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G&ME&46 NUMMARY 

. X Aas made o f tAe Meedb o f poteMt%2% wse r s f o r 

r e m o t e AaMottng equtpmeMt, o r ^eAtoZes , t&e deep oeeoM f2000-g000mj , 

a n d t%e d e g r e e o f f w r t ^ e r tec&M%ca% de^eZopmeMt r e q u i r e d . 2%e 8twd# 

-CnGludes an analysis of these needs^ of the veh-Ccle types involved and 

tAe %e#e% a n d p r o g r e s s tM tAe 8%&-8#stem tec^MoZagy w&tcA wtZZ 6e r e q w t r e d . 

An analysis of the future development and requirement, for such vehicles 

foZZows a n d t%e r e p o r t coMoZ^des a s e t o f recommeMded ueAto&e owd 

sub-system studies which could be considered in the second phase of this 

project. Annexes contain a list of people visited and a bibliography of 

those references used in the compilation of this report. 
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1. OBJECTIVES OF THE STUDY 

(1) To c l a s s i f y p o t e n t i a l u s e r s f o r deep ocean v e h i c l e s and h a n d l i n g 

s y s t e m s , and e s t i m a t e t h e i r t e c h n i c a l r e q u i r e m e n t s now, and over 

t h e n e x t 10 y e a r s . 

(2) To summarise t h e c h a r a c t e r i s t i c s o f e x i s t i n g deep ocean v e h i c l e s 

and h a n d l i n g sys tems and t o f o r e c a s t t e c h n i c a l l y p o s s i b l e f u t u r e 

d e v i c e s . 

(3) To i d e n t i f y t e c h n i c a l o b s t a c l e s t o t h e deve lopment of new v e h i c l e s 

and h a n d l i n g s y s t e m s , and t o d i s c u s s t h e l e v e l and form of r e s e a r c h 

i n v e s t m e n t r e q u i r e d t o a c h i e v e a s o l u t i o n . 

(4) To recommend ways of p romot ing t h e development of p a r t i c u l a r 

v e h i c l e s and h a n d l i n g s y s t e m s , and of e n s u r i n g t h a t t h e sys tems 

d e v i s e d do in p r a c t i c e meet t h e r e q u i r e m e n t s o f u s e r s . 

(5) To recommend r e s e a r c h and development p r i o r i t i e s in r e s p e c t of 

m a t e r i a l s , components , and subsys tems i m p o r t a n t t o t h e p a r t i c u l a r 

v e h i c l e s p roposed . 

(6) To p r o v i d e a s o u r c e of i n f o r m a t i o n and r e f e r e n c e s f o r f u r t h e r 

development of t h i s p r o j e c t . 
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2. SUMMARY OF CONCLUSIONS 

This s e c t i o n c o n t a i n s t h e c o n c l u s i o n s f rom s e c t i o n 9, 

2 . 1 Major v e h i c l e p r o j e c t s recommended 

I s p r a i s recommended t o i n v e s t i g a t e in Phase I I t h e f e a s i b i l i t y of 

d e s i g n i n g , b u i l d i n g and o p e r a t i n g in E u r o p e : -

2 . 1 . 1 A 6000m manned s u b m e r s i b l e , c a p a b l e of r e m a i n i n g submerged f o r a t 

l e a s t 4 days, w i th p r o v i s i o n f o r s h i f t s of crew and s c i e n t i f i c 

o b s e r v e r s , s o p h i s t i c a t e d n a v i g a t i o n and d a t a l o g g i n g , and p r o v i s i o n f o r 

e x t e n s i v e e x p e r i m e n t a l equ ipmen t , i n c l u d i n g t h e use o f m a n i p u l a t o r s and 

work t o o l s . 

2 . 1 . 2 A h y b r i d "p iggy-back" s u b m e r s i b l e sys tem c o n s i s t i n g of a l a r g e mother 

submar ine capab l e of d i v i n g t o 1000-2000m and c a r r y i n g a s m a l l e r deep 

ocean v e h i c l e capab l e of d e s c e n d i n g t o 6000m wi th a u s e f u l work p a y l o a d . 

2 . 1 . 3 An Un te the r ed Remote Opera ted Veh i c l e w i th a dep th c a p a b i l i t y of 

6000m and u s e f u l p a y l o a d , i n c l u d i n g i n t e g r a t e d n a v i g a t i o n w i t h 

' i n t e l l i g e n t ' c o n t r o l s y s t e m s , 24 hours endurance and a high r a t e of d a t a 

g a t h e r i n g wi th l a r g e volume s t o r a g e . 

2 . 1 . 4 A 6000m Remote Opera ted V e h i c l e , lowered in a ' g a r a g e ' , and c a p a b l e 

of c o n d u c t i n g s o r t i e s from t h e ga rage u s i n g an u m b i l i c a l c o n n e c t i o n . 

Required t o c a r r y s o p h i s t i c a t e d work t o o l s and v ideo e q u i p m e n t . 
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2 . 2 Recommendations r e g a r d i n g subsystem development 

I s p r a i s recommended in Phase I I t o i n v e s t i g a t e t h e f e a s i b i l i t y of 

a i d i n g t h e development of t h e f o l l o w i n g subsys tems and t e c h n o l o g i e s w i t h i n 

E u r o p e : -

2 . 2 . 1 New m a t e r i a l s , i n c l u d i n g c a r b o n / g r a p h i t e / k e v l a r f i b r e c o m p o s i t e s , 

m e t a l - c e r a m i c c o m p o s i t e s , e t c . , shou ld be t e s t e d and developed f o r 

t h e c o n s t r u c t i o n of l a r g e p r e s s u r e v e s s e l s , and o t h e r components in manned 

and unmanned v e h i c l e s f o r deep ocean u se . 

2 . 2 . 2 The use of novel ene rgy s o u r c e s , p a r t i c u l a r l y t h e c l o s e d c y c l e 

S t i r l i n g and d i e s e l e n g i n e and t h e i r a s s o c i a t e d f u e l s y s t e m s , and 

c e r t a i n s econda ry b a t t e r i e s , shou ld be i n v e s t i g a t e d . Compara t ive t r i a l s , 

and development and m o d i f i c a t i o n s should be c a r r i e d o u t t o e v a l u a t e t h e 

p o t e n t i a l of each t y p e of power s o u r c e in r e a l i s t i c work ing c o n d i t i o n s a t s e a . 

2 . 2 . 3 Advanced computer and p r o c e s s i n g t e c h n i q u e s , i n c l u d i n g t h e development 

of a r t i f i c i a l i n t e l l i g e n c e , should be a p p l i e d t o t h e problems of 

c o n t r o l l i n g Un te the red Remote O p e r a t e d . V e h i c l e s and o t h e r sys tems t o min imise 

t h e e f f e c t s of low d a t a r a t e and d e l a y in s i g n a l t r a n s m i s s i o n . 

2 . 2 . 4 Development should be unde r t aken in advanced n a v i g a t i o n sys tems f o r 

both manned and unmanned v e h i c l e s , i n t e g r a t i n g t h e optimum pe r fo rmance 

a v a i l a b l e from sys tems employing a c o u s t i c b e a c o n s , e l e c t r o - m a g n e t i c l o g s , 

i n e r t i a l n a v i g a t i o n , e t c . T e r r a i n f o l l o w i n g sys tems s h o u l d be i n v e s t i g a t e d 

f o r f a s t n e a r - b o t t o m su rveys and t h e s a f e o p e r a t i o n of manned and unmanned 

f r e e v e h i c l e s . 

2 . 2 . 5 Improved v i s u a l i s a t i o n and a c o u s t i c imaging t e c h n i q u e s , i n c l u d i n g 

p a t t e r n r e c o g n i t i o n schemes, should be deve loped f o r t h e b e t t e r 

c o n t r o l of ROVs and work t o o l s . S t e r e o g r a p h i c and h o l o g r a p h i c sys tems should 

be i n v e s t i g a t e d . 
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2 . 2 . 6 F u r t h e r development i s n e e d e d , and t e s t f a c i l i t i e s a r e r e q u i r e d , f o r 

u m b i l i c a l c a b l e s c a p a b l e of combining f i b r e o p t i c s wi th s t r a i n 

members and o t h e r c o n d u c t o r s , w i th a maximum l e n g t h of 10km. 

2 . 2 . 7 T e s t f a c i l i t i e s shou ld be developed f o r i n v e s t i g a t i n g t h e per formance 

of m a t e r i a l s , s u b m e r s i b l e components , s u b s y s t e m s , and a s s e m b l i e s a t 

dep ths of up t o 6000m, both in t h e l a b o r a t o r y and a t s e a , wi th t h e 

p o s s i b i l i t y of l e a v i n g m a t e r i a l s o r sys tems exposed f o r long p e r i o d s . 

2 . 2 . 8 The French s u b m e r s i b l e "Argyrone te" p r o j e c t s h o u l d be examined wi th 

a view t o s u p p o r t i n g i t s development as an u n d e r w a t e r t e s t - b e d f o r 

t h e s ea t r i a l s o f c l o s e d c y c l e e n g i n e s and o t h e r e n e r g y s o u r c e s , and t h e 

t e s t i n g o f o t h e r l a r g e components and subsys tems in r e a l i s t i c o p e r a t i o n a l 

c o n d i t i o n s . 

2 . 3 P rocedu ra l recommendat ions 

The d i s c u s s i o n t h r o u g h o u t t h i s r e p o r t and t h e recommendat ions l i s t e d 

in s e c t i o n s 2 and 9 a r e based on some g e n e r a l a s s u m p t i o n s and judgements 

c o n c e r n i n g t h e optimum a l l o c a t i o n of r e s e a r c h and deve lopment e f f o r t between 

I s p r a and o t h e r o r g a n i s a t i o n s and u s e r s of remote h a n d l i n g sys tems in t h e 

deep ocean . As f o l l o w s : -

2 . 3 . 1 De l ega t i on and d e c e n t r a l i s a t i o n shou ld be e n c o u r a g e d where p o s s i b l e . 

I f a t e c h n i q u e o r sys tem can be deve loped by one l a b o r a t o r y , company, 

o r n a t i o n , then i t may be w a s t e f u l t o t r y and deve lop i t a t a European l e v e l . 

2 . 3 . 2 Where a proposed p r o j e c t i s t oo l a r g e t o be c a r r i e d o u t by one 

l a b o r a t o r y , company, o r n a t i o n , then t h e r e i s a s t r o n g case t h a t 

i t shou ld be c a r r i e d o u t a t a European l e v e l , p r o v i d e d t h a t t he need has 

been d e m o n s t r a t e d . Exper i enced e n g i n e e r i n g and a d m i n i s t r a t i v e l e a d e r s h i p 

w i l l t hen be c r u c i a l t o s u c c e s s . 



2 . 3 . 3 Recommended p r o j e c t s shou ld draw on s k i l l s and t e c h n o l o g y which t h e 

su rvey has shown t o be p r e s e n t in European c o u n t r i e s . There i s 

e v e r y reason t o t r y and s y n t h e s i s e t h e ach ievements which now e x i s t in 

d i f f e r e n t c o u n t r i e s in o r d e r t o o b t a i n t h e maximum b e n e f i t . 

2 . 3 . 4 S t u d y , d e s i g n , and even e n g i n e e r i n g work s h o u l d be d e l e g a t e d t o 

s p e c i a l i s t l a b o r a t o r i e s o r companies w i t h proven e x p e r t i s e in t h e 

f i e l d , whenever p o s s i b l e , w i th I s p r a a c t i n g as p r o j e c t c o o r d i n a t o r . This 

w i l l c a p i t a l i s e on t h e va lue of s k i l l s a l r e a d y e x i s t i n g , and p r o v i d e some 

exchange of e x p e r t i s e between d i f f e r e n t o r g a n i s a t i o n s p a r t i c i p a t i n g in a 

p r o j e c t . I t w i l l a l s o minimise p o s s i b l e d e l a y s and m i s t a k e s which would 

r e s u l t f rom t r y i n g t o a c q u i r e deep ocean e n g i n e e r i n g e x p e r i e n c e f rom s c r a t c h , 

2 . 3 . 5 For t h e ma jo r sys tems recommended in s e c t i o n 2 . 1 above i t i s no t 

r e a s o n a b l e t o e x p e c t t o r e c o v e r t h e c o s t s of d e v e l o p m e n t , o r 

p o s s i b l y even t h e f u l l c o s t s of o p e r a t i o n , f rom c e r t a i n u s e r s . The 

development of any such m a j o r sys tem must be j u s t i f i e d on t h e b a s i s t h a t 

t h e use of t h e sys tem i s of v a l u e t o Europe, and t h a t i t i s i m p o r t a n t t o 

have t h e n e c e s s a r y t e c h n o l o g i c a l c a p a b i l i t y w i t h i n Europe . 

2 . 3 . 6 In t h e d e s i g n , c o n s t r u c t i o n , and o p e r a t i n g p h a s e s of any of t h e m a j o r 

sys tems recommended in s e c t i o n 2 . 1 , I s p r a s h o u l d e s t a b l i s h a d v i s o r y 

groups of e x p e r t s and p o t e n t i a l u s e r s of t h e equ ipmen t . Many of t h e peop le 

i n t e r v i e w e d d u r i n g t h e p r e s e n t s t u d y would be p r e p a r e d t o a c t as c o n s u l t a n t s 

in t h i s c a p a c i t y . The a l l o c a t i o n of r e s e a r c h t ime u s i n g t h e sys tems shou ld 

be j udged by a panel of p e e r group e x p e r t s , u s i n g t h e w e l l proven methods 

of t h e JOIDES and IPOD d r i l l i n g p r o j e c t s , and s u i t a b l e f u n d i n g a r r a n g e m e n t s 

w i l l need t o be o r g a n i s e d . Such sys tems shou ld a l s o be made a v a i l a b l e f o r 

commercial c h a r t e r . 

2 . 3 . 7 Any ma jo r s y s t e m , i f and when deve loped , w i l l r e q u i r e a p r o f e s s i o n a l 

o p e r a t i n g team, both f o r main tenance of t h e v e h i c l e , and s e a - g o i n g 

o p e r a t i o n s . This f u n c t i o n might b e s t be s u b - c o n t r a c t e d t o a m a j o r 

l a b o r a t o r y o r company wi th t h e n e c e s s a r y o p e r a t i o n a l e x p e r i e n c e . 
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3. DEFINITION OF DEEP OCEAN 

3 .1 Techn ica l annex to t h e C o n t r a c t (No. 2149-83 -07 ED ISP GB) r e q u i r e s 

t h e s t u d y t o c o n s i d e r "deep ocean" remote h a n d l i n g equ ipment . For 

t h e p u r p o s e s of t h i s r e p o r t t h e d e f i n i t i o n of deep ocean w i l l mean in the 

dep th range 2000m t o 6000m. The r e p o r t w i l l n e v e r t h e l e s s c o n s i d e r s h a l l o w e r 

dep ths in some s e c t i o n s . The r e a s o n s a r e as f o l l o w s 

3 .2 In t h e c o r r e s p o n d e n c e p r i o r t o approva l of t h e C o n t r a c t t h e r e was 

r e f e r e n c e t o a s u b m e r s i b l e capab l e of working t o 6000m. IOS d e s c r i b e d 

in i t s t e n d e r i t s e x p e r i e n c e and s k i l l s r e l a t i n g t o work in t h e depth range 

4000-6000m. I t i s t h e r e f o r e assumed t h a t t h e o b j e c t i v e i s t o examine sys tems 

which a r e c a p a b l e , o r p o t e n t i a l l y c a p a b l e in t h e f u t u r e , o f o p e r a t i n g t o 

t h e s e d e p t h s . The ocean t r e n c h dep ths ex tend t o 11,000m, b u t s i n c e t h e y a r e 

r e l a t i v e l y smal l in a r e a , 3% of t h e ocean a r e a , t h e c o s t of i n c r e a s i n g 

o p e r a t i o n s t o t h e s e ex t reme dep ths would be e x c e s s i v e i n p r o p o r t i o n t o 

t h e b e n e f i t . The depth l i m i t of 6000m b r i n g s 97% of t h e ocean f l o o r 

w i t h i n reach of t h e chosen s y s t e m s , i n c l u d i n g a l l t h e a b y s s a l p l a i n s and 

mid-ocean r i d g e s , as we l l as t h e c o n t i n e n t a l s l o p e s and f a n s . 

3 . 3 D i f f e r e n t e x i s t i n g i n d u s t r i e s and t e c h n o l o g i e s a t p r e s e n t o p e r a t e 

t o d i f f e r e n t maximum d e p t h s . Manned s u b m e r s i b l e c r a f t have f r e q u e n t l y 

worked below 2000m, and t h e r e f o r e i t i s r e a s o n a b l e t o c h o o s e t h e sha l l ow 

l i m i t a t a depth which i s wel l beyond t h e c o n v e n t i o n a l 200m depth o f t h e 

edge of t h e c o n t i n e n t a l s h e l f . I t i s l o g i c a l l y r e a s o n a b l e t o e x t r a p o l a t e 

an i n c r e a s e d pe r fo rmance from t h e p r e s e n t manned s u b m e r s i b l e s which o p e r a t e 

in t h e 2000-3000m zone , t o machines which a r e d e s i g n e d t o comple te more 

complex t a s k s in 6000m. On t h e o t h e r hand, p i p e and c a b l e e n t r e n c h i n g 

mach ine ry , and unde rwa te r w e l d i n g , have no t y e t o p e r a t e d d e e p e r than a 

few hundred m e t r e s . Thus , in o r d e r t o examine t h e s t a t u s quo and f i n d a 

b a s i s f rom which t o s t a r t e x t r a p o l a t i o n , we have t o c o n s i d e r t h e p r e s e n t 

f u n c t i o n of t h i s equipment in dep ths s h a l l o w e r than lOOOm. The s t a r t i n g 

p o i n t f o r t h e s t u d y of each sys tem i s l o g i c a l l y t h e maximum depth a t which 

i t o p e r a t e s a t p r e s e n t . 
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4 . RANGE AND LIMITATIONS OF THE STUDY 

4 , 1 The l i t e r a t u r e has been sampled, and a few hundred r e f e r e n c e s s c r u t i n i s e d . 

This i s a r e p r e s e n t a t i v e sample , bu t by no means e x h a u s t i v e . 

4 . 2 I n t e r v i e w s have been wi th t y p i c a l p o t e n t i a l u s e r s and m a n u f a c t u r e r s . 

The range of companies and i n d i v i d u a l s i n t e r v i e w e d in t h e t ime a v a i l a b l e 

had t o be h i g h l y s e l e c t i v e ( s ee Appendix 1 f o r a d d r e s s l i s t of c o n t a c t s ) . 

4 . 3 Working from t h e t e r m i n o l o g y of t h e C o n t r a c t we d e f i n e d a r ange of 

v e h i c l e t y p e s ( see s e c t i o n 6) which a r e r e l e v a n t t o t h e s t u d y . Numerous 

hybr id combina t ions and v a r i a n t s a r e p o s s i b l e , such a s p i g g y - b a c k i n g ROVs on 

l a r g e r s u b m e r s i b l e s , o r d e p l o y i n g remote l o n g - t e r m r e c o r d i n g i n s t r u m e n t s f rom 

ROVs, and some of t h e s e combina t ions a r e d i s c u s s e d . N e v e r t h e l e s s , t h e range 

of sys tems d i s c u s s e d canno t be r ega rded as e x h a u s t i v e . 

4 , 4 We have t aken examples of e x i s t i n g t e c h n o l o g y f r o m a l l o v e r t h e w o r l d , 

b u t v i s i t s and i n t e r v i e w s have been r e s t r i c t e d t o Europe . C o u n t r i e s 

v i s i t e d were F r a n c e , I t a l y , Germany, Norway, Sweden, and t h e Uni ted Kingdom. 

4 . 5 Techn ica l a n a l y s e s have been based on documentary and v e r b a l ev idence 

a v a i l a b l e , p l u s t h e e x i s t i n g s k i l l s and knowledge of IDS p e r s o n n e l . 

No e x p e r i m e n t a l o r e n g i n e e r i n g work o r d e t a i l e d d e s i g n o r c o s t i n g has been 

u n d e r t a k e n a t any s t a g e . 

4 . 6 S ince t h e a r e a of deep ocean in t h e European r e g i o n i s r a t h e r l i m i t e d 

( see F i g u r e 1 ) , we have assumed t h a t European c o m p a n i e s , r e a s e a r c h 

g r o u p s , and m i l i t a r y o r g a n i s a t i o n s have i n t e r e s t s which may ex t end a t t imes 

t o any p a r t of t h e world o c e a n . 



0 # : = # 
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FIGURE 1, Water d e p t h s a round Europe 
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5. POTENTIAL USERS OF DEEP OCEAN REMOTE HANDLING EQUIPMENT 

For each u s e r s e c t i o n t h e r e p o r t w i l l rev iew v e r y b r i e f l y t h e 

maximum depth of a c t i v i t y of t h e i n d u s t r y o r r e s e a r c h now; t h e depth 

t r e n d w i t h an approximate p r e d i c t i o n of f u t u r e maximum dep th d u r i n g t h e 

n e x t d e c a d e ; t he p r o b a b i l i t y t h a t t h e a c t i v i t y w i l l r e q u i r e i n t e r v e n t i o n 

in t h e deep ocean us ing remote h a n d l i n g s y s t e m s ; t h e f i n a n c i a l s c a l e of t h e 

a c t i v i t y , wi th some i n d i c a t i o n of t h e f i n a n c i a l , s t r a t e g i c , o r o t h e r i n c e n t i v e s 

o r mo t ive s which might d i c t a t e t h e use of e x p e n s i v e deep ocean i n t e r v e n t i o n 

s y s t e m s . 

The te rm " i n t e r v e n t i o n " w i l l be used t o mean t h e use of deep ocean 

remote h a n d l i n g equ ipmen t , whe the r manned o r unmanned. The t e rm w i l l be 

used in t h e b r o a d e s t s e n s e to i n c l u d e t h e use of a l l t h e sys tems d e f i n e d 

in t h e C o n t r a c t Phase I . The d e f i n i t i o n s of t h e v a r i o u s t y p e s o f v e h i c l e 

and machine a r e g iven in s e c t i o n 6 . 

The p o t e n t i a l c l a s s e s of u s e r s f o r deep ocean i n t e r v e n t i o n sys tems 

were i n i t i a l l y i d e n t i f i e d as f o l l o w s . The numbers in b r a c k e t s r e f e r t o t h e 

numbers used t o l i s t t h e indexed r e f e r e n c e s in t h e b i b l i o g r a p h y . The same 

numbers a r e g iven a t t h e end of each s e c t i o n h e a d i n g . 

(1 ) O f f s h o r e o i l and gas i n d u s t r y - e x p l o r a t i o n and p r o d u c t i o n 

(2) P i p e l a y i n g 

(3) C a b l e l a y i n g 

(4) Manganese nodule mining 

(5) E x t r a c t i o n of mine ra l muds and s u r f a c e d e p o s i t s 

(6 ) Commercial f i s h e r i e s 

(7 ) Repa i r and ma in tenance of s t r u c t u r e s , p i p e l i n e s , e t c . 

(8 ) I n s p e c t i o n and n o n - d e s t r u c t i v e t e s t i n g 

(9) Sa lvage of s h i p s and ca rgo 

(10) Sa lvage of c r a shed a i r c r a f t 

(11) Deployment and r e c o v e r y of i n s t r u m e n t s 

(12) R a d i o a c t i v e was te d i s p o s a l 
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(13) Torpedo r e c o v e r y 

(14) Mine sweeping and removal 

(15) Submarine r e s c u e 

(16) B i o l o g i c a l r e s e a r c h 

(17) Geophysical and g e o l o g i c a l r e s e a r c h 

(18) Phys i ca l oceanography 

(19) Chemical oceanography 

5 .1 O f f s h o r e o i l and gas i n d u s t r y - e x p l o r a t i o n and p r o d u c t i o n (1) 

Oil companies have d i f f e r e n t views and s t r a t e g i e s : some a r e d e t e r m i n e d 

t o e l i m i n a t e t h e use of d i v e r s f rom t h e i r o p e r a t i o n s a s f a r as p o s s i b l e , and 

a l s o wish t o minimise t h e use of manned s u b m e r s i b l e s (BP); o t h e r s seem c o n t e n t 

t o d e v e l o p manned sys tems because of t h e i r v e r s a t i l i t y . Some o i l companies 

have l a r g e o f f s h o r e r e s o u r c e s in w a t e r d e p t h s s h a l l o w e r t h a n 500m, and have 

l i t t l e mo t ive to look any d e e p e r ; o t h e r s have l i m i t e d s h a l l o w e r r e s e r v e s , 

and a r e s t r o n g l y m o t i v a t e d t o s e a r c h in deep w a t e r . The same dichotomy 

a p p l i e s t o n a t i o n s t a t e s . Thus t h e r e i s l i t t l e hope o f a r r i v i n g a t a 

concensus of t h e needs of o i l companies working o f f s h o r e . However, i t i s 

p o s s i b l e t o i d e n t i f y gene ra l t r e n d s , t o no te t h e d e e p e s t o c c u r r e n c e of any 

g iven t y p e of p r o c e s s , i n s t a l l a t i o n , or s t r u c t u r e in each y e a r , and t o make 

a r o u g h l y ba lanced a s s e s s m e n t of f u t u r e n e e d s . 

The s t a g e s of d e v e l o p i n g an o i l f i e l d which may need manned o r ROV 

type o f i n t e r v e n t i o n can be s imply o u t l i n e d as f o l l o w s : -

S t a g e s of work and i n t e r v e n t i o n : 

Geophysica l p r o s p e c t i n g - minimal 

E x p l o r a t i o n d r i l l i n g - p o s s i b l e i n t e r v e n t i o n r e q u i r e d 

P r o d u c t i o n d r i l l i n g and comple t ion - p r o b a b l e i n t e r v e n t i o n r e q u i r e d 

P r o d u c t i o n & Workover - i n t e r v e n t i o n r e q u i r e d o c c a s i o n a l l y f o r 
main tenance and i n s p e c t i o n 

We w i l l i g n o r e the. geophys i ca l p r o s p e c t i n g p h a s e , s i n c e t h e r e i s 

seldom invo lvemen t of mechanical i n t e r v e n t i o n du r ing c o n v e n t i o n a l p r o s p e c t i n g , 

and i f sea bed methods were e v e r i n t r o d u c e d , which i s u n l i k e l y , t h e y would 

t end t o u t i l i s e t e c h n i q u e s s i m i l a r t o t h o s d e s c r i b e d i n t h e Geology-Geophys ics 

u s e r s e c t i o n below. 
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E x p l o r a t i o n d r i l l i n g 

Pe r Rosengren (NOP - Norwegian Pe t ro leum D i r e c t o r a t e ) s t a t e d t h a t 

d r i l l i n g companies o p e r a t i n g in t h e Norwegian s e c t o r now conducted d r i l l i n g 

w i t h o u t hav ing d i v i n g sys tems on b o a r d , and r e l i e d on s y s t e m s which o p e r a t e d 

w i t h o u t i n t e r v e n t i o n , o r on ROVs. BP a l s o s t a t e d in UK t h a t t h e y t r i e d t o 

conduc t a l l work w i t h o u t d i v e r s and w i t h o u t manned v e h i c l e s subsea i f 

p o s s i b l e . Again emphasis was on ROVs and t h e f u t u r e u se of sys tems wi th 

a r t i f i c i a l i n t e l l i g e n c e . All p r o d u c t i o n of o i l and gas in t h e North Sea 

i s s h a l l o w e r than 300m a t p r e s e n t , and in t h e Norwegian s e c t o r t h e r e a r e 

few p l a n s by o i l companies t o produce from deepe r than 500m b e f o r e t h e ' 

y e a r 2000. N e v e r t h e l e s s , t h e r e i s very deep w a t e r o f f t h e n o r t h w e s t c o a s t 

of Norway, down t o 3000m and one p o t e n t i a l o i l f i e l d , A s k e l a d d e n , has been 

i n v e s t i g a t e d f o r BP and S t a t o i l by John Brown Subsea w i t h a view t o a s s e s s i n g 

p r o d u c t i o n p o t e n t i a l from 1000m, and a s p e c u l a t i v e a s s e s s m e n t of p r o d u c t i o n 

from 3000m w a t e r d e p t h . 

The Norwegian government i s in t he e x c e p t i o n a l p o s i t i o n of hav ing 

more than s u f f i c i e n t o i l f o r a l l f o r e s e e a b l e f u t u r e c i r c u m s t a n c e s , and 

t h e r e f o r e i s l e s s concerned t o e x p l o i t margina l deep w a t e r f i e l d s than 

some c o u n t r i e s . Even s o , Mr. Rosengren d id say t h a t s i n c e i t t a k e s 10 y e a r s 

o r more t o p r o g r e s s from t h e d e c i s i o n t o e x p l o r e a f i e l d t o t h e d a t e of f i r s t 

p r o d u c t i o n , i t was t h e r e f o r e t h e r e s p o n s i b i l i t y of NPD t o s t a r t p l a n n i n g now 

f o r the y e a r 2000 and a f t e r . 

The d e e p e s t e x p l o r a t i o n d r i l l i n g o f f n o r t h wes t Europe has been in 

t h e Po rcup ine Sea B igh t and t h e West S h e t l a n d s a r e a s w i t h w e l l s in t h e 

depth r ange 300-500m. Two o t h e r r e c e n t deep e x p l o r a t i o n w e l l s a r e 842m in 

the Aqui la f i e l d in t h e sou th A d r i a t i c , and 1730m in t h e Gulf of Lions 

(Ocean I n d u s t r y , August 1983) . The d e e p e s t commercial e x p l o r a t i o n d r i l l i n g 

e v e r c a r r i e d o u t was in August 1983, when She l l O f f s h o r e I n c . spudded a wel l 

in 2092m of w a t e r , 160km s o u t h e a s t of Cape May, New J e r s e y , USA. Th i s i s 

t h e f i r s t we l l of a 3 -we l l programme wi th t h e d e e p e s t i n 2307m of w a t e r 

(Ocean I n d u s t r y , August 1983) . The mar ine r i s e r p i p e we ighs 1700 t o n n e s , 

bu t i s c l a d in buoyant m a t e r i a l s u p p o r t i n g 98% of t h e w e i g h t in w a t e r . 

Dynamic p o s i t i o n i n g of t h e d r i l l s h i p i s by r e f e r e n c e t o a c o u s t i c s ea f l o o r 
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beacons . The sys tem i s de s igned t o o p e r a t e w i t h o u t any d i r e c t i n t e r v e n t i o n 

from s u b m e r s i b l e s e t c . , bu t an ROV with TV d i s p l a y on t h e s u r f a c e i s an 

i n t e g r a l p i e c e of equ ipment . Cost of d r i l l i n g one we l l in t h i s programme 

i s a p p r o x i m a t e l y $50 m i l l i o n (Ocean I n d u s t r y , October 1982, p41; s ee a l s o 

F r i s b i e , 1983) . 

The i n c r e a s e in maximum depth of e x p l o r a t i o n w e l l s has been from 

706m in 1975 t o 2307m in 1983/84 (Ocean I n d u s t r y , Oc tobe r 1982) . On t h e 

c o n s e r v a t i v e e s t i m a t e of 200m/year t h e i n c r e a s e over t h e n e x t decade w i l l 

be of t h e o r d e r of 2000m, making a maximum depth of 4000m. This i s n o t 

u n r e a s o n a b l e , s i n c e t e c h n o l o g i c a l advances t o s o l v e d e p t h - r e l a t e d problems 

a r e l i k e l y t o b r i n g i nc r emen t s of depth c a p a b i l i t y which a r e p r o g r e s s i v e l y 

l a r g e r . The d i f f e r e n c e between 50m and 100m i s s i g n i f i c a n t ; t h e d i f f e r e n c e 

between 2000m and 2050m i s n o t . 

Thus i t seems h i g h l y p r o b a b l e t h a t t h e t e c h n o l o g i c a l competence w i l l 

e x i s t w i t h i n t h e n e x t t en y e a r s t o conduct e x p l o r a t i o n d r i l l i n g in 4000m 

d e p t h , a n d , on p r e s e n t t r e n d t h e r e w i l l be companies w i l l i n g t o b e a r t h e 

c o s t and r i s k s o f such d r i l l i n g . The depth of 4000m i s c o m p a t i b l e w i th 

t h e d e e p e s t s e d i m e n t f a n s of t h e c o n t i n e n t a l s l o p e , and t h e s e a r e a p o s s i b l e 

s o u r c e o f hyd roca rbons (McKelvey and Wang, 1969) . Thus s u p p o r t s e r v i c e s and 

t h e c a p a b i l i t y f o r i n t e r v e n t i o n in t h e e v e n t of l o s s o f equipment o r 

emergenc ies shou ld be deve loped p r o g r e s s i v e l y t o meet t h i s depth r e q u i r e m e n t . 

The a c t u a l p r o g r e s s of t h e depth of e x p l o r a t i o n o f f s h o r e w i l l depend 

c r i t i c a l l y on t h e world p r i c e of o i l , and hence the economics of e x p l o i t i n g 

margina l f i e l d s . S ince i t i s i m p o s s i b l e t o p r e d i c t w h e t h e r t h e wor ld 

ene rgy and o i l supp ly w i l l become one of g l u t and low p r i c e s , o r s h o r t a g e 

and high p r i c e s , t h e on ly r e a s o n a b l e assumpt ion i s t h a t p a s t t r e n d s t h rough 

t h e l a s t decade w i l l c o n t i n u e more o r l e s s c o n s i s t e n t l y o v e r t h e n e x t 

decade . S ince t h e l a s t decade has i t s e l f seen many economic e x c u r s i o n s , 

t h i s i s a f a i r compar i son . In te rms of d r i l l i n g a c t i v i t y , t h e number of 

w e l l s d r i l l e d between 1970 and 1982 i n c r e a s e d from 1370 g l o b a l l y ( e x c l u d i n g 

communist b l o c ) t o 3095 p e r y e a r . The i n c r e a s e was c o n t i n u o u s in e v e r y 

y e a r e x c e p t 1971 and 1979 (Ocean I n d u s t r y , October 1 9 8 2 ) . V e h i c l e s most 
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p r o b a b l y needed d u r i n g e x p l o r a t i o n d r i l l i n g a r e RQVs, equ ipped wi th TV; 

back-up sys tems in e v e n t of emergency would p r o b a b l y be h e a v i e r ROVs wi th 

t h e c a p a c i t y t o work wi th t o o l s , o r p ick up l o s t o r damaged g e a r . The use 

of manned s u b m e r s i b l e s i s j u s t p o s s i b l e , bu t would p r o b a b l y on ly be needed 

in t h e c a s e of ex t reme emergency. 

Some measure of t h e r ange of work which can now be c a r r i e d o u t by an 

ROV t o d e p t h s of t h e o r d e r of 2000m a r e shown in T a b l e s 1 and 2 , r ep roduced 

from F r i s b i e , 1983. 

P r o d u c t i o n d r i l l i n g and comple t ion 

P r o d u c t i o n d r i l l i n g and comple t ion of t h e wel l r e q u i r e s more permanent 

i n s t a l l a t i o n s , l a r g e r bottom modules or m a n i f o l d s , more complex i n s t a l l a t i o n s 

on t h e sea f l o o r , equipment t o p r e v e n t b low-out of o i l o r gas under p r e s s u r e , 

and f i n a l l y c o n n e c t i o n of t h e p roduc ing well t o a p i p e l i n e , e i t h e r a long t h e 

sea bed , o r v e r t i c a l l y t o a f l o a t i n g t a n k e r . I t i s t h e f i n a l e n g i n e e r i n g 

s t a g e o f c o m p l e t i n g t h e wel l and c o n n e c t i n g i t t o t h e p r o d u c t i o n sys tem 

which i s d e p t h - l i m i t i n g . 

These o p e r a t i o n s have in t h e p a s t r e q u i r e d more o r l e s s r e g u l a r 

i n t e r v e n t i o n by d i v e r s o r manned, v e h i c l e s . By d e f i n i t i o n , a l l work i n t h e 

p r e s e n t su rvey i s beyond d i v e r d e p t h . Oil companies a r e r e - d e s i g n i n g d r i l l i n g 

and p r o d u c t i o n seabed equipment so t h a t i n t e r f a c e s , j o i n t s , m a t i n g s , e t c . , 

can be made a u t o m a t i c a l l y w i t h o u t w e l d i n g , and w i t h o u t manned i n t e r v e n t i o n . 

All i n f o r m a n t s (BP, S h e l l , John Brown Subsea , Rosengren) conf i rmed t h i s 

p o i n t . N e v e r t h e l e s s , t h e s t a g e s of d r i l l i n g and i n s t a l l i n g subsea p r o d u c t i o n 

w e l l - h e a d s , c h r i s t m a s - t r e e s , and g a t h e r i n g modules , i s t h e most complex phase 

of t h e e n g i n e e r i n g o p e r a t i o n s in t h e development of a f i e l d , and i t i s d u r i n g 

t h i s phase t h a t u n p r e d i c t a b l e i n t e r v e n t i o n i s most l i k e l y t o be needed . 

Although t h e g r e a t m a j o r i t y of s t e p s can be de s igned t o be a u t o m a t i c , t h e r e 

w i l l o f t e n be t h e need f o r v i s u a l i n s p e c t i o n by ROV, and o c c a s i o n a l c o r r e c t i v e 

a c t i o n o r heavy work u n d e r w a t e r . 
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The f o l l o w i n g r e p r e s e n t t h e p r imary and con t ingency work t a s k s r e q u i r e d f o r 
t h e DUAL HYDRA 2500 sys t em. The v e h i c l e c a p a b i l i t y and t o o l i n g i s c o n s i d e r e d 
as a u n i t . 

( a ) S t a n d a r d Suppor t O p e r a t i o n s 

Rig Ope ra t i on Task 

S t a t i o n & Probe P lace beacons , i n s p e c t bot tom and measure 
s l o p e , c l e a r d e b r i s . Watch r e t u r n s w h i l e 
d r i l l i n g the p i l o t h o l e . Look f o r g a s . 

P l a c e temporary gu ide I n s p e c t , c l e a r d e b r i s and v i s u a l l y base and 
d r i l l ou t gu ide p l acemen t and o r i e n t a t i o n of 
t emporary guide b a s e , measure v e r t i c a l i t y . 
Watch d r i l l i n g . Guide any r e - e n t r y of 
b i t / h o l e o p e n e r . 

Run 30" V i s u a l l y guide r e - e n t r y o f 30", Watch run and 
l a n d . Check f o r p r o p e r e l e v a t i o n . Watch f o r 
cement r e t u r n s . V i s u a l l y guide remedia l 
cement ing i f n e c e s s a r y . 

Guide Base O r i e n t a t i o n E s t a b l i s h .guide base o r i e n t a t i o n . 

D r i l l 12 1 /4" V i s u a l l y guide r e - e n t r y , watch d r i l l i n g . 

Open t o 26" V i s u a l l y guide r e - e n t r y , watch d r i l l i n g . 

Run and cement 20" I n s p e c t , c l e a r d e b r i s and guide r e - e n t r y , 
watch runn ing and l a n d i n g . Watch f o r cement 
r e t u r n s . 

Run R i s e r & Land BOP I n s p e c t , c l e a r d e b r i s and v i s u a l l y gu ide 
r e - e n t r y , watch l a n d i n g . Check H-4 
i n d i c a t o r rod . E s t a b l i s h BOP o r i e n t a t i o n . 

T e s t BOP I n s p e c t s t a c k and r i s e r . 

D r i l l and log t e s t When abandonment i s r e q u i r e d i n s p e c t s t a c k 
and r i s e r . Keep bottom f r e e of d e b r i s . 

D i sconnec t lower s t a c k I n s p e c t w e l l . 

Pu l l r i s e r -

R e t r i e v e w e l l h e a d V i s u a l l y guide r e - e n t r y o f c u t t i n g / r e t r i e v a l 
t o o l s . Watch r e c o v e r . I n s p e c t bot tom and 
r e c o v e r d e b r i s . Recover b e a c o n s . 

TABLE 1 : SCOPE OF WORK CARRIED OUT BY DUAL HYDRA 2500 ROV IN 2000m 

(From F r i s b i e , 1983) 
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V e s s e l : D i s c o v e r e r Seven Seas 

L o c a t i o n : Eas t Coast USA 

Job D e s c r i p t i o n : Rig Suppor t 

C l i e n t : S h e l l 

Date Dive No Depth ( f sw) Dura t ion O b j e c t i v e 

7/30/83 

7/31/83 

801/83 

8/02/83 

8/03/83 

8/04/83 

8/06/83 

8/09/83 

8/10/83 

8/13/83 

8/14/83 

8/15/83 

8/19/83 

8/23/83 

8/26/83 

8/28/83 

8/31/83 

9/01/83 

9/01/83 

83/001 

83/002 

83/003 

83/004 

83/005 

83/006 

83/007 

83/008 

83/009 

83/010 

83/011 

83/012 

83/013 

83/014 

83/015 

83/016 

83/017 

83/017 

83/018 

200 
6448 

4300 

4100 

4300 

4000 
6448 

6448 

6448 

6448 

6448 

6448 

6448 

4700 

700 

700 

6448 

6448 

644& 

30 mins 
8 h r s . 17 mins 

2 h r s . 22 mins 

2 h r s . 12 mins 

3 h r s . 58 mins 
3 h r s . 36 mins 
4 h r s . 30 mins 

1 h r . 07 mins 

5 h r s . 01 mins 
4 h r s . 59 mins 
4 h r s . 44 mins 
8 h r s . 21 mins 
9 h r s . 

4 h r s . 30 mins 

4 h r s . 30 mins 

2 h r s . 30 mins 

17 h r s . 10 mins 

10 h r s . 15 mins 

8 h r s . 15 mins 

T e s t d ive t o 200 f sw. 
Deploy Honeywell 906 
beacon , obse rve d r i l l 
b i t t a g bottom t a k e 
bottom sample . 
Observe runn ing of 48" 
c a s i n g and obse rve 
u n l a t c h i n g of r u n n i n g 
t o o l . 
Observe^ runn ing of 48" 
c a s i n g and mud-mats. 
T e s t d i v e . 
T e s t d ive . 
Observe and h e l p g u i d e 
s t a b b i n g of d r i l l b i t 
i n t o Perm. Gu idebase . 
Observe s t a b b i n g of 
d r i l l s t r i n g f o r 
l o g g i n g o p e r a t i o n s . 
S tab 25" d r i l l b i t . 
S t ab 26" d r i l l b i t . 
Wellhead i n s p e c t i o n . 
S t a b b i n g of 20" c a s i n g -
Bottom s e a r c h f o r l o s t 
anode package . 
T e s t d ive t o 4700' t o 
pu t shims on broken 
s t r a n d . 
S tack i n s p e c t i o n t o 
700' t o check o u t 
a c o u s t i c beacon arms 
w h i l e s t a c k i s b e i n g 
lowered t o bo t t om. 
S t ack i n s p e c t i o n t o 
700' t o check o u t 
a c o u s t i c beacon arms 
w h i l e s t a c k i s b e i n g 
lowered t o bo t tom. 
R i s e r i n s p e c t i o n and 
s t a n d b y t o l and s t a c k . 
C o n t i n u a t i o n of 
dive 017 8/31/83. 

Landing BOP S t a c k . 

TABLE 2 : EXTRACT FROM DUAL HYDRA DIVING LOG WHEN CARRYING 

OUT OPERATIONS IN 2000mOF WATER (From F r i s b j e , 1983) 
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The d e e p e s t p r o d u c t i o n w e l l s a t p r e s e n t proposed i n c l u d e an Exxon s u b s e a 

comple t ion gas wel l o f f t h e M i s s i s s i p p i Canyon in 460m of wate r (Ocean 

I n d u s t r y , J u l y 1983) ; a number of w e l l s in v a r i o u s p a r t s of t he world a r e 

p roduc ing o i l o r gas f rom 300-350m. Most of t h e s e a r e a s s o c i a t e d wi th 

c o n v e n t i o n a l o r n e a r l y c o n v e n t i o n a l p l a t f o r m s , whe ther r i g i d o r compl i an t 

o r wi th p r o d u c t i o n on t empora ry f l o a t i n g b a r g e s . A c o m p l i a n t guyed tower 

o p e r a t i n g in 310m was i n s t a l l e d n e a r t h e M i s s i s s i p p i Canyon in June 1983. 

Total Oil in c o n j u n c t i o n w i th t h e I n s t i t u t F r a n c a i s du P e t r o l e a r e d e v e l o p i n g 

e x p e r i m e n t a l production sys tems which a r e f u l l y f l o a t i n g , wi th f l e x i b l e r i s e r s , 

f o r p r o d u c t i o n t o d e p t h s of 3000m of wa te r (The Oilman, September 1983) . The 

group a r e d e v e l o p i n g a u t o m a t i c p i p e r e p a i r i n g equipment f o r beyond d i v i n g 

d e p t h s . 

The use of subsea comple t ion sys tems i s e n v i s a g e d a s t h e method which 

w i l l be used in t h e d e e p e s t w a t e r s , where p l a t f o r m s may n o t be p r a c t i c a b l e . 

