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TWENTY YEARS OF RESEARCH 
AT THR 

SACLANT ASW RESEARCH CENTRE 
1959 - 1979 

Donald Ross* 

The SACLANT Antisubmarine Warfare Research Centre was es tabl ished by t h e  
North A t l a n t i c  Treaty Organization t o  provide s c i e n t i f i c  and technical  
advice and ass i s t ance  t o  t h e  Supreme Al l ied  C-ander A t l a n t i c  i n  t h e  f i e l d  

of antisubmarine warfare and t o  respond t o  t h e  requirements of NATO naval 
fo rces  i n  the f i e l d .  Its f i r s t  twenty years  a r e  described in four broad 

per iods ,  f o r  each of which is  given a summary of adminis t ra t ive  mat ters  and 
d e t a i l e d  h i s t o r i e s  of t h e  work performed under items of t h e  cur ren t  
s c i e n t i f i c  programmes. Extensive c i t a t i o n s  a r e  made t o  SACLANTCEN research 
pub l ica t ions  and a supplementary volume (published a s  SACLAEFFCEN 
Bibliography SB-3) l i s ts  t h e  authors ,  t i t les,  and a b s t r a c t s  of these.  

* 
D r  D. Ross was Deputy Director  of  SACLILNTCEN from 1976 t o  1979; during t h e  

l a t e  swnner of 1978 he served a s  Interim Director .  



Editorial Note: On his departure from SACUNTCXN, the author left a 

finished text and a general list of suggested illustrations. In preparing 

the document in its present f o m  the editor has had to select illustrations 

according to their availability and to the space at his disposal, and has 

had to provide titles. The editor wishes to eaiphasize that any errors or 

inconsistencies in the illustrations are therefore his responsibility and 

not those of the author. 
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FOREWORD 

Donald Ross brought t o  SACWJTCEN a wide experience and knowledge i n  the  
f i e l d  of underwater acous t i c s  and an  enthusiasm f o r  s c i e n t i f i c  research 
which g r e a t l y  st imulated t h e  whole Centre. H i s  s t a y  here saw a period of 
re-thinking and r e o r i e n t a t i o n  i n  the Centre 's  programme. While t h e  
implementation of t h i s  occupied much of h i s  a t t e n t i o n  he was a l s o  involved 
i n  many management i s sues ,  y e t  he s t i l l  found time t o  be a c t i v e  i n  organi- 
s i n g  and p a r t i c i p a t i n g  i n  education seminars f o r  t h e  s t a f f .  

This had made him eminently q u a l i f i e d  t o  w r i t e  t h i s  coerprehensive record of 
t h e  Centre ' s  developemtns and achievements. The' concept, perspect ive  and 
weight t o  be given t o  each i t e m  a r e  e s s e n t i a l l y  h i s  own, but  while in 
conversation he was always ready t o  d iscuss  t h e  d e f i n i t e  and sometimes 
colourful  views he bad forwed on t h e  r e l a t i v e  value of t h i s  o r  t h a t  scien- 
t i f i c  endeavour o r  personal  con t r ibu t ion ,  he has scrupulously kept  these  
from h i s  t e x t ,  leaving it a s  f a r  a s  poss ib le  a s  a f a c t u a l  record f o r  t h e  
reader t o  form h i s  own judgments. It i s  e s s e n t i a l l y  a work of  reference,  
which above a l l  w i l l  be e s p e c i a l l y  use fu l  t o  t h e  s t a f f  of t h e  Centre and 
those c l o s e l y  associa ted  with it. I n  p a r t i c u l a r  it is  hoped t h a t  it w i l l  
no t  only serve a s  a source of important background information f o r  new 
Centre s c i e n t i s t s  but  a l s o  provide i n s p i r a t i o n  t o  them t o  continue t h e  
f i r s t  r a t e  work of t h e i r  predecessors. 

I t  is a p leasure  t h a t  t h e  20th Anniversary of t h e  Centre 's  foundation f e l l  
within my term of o f f i c e  a s  Director .  Af ter  many years '  experience of 
major research and development a c t i v i t i e s  i n  my own country, and some 
knowledge of r e la ted  work i n  a l l i e d  nat ions ,  I now have t h e  b e n e f i t  of 
first hand knowledge of SACMCEN and t h e  c a p a b i l i t i e s  of i t s  personnel.  
A l l  t h i s  has  l e f t  no doubt of t h e  high q u a l i t y  of the  Centre 's  s c i e n t i f i c  
work and t h e  excellence of i t s  t echn ica l  support ,  both now and throughout 
i t s  h i s to ry .  Dr .  Ross' document is a f i t t i n g  acknowledgement of these  
achievements, a l s o  of t h e  contr ibut ions  from NATO organizat ions  and 
na t iona l  a u t h o r i t i e s  t h a t  have helped t o  make it poss ib le  - espec ia l ly  
s i g n i f i c a n t  among these  have been t h e  e f f o r t s  of SACLANT's headquarters 
s t a f f  and t h e  invaluable counsel given by t h e  Centre 's  S c i e n t i f i c  Committee 
of National Representat ives.  Above a l l  is it a t r i b u t e  t o  the  s t a f f  of t h e  
Centre, not  only f o r  the  work of t h e  s c i e n t i s t s  but  f o r  t h e  dedicated 
t echn ica l  and adminis t ra t ive  support  they have received throughout t h e  
Centre 's  l i f e .  



