s to 
prevent t h e i r p o s s i b l e misuse f o r the manufacture of chemical weapons. 

I I . Scope of substances 

1. General 

The choice of substances f o r non-production i n s p e c t i o n s may cover products 
usable e x c l u s i v e l y f o r chemical warfare (single-purpose agents), c h a r a c t e r i s t i c 
key precursors f o r t h e i r production, and substances t h a t are of both m i l i t a r y and 
c i v i l i a n s i g n i f i c a n c e (dual-purpose agents). 

However, i n order to ensure adequate v e r i f i c a t i o n w h i l s t keeping i n s p e c t i o n s 
w i t h i n reasonable l i m i t s , g e n e r a l l y recognized c r i t e r i a are needed f o r the 
s e l e c t i o n of substances and t h e i r i n c o r p o r a t i o n i n the various i n s p e c t i o n 
procedures. 

2 . C r i t e r i a f o r the s e l e c t i o n of substances 

One o b j e c t i v e b a s i s f o r the s e l e c t i o n of substances are the t o x i c i t y c r i t e r i a 
f o r s u p e r t o x i c l e t h a l , other l e t h a l and other harmful chemicals as defined by 
the Conference on Disarmament f o r the purposes of a convention banning chemical 
weapons. Another should be the assessment of the p o t e n t i a l m i l i t a r y t h r e a t posed 
by a chemical substance. 

GE. 85-63398 
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The proposed convention should c o n t a i n a d e f i n i t i o n of the terra "key 
precursors". In the o p i n i o n of the Federal Republic of Germany the precursors i n 
the f i n a l t e c h n i c a l r e a c t i o n stage of the production of s u p e r t o x i c l e t h a l weapons 
which are c h a r a c t e r i s t i c f o r the t o x i c i t y of the end-product should be defined as 
key precursors. The f i n a l t e c h n i c a l r e a c t i o n stage would be determined by the 
intermediate product which can s t i l l be subjected to q u a n t i t a t i v e i n s p e c t i o n s i n 
the manufacturing process. This d e f i n i t i o n i s already contained i n working 
paper CD/439 on the t r a n s f e r problem submitted by the Federal Republic of Germany 
i n 1984. 

This d e f i n i t i o n encompasses only key precursors that are p a r t i c u l a r l y 
harmful. The key precursors thus defined are g e n e r a l l y only used to a very 
l i m i t e d extent f o r c i v i l i a n purposes. Given the small number of producers, the 
scope of the i n s p e c t i o n s w i l l be kept w i t h i n reasonable l i m i t s . 

Notwithstanding t h i s general r u l e , other precursors could be t r e a t e d as key 
precursors i f , w i t h i n the meaning of the convention, they c o n s t i t u t e d a r i s k and 
i f the competent body under the convention reaches agreement on t h i s p o i n t . 

The designated key precursprs would be l i s t e d and annexed to the convention. 
No consensus has so f a r been reached i n the Conference on Disarmament on the 
contents of such a l i s t . Several proposals concerning the chemical products to be 
included i n the l i s t have already been submitted. 

3 . Supertoxic l e t h a l chemicals and key precursors 

The supertoxic l e t h a l chemicals t h a t could be used f o r chemical warfare have 
at the present time l i t t l e c i v i l i a n s i g n i f i c a n c e . They are t h e r e f o r e not produced 
on an i n d u s t r i a l s c a l e f o r such purposes. Under s p e c i a l convention p r o v i s i o n s 
which would be based on the proposals already worked out i n the Conference on 
Disarmament, t h e i r manufacture would be permitted i n l i m i t e d q u a n t i t i e s f o r 
p r o t e c t i v e purposes but i n a declared, separate f a c i l i t y f o r t h i s purpose. 
Consequently, an e x p l i c i t ban on t o x i c chemicals and key precursors which are of 
s i g n i f i c a n c e f o r the production of chemical weapons but f o r which there i s no 
c i v i l i a n demand at the present time would appear to suggest i t s e l f . Such a ban 
should be included e x p l i c i t l y i n a l i s t and ought to cover any q u a n t i t i e s i n 
excess of a production of one metric ton per annum. Should the banned substances 
acquire a c i v i l i a n s i g n i f i c a n c e j u s t i f y i n g t h e i r production, on an i n d u s t r i a l 
s c a l e , .the competent body under the Convention would have to be n o t i f i e d of the 
envisaged production. The manufacture and use of such substances would have to 
be subject to systematic i n s p e c t i o n s . 