A rev iew of subsea p r o d u c t i o n t e c h n o l o g y (1981 Subsea P r o d u c t i o n Annual 

Review) showed 244 subsea p r o d u c t i o n w e l l s worldwide a t t h a t d a t e . Only 22 

of t h e s e were deeper than 150m. A rev iew of deve lopments over 12 months t o 

J u l y 1983 (Ocean I n d u s t r y , J u l y 1983, p . 47) shows t h a t 57 w e l l s were 

completed subsea d u r i n g t h a t p e r i o d , wi th t h e d e e p e s t a t 270m o f f B r a z i l . 

F i f t y t h r e e of t h e subsea c o m p l e t i o n s were ach ieved w i t h t h e a i d of d i v e r s , 

and on ly 4 used d i v e r l e s s i n s t a l l a t i o n s y s t e m s . One sys tem i s l i s t e d as on 

o r d e r f o r Chevron, S p a i n , f o r a dep th of 770m in t h e Montanazo F i e l d , in t h e 

Med i t e r r anean (Ocean I n d u s t r y , J u l y 1983, p . 5 1 ) . A f o r e c a s t i n g r ev iew 

(Ocean I n d u s t r y , Oc tober 1982, p . 78) s u g g e s t s a maximum depth of subsea 

p r o d u c t i o n by 1990 of 1000m, and 1200m by 1995. These a r e t h e most p r o b a b l e 

e s t i m a t e s , and the h i g h e s t e s t i m a t e s f o r t h e same d a t e s would be 1200m and 

1800m r e s p e c t i v e l y . Saipem conf i rmed t h a t t h e y a t p r e s e n t have c o n t r a c t s 

p r o v i d i n g e n g i n e e r i n g s e r v i c e s and s u b m e r s i b l e o p e r a t i o n s t o a s s i s t 

p r o d u c t i o n d r i l l i n g a t a dep th of 615m, and expec t t o work t o 1000m in t h e 

nex t few y e a r s . 

At t h e p r e s e n t d a t e use of subsea c o m p l e t i o n s mus t be r e g a r d e d as 

expe r imen ta l o r marg ina l in r e l a t i o n t o p r o d u c t i o n on s u r f a c e p l a t f o r m s , 

even though t h e t e c h n i q u e has been a v a i l a b l e f o r 20 y e a r s . The Magnus F t e l d 

in t h e North Sea employs 7 remote subsea w e l l s c o n n e c t e d t o a j a c k e t p l a t f o r m 
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in 186m of w a t e r . The use o f f l o a t i n g p l a t f o r m s , t e n s i o n - l e g p l a t f o r m s , 

and c o m p l i a n t tower p l a t f o r m s , amongst o t h e r s y s t e m s , has tended t o pos tpone 

t h e a d o p t i o n of t r u e subsea p r o d u c t i o n systems on t h e l a r g e s c a l e . Whatever 

t h e f u t u r e b a l a n c e between p l a t f o r m s and subsea c o m p l e t i o n s , t he c o s t of 

p l a t f o r m s i s bound to i n c r e a s e w i th d e p t h , w h i l s t subsea . p r o d u c t i o n modules 

w i l l become r e l a t i v e l y more economic . The t r e n d in maximum depth of 

p r o d u c t i o n w i l l n e c e s s a r i l y l a g behind t h a t of e x p l o r a t i o n , and t hus a 

maximum depth of p r o d u c t i o n of 1200-1800m somewhere i n t h e world by 1995 

i s r e a s o n a b l e in r e l a t i o n t o t h e e s t i m a t e above of a maximum depth of 

e x p l o r a t i o n d r i l l i n g of 4000m by 1993. 

R e l i a b i l i t y of t h e i n s t a l l e d p r o d u c t i o n sys tem i s c r i t i c a l , and t h e 

e n g i n e e r i n g of t h i s i s d e s i g n e d t o avo id s u b s e q u e n t i n t e r v e n t i o n (BP, 

John Brown S u b s e a ) . In t h i s c o n t e x t i t i s no tewor thy t h a t one of t h e 

w o r l d ' s f i r s t subsea Chr i s tmas t r e e s was r e c o v e r e d f rom t h e Santa Barba ra 

Channel in 1983 a f t e r 20 y e a r s of con t inuous o p e r a t i o n (Ocean I n d u s t r y , 

J u l y 1983, p 5 3 ) . 

Manned s u b m e r s i b l e s , ROVs, one-man v e h i c l e s , and r o b o t i c d e v i c e s 

a r e a l l used r o u t i n e l y in t h e f i n a l s t a g e s of p r o d u c t i o n d r i l l i n g and 

comple t ion of w e l l s , w h e t h e r t h e comple t ion i s s u b s e a , o r on a s u r f a c e 

p l a t f o r m . Oceaneer ing I n c . have graded some of t h e work in terms of 

" i n c r e a s i n g t a s k d i f f i c u l t y " on a s c a l e of 1 - 1 0 , as f o l l o w s : -

1 = O b s e r v a t i o n 

2 = Simple r e c o v e r y 

3 = Line c u t t i n g , removing d e b r i s 

4 = S t r u c t u r a l c l e a n i n g f o r v i s u a l i n s p e c t i o n 

5 = Connec t ing h y d r a u l i c l i n e s and r e p l a c i n g g u i d e l i n e s 

6 = Use of power t o o l s , v a l v e o p e r a t i o n , n o n - d e s t r u c t i v e t e s t i n g 

7 = Simple module r ep l acemen t 

8 = Alignment t a s k s , f l a n g e make-up, r e p l a c e v a l v e s t a b o v e r s h o t 

9 = S o p h i s t i c a t e d d i s a s s e m b l y and r e a s s e m b l y 

10 = P r e c i s i o n t a s k s , d r i l l and t a p , s t r u c t u r a l we ld ing 
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Oceanee r ing e s t i m a t e (Subsea P r o d u c t i o n Annual Review 1981, p l36) 

t h a t m u l t i - p e r s o n manned s u b m e r s i b l e s can accompl i sh t a s k s up t o complex i ty 

l e v e l 4 ; b u t t h a t one-man sys tems and ROVs can work t o complex i ty l e v e l 10. 

This i s presumably because t h e s i z e and mass of t h e l a r g e r v e h i c l e s makes 

i t u n s a f e t o b r i n g them r e a l l y c l o s e t o c o m p l i c a t e d p i e c e s of mach ine ry , 

and p r e v e n t s them a p p l y i n g f i n e l y judged f o r c e s . 

In t h e c o n t e x t o f t a s k s r e q u i r e d i t shou ld be n o t e d t h a t BP, S h e l l , 

John Brown Subsea , and t h e Norwegian Pe t ro leum D i r e c t o r a t e conf i rmed t h a t 

w e l d i n g , below a depth of a few hundred m e t r e s , was n o t p r a c t i c a b l e , and 

would be r e p l a c e d by m e c h a n i c a l l y o r h y d r a u l i c a l l y made j o i n t s . This 

view was no t s h a r e d by GKSS G e e s t a c h t . 

Summary 

The o i l i n d u s t r y i s t h e l a r g e s t o f f s h o r e i n d u s t r y employing 

i n t e r v e n t i o n s y s t e m s . We have d e s c r i b e d t h e p r o b a b l e f u t u r e e x t e n s i o n i n t o 

d e e p e r w a t e r in some d e t a i l , s i n c e p a s t e v e n t s show t h a t t h i s i n d u s t r y i s 

t he b i g g e s t cus tomer f o r h igh t e c h n o l o g y deep w a t e r s y s t e m s . There w i l l 

be a m a j o r r e q u i r e m e n t f o r i n t e r v e n t i o n t o 1200-1800m by 1995, and a 

s e c o n d a r y r e q u i r e m e n t t o 4000m. There w i l l be no l i k e l i h o o d of o i l 

e x p l o r a t i o n e x t e n d i n g t o dep ths in e x c e s s of 4000m. 

5 . 2 P i p e l a y i n g (2) 

W i l l a t and Cameron (1983) d e s c r i b e a powered t r a c k e d v e h i c l e f o r 

p l o u g h i n g a bottom t r e n c h and b u r y i n g a p i p e o r c a b l e . A l i s t of 19 seabed 

v e h i c l e s i s i n c l u d e d in t h i s p a p e r . Most of t h e s y s t e m s a r e d e s i g n e d t o 

o p e r a t e on t h e c o n t i n e n t a l s h e l f t o dep ths of 200-300m. 

P i p e l a y i n g w i l l n o r m a l l y be conducted t o d e p t h s ve ry s i m i l a r t o 

t h a t of o i l p r o d u c t i o n . The e x c e p t i o n i s where a deep channe l has t o be 
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c r o s s e d , as from T u n i s i a t o I t a l y , o r f rom t h e B r i t i s h S h e l f t o Norway, 

where t h e p ipe may a t some p o i n t e x t e n d deepe r than t h e p o i n t of p r o d u c t i o n . 

I t i s u n l i k e l y t h a t p i p e l a y i n g o r p ipe main tenance and i n s p e c t i o n w i l l have 

t o be c a r r i e d o u t s i g n i f i c a n t l y deepe r than t h e depth of p r o d u c t i o n , and 

so t h e 1995 p r e d i c t i o n may be t aken as s i m i l a r t o t h a t f o r o i l p r o d u c t i o n 

at 1200-1800m. 

Heavy sea bed mach inery i s needed t o e n t r e n c h smal l d i a m e t e r p ipe s 

on t h e S h e l f , t o p r o t e c t them from damage. P ipes l a r g e r than abou t 20" in 

d i a m e t e r do no t need e n t r e n c h i n g on t h e S h e l f (John Brown Subsea ; S h e l l ) ; 

and no p i p e l i n e s w i l l need e n t r e n c h i n g in d e e p e r w a t e r , where t h e y a r e 

s a f e f rom bottom t r a w l s and a n c h o r s . Thus t h e r e i s no f o r e s e e a b l e need 

f o r heavy p ipe e n t r e n c h i n g and embedding equipment d e e p e r than 200-300m. 

5 . 3 C a b l e l a y i n g (3) 

Submarine c a b l e l a y i n g c o n t i n u e s t o be a ma jo r i n d u s t r y , and 

advanced c a b l e d e s i g n , r e p e a t e r s , and t h e use of f i b r e - o p t i c s , e n s u r e 

t h a t c a b l e s w i l l c o n t i n u e t o compete wi th s a t e l l i t e communication l i n k s . 

Cable e n t r e n c h i n g and i n s p e c t i o n and r e p a i r on t h e C o n t i n e n t a l S h e l f , 

s h a l l o w e r than 300m, u t i l i s e v e h i c l e s and embedding m a c h i n e r y . There a r e 

no r e p o r t s of manned s u b m e r s i b l e s b e i n g used f o r r e p a i r s in d e e p e r w a t e r . 

I t i s i n h e r e n t l y s i m p l e t o d rag f o r a c a b l e normal t o t h e known t r e n d of 

t h e c a b l e . The use of an ROV might be an a d v a n t a g e , b u t might n o t r educe 

s h i p t ime s u f f i c i e n t l y t o j u s t i f y t h e e x t r a c o s t . B r i t i s h Telecom have 

deve loped and used a t r a c k e d j e t t i n g v e h i c l e f o r t r e n c h i n g and b u r y i n g 

communicat ions c a b l e s . I t i s c a l l e d Sea Dog, and o p e r a t e s on ly t o 300m 

d e p t h . A s o p h i s t i c a t e d c a b l e g r a p n e l , c u t t e r , and l i f t i n g d e v i c e i s 

d e s c r i b e d by S c a r f e (1983) f o r use down t o 9100m. McBeth (1974) d e s c r i b e s 

t h e use of P i s c e s V f o r t h e b u r i a l of a t e l e c o m m u n i c a t i o n s c a b l e in 1824m 

d e p t h . I t i s l i k e l y t h a t towed s o n a r v e h i c l e s w i l l be used more in t h e 

f u t u r e t o p rov ide r o u t e i n g i n f o r m a t i o n . 
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5 . 4 Manganese nodule mining (4) 

Manganese nodu les o c c u r as a s u r f a c e l a y e r on t h e ocean f l o o r in 

d e p t h s of 4000-6000m. The most e c o n o m i c a l l y e x t e n s i v e f i e l d s occu r in t h e 

P a c i f i c , a l t h o u g h smal l q u a n t i t i e s occu r in t h e T y r r h e n i a n Basin of t h e 

M e d i t e r r a n e a n . There a r e s i x m a j o r c o n s o r t i a s e e k i n g t o deve lop t h e 

t e c h n o l o g y t o e x p l o i t t h e n o d u l e s . These a r e : -

Ocean Mining A s s o c i a t i o n s (US S t e e l ; Union M i n i e r ; Sun Company; 

SAMIN) 

Kennecot t Consor t ium (Kennecot Copper; RTZ; C o n s o l i d a t e d Gold 

F i e l d s ; BP; Noranda Expl . I n c . ; M i t s u b i s h i ) 

Ocean Management I n c . (INCO; P r e u s s a g ; Sumitomo; SEDCO) 

Ocean Mineral Co. (Lockheed; S t anda rd Oil of I n d i a n a ; 

Royal Dutch S h e l l ; Bos K a l i s Wes tmins t e r ) 

Deep Ocean Mining A s s o c i a t e s (38 J a p a n e s e companies) 

French A s s o c i a t i o n f o r t h e Study and Research o f Nodules 

(4 French companies) 

We r e c e i v e d w r i t t e n s t a t e m e n t s f rom RTZ; and v e r b a l o p i n i o n s from 

CNEXO in F r a n c e , and GKSS in Germany, who have a d v i s e d t h e P r e u s s a g 

conso r t i um (Borche rd ing e t a l , 1977) . CNEXO a r e a t p r e s e n t p a r t way 

th rough a f i v e - y e a r programme of d e v e l o p i n g a s i d e s c a n deep towed v e h i c l e 

known as SAR t o s t u d y nodule f i e l d s . The o t h e r i n f o r m a n t s were of t h e 

o p i n i o n t h a t r e s e a r c h on n o d u l e s i s a l m o s t a t a h a l t . The r e a s o n s have 

been p r o v i d e d in most d e t a i l by r e p o r t s f rom RTZ, and can be summarised 

as f o l l o w s . 
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The s i x c o n s o r t i a have i n v e s t e d of t h e o r d e r of $ 0 . 5 b i l l i o n so f a r in 

nodu le deve lopment , and s e v e r a l a l t e r n a t i v e d redg ing sys t ems have been t e s t e d 

in t h e deep ocean . The r e p o r t f rom RTZ ( L i t t m a n , 1983) a s s e s s e s nodule 

d e p o s i t s in te rms of Abundance, D i s p e r s i o n , Grade, Water d e p t h , Technology 

r e q u i r e d , p roduc ing a gene ra l a s s e s s m e n t of m i n e a b i l i t y . Land-based r e s e r v e s 

of n i c k e l , copper, and c o b a l t a r e e s t i m a t e d t o be 25-35 y e a r s , even assuming 

a high growth r a t e in demand. Thus, t o be worth min ing , sea bed nodules must 

be r e c o v e r a b l e a t a lower c o s t t han land r e s e r v e s . In o r d e r f o r a nodule 

mining s i t e t o be a t t r a c t i v e , t h e d e p o s i t a r e a must be o f abou t 50,000 sq km. 

That i s an a r e a 25% l a r g e r than Ho l l and . 

Most c o n s o r t i a base t h e c o l l e c t i o n method on a v e h i c l e o r d redge head 

which i s p r o p e l l e d o r dragged a long t h e sea bed; which l i f t s and s e p a r a t e s 

t h e nodu les from t h e mud, and pumps them up t o a s u r f a c e s h i p . Dr. G.G. S a n t i 

d e s c r i b e d an a l t e r n a t i v e sys tem us ing a s u b m e r s i b l e t o g a t h e r t h e nodules to 

a c e n t r a l c a i s s o n o r s u b m e r s i b l e ba rge l y i n g on t h e ocean bed , which was then 

l i f t e d to t h e s u r f a c e s h i p . L i t tman (1983) conc ludes t h a t t h e world market 

does n o t put an immediate demand on t h e development of subsea manganese 

n o d u l e s , w h i l s t t h e u n c e r t a i n s t a t e of t h e law of t h e s ea a c t s a s a s t r o n g 

d i s i n c e n t i v e . 

Smale-Adams (1983 a l s o of RTZ, e s t i m a t e s t h a t an o v e r a l l i n v e s t m e n t 

of t h e o r d e r of $1 .5 b i l l i o n would be needed t o deve lop a subsea manganese 

mining o p e r a t i o n . Assuming t h e a v e r a g e u n i t c o s t of p r o d u c i n g n i c k e l as 

100 u n i t s , p r o d u c t i o n f rom d i f f e r e n t land s o u r c e s a t p r e s e n t v a r i e s from 

91 u n i t s t o 126 u n i t s . These a r e s imply b reak -even p r o d u c t i o n c o s t s , 

e x c l u d i n g c a p i t a l r e c o v e r y c h a r g e s , t a x e s , e t c . On t h i s i n d e x i t i s 

e s t i m a t e d t h a t a subsea mining o p e r a t i o n would c o s t 150-200 u n i t s , but 

i n c l u d i n g c a p i t a l c o s t s winch t h e s e a r e so h i g h . Al though t h e compar i sons 

a r e o b v i o u s l y d i f f i c u l t t o a c h i e v e , Smale Adams c o n c l u d e s t h a t wi th p r e s e n t 

and f o r e s e e a b l e t e c h n o l o g y t h e c o s t o f p roduc ing n i c k e l f rom t h e deep ocean 

i s a p p r o x i m a t e l y t w i c e t h a t of p r o d u c t i o n from l a n d . 
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Summary 

Manganese nodule mining i s be ing he ld in abeyance by most c o n s o r t i a , 

in view of t h e h igh c o s t s . Some r e s e a r c h i s c o n t i n u i n g a t a low l e v e l . I f 

mining were t o go a h e a d , even on a p r o t o t y p e b a s i s , o r t r i a l p r o d u c t i o n , 

i n v e s t m e n t of t h e o r d e r of $200 m i l l i o n would be needed . The working depth 

would p robab ly be in t h e range 4000-6000m. ROVs o r deep- towed sys tems might 

be needed f o r i n s p e c t i o n work and s u r v e y of t h e nodule f i e l d s . In t h e even t 

of any damage o r l o s s t o t h e d r e d g i n g system t h e r e would a lmos t c e r t a i n l y be 

an immediate r e q u i r e m e n t f o r manned v e h i c l e i n t e r v e n t i o n t o f a c i l i t a t e r e p a i r 

o r s a l v a g e . 

5 .5 E x t r a c t i o n of mine ra l muds and s u r f a c e d e p o s i t s (5) 

Hot b r i n e muds c o n t a i n i n g mine ra l s a l t s of n i c k e l , s i l v e r , t i t a n i u m 

and copper have been found a t dep th of t h e o r d e r of 2200m (Fanger and P e p e l n i k , 

1979) i n t h e Red S e a . The P r e u s s a g mining company of Germany has i n v e s t e d 

l a r g e sums of money in t r i a l d r e d g i n g o p e r a t i o n s , wi th t h e c o o p e r a t i o n of 

t h e governments of Saudi Arab ia and Sudan. Dr. Pepe ln ik (GKSS) in formed us 

of t h e i n s t r u m e n t a t i o n used t o a s s e s s t h e o r e q u a l i t y d u r i n g d r e d g i n g . 

The system has been o p e r a t e d w i t h o u t any i n t e r v e n t i o n sys tem w i t h i n t h e 

sense of t h e p r e s e n t s t u d y . The economics of t h e mine ra l mud mining seen to 

be s l i g h t l y b e t t e r t han f o r manganese nodu le min ing , p a r t l y because t h e ; 

p a y - d i r t i s a l r e a d y in t h e form of a l i q u e f i e d s l u r r y which i s r e l a t i v e l y 

ea sy t o pump, because t h e s e a - b e d w i l l n o t be c l eaned i n t o ba re s t r i p s by 

t h e d r e d g i n g o p e r a t i o n , and because t h e s t a t e s on t h e a d j a c e n t c o a s t s a r e 

i n t e r e s t e d t o c o o p e r a t e and s u p p o r t t h e p r o j e c t . I t does n o t seem l i k e l y 

t h a t i n t e r v e n t i o n sys tems w i l l p r o v i d e a s i g n i f i c a n t c o n t r i b u t i o n t o t h i s 

work. 
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Sulph ide o r e bod ies have been d i s c o v e r e d a t s e v e r a l l o c a t i o n s on 

mid-ocean r i d g e s .a t dep ths of t h e o r d e r of 2500m. Dr. T . J . G . F r a n c i s (lOS) 

i s p l a n n i n g t o use t h e French s u b m e r s i b l e Cyana t o l a y o u t conduc t i ng c a b l e s 

t o measure t h e s u b s u r f a c e c o n d u c t i v i t y c h a r a c t e r i s t i c s of t h e o r e b o d i e s , 

and hence to e s t i m a t e t h e i r t h i c k n e s s and volume. T h e r e - a r e no commercial 

p l a n s to mine t h e s e o r e s y e t , b u t r e s e a r c h a c t i v i t y on t h e i r e x t e n t w i l l 

p r o b a b l y c o n t i n u e f o r s e v e r a l y e a r s , and w i l l i n v o l v e t h e use of manned 

s u b m e r s i b l e s . The Preussag mining company has r e c e n t l y s t a r t e d o p e r a t i o n s 

wi th an i n s t r u m e n t e d grab t o sample s u l p h i d e o r e bod ie s (Subtech ' 8 3 ) . 

5 .6 Commercial F i s h e r i e s (6) 

There a r e i n s u f f i c i e n t f i s h s t o c k s t o s u p p o r t commercial f i s h e r i e s 

a t t h e d e p t h s r e l a t i n g t o t h i s s t u d y . 

5 .7 Repa i r and main tenance of s t r u c t u r e s , p i p e l i n e s , e t c . (7) 

The o i l and gas i n d u s t r y i s l i k e l y t o have permanent i n s t a l l a t i o n s 

on t h e sea bed d e e p e r than 1000m by 1990 ( see s e c t i o n 5 . 1 ) . These 

i n s t a l l a t i o n s , c o n s i s t i n g of w e l l - h e a d s , m a n i f o l d s c o n n e c t i n g s e v e r a l 

w e l l s , s e p a r a t o r s , and p o s s i b l y pumps, c o m p r e s s o r s , power s o u r c e s , c o n t r o l 

v a l v e s , and emergency shut-down e q u i p m e n t , e t c . , w i l l , so f a r as p o s s i b l e , 

have t h e u tmos t r e l i a b i l i t y b u i l t i n t o them. The equ ipment w i l l be des igned 

in a modular manner, and ma in tenance w i l l , so f a r a s p o s s i b l e , be conducted 

by remote o p e r a t e d r o b o t s , lowered on w i r e s , and r u n n i n g on p r e - d e s i g n e d 

t r a c k s i n t e g r a l w i th t h e modules . When ma jo r r e p a i r s a r e r e q u i r e d , a whole 

module w i l l be de t ached and r e p l a c e d . Th i s i s a summary of e n v i s a g e d p l a n s , 

based on i n f o r m a t i o n f rom BP, S h e l l , Saipem and C o n s t r u c t o r s , John Brown 

Subsea . 
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However, i t i s a lmos t i n c o n c e i v a b l e t h a t equipment as complex as t h i s 

cou ld be des igned to o p e r a t e p r e d i c t a b l y , l e t a lone f a i l u r e - f r e e , f o r 

20-25 y e a r s , t h e t y p i c a l l i f e of a f i e l d . The a d d i t i o n a l e n g i n e e r i n g 

r e q u i r e d to e n s u r e such r e l i a b i l i t y r e q u i r e s g r e a t l y i n c r e a s e d i n i t i a l 

e x p e n s e , combined wi th ext reme c o n s e r v a t i s m , and t h e u se of on ly t h e most 

w e l l - t r i e d and proven components . Th i s m i l i t a t e s a g a i n s t advanced t echno logy 

in t h e d e s i g n . I t seems i n e v i t a b l e t h a t i n t e r v e n t i o n by ROVs o r manned 

s u b m e r s i b l e s w i l l a t t imes be n e c e s s a r y . I f t h i s i s a c c e p t e d from t h e 

b e g i n n i n g , i t i s p o s s i b l e t h a t modules and m a n i f o l d s can be des igned in 

a more f l e x i b l e way, a l l o w i n g f o r , o r a s suming , e v o l u t i o n in t e c h n o l o g y 

d u r i n g t h e l i f e of a f i e l d . For example , B r i t i s h Underwater Technology 

Group have des igned a s i n g l e - a t m o s p h e r e chamber which i s be ing i n s t a l l e d 

o v e r a gas w e l l - h e a d in Morecambe Bay f o r B r i t i s h Gas, and which w i l l pe rmi t 

e n t r y a t a l a t e r d a t e by ma in tenance e n g i n e e r s . A s i m i l a r d e v i c e was t e s t e d 

some y e a r s ago f o r Mobil by t h e Lockheed company. Such chambers , p e r m i t t i n g 

work t o be c a r r i e d o u t in a " s h i r t - s l e e v e s " e n v i r o n m e n t , cou ld be o p e r a t e d 

well below d i v e r d e p t h , in t h e 1000-2000m r a n g e . E n g i n e e r s would be 

t r a n s p o r t e d to t h e w e l l - h e a d s by a s u b m e r s i b l e o r b e l l , which l o c k s on to 

t h e working chamber. Less complex t a s k s , i n s p e c t i o n , c l e a n i n g , n o n - d e s t r u c t i v e 

t e s t i n g , e t c . , cou ld be c a r r i e d o u t by ROVs. 

Summary 

Major o i l companies w i l l t end t o i n s i s t t h a t t h e y a r e going t o 

"des ign men o u t of t h e system" so f a r a s unde r sea m a i n t e n a n c e , i n s p e c t i o n , 

and r e p a i r a r e c o n c e r n e d . I t i s t h u s e x t r e m e l y d i f f i c u l t t o q u a n t i f y t h e 

r e a l need f o r manned v e h i c l e s . The demand f o r ROVs i s n o t d i s p u t e d . I t 

seems t h a t manned sys tems u s u a l l y w i l l be r e g a r d e d as an emergency " f i r e 

s e r v i c e " , bu t n e v e r t h e l e s s w i l l be demanded, and in some c a s e s w i l l be 

b u i l t i n t o t h e system in advance . In view of t h e c o s t s of l o s t p r o d u c t i o n 

from s h u t t i n g down a w e l l , t h e demand f o r a d e q u a t e sys tems w i l l e n s u r e t h e 

c o n t i n u e d development of ROVs. 
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5 . 8 I n s p e c t i o n and n o n - d e s t r u c t i v e t e s t i n g (8) 

The case f o r c a r r y i n g o u t t h e s e t a s k s a t depth i s s i m i l a r to t h a t 

f o r r e p a i r and main tenance (see 5 , 7 a b o v e ) . I t i s p a r t i c u l a r l y i m p o r t a n t 

t h a t t e c h n i q u e s such as p h o t o g r a p h y , v i d e o , s c r u b b i n g and c l e a n i n g s u r f a c e s , 

i n s p e c t i n g w e l d s , a c o u s t i c and m a g n e t i c t e s t s , e t c . , shou ld be improved f o r 

use wi th ROVs. C lean ing of metal r i g e l e m e n t s by high p r e s s u r e wa te r j e t s 

f rom an ROV i s d e s c r i b e d by P r i o r (1983) . Magnetic p a r t i c l e i n s p e c t i o n i s 

d e s c r i b e d by C o l l i n s . a n d McLeod ( 1 9 8 3 ) . Video i n s p e c t i o n systems may be 

improved f o r o i l f i e l d i n s p e c t i o n by .deve lopmen t of s t e r e o w i d e - a n g l e 

p r e s e n t a t i o n (Joe l C h a r l e s , CERTSM; and B i d d i e s , 1983) . Some of t h e s e 

a c t i v i t i e s r e q u i r e t h a t t h e ROV can be clamped f o r s t e a d i n e s s to t h e s t r u c t u r e 

be ing t e s t e d , and t h a t d e x t r o u s m a n i p u l a t o r s can be o p e r a t e d t o c a r r y o u t 

t h e t e s t s . Some advances have been made in t h i s by commercial ROV o p e r a t o r s . 

N e v e r t h e l e s s , t h e deg ree of c o n t r o l , t h e r e s o l u t i o n of t h e v ideo i n f o r m a t i o n 

t o t h e c o n t r o l c o n s o l e , and t h e f e e d b a c k of i n f o r m a t i o n , p l a c e demands on 

t h e d e s i g n a t t h e v e r y l i m i t s of p r e s e n t t e c h n o l o g y . F u r t h e r development 

i s d e f i n i t e l y needed . 

5 . 9 Sa lvage of s h i p s and ca rgo (9) 

Sh ips c o n t a i n i n g p r e v i o u s n o n - f e r r o u s c a r g o e s such a s t i n , copper or 

g o l d , a r e r o u t i n e l y s a l v a g e d by such c o n t r a c t o r s as S c h m i d t - R i s d o n - B e a s e l y , 

o r M i c o p e r i . The s a l v a g e of gold b a r s f rom t h e wreck o f HMS Edinburgh a t 

a depth of abou t 200m by t h e d i v i n g c o n t r a c t o r Whar ton-Wil l iams has drawn 

d r a m a t i c a t t e n t i o n t o t h e p o s s i b i l i t i e s . Most work of t h i s kind i s a ch i eved 

by u s i n g e x p l o s i v e t o open up t h e h u l l , and t o guide t h e movements of a grab 

lowered from t h e s u p p o r t s h i p . I t i s v e r y unusua l t o u s e d i v e r s o r 

s u b m e r s i b l e s in commercial s a l v a g e of t h i s k i n d . 
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In c o n t r a s t t o p r o f e s s i o n a l commercial s a l v a g e , t r e a s u r e s a l v a g e by 

more amateur groups has been c a r r i e d o u t ve ry s u c c e s s f u l l y f o r gold co in s 

in 1 7 t h - 1 8 t h Century w r e c k s , employing teams of compressed a i r d i v e r s . 

There i s no r eason t o suppose t h a t a l l s h i p s of t h i s p e r i o d sank in sha l low 

w a t e r , and so t h e r e may be a c o n s i d e r a b l e t a r g e t of a s i m i l a r n a t u r e in deep 

w a t e r . At tempts a t s a l v a g e a r e c o m p l i c a t e d by a n t i q u i t i e s l e g i s l a t i o n in 

many c o u n t r i e s , and t h e r e s t r i c t i o n s of t h e Law of t h e Sea , Third Convent ion . 

S ince modern wrecks can be l o c a t e d r e l a t i v e l y e a s i l y u s i n g magnetometers 

and s i d e - s c a n s o n a r , t he use of ROVs t o improve i n s p e c t i o n would be l o g i c a l . 

The s u p e r v i s i o n of t h e s a l v a g e p r o c e s s cou ld a l s o be c a r r i e d o u t more s a f e l y , 

and p robab ly more c h e a p l y , u s i n g an ROV, r a t h e r than a manned chamber, 

e s p e c i a l l y a t dep ths g r e a t e r than 1000m. 

5 .10 Sa lvage of c r a shed a i r c r a f t (10) 

The French Navy r e c e n t l y s a l v a g e d a c r a s h e d m i l i t a r y h e l i c o p t e r from a 

depth of 2300m us ing a combina t ion of t h e Cyana s u b m e r s i b l e , and l i f t i n g gea r 

f rom a c a b l e l a y i n g s h i p . ( I n f o r m a t i o n f rom GISMER, T o u l o n ) . P a s t deep 

w a t e r o p e r a t i o n s i n c l u d e the s a l v a g e of a US Navy Tomcat c a r r i e r - b o r n e 

f i g h t e r a i r c r a f t which was l o s t in a dep th of t h e o r d e r of 500m n e a r t h e 

She t l and I s l a n d s . In t h a t ca se t h e US Navy b rough t a s u b m e r s i b l e f rom t h e 

USA to conduc t t h e i n i t i a l s e a r c h . These o p e r a t i o n s a r e r e l a t i v e l y r a r e , 

bu t t h e r e i s a very g r e a t i n c e n t i v e t o a c h i e v e s u c c e s s , e s p e c i a l l y when a 

p r o t o t y p e o r m i l i t a r y a i r c r a f t i s i n v o l v e d . In 1982 t h e Scorpi v e h i c l e was 

used t o r e c o v e r a c l a s s i f i e d m i l i t a r y package from 1384m (Wat t , SubSea 

I n t e r n a t i o n a l ) . The r e c e n t l o s s of t h e South Korean Boeing 747 a i r l i n e in 

Sea of Okhotsk r e s u l t e d in t h e US and S o v i e t Union both d e p l o y i n g manned 

s u b m e r s i b l e s in an endeavour t o r e t r i e v e t h e f l i g h t r e c o r d e r . 
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5.11 Deployment and r e c o v e r y o f i n s t r u m e n t s (11) 

Many r e s e a r c h p r o j e c t s ( see s e c t i o n s 5 . 1 6 , 5 . 1 7 , 5 . 1 8 , 5 . 1 9 ) r e q u i r e 

i n s t r u m e n t s to be i n s t a l l e d in p r e c i s e l o c a t i o n s , o r i n a planned a r r a y . 

I n s t r u m e n t s wi th a long e f f e c t i v e l i f e in s i t u , may be unab le to s t o r e o r 

r e c o r d d a t a c o n t i n u o u s l y o r b a t t e r y l i f e may be l i m i t e d . For a l l t h e s e 

r e a s o n s , ROVs o r manned s u b m e r s i b l e s , cou ld be e f f i c i e n t l y used in t h e i n i t i a l 

deployment of i n s t r u m e n t s in t h e deep o c e a n , in m a i n t e n a n c e , d a t a r e c o v e r y , 

and b a t t e r y c h a r g i n g of such i n s t r u m e n t s , and p o s s i b l y i n t h e i r r e c o v e r y . 

A p a r t i c u l a r need would be f o r an ROV o r manned s u b m e r s i b l e to be a v a i l a b l e 

t o r e l e a s e i n s t r u m e n t moorings and autonomous l a n d e r s which had f a i l e d to 

s u r f a c e on a c o u s t i c command (see s e c t i o n 5 . 1 8 ) . 

5 .12 R a d i o a c t i v e was te d i s p o s a l (12) 

The d i s p o s a l of high l eve l r a d i o a c t i v e was te benea th t h e sed iments of 

t h e deep ocean f l o o r i s be ing i n v e s t i g a t e d by i n t e r n a t i o n a l commit tees 

i n c l u d i n g both European and American a g e n c i e s . The p r e l i m i n a r y r e s e a r c h 

c o n s i s t s of fundamenta l c h e m i s t r y , g e o l o g y , and b i o l o g y , and w i l l be 

d i s c u s s e d below. Var ious schemes have been proposed f o r t h e a c t u a l d i s p o s a l 

of c a n n i s t e r s of r a d i o a c t i v e was t e w i t h i n t h e deep ocean s e d i m e n t s . These 

i n v o l v e t h e lower ing of c a n n i s t e r s unde r c o n t r o l i n t o b o r e h o l e s , o r t h e 

d ropp ing of c a n n i s t e r s us ing f r e e f a l l p r o j e c t i l e s . The c a n n i s t e r s , 

weighing s e v e r a l t o n s , have to be t r a n s p o r t e d t o the dump s i t e , and 

t r a n s f e r r e d f rom t h e t r a n s p o r t i n g v e s s e l t o a pe rmanen t ly s t a t i o n e d 

dumping v e s s e l . At a l l s t a g e s t h e r e i s a f i n i t e , but v e r y s m a l l , chance 

t h a t a c a n n i s t e r may be dropped a t t h e wrong t i m e , o r i n t h e wrong p l a c e , 

o r t h a t i t w i l l b r e a k . A d d i t i o n a l l y , a f t e r c a n n i s t e r s a r e emplaced benea th 

t h e s e d i m e n t s , m o n i t o r i n g may r e v e a l anomalous ly high c o n c e n t r a t i o n s of 

r a d i o - a c t i v i t y , s u g g e s t i n g t h a t a c a n n i s t e r i s l e a k i n g . The Lockheed Deep 

Quest s u b m e r s i b l e , wi th a maximum o p e r a t i n g dep th of 2460m, has been used 

t o check t h e dump s i t e s of r a d i o a c t i v e w a s t e used by US a u t h o r i t i e s . This 

i s presumably no t high l e v e l w a s t e . C a n n i s t e r s have been found dumped 

en r o u t e t o t h e schedu led dump s i t e (Subtech ' 8 3 , o r a l s t a t e m e n t ) . 

Although t h e a c c i d e n t s s u g g e s t e d above a r e of low p r o b a b i l i t y , i t 

would be d i f f i c u l t t o demons t r a t e t h e i r t o t a l i m p o s s i b i l i t y . In o r d e r 
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t o d e m o n s t r a t e t h a t a l l p o s s i b l e c i r c u m s t a n c e s had been a n t i c i p a t e d , i t 

would be n e c e s s a r y f o r any o r g a n i s a t i o n p l a n n i n g t o conduc t c o n t r o l l e d 

dumping of h igh l e v e l r a d i o a c t i v e w a s t e t o show t h a t i t cou ld deal with 

such a c c i d e n t s . ROVs and manned s u b m e r s i b l e s would p r o b a b l y both be needed. 

N a v i g a t i o n would be of prime i m p o r t a n c e ; t h e c a n n i s t e r o r i n d i v i d u a l dump 

s i t e would have t o be l o c a t e d ; and then e i t h e r t h e damaged o r broken 

m a t e r i a l s l i f t e d f rom t h e sea bed , o r t h e s ed imen t ove rburden dredged 

o u t t o p e r m i t r e c o v e r y of t h e b u r i e d c a n n i s t e r . In view of t h e p o l i t i c a l 

s e n s i t i v i t y , no c o s t would be s p a r e d in such a s a l v a g e e f f o r t . 

No d e c i s i o n has been taken r e g a r d i n g t h e f e a s i b i l i t y of dumping 

high l e v e l r a d i o a c t i v e was te benea th t h e s e a b e d . N e v e r t h e l e s s , i f such a 

d e c i s i o n were p o s i t i v e , t h e c a p a c i t y f o r p ro longed i n t e r v e n t i o n and work 

on t h e deep ocean f l o o r must be a p r e - r e q u i s i t e f o r s a f e dumping. This 

would i n c l u d e m o n i t o r i n g t h e i m p l a n t a t i o n of t h e w a s t e , t h e e f f e c t i v e n e s s 

of b a c k f i l l i n g , t h e l e v e l of r a d i o n u c l e i d e d i s p e r s i o n and t h e des ign of 

p r o c e d u r e s t o cope wi th e m e r g e n c i e s . Due t o t h e l i k e l y dep ths of such 

a c t i v i t i e s , 5000-6000m, the use of ROVs and manned and unmanned f r e e -

swimming v e h i c l e s would be i m p o r t a n t . 

5 . 1 3 Torpedo r e c o v e r y (13) 

No d e t a i l e d su rvey of naval needs has been c o n d u c t e d . The l o s s of 

t o r p e d o e s in deep w a t e r , t h a t i s d e e p e r than 100m o r s o , i s no t common. 

However, i f one i n c l u d e s o t h e r m i l i t a r y m a t e r i a l , m u n i t i o n s , r o c k e t p a r t s , 

e t c . , t h e r e q u i r e m e n t may be g r e a t e r . The Royal Navy has deve loped i t s own 

ROV des ign f o r t o r p e d o r e c o v e r y on r anges o f f t h e B r i t i s h I s l e s , and has 

r e c e n t l y purchased a S c o r p i o ROV c a p a b l e of working a t 1000m. The Royal 

Navy has a l s o c h a r t e r e d commercial d i v i n g and s a l v a g e v e s s e l s t o h e l p 

r e c o v e r equipment l o s t a t sea d u r i n g t h e F a l k l a n d s campaign . The 

Royal Norwegian Navy has c h a r t e r e d c i v i l i a n ROVs f o r t o r p e d o r e c o v e r y in 
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100m. In t h e e v e n t of l o s s of equipment in deepe r w a t e r , i t i s p o s s i b l e t h a t 

any European navy would wish t o c h a r t e r c i v i l i a n deep ocean i n t e r v e n t i o n 

equ ipment . 

5 . 1 4 Mine sweeping and removal (14) 

The US Navy has t e s t e d ROVs f o r mine d e s t r u c t i o n , and has r e c e n t l y 

o r d e r e d ove r 100 ROVs f o r t h i s p u r p o s e . A d e m o l i t i o n cha rge i s p l aced nex t 

to t h e mine, and d e t o n a t e d r e m o t e l y . Presumably most mines a r e deployed in 

w a t e r s h a l l o w e r than 100m. A n t i - s u b m a r i n e mines , n u c l e a r d e v i c e s , o r mines 

which a r e moored and l a t e r f l o a t t o t h e s u r f a c e , may be p l a c e d in deep 

w a t e r , and t h e s e cou ld be d e t e c t e d and d e s t r o y e d by deep w a t e r ROVs, o r 

u n t e t h e r e d ROVs. Thus, in p r i n c i p l e , e x p e r i e n c e deve loped in t h e c i v i l i a n 

s e c t o r could be of va lue t o European n a v i e s . 

5 . 1 5 Submarine r e s c u e (15) 

The US Navy has deve loped two Deep Sea Rescue V e h i c l e s (Myst ic and 

Avalon) which were launched in 1970/71 . T h e i r o p e r a t i n g depth i s 1524m. 

The v e h i c l e s a r e a i r - t r a n s p o r t a b l e , and working t r i a l s have been conducted 

wi th t h e US Navy, as wel l as wi th t h e B r i t i s h , F r e n c h , and I t a l i a n Navies 

in Europe . T r i a l s have a l s o been conduc ted o f f S c o t l a n d in which commercial 

d i v e r l o c k - o u t s u b m e r s i b l e s were s u c c e s s f u l l y used t o e v a c u a t e submar ine r s 

from a m i l i t a r y submar ine . The French Navy (GERS) in fo rmed us t h a t they 

on ly have sys tems which could d ive down t o a c r a shed submar ine and a t t a c h 

a b r e a t h i n g a i r l i n e . They could n o t e v a c u a t e t h e crew. The B r i t i s h Navy 

has deve loped an i n - w a t e r b r e a t h i n g sys t em which a l l o w s s u b m a r i n e r s t o 

e s c a p e i n d i v i d u a l l y from submar ines t o a depth of abou t 300m, bu t no 

d e e p e r . 

Kockums Varv in Sweden have c o n s t r u c t e d and t e s t e d a r e s c u e 

submar ine f o r t h e Royal Swedish Navy which can be towed submerged t o t h e 

r e s c u e s i t e , and which then locks on t o t h e c r a s h e d s u b m a r i n e , and e v a c u a t e s 
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t h e crew. S ince t h e maximum depth of o p e r a t i o n i s w i t h i n the B a l t i c , t he 

depth l i m i t i s on ly 460m. The w e i g h t of t h e v e h i c l e i s 50 tons in a i r , 

and can c a r r y 20-35 peop le in an emergency. 

The d e e p e s t submar ine r e s c u e on r e c o r d i s t he r e s c u e of t h e P i s c e s 

v e h i c l e which sank in t h e s o u t h e r n I r i s h Sea in a depth of 500m in about 

1974. Rescue was ach i eved by u s ing t h e American CURV ROV, backed up by 

f u r t h e r P i s c e s s u b m e r s i b l e s . The r e s c u e ROVs and s u b m e r s i b l e s were a i r -

t r a n s p o r t e d t o I r e l a n d . The f i r s t l i n e was a t t a c h e d by t h e ROV, and the 

damaged v e h i c l e was e v e n t u a l l y hau l ed t o t h e s u r f a c e . The r e scue o p e r a t i o n 

took abou t t h r e e d a y s , and was comple ted w i t h i n a few hours of e x h a u s t i o n 

of t h e on-board l i f e s u p p o r t . The crew of two s u r v i v e d . 

E x i s t i n g r e s c u e sys tems seem s u f f i c i e n t t o cope wi th c r a shed 

submar ines down t o dep ths of 1524m, though in emergency t h e s e r v i c e s of 

a d d i t i o n a l c i v i l i a n s u b m e r s i b l e s o r ROVs might be c a l l e d upon. The l i m i t i n g 

depth a t which r e s c u e would be r e q u i r e d depends on t h e c o l l a p s e depth of t h e 

h u l l s of t h e m i l i t a r y submar ines which a r e in o p e r a t i o n . I f a f u t u r e 

g e n e r a t i o n of m i l i t a r y h u n t e r - k i l l e r o r m i s s i l e - l a u n c h i n g submarine had 

a c o l l a p s e depth d e e p e r than 1524m, t h e r e would be no p o s s i b i l i t y of 

r e s c u i n g t h e crew i f , in t he e v e n t of a c c i d e n t , i t grounded on t h e sea 

bed i n a depth of 2000m. In the European c o n t e x t i t migh t be p r e f e r a b l e 

t o a d a p t c i v i l i a n s u b m e r s i b l e s f o r r e s c u e , r a t h e r than t o deve lop a s e p a r a t e 

m i l i t a r y c a p a b i l i t y , o r t o r e l y upon t h e USA. 

5 .16 B i o l o g i c a l r e s e a r c h (16) 

I n t e r v i e w s were conducted wi th Dr. Mar t in Angel ( l O S ) ; 

Dr. Myriam S i b u e t (COB); P r o f e s s o r Torben Wol f , Denmark; Dr. Hja lmar Thie l 

and Dr. Olaf P f annkuche , Hamburg. 