Int reduction 
I n  Hay 1979, t h e  S A C M  W Research Centre  
c e l e b r a t e d  i ts  20th anniversary.  Insp i red  by 
t h i s  occasion,  t h e  v r i t e r  undertook t o  document 
t h e  research  a c c o m p l i s h c a t s  of  t h e  Centre  
s i n c e  its formation i n  1959. For a per iod  of  
about f o u r  months he read in d e t a i l  each o f  t h e  
annual p rogress  r e p o r t s  and examined some 700 
p u b l i c a t i o n s  a s  w e l l  a s  in te rv iewing  a number 
of o l d  timers s t i l l  a t  t h e  Centre .  From t h i s  
research  he acquired no t  on ly  a knowledge of 
t h e  i n d i v i d u a l  p r o j e c t s  b u t  a l s o  a new appre- 
c i a t i o n  f o r  t h e  accomplishments of t h i s  r e l a -  
t i v e l y  smal l  o rgan iza t ion .  

Working i n  t h e  s p e c i f i c  f i e l d  of  subsur face  
ant isubmarine war fa re ,  t h e  Centre  has i n  i t s  
twenty y e a r s  eade a rearsrkable number o f  s i g n i -  
f i c a n t  c o n t r i b u t i o n s .  I n  t h i s  volume t h e s e  a r e  
considered t o  f a l l  i n t o  f i v e  a r e a s  of  research:  

Environmental Acoust ics  Research 
Active Sonar Research 
Non-acoustic ASW Research 
Uceanographic Research 
Operat ions Research / M S t u d i e s  

However, c l e a r l y  i t  has  been t h e  i n t e r d i s c i -  
p l i n a r y  across-area i n t e r a c t i o n s  t h a t  have made 
t h e  Centre '  S c o n t r i b u t i o n s  80 outs tand ing .  In  
p a r t i c u l a r ,  t h e  combination of s t r o n g  oceano- 
g raphic  and environmental a c o u s t i c  r e s e a r c h  
done i n  a given geographic a r e a ,  supplemented 
by a c t i v e  sonar  s t u d i e s  i n  t h e  same a r e a ,  
t o g e t h e r  wi th  r e l a t e d  operations research  
s t u d i e s  and NATO e x e r c i s e s ,  enabled the Centre  
t o  make important  c o n t r i b u t i o n  bo th  t o  sc ien-  
t i f i c  k ~ t a r l e d g e  and t o  NATO ASW o p e r a t i o n a l  
c a p a b i l i t i e s .  

The vriter b e l i e v e s  t h a t  t h e  Cent re ' s  out- 
s tand ing  achievements were made p o s s i b l e  n o t  
only by t h e  presence of a h igh ly  competent 
i n t e r n a t i o n a l  s c i e n t i f i c  s t a f f  b u t  a l a o  by t h e  
provision,  by NATO, of s u f f i c i e n t  funds f o r  t h e  
a c q u i s i t i o n  and opera t ion  of f i r s t - r a t e  
research  f a c i l i t i e s ,  e s p e c i a l l y  research  
v e s s e l s  and t h e i r  equipments and d i g i t a l  d a t a  
p rocessors  and computers. However, e x c e l l e n t  
f a c i l i t i e s  i n  themselves do no t  produce f i r s t -  
r a t e  research .  The ded ica t ion  and ingenui ty  of 
t h e  t e c h n i c a l  support  s t a f f  and the b r i l l i a n t  
l e a d e r s h i p  provided by somc d i r e c t o r s  and group 
l e a d e r s  were even more important .  The Centre  
has  been f o r t u n a t e  t o  have had i t s  f u l l  s h a r e  
of each of  t h e s e  w o r t a n t  i n g r e d i e n t s  f o r  
success .  