The systematic i n t e r n a t i o n a l v e r i f i c a t i o n of non-production should c o n s i s t of 
an exchange of data as w e l l as o n - s i t e i n s p e c t i o n s on a random b a s i s i n companies 
determined by l o t and should be l i m i t e d to the key precursors f o r the manufacture 
of supertoxic l e t h a l chemicals w i t h i n the meaning of the d e f i n i t i o n given above 
because with regard to these substances there i s a danger of the convention being 
circumvented. 

P i n a c o l y l a l c o h o l , f o r example, might be included i n the l i s t i n a p p l i c a t i o n 
of the exception-from-the-rule p r i n c i p l e . I t i s of l i t t l e general use f o r 
permitted purposes. I f , t h e r e f o r e , i t were manufactured i n l a r g e q u a n t i t i e s i t 
would be j u s t i f i a b l e to r e q u i r e proof that i t i s a c t u a l l y being produced f o r 
permitted purposes. 
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In a d d i t i o n to the systematic monitoring of key precursors i n c l u d i n g o n - s i t e 
i n s p e c t i o n s , an exchange of data concerning the production and use of c e r t a i n 
s e l e c t e d precursors should take place i n order to make i n s p e c t i o n s of p a r t i c u l a r l y 
dangerous s u p e r t o x i c l e t h a l chemicals as e f f e c t i v e as p o s s i b l e . This might be 
a p p l i e d , f o r i n s t a n c e , to esters of phosphorous a c i d , which are used on a l a r g e 
s c a l e f o r c i v i l i a n purposes or can be produced analogously to e s t e r s of phosphoric 
a c i d , and s i m i l a r l y to phosphorus t r i c h l o r i d e and phosphorus oxyc h l o r i d e as w e l l 
as t h e ^ - s u b s t i t u t e d d e r i v a t i v e s of N, N-dialkylamino ethanes f o r the production 
of VX and analogous substances, some of which are used f o r many d i f f e r e n t 
permitted purposes. 

D i f f i c u l t y a r i s e s w i t h regard to the question whether the key precursors of 
mustard gas should be included i n systematic non-production v e r i f i c a t i o n 
procedures. A r e s t r i c t i o n to the key precursor t h i o d i g l y k o l would be i n s u f f i c i e n t 
s ince there are other modern manufacturing processes without t h i s compound as 
intermediate product. R e a l l y e f f e c t i v e monitoring of key precursors of mustard 
gas would t h e r e f o r e a l s o have to be extended to substances which are produced i n 
large q u a n t i t i e s as b a s i c substances by the chemical i n d u s t r y and used f o r many 
d i f f e r e n t purposes. Such comprehensive monitoring would hardly be p r a c t i c a b l e . 
I t would seem expedient, t h e r e f o r e , to concentrate on an exchange of data 
regarding t h i o d i g l y k o l and sulphur c h l o r i d e s which make f o r a r e l a t i v e l y simple 
t e c h n i c a l process i n the production of mustard gas. 

In a d d i t i o n , producer c o u n t r i e s could agree on export c o n t r o l s i f i t were 
e s t a b l i s h e d t h a t a country were importing key products f o r the manufacture of 
mustard gas. 