The impor tance of knowledge of t h e b i o l o g y of t h e deep oceans i s 

very g r e a t , b u t i t i s on ly s t u d i e d a t a few l a b o r a t o r i e s in Europe because 
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Of t h e h igh c o s t . We i n t e r v i e w e d b i o l o g i s t s f rom lOS ( B r i t a i n ) , COB (France) 

and t h e U n i v e r s i t y of Hamburg (Germany). B e n t h i c ocean b i o l o g i c a l p r o c e s s e s 

have r e c e n t l y been found t o be much more c l o s e l y c o n n e c t e d t o ocean s u r f a c e 

b i o l o g y than e x p e c t e d , and t o be more complex and dynamic than a n t i c i p a t e d . 

This i s r e l e v a n t t o any kind of deep ocean was t e d i s p o s a l , t o unde r s t and ing 

bot tom w a t e r c i r c u l a t i o n , t o s t u d i e s of p a l a e o c l i m a t i c d a t a based on ocean ic 

f o s s i l s , and i n d i r e c t l y t o c l i m a t e r e s e a r c h . 

At p r e s e n t t h e r e a r e no t ime s e r i e s of r e p e a t e d o b s e r v a t i o n s a t 

p r e c i s e and r e p e a t a b l e l o c a t i o n s f o r t h e deep ocean . Yet r e c e n t r e s e a r c h 

shows t h a t the b e n t h i c b i o l o g y i s e x t r e m e l y v a r i a b l e b o t h in t ime and s p a c e . 

The p r o c e s s e s can only be unde r s tood by p r e c i s e s a m p l i n g , s t r a t e g i c 

e x p e r i m e n t s , and long t ime s e r i e s of a c c u r a t e d a t a . Key i s s u e s a r e t h e 

r a t e of supp ly of food from mid -wa te r t o t h e ocean f l o o r ; t h e sequence 

of e v e n t s which f o l l o w s a mass ive food f a l l a t one p o i n t ; bot tom food 

cha in sequences and p r e d a t i o n ; and t h e r e c i r c u l a t i o n o f o r g a n i c m a t e r i a l s 

a f t e r f e e d i n g . The p h y s i o l o g i c a l p r o c e s s e s of t h e b e n t h i c l a y e r a r e an 

e s s e n t i a l p a r t of t h e t o t a l c i r c u l a t i o n of c h e m i c a l s and n u t r i e n t s t h r o u g h o u t 

t h e o c e a n . Time and space v a r i a b i l i t y need t o be s t u d i e d on s c a l e s of hours 

t o y e a r s , and from me t re s t o k i l o m e t r e s . 

Photography on ly g ive s d a t a on t h e e p i f a u n a and bur rowing f a u n a . 

To o b t a i n d a t a on the r a t e s of p r o c e s s e s and f l u x e s o f p a r t i c l e s t o t h e sea 

bo t tom, COB have deployed f r e e - f a l l a c o u s t i c a l l y c o n t r o l l e d sed imen t t r a p s . 

The n e x t s t e p would be t o moor mid -wa te r t r a p s which open and c l o s e over 

p e r i o d s of s e v e r a l months , t o t r y and c o r r e l a t e t h e s u p p l y of o r g a n i c 

m a t e r i a l s f rom top t o bot tom of t h e w a t e r column. 

I t i s i m p o r t a n t t o measure t h e r a t e o f use of o r g a n i c m a t e r i a l by 

the f auna in s i t u . This w i l l i n v o l v e measur ing t h e r a t e s of growth of 

sea bed s p e c i e s , r e s p i r a t i o n , p h y s i o l o g i c a l p r o c e s s e s , and r e p r o d u c t i o n . 

These e x p e r i m e n t s w i l l r e q u i r e t h e measurement of oxygen consumpt ion and 

p r o d u c t i o n in s i t u , which i s a t p r e s e n t no t p o s s i b l e . Work i s i n p r o g r e s s 

on t h e development of s u i t a b l e oxygen s e n s o r s . 
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I t would be e x t r e m e l y v a l u a b l e t o t a g m e c h a n i c a l l y i n d i v i d u a l 

specimens and s tudy m i g r a t i o n s and n a v i g a t i o n methods of s p e c i e s . 

O b s e r v a t i o n s t o d a t e from manned s u b m e r s i b l e s have r e v e a l e d only a d u l t 

spec imens . The appea rance and abundance of j u v e n i l e specimens i s s t i l l 

a m y s t e r y . Deep sea fauna p r o b a b l y have swimming l a r v a e , and b i o l o g i s t s 

do n o t know what t h e i r range of movement o r m i g r a t i o n i s , v e r t i c a l l y or 

h o r i z o n t a l l y . These f a c t o r s would i n f l u e n c e t h e t r a n s f e r of p o l l u t a n t s 

upwards i n t o t h e w a t e r column. 

The U n i v e r s i t y of Hamburg have used a b e n t h i c p h o t o g r a p h i c 

towed s l e d g e o p e r a t i n g a t 5000m d e p t h . The s l e d g e was e x t r e m e l y s t r o n g 

and s t a b l e , and was used f o r towing th rough a r e a s where b a r r e l s of n u c l e a r 

was te had been dumped. The camera h e l d 60m of f i l m , and t h e r e p e a t t ime 

wi th f l a s h was 2 . 5 s e c o n d s . Dr. Th ie l e x p r e s s e d an i n t e r e s t in us ing a 

deep s u b m e r s i b l e (3000m) f o r o b s e r v a t i o n of b e n t h i c s p e c i e s f o r deve lop ing 

e x p e r i m e n t s t o examine p r o c e s s e s and p r o d u c t i v i t y for t h e measurement of 

w a t e r p r o p e r t i e s in t h e b e n t h i c l a y e r , and s t e e r i n g cameras and v ideo t o 

obse rve i n d i v i d u a l spec imens . Dr. Th ie l and Dr. P fannkuche sugges t ed t h a t 

a s e n s i b l e t i m e s c a l e would be t o p lan a b i o l o g i s t s ' workshop c o n f e r e n c e on 

b e n t h i c deep ocean p r o c e s s e s in 1984, w i th a view t o m a j o r sea bed 

e x p e r i m e n t s b e i n g conducted in t h e p e r i o d 1985-89. T h i s could be 

a c h i e v e d wi th European c o o p e r a t i o n , i n v o l v i n g e s p e c i a l l y UK, Germany, 

F r a n c e , Denmark, N e t h e r l a n d s , and Sweden. 

I t was s u g g e s t e d t h a t t h e measurement of s e a s o n a l v a r i a t i o n s in 

t h e deep ocean r e q u i r e d c r u i s e s e v e r y few months f o r s e v e r a l y e a r s , and 

t h a t no s i n g l e n a t i o n could a f f o r d t o do t h i s . A European programme could 

a c h i e v e t h i s . An e s s e n t i a l p o i n t i s t o e n s u r e t h a t each expe r imen t i s 

r e a l l y t h o r o u g h l y des igned so t h a t t h e s c i e n t i f i c r e s u l t s f u l l y j u s t i f y 

the e x p e n s e . 

The f o l l o w i n g l i s t p r o v i d e s an i l l u s t r a t i o n o f t h e type of t a s k s 

which b i o l o g i s t s wish t o c a r r y o u t a t dep ths of 2000-6000m 
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In s i t u b e n t h i c sampl ing 

In s i t u b e n t h i c r e s p i r o m e t e r e x p e r i m e n t s 

B i o l o g i c a l sampl ing on s t e e p topography 

Observing f i s h i n s i d e canyons 

Observing bottom f i s h in mid-ocean r i f t v a l l e y s 

Study of small s c a l e p h y s i c a l oceanography n e a r rugged 

t o p o g r a p h y , and i t s e f f e c t on t h e b i o l o g y 

Biology of t h e canyons of t h e s o u t h west a p p r o a c h e s t o Europe 

Biology of s t e e p s e d i m e n t a r y s l o p e s 

P r e d a t i o n and v e r t i c a l m i g r a t i o n o f bot tom f a u n a 

Visual r e c o r d i n g of deep ocean animal b e h a v i o u r 

S e t t i n g up bottom b i o l o g i c a l m o n i t o r i n g s t a t i o n s 

E s t a b l i s h i n g a s u i t e of i n s i t u bot tom e x p e r i m e n t s 

R e p e a t a b l e l i n e - t r a n s e c t sampl ing 

Bu i ld ing up r e p e a t a b l e t ime s e r i e s i n t h e deep ocean 

Study of mosaic p a t t e r n v a r i a b i l i t y on t h e deep ocean f l o o r 

A n a l y s i s of b e n t h i c f a u n a l communi t ies and s h a l l o w c o r e s in 

o r d e r t o d e t e c t c l i m a t i c change 

Measurement o f b e n t h i c sed imen t column b i o l o g i c a l oxygen demand 

M u l t i p l e bot tom probes to i d e n t i f y small s c a l e v a r i a b i l i t y 

V a r i a b l e bottom sampl ing r a t e s t o i d e n t i f y t i d a l , d i u r n a l , 

and s e a s o n a l c y c l e s 

Study of f i s h d e b r i s in annox ic ocean b a s i n s 

Study of p o t e n t i a l n u t r i e n t s and f e r t i l i t y o f deep ocean 

w a t e r masses 

In s i t u p h y s i o l o g i c a l s t u d i e s 

R e l a t i o n s h i p between high p r e s s u r e p h y s i o l o g y and a n a e s t h e t i c s 

Study of r a t e s of c o l o n i s a t i o n of c l e a r e d p a t c h e s 

Study of s p r e a d i n g of n u t r i e n t s a f t e r a f o o d f a l l 

Study of t r a n s p o r t p a t h s of p o l l u t a n t s 

Systems used by deep ocean b i o l o g i s t s in Europe t o d a t e i n c l u d e : -

( a ) Bottom l a n d i n g s t a t i c sys tems f o r ex t ended t i m e - l a p s e photography 

"Bathysnap" a t lOS, and a s i m i l a r i n s t r u m e n t a t COB. 
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(b) Towed unmanned remote c o n t r o l l e d t r a w l s and bot tom s l e d g e s equipped 

wi th cameras and v ideo (lOS, COB and Hamburg) 

(c ) Manned u n t e t h e r e d s u b m e r s i b l e s (COB, u s i n g Cyana) . Hans F r i c k e , 

Max-Planck I n s t i t u t , has used e x t r e m e l y cheap s u b m e r s i b l e s f o r 

b i o l o g i c a l o b s e r v a t i o n down t o 200-300m. 

Bottom l a n d i n g s t a t i c equipment cou ld be much more s o p h i s t i c a t e d than 

a t p r e s e n t , w i th a r r a y s of t r a p s , r e c o r d i n g sys tems t r i g g e r e d by s p e c i f i c 

e v e n t s , e t c . Closed loop v ideo cou ld be used t o r e c o g n i s e e v e n t s and t r i g g e r 

f i l m cameras . S t a t i c i n s t r u m e n t s cou ld r e c o r d t h e e v e n t s a f t e r dumping a 

l a r g e food f a l l , such as a dead s h a r k , r e c o r d i n g c h e m i c a l , b a c t e r i a l , 

s e d i m e n t a r y and b i o l o g i c a l d a t a . The sp r ead of o r g a n i c m a t e r i a l s through 

t h e sea bed, in t h e f a u n a , and as s o l u t e s in a plume i n t h e wa te r could a l l 

be moni to red ove r months , o r even y e a r s . 

Remote Opera ted Vehic le (ROV) wi th a bottom c a g e o r garage could be 

used t o obse rve i n d i v i d u a l a n i m a l s , s e t up e x p e r i m e n t s and mon i to r and s e r v i c e 

them. 

Towed unmanned s y s t e m s , a l r e a d y e x t e n s i v e l y u s e d , and i n d i v i d u a l 

l a b o r a t o r i e s can cope wi th e v o l u t i o n a r y improvements . 

Manned s u b m e r s i b l e s - t h e b i o l o g i s t s a g r e e d t h a t manned s u b m e r s i b l e s 

would be i n c r e a s i n g l y i m p o r t a n t in deep ocean work, b u t needed t o be equipped 

wi th b e t t e r n a v i g a t i o n , b e t t e r pay load and more s o p h i s t i c a t e d sampl ing and 

e x p e r i m e n t a l equipment than h i t h e r t o . A s u b m e r s i b l e f o r b e n t h i c b i o l o g y must 

be a b l e t o move up and down th rough t h e bottom l a y e r o f 500-1000m t h i c k n e s s 

in o r d e r t o mon i to r m i g r a t i o n . Exper iments u s i n g t r a p s , d y e - m a r k e r s , t a g s , 

e t c . , a r e e n v i s a g e d . P h y s i o l o g i c a l s t u d i e s of oxygen consumpt ion and 

g e n e r a t i o n and r e p e a t e d t r a n s e c t l i n e s would be u n d e r t a k e n . A wide a n g l e 

f i e l d of view, p r e f e r a b l y 180° , i s v e r y i m p o r t a n t t o b i o l o g i c a l o b s e r v e r s . 
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There i s a c l o s e l y c o r r e s p o n d i n g group of deep ocean b i o l o g i s t s in 

Europe , and t h e i r key r e p r e s e n t a t i v e s have e x p r e s s e d a s t r o n g i n t e r e s t in 

be ing kep t in formed of t h e p r o g r e s s of t h e p r e s e n t s t u d y (Dr. A. Rice ; 

Dr. Hjalmar T h i e l ) . They would be p r e p a r e d t o form an a d v i s o r y group to 

i d e n t i f y t h e pe r fo rmance r e q u i r e m e n t s f o r b e n t h i c b i o l o g i c a l sy s t ems , and 

t o mon i to r r e s e a r c h a p p l i c a t i o n s . 

5 .17 Geophysical and g e o l o g i c a l r e s e a r c h (17) 

In t h i s f i e l d i n t e r v i e w s were conduc ted wi th Dr. Abedik and Dr. Needham 

of COB, and Dr. F r a n c i s and Dr. S e a r l e of lOS. Other I n f o r m a t i o n was gained 

d u r i n g d i s c u s s i o n s on i n s t r u m e n t a t i o n and equ ipmen t , p a r t i c u l a r l y a t BOM Toulon . 

All i n f o r m a n t s agreed t h a t t h e r e were many a p p l i c a t i o n s f o r deep ocean 

i n t e r v e n t i o n s y s t e m s , and t h e f o l l o w i n g summary l i s t o f e x p e r i m e n t s and t o p i c s 

was i d e n t i f i e d : -

S t r a t i g r a p h i c r e s e a r c h 

Canyon and rock wall sampl ing 

Sediment sampl ing 

Hydrothermal v e n t s t u d i e s 

R e s i s t i v i t y ' s t u d i e s 

In s i t u p e r m e a b i l i t y s t u d i e s 

Geo techn ica l s h e a r wave p r o p a g a t i o n 

Ground t r u t h f o r GLORIA (lOS long r ange s i d e - s c a n s o n a r ) 

R a d i o a c t i v e was t e d i s p o s a l t r i a l s and m o n i t o r i n g 

S t u d i e s of deep sea s u l p h i d e s 

Manganese nodu le s t u d i e s 

Ocean bottom se ismograph a r r a y s • 

Geode t i c s u r v e y i n g between p l a t e b o u n d a r i e s 

Bench mark emplacements 

Ocean f l o o r g r a v i t y measurements 

Re -en t ry of DSDP and IPOD bore h o l e s f o r i n s t r u m e n t i m p l a n t a t i o n 
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I n s t a l l a t i o n of ocean bot tom t i l t me te r s and s t r a i n gauges 

Real t ime t r a n s m i s s i o n of s e i s m i c d a t a from t h e ocean f l o o r 
t o t h e s u r f a c e 

The equipment a l r e a d y used in deep ocean g e o p h y s i c s and geology 

i s advanced , p a r t l y because of t h e t e c h n i c a l s u p p o r t r e c e i v e d from r e s e a r c h 

i n s t i t u t e s and t h e m i l i t a r y , bu t more r e c e n t l y due t o a s s o c i a t i o n with o i l 

p r o s p e c t i n g i n t e r e s t s and the s u b j e c t ' s impor t ance in r a d i o a c t i v e waste 

d i s p o s a l s t u d i e s . The dependence of deep ocean g e o p h y s i c a l r e s e a r c h on t h e 

d i f f e r e n t c l a s s e s of v e h i c l e sys tem w i l l be d e s c r i b e d . 

Bottom l a n d i n g s t a t i c sys tems 

These i n c l u d e a v a r i e t y o f autonomous r e c o r d i n g se i smographs and 

some g e o t e c h n i c a l i n s t r u m e n t s . La rge r p r o j e c t s i n c l u d e ISHTE, a US j o i n t 

i n s t i t u t e e x p e r i m e n t t o bury a r a d i o n u c l e i d e h e a t s o u r c e and measure t h e 

h e a t f low f i e l d in t h e s u r r o u n d i n g s e d i m e n t s . Also t h e proposed MANOR 

l a n d e r which c o n s i s t s of a c e n t r a l package which t r a n s f e r s manganese 

nodu le s and o t h e r geochemical samples t o a u t o m a t i c a n a l y t i c a l equipment 

and s t o r e s t he chemical i n f o r m a t i o n d i g i t a l l y . lOS h a s conducted 

e x p e r i m e n t s wi th f r e e - f a l l p e n e t r a t o r s which would b u r y themse lves in 

t h e sed imen t s and could t r a n s m i t s u b s u r f a c e g e o t e c h n i c a l and o t h e r da t a 

a c o u s t i c a l l y d i r e c t t o t h e sea s u r f a c e . 

Cable lowered bottom l a n d e r s 

This approach i s n o t much used in geophys i c s f o r i n s t r u m e n t 

deployment . Apar t f rom t h e impor tance of c o r i n g , which t e n d s t o be in a 

c l a s s of i t s ov/n, t h e main examples a r e f o r h e a t f l o w measurement and in 

c e r t a i n g e o t e c h n i c a l i n v e s t i g a t i o n s . 

Remote o p e r a t e d v e h i c l e s (ROV) 

The development of n o n - m i l i t a r y ROVs c a p a b l e o f o p e r a t i n g below 

1000m has j u s t begun , and we have no r e c o r d o f t h e i r b e i n g used in 

geophys i ca l r e s e a r c h . 
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Bottom t r a c k e d v e h i c l e s 

Apar t from t h e RUM v e h i c l e used in t h e e a r l y ' 6 0 s t h e r e i s no r e c o r d 

of bot tom t r a c k e d v e h i c l e s be ing used in deep ocean g e o p h y s i c s . 

Free-swimming ROV (UROV) 

The on ly UROV t o d a t e d e s i g n e d f o r g e o p h y s i c a l o r g e o l o g i c a l 

r e s e a r c h i s Epaulard des igned by CNEXO a t Toulon. Th i s i s a v e h i c l e which 

c a r r i e s a drag cha in f o r a l t i t u d e c o n t r o l and can f o l l o w a t e l e m e t e r e d 

cou r se f o r p h o t o g r a p h i c s u r v e y i n g on abys sa l p l a i n s , p r i m a r i l y f o r manganese 

nodule r e s e a r c h . I t i s no t a b l e t o ma in t a in good t e r r a i n - f o l l o w i n g in . 

rugged topography . Grid t r a c k s can be run a t a s p a c i n g o f 200-300m, much 

c l o s e r than i s p o s s i b l e wi th s u r f a c e towed i n s t r u m e n t s . Nav iga t ion i s a t 

p r e s e n t v i a a s u r f a c e a c o u s t i c l i n k , bu t a t o t a l l y a u t o m a t i c on-board 

p o s i t i o n f i x i n g sys tem i s under deve lopment , u s i n g l o n g b a s e - l i n e geometry . 

Towed unmanned sys tems 

This i s one of t h e s t a n d a r d g e o p h y s i c a l r e s e a r c h methods f o r 

a c o u s t i c imag ing , and s e i s m i c and magne t ic s t u d i e s . New sys tems a re be ing 

deve loped a t t he p r e s e n t t ime in t h e UK, USA and F r a n c e which a r e des igned 

t o tow v e h i c l e s c a r r y i n g s i d e - s c a n s o n a r and h igh r e s o l u t i o n r e f l e c t i o n 

s e i s m i c gea r c l o s e t o t h e ocean f l o o r . Systems in e x i s t e n c e i n c l u d e 

Deep Tow and Seamarc 1 and 2 in t h e USA. 

Manned s u b m e r s i b l e s 

The s u b m e r s i b l e s A l v i n , Cyana, and t h e s u b m a r i n e NR-1 have a l l been 

used f o r g e o l o g i c a l and geophys i ca l r e s e a r c h a t d e p t h s g r e a t e r than 1000m 

over t h e l a s t decade . The s u b m e r s i b l e s a r e l i m i t e d t o d i v e s of 8-12 hours 

d u r a t i o n , and t h e i r pe r fo rmance i s f u r t h e r a f f e c t e d by low payload and t h e 

l i m i t e d r e - c y c l e d buoyancy a v a i l a b l e . The p r i n c i p a l a r e a of o p e r a t i o n of 

manned s u b m e r s i b l e s a t p r e s e n t i s in rugged t e r r a i n where t h e r e a r e rock 

e x p o s u r e s and v e r t i c a l o r n e a r - v e r t i c a l s u r f a c e s . These p r o v i d e an 

exposu re of v a r i e d rock t y p e s , which can be sampled in a l o g i c a l way 

r e v e a l i n g s t r a t i g r a p h y . S ince t h i s i s such an i m p o r t a n t a p p l i c a t i o n of 
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t h e manned s u b m e r s i b l e , a d e q u a t e l y powered rock s amp l ing equipment i s 

e s s e n t i a l . This i s w i t h i n t h e s t a t e of t h e a r t , bu t some submers ib l e s a r e 

e x c e s s i v e l y l i m i t e d by power r e q u i r e m e n t s . The French submers ib l e under 

c o n s t r u c t i o n , SM97, w i l l be l a r g e r than Alvin and Cyan a , and should have 

more e f f i c i e n t sampl ing and c o r i n g equ ipmen t . The NR-1 has endurance of 

10 days under w a t e r and i s n u c l e a r powered. 

Towed o r suspended manned sys tems 

These have no t been used f o r g e o p h y s i c a l o r g e o l o g i c a l r e s e a r c h 

below 1000m. 

Summary of f u t u r e needs 

We b e l i e v e t h a t t h e r e w i l l c o n t i n u e t o be r e s e a r c h - l e d developments 

in t h e f i e l d of bot tom l a n d i n g and towed sys tems and t h a t t h e s e w i l l be 

managed by t h e r e s e a r c h i n s t i t u t e s i n v o l v e d . Many o f t h e r e s e a r c h t o p i c s 

and e x p e r i m e n t s l i s t e d a t t h e s t a r t o f t h i s s e c t i o n , however , a r e b e s t 

t a c k l e d by use of new t e c h n i q u e s i n v o l v i n g o t h e r v e h i c l e t y p e s . In t h i s 

c o n t e x t we b e l i e v e the deep ocean ROV w i l l be i m p o r t a n t , a l s o f ree-swimming 

manned and unmanned v e h i c l e s . 

ROVs have t h e c a p a c i t y t o c a r r y o u t a v a r i e t y o f i n s p e c t i o n and 

working t a s k s in t h e deep ocean and t h e y have t h e c a p a b i l i t y t o r e -occupy 

a p r e v i o u s l y s t u d i e d p o s i t i o n . Such a b i l i t i e s would be v a l u a b l e in IPOD 

b o r e - h o l e r e - e n t r y e x p e r i m e n t s and in m o n i t o r i n g and s amp l ing r a d i o a c t i v e 

was te d i s p o s a l t r i a l s . They could a l s o be used in s e t t i n g up bench marks 

f o r g e o d e t i c s t u d i e s , f o r rock sampl ing and s t r a t i g r a p h i c r e s e a r c h and a 

range of g e o t e c h n i c a l i n v e s t i g a t i o n s . T h e i r c a p a b i l i t i e s a r e l i k e l y t o 

o v e r l a p t h o s e of manned s u b m e r s i b l e s in some of t h e s e a r e a s . Manned 

s u b m e r s i b l e s may n o t have t h e same work t o o l c a p a c i t y b u t t h e y a r e f u l l y 

mobi le and would be needed f o r more e x t e n d e d s u r v e y s i n v o l v i n g s t r a t i g r a p h i c 

and sed iment s amp l ing . They have a p p l i c a t i o n s in c a r r y i n g o u t r e s i s t i v i t y 

e x p e r i m e n t s and t h e emplacement of bench marks and t h e m o n i t o r i n g of 

g e o d e t i c e x p e r i m e n t s . The f u r t h e r uses t o which manned s u b m e r s i b l e s can be 

pu t w i l l be dependent on t h e e x t e n t t o which p e r f o r m a n c e can be improved 

th rough t h e use o f new h u l l m a t e r i a l s and ene rgy s o u r c e s . 
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Unmanned f ree-swimming v e h i c l e s have a p a r t i c u l a r a p p l i c a t i o n i n 

g e o p h y s i c a l and g e o l o g i c a l r e s e a r c h . They o f f e r t h e p o s s i b i l i t y of 

c o n d u c t i n g pre-programmed su rveys of a g iven a r e a of ocean f l o o r a t 

r e l a t i v e l y high speed and wi th much more p r e c i s e t r a c k c o n t r o l than could 

be p r o v i d e d by a towed sys tem. The s t a b i l i t y of t h e sy s t em would enab le 

s y n t h e t i c a p e r t u r e s o n a r t o be deve loped wi th a g r e a t improvement in 

az imutha l r e s o l u t i o n . In a d d i t i o n , f o r g e o p h y s i c a l s t u d i e s , such a v e h i c l e 

might be f i t t e d wi th swath mapping s o n a r , a s u b - b o t t o m p r o f i l e r t o give 

sed imen t s t r u c t u r e , d o p p l e r s o n a r f o r v e l o c i t y r e l a t i v e t o the s ea bed , 

o b s t a c l e avo idance s o n a r , a magne tomete r , and cameras and TV. The e x a c t 

s u i t e would depend on a v a i l a b l e ene rgy and d a t a s t o r a g e . In a d d i t i o n an 

i n t e g r a t e d n a v i g a t i o n sys tem would be needed and an i n t e l l i g e n t c o n t r o l 

sys tem t o dec ide on c o u r s e , speed and h e i g h t t o f o l l o w , when t o o p e r a t e 

cameras , when to avo id o b s t a c l e s , e t c . Such a t e c h n i q u e would e n a b l e maps 

t o be produced of t h e morphology of t h e sea b e d , of s e d i m e n t a r y f a c i e s and 

s t r u c t u r e on a s c a l e comparable t o t h a t on l a n d . Areas o f r e s o u r c e 

p o t e n t i a l , such as c o n c e n t r a t i o n s o f manganese n o d u l e s o r p o l y m e t a l l i c 

s u l p h i d e o r b o d i e s , cou ld be mapped in c o n s i d e r a b l e d e t a i l . 

5 . 1 8 P h y s i c a l oceanography 

P h y s i c a l o c e a n o g r a p h e r s use a l i m i t e d number o f t e c h n i q u e s f o r 

c o l l e c t i n g c u r r e n t , t e m p e r a t u r e , s a l i n i t y and d e n s i t y d a t a from t h e ocean 

below 1000m. They h e a v i l y i n v e s t in c u r r e n t m e t e r m o o r i n g s , in c o n d u c t i v i t y / 

t e m p e r a t u r e / d e p t h (CTD) packages lowered from t h e s u r f a c e and in t h e 

deployment of n e u t r a l l y buoyant f l o a t s t o t r a c k ocean c u r r e n t s . They 

a r e n o t prime u s e r s of r emote , o r ' i n t e r v e n t i o n ' s y s t e m s , as d e f i n e d 

in s e c t i o n 6 . However, in d i s c u s s i o n s wi th s c i e n t i s t s a t lOS i t became 

c l e a r t h a t t h e r e were r e s e a r c h needs which cou ld be s o l v e d by t h e use of 

one o r more of such sys t ems . 

One problem i d e n t i f i e d was t h e need t o i n v e s t i g a t e and r e l e a s e 

t h o s e i n s t r u m e n t moorings which had f a i l e d t o r e t u r n on a c o u s t i c command. 

Each y e a r a q u a n t i t y of da t a i s l o s t , and t h e c a p i t a l i n v e s t m e n t , f rom 

t h i s c a u s e . Dragging f o r a v e r t i c a l l y deployed sys tem i s u s u a l l y i n e f f e c t i v e 

and can c o s t many hours of s h i p t i m e . I f a f u l l ocean dep th ROV was a v a i l a b l e 
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as a portable s y s t em, o r i f a long endurance manned s u b m e r s i b l e was in the 

a r e a then t h e s e f a i l e d sys tems could be r e t r i e v e d . This would a l s o a l low t h e 

s o u r c e of such problems t o be d i a g n o s e d . 

There i s i n t e r e s t in t h e use of t h e unmanned ROV (UROV) f o r making 

s u r v e y s of t h e t e m p e r a t u r e and c o n d u c t i v i t y ( s a l i n i t y ) s t r u c t u r e of f r o n t s 

I t cou ld be pre-programmed t o run a s e r i e s o f t r a c k s t h rough a f r o n t a l 

sys tem us ing t h e v a r i a t i o n in t h e p a r a m e t e r s b e i n g measured as p a r t of 

t h e i n p u t t o i t s ' i n t e l l i g e n t ' c o n t r o l sys t em. Var ious a d d i t i o n a l s e n s o r s 

could a l s o be added. There would be va lue in doing such su rveys a t a 

number of d i s c r e t e d e p t h s . In a n o t h e r type of e x p e r i m e n t t h e v e h i c l e 

would be programmed t o f o l l o w the depth of a c o n s t a n t t e m p e r a t u r e o r 

s a l i n i t y l a y e r . 

Use o f such sys tems would depend c o m p l e t e l y on t h e l e v e l of 

o p e r a t i o n a l c o s t which would have t o be borne by t h e s c i e n t i f i c p r o j e c t 

conce rned . 

5 .19 Chemical oceanography 

There has been an i n c r e a s e in r e s e a r c h e f f o r t in t h e l a s t 5 -10 y e a r s 

on t h e c h e m i s t r y of t h e deep oceans and t h e g e o c h e m i s t r y of t h e ocean f l o o r . 

Most work i s be ing done by s c i e n t i s t s in t h e USA, UK, Germany and 

S w i t z e r l a n d . This e f f o r t has l a r g e l y a r i s e n f rom t h e needs of t h e 

r a d i o a c t i v e was te d i s p o s a l programmes and t h e i n t e r e s t s of t h e ocean 

mining c o n s o r t i a ( s ee s e c t i o n s 5 . 4 , 5 . 5 a n d . 5 . 1 2 ) . F o r t h e bu lk of t h i s 

r e s e a r c h autonomous 'moonland ing ' v e h i c l e s ( s e e s e c t i o n 6 . 1 ) have c a r r i e d 

t h e i n s t r u m e n t s and sample r s r e q u i r e d , and t h i s i s p r o v i n g t o be a c o s t 

e f f e c t i v e method of making very p r e c i s e measurements and c o l l e c t i n g the 

n e c e s s a r y uncon tamina ted samples . For geochemical r e s e a r c h r e q u i r e m e n t s 

a l o n e i t i s d i f f i c u l t fo r geochemis t s t o a rgue f o r more s o p h i s t i c a t e d 

v e h i c l e s , and in t h i s r e s p e c t t hey a r e in a s i m i l a r p o s i t i o n t o t h e 

p h y s i c i s t s . They do f o r e s e e the e x t e n s i o n of e x p e r i m e n t s such as ISHTE 

and MANOR i n t o o t h e r a r e a s , and t h e r e i s a p a r t i c u l a r i n t e r e s t a t t h e 
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moment, in c o n s i d e r i n g a r ange of ' b e l l j a r ' e x p e r i m e n t s , o f t h e form t h e 

b i o l o g i s t s wish to u n d e r t a k e in r e s p i r o m e t r y , p r o d u c t i v i t y , e t c . This 

would i n c l u d e ' a n a l y t i c a l ' e x p e r i m e n t s , l i k e MANOP, o v e r a long pe r iod of 

t ime in which a c e n t r a l ' p r o c e s s o r ' i s used and m a t e r i a l i s f e d to i t from 

s a t e l l i t e p o s i t i o n s . 

They b e l i e v e t h a t an ROV or manned s u b m e r s i b l e c o u l d be v a l u a b l e in 

m o n i t o r i n g and s e r v i c i n g such complex and long term s t a t i o n s , so t h a t t h e 

expe r imen t i t s e l f i s n o t i n t e r r u p t e d w h i l e d a t a i s e x t r a c t e d o r b a t t e r i e s 

a r e r e c h a r g e d e t c . Man ipu la t ion wi th a high l e v e l of d e x t e r i t y would be 

r e q u i r e d . Such a v e h i c l e cou ld a l s o be used to examine hydro thermal a r e a s 

and a l s o r e g i o n s of downwelling f o r CO^ i n v e s t i g a t i o n s . I t i s unders tood 

t h a t a t t h e p r e s e n t l e v e l of knowledge, i f COg s t u d i e s i n t h e a tmosphere 

became dominan t , i t would no t be p o s s i b l e t o d e s c r i b e t h e s c i e n c e of ocean i c 

' v e n t i l a t i o n ' which a l lows c a r b o n a t e d i s s o l u t i o n t o t a k e p l a c e in r e g i o n s of 

downwel l ing . 

Dr. Wilson of lOS remarked t h a t t h e Deep Sea D r i l l i n g P r o j e c t 

(DSDP, now I POD) and Geosecs were models of t he US a b i l i t y t o g e t groups 

wi th d i f f e r e n t backgrounds t o work t o g e t h e r in new t e c h n o l o g y e x p e r i m e n t s . 
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6. DESCRIPTION OF EXISTING CLASSES OF VEHICLES AND REMOTE HANDLING 

SYSTEMS 

Seve ra l key r e f e r e n c e works have been p u b l i s h e d : Janes Ocean 

Technology ( 1 9 7 9 ) ; Busby (1981) Undersea V e h i c l e s D i r e c t o r y ; Busby (1976) 

Manned s u b m e r s i b l e s ; Vadus and Busby (1979) . The p u r p o s e of t h e p r e s e n t 

s e c t i o n of t h e r e p o r t i s t o d e f i n e t h e c l a s s e s of v e h i c l e s and remote 

h a n d l i n g sys tems d i s c u s s e d in t h i s r e v i e w , t o c l a r i f y t e r m i n o l o g y , and 

to summarise very b r i e f l y the range of v e h i c l e s a l r e a d y in e x i s t e n c e . 

I t i s l o g i c a l t h a t recommendations f o r f u t u r e a c t i o n s h o u l d be based on 

e x p e r i e n c e wi th e x i s t i n g i n t e r v e n t i o n s y s t e m s . Many h y b r i d and composi te 

o r i n t e r m e d i a t e sys tems have r e c e n t l y been p l anned o r p o s t u l a t e d . The 

numbers in b r a c k e t s r e f e r t o t h o s e used in t h e b i b l i o g r a p h y t o l i s t t he 

s u b j e c t r e f e r e n c e s u sed . 

6 . 1 Bottom l a n d i n g s t a t i c sys tems (20) 

This c l a s s i s e x c l u s i v e l y used f o r s c i e n t i f i c r e s e a r c h and i t s 

development has r e c e n t l y been a c c e l e r a t e d by t h e need f o r r a d i o a c t i v e 

was te s t u d i e s . The v e h i c l e i s launched in f r e e - f a l l , descends t o t h e 

ocean f l o o r , pe r fo rms a sequence of measurements o r e x p e r i m e n t s , i s 

t r i g g e r e d by a c o u s t i c means t o drop b a l l a s t , and a s c e n d s under i t s own 

buoyancy. The v e h i c l e i s u s u a l l y t r a c k e d on d e s c e n t and a s c e n t by a c o u s t i c 

means, and d e t e c t i o n a t t he s u r f a c e may be a i d e d by a r a d i o beacon and 

l i g h t . Such d e v i c e s have a p p l i c a t i o n s r e l e v a n t t o a l l s c i e n t i f i c d i s c i p l i n e s 

i n t e r e s t e d in t h e b e n t h i c r e g i o n ; b i o l o g y , g e o p h y s i c s , p h y s i c s , geochemis t ry 

and g e o t e c h n o l o g y . Systems developed a t lOS f o r use a t d e p t h s down t o 6000m 

i n c l u d e Ba thysnap , a t i m e - l a p s e p h o t o g r a p h i c d e v i c e f o r o b s e r v i n g t h e 

e p i f a u n a and bur rowing f auna over p e r i o d s up t o s i x months . I t has 

r e c e n t l y observed t h e f a l l of f l o c u l l e n t m a t e r i a l f rom deceased p l a n k t o n 

blooms. Others i n c l u d e remote r e c o r d i n g s e i smographs t o r e c e i v e s i g n a l s 

from both n a t u r a l and a r t i f i c i a l s e i s m i c s o u r c e s , and d e v i c e s f o r 

measur ing t h e t e m p e r a t u r e and c u r r e n t s t r u c t u r e in t h e bo t tom b e n t h i c 

l a y e r . S i m i l a r d e v i c e s have been used a t o t h e r ma jo r l a b o r a t o r i e s . 
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L a r g e r s c a l e p r o j e c t s f o r r a d i o a c t i v e was te r e s e a r c h i n t h e USA i n c l u d e 

ISHTE, HEBBLE and MANOR which a r e b r i e f l y d e s c r i b e d i n s e c t i o n 5 . 1 7 . 

6 . 2 Cable lowered bottom l a n d e r (21) 

This c l a s s a l s o i s g e n e r a l l y o n l y used in r e s e a r c h . I n s t r u m e n t s 

such as p o r e - w a t e r p r o b e s , s p e c i a l i s e d sample r s and c o r e r s and g e o t e c h n i c a l 

d e v i c e s r e q u i r i n g t o e x e r t a load on t h e sea bed , a r e lowered i n t o p o s i t i o n . 

The c a b l e i s then m a i n t a i n e d in a s l a c k c o n d i t i o n w h i l s t t h e exper imen t i s 

p e r f o r m e d , and t h e d e v i c e i s s u b s e q u e n t l y r e t r i e v e d . The dynamics of t h e 

impac t wi th the bottom and s u b s e q u e n t c a b l e management have proved d i f f i c u l t 

t o c o n t r o l , p a r t i c u l a r l y from r e s e a r c h s h i p s w i t h o u t a p r e c i s e p o s i t i o n i n g 

sys t em. The system merges i n t o c e r t a i n bottom RQV d e v i c e s , s i n c e in t h e 

l a t t e r ca se a heavy "ga rage" o r "cage" i s lowered t o t h e bo t tom, and t h e 

ROV e x i t s f rom t h i s on a t e t h e r to pe r fo rm i t s work. Var ious h i g h l y 

s p e c i a l i s e d bottom l a n d i n g d e v i c e s have been b u i l t f o r p i p e l i n e r e p a i r s e t c . 

( B r i t i s h Underwater P i p e l i n e Eng inee r ing (Hydra-Lock) L t d . ; and Saipem). 

6 . 3 Remote Operated Veh ic le (ROV) (22) 

This i s a v e h i c l e s u p p l i e d wi th c o n t r o l v i d e o and power c o n n e c t i o n s 

th rough an u m b i l i c a l c a b l e u s u a l l y from a s u r f a c e s u p p o r t v e s s e l . Veh ic l e s 

range i n s i z e from t h o s e weighing 50kg - s o - c a l l e d " f l y i n g - e y e b a l l s " t o 

t h o s e weighing s e v e r a l t onnes ( see Table 3 ) . I n c r e a s e d s i z e p e r m i t s g r e a t e r 

power , h e a v i e r m a n i p u l a t o r s , more cameras and e x p e r i m e n t a l equ ipmen t , e t c . 

ROVs have in t h e last f i v e y e a r s improved d r a m a t i c a l l y in p e r f o r m a n c e , and 

d i s p l a c e d both d i v e r s and manned s u b m e r s i b l e s f o r many t a s k s in t h e 

o f f s h o r e o i l i n d u s t r y . The a d v a n t a g e s a r e low human r i s k , long endurance 

in t h e w a t e r , a b i l i t y t o work below t h e d i v i n g l i m i t a t 300-500m, a b i l i t y 

t o work w i t h i n s t r u c t u r e s , and high d a t a r a t e t r a n s m i s s i o n t o t h e s u r f a c e 

f o r good v ideo r e s o l u t i o n . Over 100 ROVs have been b u i l t t o work s h a l l o w e r 

than 1000m, and about t en in t h e depth range 2000-3000m (Busby, 1 9 8 1 ) . 

F r i s b i e (1983) d e s c r i b e s a s u c c e s s f u l o i l d r i l l i n g s u p p o r t o p e r a t i o n 

deepe r than 2000m. The Royal Navy v e h i c l e TUMS can be o p e r a t e d both as 



Veh ic l e 
Weight 
in Air 
(kg) 

Opera t i ng 
Depth 

( m e t r e s ) 

Speed 
( k t s ) 

Ra t io 
Power Consumption 

Weight in Air 
(khi/ tonne) 

Curv l i e 3 ,100 1,800 4 15 

Curv I I I 2,000 3,000 4 20 

Deep Drone 700 1,200 3.5 50 

Manta 1 .5 1,200 1,500 2 8 

RCV-150 1,300 2,000 <2.5 75 

RCV-225 180 2,000 1 . 7 30 

RUWS 5,500 6 ,000 1 .5 35 

Scarab I&II 2,200 1,800 3 65 

Scorp i 300 1 ,000 3 . 5 N/A 

Smi t s u b - 1 0 0 700 1,000 - 200 

SOP 1,800 1,000 - 36 

Dual-Hydra 
2500 

7,500 
( i n c . 
cage) 

5,000 6 

TABLE 3 Remote Opera ted V e h i c l e s (ROVs) c a p a b l e of work ing a t 1000 m or d e e p e r 
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a towed v e h i c l e , o r as an ROV working from a d e p r e s s o r - c u m - c a g e a t abyssal 

p l a i n depth (Peach and S e a r , 1983) . 

S ince ROVs on a s h o r t t e t h e r can be o p e r a t e d e f f e c t i v e l y in 

combina t ion w i th a lmos t any o t h e r s y s t e m , bottom l a n d e r , towed f i s h , 

manned s u b m e r s i b l e , t h e i r a p p l i c a t i o n seems bound t o be v e r y w ide , both 

in dep th range and t a s k t y p e . 

6 . 4 Bottom t r a c k e d mobi le v e h i c l e (23) 

Busby (1981) r e p o r t s on ly one bottom t r a c k e d v e h i c l e working in 

t h e dep th range 1000-2000m, and none d e e p e r . W i l l a t and Cameron (1983) 

d e s c r i b e 18 v e h i c l e s r a n g i n g in we igh t f rom 1 tonne t o 141 t o n n e s , w i thou t 

g i v i n g depth i n f o r m a t i o n . The m a j o r i t y of v e h i c l e s move on t r a c k s , and 

a r e d e s i g n e d t o d ig t r e n c h e s and bury p i p e l i n e s and c a b l e s . S ince t h e 

bulk of t h i s work needs t o be done on t h e c o n t i n e n t a l s h e l f , s h a l l o w e r 

than 300m, where c a b l e s and p i p e s a r e p o t e n t i a l l y a t r i s k from s h i p s ' 

a n c h o r s and f i s h i n g t r a w l s , t h e r e i s l i t t l e p r o b a b i l i t y t h a t t h e sys tems 

w i l l be developed f o r much deepe r work. 

6 . 5 U n t e t h e r e d , f r ee - swimming , ROVs (UROV) (24) 

Busby (1981) l i s t s 4 UROVs o p e r a t i n g below lOOOm dep th ( s ee Table 4 ) , 

The v e h i c l e on which we have c o l l e c t e d t h e most d a t a i s t h e French Epaulard 

(Michel and Le Roux, 1981) . This has 6000m o p e r a t i n g d e p t h , and works 

w i t h o u t c a b l e c o n t r o l , r e spond ing t o a u t o m a t i c c o n t r o l s and t h e use of a 

depth c h a i n f o r m a i n t a i n i n g d i s t a n c e from t h e bo t tom, and t r a n s m i t t i n g and 

r e c e i v i n g s i g n a l s a c o u s t i c a l l y i n communication w i t h s u r f a c e s u p p o r t . The 

advan t ages of a UROV a r e f reedom from t h e d rag of t h e u m b i l i c a l , t i g h t 

t u r n i n g c i r c l e , f reedom from v i b r a t i o n o r o t h e r mot ions impa r t ed by t h e 

c a b l e , s t e a d i n e s s , and a c a p a b i l i t y t o a c h i e v e c l o s e t e r r a i n - f o l l o w i n g . 

The d i s a d v a n t a g e s a r e l i m i t e d power and e n d u r a n c e , c o m p l e x i t y , need f o r 

t h e u tmost r e l i a b i l i t y , and d i f f i c u l t y of t r a n s m i t t i n g h igh d a t a r a t e s of 

i n f o r m a t i o n and c o n t r o l s i g n a l s . 