I n  conducting t h e  research  necessary f o r  t h e  
w r i t i n g  of t h i s  h i s t o r y ,  t h e  v r i t c r  found i t  
expedient t o  d i v i d e  t h e  20 y e a r s  i n t o  four  
roughly equa l  per iods .  The h i s t o r y  is tbere -  
f o r e  divided i n t o  f o u r  p a r t s ,  a s  f o l l o v s :  

I Hay 1959 - Mid-1964: 
Formation and T r a n s i t i o n  t o  NATO 

I1 Uid-1964 - Hid-1969: 
Period of Growth 

I11 Uid-l969 - Hid-1975: 
Period of T r a n s i t i o n  

IW Hid-1975 - tlay 1979: 
Period of Reor ien ta t ion  

Of t h e s e ,  t h e  l a s t  per iod  is too recent  t o  be  
t h e  s u b j e c t  of  a proper  h i s t o r y  and only a 
b r i e f  s m a q  of  prograrrae developments i s  
given. The f i r s t  t h r e e  per iods  a r e  t r e a t e d  i n  
g r e a t e r  d e t a i l ,  each with an in t roduc tory  
chap te r  covering ranagerncnt a s p e c t s  and f a c i -  
lities and s e p a r a t e  chap te rs  f o r  t h e  f i v e  a r e a s  
of research  prev ious ly  l i s t e d .  

Uany of  t h e  h igher  ranking s t a f f  of tk S A C m  
Centre ,  inc lud ing  the D i r e c t o r  and Deputy 
D i r e c t o r ,  c m  t o  t h e  Centre  from t h e i r  n a t i o n s  
f o r  r e l a t i v e l y  b r i e f  per iods  of t h r e e  t o  f i v e  
years .  For  t h e s e  personnel ,  t h e r e  has  been no 
r e a l l y  good way t o  f i n d  out  what had prev ious ly  
gone on a t  t h e  Centre, from which t o  b u i l d  
t h e i r  own work. It took t h i s  w r i t e r  almost h i s  
entire three-year  term t o  a c q u i r e  a reasonable 
background of t h e  Centre 's  h i s t o r y .  The 
p r e s e n t  document is intended t o  provide such 
background information f o r  persons nev ly  
involved wi th  t h e  Centre ,  inc lud ing  new S(JIR 
members and SAC- o f f i c e r s .  S ioce  i t  is 
e s p e c i a l l y  w r i t t e n  f o r  new Centre  s t a f f  
members, it makes e x t e n s i v e  re fe rence  t o  Centre  
r e p o r t s ,  memoranda and conference proceedings 
and inc ludes  a f u l l  bibl iography.  

La Spezia 
June 1979 
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Formation and 
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The k n t n ' s  airsion w i l l  ba to provide sc ient i f ic  
and technical advice urd assistance to S A C W  I n  
tlm f i e l d  of antisubmarine w r f a n ,  and 'to be i n  
a l l  respects resportsive thrclugh SLANT to the 
requireaents o f  NATO naval forces I n  th is- f ie ld .  
As a subsidlay function the Centre may, without 
prejudice to i t s  u i n  task. m d e r  s c i m t i r i c  and 
technical assistance, within the approved prograr 
m, to MTU .nations mquesting a id  with mti- 
submarine wr fa ra  p rob lm.  The Centre s h l l  
perfors the foll&.hg functions: 

(a) Operational n r t w c b  and analysis; ' 

(b) llrrearch and l i d t e d  developecnt 
(buk mat engineering for mnufac- . 
twe) i n  the f i e l d  o f  mtisubaarlne 
uarfam, including oceamraphy; 

(C) Mulsory and consultant work; 
(d) Exploratory rrseamh; 
( C )  Such oth l r  n l a t c d  tasks u q y  be 

netessay. 



C H A P T E R  1 F O R M A T I O N  A N D  T R A N S I T I O N  T O  N A T O  

1.1 Forplation (Decmber 1957 - May 1959) 

In December 1957, following the  launching of 
Sputnik I ,  the Nmth At lant ic  Council m e t  for  
the f i r s t  tire a t  t he  level  of Beads of Govern- 
ment. A t  t h i s  meeting the foundation was l a i d  
f o r  increased cooperation i n  s c i e n t i f i c  and 
technical  matters amongst t h e  NATO a l l i e s .  The 
Beads of Government expressed t h e i r  des i r e  t o  
increase the effectiveness of na t ional  e f f o r t s  
by pooling t h e i r  s c i e n t i f i c  f a c i l i t i e s  and 
information a s  well a s  by d i s t r ibu t ing  spec i f i c  
tasks  t o  individual nations. 

I n  February 1958, as a r e su l t  of the  NATO 
oeet ing  and a l so  inspired by the  marked in-  
crease i n  Soviet  submarine capab i l i t i e s ,  Uaited 
S ta t e s  Navy Admirals Arleigh A. Burke, Jereuld 
Wright, John T. Hayward, and Rawson Bennett 
began f ~ r m u l a t i o a  of plans f o r  a mult i-national  
ASU e f f o r t .  m y  requested t h a t  a subcommittee 
of the  LIS Naval Research Advisory Committee 
(nrtac) inves t iga te  the  establishment of a 
multi-national ASW research cent re  i n  Europe. 
Chst-n of the subcosmittee vas Captain 
Xenncth H. Gentry, USN, who was a t  t h a t  t i m e  
Deputy Director Research and Ikvelopsent, C#O. 
The group v i s i t e d  seven nat ions ,  t he  U . K . ,  
France, Germany, The Hetberlaeds, Denmark, 
Norway and I t a l y ,  where they talked with high- 
l eve l  naval and s c i e n t i f i c  leaders and inspec- 
ted poss ib le  laboratory sites. 