4 . Other l e t h a l substances and precursors 

In the Conference on Disarmament other p o t e n t i a l l y dual-purpose l e t h a l 
chemicals as w e l l as s e l e c t e d precursors f o r the production of chemical weapons 
have been proposed as substances which should f a l l under non-production 
v e r i f i c a t i o n . C o n t r a c t i n g States would only be required to report s t a t i s t i c a l 
data. 

The proposed substances, which thems'elves can a l s o be used as chemical 
weapons, are precursors of a number of c i v i l i a n products. Every year they are 
produced i n t h e i r thousands of tons. This a p p l i e s p r i n c i p a l l y to hydrogen cyanide, 
cyanogen c h l o r i d e , and phosgene. Their p o t e n t i a l t h r e a t must today be seen i n a 
d i f f e r e n t l i g h t i n view of the a v a i l a b i l i t y of much more e f f e c t i v e chemical and 
other weapons. 

I t i s t h e r e f o r e d o u b t f u l whether i t makes sense to i n c l u d e these products i n 
an exchange of data. In so f a r as t h e i r i n c l u s i o n i s envisaged, one should take 
i n t o account when c o l l e c t i n g data concerning t h e i r production and use the f a c t 
that these chemicals are mass products. 

I I I . Scope of i n s p e c t i o n s 

1. General 

The i n t e n s i t y of i n s p e c t i o n procedures must be such as to ensure to an 
adequate degree of c e r t a i n t y that compliance with the c o n t r a c t u a l undertaking not 
to produce chemical weapons i s s y s t e m a t i c a l l y and i n t e r n a t i o n a l l y v e r i f i a b l e . 
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Legitimate i n t e r e s t s of the chemical i n d u s t r y can be protected i f o n - s i t e 
i n s p e c t i o n s are c a r r i e d out without the d i s c l o s u r e of secret t e c h n o l o g i c a l and 
i n d u s t r i a l i n f o r m a t i o n . This could be achieved by the r e s t r i c t i v e s e l e c t i o n o f 
substances and the a p p l i c a t i o n of i n s p e c t i o n procedures o r i e n t e d to the t o x i c i t y 
and p o t e n t i a l t h r e a t of the substances. 

2. V e r i f i c a t i o n of non-production of key precursors 

V e r i f i c a t i o n of the non-production of chemical weapons s t a r t s from the 
p h y s i c a l c o n d i t i o n s f o r the production of such weapons. The s u p e r t o x i c l e t h a l 
chemicals produced f o r chemical warfare d i f f e r from those used f o r c i v i l i a n 
purposes i n that they have a much higher l e v e l of t o x i c i t y . For t h e i r production, 
t h e r e f o r e , more has to be invested i n s a f e t y , which i s evident i n the p h y s i c a l 
c h a r a c t e r i s t i c s of the f a c i l i t y . The absence of the s a f e t y precautions necessary 
f o r the production of s u p e r t o x i c l e t h a l chemicals becomes obvious upon viewing 
the premises and i s t h e r e f o r e c l e a r proof t h a t such substances are not being 
produced i n the f a c i l i t y . 

In the case of l e s s t o x i c key precursors manufactured f o r c i v i l i a n purposes, 
which have a lower l e v e l of t o x i c i t y , the absence of extensive s a f e t y precautions 
i s not i n i t s e l f s u f f i c i e n t . e v i d e n c e that they are not being used f o r the 
production of chemical weapons. Consequently, the monitoring of these chemicals 
must a l s o take other c r i t e r i a i n t o account and be more comprehensive. 

Inspections i n the production f a c i l i t y should concentrate on the q u a n t i t y of 
key precursor produced or, where the processing i s continuous, on the output of 
f i n i s h e d products. The o b j e c t of the i n s p e c t i o n i s not the chemical f a c t o r y as 
such, only the one r e l e v a n t and p r e c i s e l y defined substance. 