Vehic l e 

Maximum 
O p e r a t i n g 

Depth 
(m) 

Veh ic l e 
Weight 
in Ai r 

(kg) 

Speed 
( k n o t s ) 

(max) 

Ope ra t i ng 
Dura t ion 

( h r s ) 
Power Communications Computer A p p l i c a t i o n 

AUSS 6,100 907 7 10 20 kWh 

Lead Acid 
B a t t e r i e s 

A c o u s t i c l i n k 3 ea 86 -12 , 
16 b i t m ic ro -
p r o c e s s o r s w i th 
8086 CPU 

Search 

EAVE EAST 914 318 2 6 Lead Acid A c o u s t i c l i n k 6100 CPU, IK 

EPROM, 2K ROM 
P i p e l i n e i n s p e c -
t i o n 

EAVE WEST 671 181 1 . 8 1 24V Lead 
Acid 
Bat ter ies 

F i b r e O p t i c s ; 
A c o u s t i c 

8080 Micro-
p r o c e s s o r 
system 

P i p e l i n e i n s p e c -
t i o n 

EPAULARD 6,000 3,000 2.5 10 48V, ISkWh 

Lead Acid 
B a t t e r i e s 

A c o u s t i c l i n k N/A Photography 
Topographic 
P r o f i l i n g 

ROBOT SUBMARINE 91 66 3 3 2 - g e l 
c e l l 
8 amp-hr 
B a t t e r i e s 

Preprogrammed 280-based CPU 

2K ROM, 1616 

dynamic RAM 
M u l t i p l i e r Un i t 

S e a r c h , 
Survey 

SPURV I & I I 3,000 

( I ) 
454 7 6 S i l v e r Zinc 

B a t t e r i e s 
A c o u s t i c l i n k N/A Water 

Column 
Measurements 

UPSS 457 N/A 5 25 Lead Acid 
B a t t e r i e s 

A c o u s t i c l i n k 8080 CPU 24K 

EPROM, 5K RAM 
16 ch . A/D, 
12 8 - b i t I/O 

Search 

TABLE 4 Un te the red v e h i c l e s 
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A UROV can work in a c o n f i n e d s p a c e , such as a nar row canyon o r 

between t h e l e g s of a r i g . Thus i t would be l o g i c a l t o o p e r a t e a UROV from 

a n o t h e r v e h i c l e , e i t h e r an ROV o r a manned s u b m e r s i b l e , s h o r t e n i n g t h e 

a c o u s t i c pa th f o r t h e c o n t r o l s . The combina t ion of ROV p l u s UROV i s 

e n v i s a g e d by Russe l l e t al (1983) . See a l s o S h i r l e y (1981) f o r computer 

sys tems in UROVs. Joe l C h a r l e s (CERTSM) s u g g e s t e d t h a t t h e low d a t a r a t e , 

and hence poor c o n t r o l , a s s o c i a t e d wi th a UROV might be overcome by p r o v i d i n g 

computer a r t i f i c i a l i n t e l l i g e n c e in t h e v e h i c l e , a c c e p t i n g a low r a t e of d a t a 

t r a n s m i s s i o n t o t h e s u r f a c e , and then u s ing a second a r t i f i c i a l i n t e l l i g e n c e 

d e v i c e on t h e s u r f a c e t o r e c o n s t r u c t t h e mot ions of t h e UROV, and t o 

compensate f o r t h e t ime l a g in t h e a c o u s t i c t r a n s m i s s i o n . 

6 . 6 Towed unmanned sys tems (25) 

Busby (1981) i d e n t i f i e s 10 deep tow s y s t e m s , w i t h t h e m a j o r i t y 

c a p a b l e of working between 5000-600Qm. (This coun t o f c o u r s e i g n o r e s t h e 

many h u n d r e d s , o r even t h o u s a n d s , of sha l l ow w a t e r s i d e - s c a n s o n a r and 

o t h e r sha l l ow towed d e v i c e s ) . At l e a s t two f u r t h e r s y s t e m s have been 

deve loped s i n c e 1981, and t h e lOS and French sys tems a r e in t h e development 

s t a g e . Var ious combina t ions of heavy d e p r e s s o r a r e used w i t h a s s o c i a t e d 

i n s t r u m e n t v e h i c l e s which a r e e i t h e r heavy , n e u t r a l , o r buoyant r e l a t i v e 

t o t h e d e p r e s s o r . The o b j e c t i v e of t h e towing system i s t o decoup le t h e 

i n s t r u m e n t f i s h from t h e mot ions of t h e s h i p and the b u l k of t h e c a b l e . 

The towed system may be combined wi th t h e o p t i o n t o s t a t i o n t h e v e s s e l , 

a l l o w i n g t h e d e p r e s s o r o r cage to r e s t on t h e bo t tom, and t h e f i s h t o be 

c o n t r o l l e d under i t s own p r o p u l s i o n as an ROV. 

The a d v a n t a g e s of t h e deep- tow c o n f i g u r a t i o n a r e ample power f o r 

a c o u s t i c i n s t r u m e n t a t i o n , v ideo and cameras , r e l a t i v e l y h igh towing speed , 

and high d a t a r a t e f o r t r a n s m i s s i o n of s i g n a l s t h rough t h e towing c a b l e . 

The d i s a d v a n t a g e s a r e t h a t , a t a dep th of 5000m, t h e t owing c a b l e w i l l 

have a l e n g t h of t h e o r d e r of 10km. I t i s t h u s d i f f i c u l t t o n a v i g a t e 

t h e f i s h a c c u r a t e l y , and i m p o s s i b l e to t u r n on a t i g h t r a d i u s . Th i s 

makes f o r a wide l i n e s p a c i n g in bottom su rveys wi th p o o r t r a c k c o n t r o l . 
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6 . 7 Manned submers ib1es (26) 

Busby (1981) l i s t s 68 s u b m e r s i b l e s o p e r a t i n g s h a l l o w e r than 1000m; 

5 i n t h e depth range 10Q0-2000m; 6 between 2000-4000m; and 1 each in t h e 

r a n g e s 5000-6000m, and deepe r than 6000m. S ince 1981 t h e US Navy S e a c l i f f 

has been u p - r a t e d from 3000m t o 6000m, and t h e French (CNEXO p l u s Navy) 

have commenced c o n s t r u c t i o n of t h e SM-97, which w i l l have 6000m c a p a b i l i t y . 

Severa l o t h e r manned v e h i c l e s have been b u i l t in t h e s h a l l o w range ( see Table 5) 

There a r e s e v e r a l ma jo r d i v i s i o n s w i t h i n t h e g e n e r a l c l a s s i f i c a t i o n 

of manned s u b m e r s i b l e s . These d i v i s i o n s a r e somewhat a r b i t r a r y , wi th 

i n d i s t i n c t b o r d e r s , b u t he lp t o c l a r i f y t h e r ange of t y p e s : 

True s u b m e r s i b l e , a v e h i c l e wi th a crew of 1 - 4 p e o p l e ; pe r sonne l 

c a p s u l e i s as small a s p r a c t i c a b l e , and c o n t a i n s a minimum of mach ine ry ; 

t h e bulk of power s t o r a g e , p r o p u l s i o n sys tem, c o n t r o l s , and m a c h i n e r y , i s 

i n s t a l l e d o u t s i d e t h e p r e s s u r e h u l l and des igned t o work, a t ambient wa te r 

p r e s s u r e . Usua l ly o p e r a t e d f rom a mother v e s s e l , and l i f t e d o u t of t h e 

wa te r between d i v e s . This has been t h e c l a s s i c c o n f i g u r a t i o n of s u b m e r s i b l e s 

s i n c e C o u s t e a u ' s "Soucoupe" of 1959, and has been r e t a i n e d t h rough t o t h e 

SM-97. 

Submarine t y p e , a v e h i c l e in which a l m o s t a l l s u b - s y s t e m s and 

machinery a r e i n s t a l l e d w i t h i n t h e same p r e s s u r e hu l l a s t h e p e r s o n n e l . 

This i s t h e c o n v e n t i o n a l m i l i t a r y submarine p a t t e r n . T h i s c o n f i g u r a t i o n 

has been used by IKL-Gabler f o r t h e small d i e s e l - e l e c t r i c Tours v e h i c l e s , 

and more r e c e n t l y by Bruker M e e r e s t e c h n i k . Dr. San t i (SSOS) has conduc ted 

des ign s t u d i e s of a range of s u b m a r i n e - t y p e v e h i c l e s u s i n g a h i g h l y s t r e a m -

l i n e d t e a r - d r o p h u l l , which shou ld p rov ide h igh speed and long e n d u r a n c e . 

Bruker Meeres t echn ik have c o n s t u r c t e d a d i e s e l - e l e c t r i c submar ine w i t h 

g a l l e y , bunks , e t c . , f o r o i l f i e l d work to a dep th of 200m. Weight i s 

46 t o n n e s , and l e n g t h 15.5m (Haas and Kern, 1983) ( S e a h o r s e 2 ) . 



Vehicle 
Weight Operating Collapse 
in Air Dfinth Dpnth Payload 

Life 
Support Total Energy 

(kWh) 

Speed; 
Cruise 
(kts) 

Speed: 
Max. 
( k t s ) 

Total Launch Hull Material Power Source 

P.atio 
Total Energy 

Ratio 
Pavload Vehicle 

[tonnes) (metres) (metres) ( k ^ Duration 
(man/hr) 

Total 
Energy 
(kWh) 

Speed; 
Cruise 
(kts) 

Speed: 
Max. 
( k t s ) 

Crew Date Hull Material Power Source Weight in Air 
(kWh/tonne) 

Weight in Air 
(kg/tonne) 

Alvin 15.4 3 , 6 5 8 7 , 6 2 0 4 5 3 216 4 2 . 7 1 2 3 1964 Titanium Lead Acid 2 J 7 2 9 . 4 1 

Mystic & 
Avalon 
(D5RV 1 
& 2) 

2 4 . 6 1^124 2 , 2 3 6 N/A' 388 1 5 6 . 8 N/A 3.9 2 1970&1971 HY-140 Steel Silver Zinc 6 ^ ^ N/A 

Cyana 8.5 3 , 0 0 0 3 , 9 0 0 199 216 47 1 2 3 1970 Vascojet 90 
Steel 

Lead Acid 5.52 2 1 ^ 

Deep 
Quest 

47 2 , 4 3 8 3^162 2700 432 230 2 3 4 1967 KSl Grade 
Maraging Steel 

Lead Acid 4 ^ W 57.44 

Pisces IV 10.4 2,012 2 , 7 4 3 590 336 46.2 0 . 5 2 3 1972 HY-100 Steel Lead Acid 4.45 5 6 . 9 3 

Pisces V 1 0 . 8 2 , 0 1 2 2 , 7 4 3 , 278 # 8 39 1 2 3 1973 HY-lOO S t e e l Lead Acid 3 . 6 - 2 5 . 7 4 

Pisces VI 9 . 8 2 , 0 1 2 2 , 7 4 3 680 250 42 1 2 3 1976 HY-100 Steel Lead Acid 4 ^ # 6 9 . 3 8 

Pisces VII 
& XI 

10.7 2 , 0 0 0 3 , 0 4 8 679 216 4 6 . 2 0 . 5 2 3 1975 VII 
1976 XI 

HY-100 Steel Lead Acid 4 ^ 1 - 6 3 . 4 5 

Sea C l i f f 23 3 , 0 4 8 
( 6 , 0 0 0 
wi th 

titanium 
sphere) 

4 , 5 7 2 N/A 111 30 0 . 5 2 . 5 3 1 9 6 8 HY-100 Steel Lead Acid 1.3 N/A 

Sever 2 2 8 2 , 0 0 0 N/A 400 216 N/A 2 . 5 4 3 ca. 1969 N/A N/A N/A 14.23 
Shinkai 
2000 

25 2 , 0 0 0 3 , 3 0 0 100 240 61.6 1 3 3 1981 
(planned) 

NS90 Steel Silver Zinc Oil 2.46 4 

Trieste II N/A ' 6 , 0 9 6 9 , 6 9 1 N/A 135 N/A 1 . 5 N/A 3 1969 HY-120 Steel Silver Zinc N/A 

Turtle 23 3 , 0 4 8 4 , 5 7 2 N/A 210 30 0 . 5 2 . 5 3 1968 HY-100 Steel Lead Acid 1.3 N/A 

Arms I&II 7.1 914 N/A 310 190 30 N/A 3 2 1976,1977 HY-100 Steel 
1979 

Lead Acid 4.21 44.58 

SM-97 13 6,000 N/A 50 - 40 - - 3 1984 Titanium Cadmi urn-Nickel 2 . 2 -

NR-1 400 1,000 N/A N/A Days-
weeks 

Nuclear N/A N/A 5 1970 Steel Nuclear - 1 

TABLE 5 Submersible Vehicles capable of working deeper than 1000 m 
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Veh ic l e s weighing l e s s than 20 tons a r e u s u a l l y handled from a l a r g e 

s u r f a c e s u p p o r t s h i p , which i s expens ive to o p e r a t e . Dives t y p i c a l l y l a s t 

6 - 8 h o u r s , and t h e v e h i c l e i s l i f t e d o u t of t h e w a t e r v i a a s t e r n A-frame 

a f t e r each d i v e . B a t t e r i e s a r e r e - c h a r g e d on deck , e x p e r i m e n t a l equipment 

p r e p a r e d f o r t he nex t d i v e , and r e p a i r s c a r r i e d o u t i f n e c e s s a r y . This i s 

t h e t y p i c a l mode of o p e r a t i o n of t h e s u b m e r s i b l e . S i n c e many of t h e s u b -

sys tems a r e o u t s i d e t h e manned p r e s s u r e h u l l , t h e y can o n l y be s e r v i c e d on 

deck , o r by d i v e r s in s h a l l o w w a t e r . The advan t ages a r e a l i g h t v e h i c l e , 

t o t a l c o n t r o l of a l l p a r a m e t e r s of t h e v e h i c l e when i t i s on deck , and t h e 

s e c u r i t y p rov ided by a l a r g e c o n v e n t i o n a l s u r f a c e s h i p . The crew i s never 

exposed t o p ro longed s t r e s s u n d e r w a t e r . The p r i n c i p l e d i s a d v a n t a g e s a r e 

t h e c o s t of t h e s u p p o r t s h i p , t h e cramped crew c o n d i t i o n s , t h e s h o r t d ive , 

d u r a t i o n , and t h e f a c t t h a t subsys tems have t o w i t h s t a n d p r e s s u r e and 

c o r r o s i o n , as well as t h e w e a t h e r l i m i t a t i o n s of l a u n c h and r e c o v e r y . 

Also pay load i s u s u a l l y s e v e r e l y l i m i t e d f o r t h e d e e p e r d i v i n g s u b m e r s i b l e s 

of t h i s t y p e . 

The autonomous s u b m e r s i b l e / s u b m a r i n e i s d e s i g n e d t o o p e r a t e w i t h o u t 

a s u r f a c e s h i p . By p r o v i s i o n of d i e s e l power and an a i r - b r e a t h i n g snorke l 

t h e v e h i c l e motors on t h e s u r f a c e t o t h e w o r k - s i t e . I t t h e n c o n v e r t s t o a 

n o n - a i r - b r e a t h i n g power s y s t e m , and d ive s f o r as l ong a s t h e power s o u r c e 

w i l l p e r m i t . The IKL-Gabler Tours v e h i c l e s were u n i q u e in be ing v e r y s m a l l , 

and d e s i g n e d on t h i s p r i n c i p l e . They were i n t e n d e d f o r use in deep w a t e r 

c l o s e t o s h o r e in t h e c o r a l i n d u s t r y , bu t were n o t c o m m e r c i a l l y v e r y 

s u c c e s s f u l . The Bruker Meeres t echn ik Seahorse 2 i s d e s i g n e d t o e x p l o i t 

f u l l y t h e p o t e n t i a l of t h e autonomous c o n c e p t . Assuming a d u r a t i o n of 

c r u i s e / d i v e of s e v e r a l d a y s , t h e crew a r e p rov ided w i t h space and f a c i l i t i e s 

f o r s l e e p i n g and changing w a t c h e s . This of c o u r s e means t h a t , i n a d d i t i o n 

t o t h e work space and f a c i l i t i e s , a g r e a t deal of e x t r a space has t o be 

p rov ided w i t h i n t h e p r e s s u r e h u l l . The advan t ages a r e presumed t o be t h e 

comple te avo idance of t he c o s t s of t h e s u p p o r t s h i p . The d i s a d v a n t a g e may 

be t h a t t h e v e h i c l e i s l a r g e and cumbersome when i t g e t s t o t h e work s i t e . 

A d d i t i o n a l l y , i f problems a r e e n c o u n t e r e d du r ing t h e work t h e y must be 

s o l v e d w i t h i n t h e v e h i c l e , w i t h o u t t h e f l e x i b i l i t y p r o v i d e d by t h e t ime 

and f a c i l i t i e s on t h e deck of t h e s u p p o r t s h i p . CNEXO-COMEX a r e p r o p o s i n g 

t o r e s u s c i t a t e t h e Argyrone te v e h i c l e as a t e s t v e h i c l e t o deve lop t h e 
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concep t of an autonomous l o n g - r a n g e d i v e r l o c k - o u t s y s t e m , and t h i s 

e x p e r i m e n t could be very v a l u a b l e . In g e n e r a l , s i n c e t h e autonomous 

s u b m a r i n e / s u b m e r s i b l e i s l i k e l y t o be l a r g e , of t h e o r d e r o f 40-300 t o n s , 

i t i s l o g i c a l t h a t t h e b a s i c v e h i c l e should be s u p p l e m e n t e d wi th e i t h e r a 

ROV o r a s m a l l e r , more manoeuvrab le , s u b m e r s i b l e t o e n a b l e d e x t e r o u s t a s k s 

t o be pe r fo rmed in c o n f i n e d s p a c e s . 

Summary 

Manned s u b m e r s i b l e s have d e c l i n e d in use in t h e l a s t decade , l a r g e l y 

due to t h e high c o s t s of o p e r a t i o n , and t h e c o m p e t i t i v e n e s s of ROVs. 

However, a l l s u b m e r s i b l e s up t o t h e p r e s e n t da t e have s u f f e r e d from an 

a c u t e s h o r t a g e of t o t a l i n s t a l l e d ene rgy p e r d i v e . Whatever t h e s i z e , a 

v e h i c l e dependen t upon seconda ry s t o r a g e b a t t e r i e s ha s been boxed in wi th 

a s e t of l i m i t a t i o n s c o n s t r a i n e d by i t s e n d u r a n c e , p a y l o a d and a v a i l a b l e 

power f o r t o o l s and l i g h t s . The d e s i g n e r has had t o economise and 

m i n i a t u r i s e in eve ry d e p a r t m e n t , in o r d e r t o e x t r a c t maximum pe r fo rmance 

from minimum power. 

Recent t e c h n i c a l developments- s u g g e s t t h a t c o n s t r a i n t s o f l i m i t e d 

power and buoyancy may both be removed w i t h i n a few y e a r s , and t h e 

pe r fo rmance of manned s u b m e r s i b l e s could be g r e a t l y improved . These 

t r e n d s w i l l be d i s c u s s e d more f u l l y l a t e r , ( s ee s e c t i o n s 7 . 1 , 7 .2 and 7 . 8 ) 

6 . 8 Towed and suspended manned sys tems ' 

Var ious one-a tmosphere v e r t i c a l l y lowered o b s e r v a t i o n b e l l s , b e l l s 

wi th a r t i c u l a t e d arms, b e l l s w i th t h r u s t e r s f o r l i m i t e d movement, and towed 

o b s e r v a t i o n b e l l s , have been used ove r t h e l a s t two d e c a d e s . The d e v i c e s 

merge by s t a g e s i n t o a r t i c u l a t e d one-a tmosphere d i v i n g s u i t s , and smal l 

one-man s u b m e r s i b l e s . Most of t h e s e d e v i c e s o p e r a t e s h a l l o w e r than 500m 

and ve ry few as deep as 1000m. V a r i a n t s of t h e s e s y s t e m s w i l l p r o b a b l y 

remain in use t o s u p p o r t o f f s h o r e o i l f i e l d o p e r a t i o n s , b u t a r e u n l i k e l y 

t o be deve loped f o r use deeper than 1000m. 
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ANALYSIS OF THE DEVELOPMENT NEEDS OF VEHICLE SUB-SYSTEMS 

In t h i s s e c t i o n t h e v a r i o u s sub-systems c o n t r i b u t i n g to t h e d i f f e r e n t 

c l a s s of v e h i c l e have been d e f i n e d , and a b r i e f a n a l y s i s has been made of t h e 

p r e s e n t s t a t e of development of each one and i t s r e l e v a n c e t o t h e v e h i c l e t y p e s . 

The d e g r e e of f u r t h e r development which may be r e q u i r e d i s d i s c u s s e d and 

recommendations made f o r p a r t i c u l a r development i f t h i s i s a p p r o p r i a t e . 

The sub- sys t ems have been i d e n t i f i e d under t h e f o l l o w i n g s e c t i o n t i t l e s , 

and w i l l be d i s c u s s e d in o r d e r in t h e f o l l o w i n g pages . The numbers in b r a c k e t s 

r e f e r to t h o s e used in t h e b i b l i o g r a p h y to l i s t t h e s u b j e c t r e f e r e n c e s used . 

(28) Power s t o r a g e , supp ly and c o n v e r s i o n 

(29) Prime mover and p r o p u l s i o n sys tems 

(30) Umbil ica l d e s i g n 

(31) M a n i p u l a t o r s , r o b o t i c t o o l s 

(32) Video sys tems and v ideo t r a n s m i s s i o n 

(33) N a v i g a t i o n , p o s i t i o n f i x i n g and t r a c k r e c o r d i n g 

(34) Buoyancy c o n t r o l 

(35) P r e s s u r e v e s s e l c o n s t r u c t i o n and t e s t i n g and hu l l t h r o u g h p u t s 

(36) Data t e l e m e t r y 

(37) Human c o n t r o l , s e n s o r y d a t a , f e e d b a c k , p i l o t i n g , d a t a d i s p l a y 

(38) L i f e s u p p o r t 

(39) Emergency and b a l e - o u t systems 

(40) S u r f a c e s u p p o r t , s u p p o r t s h i p s o r p l a t f o r m s and h a n d l i n g sys tems 

(41) Land, sea o r a i r t r a n s p o r t a b i l i t y 

(42) Maintenance problems 

(43) S c i e n t i f i c i n s t r u m e n t s f o r use on t h e v e h i c l e 

(44) S c i e n t i f i c d a t a r e c o r d i n g on t h e v e h i c l e 

(45) H y d r a u l i c , e l e c t r i c a l and mechanical components 

(46) Use of on-board computing and m i c r o p r o c e s s o r s 

7.1 Power s t o r a g e , supp ly and c o n v e r s i o n (28) 

In t h i s s e c t i o n we a r e concerned wi th power s t o r a g e , s u p p l y and 

c o n v e r s i o n systems which a r e r e l e v a n t to v e h i c l e s i n c l u d e d in s e c t i o n s 22 , 24 

and 26 (ROVs, and both manned and unmanned f ree-swimming v e h i c l e s ) and a l s o to 

underwate r work and r e p a i r sys tems a l t h o u g h t h e l a t t e r a r e no t cove red by t h e 

rev iew i n any d e t a i l . 



The range of power s t o r a g e and supply systems which have been proposed 

over t h e y e a r s f o r underwate r use i s l a r g e . Some p r e d a t e t h e use of n u c l e a r 

power f o r submar ines and o t h e r s a r e r e l a t e d to space v e h i c l e power s u p p l i e s . 

When volume and we igh t a r e a t a premium, and h i g h per formance i s 

e s s e n t i a l , then t e c h n i c a l complex i t y and high c a p i t a l and runn ing c o s t s may 

be t o l e r a t e d . This i s ve ry much t h e c a s e i n m i l i t a r y and space a c t i v i t i e s . 

However i n c i v i l i a n underwa te r a p p l i c a t i o n s , f o r commercial and s c i e n t i f i c 

u s e , we b e l i e v e t h a t low c o s t s and t e c h n i c a l s i m p l i c i t y a r e more i m p o r t a n t , 

even a t t h e expense of per formance c r i t e r i a . In t h i s c o n t e x t , t e c h n i c a l 

s i m p l i c i t y i n c l u d e s f u e l h a n d l i n g and s a f e t y t e c h n o l o g y ; many of t h e more 

e x o t i c f u e l s would be d i f f i c u l t , i f no t i m p o s s i b l e , to h a n d l e in t h e c i v i l i a n 

f i e l d w i t h o u t h i g h l y t r a i n e d and c o s t l y s t a f f . For t h i s r e a s o n we have no t 

c o n s i d e r e d s t o r a g e o r supp ly sys tems r e q u i r i n g e i t h e r p o t e n t i a l l y hazardous 

f r e e r e a c t a n t s such as hydrogen , l i t h i u m and sodium, o r n u c l e a r and i s o t o p i c 

s o u r c e s . As a r e s u l t , t h e f o l l o w i n g pr imary and s e c o n d a r y sys tems have b e e n ' 

e x c l u d e d : hydrogen-oxygen a l k a l i n e and a c i d f u e l c e l l s ( t h e l a t t e r a l s o 

i n c l u d e s a most complex a s s o c i a t e d power p l a n t ) , t h e l i t h i u m - s e a w a t e r f u e l 

c e l l , t h e l i t h i u m - p e r o x i d e f u e l c e l l , t h e sodium s u l p h u r b a t t e r y and t h e 

l i t h i u m and s u l p h u r h e x a f l u o r i d e h e a t s o u r c e (used in c o n j u n c t i o n w i th a c l o s e d 

Brayton c y c l e t u r b o - c o m p r e s s o r ) , as wel l a s a l l energy c y c l e s i n v o l v i n g n u c l e a r 

and i s o t o p i c s o u r c e s . All m o n o p r o p e l l a n t - b a s e d power s o u r c e s have a l s o been 

e x c l u d e d , on the b a s i s of c o s t and s a f e t y c r i t e r i a . Th i s r ev iew has inc luded 

t h e use of gaseous and l i q u i d oxygen because i t i s b e l i e v e d h a n d l i n g sys tems 

f o r t h i s r e a c t a n t a r e wel l developed and i t i s i n e x p e n s i v e . A c c e p t a b l e f u e l s 

a r e d i e s e l and J P - 5 ( k e r o s e n e ) ; a c c e p t a b l e b a t t e r i e s i n c l u d e l ead a c i d , n i cke l 

cadmium, n i c k e l i r o n , s i l v e r z i n c , and l i t h i u m s u l p h u r (where t h e l i t h i u m i s 

he ld in a s e a l e d ' d r y ' form) and we have a l s o taken no te o f t h e c a r b o n block 

r e c h a r g e a b l e h e a t source and t h e advanced f lywhee l r e c h a r g e a b l e k i n e t i c s o u r c e 

( s u p e r f l y w h e e l ) . 

As a r e s u l t of t h e above ' e x c l u s i o n s ' , on ly t h e f o l l o w i n g two p r i m a r y , 

o r ' n o n - r e c h a r g e a b l e ' , o p t i o n s have been c o n s i d e r e d : The f i r s t i s a thermal 

source employing oxygen p lus JP -5 in e i t h e r a c l o s e d - c y c l e r e c i p r o c a t i n g h e a t 

eng ine ( d i e s e l o r S t i r l i n g ) or in a c a t a l y t i c combustor a s t h e h e a t s o u r c e f o r 

a t u r b o - c o m p r e s s o r o p e r a t i n g in a c l o s e d Brayton c y c l e ; and t h e second i s the 

l i t h i u m s u l p h u r p r imary b a t t e r y . Oxygen p lu s JP -5 o r d i e s e l f u e l i s an 

a t t r a c t i v e s o u r c e of underwa te r e n e r g y . Both components a r e cheap and ea sy 

to o b t a i n , and methods of con ta inmen t have been well d e v e l o p e d o v e r t h e l a s t 

few y e a r s . Oxygen i s s t o r e d most e f f i c i e n t l y in l i q u i d form (LOX)at a b o u t 
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-170°C and s u i t a b l e c r y o g e n i c v e s s e l s have been deve loped which w i l l s t o r e i t 

f o r up to f o u r weeks w i t h o u t r e f r i g e r a t i o n . The l i t h i u m s u l p h u r pr imary 

b a t t e r y » us ing e i t h e r i r o n d i s u l p h i d e o r i r o n s u l p h i d e , has reached a f a i r 

l e v e l of development in t h e Uni ted Kingdom, and i s l i k e l y t o p rov ide an 
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energy d e n s i t y of 100-130 Wh kg . However such a the rmal b a t t e r y has to be 

kep t a t a t e m p e r a t u r e of 400 - 500°C and t h e c o s t of a r e n e w a b l e energy 

sou rce of t h i s t ype could be p r o h i b i t i v e f o r underwate r a c t i v i t i e s . P r e s e n t 

work i s c o n c e n t r a t e d on t h e development of a secondary o r r e - c h a r g e a b l e , form 

of t h i s b a t t e r y . 

The r ange of ' a l l o w e d ' r e c h a r g e a b l e s o u r c e s i n c l u d e s t h e w e l l - u s e d 

l ead a c i d and n i cke l cadmium b a t t e r i e s wi th energy d e n s i t i e s of 30 and 25 Wh/kg, 

and a l s o t h o s e employing t h e s i l v e r z i n c , n i c k e l i r on and l i t h i u m s u l p h u r 

c o u p l e s , wi th energy d e n s i t i e s of 50, 75 and some 100 - 130 Wh kg r e s p e c t i v e l y . 

Recent unde rwa te r v e h i c l e s have used t h e developed form of t h e s i l v e r z i n c 

b a t t e r y s u c c e s s f u l l y but t h e c y c l e l i f e i s markedly i n f e r i o r to both t h e l e a d 

a c i d and n i c k e l cadmium b a t t e r i e s . The United S t a t e s was a c t i v e in t h e f i e l d 

of s econdary sources , in t h e 1970s bu t r e s e a r c h has now been reduced s e v e r e l y 

by Government and i n d u s t r y , ma in ly because the o i l c r i s i s f a i l e d to m a t e r i a l i s e 

and t h e navy i s b e l i e v e d to have l i t t l e i n t e r e s t in s e c o n d a r y b a t t e r i e s . The 

n i c k e l i r o n b a t t e r y i s under a c t i v e development in F r a n c e , i t would seem t o 

o f f e r t h e same good c y c l e l i f e as t h e n i cke l cadmium bu t w i t h t h e p o s s i b i l i t y 

of tw ice t h e energy d e n s i t y . Some work c o n t i n u e s on t h e sodium s u l p h u r c o u p l e . 

In t h e Uni ted Kingdom, where t h e r e i s a c o n t i n u e d i n t e r e s t in d i e s e l - e l e c t r i c 

submar ine s , t h e Royal Navy has an a c t i v e programme on t h e development of t h e 

l i t h i u m s u l p h u r thermal b a t t e r y as a secondary s o u r c e , u s i n g t h e L i -Al /FeS 

c o u p l e . At t h e 5 - 1 0 hour r a t e energy d e n s i t i e s of 100 - 130 Wh kg ^ have 

been d e m o n s t r a t e d , and i t may be found p o s s i b l e to i n c r e a s e t h i s wi th improved 

e l e c t r o d e d e s i g n . A c y c l e t e s t of 2000 c y c l e s over one y e a r has been comple ted 

s u c c e s s f u l l y . Even a l l o w i n g f o r t h e high t e m p e r a t u r e r e q u i r e m e n t , t h i s work 

could be of v a l u e in c i v i l i a n a p p l i c a t i o n s of unde rwa te r t e c h n o l o g y . I t i s 

hoped t h a t development w i l l be completed in 2 - 3 y e a r s t i m e . Other s e c o n d a r y 

s o u r c e s , in which development i s b e l i e v e d ' t o be s t i l l a c t i v e , i n c l u d e t h e 

thermal s t o r a g e sys tems us ing carbon o r magnesia b locks (70 - 100 Wh/kg ) and 

t h e s u p e r f l y w h e e l employing aramid f i b r e s where energy d e n s i t i e s of 30 - 70 Wh/kg 

a r e c l a i m e d . 

Most d e s i g n e r s have s u c c e s s f u l l y used seconda ry b a t t e r i e s , i . e . l e a d 

a c i d , n i cke l cadmium or s i l v e r z i n c , in an o i l - f i l l e d p r e s s u r e compensated 

housing f o r deep ocean u s e . Problems have o c c u r r e d due t o t h e c r a c k i n g of 
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p l a s t i c c e l l c a s e s , o i l and e l e c t r o l y t e c o n t a m i n a t i o n , hydrogen d e g a s s i n g , 

t h e p r o d u c t i o n of mercury vapour ( s i l v e r z inc c e l l s ) e t c . bu t i t would appear 

t h a t t h e s e problems and many more have been overcome d u r i n g o p e r a t i o n a l use 

and t h a t t h e r e a r e no fundamenta l problems in t h e s u c c e s s f u l i n s t a l l a t i o n and 

use of such secondary b a t t e r i e s a t d e p t h s down to 6000 m. With b a t t e r i e s 

i n c l u d e d w i t h i n t h e p r e s s u r e hu l l of v e h i c l e s , p a r t i c u l a r c a r e has to be 

t aken t o avoid any i n t e r n a l a r c i n g or t h e p r o d u c t i o n of harmful g a s e s o r 

v a p o u r s . Grea t c a r e has to be taken over f a s t r e sponse f u s i n g of both e x t e r n a l 

and i n t e r n a l c e l l s t o p r o t e c t p e n e t r a t o r s and a s s o c i a t e d c a b l i n g in t h e v e h i c l e . 

All c i r c u i t s on v e h i c l e power b u s - b a r s r e q u i r e remote c o n t r o l c i r c u i t b r e a k e r s , 

wi th s t a t u s i n d i c a t i o n f o r t h e crew, and a l l c a b l i n g and c o n t r o l c i r c u i t s 

should be a d e q u a t e l y p r o t e c t e d a g a i n s t high t e m p e r a t u r e s , high humid i ty and 

mechanical damage. Aga in , t h e n e c e s s a r y improvements in d e s i g n have been 

s u c c e s s f u l l y made th rough o p e r a t i o n a l e x p e r i e n c e . 

Ambient p r e s s u r e e l e c t r i c a l c o n n e c t o r s c o n t i n u e t o be a problem a t a l l 

d e p t h s , and many u s e r s have c o n v e r t e d to g land p e n e t r a t o r s th rough p r e s s u r e 

hous ings e t c . to improve r e l i a b i l i t y . S o l i d s t a t e i n v e r t e r s a r e u s u a l l y 

employed to p rov ide AC c o n t r o l of t h r u s t e r s and a n c i l l a r y power s e r v i c e s in 

v e h i c l e s . C e r t a i n problems have been e x p e r i e n c e d in t h e u s e of power t r a n s i s t o r s 

and s i l i c o n - c o n t r o l l e d r e c t i f i e r s in t h e s e t y p e s of c i r c u i t , where pe r fo rmance 

has no t met t he quoted ' book ' f i g u r e s . Many v e h i c l e s have i n c l u d e d h y d r a u l i c 

power f o r main p r o p u l s i o n and o t h e r s e r v i c e s such as m a n i p u l a t o r c o n t r o l and 

t h e powering of work t o o l s , and t h e r e a r e no b a s i c problems in t h i s a r e a so 

long as r e l i a b l e ambien t p r e s s u r e compensat ion c i r c u i t s a r e u sed . In f a c t 

t h e d i s t r i b u t i o n of power by o i l o r w a t e r h y d r a u l i c c i r c u i t s i s i d e a l f o r 

deep w a t e r ^ u s e , i t p r o v i d e s f l e x i b l e and ve ry c o n t r o l l a b l e power t o a r ange 

of a c t u a t o r s v i r t u a l l y i ndependen t of ambient p r e s s u r e , and wi th a minimum 

of a c t u a t o r we igh t and b u l k . 

We b e l i e v e t h a t i t i s i m p o r t a n t to encourage t h e deve lopment of 

LOX/JP-5 (or d i e s e l o i l ) renewable f u e l s y s t e m s , f o r use i n t h e 1000 - 5000 m 

dep th r ange u n d e r w a t e r . This i n c l u d e s an i n v e s t i g a t i o n of t h e s a t i s f a c t o r y 

con t a inmen t and m e t e r i n g of t h e s e f l u i d s , and o p e r a t i o n a l t r i a l s t o e v a l u a t e 

t h e i r per formance as ene rgy s o u r c e s in e i t h e r c l o s e d Bray ton c y c l e sys t ems 

o r i n d i e s e l and S t i r l i n g eng ines o p e r a t i n g in c l o s e d o r s e m i - c l o s e d c y c l e 

c o n d i t i o n s ( see nex t s e c t i o n ) . For s e c o n d a r y , o r r e c h a r g e a b l e s o u r c e s , we 

b e l i e v e t h a t both block thermal s t o r a g e and advanced f l y w h e e l d e s i g n s shou ld 

be e v a l u a t e d and p o s s i b l y f u r t h e r deve loped . Perhaps t h e p o t e n t i a l l y most 

v a l u a b l e secondary s o u r c e being developed a t t h e p r e s e n t t ime i s t h e l i t h i u m 
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s u l p h u r ( l i t h i u m aluminium i r o n s u l p h i d e ) b a t t e r y which i s being t a i l o r e d to 

naval submar ine needs . When more f u l l y d e v e l o p e d , in s a y 2 - 3 y e a r s t i m e , 

i t shou ld be e v a l u a t e d f o r c i v i l i a n unde rwa te r a p p l i c a t i o n s , and any n e c e s s a r y 

m o d i f i c a t i o n made f o r o p e r a t i o n a l t r i a l s in t h i s f i e l d . 

7 . 2 Prime mover and p r o p u l s i o n sys tems (29) 

This s e c t i o n c o v e r s , p o t e n t i a l l y , a wide v a r i e t y of prime movers and 

t h e i r a s s o c i a t e d p r o p u l s i o n s y s t e m s . Comments made h e r e r e f e r p a r t i c u l a r l y 

to v e h i c l e s i nc luded in s e c t i o n s 6 . 3 , 6 . 5 and 6 . 7 (ROVs, and both manned and 

unmanned f ree-swimming v e h i c l e s ) , and a l s o to u n d e r w a t e r work and r e p a i r 

sys tems a l t h o u g h t h e s e a r e no t covered by t h e rev iew i n any d e t a i l . 

P r o p u l s i o n sys tems w i l l be c o n s i d e r e d f i r s t , s i n c e t h i s i s n o t 

b e l i e v e d to be a c r i t i c a l a r e a . P r e s e n t v e h i c l e s a r e d r i v e n from AC or DC 

e l e c t r i c a l power, o r by h y d r a u l i c power, th rough ma in ly shrouded p r o p e l l e r s . 

I t i s b e l i e v e d t h a t e i t h e r e l e c t r i c a l or h y d r a u l i c s y s t e m s can be made to 

f u n c t i o n a t 6000 m dep th w i t h o u t s i g n i f i c a n t t e c h n i c a l deve lopmen t . For 

e l e c t r i c a l p r o p u l s i o n a t t h e s e d e p t h s , b r u s h l e s s s q u i r r e l cage ( t y p e ) AC 

motors a r e l i k e l y to be p r e f e r r e d s i n c e l i q u i d p r e s s u r e compensa t ion can be 

used w i th n e g l i g i b l e e f f i c i e n c y l o s s and a r c i n g p r o b l e m s . H y d r a u l i c sys tems 

o f f e r f l e x i b i l i t y in l a y o u t and good speed c o n t r o l . They a r e a t p r e s e n t i n 

use to d e p t h s of 2000 m bu t comparable h y d r a u l i c c i r c u i t l a y o u t s cou ld be 

ex tended to 6000 m by e n s u r i n g t h a t t h e d i f f e r e n t i a l p r e s s u r e r e q u i r e d i s 

kep t c o n s t a n t by a compensa t ing sys t em. For t h r u s t , p r o p e l l e r s a r e p r e f e r r e d 

to d i r e c t , t h r u s t e r s s i n c e t h e y p r o v i d e b e t t e r slow speed c o n t r o l . For f i n e 

c o n t r o l , l a r g e s low-speed shrouded p r o p e l l e r s a r e b e s t s i n c e they produce 

lower a t t e n d a n t w a t e r a c c e l e r a t i o n s and v e l o c i t i e s . Resea rch i s t a k i n g p l a c e 

on c o n t r a - r o t a t i n g p r o p e l l e r d e s i g n s which may g i v e smal l improvements in 

c o n t r o l and e f f i c i e n c y . V icke r s Eng inee r ing has produced a submar ine p r o p u l s i o n 

l a y o u t which combines a wide range of o p e r a t i o n a l modes f rom a small number of 

mechanica l e l e m e n t s ; t h e s e i n c l u d e d i r e c t prime mover d r i v e wi th high o r low 

gea r r a t i o , b a t t e r y powered motor d r i v e wi th high or low g e a r r a t i o , d i r e c t 

pr ime mover d r i v e p lu s s i m u l t a n e o u s battery c h a r g i n g and b a t t e r y c h a r g i n g 

w i t h o u t p r o p u l s i o n . Such a system o f f e r s a c o n s i d e r a b l e r e d u c t i o n i n w e i g h t 

and complex i t y compared wi th a c o n v e n t i o n a l h e a t e n g i n e - e l e c t r i c s y s t e m , and 

a l l o w s t h e prime mover to be run a t h i g h e r speeds f o r g r e a t e r e f f i c i e n c y , 

c o n s i d e r a b l e b e n e f i t s f o r deep sea v e h i c l e s w i t h w e i g h t and volume l i m i t a t i o n s . 
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We b e l i e v e t h a t t h e p r e s e n t l e v e l of development of p r o p u l s i o n sy s t ems 

i s a d e q u a t e f o r v e h i c l e o p e r a t i o n in 2 - 6000 m, and t h a t adequa te l e v e l s of 

development w i l l c o n t i n u e to be p rov ided by naval and i n d u s t r i a l i n t e r e s t s 

ove r t h e nex t few y e a r s . 

The r ange of prime movers which have been s t u d i e d , and in some c a s e s 

deve loped f o r underwa te r u s e , i s l a r g e . I t i n c l u d e s a i r , steam and gas t u r b i n e s , 

and r e c i p r o c a t i n g h e a t e n g i n e s . For deep sea use i t i s n e c e s s a r y t o c l o s e , o r 

p a r t i a l l y c l o s e , t h e h e a t c y c l e and t h i s p l u s f u e l c o n s i d e r a t i o n s p l a c e l i m i t s 

on t h e more r e a l i s t i c c o n t e n d e r s . For r e a s o n s of c o s t , t e c h n i c a l c o m p l e x i t y , 

and s a f e t y we have not i n c l u d e d in t h i s r ev iew h e a t c y c l e s in which n u c l e a r 

, o r i s o t o p i c energy i s a component, o r which use p o t e n t i a l l y u n s t a b l e r e a c t a n t s 

o r f u e l s ( see s e c t i o n 7 . 1 ) . However, a number of c l o s e d c y c l e s e x i s t in which 

thermal o r chemical energy can be used to power gas or s t eam t u r b i n e s , some o f 

which were developed p r i o r to n u c l e a r p r o p u l s i o n and some i n c o n j u n c t i o n wi th 

t h e Uni ted S t a t e s space programme. These i n c l u d e t h e W a l t e r c y c l e s t e a m / g a s 

t u r b i n e runn ing on hydrogen p e r o x i d e and t h e Brayton c y c l e gas t u r b i n e 

employing f u e l and an o x i d a n t in a c a t a l y t i c combus tor . 

There has r e c e n t l y been a c o n s i d e r a b l e r e v i v a l of i n t e r e s t i n 

r e c i p r o c a t i n g e n g i n e s runn ing in c l o s e d o r n e a r - c l o s e d c o n d i t i o n s . The c l o s e d -

c y c l e d i e s e l eng ine i s a g a i n being s t u d i e d in t h e United Kingdom, and Sub Sea 

Oil S e r v i c e s (SSOS) in I t a l y have developed an eng ine in which t h e e x h a u s t i s 

sc rubbed by sea w a t e r , and t h e p r o c e s s i s c la imed to be d e p t h - i n d e p e n d e n t . 

(We v i s i t e d SSOS and were shown t h i s e n g i n e in i t s t r i a l s s u b m e r s i b l e by 

Dr. S a n t i ) . In Sweden, Uni ted S t i r l i n g has deve loped and t e s t e d a 25 kW 

S t i r l i n g eng ine which runs on d i e s e l o r methanol p l u s o x y g e n , and a r e a t 

p r e s e n t t e s t i n g a 100 kW v e r s i o n f o r t h e Royal Swedish Navy. (We v i s i t e d 

Mr. H e r b e r t N i l s son a t United S t i r l i n g in Malmo). Both d i e s e l and S t i r l i n g 

e n g i n e s can be des igned to o p e r a t e on a i r and on oxygen, w i t h e f f i c i e n c i e s 

of abou t 30 - 35%. This would e n a b l e a i r t o be used by a manned v e h i c l e f o r 

s u r f a c e c r u i s i n g o r s c h n o r k e l l i n g , and so c o n s e r v e t h e oxygen f o r u n d e r w a t e r 

a c t i v i t i e s . Oxygen would b e s t be c a r r i e d in l i q u i d form (LOX), and s u i t a b l e 

c r y o g e n i c v e s s e l s have been developed t o c o n t a i n t h e oxygen f o r 3 - 4 weeks 

a t abou t -170°C ( r e f e r e n c e v i s i t to Gabler S . A . ) . 