The I t a l i a n  represeetat ives were led  by the  
l a t e  Professor ltaurizio Feder ic i ,  who w a ~  
subsequently t o  play an i r p o r t a n t  r o l e  i n  the  
Centre's developnent. They proposed t h a t  t he  
ASW research cent re  be located within the  naval 
base a t  Ia Spezia. This o f f e r  t o  provi& labo- 
rarorp and other f a c i l i t i e s  was welcolned f o r  a 
number of reasons: La Spezia, a po r t  on t h e  
hdi ter rmnean,  i s  su i t ab le  f o r  year-around sea  
operations; location within a naval f a c i l i t y  
would provide secur i ty  and l o g i s t i c  support; 
t he  existence of a building immediately avai l -  
a b l e  t o  the HATO a c t i v i t y  meant t h a t  inception 
of tbe enterpr ise  would not  be delayed; and the 
Hediterrancaa was recognized a s  an area of in- 
creasing mi l i t a ry  i q o r t a n c e  and one requiring 
s c i e a t i f i c  investigation.  

Phe I t a l i a n  proposal was reccsumended by the 
m C  Subcornwittee. I t  was fu r the r  proposed 
t h a t  nine nations be asked t o  p a r t i c i p a t e  i n  
the Ceatre's ac t iv i ty :  the seven nations l i s t e d  
above, p lus  the United S t a t e s  and Canada. 
Phese recomendations Wre  approved by S A C W  
and the  U.S. Chief of Naval Operations i n  June 
1958. Two months l a t e r  the  Secretary of 
Defense of the Dnited S ta t e s  added h i s  endor- 
scment of the  s i t e  recolamendation and approved 
l n i t i a l  f u a d h g  of the  new Centre under the  
Mutual Weapons Development Program. The f i r s t  
meeting of representat ives of t h e  nine p a r t i c i -  
pa t ing  natioas was held i n  La Spezia i n  
September 1958 t o  discuss organization and 
scope of work. 

- .  

The f i r s t  nine nationv to  participate i n  t& 
Cenee's a c t i v i t y .  

V i s i t  of t h  Read of S t a t e  o f  the Wt  nation: 
morevole Antonio Wnf, President of I t a l y .  



I n  March 1959 a Memorandum of Understanding was 
concluded between the Governments of I t a l y  and 
the  United S t a t e s  r e l a t ing  t o  the establishment 
and h i t i a l  operation of the Centre. The 
Government of I t a l y  agreed t o  m k e  avai lable  to 
the  Centre v i thout  cos t ,  such land, buildings,  
dock space, u t i l i t y  conaections, e t c .  a s  l i g h t  
be required f o r  the operations of the  Centre. 

On 23 March 1959 a cont rac t  was signed betveen 
the  U.S. Department of Dcfense and the  Societa '  
Internazianale Ricerche Marine ( S I R I W )  , a 
company incorporated under I t a l i a n  law eepe- 
c i a l l y  f a r  the  purpose of operatine the  Centre 
on a non-profit bas is .  A t  the  t i m e  of its 
crea t ion  S I R I W  was a wholly-ovncd subsidiary 
of Raytheon naoufacturing Company, but i n  
January 1961 the  Pennsylvania S t a t e  University 
succeeded Raytheon as  owner and manager of 
SIRIHAR and remained so u n t i l  the  expi ra t ion  of 
t he  contract  on 30 June 1963. 

1.2 I n i t i a l  Operations under SIR=- b 
(Hay 1959 - January 1963) 

The Centre vas established under the  d i r ec t ion  
of SACLNiT. due t o  h i s  major r e spons ib i l i t y  i n  
antisubmarine varfare  a s  the senior NATO m i l i -  
t a ry  author i ty  i n  t h i s  f i e l d .  SACLMVT's 
guidance vas transmitted througb a s ix-off icer  
mi l i t a ry  s t a f f  cbosen from pa r t i c ipa t ing  na- 
t i ons  and headed by a SA- Deputy. The 
f i r s t  SACUfPl k ~ t y  was Captafn K.1. Genttp. 
[ISI, a senior  o f f i c e r  v i t h  research and devel- 
opment experience. He was succeeded i n  June 
1960 by Captain C.C. Colc, USN. Other SACLAN? 
o f f i c e r s  served a s  Assistant  Deputy, Ma in i s -  
t r a t i v e  Officer.  Financial Comptroller, and 
Assistant  Colsptroller. fh ree  ASU o f f i c e r s  e r e  
provided by the  varioue nations to provide 
exper t i se  in a i r ,  surface,  and submarine M W  
operations.  