The a c t u a l t e s t should take place i n the c r u c i a l r e a c t i o n phase. I t should 
begin at the stage i n the o v e r a l l production process immediately preceding the 
emergence of the key precursor and cover only t h i s phase. 

Inspections of key precursors should be conducted on the b a s i s of annual 
s t a t i s t i c a l data and o n - s i t e i n s p e c t i o n s i f the t o t a l annual q u a n t i t y produced 
exceeds one metric ton. 

To ensure t h a t the manufacturers of key precursors i n question r e c e i v e equal 
treatment, o n - s i t e i n s p e c t i o n s should be c a r r i e d out on a random b a s i s . Companies 
should be determined by l o t , w i t h the competent body under the convention f i x i n g 
every year the percentage of a l l f i r m s to be subjected to i n s p e c t i o n s . 

The i n s t a l l a t i o n of a d d i t i o n a l measuring instruments by the i n s p e c t i n g 
agencies to monitor the q u a n t i t i e s produced does not appear necessary and would 
moreover be i m p r a c t i c a b l e . 

The i n s p e c t i o n , c o n s i s t i n g of s t a t i s t i c a l data, the review of p l a n t records, 
i n t e r v i e w s , viewing of f a c i l i t y areas, as w e l l as sampling and a n a l y s i s , must 
ensure r e l i a b l e v e r i f i c a t i o n of the non-production of chemical weapons. However, 
they should not provide an o v e r a l l survey of the production process and hence 
i n s i g h t s i n t o a f i r m ' s own manufacturing processes. 
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5 . Inspections r e l a t i n g to the manufacture of key precursors 

The systematic v e r i f i c a t i o n of non-production i n the chemical i n d u s t r y should 
serve to confirm t h a t q u a n t i t i e s of key precursors that are declared to be 
intended f o r permitted purposes are a c t u a l l y used as s t a t e d i n the information 
given. Such i n s p e c t i o n s must ther e f o r e be s u f f i c i e n t l y accurate and r e l i a b l e . 
This i s r e l a t i v e l y simple i n .the ease of key precursors which, as intermediates, 
are d i r e c t l y and completely f u r t h e r processed i n the same f a c i l i t y . The procedure 
becomes even more s t r a i g h t forward where the key precursor goes through a 
continuous and automatic r e a c t i o n process without being i s o l a t e d . This w i l l mostly 
be the case w i t h substances t h a t are produced i n l a r g e q u a n t i t i e s f o r a f i n i s h e d 
product f o r which there i s a c o n s i s t e n t l y high demand. 

Key precursors with a wide range of uses are s o l d to other domestic f i r m s 
or exported f o r f u r t h e r processing more o f t e n than those the use of which as 
intermediates a p p l i e s to only a few f i n i s h e d products. The supply of such key 
precursors to manufacturers makes i n s p e c t i o n procedures more d i f f i c u l t and c o s t l y . 
In order to ensure t h e i r e f f e c t i v e n e s s they would have to be extended to the 
f a c i l i t i e s of manufacturers both at home and abroad. 

In order to l i m i t the number of companies a f f e c t e d , only those who r e c e i v e 
q u a n t i t i e s of key precursors i n excess of one metric ton per year should f a l l 
w i t h i n the scope of i n s p e c t i o n s . On the one hand, f i x i n g a much higher l i m i t 
would i n c l u d e the r i s k of companies' spreading the processing among s e v e r a l p l a n t s 
to keep below the l i m i t . Moreover, i t might give r i s e to u n j u s t i f i e d m i s t r u s t 
where a key precursor which i s used f o r a l a r g e v a r i e t y of products a c t u a l l y i s 
processed i n many smaller f a c t o r i e s . This i s true i n the case of substances used 
f o r the production of pharmaceuticals, f o r i n s t a n c e . 