P r e l i m i n a r y no t e s f rom United S t i r l i n g (from Mr. H e r b e r t N i l s s o n ) 

i n d i c a t e t h a t a S t i r l i n g eng ine could be run a t a dep th o f 1500 - 2000 m 

through t h e a d d i t i o n of an e x h a u s t gas compressor which would use some 10% of 

t h e a v a i l a b l e power a t t h e s e d e p t h s . S ince a S t i r l i n g e n g i n e has an e x t e r n a l 
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combust ion chamber, c e r t a i n a d v a n t a g e s a c c r u e over a d i e s e l : t h e f u e l m i x t u r e 

can be o p t i m i s e d to reduce e x h a u s t p r o d u c t s and the p r e s s u r e in t h e chamber 

can be r a i s e d to f a c i l i t a t e e x h a u s t d i s c h a r g e . The d i e s e l eng ine must 

r e c i r c u l a t e a p r o p o r t i o n of t h e e x h a u s t COg as p a r t of t h e working f l u i d bu t 

t he ma jo r p a r t has to be d i s c h a r g e d from a low o p e r a t i n g p r e s s u r e , or a l i q u i d 

s c r u b b e r u sed . I t i s l i k e l y t h a t t h e high f lame t e m p e r a t u r e in t he combus t ion 

chamber of a S t i r l i n g eng ine w i l l r educe carbon and o t h e r d e l e t e r i o u s d e p o s i t s . 

Radia ted n o i s e l e v e l s a r e c o n s i d e r a b l y l e s s than t h o s e o f a comparable d i e s e l . 

There i s a need to prove t h e s a t i s f a c t o r y deve lopment of a medium 

power pr ime mover f o r unde rwa te r v e h i c l e s and work s t a t i o n s f o r deep wate r 

o p e r a t i o n s . We b e l i e v e t h a t Wal t e r and Brayton c y c l e s y s t e m / g a s t u r b i n e 

sys tems m e r i t f u r t h e r s t u d y , a l t h o u g h t h e s e a r e l i k e l y t o be c o s t l y s o l u t i o n s 

due to t h e i r e n g i n e e r i n g complex i ty and f u e l r e q u i r e m e n t s . They may a l s o be 

l i m i t e d by s a f e t y and o p e r a t i o n a l c o n s i d e r a t i o n s . Our recommendation i s t h a t 

a European e f f o r t should be made to prove t h e p e r f o r m a n c e of c l o s e d c y c l e 

d i e s e l e n g i n e s , p a r t i c u l a r l y t h e d e s i g n developed by Sub Sea Oil S e r v i c e s , 

a s well a s t h e S t i r l i n g e n g i n e s deve loped by United S t i r l i n g , f o r o p e r a t i o n 

in w a t e r dep ths from 1000 - 6000 m. These t e s t s shou ld be des igned to d e t e r m i n e 

the r e l i a b i l i t y of eng ines and c o n t r o l equ ipment , t h e i r e f f i c i e n c y as a f u n c t i o n 

of dep th and t h e deg ree of combust ion chamber and o t h e r f o u l i n g e x p e r i e n c e d 

under o p e r a t i o n a l c o n d i t i o n s . Such an i n v e s t i g a t i o n s h o u l d a l s o i n c l u d e a 

r e a l i s t i c a s s e s s m e n t of o p e r a t i o n a l f u e l and o x i d a n t r e q u i r e m e n t s , i n c l u d i n g 

c o n t a i n m e n t , m e t e r i n g , d i s p l a c e m e n t l o s s compensa t ion ( f o r v e h i c l e s ) and 

r e f u e l l i n g l i m i t a t i o n s . 

7 . 3 Umbi l ica l d e s i g n (30) 

U m b i l i c a l s , o r c a b l e s c o n t a i n i n g power, s i g n a l and s t r a i n members, 

a r e c r i t i c a l components in a number of v e h i c l e s y s t e m s . They a r e c r u c i a l t o 

t h e s u c c e s s of ROVs, u s u a l l y a l s o to bottom t r a c k e d v e h i c l e s and c e r t a i n l y to 

towed manned o r unmanned s y s t e m s . P o s s i b l y no o t h e r component g i v e s more 

t r o u b l e , and t h e r e c o r d of some ROV o p e r a t i o n s in p a r t i c u l a r has been a c a t e g o r y 

of f a i l u r e s due to f a u l t y u m b i l i c a l s . 

Over many y e a r s in o c e a n o g r a p h i c work, i t has been found p o s s i b l e to 

deve lop s imple e l e c t r o - m e c h a n i c a l c a b l e s which can be used in d e p t h s of 6000 m 

and l e n g t h s of 10 ,000 m. These a r e u s u a l l y c a b l e s c o v e r e d w i t h t o r q u e - b a l a n c e d 

h e l i c a l l y wound s t e e l armour w i r e s and c o n t a i n i n g t h e minimum of e l e c t r i c c o r e s . 



For most o c e a n o g r a p h i c purposes a s i n g l e c o a x i a l core s u f f i c e s and t h i s i s l a i d 

a long t h e c a b l e a x i s . Simple ' l o g g i n g ' c a b l e s of t h i s type, between 6 - 15 mm 

i n d i a m e t e r a r e r e l a t i v e l y rugged and may be handled on p r o p e r l y des igned drum 

o r t r a c t i o n w inches . The c e n t r a l c o a x i a l conduc to r p e r m i t s c o n t r o l and power 

s i g n a l s to be pu t down t h e c a b l e and m u l t i p l e x e d d a t a s i g n a l s to be r e t u r n e d . 

As soon as t h e c a b l e i s made more c o m p l i c a t e d , by add ing small i n d i v i d u a l 

c o n d u c t o r s of t w i s t e d p a i r s o r q u a d s , then r e l i a b i l i t y d e t e r i o r a t e s . 

U n f o r t u n a t e l y , t h i s message d id no t seem to g e t th rough to o f f s h o r e 

o p e r a t o r s e a r l y enough and many ROVs a r e s t i l l f i t t e d w i t h u m b i l i c a l s c o n t a i n i n g 

a m u l t i t u d e of smal l e l e c t r i c a l c o r e s . I t i s q u i t e common f o r o p e r a t o r s t o have 

to change u m b i l i c a l s s i x or more t imes in a summer s e a s o n . Recen t ly t h e r e has 

been a move to change to p a r t i a l l y m u l t i p l e x e d sys tems and t h i s should c e r t a i n l y 

improve m a t t e r s . 

The problem i s a g g r a v a t e d by t h e f a c t t h a t t h e r e i s l i t t l e i n c e n t i v e 

f o r c a b l e m a n u f a c t u r e r s to conduc t p rope r u m b i l i c a l deve lopmen t . Most d e s i g n s 

a r e based on a p a r t i c u l a r m a n u f a c t u r e r ' s e x p e r i e n c e w i t h land c a b l e s , so t h e r e 

a r e now as many u m b i l i c a l d e s i g n s as t h e r e a r e ROVs and c a b l e m a n u f a c t u r e r s . 

No m a n u f a c t u r e r i s p repared to g i v e any form of w a r r a n t y w i th t h e p r o d u c t . 

Two ve ry i m p o r t a n t r e c e n t developments have a l r e a d y i n t r o d u c e d f u r t h e r 

v a r i a b l e s and unknowns. The f i r s t i s t h e use of K e v l a r , an aramid f i b r e 

manufac tu red by Du P o n t , which , p r o p e r l y u s e d , can p r o v i d e t h e s t r e n g t h of 

s t e e l a t 5% of i t s we igh t in w a t e r . The second i s t h e i n t r o d u c t i o n of o p t i c a l 

f i b r e s i n t o t h e u m b i l i c a l t o p r o v i d e a band-wid th which w i l l a l l o w a d i g i t a l 

r a t e in e x c e s s of 10 b i t s per s econd . These two deve lopmen t s a r e p i v o t a l t o 

t h e f u r t h e r development of ROVs, and any sys tems which depend on a s t r o n g 

buoyant t e t h e r a n d / o r high t e l e m e t r y r a t e s f o r v i d e o . The problem w i l l be 

to i n t r o d u c e t h e s e new components i n t o a c a b l e t e c h n o l o g y which i s s t r u g g l i n g 

to cope wi th t h e s i m p l e r problems which s t e e l and copper w i r e s p r e s e n t . 

The most e f f e c t i v e r e s e a r c h and development i n t h i s f i e l d is be ing 

c a r r i e d o u t by naval s o u r c e s , and p a r t i c u l a r l y t h e US Navy. Aramid f i b r e s 

have p o t e n t i a l l y high t e n s i l e s t r e n g t h s bu t ba tch q u a l i t y v a r i e s , and t h e 

f i b r e s a r e prone to a b r a s i o n . Grea t c a r e has to be t a k e n in winding and 

t r e a t i n g t e n s i o n members made of t h i s f i b r e i f r e p r o d u c i b l e and c o n s i s t e n t 

t e n s i l e s t r e n g t h s a r e to be a c h i e v e d . F u r t h e r m o r e , g r e a t c a r e has t o be t aken 

in t h e d e s i g n of c a b l e s e c t i o n to e n s u r e t h a t a b r a s i o n i s minimised and t h a t 

an a c c e p t a b l e f a t i g u e l i f e in c y c l i n g i s o b t a i n e d . R a t h e r than u s ing t h e 



f i b r e s as a l oose b r a i d e d y a r n , i t a p p e a r s t h a t both t h e US Navy and t h e 

Royal Navy a r e deve lop ing t e c h n i q u e s f o r fo rming t h e f i b r e s i n t o coa ted 

t e n s i o n members. In t h i s way they g e t a p r o d u c t wi th a g u a r a n t e e d , 

r e p r o d u c i b l e , t e n s i l e s t r e n g t h which can then be ' d e s i g n e d ' i n t o a s t r a i n 

c a b l e us ing c o n c e p t s of geometry e t c . a l r e a d y developed and proved f o r s t e e l 

c a b l e s . We d e t e c t a s i m i l a r move by naval r e s e a r c h e r s i n t h e i r t r e a t m e n t of 

o p t i c a l f i b r e s . At p r e s e n t no m a n u f a c t u r e r s of o p t i c a l f i b r e s w i l l g u a r a n t e e 

t h e drawn t e n s i l e s t r e n g t h of t he f i b r e f o r l e n g t h s in e x c e s s of abou t 200 m, 

f o r most l a n d - b a s e d communication purposes t h i s i s no great h ind rance s i n c e 

f i n i s h e d c a b l e s w i l l n o t s u f f e r s i g n i f i c a n t s t r e s s . So t h e r e i s a move by 

t h e n a v i e s to deve lop p r o t e c t i v e and s t r a i n - b e a r i n g c o a t i n g s f o r s i n g l e ' 

f i b r e s which r a i s e t h e i r t e n s i l e s t r e n g t h f r o m , t y p i c a l l y , 1 kg to 50 kg. 

Even when c o a t e d , t h e y may be no more than 1 . 5 mm in d i a m e t e r and o f f e r 

enormous s i g n a l a d v a n t a g e s over t h e e q u i v a l e n t s i z e d coppe r c o n d u c t o r . At 

t h i s l e v e l of ruggedness they can be ' d e s i g n e d i n ' t o a c a b l e s e c t i o n in a 

s i m i l a r way to t h e use of Kev la r . 

C e r t a i n l y t h e r e i s a need f o r c o n t i n u i n g work t o be c a r r i e d o u t on 

t h e development of u m b i l i c a l c a b l e s , p a r t i c u l a r l y d e s i g n s making use of t h e 

a d v e n t of Kevlar and o p t i c a l f i b r e s . C o n t r o l l e d t e s t s need to be i n i t i a t e d 

on t h e t e n s i l e and f l e x u r a l p r o p e r t i e s of such c a b l e s , and t h e e f f e c t s of 

h igh p r e s s u r e on d i f f e r e n t t ypes of l a y s . The o r g a n i s a t i o n of a working 

group between t h e ma jo r m a n u f a c t u r e r s in Europe would be v a l u a b l e , p a r t i c u l a r l y 

i f t h i s led to t h e s t a n d a r d i s a t i o n of proven c a b l e d e s i g n s f o r use i n t h e 

unde rwa te r f i e l d . There i s a l s o a need to p rov ide t h e n e c e s s a r y t e s t f a c i l i t i e s 

f o r t h e s e d e s i g n s . 

7 . 4 M a n i p u l a t o r s and r o b o t i c t o o l s (31) 

M a n i p u l a t o r s and t h e i r a s s o c i a t e d too l s u i t e s a r e an e s s e n t i a l 

component f o r ROVs and manned s u b m e r s i b l e s . C o n s i d e r a b l e p r o g r e s s has been 

made ove r t h e p a s t 5 - 1 0 y e a r s t o improve t h e i r p e r f o r m a n c e in u n d e r w a t e r 

t a s k s . This impetus in development has been l ed by a wish to r educe o f f s h o r e 

d i v i n g o p e r a t i o n s to a minimum, and by t h e g r e a t s t r i d e s made in r o b o t i c s and 

semiconduc to r i n d u s t r i e s . 

M a n i p u l a t o r s come in v a r i o u s forms and l e v e l s o f c o m p l e x i t y , f rom 

l i g h t open- f ramed r a t e - c o n t r o l l e d t ypes to more complex m a s t e r / s l a v e d e v i c e s 

wi th p r o p o r t i o n a l c o n t r o l and f o r c e f e e d b a c k . The s i m p l e s t system may c o s t in 



t h e o r d e r of £1,000 and t h e most e x p e n s i v e some £ 5 0 , 0 0 0 . E l e c t r o - h y d r a u l i c s 

i s r a p i d l y becoming t h e p r e f e r r e d method of c o n t r o l , i t p r o v i d e s e x c e l l e n t 

c o n t r o l l a b i l i t y , small a c t u a t o r s and a system which can be made independen t 

of d e p t h . Recent advances have i n c l u d e d t h e a d d i t i o n of m i c r o p r o c e s s o r s t o r a g e 

and c o n t r o l so t h a t r e p e a t a b l e f u n c t i o n s , whose c o - o r d i n a t e s a r e known, can be 

c a r r i e d o u t a u t o m a t i c a l l y , t o r educe t i m e . Such deve lopments w i l l be v a l u a b l e 

i n improving t h e range of t a s k s which can be c a r r i e d o u t by ROVs. 

C o n s i d e r a b l e advances have a l s o r e c e n t l y been made in a d a p t i n g d i v e r -

held t o o l s f o r use by m a n i p u l a t o r s . In a s o p h i s t i c a t e d work sys t em, t o o l s have 

to be s t o r e d in a ' r e a d y - u s e ' too l f r ame which can be a c c e s s e d by t h e m a n i p u l a t o r . 

In t h e system developed by t h e US Navy, t h e m a n i p u l a t o r ' h a n d ' i s s u p p l i e d w i t h 

an i n t e g r a l h y d r a u l i c supp ly and q u i c k - f i t c o n n e c t o r s which a u t o m a t i c a l l y mate 

when t h e hand e n t e r s a too l b in on g u i d e s . At t h e same t ime t h e p o s i t i o n 

c o - o r d i n a t e s of t h e hand a r e used to c o n t r o l t h e pan and t i l t system of t h e 

v iewing video camera v ia m i c r o p r o c e s s o r c o n t r o l . 

We b e l i e v e t h a t t h e p r e s e n t l e v e l of m a n i p u l a t o r and t oo l deve lopment 

i n t h e underwate r s e c t o r i s a d e q u a t e f o r t h e l i k e l y needs of remote equipment 

i n deep w a t e r . Such sys tems w i l l c o n t i n u e to b e n e f i t f rom t h e l a r g e i n v e s t m e n t s 

in r o b o t i c s made in t h e n u c l e a r and p r o d u c t i o n i n d u s t r i e s . I t should a l s o be 

remembered t h a t t h e c o s t of m a n i p u l a t o r s f o r u se u n d e r w a t e r i s such t h a t t h e r e 

i s a d e f i n i t e t r a d e - o f f between complex i t y and p r i c e which t h e u s e r s a r e 

p r e p a r e d to make. F u r t h e r i n v e s t m e n t in t h i s a r e a would be u n l i k e l y to a l t e r 

t h e p r e s e n t t r e n d s or speed of deve lopment . 

7 . 5 Video sys tems and v ideo t r a n s m i s s i o n (32) 

High q u a l i t y remote v i s u a l m o n i t o r i n g equ ipment i s e s s e n t i a l f o r t h e 

m a j o r i t y of underwa te r t a s k s in t h e commerc ia l , m i l i t a r y and s c i e n t i f i c u n d e r -

wa te r f i e l d s . I t i s p a r t i c u l a r l y c r i t i c a l f o r t h e c o n t i n u e d development of 

ROVs, where improved o p e r a t i o n a l pe r fo rmance w i l l depend on s i m u l a t i n g t h e 

env i ronment a t t h e s u r f a c e in a more r e a l i s t i c manner . 

For s imp le m o n i t o r i n g and some i n s p e c t i o n t a s k s , i t i s a d e q u a t e to 

have a r e l a t i v e l y cheap c l o s e d c i r c u i t TV camera which may o r may n o t be mounted 

on a p a n / t i l t d e v i c e . For more e l a b o r a t e work c o n s i d e r a b l y g r e a t e r s o p h i s t i c a t i o n 

i s needed . For example , a t t h e l a r g e r end of t h e ROV s c a l e 'Consub 2 ' uses 

f o u r cameras , one low l i g h t u n i t wi th pan and t i l t c a p a b i l i t y f o r t h e p i l o t . 



a second pan and t i l t f o r cus tomer use and coupled t o t h i s , a colour camera 

wi th zoom l e n s f o r c l o s e up d e t a i l e d i n s p e c t i o n work. Even wi th t h i s type 

of e l a b o r a t i o n , i n c l u d i n g i t s a t t e n d a n t d a t a t r a n s m i s s i o n n e e d s , t h e p i l o t 

does no t g e t any th ing l i k e t h e same i n f o r m a t i o n as a d i v e r would g e t , o r a 

s u b m e r s i b l e p i l o t wi th 180° v i s i o n . 

P r a c t i c a l c o n s i d e r a t i o n s a p a r t , t h e i d e a l would be to deve lop a 

sys tem which would p rov ide comple te s i m u l a t i o n of t h e envi ronment around 

t h e ROV, wi th image f i d e l i t y matching t h e c a p a b i l i t i e s of t h e human eye 

r e g a r d i n g r e s o l u t i o n , c o l o u r r e n d i t i o n and s t e r e o s c o p y . However, t h e p r o v i s i o n 

of such a d i s p l a y a t normal TV r e f r e s h r a t e wi th say a 180° by 90° f i e l d of 

view would r e q u i r e a t o t a l l y i m p r a c t i c a l da t a t r a n s m i s s i o n r a t e , c o r r e s p o n d i n g 

to hundreds of p a r a l l e l 5 MHz d i s p l a y c h a n n e l s , which would no t be e c o n o m i c a l l y 

v i a b l e u s i n g any known t e c h n o l o g y . 

In t h e r e a l world wi th l i m i t a t i o n s of c o s t , w e i g h t and d a t a t r a n s m i s s i o n 

r a t e s , compromises w i l l have to be made a long t h e way i n t h e development of 

t h e more s o p h i s t i c a t e d v i s u a l m o n i t o r i n g s y s t e m s . Use r s w i l l r e q u i r e improved 

low l i g h t cameras , such as developments of t h e s i l i c o n - i n t e n s i f i e d t a r g e t (S IT) 

and t h e s i l i c o n d iode v i d i c o n cameras . They w i l l a l s o need some c o l o u r r e n d i t i o n , 

p o s s i b l y in a h i g h - r e s o l u t i o n panel in t h e c e n t r e of t h e s c r e e n , and the 

p r o v i s i o n of a u s e f u l f i e l d of view. Some measure of s t e r e o s c o p y , both twin 

cameras and h o l o g r a p h y , would a l s o be i n v a l u a b l e when c o n d u c t i n g t h e more 

d e x t r o u s t a s k s . S ince t h e d a t a has to be p rov ided i n r e a l t ime and i t s 

t r a n s m i s s i o n i s l i m i t e d by c a b l e bandwidth , t h e b e s t d e s i g n compromises a r e 

needed, 

A c o n s i d e r a b l e amount of work i s now being u n d e r t a k e n in t h e UK and 

USA on o p t i m i s i n g v i s u a l d i s p l a y s and on making t h e b e s t use of l i m i t e d band -

width u m b i l i c a l s . With t h e adven t of f i b r e o p t i c c o r e s , p a r t of t h i s problem 

w i l l be e a s e d , bu t i t w i l l s t i l l be ve ry i m p o r t a n t to c o n t i n u e r e s e a r c h i n t o 

op t imal s i m u l a t i o n , under i n s t r u m e n t we igh t and c o s t r e s t r a i n t s , t o p rov ide 

t h e f u t u r e ROV p i l o t wi th ' r e a l i s t i c ' v i s i o n to c a r r y o u t d i f f i c u l t and 

sometimes d e l i c a t e t a s k s . 



7 .6 N a v i g a t i o n , p o s i t i o n f i x i n g and t r a c k r e c o r d i n g (33) 

This i s a s u b j e c t which a f f e c t s t h e o p e r a t i o n o f a l l t h e v e h i c l e s y s t e m s 

l i s t e d . Free swimming v e h i c l e s w i l l r e q u i r e to n a v i g a t e on known t r a c k s , t h e y 

w i l l need to s t o r e p o s i t i o n f i x e s and they w i l l i n v a r i a b l y need to be l o c a t e d . 

Cable lowered and c o n t r o l l e d v e h i c l e s w i l l need to have t h e i r p o s i t i o n f i x e d 

r e l a t i v e to t h e s u r f a c e p l a t f o r m from which they a r e o p e r a t e d . 

The impor tance of n a v i g a t i o n a t t h e s u r f a c e 

P o s i t i o n i n g o b j e c t s i m p l i e s a r e f e r e n c e f r a m e . In the s i m p l e s t u n d e r -

wa te r c a s e , t h a t of equipment lowered v e r t i c a l l y from a s h i p , t h e wi re o u t 

i n d i c a t o r or metre-wheel g i v e s d i s t a n c e a long one a x i s , t h e geog raph i ca l s h i p 

p o s i t i o n t h e o t h e r two. In t h e most complex c a s e , t h e g e o d e t i c t r a c k of a 

f r e e s u b m e r s i b l e may be needed in a l l d imens ions w i t h o u t any h e l p from a s u r f a c e 

s h i p . There i s no p u b l i c l y prov ided underwa te r n a v i g a t i o n system wi th even a 

l i m i t e d r ange f a c i l i t y , l e t a l o n e wor ld -wide c o v e r a g e ; hence t h e need f o r 

e x p e n s i v e i n e r t i a l n a v i g a t i o n on m i l i t a r y s u b m a r i n e s . 

In between t h e two ex t remes above a wide s p e c t r u m of sys tems and 

t e c h n i q u e s a r e a v a i l a b l e and in u se t o d a y . In many c a s e s a c o u s t i c p o s i t i o n i n g 

r e l a t i v e to a network of bottom moored beacons o r t r a n s p o n d e r s i s used . U s u a l l y 

t h e network w i l l need to be s u r v e y e d - i n on a g e o d e t i c f r a m e by a s u r f a c e s h i p 

n a v i g a t e d by r a d i o t e c h n i q u e s . In o t h e r c a s e s i t i s s u f f i c i e n t mere ly to 

p o s i t i o n t h e underwa te r o b j e c t b y , a c o u s t i c s r e l a t i v e to t h e s u r f a c e s h i p . Thus 

we see t h a t , a p a r t from t h e m i l i t a r y submarine which i s n o t our c o n c e r n , s u r f a c e 

s h i p n a v i g a t i o n i s c r u c i a l to p r a c t i c a l l y a l l u n d e r w a t e r n a v i g a t i o n . Near s h o r e , 

high q u a l i t y , a c c u r a t e r a d i o n a v i g a t i o n methods can be s e t up c h e a p l y ; f u r t h e r 

o f f s h o r e Decca Hi f i x or Main Chain , o r Loran C may be a v a i l a b l e i n busy 

commercial a r e a s ; o t h e r w i s e f o r t h e v a s t m a j o r i t y of d i s t a n t open ocean a r e a s 

OMEGA and t h e T r a n s i t S a t e l l i t e s p r o v i d e the o n l y w o r l d - w i d e , c i v i l i a n a l l 

wea the r n a v i g a t i o n sys tems a t p r e s e n t . Omega has i n h e r e n t l y low r e s o l u t i o n 

and a c c u r a c y , w h i l s t t he d i s a d v a n t a g e of t h e medium p r e c i s i o n T r a n s i t sys tem 

i s t h e small number of f i x e s per day a t n o n - u n i f o r m , though p r e d i c t a b l e , 

i n t e r v a l s . This f e a t u r e becomes c r i t i c a l f o r example when s u r v e y i n g - i n a deep 

ocean t r a n s p o n d e r network f o r which t h e t e n s of s a t e l l i t e f i x e s r e q u i r e d t a k e 

s e v e r a l days to a c q u i r e . For t h e f u t u r e , t h e Global P o s i t i o n i n g System ( G . P . S . ) 

promises g e o d e t i c s u r f a c e s h i p f i x i n g v i a s a t e l l i t e s on a v i r t u a l l y c o n t i n u o u s 

b a s i s , which w i l l speed up t h e s u r v e y i n g - i n phase c o n s i d e r a b l y . Also t h e g e o d e t i c 

a c c u r a c y of t h e G.P .S . w i l l n e a r l y match the good r e l a t i v e p r e c i s i o n of u n d e r -

wa te r a c o u s t i c s y s t e m s . 
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Underwater a c o u s t i c p o s i t i o n i n g 

The most common way i s based on i n t e r r o g a t i n g t r a n s p o n d e r s , bu t p r e c i s i o n 

timed beacons , phase t r a c k e d CW beacons , hydrophone l i s t e n i n g a r r a y s , sona r 

beam s c a n n i n g , d o p p l e r sona r and o t h e r t e c h n i q u e s have been d e s c r i b e d f o r 

s p e c i f i c a p p l i c a t i o n s ; indeed t h e r e a r e p r a c t i c a l l y a s many systems as t h e r e 

a r e unde rwa te r o p e r a t o r s . The absence of any wide ly a c c e p t e d i n d u s t r y s t a n d a r d 

on t h e market p robab ly r e f l e c t s t h e v a r i e t y of a p p a r e n t l y d i f f e r e n t a p p l i c a t i o n s 

and t h e f a c t t h a t even t h e b e s t implemen ta t ion s u f f e r s d e g r a d a t i o n a t t imes due 

to env i ronmenta l f a c t o r s , w h i l s t c r o s s compar i sons a r e d i f f i c u l t and e x p e n s i v e 

to c a r r y o u t . 

D e s p i t e t h e v a r i e t y , a few g e n e r a l i s a t i o n s c a n be made. R e s o l u t i o n 

can be very good (cms) and maximum range can be Targe (1000 km), bu t t h e 

fundamenta l p r o p e r t i e s of a c o u s t i c p r o p a g a t i o n i n t h e ocean p r e c l u d e s i m u l t a n e o u s 
o A 

achievement of b o t h . Roughly, maximum range wiTl be 10 to 10 t imes t h e r a n g e 

r e s o l u t i o n . A b s o l u t e a c c u r a c y however i s p r e d o m i n a n t l y de te rmined by u n c e r t a i n -

t i e s i n t h e a b s o l u t e ave r age sound speed a long t h e p a t h of t y p i c a l l y 0.1% to 1%, 

t h e s e e r r o r s t hus c o n s i d e r a b l y exceed ing t h e r e s o l u t i o n f o r r anges well s h o r t 

of t h e maximum. The i n t e r n a l c o n s i s t e n c y w i l l be r a t h e r b e t t e r be ing r e l a t e d 

to t h e f l u c t u a t i o n s in pa th sound speed . Sound m u l t i p a t h s due to r e f r a c t i o n 

and boundary r e f l e c t i o n s c o m p l i c a t e r e t u r n s , caus ing c o n f u s i o n f o r i n e x p e r i e n c e d 

o p e r a t o r s and making i t a p p r e c i a b l y h a r d e r f o r t he s o f t w a r e of automated s y s t e m s 

to cope . I t i s ve ry i m p o r t a n t to a p p r e c i a t e t h a t o v e r a l l p o s i t i o n i n g e r r o r s a r e 

l a r g e r than t h e s imple r ang ing e r r o r a long a s i n g l e p a t h by a g e o m e t r i c a l m u l t i -

p l y i n g f a c t o r dependen t on network a n g l e s . Long b a s e l i n e networks have lower 

e r r o r f a c t o r s than s h o r t b a s e l i n e o n e s . 

A s h i p w i th f o u r o r more t r a n s d u c e r s spaced a round i t s hu l l fo rms a 

s h o r t b a s e l i n e system wi th which t o p o s i t i o n f r e e , towed o r lowered v e h i c l e s . 

For deep (2000 - 6000 m) v e h i c l e s az imutha l u n c e r t a i n t i e s approach 1% of s l a n t 

r a n g e . I f on ly one hu l l p e n e t r a t i o n i s a v a i l a b l e , a t r a n s d u c e r a r r a y s p l i t 

i n t o q u a d r a n t s of o r d e r one wave leng th a p a r t forms a s u p e r - s h o r t b a s e l i n e 

from which one can e x p e c t e r r o r s exceed ing 1% of s l a n t r a n g e . Here then i s 

t h e c h a l l e n g e to system d e s i g n e r s , to improve t h e s e s h o r t b a s e l i n e sys tems to 

t h e 0.1% of s l a n t r ange l e v e l , a t which p o i n t t h e u n d e r w a t e r u n c e r t a i n t y around 

10 m e t r e s w i l l match t h e G.P.S. s u r f a c e u n c e r t a i n t y . There i s enormous o p e r a t i o n a l 

conven ience in having t h e comple te system on t h e s h i p and from no t having to l a y 

and s u r v e y - i n t r a n s p o n d e r beacons . S ince t h e e r r o r f a c t o r c a n n o t be r e d u c e d , 

and t h e a b s o l u t e sounding v e l o c i t y may no t be a v a i l a b l e , a l l e f f o r t must go t o 
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r e d u c i n g t h e random r a n g i n g e r r o r in r e l a t i v e p o s i t i o n i n g ; f o r example by 

t r a n s m i t t i n g over wide band-width from t h e t r a n s d u c e r s on t h e s h i p where h igh 

power i s a v a i l a b l e , and by u s i n g hydrophones on t h e u n d e r w a t e r v e h i c l e so 

t h a t good s i g n a l - t o - n o i s e r a t i o s can be a c h i e v e d . Then f r e q u e n c y and space 

d i v e r s i t y should be employed t o c o u n t e r a c t m u l t i p a t h s , and c a r e f u l m o n i t o r i n g 

of s h i p mo t ions , p i t c h , r o l l , yaw, heave , su rge and sway w i l l a l s o be n e c e s s a r y 

i f t h e i r t r a n s f e r r e d e f f e c t on underwa te r p o s i t i o n s a r e t o be f i l t e r e d o u t . 

F i n a l l y s i n c e many underwa te r v e h i c l e s move r a t h e r s l o w l y , p o s i t i o n i n g r a t e 

may be t r a d e d f o r p r e c i s i o n by smoothing p r o c e s s e s . 

Long b a s e l i n e sys tems w i l l c o n t i n u e to be t h e b e s t c h o i c e whenever 

a c t i v i t y ex t ends ove r a long p e r i o d i n one a r e a o r when r e p e a t e d s i t e v i s i t s 

a r e expec t ed o r i f t h e h i g h e s t pe r fo rmance i s r e q u i r e d a s in t r a c k i n g r a n g e s . 

Autonomous n a v i g a t i o n 

Free s u b m e r s i b l e s working n e a r t h e sea bed migh t well need autonomous 

n a v i g a t i o n , bu t f o r r a t h e r s h o r t e r p e r i o d s i n compar ison w i th m i l i t a r y s u b m a r i n e s . 

There may be m e r i t t h e r e f o r e in combining lower pe r fo rmance i n e r t i a l s e n s o r s 

wi th ground speed measured by d o p p l e r l o g , dep th by p r e s s u r e s e n s o r , h e i g h t 

over bed by a c o u s t i c a l t i m e t e r and gyro compass to p roduce a worKable . 

dead- reckoned t r a c k . One a s p e c t of t h e r e l e v a n t t e c h n o l o g y which needs 

a t t e n t i o n i s t h e d i r e c t i o n a l high f r e q u e n c y t r a n s d u c e r s f o r such deep 

submergence v e h i c l e s a l t i m e t e r and d o p p l e r l o g s . O the rwi se t h e e l e c t r o n i c s , 

p r o c e s s i n g , power r e q u i r e m e n t s a l l seem well w i t h i n p r e s e n t c a p a b i l i t i e s . 

One should no t however u n d e r e s t i m a t e t h e e f f o r t needed t o p u t sub - sys t ems 

i n t o a r e l i a b l e i n t e g r a t e d n a v i g a t i o n and communication package w i t h i n a 

small deep v e h i c l e , where f a i l u r e of e i t h e r may mean e x p e n s i v e l o s s f o r an 

unmanned sys t em, and danger f o r a manned v e h i c l e . There w i l l a l s o be a need 

f o r t h e advance warning of t o p o g r a p h i c a l changes and t e r r a i n f o l l o w i n g 

t e c h n i q u e s should be i n v e s t i g a t e d . 
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7 .7 Buoyancy c o n t r o l and payload (34) 

This s u b j e c t i s c r i t i c a l t o t h e e f f e c t i v e o p e r a t i n g per formance of 

ROVs and manned and unmanned f ree-swimming v e h i c l e s . The re a r e t h r e e f a c t o r s 

r e g a r d i n g buoyancy which need to be a s s e s s e d : 

1 . The maximum payload of peop le and i n s t r u m e n t s and samples 

which can be loaded s a f e l y i n t o t h e sys tem and p e r m i t i t t o r e t u r n 

t o t h e s u r f a c e . 

2 . The weigh t which can be p icked up and pu t down by m a n i p u l a t o r s , 

e i t h e r be ing t r a n s f e r r e d back t o t h e sea bed o r work s i t e , o r i n t o a 

c o n t a i n e d on t h e v e h i c l e . 

3 . The number of t imes which t h e v e h i c l e buoyancy can be a d j u s t e d 

t o compensate f o r t h e o p e r a t i o n s in pa rag raph 2 above , o r t o speed 

a s c e n t o r d e s c e n t . 

Payload 

At d e p t h s g r e a t e r than 1000m t h e g e n e r a t i o n of buoyancy th rough t h e 

ma in t enance of gas spaces in e q u i l i b r i u m wi th ambient p r e s s u r e would r e q u i r e 

an e x c e s s i v e q u a n t i t y of s t o r e d gas o r chemical e n e r g y . Thus a l l buoyancy 

on deep s u b m e r s i b l e s d u r i n g t h e d i v e i s e i t h e r in f i x e d r i g i d m a t e r i a l , 

u s u a l l y s y n t a c t i c foam b l o c k s , o r in empty p r e s s u r e v e s s e l s . The s y n t a c t i c 

foam r e q u i r e d f o r dep ths t o 6000m has a r e l a t i v e d e n s i t y which has improved 

from 0 . 6 7 t o 0 . 5 5 , and i t has t aken t h e US Navy and commercial companies 5 y e a r s 

to c r e a t e t h i s improvement. I t i s u n l i k e l y t h a t f u r t h e r i n v e s t m e n t would r e s u l t 

in a g r e a t i n c r e a s e in buoyancy of t h e m a t e r i a l . The n e t buoyancy of e n c l o s e d 

p r e s s u r e v e s s e l s could be i n c r e a s e d by use of c o m p o s i t e s based on carbon f i b r e s 

o r p o s s i b l y metal c o m p o s i t e s . 

Payload would of c o u r s e be g r e a t l y i n c r e a s e d i f t h e w e i g h t of t h e 

energy s t o r e and power g e n e r a t i o n system could be r e d u c e d . S ince a l l t h e 

s u b m e r s i b l e s l i s t e d in Table 5 r e l y on more o r l e s s c o n v e n t i o n a l s e c o n d a r y 

b a t t e r i e s , i t i s a p p a r e n t t h a t t h e weigh t of t h e s e i s a s i g n i f i c a n t f a c t o r 

in r e d u c i n g t h e o p t i o n a l p a y l o a d . 

Where e x t e r n a l e x p e r i m e n t a l o r working equ ipmen t has to be used from 

a s u b m e r s i b l e wi th a minimum p a y l o a d , i t i s p o s s i b l e t o a t t a c h buoyancy m a t e r i a l 
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t o t h e t o o l s to a c h i e v e n e u t r a l buoyancy. This has t h e added advan tage t h a t i f 

t h e equipment has t o be d e p o s i t e d and p icked up a g a i n , t h e r e c y c l e d buoyancy i s 

kep t t o a minimum. 

In o r d e r t o a c h i e v e e x t r a buoyancy in emergency, s u b m e r s i b l e s a r e 

u s u a l l y de s igned so t h a t heavy components such as t h e m a n i p u l a t o r , b a t t e r i e s , 

v a r i a b l e b a l l a s t and t r i m b a l l a s t , can a l l be dropped u s i n g mechanical l i n k a g e s 

which do n o t depend on an e l e c t r i c a l power s u p p l y . 

V a r i a b l e buoyancy 

Tasks such as w a t e r j e t t i n g , e n t r e n c h i n g , r o c k - d r i l l i n g , e t c . may 

r e q u i r e t h e s u b m e r s i b l e o r v e h i c l e t o be b a l l a s t e d heavy on t h e sea f l o o r . 

Tasks such as p i c k i n g up l o s t equ ipmen t , o b t a i n i n g rock samples o r sed iment 

cores, r e q u i r e a d d i t i o n a l buoyancy t o be g e n e r a t e d d u r i n g t h e d i v e . In s h a l l o w 

w a t e r v e h i c l e s t h e v a r i a t i o n of buoyancy w h i l s t submerged can be ach ieved by 

v e n t i n g gas i n t o t a n k s , o r a l l o w i n g wa te r i n t o t h e t a n k s d i s p l a c i n g t h e g a s . 

However, a t g r e a t d e p t h , t h e volume of gas which would be r e q u i r e d t o do t h i s 

becomes p r o h i b i t i v e . The sys tem used in t h e e a r l y b a t h y s c a p h e s , and in Cyana 

and t h e p lanned SM-97, i s t o c a r r y a q u a n t i t y of l e a d s h o t a t t h e s t a r t of a 

d i v e , and t o have some s p h e r i c a l p r e s s u r e v e s s e l s which c o n t a i n a i r a t one 

a tmosphere p r e s s u r e . When an i n c r e a s e in we igh t i s n e e d e d , w a t e r i s a d m i t t e d 

t o t h e p r e s s u r e v e s s e l s ; when an i n c r e a s e in buoyancy i s needed , l e a d s h o t i s 

d ropped . The sum t o t a l of buoyancy/weigh t which can be cyc l ed d u r i n g t h e d i v e 

i s t h e r e f o r e f i x e d . In t h e c a s e of Cyana, t h e p r e s s u r e v e s s e l s have a c a p a c i t y 

of 60 l i t r e s , r e p r e s e n t i n g 60 kg of t o t a l v a r i a b l e buoyancy . The t o t a l l e a d 

s h o t c a r r i e d by Cyana i s 100 kg. This p r o v i d e s a d e s c e n t r a t e of 0 . 4 m / s e c ; 

when a l l s h o t i s d ropped , t h e a s c e n t r a t e i s a l s o 0 . 4 m / s e c . S o f t buoyancy 

t a n k s , in e q u i l i b r i u m wi th ambient w a t e r p r e s s u r e , a r e used t o g i v e e x t r a 

buoyancy on t h e s u r f a c e , b u t t h e s e a r e ven ted c o m p l e t e l y d u r i n g a d i v e . 

To t r i m f o r a t t i t u d e d u r i n g a d i v e , in t h e c a s e of Cyana and SM-97 

mercury b a l l a s t i s pumped f o r e - a n d - a f t between small b a l l a s t t a n k s and t h i s 

mercury can be dropped t o ga in buoyancy in e m e r g e n c i e s . 

During some s c i e n t i f i c and commercial work i t i s i m p o r t a n t t o va ry 

t h e depth by 50-100 o r even 1000m, v e r t i c a l l y d u r i n g a d i v e . I f such a 

v a r i a t i o n were to be r e p e a t e d more than once , i t would consume a s i g n i f i c a n t 

q u a n t i t y of t h e a v a i l a b l e v a r i a b l e buoyancy on each c y c l e ; t h u s t h r u s t e r s 

would have to be u sed . S ince t h e v e r t i c a l t h r u s t e r s a r e u s u a l l y s m a l l e r than 
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t h e main moto r , and t h e s u r f a c e a r ea of t h e v e h i c l e in t h e h o r i z o n t a l p lane 

i s l a r g e , t h i s p r o c e s s i s i n e f f i c i e n t and consumes v a l u a b l e s t o r e d energy . 

The p r o v i s i o n of adequa te v a r i a b l e buoyancy d u r i n g a d ive i s thus 

a s t r i c t l y l i m i t e d commodity in e x i s t i n g s u b m e r s i b l e s , and l i m i t s t h e i r 

working c a p a c i t y . 

Summary 

The q u e s t i o n of f i x e d and v a r i a b l e buoyancy may seem a minor a s p e c t 

of deep s u b m e r s i b l e d e s i g n , and one n o t a s s o c i a t e d wi th h igh t e c h n o l o g y . 

The s o l u t i o n s adopted by t h e s u c c e s s f u l deep s u b m e r s i b l e s a r e very s imple 

in p r i n c i p l e , and no a l t e r n a t i v e s have been t e s t e d . A l t e r n a t i v e s a r e pumped 

w a t e r o u t of p r e s s u r e v e s s e l s , consuming main eng ine power ; gas g e n e r a t o r s , 

r e q u i r i n g a volume of e x p e n s i v e chemical s t o r e d e n e r g y ; o r a l a r g e r volume of 

l i g h t s t r o n g p r e s s u r e v e s s e l s e x p l o i t i n g t h e p r e s e n t c y c l i n g p r i n c i p l e s . The 

f i r s t s o l u t i o n p l a c e s emphasis on t o t a l s t o r e d e n e r g y ; t h e second r e q u i r e s a 

s p e c i a l energy s o u r c e ; t h e t h i r d aga in p l a c e s emphasis on new m a t e r i a l s f o r 

p r e s s u r e v e s s e l s . 

Fixed and v a r i a b l e buoyancy l i m i t a t i o n s do p l a c e s e v e r e c o n s t r a i n t s 

upon t h e equipment which can be c a r r i e d and t h e work which can be done by 

manned and unmanned v e h i c l e s , and improvements to t h e s e subsys t ems would be 

v e r y b e n e f i c i a l . 
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7 . 8 P r e s s u r e v e s s e l c o n s t r u c t i o n and t e s t i n g and h u l l t h roughpu t s (35) 

This d i s c u s s i o n i s main ly r e l e v a n t to t h e v e h i c l e types cons ide red 

in s e c t i o n s 22, 24 , 26 and 27 , i . e . ROVs, unmanned and manned free-swimming 

v e h i c l e s and towed o r suspended manned s y s t e m s , but o b v i o u s l y does a l s o 

r e f l e c t t h e needs of other sys tems which use p r e s s u r e c a s e s f o r t he c o n t a i n m e n t 

of i n s t r u m e n t s and gases e t c . u n d e r w a t e r . We s h a l l be concerned wi th improved 

m a t e r i a l s and d e s i g n s to w i t h s t a n d t h e e x t e r n a l , h y d r o s t a t i c , p r e s s u r e o n l y . 

T r a d i t i o n a l l y t h e d e s i g n of submar ine p r e s s u r e h u l l s has c e n t r e d a round 

t h e r i n g - s t i f f e n e d s t e e l c y l i n d e r . Such a d e s i g n i s a d e q u a t e f o r modest d e p t h s 

where c o l l a p s e l i m i t s a r e s e t by E u l e r i a n buck! ing c o n s i d e r a t i o n s . In deep 

w a t e r s , however , between 2000 - 6000 m, c o l l a p s e w i l l o c c u r when t h e y i e l d 

s t r e n g t h of t h e hu l l m a t e r i a l i s r eached in compres s ion . With a l l con tempora ry 

m a t e r i a l s t h i s means t h a t t h e s h e l l t h i c k n e s s r e q u i r e d t o l i m i t compress iona l 

s t r e s s w i l l a l s o e n s u r e s t a b i l i t y from b u c k l i n g . The mos t e f f i c i e n t s h a p e , 

i n terms of we igh t to d i s p l a c e m e n t r a t i o , f o r such deep p r e s s u r e v e s s e l s i s 

a s p h e r e , and t h i s has been u n i v e r s a l l y adopted f o r g r e a t d e p t h s . Ear ly 

s u b m e r s i b l e s , and some contemporary o n e s , have used s t e e l of va ry ing p r o o f . 

s t r e s s g rades (HY-80 to HY-120) and s t r e n g t h s from 700 - 1000 MNm"^, but 

t h e r e has been a r e c e n t c o n v e r s i o n to medium s t r e n g t h t i t a n i u m a l l o y s c o n t a i n i n g 

a luminium, molybdenum and o t h e r a d d i t i o n s . These have s t r e n g t h s of 760 - 790 MMm" . 

a l t h o u g h h i g h e r s t r e n g t h v e r s i o n s a r e a v a i l a b l e , t hey t e n d to be s u s c e p t i b l e t o 

s t r e s s c o r r o s i o n c r a c k i n g and hydrogen e m b r i t t l e m e n t . C a l c u l a t i o n s show t h a t 

wi th a s a f e t y f a c t o r of 2 on t h e above s t r e n g t h f i g u r e s ( p u r p o s e l y c o n s e r v a t i v e 

because t h e quoted s t r e n g t h s have not been d e r a t e d f o r impac t damage, k n o t c h i n g , 

o u t - o f - r o u n d n e s s e t c . ) a 2 m d i a m e t e r s p h e r i c a l hu l l r e q u i r e d f o r 6000 m in 

s t e e l w i l l be n e g a t i v e l y buoyant and i n t i t a n i u m w i l l be j u s t p o s i t i v e l y b u o y a n t . 