The s c i e n t i f i c  work of t he  Centre was conducted 
under a S c i e n t i f i c  Director,  thc f i r s t  of whoa 
was D r  Eugene T. Booth, m ASW expert  and 
former Direc tor  of Coluabia Universi ty 's  Hudson 
Laboratory. He served during the f i r s t  two 
years and var succeeded in June 1961 by Dr John 
n. ~ d t .  

I n  J m e  1960, t he  nine part icipatirrg nations 
signed a Memorandum of Understanding t h a t  
r e i t e r a t ed  the mission of t he  Centre, provided 
f o r  t he  c rea t ion  of a Scientific Council 
advisory t o  SACLANT, and s t a t e d  the  s p e c i f i c  
r e s p o n s i b i l i t i e s  of the  S c i e n t i f i c  Director and 
the SACLAHT Ikputy. Each of the signatory 
nations agreed t o  pa r t i c ipa t e  in the  vork of 
the Centre and t o  make avai lable  t o  it such 
information a s  was required. 

The mission of the Centre vas t o  provide tech- 
n i ca l  advice and ass is tance  i n  the  f i e l d  of 
antisubmarine warfare t o  S A C W ,  t o  other RAM 
C-anders and tn t he  pa r t i c ipa t ing  nations,  
and t o  be in a11 respects responsive through 
SAC- t o  t h e  requirements of HAM Naval 
forces i n  this f i e l d .  I t  was s t ipu la t ed  t h a t  
t h e  Centre's a c t i v i t i e s  vere t o  be l imited t o  
research and i n i t i a l  developatent of  e q u i p e a t s  

Capt K.H. Gentry VSN 
SACLANT ILeWty  1959-60 

Capt J.O. P h i l l i p s  VSM 
sACLART Deprty 1961-63 

C a p t  C . C .  Cble VSN 
SACLM'T Deputy 1960-61 

Dr E . T .  LIooth 
Director 1959-61 



and were not to include f i n a l  developmcnt and 
manufacture, which would be ca r r i ed  out  v i th in  
the  natiooa. 

The SACLANT ASW Research Centre was o f f i c i a l l y  
coumissioned on 2 Hay 1959 by Admiral Jerauld 
Wright, U S N ,  SAC-. The f i r s t  s i x  months 
were la rgely  devoted t o  organizational  a c t i v i -  
ties including h i r ing  of s t a f f  and foraula t ion  
of a research progranme. Indispensable t o  
SACLANT in this formative period was the advice 
given by the  Sc ien t i f i c  Advisory Council (SAC). 
This group, composed of top defeose s c i e n t i s t s  
from the pa r t i c ipa t ing  nations,  served a s  a 
sounding board f o r  development of the programe 
and gave invaluable l i a i son  between t h e  new 
Centre and t h e i r  national  &SW laboratories.  
The f i r s t  Cbaiiman of the SAC was Dr H.F. 
Willis of the U.K. Otber i n i t i a l  letnbers, i n  
addit ion t o  Prof Pedcrici  of I t a l y ,  included I r  
van Batenbnrg of fhe Hetherlands and D r  H. 
Npkltvedt of Harvay, both of whom l a t e r  becam 
Directors of the Centre. Heetings were held 
bi-annually, beginning in Apri l  1959. 

By the  end of 1962 the s c i e n t i f i c  s t a f f  had 
grown t o  36 a ~ d  an administrat ive and technical  
support s t a f f  of approximately 100 people had 
been b u i l t  up. By this the NATO was ready t o  
take over the  operation of tbe  Centre. Discus- 
s ioos  leading t o  r RAT0 Charter began in July  
1962 w i t h  tbt formation of a vor t ing  group 
authorized by t he  North At l an t i c  Council v i th  
representat ives f ro s  ip t e re s t ed  NATO nations 
and mi l i t a ry  c o m a d s .  Discuasioos held in 
Pa r i s  i n  the summer and autumn of  1962 led t o  
the  HATO Charter ( I )  uhich vas adopted on 30 
October and provided f o r  t r a n s f e r  of a s s e t s  and 
funding from SIRIMR t o  NATO ea r ly  i n  1963. 

Closing of the SIRIM/WDP period uas marked 
by issuance of a f i n a l  repor t  (2) on a c t i v i t i e s  
f r o l  Ifay 1959 to 1 February 1963, when the 
Centre became a HATO operation. This f i n a l  
repor t ,  published a s  a book by The Pennsylvania 
S t a t e  University, has been used extensively by 
the wr i ter  of t he  present repor t  as the s ing le  
most conplete source of information about the 
formation and f i r s t  3% years  of operation of 
the S A C W  ASV Research Centre. 