The need to i n c l u d e f u r t h e r processing i n procedures designed to v e r i f y 
non-production again shows th a t a r e s t r i c t i v e approach has to be adopted when 
determining key precursors. The proposal f o r l i m i t i n g key precursors to such 
supertoxic l e t h a l chamicals w i l l minimize i n s p e c t i o n s of manufacturing companies 
because there are narrow q u a l i t a t i v e and q u a n t i t a t i v e l i m i t s on the use of the 
substances i n question f o r permitted purposes. 

4 . Inspection r e l a t i n g to the production of other l e t h a l chemicals and 
precursors 

As regards the monitoring of the non-manufacture of other l e t h a l chemicals 
and precursors f o r the production of chemical weapons, various proposals have 
been submitted recommending an i n s p e c t i o n procedure which would be r e s t r i c t e d to 
the annual r e p o r t i n g of s t a t i s t i c a l data. 

As these are mostly chemicals t h a t are not only manufactured i n large 
q u a n t i t i e s but are a l s o used f o r . a v a r i e t y of c i v i l i a n purposes, the cost of 
ensuring a - as f a r as p o s s i b l e complete - record would be c o n s i d e r a b l e . In 
order to achieve t h i s , data on the manufactured, processed imported and exported 
q u a n t i t i e s of every s e l e c t e d substance would have to be o f f i c i a l l y recorded. I t 
i s unknown to us whether and to what extent c o u n t r i e s are at present able to 
maintain such comprehensive records or authorized under t h e i r r e s p e c t i v e data 
p r o t e c t i o n l e g i s l a t i o n to t r a n s f e r s a i d data to an i n t e r n a t i o n a l i n s p e c t o r a t e . 

C a r e f u l thought has yet to be given to the c o l l e c t i o n and e v a l u a t i o n of the 
data. The proposals submitted to date do not c l e a r l y i n d i c a t e how the 
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i n t e r n a t i o n a l body can determine from the t o t a l data submitted whether a State 
has v i o l a t e d the convention. Moreover, the c o l l e c t i o n o f comprehensive data must 
not lead to the d i s c l o s u r e of i n f o r m a t i o n about r e l a t i o n s h i p s w i t h buyers i n a 
manner and to an extent that might impair n a t i o n a l economic i n t e r e s t s . 

IV. Summary 

I t i s intended that the v e r i f i c a t i o n of non-production of chemical weapons 
should take the form of systematic i n t e r n a t i o n a l s u r v e i l l a n c e of s p e c i f i c s e c t o r s 
of the chemical i n d u s t r y , covering a l i s t of s e l e c t e d substances to be annexed to 
a convention. 

A convention banning chemical weapons w i l l have to c o n t a i n g u i d e l i n e s f o r 
determining the scope of such substances. 

The g u i d e l i n e s f o r s u p e r t o x i c l e t h a l chemicals and t h e i r key precursors 
suggested i n t h i s paper l i m i t the scope to such substances and s p e c i f i c 
precursors as would be l i s t e d i n an annex to the convention. 

The scope of the i n s p e c t i o n s must be such as to meet the v e r i f i c a t i o n 
requirements of the proposed convention, but a l s o a l l o w f o r the l e g i t i m a t e 
n a t i o n a l economic i n t e r e s t s o f the chemical i n d u s t r y a f f e c t e d . 

S u r v e i l l a n c e should be l i m i t e d , to two measures, namely random o n - s i t e 
i n s p e c t i o n s based on the drawing of l o t s together w i t h annual s t a t i s t i c a l r e p o r ts 
on a sc a l e yet to be agreed. 

I f the f u r t h e r processing of key precursors w i t h i n the meaning of the above 
d e f i n i t i o n were to take place outside the production f a c i l i t y monitoring of the 
manufacture of these products would not be s u f f i c i e n t . In t h i s case i t would be 
necessary to extend i n s p e c t i o n s to domestic and f o r e i g n processors who have 
received them. The number of producers and manufacturing companies who would 
thus be subject to non-production i n s p e c t i o n s would be r e l a t i v e l y s m a l l . 
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