The e q u i v a l e n t c y l i n d e r s in s t e e l and t i t a n i u m w i l l both be n e g a t i v e l y buoyant 

f o r 6000 m. In t h e s e des ign c a s e s c o n s i d e r a b l e a d d i t i o n a l buoyancy w i l l be 

r e q u i r e d by f r e e v e h i c l e s to e n a b l e them to c a r r y a p r a c t i c a l u s e f u l l o a d . 

S i m i l a r c a l c u l a t i o n s made f o r carbon f i b r e r e i n f o r c e d c o m p o s i t e s , assuming a 

compress iona l s t r e n g t h of 760 MNm g i v e a d i f f e r e n t p i c t u r e , t h e we igh t to 

d i s p l a c e m e n t r a t i o s a r e 0 . 3 5 and 0 . 4 5 f o r a s p h e r e and c y l i n d e r r e s p e c t i v e l y , 

g i v i n g good buoyancy m a r g i n s . 

We b e l i e v e t h a t t h e pe r fo rmance of s t e e l or t i t a n i u m i s i n a d e q u a t e f o r 

t h e d e s i g n of f r e e v e h i c l e s c a p a b l e of o p e r a t i n g f o r e x t e n d e d p e r i o d s a t d e p t h s 

app roach ing 6000 m. In o r d e r to p r o v i d e f o r a r e a l i s t i c payload i t w i l l be 

n e c e s s a r y to deve lop p r e s s u r e v e s s e l s i n composi te m a t e r i a l s . P o s s i b l e 

c o n t e n d e r s i n c l u d e carbon and g r a p h i t e r e s i n compos i t es and t h e metal compos i t e s 
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such as Boron Tungsten and g r a p h i t e r e i n f o r c e d a luminium which a r e under 

deve lopment . The h y b r i d i s e d sys tems i n v o l v i n g c a r b o n , g r a p h i t e and K e v l a r , 

t o g e t h e r in an impregnated t a p e , and deve loped f o r t h e a e r o s p a c e i n d u s t r y , 

shou ld a l s o be i n v e s t i g a t e d . I t w i l l be n e c e s s a r y to u n d e r t a k e development 

programmes to a s s e s s t h e q u a l i t y which can be r e l i a b l y o b t a i n e d in t h e l a y - u p 

and winding of l a r g e v e s s e l s , t o i n v e s i g a t e t h e a d d i t i o n a l s t r e s s e s in f i b r e s 

due to end l o a d i n g s and s u p p o r t s , and to c a r r y o u t f u r t h e r work on t h e e f f e c t 

of h igh p r e s s u r e sea wa te r on f i b r e s t r e n g t h under c y c l i n g c o n d i t i o n s . I t 

may be n e c e s s a r y to c o n s i d e r ways in which such c o m p o s i t e s can be e f f e c t i v e l y 

s e a l e d from sea w a t e r , p a r t i c u l a r l y end s e c t i o n s and m a t i n g s u r f a c e s . 

We b e l i e v e i t w i l l be i m p o r t a n t to p r o v i d e v e r y much b e t t e r h a b i t a b i l i t y 

i n manned s u b m e r s i b l e s of t h e f u t u r e , which could be d e s i g n e d f o r ex tended 

o p e r a t i o n s a t deep commercial o r s c i e n t i f i c work s i t e s . In t h i s c o n t e x t t h e 

c y l i n d r i c a l p r e s s u r e hu l l i s much more a t t r a c t i v e than a m u l t i - s p h e r i c a l d e s i g n , 

e . g . t h e DSRV, of t h e same i n t e r n a l d i a m e t e r . I t may we l l be t h a t wi th t h e u s e 

of e f f i c i e n t compos i t e s t h i s cou ld become a r e a l i t y . What i s a l s o needed i s a 

comparable improvement in v i ewing . A g r e a t dea l of work has been unde r t aken 

by t h e US Navy in t h e 60's and 70 ' s on t h e development o f s p h e r i c a l s e c t o r 

a c r y l i c windows and t h e i r moun t ings . I t w i l l be i m p o r t a n t to c o n t i n u e t h i s 

work i n t o t h e deep ocean so t h a t t h e maximum f i e l d of v iew i s a v a i l a b l e a t 

f u l l o c e a n i c d e p t h s . The l i m i t a t i o n s of a c r y l i c should be a s s e s s e d and o t h e r 

m a t e r i a l s , i n c l u d i n g g l a s s / a c r y l i c sandwich c o n s t r u c t i o n s , g l a s s ce ramic and 

c h e m i c a l l y s t r e n g t h e n e d g l a s s e s should be i n v e s t i g a t e d , deve loped and t e s t e d . 

Suppor t mountings must a l s o be deve loped which e n s u r e even edge l o a d i n g s under 

changing h y d r o s t a t i c p r e s s u r e s . Aerospace f i r m s shou ld be a b l e t o c o n t r i b u t e 

t o both t h i s work and t h e r e q u i r e d developments in c o m p o s i t e p r e s s u r e v e s s e l 

c o n s t r u c t i o n . 

The e f f e c t of hu l l p e n e t r a t i o n th rough t h e new m a t e r i a l s w i l l a l s o 

need to be s t u d i e d . Methods of con t a inmen t of p o t e n t i a l l y high s t r e s s a r e a s 

around any p i p e o r c a b l e p e n e t r a t o r must be u n d e r s t o o d , and ' f i n g e r ' p e n e t r a t o r s 

need to be developed to a l l o w c r y o g e n i c l i q u i d s to pas s th rough compos i t e s 

w i t h o u t c aus ing any pe r fo rmance d e t e r i o r a t i o n . 
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7 . 9 Data t e l e m e t r y (36) 

Data t e l e m e t r y i s e s s e n t i a l f o r most v e h i c l e t y p e s and h i g h l y d e s i r a b l e 

f o r t h e r e m a i n d e r ; even an autonomous moon- lander v e h i c l e i s l i k e l y to r e q u i r e 

some t e l e m e t r y to e n s u r e t h a t i t i s working c o r r e c t l y a f t e r deployment . The 

d a t a to be t r a n s m i t t e d i s l i k e l y to c o n s i s t of a m i x t u r e of v e h i c l e h o u s e k e e p i n g , 

i n s t r u m e n t o u t p u t s , o u t p u t s f rom o p t i c a l and a c o u s t i c imaging systems and a 

v o i c e l i n k . H i s t o r i c a l l y , m u l t i c h a n n e l t e l e m e t r y sys t ems have developed from 

pure ana logue t e c h n i q u e s , wi th f r e q u e n c y m u l t i p l e x i n g t o a l l o w m u l t i p l e c h a n n e l s , 

towards a l l - d i g i t a l sy s t ems . We s h a l l assume t h a t f u t u r e r e q u i r e m e n t s in t h i s 

f i e l d w i l l be met by a l l d i g i t a l s y s t e m s . 

The d a t a r a t e r e q u i r e d v a r i e s over a wide r a n g e , which can be rough ly 

d i v i d e d i n t o low, medium and high d a t a r a t e s as f o l l o w s : 

Data type R a t e , b i t s sec • 1 

V e h i c l e housekeeping 

Geo techn ica l i n s t r u m e n t s 

Voice l i n k 

Mixed s c i e n t i f i c payload 

S low-scan v ideo 

Deep-towed mul t i channel 

Se i smic p r o f i l e r 

B r o a d c a s t s t a n d a r d 

Colour v ideo 

lo-" 

3 X i c / 

10^ 

3 X l o ' 

20 X 10^ 

10' 

low r a t e 

medium r a t e 

h igh r a t e 

We a r e concerned wi th v e h i c l e o p e r a t i n g d e p t h s f rom 2000 - 5000 m, and 

s l a n t r a n g e s from say 2000 - 10 ,000 m may a l s o be i n v o l v e d . At t h e s e dep ths and 

ranges use of e l e c t r o m a g n e t i c waves i s r u l e d o u t by t h e h i g h l y conduc t i ng medium. 

T ransmis s ion must be e i t h e r a c o u s t i c or by a c a b l e , where t h e ' c o n d u c t o r ' i n t h e 

c a b l e may be e i t h e r by c o n v e n t i o n a l e l e c t r i c a l means or by t h e use of a f i b r e -

o p t i c l i g h t g u i d e . 

The per fo rmance of a c o u s t i c t e l e m e t r y sys tems i s s e v e r e l y l i m i t e d by 

t h e r a p i d i n c r e a s e of sound a t t e n u a t i o n wi th f r e q u e n c y i n sea w a t e r . This 

problem i s e x a c e r b a t e d by t e c h n o l o g i c a l f a c t o r s which l i m i t t h e p e r c e n t a g e 

working bandwidth which can be a c h i e v e d . The e f f e c t of t h i s l i m i t a t i o n i s t o 

f o r c e up t h e h i g h e s t f r e q u e n c y of t h e a c o u s t i c s i g n a l , i n c u r r i n g h i g h e r 

a t t e n u a t i o n than would o t h e r w i s e be t h e c a s e . Such sys t ems a l s o s u f f e r from 
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m u l t i p a t h i n t e r f e r e n c e e f f e c t s caused by r e f l e c t i o n f rom t h e seabed and s u r f a c e . 

This can be a major problem in t h i s t ype of a p p l i c a t i o n , p a r t i c u l a r l y where 

some h o r i z o n t a l t r a n s m i s s i o n i s invo lved and sou rce and r e c e i v e r a r e l i k e l y 

to be nea r t h e bounda r i e s of t h e w a t e r column. These d i f f i c u l t i e s can be 

m i t i g a t e d by keeping t h e a c o u s t i c pa th as s h o r t as p o s s i b l e , by t h e use of 

d i r e c t i v e t r a n s d u c e r s and by t h e use of coded s i g n a l s i n t r a n s m i s s i o n b u r s t s . 

However, even wi th t h e b e s t de s igned s y s t e m s , t h e p r a c t i c a l d a t a r a t e s wi l l 

be in t h e low d a t a r a t e c a t e g o r y . To improve the p e r f o r m a n c e of a c o u s t i c 

t e l e m e t r y in deep wa te r i t i s i m p o r t a n t t h a t e f f i c i e n t wide-band t r a n s d u c e r s 

a r e developed f o r use a t g r e a t d e p t h s , t h a t d i r e c t i v i t y i s improved and f u r t h e r 

work i s c a r r i e d o u t on s e c u r e m u l t i - f r e q u e n c y coding t e c h n i q u e s with e r r o r 

d e t e c t i o n . There i s a c o n s i d e r a b l e corpus of naval r e s e a r c h in r e l e v a n t f i e l d s , 

bu t i t i s o f t e n d i f f i c u l t t o o b t a i n . 

T ransmiss ion of o c e a n o g r a p h i c d a t a th rough c a b l e s of 7000 m l e n g t h 

a t a few thousand b i t s per second i s a l r e a d y s t a n d a r d p r a c t i c e . To meet t he 

m a j o r i t y of v e h i c l e r e q u i r e m e n t s , t he c a b l e l e n g t h needs t o be ex tended to 

10,000 m, and t h e d a t a r a t e i n c r e a s e d by s e v e r a l o r d e r s o f magni tude . In 

most c a s e s t h e v e h i c l e u m b i l i c a l c a b l e has to w i t h s t a n d s u b s t a n t i a l t e n s i l e 

l o a d s . Under t h e s e c i r c u m s t a n c e s t h e most e f f i c i e n t d e s i g n i s of c o a x i a l 

form wi th s o l i d p ropy lene d i e l e c t r i c and e x t e r n a l t o r q u e - b a l a n c e d h e l i c a l 

l a y e r s of s t e e l o r k e v l a r to accommodate t h e s e l o a d s . C u r r e n t oceanograph ic 

sys tems use w e l l - l o g g i n g c a b l e s of 6 - 10 mm d i a m e t e r . The 10 mm w i r e , wi th 

an e l e c t r i c a l c o r e of 5 mm d i a m e t e r , has 80 dB l o s s o v e r 7000 m a t 200 kHz. 

The r e c e i v e d s i g n a l , power may have to be as high as 10~® W to overcome thermal 

no i se and e l e c t r i c a l i n t e r f e r e n c e so 1 W w i l l need to be t r a n s m i t t e d . With 
5 

an upper f r e q u e n c y l i m i t of 200 kHz t h e maximum d a t a r a t e i s 1 .5 x 10 b i t s 

per s e c o n d . Larger d i a m e t e r c a b l e s would improve on t h i s , bu t i t i s u n l i k e l y 
t h a t c a b l e s in excess of 25 mm could be e a s i l y accommodated by t h e mother 

s h i p s e n v i s a g e d , such a c a b l e cou ld pass 10^ b i t s per s e c o n d . Such c a b l e s 

would be a c c e p t a b l e f o r medium d a t a r a t e s . 

Recent a t t e n t i o n has t u r n e d to o p t i c a l f i b r e t e c h n o l o g y f o r use in 

u m b i l i c a l c a b l e s . Using a graded index g l a s s f i b r e , l o s s e s of t h e o r d e r of 

1 dB/km a r e p o s s i b l e p e r m i t t i n g b i t r a t e s g r e a t e r than 10^ S ^ to s e r v i c e 

high q u a l i t y v ideo needs e t c . At t h i s s t a g e of deve lopment c e r t a i n m a n u f a c t u r e r s 

of ROVs have i n t r o d u c e d o p t i c a l f i b r e s i n t o s h o r t l e n g t h u m b i l i c a l s on a t r i a l 

b a s i s . M a n u f a c t u r e r s a r e r e l u c t a n t to g u a r a n t e e minimum t e n s i l e s t r e n g t h s of 

l e n g t h s g r e a t e r than say 200 m due to m a n u f a c t u r i n g c o n s t r a i n t s . A g r e a t deal 

of work a l s o needs to be done to d e t e r m i n e t h e b e s t ' p a c k a g i n g ' of t h e f i b r e 
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and i t s optimum form of l a y in t h e u m b i l i c a l to p r o t e c t i t from t e n s i l e or 

bending s t r e s s e s . Proper t e s t i n g p rocedure s f o r d i f f e r e n t l a y s and f o r long 

l e n g t h s a r e r e q u i r e d , backed by o p e r a t i o n a l e x p e r i e n c e . This would r e q u i r e 

an e l a b o r a t e and e x p e n s i v e development programme, a l t h o u g h l i k e the a c o u s t i c 

problem, t h e r e could be h e l p from naval i n t e r e s t s ( see a l s o s e c t i o n 7 . 3 ) . 

7 .10 Human c o n t r o l , s e n s o r y d a t a , f e e d b a c k , p i l o t i n g , d a t a d i s p l a y (37) 

Some bottom l a n d i n g i n s t r u m e n t s do no t p r o v i d e any da t a u n t i l they 

p h y s i c a l l y r e t u r n , and i t i s p o s s i b l e to e n v i s a g e an u n t e t h e r e d ROV which i s 

c o m p l e t e l y pre-programmed through i t s whole working c y c l e u n t i l i t r e t u r n s 

to t h e s u p p o r t v e s s e l . However, in t h e genera l c a s e , t h e r e i s a need to 

p r o v i d e a human s u p e r v i s o r , e i t h e r wi th e n g i n e e r i n g / h o u s e k e e p i n g d a t a , or 

w i th r e a l t ime expe r imen ta l o r s e n s o r y c o n t r o l d a t a . 

During Subtech '83 i t was s t r e s s e d t h a t (with t h e e x c e p t i o n s above) 

t h e r e i s a lways a human being in t h e l o o p ; whether i n a p i l o t ' s s e a t in a 

s u b m e r s i b l e l ook ing o u t th rough a p o r t , i n t h e c o n t r o l c a b i n of a ROV viewing 

v ideo s c r e e n s and numerical d i s p l a y s , o r in a l a b o r a t o r y check ing t h e r e a l -

t ime o u t p u t of measur ing s e n s o r s . The d i f f e r e n c e i s t h e d i s t a n c e of t h e 

human be ing from t h e p o i n t of work, and t h e amount of d a t a s u p p l i e d ( s e e a l s o 

s e c t i o n 7 . 5 on v ideo sys tems and 7 . 9 on d a t a t e l e m e t r y ) . 

Where t h e p i l o t i s o p e r a t i n g a slow-moving s u b m e r s i b l e by v i s u a l 

methods , t h e d e s i g n of t h e c o n t r o l s i s a k i n to t h e d e s i g n of an a i r c r a f t 

f l i g h t deck . Good fo rward v i s i o n i s e s s e n t i a l , and e r g o n o m i c a l l y des igned 

a c c e s s t o a l l t h e i m p o r t a n t o p e r a t i n g sys tems and emergency c o n t r o l s i s 

r e q u i r e d . The French s o l u t i o n (Soucoupe, Cyana, SM 97) has t r a d i t i o n a l l y 

had t h e p i l o t and o b s e r v e r l y i n g down on shaped couches so t h a t t h e i r heads 

a r e c l o s e to t h e downward-angled viewing p o r t s . This g i v e s e x c e l l e n t v i s i o n 

th rough small p o r t s , bu t l i m i t e d a c c e s s to c o n t r o l s u n l e s s t h e p i l o t l i f t s 

back from t h e p o r t h o l e . La rge r v e h i c l e s , e s p e c i a l l y t h o s e working i n s h a l l o w e r 

w a t e r , where l a r g e h e m i s p h e r i c a l v iewing p o r t s a r e p o s s i b l e , may have t h e p i l o t 

and o b s e r v e r s i t t i n g in c o m f o r t a b l e s e a t s o p e r a t i n g a i r c r a f t - t y p e i n s t r u m e n t 

a r r a y s . S ince deep v e h i c l e s a r e p robab ly going to be l i m i t e d to small viewing 

p o r t s , t h e French l a y - o u t may be i n e v i t a b l e . If a l a r g e deep -ocean v e h i c l e 

were to be b u i l t , a s i t t i n g p o s i t i o n would p robab ly be n e e d e d , in o r d e r to be 

c o m p a t i b l e wi th e n d u r a n c e , crew s h i f t s , and communica t ions between crew members. 

Forward and downward v i s i o n could be p rov ided by a c o m b i n a t i o n of p o r t h o l e s and 

v i d e o . 
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On a manned v e h i c l e f u r t h e r d a t a and f e e d b a c k may be needed on 

a t t i t u d e , p o s i t i o n of t o o l s , and m a n i p u l a t o r f o r c e s ( s e e s e c t i o n 7 .4 on 

m a n i p u l a t o r s ) . Research v/as conduc ted in t h e l a t e 50s and e a r l y 70s on 

i n t e g r a t e d t h r u s t e r c o n t r o l s to p rov ide p i l o t s wi th s i m p l e c o n t r o l s , good 

f e e d b a c k , and d a t a d i s p l a y s on a t t i t u d e , e s p e c i a l l y i n c o n n e c t i o n wi th t h e 

Deepquest and t h e DSRVs (Avalon and M y s t i c ) . In p r a c t i c e , s u b m e r s i b l e p i l o t s 

can become adep t a t manoeuvring such slow v e h i c l e s w i t h q u i t e s imple o n - o f f 

sw i t ch boxes , and t h e s u c c e s s f u l manoeuvring of a v e h i c l e - f o r example 

mat ing a DSRV onto a m i l i t a r y submarine - depends as much on t h e r e g u l a r and 

r e p e a t e d e x p e r i e n c e of t h e p i l o t as on t h e s o p h i s t i c a t i o n of t h e c o n t r o l s . 

For ROVs t h e volume and q u a l i t y of d a t a d i s p l a y e d to t h e o p e r a t o r 

i s a l s o a q u e s t i o n of r e s e a r c h and deve lopment . Where t h e s u b m e r s i b l e p i l o t 

can s e n s e a c c e l e r a t i o n , d e c e l e r a t i o n , and r o t a t i o n , a s wel l as o b s e r v e 

th rough t h e p o r t h o l e w i th d e p t h - p e r c e p t i o n and p a r a l l a x , t h e ROV o p e r a t o r 

on ly has f l a t v ideo images , and numerical o r ana logue d i s p l a y s of a t t i t u d e 

and movement. In p r a c t i c e , o p e r a t o r s work e f f i c i e n t l y w i t h t h e l i m i t e d d a t a , 

bu t c o n s i d e r a b l e r e s e a r c h i s be ing conducted i n t o t h e improvements which might 

be o b t a i n e d by b e t t e r d a t a and r e a l i s t i c v i s u a l s i m u l a t i o n . Var ious combina-

t i o n s of s t e r e o - v i s i o n , p a r a l l a x g e n e r a t i o n , w i d e - a n g l e p l u s n a r r o w - a n g l e 

v i e w i n g , ho log raphy , e t c . a r e being t r i e d . F u r t h e r e rgonomic r e s e a r c h i s 

needed to q u a n t i f y t h e working advan t ages in te rms of speed and a c c u r a c y which 

can be o b t a i n e d by t h e d i f f e r e n t sy s t ems . 

With ROVs t h e problem of p r o v i d i n g a s u f f i c i e n t d a t a r a t e may be a 

s i g n i f i c a n t f a c t o r , but wi th u n t e t h e r e d ROVs t h e problem of d a t a t r a n s m i s s i o n 

f o r both , c o n t r o l and e x p e r i m e n t a l measurements becomes e x t r e m e l y s e r i o u s . For 

v ideo t r a n s m i s s i o n by a c o u s t i c methods t h e h i g h e s t p i c t u r e r a t e i s a b o u t 1 

p i c t u r e eve ry 15 s e c o n d s , whereas t h e minimum p i c t u r e r a t e f o r good c o n t r o l 

i s 4 f r ames per s e c o n d . Russe l l e t al (1983 Subtech) s u g g e s t a t e t h e r e d ROV 

communicat ing w i th a UROV over s h o r t pa th l e n g t h s of t h e o r d e r of 100 m, us ing 

600 KHz t r a n s m i s s i o n s w i th a d a t a r a t e of lo'^ b i t s / s . Th i s compares wi th a 

slow scan v ideo s t a n d a r d of 3 x 10^ b i t s / s . Even o v e r t h e s e r a n g e s t h e r e a r e 

problems wi th m u l t i p l e pa th d e l a y s . Over . t y p i c a l o c e a n i c r a n g e s and d e p t h s 

of s e v e r a l k i l o m e t r e s , t h e f r e q u e n c y would be l o w e r , and t h e d a t a r a t e ve ry 

much s l o w e r . 

Russe l l a l s o d e s c r i b e d t e c h n i q u e s of bandwidth r e d u c t i o n f o r v ideo 

d a t a t r a n s m i s s i o n , and s u g g e s t e d the use of a r t i f i c i a l i n t e l l i g e n c e w i t h i n 

t h e v e h i c l e to r educe t h e volume of d a t a which would need to be t r a n s m i t t e d 
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i n e i t h e r d i r e c t i o n . Others have sugges t ed a more complex s t r u c t u r e , in which 

a r t i f i c a l i n t e l l i g e n c e i s used in t h e UROV to manage t h e b a s i c c o n t r o l s and 

d a t a l o g g i n g and an a c o u s t i c l i n k i s used to t r a n s m i t a g r e a t l y reduced d a t a 

and c o n t r o l s i g n a l volume to t h e s u p p o r t c o n s o l e ; a t t h e s u p p o r t conso l e a 

second a r t i f i c a l i n t e l l i g e n c e system would be used to r e g e n e r a t e mis s ing o r 

condensed d a t a f o r t h e o p e r a t o r , and a l s o to t a k e i n t o a c c o u n t t h e time d e l a y 

r e s u l t i n g from t h e a c o u s t i c t r a n s m i s s i o n t i m e . Such a sys t em would have to 

be r i g o r o u s l y t e s t e d in r e a l i s t i c c o n d i t i o n s to f i n d o u t t h e b e s t combina t ion 

of ' i n t e l l i g e n c e ' and d a t a f o r m a t which would p r o v i d e t h e r e q u i r e d degree of 

c o n t r o l . 

Summary 

This i s a very w i d e - r a n g i n g s u b j e c t which i s p a r t i c u l a r l y i m p o r t a n t 

f o r t h e c o n t r o l of ROVs and unmanned f ree-swimming v e h i c l e s (UROVs). Any 

s o l u t i o n w i l l be a compromise based on the l i m i t e d ' r e a l i s m ' of v ideo and 

t h e modest o r poor d a t a r a t e s of c a b l e s and a c o u s t i c s r e s p e c t i v e l y . In t h e 

c a s e of UROVs i t i s q u i t e c o n c e i v a b l e t h a t c o n t r o l w i l l be l o s t on o c c a s i o n s 

when t h e a c o u s t i c path i s b l a n k e t e d by a s t r u c t u r a l member. For t h i s and 

o t h e r c a s e s i t w i l l be n e c e s s a r y to invoke the a i d of a r t i f i c i a l i n t e l l i g e n c e 

wi th a t r a c k memory so t h a t t h e v e h i c l e can c o n t r o l i t s e l f back to b a s e . This 

t ype of advanced c o n t r o l , and t h e more gene ra l use of a r t i f i c i a l i n t e l l i g e n c e 

a t e i t h e r end of a low bandwidth l i n k , a r e be ing s t u d i e d by groups in t h e UK, 

bu t more a n a l y s i s i s needed t o s e l e c t t h o s e l i n e s of deve lopment which a r e 

most l i k e l y to succeed ( see a l s o s e c t i o n s 7 . 5 and 7 . 9 ) . 

7 .11 L i f e s u p p o r t (38) 

L i f e s u p p o r t i s no more d i f f i c u l t in deep v e h i c l e s than s h a l l o w o n e s , 

a l t h o u g h we igh t and volume r e s t r a i n t s on the amount of oxygen and s c r u b b e r s 

which may be c a r r i e d may make i t more d i f f i c u l t t o a c h i e v e o b j e c t i v e s . 

C e r t i f i c a t i o n a u t h o r i t i e s ( L l o y d s , Det Norsk V e r i t a s ) l a y down s t a n d a r d s f o r 

a i r p u r i t y , b r e a t h i n g gas e n d u r a n c e , e t c . Total hours of l i f e s u p p o r t f o r 

crew i s u s u a l l y a minimum of 72 h o u r s . S ince t h e normal work ing d i v e f o r a 

small s u b m e r s i b l e i s 5 -8 h o u r s , t h e 72 hour l i f e s u p p o r t i s d e s i g n e d t o p r o v i d e 

a t l e a s t 2 . 5 days of working t ime to m o b i l i s e and c a r r y o u t r e s c u e o p e r a t i o n s 

in t h e e v e n t of a s e r i o u s a c c i d e n t . This p e r i o d was j u s t s u f f i c i e n t in t h e 

c a s e of t h e P i s c e s a c c i d e n t in t h e s o u t h e r n I r i s h Sea i n 1974 . 
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When a s u b m e r s i b l e i s des igned to be autonomous ( f o r example 

A r g y r o n e t e , Seahorse I I ) t h e r e must be crew w a t c h e s , g r e a t e r c o m f o r t , and 

s u i t a b l e s l e e p i n g space. This becomes p r a c t i c a b l e a t a minimum weight in 

a i r of abou t 40 - 50 t o n s . The l i f e s u p p o r t and s u b s i s t e n c e equipment 

becomes a small v e r s i o n of a m i l i t a r y submar ine . For example , the Bruker 

Seahor se 11, which was completed in 1983 f o r work in s h a l l o w w a t e r , has a 

small g a l l e y , bunks , and t o i l e t , as wel l as a small workshop f o r underway 

r e p a i r s . 

Naval submar ine r s a r e s c e p t i c a l of t h e a b i l i t y of companies or 

l a b o r a t o r i e s w i t h o u t m i l i t a r y e x p e r i e n c e to manage and n a v i g a t e s a f e l y with 

m i l i t a r y type submar ine s . The combina t ion of n a v i g a t i o n a l and c o n t r o l 

d i s c i p l i n e , o p e r a t i o n a l ma in tenance and r e l i a b i l i t y , e t c . , p l a c e s s t r e s s e s 

on t h e crew f o r pro longed p e r i o d s which a r e q u i t e u n l i k e t h o s e invo lved in 

t r a d i t i o n a l s u b m e r s i b l e o p e r a t i o n s . They p o i n t o u t t h a t a 50 ton submarine 

c r u i s i n g a t t h e s u r f a c e to r e c h a r g e i t s b a t t e r i e s would be a very u n c o m f o r t a b l e 

c r a f t in a n y t h i n g but t h e c a l m e s t s e a s . In t h e deve lopment and o p e r a t i o n of 

autonomous submar ines o r s u b m e r s i b l e s i t would be an a d v a n t a g e to i n c o r p o r a t e 

a s much m i l i t a r y e x p e r i e n c e as p o s s i b l e . Vickers in B r i t a i n and IKL-Gabler 

in Germany would be in a good p o s i t i o n to p rov ide t h e n e c e s s a r y e x p e r t i s e . 

For autonomous s u b m e r s i b l e s l i f e s u p p o r t r e q u i r e m e n t s s h o u l d be based on 

naval p r i n c i p l e s . 

7 . 1 2 Emergency and b a l e o u t sys tems (39) 

^No s p e c i a l i n v e s t i g a t i o n of emergency sys tems f o r deep ocean v e h i c l e s 

was made d u r i n g t h i s s u r v e y , bu t some gene ra l p o i n t s can be made. In t h e 

e v e n t of buoyancy m a t e r i a l s c r u s h i n g , o r buoyancy compar tments f l o o d i n g , 

a n d / o r l o s s of power, t h e p i l o t should be a b l e to drop s u f f i c i e n t w e i g h t 

t o o b t a i n s t r o n g p o s i t i v e buoyancy. I tems to be dropped i n c l u d e b a t t e r i e s , 

s k i d s , m a n i p u l a t o r arm, s h o t b a l l a s t , t r i m b a l l a s t , e t c . 

A deep ocean s u b m e r s i b l e i s , by d e f i n i t i o n o p e r a t i n g deepe r than 

t h e maximum dep th f o r d i v e r s , and deepe r than t h e maximum d e p t h f o r a l l bu t 

a ve ry few manned v e h i c l e s and ROVs. In o r d e r to maximise s a f e t y in e m e r g e n c i e s , 

l i f e - s u p p o r t t ime should be as long as p o s s i b l e , and t h e v e h i c l e should be 

f i t t e d wi th a c o u s t i c beacons powered i n d e p e n d e n t l y from t h e main power s o u r c e s . 

Recovery o p e r a t i o n s could on ly be c a r r i e d o u t by the a s s i s t a n c e of o t h e r 

v e h i c l e s . In t h e case of some combined expe r imen t s w i t h Cyana and A l v i n , 

e i t h e r v e h i c l e could have a s s i s t e d t h e o t h e r . This c i r c u m s t a n c e i s t h e 
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e x c e p t i o n r a t h e r than t h e r u l e . In g e n e r a l , i f an a c c i d e n t o c c u r r e d , one or 

more ROVs or manned v e h i c l e s , w i th t h e n e c e s s a r y s u p p o r t s h i p s , might have to 

be t r a n s p o r t e d many thousands of m i l e s . In t h e c a s e of t h e I r i s h Sea P i sce s 

a c c i d e n t in 1974 ROVs and s u b m e r s i b l e s were f lown from C a l i f o r n i a , Canada, 

and t h e North Sea to a p o r t in I r e l a n d . The g r e a t e s t d e l a y was in s teaming 

t h e s u p p o r t v e s s e l s back to. t h e p o r t , l o a d i n g t h e v e h i c l e s and t h e i r s u p p o r t 

equ ipment , and r e t u r n i n g to the d i v e s i t e . In t h e e v e n t of an a c c i d e n t to a 

deep ocean s u b m e r s i b l e one thousand m i l e s o r more from l a n d , t h i s d e l a y could 

be a week o r more. 

I t i s no t p o s s i b l e to s u g g e s t easy s o l u t i o n s t o t h e s e problems. I t i s 

r e a s o n a b l e to s u g g e s t t h a t t h e l i f e s u p p o r t f o r deep ocean s u b m e r s i b l e s should 

be s i g n i f i c a n t l y more than 72 h o u r s , u n l e s s an ROV or a n o t h e r submer s ib l e wi th 

a s i m i l a r dep th c a p a b i l i t y i s c l o s e t o hand , o r on the same s u p p o r t s h i p . 

I f an autonomous submarine were c o n s i d e r e d f o r deep ocean work, t he 

s a f e t y problems c r e a t e d would be q u i t e new. This a n a l y s i s s u g g e s t s t h a t even 

i f a deep ocean v e h i c l e were des igned f o r pro longed d u r a t i o n d i v e s of s e v e r a l 

d a y s , i t should be suppor t ed by a mother s h i p w i th a deep d i v i n g ROV a v a i l a b l e . 

I t shou ld a l s o be p o s s i b l e to p r o v i d e a G a b l e r - t y p e e s c a p e c a p s u l e on the 

l a r g e r d e s i g n of autonomous submar ine . 

7 . 1 3 S u r f a c e s u p p o r t s h i p s , p l a t f o r m s and hand l ing s y s t e m s (40) 

Two oppos ing t r e n d s can be obse rved in s u r f a c e s u p p o r t . S ince t h e 

s u r f a c e s u p p o r t s h i p i s t h e most c o s t l y p a r t of most submers ib le /ROV/Oceanograph ic 

o p e r a t i o n s , t h e f i r s t approach i s t o make t h e unde rwa te r i n t e r v e n t i o n system a s 

l i g h t and small as p o s s i b l e , and to t r y and o p e r a t e f rom n o n - s p e c i a l i s t v e s s e l s . 

At t h e o p p o s i t e e x t r e m e , s u p p o r t s h i p s have been b u i l t f o r s u b m e r s i b l e and ROV 

o p e r a t i o n s which u t i l i s e moon-pools and l a r g e s t e r n A - f r a m e s and dynamic 

p o s i t i o n i n g in o r d e r to maximise t h e chances of l a u n c h i n g , o p e r a t i n g and 

r e c o v e r i n g t h e v e h i c l e r e g a r d l e s s of sea s t a t e . A t h i r d , and very d i f f e r e n t 

o p t i o n i s to abandon s u r f a c e s u p p o r t a l t o g e t h e r , and c o n d u c t an autonomous 

submerged o p e r a t i o n . 

I t i s not p o s s i b l e to a n a l y s e t h e s e q u e s t i o n s f u l l y in t h i s r e p o r t , 

but t h e i r a d v a n t a g e s and d i s a d v a n t a g e s w i l l be summarised b r i e f l y below. 
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L igh t we igh t wi th s h i p of o p p o r t u n i t y 

The s m a l l e s t s u b m e r s i b l e c a p a b l e of d i v i n g below 2000 m i s Cyana wi th 

a w e i g h t i n a i r of 9 t o n n e s . A more t y p i c a l we igh t i s 15 - 25 t o n n e s . ROVs 

f o r deep wa te r in most c a s e s a r e l i n k e d to a cage o r g a r a g e which, more than 

doub le s t h e we igh t of t h e a c t u a l powered v e h i c l e ; to t h i s has to be added t h e 

c o n t r o l c a b l e , c a b i n , and o p e r a t o r ' s c o n s o l e , which t y p i c a l l y r e s u l t s in t h e 

a l l - u p system w e i g h t be ing abou t 10 - 15 t imes t h e w e i g h t of t h e components 

which a r e launched i n t o t h e w a t e r . Total on-board we igh t r a n g e s from 3 tonnes 

t o 30 t o n n e s . 

In e i t h e r c a s e , a v e s s e l of s e v e r a l hundred t o n n e s would be the minimum 

f o r s u p p o r t in a calm sea; t o e n s u r e s a f e l aunch and r e c o v e r y in a rough s e a , 

t h e v e s s e l would have to be 1000 tonnes o r more. Thus, where deep wate r 

o p e r a t i o n s a r e c o n c e r n e d , t h e s e a r c h f o r cheap s o l u t i o n s must be somewhat 

i l l u s o r y . S ince deep wa te r o p e r a t i o n s a r e bound to be a s s o c i a t e d wi th e x p e n s i v e 

r e s e a r c h p r o j e c t s p lanned over many months o r y e a r s , o r w i t h commercial a c t i v i t i e s 

i n v o l v i n g ve ry high down-time c o s t s , t h e r i s k of c o n d u c t i n g o p e r a t i o n s from 

an u n s u i t a b l e v e s s e l and l o s i n g a high p r o p o r t i o n of o n - s i t e working t ime due 

to bad wea the r i s p robab ly too g r e a t . 

Expe r i ence wi th UROVs i s ve ry l i m i t e d , bu t s i n c e t h e y do no t r e q u i r e 

l a r g e c a b l e w i n c h e s , o r o n - l i n e v ideo and c o n t r o l s y s t e m s , i t i s p o s s i b l e t h a t 

t hey might be o p e r a t e d from c o n v e n t i o n a l r e s e a r c h o r m i l i t a r y v e s s e l s wi th a 

minimum of m o d i f i c a t i o n . 

S p e c i a l i s t s h i p o r p l a t f o r m 

The most s u c c e s s f u l deep ocean s u b m e r s i b l e s have been o p e r a t e d from 

s p e c i a l l y des igned o r adap ted s h i p s . Alv in d i v e s from t h e ca tamaran pontoon 

v e s s e l "Lu lu" ; Cyana i s launched v i a l a r g e A-f rames from CNEXO r e s e a r c h s h i p s ; 

Deepquest has an e x t r e m e l y e l a b o r a t e l a u n c h i n g v e s s e l wi th a f l o o d a b l e r e a r 

s e c t i o n . In s h a l l o w e r w a t e r t h e P i s c e s and S l i n g s b y commercial v e h i c l e s 

working main ly in t h e North Sea and o t h e r European w a t e r s have a l l been 

o p e r a t e d from c o n v e r t e d s t e r n t r a w l e r s wi th l a r g e s t e r n A - f r a m e s and m o d i f i e d 

deck space a f t . Saipem o p e r a t e s s u b m e r s i b l e s , ROVs, and d i v e r o b s e r v a t i o n 

and s a t u r a t i o n b e l l s in t h e North Sea from s p e c i a l s u p p o r t s h i p s w i th a moon-

pool and A-frame such as t h e 5000- tonne v e s s e l 'Ragnus D u e ' . S p e c i a l i s t s emi -

s u b m e r s i b l e mobi le p l a t f o r m s have r e c e n t l y been i n t r o d u c e d i n t h e North Sea 

to s u p p o r t s a t u r a t i o n d i v i n g , f i r e - f i g h t i n g , s a l v a g e o p e r a t i o n s , and o t h e r 

emergency a c t i v i t i e s . 
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S p e c i a l i s t v e s s e l s wi th dynamic p o s i t i o n i n g , d e s i g n e d launch e q u i p m e n t , 

and e x c e l l e n t on-board main tenance f a c i l i t i e s , l a b o r a t o r i e s , and da t a p r o c e s s i n g 

equipment a r e ve ry e x p e n s i v e . Yet t h e r e t u r n i n t h e fo rm of a lmost g u a r a n t e e d 

o p e r a t i n g t ime on s i t e has proved compe l l ing in t h e commercial w o r l d , t o t h e 

US m i l i t a r y , and in t h e US and French r e s e a r c h s e c t o r s . 

Most work by ROVs in w a t e r dep ths l e s s than 1000m has been in 

s u p p o r t of o i l - f i e l d o p e r a t i o n s o r naval r e q u i r e m e n t s . In both ca se s powerfu l 

and w e l l - e q u i p p e d w o r k - b o a t s , supp ly b o a t s , su rvey v e s s e l s , t u g s , e t c . a r e 

g e n e r a l l y a v a i l a b l e . Thus, a l t h o u g h ROVs a r e r o u t i n e l y o p e r a t e d from v e s s e l s 

which were n o t des igned t o s u p p o r t them, t h e s u p p o r t v e s s e l s a r e s u b s t a n t i a l 

and have e x c e l l e n t power and back-up f a c i l i t i e s . S ince t h e ROV w i l l r e q u i r e 

i t s own launch f r a m e , c a b l e and winch , as well as t h e c o n t r o l cab in and 

ma in tenance equ ipment , t h i s i s i m p o r t a n t . For work d e e p e r than lOOOm, as 

in t h e c a s e of t h e Dual Hydra 2500 working on t h e She l l d r i l l i n g o p e r a t i o n 

o f f New J e r s e y in 1983, t h e ROV s u p p o r t was i n t e g r a t e d i n t o t h e deck equipment 

of t h e D i s c o v e r e r Seven S e a s , a dynamica l l y p o s i t i o n e d d r i l l s h i p . The ROV 

was l aunched from i t s own A - f r a m e , 5m above t h e w a t e r s u r f a c e , and t h e 

cage-plus-ROV descended a t a u t g u i d e - w i r e , ( F r i s b i e , 1 9 8 3 ) . 

For deep w a t e r work w i th ROVs in f u t u r e i t i s p r o b a b l e t h a t t h e b e s t 

s u r f a c e p l a t f o r m s w i l l e i t h e r be e x i s t i n g s p e c i a l i s e d s u p p o r t v e s s e l s , or 

s p e c i a l l y b u i l t v e s s e l s des igned t o s u p p o r t underwate r i n t e r v e n t i o n v e h i c l e s . 

Autonomous v e h i c l e s 

Some a n a l y s t s have conc luded t h a t s i n c e cheap s u r f a c e s u p p o r t i s no t 

r e l i a b l e , and good s u r f a c e s u p p o r t i s ve ry e x p e n s i v e , t h e b e s t s o l u t i o n i s 

t o work c o m p l e t e l y submerged. The arguments c o n c e r n i n g s a f e and economic 

o p e r a t i o n of n o n - m i l i t a r y autonomous submar ines a r e complex and u n r e s o l v e d . 

However, assuming t h a t e f f i c i e n t and economic v e h i c l e s o f 50-500 tonnes 

could be o p e r a t e d t o dep ths of t h e o r d e r of 1000~2000m, t h e y cou ld l o g i c a l l y 

form i d e a l launch and c o n t r o l p l a t f o r m s f o r e i t h e r ROVs, o r s m a l l e r and deeper 

working s u b m e r s i b l e s . The l o g i c of t h i s depends upon w h e t h e r i t i s r e a l l y 

cheape r and more e f f i c i e n t t o s u p p o r t t h e s m a l l e r sys tem from a submar ine 

which i s f r e e of wave a c t i o n , o r f rom t h e sea s u r f a c e . Th i s kind of " p i g g y - b a c k " 

system migh t be t e s t e d f i r s t under i c e in t h e Canadian A r c t i c . Haas and Kern 

(1983) s t a t e t h a t a 46 tonne 460m depth v e h i c l e can be b u i l t f o r autonomous 

work a t a c o s t of $3 m i l l i o n , and t h a t a deepe r and l a r g e r v e h i c l e cou ld be 
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b u i l t f o r £4 m i l l i o n . This i s an o r d e r of magni tude l e s s than a dynamica l ly 

p o s i t i o n e d p u r p o s e - b u i l t d i v i n g or s u b m e r s i b l e s u p p o r t s h i p . 

7 .14 Land, sea o r a i r t r a n s p o r t a b i l i t y (41) 

Deep ocean s u b m e r s i b l e s t y p i c a l l y weigh 9-50 t o n n e s in a i r . ROVs w i t h 

s u p p o r t equ ipment , t y p i c a l l y weigh 4 -40 tonnes f o r work below 1000m. The UROV 

E p a u l a r d , weighs 3 t o n n e s . Bottom l a n d e r s t y p i c a l l y weigh a few t o n n e s , o r 

l e s s t h a n 1 t o n n e . 

Ease of t r a n s p o r t a b i l i t y i s an i m p o r t a n t f a c t o r in e n s u r i n g e f f e c t i v e 

and economic u se . This i n c l u d e s c o n s i d e r a t i o n of t r a n s p o r t by r o a d , r a i l and 

a i r , a s wel l as c r anage f o r l i f t i n g on to a s h i p , and l a u n c h and r e c o v e r y a t s e a . 

The DSRVs (Myst ic and Avalon) each weigh 25 t o n n e s , and can be t r a n s p o r t e d 

by a i r in l a r g e m i l i t a r y a i r c r a f t , and by r o a d . A t r i a l was conducted in t h e 

Clyde in August 1983, when a DSRV was f lown from San Diego to P r e s t w i c k , and 

then t r a n s p o r t e d by road t o Cou lpo r t on t h e Clyde . The DSRV was then mounted 

on t h e RN Submarine "Revenge" f o r d i v i n g e x e r c i s e s ( G u a r d i a n ) . The Swedish 

Navy r e s c u e s u b m e r s i b l e b u i l t by Kockums Varv weighs 50 t o n n e s , and i s road 

t r a n s p o r t a b l e . P i s c e s s u b m e r s i b l e s weighing of t h e o r d e r of 10 t o n s have been 

a i r t r a n s p o r t e d on s e v e r a l o c c a s i o n s . 