1.3 Trans i t ion  t o  PAT0 (1963-1964) 

The HATO Charter provided fo r  re-or8anization 
of t he  Centre a s  a NAIY) i n t e rna t iona l  mi l i t a ry  
organization ander the  continuing pol icy  direc- 
t i o n  of SAC'LAIPT. Tbe mission of the Centre 
remained unchanged. A l l  f i f t e e n  HATO nat ions  
becalec involved i n  the  a c t i v i t i e s  of t he  Centre 
and contributed t o  its funding. The Charter 
a l s o  established the  S c i e n t i f i c  Comaittee of 
National Representatives (SCWR), advisory t o  
SACLANT, consist ing of representa t ives  appoin- 
ted by each of the  NATO nations.  Its i n i t i a l  
ambers vere the n f m  s c i e n t i s t s  vho had been 
embers  of t he  former S c i e n t i f i c  Advisory 
Council. Terms of Reference ve re  issued by 
%LAWT f o r  the  operation of t he  Centre, i n  
accordance with the  provisions of the Charter. 

fmuguration of SACLiUtT ASU Research Centre 
by SACLINT Aderirdl Jerauld Wright (CSR 
2 Uay 1959 

An early meetin). o f  t h e ' X i e n t i f i c  Mvisory  
Council; Professor l. Federici is i n  the 
foregrouRd. 



The Charter  prescribed the  method of appoint- 
ment and t h e  dut ies  of the  c i v i l i a n  Direc tor  
and Deputy Director .  SACLAW was no longer 
represented a t  t he  Centre by a Deputy, 
Ass is tan t  Deputy, o r  Cwpt ro l l e r .  Ins tead ,  the 
Charter  required S A W  t o  maintain a f u l l -  
time Naval Advisor t o  t he  Director .  I n  addi- 
t i o n ,  a m a l l  #AM l i l i t a r g  s t a f f  of AS%/ Pro- 
gramme Officer6 was t o  be provided by the 
Nations i n  turn.  Following FUtO procedures. 
t he  hos t  na t ion ,  I t a l y ,  was asked t o  appoint a 
F inancia l  Controller  and a Liaison/Securi ty 
Off icer .  

SACLAW accepted the  recoeraendstion of t h e  
f i r s t  meeting of the SCNR t h a t  D r  John !l. Ide  
of t h e  United S t a t e s ,  previously S c i e n t i f i c  
Direc tor  f o r  SIRIHAR, be appointed a s  t h e  f i r s t  
bUTO Direc tor  of t h e  Centre. D r  H. Nbdtvedt of 
Ilorway, Chairman of t he  SAC, became the  f i r s t  
Deputy Direc tor ,  and was a lco  se lec ted  t o  
succeed D r  Ide a s  Director  in  February 1964. 

A l l  s t a f f  had to be t ransfer red  f r o l  SfRflVlR t o  
NATO pay sca l e s .  After  d i s w c i o n  with t he  
Co-ordinating Committee of  G o v e m n t  Budget 
mr ts ,  it was decided t h a t  scientists ahould 
be ass imi la ted  i n t o  the already-defined HATO 
A-scales. By 1 Ju ly  1963, eaeen t i a l l y  a l l  
s t a f f ,  s c i e n t i f i c  and adminis t ra t ive ,  had ken 
t r ans fe r r ed  froll SIR- t o  NATO pay sca l e s  and 
b i l l e t s .  

The Centre was required t o  prepare budgets f o r  
submission t o  t he  NATO Mil i ta ry  Budget 
Committee (HBC). The 1964 budget f i gu re ,  tbe  
f i r s t  f u l l  year  under HAM funding, was 1400 
mi l l ion  lire. Thia included expenses r e l a t ed  
t o  t he  acqu i s i t i on  of  a nev camputer and new 
research  vesse l .  

For 1963 the  BBC approved a t o t a l  personnel 
es tabl i s lment  of 152, including 44 s c i e n t i s t s ;  
and i n  1964 tbe  SCWR recommended an increase  t o  
50 s c i e n t i s t s .  By 1964 t h e  t o t a l  approved 
coatplanent va t  up t o  174. However, s c i e n t i f i c  
r ec ru i t i ng  vaa d i f f i c u l t  i n  the e a r l y  years;  
on-board s c i e n t i f i c  s t r eng th  had r i s e n  t o  only 
41  by the  end of 1964. 

1.4 I n i t i a l  Fac i l i t*  

The a ing le  l a rge  o f f i c e  and labora tory  bui ld ing  
first provided t o  t he  C c d t n  by t h e  I t a l i a n  
Navy contains about 4000 mZ of f l o o r  space, is  
loca ted  on t h e  waterfront ,  and has been used by 
the  Centre throughout i t s  twenty years.  The 
upper f l o o r  contains o f f i c e s ,  conference r m ,  
and l i b r a ry ,  and t h e  lover f l o o r  has labora- 
t o r i e s  and sbops. Yhen given t o  t h e  Centre t h e  
bui ld ing  required extensive i n t e r n a l  modifica- 
t i ons  t o  adapt it t o  the  Centre'a use. 

I n  March 1960 S I R I W  chartered the  I t a l i a n  
merchant sh ip  S.S. ARAGOWESB, owned by Gastaldi  
& Company, S.p.A. of Genoa. The ARAGOWESE was 
used extens ive ly  a s  a f l o a t i n g  laboratory f o r  
undervater acous t ic  experiments, oceanographic 
a tudies ,  and o ther  sea t r i a l s  a s  appropriate.  

D r  J.W. Ide 
U.S.A.  
Director 1961 -64 

~r B .  Wdrvedt  
mrwa y 
Director 1964-67 

r h  f i r s t  k i i l d l n g  provided to the Centre by 
t h  Italian Wavy. 



The l imi ta t ions  of ARAGONESE vcre recognized by 
the Centre's s c i e n t i s t s  and a b i a i s t r a t o r s  who 
were concerned w i t h  her performance, although 
both groups a l s o  acLeouledged the good scien- 
t i f i c  work t h a t  had been accomplished with her. 
A t  the  f i f t h  meeting of the Sc ien t i f i c  Advisory 
Council, is September 1961, discussion of t h e  
long-range programme of the  Centre c l e a r l y  
shoved t h e  need f o r  a new researcb ship.  I n  
1964, t b e  Centre terminated i t s  contract  w i t h  
the owners of the  ARACCMESE and chartered an 
eight-year-old, 2100-ton f r e igh te r ,  t he  W I A  
PAOLIWA G . ,  which has s ince  been the  Centre's 
research vessel .  

The m d i f  ied Engineering Research Associates 
(ERA) 1101 high-speed, general-purpose, d i g i t a l  
cowputer t h a t  bad been loaned t o  t h e  Centre in 
June 1960 by the  U.S., vhi le  useful  i n  the  
ear ly  days, had a amber  of aerious l imi ta t ions  
much a s  lack of a symbolic language and ina- 
dequate word lcngtk. After four years' service ,  
the  ERA U 0 1  was replaced in mid-1964 by aa  
E l l i o t t  503, vhich ~ ~ e d  a s  the  Centre 's  
general purpose computer fo r  the next ten 
years. 

1.5 Gegenl-*tun of I n i t i a l  Research 
Progr-e 

Almost from t h e  &ginning, the  Centre's re- 
nearch proframe has k e n  divided log ica l ly  
i n t o  four  o r  f i v e  areas  of research, each area 
encompassing from one t o  s i x  c l ea r ly  definable 
projects.  Research i n  such areas  a s  environ- 
mtal acoust ics ,  ac t ive  monar, oceanography, 
and Operations research has been of continuous 
importance i n  the prograarrae since the  first 
years. Other research areas,  such as  noa- 
acoustics, have las ted  shor ter  periods. The 
first three  projec ts ,  established a t  t he  Centre 
i n  autuma 1959, were i n  the  areas of 

1. Environmental Acoustics 
2. Active Sonar 
3. fin-Acoustics. 

These were followed i n  the  apring of 1960 by 
project. in 

4. Oceanography 
5 .  Operations Research. 

S o ~ e  of t h e  e a r l y  projec ts  were otudiea uaing 
only l i b r a r y  and amputer  f a c i l i t i e s .  By f a r  
the majority,  however, a l s o  involved research 
a t  aea using tbC Centre's chartered research 
vessel  and work baat. A l a r g e  f r ac t ion  of 
technical  support and s- of the  e f f o r t s  of 
the s c i e n t i s t n  were of necess i ty  devoted t o  the  
development, design, and ca l ib ra t ion  of specia l  
research instruments fo r  t h i s  l a rge r  group of 
SACMTCEN projects .  This trend bas continued 
throughout the- 20-yesr h i s to ry  of t h e  Centre, 
with these  technical-development e f fo r t s -  some- 
t i a e s  recognized i n  the  progr-e a s  separate 
support p ro jec t s  and sometimes incorporated 
v i t b i a  t h e  research projec ts  themselves. 

Sixteen spec i f i c  p ro jec t s  a r e  recognizable i n  
the  s c i e n t i f i c  programme of t h e  Centre in  t h e  
f i r s t  five-year period, These a re  described i n  

T B ~  Centre's first research s h i p ,  
S.S. A r a g o n e s e  
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the following chapters,  where they a re  grouped 
by research area.  Host of the projects  were 
selected fzom topics recmended by the Scien- 
t i f i c  Advisory Council, and l a t e r  by the  S m ,  
and a l l  were approved by these groups a s  pa r t  
of t h e i r  advisory function t o  SACZMT. The 
information presented is taken from the S I I I I W  
f i n a l  report  (2) and from Annual Progress 
Reports f o r  1963 and 1964, 8s well as  f r m  
individual research reports.  References a r e  
given t o  these  reports uhcn they have been 
published a s  SACLNTCW documents. H o m e r ,  
during t k  f i r s t  years of the Centre there was 
only l imited support was provided f o r  the 
publication of r e r e ~ r c h  documents and much work 
remained as  in te rna l  ranoscr ipt r ,  t o  which the  
preseet author has had access. 