Although d a t a have no t been o b t a i n e d on t h e a b s o l u t e maximum weigh t s 

and d imens ions of c a r g o e s which a r e a i r t r a n s p o r t a b l e , t h e above f i g u r e s p r o v i d e 

g u i d a n c e . SM-97 i s c l e a r l y a i r - t r a n s p o r t a b l e a t 18 t o n n e s , and i s i s r e a s o n a b l e 

t o assume t h a t deep ocean s u b m e r s i b l e s c a r r y i n g 2 -3 men on s i n g l e d i v e s could 

g e n e r a l l y be a i r - t r a n s p o r t a b l e . 

The DSRVs and t h e Kockums Varv v e h i c l e on ly c a r r y on-crew pe r sonne l 

f o r s h o r t p e r i o d s d u r i n g r e s c u e o p e r a t i o n s . Thus they c a n n o t be t aken as 

examples of m u l t i - w a t c h autonomous v e h i c l e s . The Bruker M e e r e s t e c h n i k 

Seahor se I I a t 46 tonnes i s r a i l t r a n s p o r t a b l e in Europe (Haas and Kern, 1983) 

and can be handled by ha rbour c r a n e s . La rge r v e h i c l e s such as Argy rone t e or 

some of t h e l a r g e r h igh speed submar ines proposed by Dr. San t i (SSOS) a r e 

c l e a r l y n o t t r a n s p o r t a b l e by r a i l , road o r a i r . I t seems p r o b a b l e t h a t a 

long d u r a t i o n m u l t i - w a t c h deep ocean s u b m e r s i b l e would have a minimum weight 

g r e a t e r than 100 tonnes and would t h e r e f o r e on ly be t r a n s p o r t a b l e on a s h i p , 

under i t s own power, or be towed. I t i s n o t a b l e t h a t t h e Kockums Varv r e s c u e 
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submar ine has been des igned f o r towing submerged to t h e d i v e s i t e . 

The MR-1, t h e on ly deep wa te r autonomous r e s e a r c h submarine a t p r e s e n t 

o p e r a t i n g , i s 400 t o n s , and on ly mobi le in the s e a , a l t h o u g h some c r anes cou ld 

l i f t i t on to s u i t a b l e s h i p s or b a r g e s . 

Bottom l a n d e r s , towed i n s t r u m e n t s and ROVs w i l l r e c e i v e maximum 

u t i l i s a t i o n i f t hey can be o p e r a t e d from e x i s t i n g r e s e a r c h s h i p s u s ing e x i s t i n g 

A- f rames and deck mach ine ry . 

7 .15 Maintenance problems (42) 

This i s a s u b j e c t which a f f e c t s t h e r e l i a b l e o p e r a t i o n of a l l t h e 

l i s t e d v e h i c l e s . I t i s an a r e a i n which m i l i t a r y e x p e r t i s e i s i m p o r t a n t , 

p a r t i c u l a r l y i n t h e case of manned submar ine s , and one i n which new m a t e r i a l s 

have an i m p o r t a n t c o n t r i b u t i o n to make. 

With any p i e c e of unde rwa te r equipment one of t h e c r u c i a l f a c t o r s i s 

t h e d e g r e e of c o r r o s i o n in sea w a t e r . Sometimes t h i s i s minimal wi th t h e 

c a r e f u l use of compa t ib l e m a t e r i a l s b u t u s u a l l y some fo rm of c l e a n i n g , 

i n s p e c t i o n and r e p l a c e m e n t s c h e d u l e w i l l be r e q u i r e d . BOM have s a i d t h a t 

t h e b i g g e s t ma in tenance problem wi th the s u b m e r s i b l e Cyana i s due to c o r r o s i o n , 

and a g r e a t deal of s t r i p p i n g , i n s p e c t i o n , c l e a n i n g and renewal i s r e q u i r e d . 

This echoes our own e x p e r i e n c e in t h e o c e a n o g r a p h i c f i e l d . Design c r i t e r i a 

f o r m i n i m i s i n g c o r r o s i o n unde rwa te r a r e unders tood and used by e n g i n e e r s , but 

sometimes a d e g r e e of c o r r o s i o n has to be a c c e p t e d . Newer m a t e r i a l s such as 

the l i g h t t i t a n i u m a l l o y s , and t h e h i g h - s t r e n g t h n i c k e l - c h r o m e s such a s Inconel , 

have he lped g r e a t l y to reduce c o r r o s i o n and ma in tenance i n c r i t i c a l p a r t s of 

u n d e r w a t e r equ ipment . This i n c l u d e s personne l and b a l l a s t s p h e r e s f o r manned 

s u b m e r s i b l e s , a c o u s t i c r e l e a s e sys tems f o r autonomous ' m o o n l a n d e r s ' which may 

s t a y on t h e ocean f l o o r f o r a y e a r , and h i g h l y s t r e s s e d components such a s 

s h a f t s , b e a r i n g p in s e t c . F u r t h e r improvements a r e l i k e l y wi th t h e i n t r o d u c t i o n 

of advanced c o m p o s i t e s . 

A s u b m e r s i b l e wi th t h e m a j o r i t y of sub - sys t ems o u t s i d e t h e p r e s s u r e 

hul l must be l i f t e d o u t of t h e wa te r f o r most m a i n t e n a n c e . A submar ine of 

c o n v e n t i o n a l m i l i t a r y c o n f i g u r a t i o n can be l a r g e l y s e r v i c e d from i n s i d e t h e 

h u l l . Craven (1977) p o i n t s o u t t h a t t h e c o n v e n t i o n a l m i l i t a r y d e s i g n , w i th 

t h e main e n g i n e s w i t h i n t h e h u l l , r e q u i r e s a r o t a t i n g p rope l l o r s h a f t p e n e t r a t i n g 
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t h e p r e s s u r e h u l l , and t h i s i s a s e r i o u s sou rce of weakness . The sma l l e r 

d e s i g n s of Dr. San t i a t SSOS have h y d r a u l i c motors o u t s i d e t h e p r e s s u r e h u l l , 

but h i s l a r g e r d e s i g n s a r e s t r i c t l y of m i l i t a r y submar ine c o n f i g u r a t i o n with 

l a r g e s t e r n g l a n d s . 

Summaris ing, we can say t h a t c a r e f u l d e s i g n , and t h e a p p l i c a t i o n of 

improved m a t e r i a l s , can go a long way t o r educ ing ma in tenance problems on a l l 

unde rwa te r v e h i c l e s and i n s t r u m e n t a t i o n . In t h e case o f autonomous submar ines 

o r s u b m e r s i b l e s a p a r t i c u l a r need e x i s t s t o e n s u r e t h a t c r i t i c a l maintenance 

can be under t aken by t h e crew d u r i n g c r u i s e c o n d i t i o n s . 

7 .16 S c i e n t i f i c i n s t r u m e n t s f o r use wi th t h e v e h i c l e s (43) 

In t h e w i d e s t sense of t h e word, ' s c i e n t i f i c ' i n s t r u m e n t s a r e r e q u i r e d 

f o r use w i th a l l t h e v e h i c l e c l a s s e s p r e v i o u s l y l i s t e d , and by a l l u s e r s . The 

r ange i s very l a r g e , and i t i s no t p o s s i b l e , nor i s i t n e c e s s a r y to l i s t t he 

d e v i c e s and t h e i r a p p l i c a t i o n s h e r e . Ra ther t h e s e c t i o n w i l l be b r i e f l y 

concerned wi th p a r t i c u l a r needs o r problems a s s o c i a t e d w i t h t h e o p e r a t i o n 

of such i n s t r u m e n t s on v e h i c l e s i n t e n d e d f o r t h e deep o c e a n . 

The pace of work with advanced i n s t r u m e n t a t i o n f o r commerc ia l , m i l i t a r y 

and s c i e n t i f i c use has i n c r e a s e d r a p i d l y over t h e p a s t d e c a d e , p a r t l y f u e l l e d 

by t h e o f f s h o r e developments and a l s o by r a d i o a c t i v e w a s t e d i s p o s a l r e s e a r c h . 

Commercial u s e r s r e q u i r e high r e s o l u t i o n o p t i c a l and s o n a r s e n s o r s , c a t h o d i c 

p r o t e c t i o n i n s t r u m e n t a t i o n , p i p e l i n e su rvey p r o f i l e r s and a h o s t of o t h e r 

i n s t r u m e n t s . The m i l i t a r y r e q u i r e s s e a r c h equipment t o be used on t h e i r deep 

ROVs and s u b m e r s i b l e s , p a r t i c u l a r l y s i d e - s c a n sona r and magne tome te r s . The 

s c i e n t i f i c community r e q u i r e s a l a r g e range of d e v i c e s t o c o v e r r e s e a r c h a t 

a l l w a t e r dep ths and the ocean f l o o r , f o r t h e b i o l o g i c a l , g e o p h y s i c a l , p h y s i c a l , 

geochemical and g e o t e c h n i c a l d i s c i p l i n e s . The s p e c i f i c a t i o n of t h e s e i n s t r u m e n t s 

i s l a r g e l y i n i t i a t e d by d i r e c t u s e r n e e d s , and t h e r e e x i s t a d e q u a t e r e s e a r c h 

and development r e s o u r c e s in c i v i l i a n and m i l i t a r y l a b o r a t o r i e s and in i n d u s t r y 

t o s e r v i c e t h i s demand. 

Perhaps t h e a r e a which has seen t h e most r a p i d development of t r u e 

s c i e n t i f i c i n s t r u m e n t s i s in b e n t h i c r e s e a r c h a t o r n e a r t h e f l o o r of t h e deep 

ocean . This work has been l a r g e l y s u p p o r t e d by t h e need f o r s c i e n t i f i c knowledge 

of t h e problems a s s o c i a t e d wi th high l e v e l r a d i o a c t i v e w a s t e d i s p o s a l . Th^s has 

invo lved a l l t h e s c i e n t i f i c d i s c i p l i n e s mentioned above . I t has r e q u i r e d the 

development of a range of i n s t r u m e n t s t o measure t e m p e r a t u r e , p r e s s u r e , oxygen. 
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r a d i o n u c l e i d e d i f f u s i o n , h e a t f l o w , sed iment p e r m e a b i l i t y and p o r o s i t y e t c . w i t h 

a l a b o r a t o r y p r e c i s i o n a t dep ths of 5-6000m. In a d d i t i o n , a range of sed iment 

and p o r e - w a t e r sample r s have been d e v e l o p e d . Many of t h e s e d e v i c e s a r e used 

s i n g l y , o r in small s u i t e s on autonomous 'moonlander ' v e h i c l e s , and problems 

of ene rgy and l o g g e r c a p a c i t y may be i n v o l v e d . In some c a s e s , such as in t h e 

US Rhode I s l a n d ISHTE s o i l mechanics p r o j e c t , t h e f rame of t h e dev ice may be 

l a r g e , up to 5m s q u a r e , and c o n t a i n a range of s e n s o r s t o s e r v i c e a p a r t i c u l a r 

in s i t u e x p e r i m e n t . ISHTE s t a n d s f o r ' I n - S i t u Heat T r a n s f e r E x p e r i m e n t ' , and 

a p a r t f rom t h e main (p lu ton ium) h e a t s o u r c e , c o n t a i n s a number of t e m p e r a t u r e , 

p o r e - p r e s s u r e and s h e a r s t r e s s p r o b e s , and can a l s o p r o v i d e sediment c o r e s on 

command. 

On mobi le v e h i c l e s t h e main need i s f o r improved geophys ica l and 

n a v i g a t i o n a l s e n s o r s . This i n v o l v e s t h e development of e f f i c i e n t narrow beam 

a c o u s t i c t r a n s d u c e r s and a r r a y s f o r use a t g r e a t d e p t h s ; a l s o t h e development 

of wide-band t r a n s d u c e r s f o r s e i s m i c and n a v i g a t i o n a l n e e d s ; and developments 

in t h e magnet ic and g r a v i t a t i o n a l i n s t r u m e n t a t i o n f i e l d f o r geophys ica l 

measurement f o r mobi le v e h i c l e s . Improvement in t h e n a v i g a t i o n and p o s i t i o n 

f i x i n g of deep v e h i c l e s w i l l l a r g e l y depend on improvements i n a c o u s t i c 

t e c h n o l o g y , and t h e r e i s an u r g e n t need to deve lop sys t ems which i n t e g r a t e t h e 

d a t a f o r a v a i l a b l e p o s i t i o n i n g and v e l o c i t y s e n s o r s i n t o t h e b e s t 'dead r e c k o n i n g ' 

package . I n e r t i a l n a v i g a t i o n a l sys tems need a l s o to be s t u d i e d in t h i s c o n t e x t 

t o see whether they can p r o v i d e , a t more modest p r i c e and p r e c i s i o n than t h e i r 

m i l i t a r y c o u n t e r p a r t s , an i n p u t t o t h e deep ocean n a v i g a t i o n problem. 

7 .17 ~Scientific d a t a r e c o r d i n g on t h e v e h i c l e (44) 

The deg ree of dependence of t h e d i f f e r e n t t y p e s of v e h i c l e on s c i e n t i f i c 

da t a r e c o r d e r s on t h e v e h i c l e i s e s t i m a t e d below. 

Veh ic l e Degree of dependence 

Type (20) Bottom l a n d i n g s t a t i c sys tems 9 

(21) Cable lowered bottom l a n d e r 2 

(22) ROV 3 

(23) Bottom t r a c k e d mobi le v e h i c l e s 0 

(24) Unmanned f ree-swimming v e h i c l e s 7 

(25) Towed unmanned sys tems 8 

(26) Manned f ree-swimming v e h i c l e s 3 

(27) Towed o r suspended manned system 1 
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There a r e a number of r e q u i r e m e n t s common to t h e s e a p p l i c a t i o n s which 

may be summarised as f o l l o w s : 

( a ) high d a t a c a p a c i t y per u n i t volume ( a l l t y p e s ) , 

(b) high d a t a c a p a c i t y per u n i t we igh t ( e s p e c i a l l y t y p e s 20, 22, 

24, 2 6 ) , 

( c ) low energy consumption p e r u n i t of da t a r e c o r d e d ( e s p e c i a l l y 

t y p e s 20 , 2 4 ) , 

(d ) low q u i e s c e n t power consumption ( e s p e c i a l l y type 2 0 ) , 

(e ) high d a t a c a p a c i t y pe r r e c o r d i n g module - e . g . pe r t a p e 

( e s p e c i a l l y t ypes 20, 22 , 24 , 2 5 ) , 

( f ) high r e l i a b i l i t y (high MTBF) and low e r r o r r a t e ( a l l t y p e s ) , 

(g) high d a t a r a t e ( e s p e c i a l l y t y p e s 22, 24, 2 5 , 2 6 ) . 

The r e q u i r e m e n t s of most s i t u a t i o n s can be m e t , wi th a v a r y i n g degree 

of s u c c e s s , bu t h e use of one of t h e f o l l o w i n g t y p e s o f magne t i c t a p e r e c o r d e r : 

(A) i n s t r u m e n t a t i o n r e c o r d e r (mu l t i channe l DR o r FM), 

(B) low r a t e d i g i t a l r e c o r d e r , 

(C) high r a t e d i g i t a l r e c o r d e r , 

(D) v ideo r e c o r d e r . 

Other media which may be a p p r o p r i a t e in some c i r c u m s t a n c e s a r e : 

(E) magne t i c bubble s t o r e , 

(F) s emiconduc to r s t o r e (PROM o r b a t t e r y backed RAM). 

Of t h e above t y p e s , i t may be a rgued t h a t (D) i s no t s t r i c t l y a s c i e n t i f i c 

d a t a r e c o r d e r in t h e s t r i c t sense of t h e p h r a s e . However, v ideo r e c o r d s of sea 

bed s t r u c t u r e and b e n t h i c l i f e forms a r e c o n s i d e r e d to be s c i e n t i f i c d a t a f o r 

t h e purpose of t h i s s u r v e y . 

L i m i t a t i o n s of r e c o r d e r s 

(A) I n s t r u m e n a t i o n r e c o r d e r s 

This t y p e of r e c o r d e r i s b e s t s u i t e d to r e c o r d i n g s i g n a l s wi th a band-

width of up t o 100 Hz, o r s o , from a l i m i t e d number of s o u r c e s , t y p i c a l l y a 

maximum of 14 - over p e r i o d s of a day o r s o . Apar t f rom some s p e c i a l u n i t s 

deve loped f o r a e r o s p a c e a p p l i c a t i o n s , commerc ia l ly a v a i l a b l e u n i t s a r e g e n e r a l l y 
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bulky and have a high power consumpt ion . Whi l s t some s p e c i a l purpose u n i t s have 

been developed and used s u c c e s s f u l l y f o r sea bed s e i s m i c r e c o r d i n g ( i . e . v e h i c l e 

t y p e 2 0 ) , t h e main use i s in manned s u b m e r s i b l e s . 

(B) Low r a t e d i g i t a l magne t ic t a p e r e c o r d e r s (up t o 10 b i t s / s ) 

This t ype of r e c o r d e r g e n e r a l l y u s e s t a p e c a s s e t t e s o r c a r t r i d g e s 

a l t h o u g h , o c c a s i o n a l l y , r e e l t o r e e l r e c o r d e r s a r e used . Whi l s t t h e former 

a r e small and c o n s e q u e n t l y s u i t e d t o i n c o r p o r a t i o n i n t o deep sea v e h i c l e s o r 

i n s t r u m e n t h o u s i n g s , t h e t o t a l c a p a c i t y i s l i m i t e d t o a b o u t 15 Mbits ( in t h e 

c a s e of c a s s e t t e s ) a t t h e p r e s e n t s t a t e of t h e a r t . C a r t r i d g e s o f f e r c o n s i d e r a b l y 

more - up t o 250 Mbits a t t h e p r e s e n t s t a t e of t h e a r t - b u t d r i v e s and 

e l e c t r o n i c s s u i t e d t o t h i s t y p e of a p p l i c a t i o n a r e on ly now becoming commerc ia l ly 

a v a i l a b l e . 

The p r i n c i p a l a r e a of use f o r t h e s e d e v i c e s i s i n autonomous "moon- landers" 

a l t h o u g h t h e y a r e l i k e l y to be found in a l l of t h e o t h e r v e h i c l e s where o p e r a t i o n s 

i n v o l v e s c i e n t i f i c d a t a c o l l e c t i o n . R e l i a b i l i t y and power consumption a r e 

a c c e p t a b l e . 

(C) High r a t e d i g i t a l magnet ic t a p e r e c o r d e r s 

Where a high d a t a r a t e i s i n e v i t a b l e , a s in t h e c a s e of o p t i c a l imagery , 

and d i g i t a l s t o r a g e i s r e q u i r e d , t h e r e i s l i t t l e a l t e r n a t i v e t o t h e use of | i n c h 

r e e l t o r e e l d r i v e s a l t h o u g h modifed v ideo r e c o r d e r s have been used . In t h e 

c a s e of a c o u s t i c imagery ( e . g . s i d e s c a n s o n a r ) , c a r t r i d g e d r i v e s a r e a d e q u a t e . 

The s i z e of | inch d r i v e s i s a s e v e r e o b s t a c l e t o t h e i r u s e i n deep sea sy s t ems . 

The r e q u i r e m e n t i s , f o r t u n a t e l y , not a p r e s s i n g one . 

(D) Video r e c o r d e r s 

There i s a wide range of d e v i c e s a v a i l a b l e on t h e p r o f e s s i o n a l and 

consumer m a r k e t s . Whi l s t r e l i a b i l i t y i s no t a s high as f o r t h e d a t a r e c o r d e r s 

ment ioned above , i t i s p r o b a b l y a d e q u a t e . P r e s s u r e from t h e p r o f e s s i o n a l and 

consumer marke t s c a n , in any c a s e , be e x p e c t e d t o r e s u l t i n r a p i d deve lopments 

in t h i s a r e a . The main a p p l i c a t i o n i s i n f r e e swimming s u b m e r s i b l e s . 
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(E) Magnetic bubble s t o r e s 

In s e l e c t i n g a s t o r a g e medium f o r any u n d e r w a t e r sys tem, a s o l i d s t a t e 

dev ice has obv ious a t t r a c t i o n s in removing any mechanica l s o u r c e of u n r e l i a b i l i t y . 

For h igh d a t a c a p a c i t y , magne t i c bubble s t o r e s o f f e r t h e l a r g e s t c a p a c i t y p e r 

module ( t y p i c a l l y 1 Mbi t ) w i th p r o s p e c t s of i n c r e a s e t o , p e r h a p s , 16 Mbits a s 

new m a n u f a c t u r i n g t e c h n i q u e s a r e p e r f e c t e d . They o f f e r r a p i d a c c e s s and high 
5 

d a t a r a t e ( e . g . 10 b i t s / s ) in a rugged dev ice but power consumption i s such 

t h a t , i n autonomous v e h i c l e s , t h e y would r e q u i r e o p e r a t i o n in a b u r s t r e c o r d i n g 

mode. For some systems where t h e i r d a t a c a p a c i t y i s adequa te^ t h e y may p r o v i d e 

a s u i t a b l e s o l u t i o n . Development, w h i l s t r e l a t i v e l y s low a f t e r t h e i r i n t r o d u c t i o n , 

when a number of m a n u f a c t u r e r s dropped o u t , has r e g a i n e d pace - p robab ly on a c c o u n t 

of i n t e r e s t as an a l t e r n a t i v e t o mini computer f l o p p y d i s k d r i v e s . 

(F) Semiconductor s t o r e s 

The commercial p r e s s u r e f o r development i s much g r e a t e r in t h i s f i e l d 

than in t h e bubble s t o r a g e f i e l d due t o t h e enormous m a r k e t . There a r e two 

c a t e g o r i e s of s emiconduc to r s t o r e s u i t a b l e f o r d a t a s t o r a g e : t h e PROM or 

programmable r ead on ly memory which i s n o n - v o l a t i l e , r e t a i n i n g s t o r e d d a t a 

f o r 10 y e a r s o r more even when powered down, and t h e RAM o r random a c c e s s 

memory which must be c o n t i n u o u s l y powered by a back-up b a t t e r y so as t o r e t a i n 

d a t a . These d e v i c e s can be made u s ing a number of s e m i c o n d u c t o r t e c h n o l o g i e s 

bu t MOS d e v i c e s a r e t h e most common by f a r . PROMs, w h i l s t having t h e advan tage 

of n o n - v o l a t i l i t y , a r e no t so e a s i l y a d d r e s s e d as RAMs and t h i s l i m i t s t h e i r 

da t a a c q u i s i t i o n r a t e a p p r e c i a b l y ( t y p i c a l l y to 200 b y t e s / s ) . The s t a t e of 

t h e a r t e r a s a b l e PROM i s c u r r e n t l y 256 k b i t s in NMOS t e c h n o l o g y wi th a power 

consumption of a p p r o x i m a t e l y | w a t t (100 mW on s t a n d b y ) . This i s r a t h e r lower 

than t h e e q u i v a l e n t bubble memory consumpt ion ; be ing n o n - v o l a t i l e , t h e dev ice 

can be c o m p l e t e l y powered down when i d l e . The CMOS t e c h n o l o g y o f f e r s ve ry 

much lower s t a t i c power consumption bu t lower c a p a c i t y p e r d e v i c e a t p r e s e n t . 

In t h e c a s e of RAM, t h e h i g h e s t c a p a c i t y CMOS d e v i c e a t p r e s e n t o f f e r s 64 k b i t s 

wi th a power consumption of 200 mW (10|iW on s t a n d b y ) . At a round £600 /Mbi t , t h e 

p r i c e does no t compare f a v o u r a b l y wi th magnet ic t a p e d r i v e s e x c e p t f o r low 

volume s t o r a g e a p p l i c a t i o n s but t h e s i m p l i c i t y and e a s e of d a t a r e c o v e r y a r e 

s t r o n g p o i n t s in f a v o u r of t h e s o l i d s t a t e s o l u t i o n . In a d d i t i o n , p r i c e s can 

be expec ted t o drop c o n s i d e r a b l y in accordance wi th p r e v i o u s e x p e r i e n c e . 
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Another da t a s t o r a g e t e c h n o l o g y which i s s t i l l i n i t s i n f a n c y i s o p t i c a l 

d i s c s t o r a g e . Since t h i s , a t p r e s e n t , employs r o t a t i n g components , i t may be 

on ly worthy of c o n s i d e r a t i o n when ve ry high c a p a c i t y i s r e q u i r e d , e . g . 10 G b i t s . 

I f an o p t i c a l memory i s developed wi th s o l i d s t a t e a d d r e s s i n g ( i . e . beam s t e e r i n g ) 

t h i s w i l l r e v o l u t i o n i s e s t o r a g e t e c h n i q u e s . The impetus t o ach ieve such a d e v i c e 

i s , of c o u r s e , a l r e a d y p r e s e n t from t h e computing i n d u s t r y which r e q u i r e s i t f o r 

a r c h i v a l p u r p o s e s . 

Summary 

We have c o n s i d e r e d above t h e l i m i t a t i o n s of v a r i o u s media c u r r e n t l y i n 

u s e , o r p r o j e c t e d , in r e l a t i o n to t h e r e q u i r e m e n t s of v a r i o u s t y p e s of s c i e n t i f i c 

and q u a s i - s c i e n t i f i c d a t a r e c o r d i n g . The most s e r i o u s problem i d e n t i f i e d has 

been t h a t of o b t a i n i n g s u f f i c i e n t d a t a s t o r a g e c a p a c i t y i n a volume r e s t r i c t e d 

by p r a c t i c a l mechanical c o n s i d e r a t i o n s , t o g e t h e r wi th a l i m i t e d energy budget . 

Magnetic t a p e d r i v e s a r e o p e r a t i n g nea r t h e l imi t " imposed by p r o p e r t i e s of t h e 

t a p e and even t h e i n t r o d u c t i o n of metal t a p e s and v e r t i c a l r e c o r d i n g w i l l on ly 

a l low r e l a t i v e l y modest improvements in t h e f u t u r e . I t i s hard to f o r e s e e what 

l i m i t s w i l l be r eached in s o l i d s t a t e d e v i c e s b u t , ove r t h e n e x t 5 y e a r s , one 

would hope f o r an i n c r e a s e in c a p a c i t y per d e v i c e of 4 - 1 0 t imes t o g e t h e r with 

a ve ry c o n s i d e r a b l e r e d u c t i o n in p r i c e . What i s c e r t a i n i s t h a t s o l i d s t a t e 

logg ing w i l l become p r o g r e s s i v e l y more a t t r a c t i v e , f o r some a p p l i c a t i o n s , even 

though i s i s u n l i k e l y to d i s p l a c e t a p e f o r high c a p a c i t y r e q u i r e m e n t s . There 

i s l i t t l e purpose in any i ndependen t R & D work in t h i s f i e l d a t t h e moment. 

7 .18 H y d r a u l i c , e l e c t r i c a l and mechanical components (45) 

The development of s u i t a b l e components has a b e a r i n g on t h e s u c c e s s f u l 

o p e r a t i o n of a l l t h e c l a s s e s of v e h i c l e l i s t e d . I t i s n o t p o s s i b l e h e r e t o c a r r y 

o u t a su rvey of t h e s e e l emen t s of h y d r a u l i c , e l e c t r i c a l and mechanica l d e s i g n , 

excep t t o u n d e r l i n e c e r t a i n a r e a s where they could u s e f u l l y be improved o r new 

development u n d e r t a k e n . 

Most such components a r e a d a p t a t i o n s of c i r c u i t e l e m e n t s used on l a n d , 

sometimes t h e s e a d a p t a t i o n s a r e s u c c e s s f u l and sometimes n o t . I t would be f a r t o o 

e x p e n s i v e t o c o n s i d e r deve lop ing s p e c i a l i s e d h y d r a u l i c components f o r use in 

underwa te r v e h i c l e s so i t w i l l always be n e c e s s a r y t o a d o p t e x i s t i n g v a l v e s , pumps 

and m o t o r s . So long as c a r e i s t aken over m a t e r i a l c o m p a t i b i l i t y , and r e g u l a r 
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s e r v i c i n g s c h e d u l e s a r e drawn up, then t h e r e would a p p e a r to be no g r e a t 

o b s t a c l e to t h e c o n t i n u e d use of such components to g r e a t e r o p e r a t i n g d e p t h s . 

The e f f e c t of h y d r o s t a t i c p r e s s u r e in i t s e l f i s no problem s i n c e h y d r a u l i c 

c i r c u i t s can be de s igned to run a t a g iven p r e s s u r e d i f f e r e n t i a l above a m b i e n t , 

bu t c a r e must be t aken on v e h i c l e a s c e n t to e n s u r e t h a t s u i t a b l e o i l v e n t i n g 

c i r c u i t s a r e p r o v i d e d , o t h e r w i s e t h e system w i l l be r u p t u r e d . S i m i l a r l y , 

g r e a t c a r e must be t aken wi th hu l l p e n e t r a t i o n to e n s u r e t h a t p ipe s e a l s a r e 

developed which w i l l w i t h s t a n d t h e c o n s i d e r a b l e p r e s s u r e and t e m p e r a t u r e 

c y c l i n g which w i l l occur in deep submergence o p e r a t i o n s . 

The development of unde rwa te r e l e c t r i c a l components , p a r t i c u l a r l y 

c o n n e c t o r s and g l a n d s , has had a long and somewhat unhappy h i s t o r y . M i l i t a r y 

u s e r s have tended to go f o r o i l - f i l l e d g l a n d s , j u n c t i o n boxes and b a t t e r y 

c a s e s , even though t h i s can r e s u l t in t ime-consuming s e r v i c i n g s c h e d u l e s 

wi th a number of d i f f e r e n t o i l s i n v o l v e d . C e r t a i n l y i f t h e u tmost r e l i a b i l i t y 

i s r e q u i r e d , and payload i s . a problem f o r deep submergence , t h i s i s a s e n s i b l e 

way to go. However t h e r e i s a l o t of advan t age in one a tmosphere j u n c t i o n 

boxes and e l e c t r o n i c c a s e s e t c . from t h e p o i n t of view o f f a s t s e r v i c i n g , and 

wi th t h e adven t of high s t r e n g t h a luminium, and t i t a n i u m and compos i t e s t h e 

payload p e n a l t y f o r deep o p e r a t i o n s may be a c c e p t a b l e . Non-hoseing e l e c t r i c a l 

g l ands a r e t h e b e s t where t h e u tmost r e l i a b i l i t y i s r e q u i r e d , o r high v o l t a g e s 

o r c u r r e n t s have to be h a n d l e d , bu t a g a i n they a r e a d i s t i n c t d i s a d v a n t a g e 

when v e h i c l e s e r v i c i n g has to be u n d e r t a k e n . There a r e a range of underwa te r 

e l e c t r i c a l c o n n e c t o r s on t h e m a r k e t , and have been f o r many y e a r s , bu t most 

of t h e s e s u f f e r f rom one o r more r e c u r r i n g d e f e c t s which may be b rough t on 

by f l e x i n g o r modera te v o l t a g e l e v e l s e t c . We know of one l e a d i n g UK 

s u b m e r s i b l e m a n u f a c t u r e r who has been d r i v e n to o b t a i n i n g t h e n e c e s s a r y l e v e l 

of c o n n e c t o r r e l i a b i l i t y by m a n u f a c t u r i n g h i s own. I t h a s a l s o been n e c e s s a r y 

f o r lOS t o produce i t s own p o l y t h e n e non-hose ing g l ands t o g u a r a n t e e t h e 

i n t e g r i t y of t h e e l e c t r i c a l h a r n e s s e s on t h e l o n g - r a n g e s i d e - s c a n sona r 

v e h i c l e GLORIA. 

A number of mechanical components used in u n d e r w a t e r v e h i c l e s a r e 

l i k e l y to be l a n d - b a s e d d e s i g n s o r a d a p t a t i o n s of them. So long a s p rope r 

c r i t e r i a a r e f o l l o w e d , p a r t i c u l a r l y g a l v a n i c p o t e n t i a l c o m p a t a b i l i t y , t h e r e 

may be no g r e a t p rob lems . However, t h e r e a r e now l i g h t and s t r o n g metal a l l o y s 

a v a i l a b l e f o r unde rwa te r use which have a v i r t u a l l y i n d e f i n i t e l i f e and i t w i l l 

o f t e n pay wel l to r e d e s i g n components in such m a t e r i a l s . lOS has r e c e n t l y 

s t i p u l a t e d t h a t a l l u s e r s of t h e IOS a c o u s t i c r e l e a s e s y s t e m who i n t e n d to 

l e a v e i n s t r u m e n t moor ings o r autonomous sys tems on the ocean f l o o r f o r 6 months 
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or more must p u r c h a s e the titanium v e r s i o n of t h i s s y s t e m . P r e s e n t r e t u r n s 

show no c o r r o s i o n a f t e r mooring deployments of 6 months, t o a y e a r . We have 

a l s o used t h e n i c k e l chrome a l l o y Inconel 625 f o r mooring l o a d c e l l p in s on 

an ocean d a t a buoy which s p e n t f o u r y e a r s in t h e n o r t h A t l a n t i c , and t h e s e 

unde rwa te r p i n s have been r e t u r n e d as good as new. 

The a v a i l a b i l i t y of composi te m a t e r i a l s such a s c a r b o n , g r a p h i t e and 

k e v l a r f i b r e l a m i n a t e s f o r p r e s s u r e v e s s e l s w i l l r e q u i r e t e s t and development 

work t o e n s u r e c o m p a t i b i l i t y w i th h y d r a u l i c , e l e c t r i c a l and mechanical components 

and p e n e t r a t o r s . I t w i l l be i m p o r t a n t t o a s c e r t a i n t h e b e s t method of e n s u r i n g 

s t r a i n c o m p a t i b i l i t y under changing h y d r o s t a t i c p r e s s u r e s and t e m p e r a t u r e s . 

I t w i l l a l s o be n e c e s s a r y t o examine t h e s t r e s s changes which could occur 

in such p r e s s u r e h u l l s due t o t h e d i f f e r e n t methods of mount ing e x t e r n a l and 

i n t e r n a l components . 

7 .19 The use of on-board computing and m i c r o p r o c e s s o r s (46) 

Although t h i s t o p i c has been l i s t e d as a s e p a r a t e s u b - s y s t e m , 

computers and m i c r o p r o c e s s o r s w i l l , i n g e n e r a l , be a s s o c i a t e d wi th some of t h e 

o t h e r sub - sys t ems l i s t e d . With t h e p o s s i b l e e x c e p t i o n s o f v e h i c l e t ypes 26 

and 27 , s t a n d - a l o n e computers w i l l no t f e a t u r e a p p r e c i a b l y , i f a t a l l , in t h e 

v e h i c l e s c o n s i d e r e d . There i s , however, g r e a t scope f o r t h e use of m i c r o -

computers d e d i c a t e d t o p a r t i c u l a r a p p l i c a t i o n s . In p a r t i c u l a r t h e y can be 

used in t h e f o l l o w i n g s u b - s y s t e m s : 

%(29) p r o p u l s i o n c o n t r o l , 

(31) c o n t r o l of m a n i p u l a t o r s and t o o l s , 

(32) v ideo s i g n a l p r o c e s s i n g and c o m p r e s s i o n , 

(33) n a v i g a t i o n a l c o m p u t a t i o n , 

(34) buoyancy c o n t r o l , 

(36) d a t a m u l t i p l e x i n g and t e l e m e t r y , 

(37) v e h i c l e c o n t r o l sy s t ems , 

(44) d a t a compress ion p r i o r to r e c o r d i n g . 

As a r e s u l t , m i c r o p r o c e s s o r s have a p p l i c a t i o n s i n a l l t h e v e h i c l e 

c l a s s e s l i s t e d : 

(20) Autonomous "moonlanders" . They can be u s e d t o c o n t r o l t h e 

e x p e r i m e n t . This can i n c l u d e t h e deployment and a c t u a t i o n of p r o b e s , t he c o n t r o l 
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of sampling to maximise t h e u s e f u l d a t a a c q u i r e d wi th a l i m i t e d amount of 

s t o r a g e , e . g . c o n d i t i o n a l sampling to r e c o r d s e i s m i c e v e n t s , high c u r r e n t f l o w , 

camera f i l m advance e t c . Also s i g n a l p r o c e s s i n g to r e d u c e o r compress da ta 

p r i o r to s t o r a g e o r i t s t r a n s m i s s i o n v ia a t e l e m e t r y l i n k . 

(21) Cable lowered bottom l a n d e r s . They can be used in t e l e m e t r y 

equipment to a l l ow c o n t r o l and d a t a t r a n s m i s s i o n of m u l t i p l e s i g n a l s v i a a 

small number of e l e c t r i c a l c o r e s in t he c a b l e ( m u l t i p l e x i n g - s ee s e c t i o n 7 . 9 ) . 

Another use i s i n v ideo s i g n a l compress ion , 

(22) ROVs wi th u m b i l i c a l c o n t r o l . S i m i l a r a p p l i c a t i o n s t o t h e 

p r e v i o u s type of v e h i c l e . Also to be used f o r n a v i g a t i o n a l p r o c e s s i n g and 

improved v e h i c l e c o n t r o l . Can p rov ide r e s p o n s e o p t i m i s a t i o n f o r a c t u a t o r s 

and m a n i p u l a t o r s . 

(23) Bottom t r a c k e d v e h i c l e s . P o s s i b l e uses f o r c o n t r o l , n a v i g a t i o n 

and v ideo s i g n a l compress ion o r enhancement . 

(24) Free-swimming unmanned v e h i c l e s . Uses s i m i l a r to t h o s e given 

i n 22 above . Also p o s s i b l e use f o r i n t e l l i g e n t r e s p o n s e t o i n t e r n a l o r e x t e r n a l 

i n f l u e n c e s , e . g . a d a p t i v e c o n t r o l of a c o u s t i c t e l e m e t r y and s c a n n e r i n f o r m a t i o n , 

t r a c k s t o r a g e and i n i t i a t i o n of n a v i g a t i o n a l commands. 

(25) Towed unmanned v e h i c l e s . " Use f o r v ideo and d a t a p r o c e s s i n g and 

compress ion p r i o r to t e l e m e t r y . Also v e h i c l e c o n t r o l s and n a v i g a t i o n . 

^26) Manned f ree-swimming v e h i c l e s . Many a p p l i c a t i o n s i n c l u d i n g 

t h o s e in n a v i g a t i o n , d a t a q u a l i t y , housekeep ing , p r o p u l s i o n , buoyancy e t c . 

(27) Towed o r lowered manned sys tem. S i m i l a r u s e s to t h o s e in 26 

above . 

M i c r o p r o c e s s o r s have r e c e n t l y made p o s s i b l e t h e ach ievemen t of t a s k s 

which were p r e v i o u s l y t h o u g h t to be i m p o s s i b l e o r i m p r a c t i c a l . The e x t e n t of 

t h e i r a p p l i c a t i o n s in unde rwa te r t echno logy i s s u r e to i n c r e a s e , be ing l i m i t e d 

more by t h e n e c e s s a r y t ime and s k i l l s r e q u i r e d to d e f i n e t h e o b j e c t i v e s and 

deve lop the s o f t w a r e than by t h e s t a t e of t h e t e c h n o l o g y and a v a i l a b i l i t y of 

hardware . In t h e f o r e s e e a b l e f u t u r e i t i s d i f f i c u l t t o imagine t h a t a v a i l a b i l i t y 

of s u i t a b l e hardware w i l l be a l i m i t i n g f a c t o r , due to t h e mass ive impetus g iven 

to t h e semiconduc to r i n d u s t r y by m i l i t a r y and commercial c o m p e t i t i o n . 
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A p a r t i c u l a r l y high s t a n d a r d of a n a l y t i c a l a b i l i t y and s o f t w a r e 

e x p e r t i s e w i l l be r e q u i r e d to d e s i g n i n t e l l i g e n t sys tems f o r use when t e l e m e t r y 

pe r fo rmance i s l i m i t e d ; t h i s would app ly to t h e c o n t r o l o f , and v ideo r e c e p t i o n 

f rom, unmanned f ree-swimming v e h i c l e s . 



ANALYSIS OF FUTURE REQUIREMENTS FOR REMOTE VEHICLES 

The need f o r t h e f u r t h e r development of each v e h i c l e type l i s t e d in 

s e c t i o n 6 i s b r i e f l y ana lysed h e r e , i n c l u d i n g l i k e l y s o u r c e s of f u t u r e development 

and whe the r a European l e v e l of i n v e s t m e n t and e f f o r t i s r e q u i r e d . 

8 .1 Bottom l a n d i n g s t a t i c sys tems (20) 

F r e e - f a l l sys tems a r e , a t l e a s t a t p r e s e n t , e n t i r e l y of s c i e n t i f i c 

a p p l i c a t i o n . They a r e a l r e a d y be ing developed to a s o p h i s t i c a t e d l e v e l t o 

s u p p o r t b i o l o g i c a l , g e o p h y s i c a l , geochemical and g e o t e c h n i c a l r e s e a r c h in t h e 

deeper p a r t s of t h e o c e a n s . The r e s e a r c h unde r t aken i s i m p o r t a n t to an u n d e r -

s t a n d i n g of many p r o c e s s e s , i n c l u d i n g t h o s e c o n t r o l l i n g l i f e i n t h e ocean , 

t h e movement of t h e e a r t h ' s c r u s t and t h e o r i g i n and s t a b i l i t y of s ed imen ta ry 

l a y e r s . I t has a p p l i c a t i o n s r e l a t i n g to 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 , 

t o deep sea m i n i n g , to pe t ro leum p r o s p e c t s on t h e c o n t i n e n t a l s l o p e , to ocean 

c i r c u l a t i o n and c l i m a t i c change . 

S c i e n t i s t s working on t h e s e s u b j e c t s a g r e e t h a t more e l a b o r a t e sys tems 

w i l l be r e q u i r e d and t h a t t h e r e i s scope f o r deve lopmen t . F u t u r e bottom l a n d i n g 

d e v i c e s may i n c l u d e some of t h e f o l l o w i n g deve lopment s : 

1 . An i n c r e a s e in d a t a s t o r a g e . The a b i l i t y t o a c c e s s t h a t d a t a 

r emote ly by a v e h i c l e o r suspended sys tem, o r by t h e u se of a f i b r e o p t i c l i n k 

to t h e s u r f a c e o r by t h e r e l e a s e of a d a t a package to f l o a t t o t h e s u r f a c e on 

command. 

2 . G r e a t e r use of m i c r o p r o c e s s o r s i n i n t e l l i g e n t sys tems t o 

r e c o g n i s e e v e n t s , and i n i t i a t e o p e r a t i o n a l and r e c o r d i n g a c t i o n to o p t i m i s e 

t h e a v a i l a b l e v i s u a l and s c i e n t i f i c d a t a s t o r a g e . 

3 . Improved energy s t o r a g e , t o a l l o w f o r l o n g e r d u r a t i o n and to 

pe rmi t t h e use of mechanical p r o c e s s e s , more powerful l i g h t i n g , t h e o p e r a t i o n 

of t r a p s and sample r s e t c . The p o s s i b l e use of energy r e c h a r g i n g f rom mobi le 

v e h i c l e s . 



OS 

Advanced bottom l a n d e r s a r e h i g h l y s p e c i a l i s e d , and w i l l probably 

be b u i l t by r e s e a r c h i n s t i t u t e s , o r c o n s o r t i a of r e s e a r c h i n s t i t u t e s . S i n c e 

the a p p l i c a t i o n s a r e so s p e c i a l i s e d , t h e r e i s l i t t l e o p p o r t u n i t y f o r a 

European i n i t i a t i v e to c o n t r i b u t e to t he d e s i g n of a c o m p l e t e sys tem. On 

t h e o t h e r hand, a s p e c t s of t he use of a r t i f i c i a l i n t e l l i g e n c e , submarine 

f i b r e - o p t i c s and power s o u r c e s a r e common to t h e s e and o t h e r deep ocean 

sys tems and could b e n e f i t f rom s p e c i a l i s e d r e s e a r c h . 

8 . 2 Cable lowered bottom l a n d e r (21) 

Cable sys tems a r e used in t h e o f f s h o r e i n d u s t r y to lower heavy work 

t o o l s and machinery f o r s t r u c t u r a l and p i p e l i n e r e p a i r s , and many o t h e r t a s k s . 

Robot ic d e v i c e s u s i n g c a b l e g u i d e s a r e a l s o be ing deve loped f o r i n s p e c t i o n 

and ma in tenance work on deep modules . In s c i e n t i f i c r e s e a r c h c a b l e , o r r o p e , 

lowered l a n d e r s a r e used f o r g e o p h y s i c a l , geochemical and g e o t e c h n i c a l 

sampl ing where w e i g h t i s needed to d r i v e c o r e r s and p r o b e s i n t o t h e s e d i m e n t s . 

These sys tems a r e l i k e l y to remain h i g h l y s p e c i f i c to s i n g l e t a s k s , 

and t o be developed by t h e companies and i n s t i t u t e s mos t c o n c e r n e d . S ince 

they depend on s u r f a c e s u p p o r t from a s h i p o r p l a t f o r m , u s u a l l y wi th 

s o p h i s t i c a t e d h a n d l i n g equ ipment , t hey a r e e x p e n s i v e t o o p e r a t e , b u t do 

not r e q u i r e t h e autonomous e n e r g y , d a t a s t o r a g e and s e l f - m a n a g e m e n t b u i l t 

i n t o f r e e - f a l l s y s t e m s . 

The t e c h n o l o g y w i l l p r o b a b l y evo lve t o cope w i t h s p e c i f i c e n g i n e e r i n g 

and s c i e n t i f i c needs in deep w a t e r . There does no t seem to be scope f o r 

E u r o p e a n - s c a l e invo lvement in t h i s s e c t o r . 

8 . 3 Remote o p e r a t e d v e h i c l e (ROV) (22) 

Remotely o p e r a t e d v e h i c l e s w i th c a b l e c o n t r o l have evolved e x t r e m e l y 

r a p i d l y in t h e l a s t decade , bu t t h e r e i s no s i g n t h a t a s lowing i n development 

w i l l t a k e p l a c e , e i t h e r in r e q u i r e m e n t s or p e r f o r m a n c e . 

ROVs a r e used mos t ly in s u p p o r t of o f f s h o r e o i l a c t i v i t i e s , and have 

a l s o been deve loped f o r m i l i t a r y p u r p o s e s . The range o f t a s k s now performed 

i s r e m a r k a b l e , in v a r i e t y , complex i t y and r e l i a b i l i t y . ROVs have become a 

work -ho r se of t h e o f f s h o r e i n d u s t r y , d i s p l a c i n g d i v e r s and manned s u b m e r s i b l e s 
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and b e l l s f o r a wide v a r i e t y of c o n t i n e n t a l s h e l f t a s k s . W h i l s t ROVs working 

below 1000 m a r e r e l a t i v e l y few in number, deve lopments such as t h e Dual Hydra 

2500 ( F r i s b i e , 1983) which i s de s igned t o work to 3000 m, show t h a t t he o f f s h o r e 

i n d u s t r i e s a n t i c i p a t e working a t g r e a t d e p t h s . In t h i s r e p o r t we p r o j e c t 

e x p l o r a t i o n d r i l l i n g to 4000 m and p r o d u c t i o n to 1200 - 1800 m by 1995. ROVs 

w i l l d e f i n i t e l y be r e q u i r e d to c a r r y o u t s o p h i s t i c a t e d work to t h e s e d e p t h s . 

Fu tu re ROV systems w i l l r e q u i r e some of t h e f o l l o w i n g t e c h n i c a l 

deve lopment s : 

1 . F u r t h e r development of m a s t e r / s l a v e p o s i t i o n a l and f o r c e - f e e d b a c k 

m a n i p u l a t o r s t o pe r fo rm d e l i c a t e and d e x t r o u s t a s k s . 

2 . F u r t h e r development of modular work f r a m e s and t o o l s so t h a t 

v e h i c l e s can be adap ted to a wide range of d i f f e r e n t t a s k s . 

3 . U t i l i s e s o p h i s t i c a t e d v ideo - imag ing to p r o d u c e w i d e - a n g l e 

p e r i p h e r a l v i s i o n , high r e s o l u t i o n c e n t r a l viewing and t h e a d d i t i o n of s t e r e o -

s c o p i c o r h o l o g r a p h i c viewing when r e q u i r e d . 

4 . Develop sona r imaging and p a t t e r n r e c o g n i t i o n p rocedu re s to g i v e 

l o n g e r range p i c t u r e s of t h e s u r r o u n d i n g s i t u a t i o n . 

5 . Develop u m b i l i c a l t e c h n o l o g y to i n c l u d e f i b r e o p t i c c o r e s in 

s t r a i n c a b l e s in a proven and f u l l y r e l i a b l e manner . 

•V.6. Develop t e c h n i q u e s f o r t h e use of f r ee - swimming UROVs in c o n j u n c t i o n 

wi th ROVs, p a r t i c u l a r l y f o r work in c o n f i n e d s p a c e s . 

In t h i s r a p i d l y expanding i n d u s t r y , backed by commerc ia l , m i l i t a r y and 

governmental i n t e r e s t s and r e s o u r c e s , i t i s d i f f i c u l t t o i d e n t i f y s p e c i f i c a r e a s 

of development which would b e n e f i t form European s c a l e i n v e s t m e n t and r e s e a r c h . 

Probably t h e most u s e f u l a r e a s would be : 

1 . Improvement and p o s s i b l e s t a n d a r d i s a t i o n i n t h e mechanica l d e s i g n , 

m a n u f a c t u r e and t e s t i n g of u m b i l i c a l s t r a i n c a b l e s c o n t a i n i n g f i b r e o p t i c c o r e s 

f o r deep ocean u s e . 

2 . Development of v i s u a l i s a t i o n t e c h n i q u e s f o r t h e b e t t e r c o n t r o l 

of ROV work t a s k s , and of t e c h n i q u e s to improve t h e r a n g e and r e s o l u t i o n i n 

v ideo and p h o t o g r a p h i c s u r v e y s . 
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We a l s o b e l i e v e t h a t t h e r e i s a need t o c o n s i d e r t h e development of 

an ROV system wi th a cage o r ga r age f o r use in s c i e n t i f i c r e s e a r c h in the deep 

o c e a n . This would have a p p l i c a t i o n s in s e r v i c i n g autonomous b e n t h i c s t a t i o n s , 

in t a k i n g p r e c i s e samples and c o r e s , in reoccupying a p r e v i o u s l y s t u d i e d p o i n t , 

i n examining and r e l e a s i n g i n a c t i v e s c i e n t i f i c i n s t r u m e n t moorings and as a 

s t a n d - b y r e s c u e too l f o r European d e e p - d i v i n g s u b m e r s i b l e s such as Cyana and 

SM 97. 

8 . 4 Bottom t r a c k e d mobi le v e h i c l e s (23) 

These sys tems w i l l be used main ly f o r c a b l e b u r i a l and p o s s i b l y p i p e -

l i n e r e p a i r work on t h e c o n t i n e n t a l s h e l f . . We found t h a t a s a f u t u r e development 

they a t t r a c t e d minimal s u p p o r t from i n d u s t r y and s c i e n t i s t s concerned wi th deep 

w a t e r a c t i v i t i e s . The on ly e x c e p t i o n could be from c o n s o r t i a i n t e r e s t e d in 

manganese nodule min ing , where p r o j e c t e d schemes i n c l u d e a heavy sea bed 

s e c t i o n which i s dragged o r p r o p e l l e d a c r o s s t h e ocean f l o o r . I f such machines 

were des igned t h e r e would o n l y be a few i n t h e w o r l d , and they would be deve loped 

by t h e major i n d u s t r i a l c o n s o r t i a which have a l r e a d y i n v e s t e d in t h i s a rea 

( s ee s e c t i o n 5 . 4 ) . The major mining companies c o n s i d e r t h a t i n v e s t m e n t i n 

t h e commercial p r o d u c t i o n f rom manganese nodules w i l l n o t s t a r t w i t h i n t h e 

nex t t e n y e a r s , due to economic and p o l i t i c a l c o n s t r a i n t s . 

8 . 5 U n t e t h e r e d , f r ee - swimming , ROVs (UROV) (24) 

Busby (1981) i d e n t i f i e s on ly 3 UROVs c a p a b l e o f working below 1000 m. 

These v e h i c l e s have enormous t h e o r e t i c a l p o t e n t i a l in g e o p h y s i c s and p h y s i c a l 

oceanography ( see s e c t i o n s 5 .17 and 5 . 1 8 ) bu t a r e a t p r e s e n t c o n s t r a i n e d by 

some d a u n t i n g p h y s i c a l and t e c h n i c a l o b s t a c l e s . We b e l i e v e t h a t ma jo r 

i n v e s t m e n t in t h i s a r e a could produce v a l u a b l e s c i e n t i f i c r e s u l t s on a European 

s c a l e . The p r e s e n t , p r o t o t y p e , v e h i c l e s s u f f e r from c o n s i d e r a b l e l i m i t a t i o n s . 

These a r e : 

1 . L imi ted e n e r g y . This no t on ly l i m i t s r a n g e , but a l s o a f f e c t s 

t h e a b i l i t y to o p e r a t e s e n s o r s which could be c a r r i e d such a s : s i d e s c a n s o n a r , 

swath-mapping s o n a r , sub-bo t tom p r o f i l e r , d o p p l e r s o n a r , magne tomete r , CTD and 

cameras . 

2 . L imi ted payload and buoyancy c o n t r o l . T h i s i s p a r t l y due to 

t h e . p r e s e n t s i z e of t h e v e h i c l e s . 
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3 . Poor t e r r a i n f o l l o w i n g and poor a l t i t u d e , t r a j e c t o r y and 

a t t i t u d e c o n t r o l . 

4 . Limi ted a c o u s t i c bandwidth f o r t h e t r a n s m i s s i o n of da t a and 

c o n t r o l s i g n a l s . 

5 . Limi ted on-board d a t a s t o r a g e . 

We unde r s t and CNEXO-BOM a t Toulon a r e working on t h e development of a 

s u p e r - E p a u l a r d wi th t h r u s t e r s to c o n t r o l t h e a t t i t u d e a t s low speed , more 

s o p h i s t i c a t e d fo rward sona r and a u t o m a t i c t r a j e c t o r y r e s p o n s e , s i d e s c a n sona r 

and slow r a t e TV image t r a n s m i s s i o n . 

All t h e above f a c t o r s which l i m i t t h e p r e s e n t pe r fo rmance of u n t e t h e r e d 

ROVs a r e s u s c e p t i b l e to r e s e a r c h i n v e s t m e n t , and many o f t h e r e l e v a n t e n g i n e e r i n g 

t o p i c s have been d i s c u s s e d in s e c t i o n 7 ( see 7 . 1 , 7 . 6 , 7 . 7 , 7 . 8 , 7 .17 and 7 . 1 9 ) . 

A c o n c e r t e d programme of r e s e a r c h could be launched to remove o r a m e l i o r a t e t h e s e 

l i m i t a t i o n s and to d e s i g n a v e h i c l e of advanced p e r f o r m a n c e f o r use t h r o u g h o u t 

t h e w a t e r column to a maximum depth of 6000 m. Such a m a j o r programme would 

i n c l u d e sub-programmes on i n t e g r a t e d n a v i g a t i o n , t h e c o n t r o l of t r a j e c t o r y , 

a l t i t u d e , a t t i t u d e and o b s t a c l e avo idance by means of a r t i f i c i a l i n t e l l i g e n c e , 

t h e development of h i g h e r d e n s i t y energy s t o r a g e and improved p r e s s u r e v e s s e l s 

and buoyancy c o n t r o l . 

A c a s e e x i s t s f o r i n v e s t m e n t in such a programme b r i n g i n g t o g e t h e r 

e x p e r t i s e from s e v e r a l European i n s t i t u t i o n s and m a n u f a c t u r e r s . At t h e moment 

t h e r e i s - l i t t l e o r no commercial development in t h i s s e c t o r , a l t h o u g h t h e 

v a l u e of removing t h e u m b i l i c a l has been f u l l y a p p r e c i a t e d by ROV o p e r a t o r s . 

The l a ck of commercial r e s e a r c h in t h i s s u b j e c t i s a r e f l e c t i o n , p r o b a b l y , of 

t h e r e a l complex i ty of t h e problem, t h e high i n v e s t m e n t needed , and t h e high 

l e v e l of e f f o r t a l r e a d y be ing devoted to improving ROVs. Thus a development 

which would p robab ly s t a r t w i th s c i e n t i f i c o b j e c t i v e s , c o u l d r e s u l t in g r e a t 

commercial b e n e f i t s . 

8 . 6 Towed unmanned sys tems (25) 

These sys tems a r e a l r e a d y be ing developed to a s o p h i s t i c a t e d l e v e l by 

major r e s e a r c h i n s t i t u t i o n s . F u r t h e r development and improvements a r e c e r t a i n , 

bu t they w i l l p robab ly not be r a d i c a l . Towed sys tems w i l l be a d a p t e d t o i n c l u d e 
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m u l t i p l e v e h i c l e s such as PARC-ERIC (one v e h i c l e wi th l i g h t s , t h e o t h e r w i th 

cameras) and w i l l b e n e f i t from t he development of wide -bandwid th t e l e m e t r y 

when c a b l e s wi th f i b r e o p t i c c o r e s a r e proven and by improved v i s u a l i s a t i o n 

t e c h n i q u e s . The number of u s e r s f o r such sys tems i s l i m i t e d , and t h e n e c e s s a r y 

development i n v e s t m e n t w i l l come from s c i e n t i f i c and m i l i t a r y s o u r c e s . We do 

no t f o r e s e e a ma jo r European component in t h i s t ype o f v e h i c l e . 

8 . 7 Manned s u b m e r s i b l e s (26) 

From our d i s c u s s i o n s wi th g e o p h y s i c i s t s and b i o l o g i s t s in Europe, 

i t i s c l e a r t h a t t h e r e i s a s c i e n t i f i c i n t e r e s t in t h e u s e of a manned s u b m e r s i b l e 

c a p a b l e of working down t o 6000 m. In geophys ica l and g e o l o g i c a l s t u d i e s i t 

would be used p a r t i c u l a r l y in rugged t e r r a i n to sample r o c k exposu re s and to 

examine t h e v e r t i c a l s t r a t i g r a p h y . I t could a s s i s t i n t h e p l a c i n g of l o n g -

term s e i s m i c s t a t i o n s and a l s o bench marks f o r g e o d e t i c s u r v e y i n g . More 

p r e c i s e g r a v i t y measurements a r e a l s o p o s s i b l e and such a v e h i c l e would be 

p a r t i c u l a r l y v a l u a b l e f o r u n d e r - i c e su rvey ing and s e i s m i c s . B i o l o g i s t s a l s o 

b e l i e v e t h e r e i s c o n s i d e r a b l e p o t e n t i a l f o r such v e h i c l e s , g iven an improved 

p a y l o a d , b e t t e r endurance and more c o m f o r t and v i s i b i l i t y than p r e s e n t v e h i c l e s . 

A s u b m e r s i b l e cou ld be used in t h e p r e l i m i n a r y phases o f many bottom e x p e r i m e n t s 

on p r o d u c t i v i t y , m i g r a t i o n e t c . and t o s u b s e q u e n t l y s e r v i c e such e x p e r i m e n t s . 

There would need to be a d e q u a t e buoyancy c o n t r o l and t h e a b i l i t y t o move up 

and down through a r ange of 500 - 1000 m to moni to r v e r t i c a l m i g r a t i o n . We 

b e l i e v e u s e r s in t h e m i l i t a r y and commercial f i e l d s would a l s o v a l u e t h e 

a v a i l a b i l i t y of a v e h i c l e wi th t h i s p e r f o r m a n c e . 

At t h e p r e s e n t CNEXO-BOM a r e c o n s t r u c t i n g a s u b m e r s i b l e , SM 97, which 

w i l l have t h e c a p a b i l i t y to d i v e to 6000 m. In form i t i s very s i m i l a r to 

Cyana which i s now some 15 y e a r s o l d . I t w i l l c o n t a i n a pe r sonne l s p h e r e in 

t i t a n i u m bu t o t h e r w i s e would seem to f o l l o w t h e d e s i g n p a t t e r n f o r m u l a t e d many 

y e a r s ago . Such s u b m e r s i b l e s have a d i v i n g endurance o f some 8 - 1 2 hours in 

cramped c o n d i t i o n s , and a r e very l i m i t e d in t h e energy and payload t h e y can 

c a r r y and t h e v a r i a b l e buoyancy a v a i l a b l e . These f a c t o r s l i m i t t h e i r s c i e n t i f i c 

u s e f u l n e s s to a marked d e g r e e . 

There a r e t h o s e who b e l i e v e t h a t manned s u b m e r s i b l e s have reached t h e 

end o f t h e i r deve lopment . However we do no t i n c l i n e t o t h i s view b u t r a t h e r 

b e l i e v e t h a t t h e p r e s e n t obv ious shor t comings could be r e m e d i e d , w i t h s u i t a b l e 

t ime and i n v e s t m e n t , t o produce a new g e n e r a t i o n of autonomous v e h i c l e s 
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w i th much improved pe r fo rmance and h a b i t a b i 1 i t y . The s c a l e of inves tmen t 

needed to adop t and e n g i n e e r new t e c h n o l o g i e s f o r a deep ocean submer s ib l e 

would j u s t i f y European c o - o p e r a t i o n . This e f f o r t would i n c l u d e r e s e a r c h on 

new hu l l m a t e r i a l s ( s ee s e c t i o n 7 . 8 ) , energy s t o r a g e ( 7 , 1 ) , prime movers ( 7 . 2 ) , 

buoyancy c o n t r o l , n a v i g a t i o n ( 7 . 6 ) and o t h e r s p e c i a l i s a t i o n s . If a v e h i c l e 

were to be b u i l t , i t cou ld e i t h e r be a h i g h e r pe r fo rmance o n e - d i v e v e h i c l e , 

o r m u l t i - w a t c h l o n g e r endurance v e h i c l e , depending upon t h e e n g i n e e r i n g 

outcome of t h e des ign s t u d i e s and t h e accompanying d e t a i l e d s c i e n t i f i c and 

i n v e s t m e n t needs . 

We a l s o b e l i e v e t h a t w i t h i n the s u b m e r s i b l e s e c t o r t h e combina t ion 

of an autonomous medium dep th v e h i c l e wi th an ROV, o r small deep ocean manned 

s u b m e r s i b l e , should be e x p l o r e d as an a l t e r n a t i v e . T h i s concep t of a long 

endurance mother submar ine c a r r y i n g t h e b a s i c 'work t o o l ' i s more f l e x i b l e 

than t h e f i r s t system and would no t r e q u i r e a d i r e c t mother v e s s e l , and might 

f i n d wide r a p p l i c a t i o n s in d e p t h s from 1000 - 4000 m of i n t e r e s t t o t h e o i l 

i n d u s t r y . In such a system t h e mother submarine o r s u b m e r s i b l e would i n c l u d e 

some of t h e d e s i g n p r i n c i p l e s developed by IKL-Gabler and SSOS, and would be 

l i k e l y t o employ a c l o s e d c y c l e f u e l burn ing energy s o u r c e . 

In t h e c o n t e x t of manned s u b m e r s i b l e d e v e l o p m e n t , we would s t r o n g l y 

recommend t h a t t h e Comex-CNEXO Argyron^ te p r o j e c t i s s t u d i e d wi th a view to 

making a European t e c h n i c a l and f i n a n c i a l i n v e s t m e n t i n t h e p r o j e c t so t h a t 

t h e submar ine can be used as a s e a - g o i n g t r i a l s v e s s e l . We b e l i e v e i t i s 

wel l s u i t e d to be a p l a t f o r m on which new m a t e r i a l s , e n e r g y s o u r c e s , s econda ry 

c e l l s , n a v i g a t i o n a l equ ipmen t , p r o c e s s i n g , c o n t r o l g e a r e t c . can be t e s t e d i n a 

r e a l i s t i c env i ronmen t . 

8 . 8 Towed and suspended manned systems (27) 

These sys tems a r e l i k e l y t o be l i m i t e d to d e p t h s of t h e o r d e r of 

1000 - 2000 m and have l i m i t e d and s p e c i a l i s e d commercial a p p l i c a t i o n s . 

V e h i c l e s w i l l be developed by commercial f i r m s when r e q u i r e d . We do no t 

b e l i e v e t h a t t h e r e i s any r e q u i r e m e n t f o r a European c o n t r i b u t i o n to t h i s 

s e c t o r . 
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9. RECOMMENDATIONS 

This s e c t i o n conc ludes t h e r e p o r t wi th a l i s t o f p r o j e c t s and s p e c i a l i s t 

recommendations which we b e l i e v e could be advanced by European c o - o p e r a t i o n 

and i n v e s t m e n t . The method of such c o - o p e r a t i o n , t he l e v e l of inves tment 

r e q u i r e d , t h e p r i o r i t i e s of t h e d i f f e r e n t o p t i o n s and t h e degree of d i r e c t 

involvement by the J o i n t Research Cen t r e would be a m a t t e r f o r f u r t h e r 

d i s c u s s i o n s and s t u d y in Phase 2 of t h i s c o n t r a c t . The f i n a n c i n g of o p e r a t i o n s , 

the l o g i s t i c s invo lved and t h e emergency s u p p o r t needed would a l s o be c o n s i d e r e d 

in Phase 2 . 

Major v e h i c l e projects recommended: 

1 . A 6000 m manned s u b m e r s i b l e , c a p a b l e of r e m a i n i n g submerged 

f o r a t l e a s t 4 d a y s , wi th p r o v i s i o n f o r s h i f t s of crew and s c i e n t i f i c o b s e r v e r s , 

s o p h i s t i c a t e d n a v i g a t i o n and d a t a l o g g i n g , and p r o v i s i o n f o r e x t e n s i v e 

expe r imen ta l equ ipment , i n c l u d i n g t h e use of m a n i p u l a t o r s and work t o o l s . 

2 . A h y b r i d ' p i g g y back ' s u b m e r s i b l e sys tem c o n s i s t i n g of a l a r g e 

mother submar ine c a p a b l e of d i v i n g to 1000 - 2000 m and c a r r y i n g a s m a l l e r deep 

ocean v e h i c l e c a p a b l e of descend ing to 5000 m wi th a u s e f u l work pay load . 

3 . An u n t e t h e r e d remote o p e r a t e d v e h i c l e w i t h a depth c a p a b i l i t y 

of 5000 m and u s e f u l p a y l o a d , i n c l u d i n g i n t e g r a t e d n a v i g a t i o n wi th i n t e l l i g e n t 

c o n t r o l s y s t e m s , 24 hour endurance and a high r a t e of d a t a g a t h e r i n g wi th l a r g e 

volume s t o r a g e . 

4 . A 6000 m remote o p e r a t e d v e h i c l e , lowered i n a ' g a r a g e ' and 

c a p a b l e of c o n d u c t i n g s o r t i e s from t h e garage u s ing an u m b i l i c a l c o n n e c t i o n . 

Required to c a r r y s o p h i s t i c a t e d work t o o l s and v ideo e q u i p m e n t . 

Subsystem development recommended: 

1 . New m a t e r i a l s , i n c l u d i n g c a r b o n / g r a p h i t e / k e v l a r f i b r e compos i t e s , 

m e t a l - c e r a m i c c o m p o s i t e s , e t c . , should be t e s t e d and d e v e l o p e d f o r t h e c o n s t r u c -

t i o n of l a r g e p r e s s u r e v e s s e l s and o t h e r components in manned and unmanned 

v e h i c l e s f o r deep ocean u s e . 
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2. The use of novel ene rgy s o u r c e s , p a r t i c u l a r l y t h e c l o s e d c y c l e 

S t i r l i n g and d i e s e l e n g i n e and t h e i r a s s o c i a t e d f u e l s y s t e m s , and c e r t a i n 

secondary b a t t e r i e s , should be i n v e s t i g a t e d . Compara t ive t r i a l s , and development 

and m o d i f i c a t i o n s should be c a r r i e d o u t to e v a l u a t e t h e p o t e n t i a l of each t y p e 

of power sou rce in r e a l i s t i c working c o n d i t i o n s a t s e a . 

3 . Advanced computer and p r o c e s s i n g t e c h n i q u e s , i n c l u d i n g the 

development of a r t i f i c i a l i n t e l l i g e n c e , should be a p p l i e d t o the problem of 

c o n t r o l l i n g u n t e t h e r e d remote o p e r a t e d v e h i c l e s and o t h e r systems to minimise 

t h e e f f e c t s of low d a t a r a t e and d e l a y in s i g n a l t r a n s m i s s i o n . 

4 . Development should be unde r t aken in advanced n a v i g a t i o n sys tems 

f o r .both manned and unmanned v e h i c l e s , i n t e g r a t i n g t h e optimum per formance 

a v a i l a b l e from systems employing a c o u s t i c beacons , e l e c t r o - m a g n e t i c l o g s , 

i n e r t i a l n a v i g a t i o n e t c . T e r r a i n f o l l o w i n g systems s h o u l d be i n v e s t i g a t e d f o r 

f a s t n e a r - b o t t o m su rveys and t h e s a f e o p e r a t i o n of manned and unmanned f r e e 

v e h i c l e s . 

5 . Improved v i s u a l i s a t i o n and a c o u s t i c imaging t e c h n i q u e s , i n c l u d i n g 

p a t t e r n r e c o g n i t i o n schemes, shou ld be developed f o r t h e b e t t e r c o n t r o l of ROVs 

and work t o o l s . S t e r e o g r a p h i c and h o l o g r a p h i c sys tems s h o u l d be i n v e s t i g a t e d . 

6 . F u r t h e r development i s needed , and t e s t f a c i l i t i e s a r e r e q u i r e d , 

f o r u m b i l i c a l c a b l e s c a p a b l e of combining f i b r e o p t i c s w i t h s t r a i n members and 

o t h e r c o n d u c t o r s , wi th a maximum l e n g t h of 10 km. 

7 . Tes t f a c i l i t i e s shou ld be developed f o r i n v e s t i g a t i n g t h e 

pe r fo rmance of m a t e r i a l s , s u b m e r s i b l e components , subsys tems and a s s e m b l i e s a t 

d e p t h s down to 6000m, both i n t h e l a b o r a t o r y and a t s e a , w i t h t h e p o s s i b i l i t y 

of l e a v i n g m a t e r i a l s o r sys tems exposed f o r long p e r i o d s . 

8 . The French s u b m e r s i b l e ' A r g y r o n e t e ' p r o j e c t should be examined 

wi th a view t o s u p p o r t i n g i t s development as an u n d e r w a t e r t e s t - b e d f o r t h e sea 

t r i a l s of c l o s e d c y c l e e n g i n e s and o t h e r energy s o u r c e s , and t h e t e s t i n g of o t h e r 

l a r g e components and subsys tems in r e a l i s t i c o p e r a t i o n c o n d i t i o n s . 
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Annex to r e p o r t f o r C o n t r a c t No. 2149-83-07 ED ISP GB 

'Review study on t h e r e q u i r e m e n t s 

f o r deep ocean remote h a n d l i n g e q u i p m e n t ' 

Four ma jo r v e h i c l e p r o j e c t s were recommended i n t h e r e p o r t f o r c o n s i d e r a t i o n 

by I s p r a and which would be o p t i o n s f o r a f e a s i b i l i t y s t u d y in phase I I of t h e 

programme. These were : 

1. A 6000 m manned s u b m e r s i b l e , c a p a b l e of r e m a i n i n g submerged f o r a t 

l e a s t 4 days , w i th p r o v i s i o n f o r s h i f t s of crew and s c i e n t i f i c o b s e r v e r s , 

s o p h i s t i c a t e d n a v i g a t i o n and d a t a l o g g i n g , and p r o v i s i o n f o r e x t e n s i v e 

e x p e r i m e n t a l equ ipmen t , i n c l u d i n g t h e use of m a n i p u l a t o r s and work t o o l s . 

2 . A h y b r i d ' p i g g y back ' s u b m e r s i b l e sys tem c o n s i s t i n g of a l a r g e mother 

submar ine c a p a b l e of d i v i n g t o 1000-2000 m and c a r r y i n g a s m a l l e r deep 

ocean v e h i c l e c a p a b l e of descend ing t o 6000 m w i t h a u s e f u l work p a y l o a d . 

3. An u n t e t h e r e d r emo te ly o p e r a t e d v e h i c l e (UROV) w i t h a depth c a p a b i l i t y 

o f 6000 m and u s e f u l p a y l o a d , i n c l u d i n g i n t e g r a t e d n a v i g a t i o n wi th 

' i n t e l l i g e n t ' c o n t r o l s y s t e m s , 24 hour endu rance and a high r a t e of 

d a t a g a t h e r i n g w i th l a r g e volume s t o r a g e . 

4 . A 6000 m remote ly o p e r a t e d v e h i c l e (ROV), lowered i n a ' g a r a g e ' , and 

c a p a b l e of conduc t i ng s o r t i e s from t h e ga rage u s i n g an u m b i l i c a l 

c o n n e c t i o n . Required t o c a r r y s o p h i s t i c a t e d work t o o l s and v ideo 

equ ipmen t . 

Th is annex e l a b o r a t e s on t h e s e o p t i o n s and t h e i r u s e and a l s o emphas i ses 

c e r t a i n o r g a n i s a t i o n a l f e a t u r e s which we b e l i e v e would be i m p o r t a n t f o r t h e 

s u c c e s s f u l development of any such o p t i o n . 

1 . THE PROJECTS. TECHNICAL CONSIDERATIONS AND USE 

Opt ions 1 and 2 . Manned s u b m e r s i b l e s . 

In o p t i o n 1 we a r e concerned wi th a 50-100 tonne s u b m e r s i b l e which can 

p r o v i d e t h e endurance and c o m f o r t n e c e s s a r y t o p e r m i t u n d e r w a t e r s o r t i e s l a s t i n g 

4 days o r more. In a s e n s e this i s t h e nex t s t a g e i n u n d e r w a t e r o p e r a t i o n s by 

s u b m e r s i b l e , where t h e ' b o u n c e - d i v e ' concep t of A l v i n , Cyana and SM97 i s changed 

by t h e e x t e n d e d pe r fo rmance and pay load which new power s o u r c e s and h u l l 

m a t e r i a l s would p r o v i d e . The c o s t of p r e s e n t s u b m e r s i b l e o p e r a t i o n s i s h i g h . 
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t y p i c a l l y £10,000 - £15,000 per day , and i s due in equa l measure t o t h e c o s t o f 

o p e r a t i n g t h e s u b m e r s i b l e and t h a t of i t s d e d i c a t e d h a n d l i n g v e s s e l . However, 

t h e t r u e c o s t of each hour a c t u a l l y s p e n t c a r r y i n g o u t u n d e r w a t e r work i s 

dependen t on t h e v a g a r i e s of t h e wea the r f o r launch and r e c o v e r y and t h e number 

of hours a t t h e work s i t e in an o p e r a t i o n a l c y c l e . Al though t h e development 

and c a p i t a l c o s t of a s u b m e r s i b l e w i t h ex tended e n d u r a n c e w i l l be very much 

h i g h e r t h a n t h e p r e s e n t g e n e r a t i o n of deep d i v i n g v e h i c l e s , i t w i l l a l low f o r 

g r e a t e r u t i l i s a t i o n in a wider r ange of wea the r c o n d i t i o n s and l a t i t u d e s . By 

a v o i d i n g t h e need f o r launch and r e c o v e r y , and by e x t e n d i n g e n d u r a n c e , t he 

number o f u s e f u l hours of work on s i t e in a g iven r e p l e n i s h m e n t c y c l e w i l l be 

i n c r e a s e d . F u r t h e r m o r e , by doing away wi th a s p e c i a l i s e d h a n d l i n g v e s s e l , a 

c o s t s a v i n g w i l l be made. I t i s env i saged t h a t such a s u b m e r s i b l e would o p e r a t e 

i n c o n j u n c t i o n w i th a r e s e a r c h v e s s e l o r deep sea t r a w l e r , u n l e s s t h e work s i t e 

l a y w i t h i n , s a y , 200 mi l e s of a b a s e . I f r e q u i r e d , t h e s h i p cou ld tow t h e 

submerged v e h i c l e to t h e o p e r a t i n g a r e a and would be t h e s o u r c e of s t o r e s and 

f u e l as wel l as p r o v i d i n g work f a c i l i t i e s and f o r t h e exchange of crew. I t 

cou ld a l s o u n d e r t a k e f u r t h e r o f f s h o r e t a s k s w h i l e t h e s u b m e r s i b l e was o p e r a t i n g . 

During passage-making and when s u r v e y i n g i t w i l l be i m p o r t a n t f o r t h e 

s u b m e r s i b l e t o make e f f i c i e n t use of t h e a v a i l a b l e s t o r e d e n e r g y between 

r e p l e n i s h m e n t . This r e q u i r e s a c l e a n hu l l form wi th low d r a g , and f o r optimum 

pe r fo rmance a t g r e a t dep ths h u l l p e n e t r a t i o n s shou ld a l s o be k e p t to a minimum. 

Both t h e s e f a c t o r s a r e b e s t s e r v e d by p r o v i d i n g a p o r t a b l e t o o l and m a n i p u l a t o r 

f a c i l i t y which i s on ly mounted when r e q u i r e d . This i s a l s o an advan tage from 

t h e m a i n t e n a n c e p o i n t of view s i n c e t h e a b i l i t y t o carry o u t in s i t u ma in tenance 

of e x t e r n a l l y mounted a n c i l l a r y equipment w i l l be very l i m i t e d a t s e a . I t i s 

l i k e l y t h a t t h e optimum s o l u t i o n i s t o p rov ide a small ROV which can be 

t r a n s f e r r e d from t h e s h i p w h i l e t h e s u b m e r s i b l e i s l y i n g submerged a few me t r e s 

benea th t h e s u r f a c e , a v o i d i n g s u r f a c e i n s t a b i l i t y problems and wave a c t i o n . 

This ROV c o n c e p t would have o t h e r a d v a n t a g e s , both i n p r o v i d i n g a very f l e x i b l e 

work sys tem a t depth and a s a f e t y f a c i l i t y f o r t h e s u b m e r s i b l e . These a s p e c t s 

a r e d i s c u s s e d f u r t h e r in t h e s e c t i o n below on o p t i o n 4 . 

Opt ion 2 i s a r a t h e r d i f f e r e n t approach i n v o l v i n g t h e c o n s t r u c t i o n of a 

l a r g e autonomous mother submar ine and a s m a l l e r d e e p - d i v i n g s u b m e r s i b l e which 

i s t r a n s p o r t e d to t h e s i t e on t h e back of t h e l a r g e r v e s s e l . Docking and 

undocking would be c a r r i e d o u t a t a depth of a few t e n s o f m e t r e s , away from 

t h e e f f e c t s of wave a c t i o n . For o p e r a t i o n in a l l o c e a n i c w e a t h e r c o n d i t i o n s , 

p o s s i b l y 2000 m i l e s from b a s e , i t i s c l e a r t h a t t h e mo the r submar ine w i l l have 

t o be of a c o n s i d e r a b l e d i s p l a c e m e n t , and a f i g u r e of 1000-2000 t o n n e s has been 

ment ioned by a naval c o n s u l t a n t . Even wi th such a s i z a b l e p a r e n t submar ine . 
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t h e s u b m e r s i b l e i s u n l i k e l y t o exceed 20-30 tonnes in d i s p l a c e m e n t due to t h e 

need t o l i m i t s t r u c t u r a l f o r c e s from wave a c t i o n on p a s s a g e . For such o p e r a t i o n s 

i t seems u n l i k e l y , t h e r e f o r e , t h a t t h e s u b m e r s i b l e component w i l l be l a r g e 

enough t o p r o v i d e t h e pe r fo rmance and c o m f o r t n e c e s s a r y f o r ex tended use and 

i t s d i v i n g d u r a t i o n would be u n l i k e l y t o exceed 24 h o u r s . I f , however, 

o p e r a t i o n s were l i m i t e d t o o f f s h o r e t a s k s c l o s e r to l a n d , t hen i t i s p o s s i b l e 

t h a t t h e d i s p l a c e m e n t of t h e p a r e n t submar ine could be r e d u c e d . However, t h i s 

p l a c e s a s e v e r e l i m i t a t i o n on t h e u s e f u l n e s s of t h e c o n c e p t f o r a number of 

deep sea t a s k s . In o p t i o n 2 t h e submar ine i s p r i m a r i l y a c t i n g as a s p e c i a l i s e d 

mother s h i p , wi th t h e main advan tage t h a t docking and undock ing w i l l take p l a c e 

away from t h e s u r f a c e . The c a p i t a l c o s t of such a v e s s e l w i l l be v e r y ' h i g h w i t h 

h igh runn ing and ma in tenance c o s t s and t h e need f o r a c rew t r a i n e d t o m i l i t a r y 

s t a n d a r d s . 

Both manned s u b m e r s i b l e o p t i o n s ( o p t i o n s 1 and 2) w i l l r e q u i r e t h e same 

c r i t i c a l s u b - s y s t e m i n v e s t i g a t i o n s and developments d u r i n g t h e d e s i g n s tudy 

s t a g e . The main d i f f e r e n c e w i l l be i n d e t a i l emphasis and i n t h e s i z e of 

h u l l and ene rgy s o u r c e s needed . These sub - sys t em deve lopment s i n c l u d e : 

Energy s o u r c e s and s t o r a g e 

M a t e r i a l s t u d y and p r e s s u r e v e s s e l d e s i g n 

Nav iga t i on 

Buoyancy c o n t r o l 

M a n i p u l a t i o n and t o o l i n g f a c i l i t i e s . 

These t o p i c s a r e covered in some d e t a i l in s e c t i o n 7 o f t h e r e p o r t . Apar t f rom 

t h i s p a r t i c u l a r r e q u i r e m e n t f o r t h e s e sub - sys t em d e v e l o p m e n t s , t h e work would 

r e s u l t i n v a l u a b l e t e c h n o l o g i c a l g a i n s f o r t h e European o f f s h o r e i n d u s t r y . 

An a n a l y s i s has been c a r r i e d o u t to d e t e r m i n e t h e d e g r e e o f use of t h e 

f o u r o p t i o n s amongst t h e p o t e n t i a l u s e r s l i s t e d in s e c t i o n 5 of t h e r e p o r t . 

To a f i r s t a p p r o x i m a t i o n , both manned s u b m e r s i b l e o p t i o n s s e r v e t h e same 

p o t e n t i a l u s e r s and t h e s e cover 15 o u t of t h e 19 s u b j e c t s l i s t e d . Main u s e r s 

a r e seen t o be : 

O f f s h o r e o i l and gas i n d u s t r y 

In e x p l o r a t i o n and p r o d u c t i o n 

Repa i r and ma in tenance of s t r u c t u r e s , p i p e l i n e s , e t c . 

N o n - d e s t r u c t i v e t e s t i n g 

M i l i t a r y 

Sa lvage of c r a s h e d a i r c r a f t , i n s t r u m e n t s and weapons 

Submarine r e s c u e 
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Research and m o n i t o r i n g a c t i v i t i e s conce rned wi th t h e 

deep sea d i s p o s a l of r a d i o a c t i v e was te 

B i o l o g i c a l r e s e a r c h 

Geophysical and g e o l o g i c a l i n v e s t i g a t i o n s and r e s e a r c h 

Geochemical i n v e s t i g a t i o n s and r e s e a r c h . 

The l a s t two s u b j e c t s would cover commercial mining i n t e r e s t s as wel l as more 

b a s i c r e s e a r c h . A u s e r s panel would need t o i n v o l v e r e p r e s e n t a t i v e s from t h e 

o f f s h o r e hydrocarbon i n d u s t r y , m i l i t a r y i n t e r e s t s , r a d i o a c t i v e was t e d i s p o s a l 

i n t e r e s t s , o f f s h o r e mining and t h e mar ine r e s e a r c h f i e l d . 

Opt ion 3. U n t e t h e r e d r emo te ly o p e r a t e d v e h i c l e (UROV) 

This o p t i o n i s concerned wi th t h e d e s i g n s t u d y and c o n s t r u c t i o n of a f r e e -

swimming unmanned v e h i c l e a b l e t o c a r r y o u t bo th pre-programmed and ' i n t e l l i g e n t ' 

s u r v e y s a t dep ths down t o 6000 m wi th an endurance of 24 h o u r s . Design f e a t u r e s 

of i m p o r t a n c e would i n c l u d e t h e a b i l i t y t o a c c u r a t e l y n a v i g a t e a l o n g survey l i n e s 

say 100 m a p a r t w i t h i n a f rame of a few k i l o m e t r e s , and a l s o t o c a r r y ou t l o n g e r 

range r e c o n n a i s s a n c e work under t h e gu idance of an i n t e l l i g e n t c o n t r o l sys tem. 

I t i s e n v i s a g e d t h a t t h e s e n s o r s u i t e would be v a r i e d a c c o r d i n g t o t h e t a s k 

u n d e r t a k e n , b u t would i n c l u d e a wide range of n a v i g a t i o n a l , a c o u s t i c , o p t i c a l 

and g e o p h y s i c a l i n s t r u m e n t s . I t i s u n l i k e l y t h a t s u f f i c i e n t e n e r g y could be 

p r o v i d e d a t t h e r e q u i r e d su rvey s p e e d s of 4-6 kno t s by b a t t e r i e s a l o n e so 

t h e r e would need t o be a p r imary energy s o u r c e and r e c h a r g i n g sys tem f i t t e d . 

O p e r a t i o n s would no t need t o t a k e p l a c e from a s p e c i a l i s e d v e s s e l , a l t hough 

a d e q u a t e a r t i c u l a t e d c r a n e a g e would be r e q u i r e d to h a n d l e a v e h i c l e we igh ing , 

s a y , 5 tonnes in a i r . Although o p e r a t i o n a l n a v i g a t i o n would be p rov ided by 

t h e v e h i c l e ' s own i n s t r u m e n t a t i o n , supplemented by a l o n g base l i n e sys tem 

when r e q u i r e d , i t might be n e c e s s a r y t o p rov ide a s h o r t ba se l i n e t r a c k i n g 

sys tem on t h e s u r f a c e v e s s e l , main ly f o r r e c o v e r y . 

A number of t h e ma jo r sub - sys t ems which would have t o be deve loped would 

be s i m i l a r t o t h o s e f o r o p t i o n s 1 and 2 , and would a g a i n have a more genera l 

a p p l i c a t i o n in European unde rwa te r t e c h n o l o g y in t h e c o m m e r c i a l , m i l i t a r y and 

mar ine r e s e a r c h f i e l d s . These would i n c l u d e : 

Energy s t o r a g e and r e c h a r g i n g sys tems 

P r e s s u r e v e s s e l m a t e r i a l s and d e s i g n 

Hybrid n a v i g a t i o n , i n t e g r a t i n g a number of modes 

Buoyancy m a t e r i a l s and c o n t r o l 

I n t e l l i g e n t c o n t r o l sys tem 

A c o u s t i c t e l e m e t r y 
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High c a p a c i t y d a t a s t o r a g e 

S e n s o r s u i t e s ( n a v i g a t i o n a l , a c o u s t i c and o p t i c a l ) 

T e c h n i c a l a s p e c t s r e l a t i n g t o t h e s e a r e d i s c u s s e d in s e c t i o n 7 of t h e r e p o r t . 

The a n a l y s i s of u s e r ' s needs s u g g e s t s t h a t t h e r a n g e of p o s s i b l e u s e r s 

f o r such a v e h i c l e may n o t be as g r e a t as in t h e manned s u b m e r s i b l e o p t i o n s . 

Th i s i s l a r g e l y b e c a u s e t h e v e h i c l e i s seen a s a remote s u r v e y i n s t r u m e n t w i t h 

no s i g n i f i c a n t a b i l i t y t o c a r r y o u t t h e t ype of o n - s i t e work t a s k s which a 

manned s u b m e r s i b l e (o r c a b l e - c o n n e c t e d v e h i c l e ~ ROV) c o u l d u n d e r t a k e w i t h 

r e a l - t i m e v i s i o n c o u p l e d t o a m a n i p u l a t o r and t o o l f a c i l i t y . However, t h e r e 

i s no d o u b t t h a t t h e deve lopment o f such a v e h i c l e would be v a l u a b l e t o a 

number o f u s e r s , and i n many ways would complement t h a t u n d e r t a k e n by t h e 

o f f s h o r e i n d u s t r y , p a r t i c u l a r l y i n t h e i r emphas i s on ROV d e v e l o p m e n t . Once 

d e v e l o p e d and p r o v e n , i t would p r o v i d e a ve ry e f f i c i e n t and c o s t - e f f e c t i v e way 

of c a r r y i n g o u t p r e c i s e s u r v e y s and r e c o n n a i s s a n c e work . The main u s e r s a r e 

l i k e l y t o b e : 

O f f s h o r e o i l and gas i n d u s t r y 

Deep s i t e s u r v e y s 

Deep p i p e l i n e r o u t e i n g s u r v e y s 

S a l v a g e and ' l i t t e r ' s u r v e y s 

M i l i t a r y 

L o c a t i o n o f c r a s h e d a i r c r a f t , i n s t r u m e n t s and weapons 

Re se a r c h and m o n i t o r i n g a c t i v i t i e s c o n c e r n e d w i t h t h e deep 

^ s ea d i s p o s a l o f r a d i o a c t i v e was t e 

Geophys i ca l and g e o l o g i c a l s u r v e y s . 

The l a s t named would i n c l u d e bo th commercial and r e s e a r c h i n t e r e s t i n nodu le 

f i e l d s and m e t a l l i f e r o u s d e p o s i t s as we l l as more b a s i c s e d i m e n t a r y and t e c t o n i c 

s t u d i e s . Unmanned f r e e - s w i m m i n g v e h i c l e s have a p a r t i c u l a r a p p l i c a t i o n i n such 

r e s e a r c h s i n c e t h e y o f f e r t h e p r o s p e c t of c o n d u c t i n g surveys of a g i v e n a r e a o f 

ocean f l o o r a t r e l a t i v e l y h igh speed and w i t h much more p r e c i s e t r a c k c o n t r o l 

than t h a t p r o v i d e d by a deep- towed s y s t e m . Such a t e c h n i q u e would e n a b l e maps 

t o be p roduced of t h e morphology of t h e s ea b e d , of s e d i m e n t a r y f a c i e s and 

s t r u c t u r e comparab l e t o t h a t on l a n d . Areas o f r e s o u r c e p o t e n t i a l , such as 

c o n c e n t r a t i o n s o f manganese n o d u l e s o r p o l y m e t a l l i c s u l p h i d e o r e b o d i e s , cou ld 

be mapped in c o n s i d e r a b l e d e t a i l . 