Offices, lahratories,  library, and workslwps i n  the 1960s. 



C H A P T E R  2 E N V I R O N M E N T A L  A C O U S T I C S  R E S E A R C H  ( 1 9 5 9 - 6 4 )  

Environmental acous t ics  p r o j e c t s  have been a 
major part of  t h e  Centre 's  research progranune 
s i n c e  i t s  incep t ion .  Aspects of  t h i s  s u b j e c t  
s t u d i e d  over t h e  y e a r s  have included both b a s i c  
and a rea- re la ted  s t u d i e s  of propagat ion i n  deep 
and shal low waters ,  ambient no ise ,  s i g n a l  
coherence. and reverbera t ion .  the Centre  hes 
a l s o  served a s  a focus f o r  i n t e r n a t i o n a l  co- 
o p e r a t i o n  i n  t h i s  f i e l d  by organ iz ing  scien-  
t i f i c  conference6 and m u l t i n a t i o n a l  SeasureDlent 
programmes. 

the f i r s t  four  p r o j e c t s  undertaken i n  t h i s  
research a r e a  were: 

2.1 Bottm-Ref l e c t i o n  Transmission, Sep 1959 
2.2 Coherence S tud ies ,  June 1962 
2 .3  Rydrophonc C a l i b r a t i o n ,  b y  1963 
2.4 Sea-Water Attenuat ion,  August 1963 

(The p r o j e c t  numbers a r e  those  used i n  t h e  1963 
and 1964 Annual Progress  Reports; d a t e s  a r e  
those  given a s  t h e  p r o j e c t  start d a t e s . )  S ince  
a11 of  the e a r l y  s t u d i e s  concerned sound pro- 
pagat ioa,  t h i s  s e c t i o n  of  t h e  programme was 
o r i g i n a l l y  e n t i t l e d  Acoustic Propagation 
Research and l a t e r  Sound Propagation S tud ies .  

2.2 E = - R e f l e c t i o n  S tud ies  (Pro jec t  2.1) 

Bottota-ref lect ive pa ths ,  because of t h e i r  
r e l a t i v e l y  l a r g e  a w l e s  w i t h  the h o r i z o n t a l ,  
a r e  less a f f e c t e d  by t h e m a l  inboatogeneities 
thee d i r e c t  p a t h .  For  this reason, t h e r e  a r c  
u n y  ocean a r e a s  &ere t h e s e  p a t h s  o f f e r  almost 
the only hope o f  achieving ranges in excess  of 
a few k i l a e c t r e r  dur ing  much o f  t h e  year .  
S p e c i f i c a l l y ,  i n  the B e d i t e r r m e a n  i n  t h e  
summer, severe  t h e r m 1  condi t ions  l i m i t  d i r e c t  
p a t h s  from near-surface sources t o  tw t o  t h r e e  
ki lometres ,  s o  t h a t ,  except  f o r  convergence 
zones, bottom p a t h s  provide the only r e l i a b l e  
coverage f o r  surface-ship,  hull-mounted sonars .  

In  t h i s  f i r s t  s tudy ,  t h e  Centre inves t iga ted  
energy t ransmi t ted  along each of s e v e r a l  pa ths  
having vary ing  mmbers of bottom and s u r f a c e  
r e f l e c t i o n s .  Instrusbents bad t o  be designed and 
b u i l t  t o  record t h e  time of a r r i v a l  o f  s i g n a l s  
by t h e  var ious  pa ths ,  t o  measure t h e  peak 
pressures ,  and to square and i n t e g r a t e  t h e  
a r r i v a l s  t o  de te rn ine  t h e i r  energy. The ex- 
p l o s i v e  sources used were small  underwater 
charges used of  t h e  I t a l i a n  Wavy modified s o  
t h a t  t h e i r  h y d r o s t a t i c  f i r i n g  would t a k e - p l a c e  
a t  pre-determined depths dovn t o  100 e t r e s .  

I n  August 1960, the f i r s t  experiments v e r e  made 
i n  a deep water-area near  Corsica us ing  one-way 
pa ths  of up t o  130 km. Times of  a r r i v a l  of  thr 
s i g n a l  a long i ts d i f f e r e n t  pa ths  were cmpared  
with va lues  ca lcu la ted  from b a t h y t h e m g r a p h s  
and echo-sounding d a t a ,  and good agreecent  was 
found. 

Addit ional  propagation measurements re levan t  t o  
bottom r e f l e c t i o n s  wre made in  December l960 
i n  t h e  T y r r b n i a n  Sea and in October 1961 i n  
t h e  north-vest  tkd i te r ranean ,  the l a s t  i n  
cooperat ion with the.  French Laboratoire  D.S.I. 
du Brusc. Traasmissian l o s s e s  f o r  the  var ious  
a r r i v a l s  were determined i n  octave frequency 
bands between 75 and 4800 Hz (tR-17). 
Ref lec t ions  from t h e  ocean b o t t o ~  v e r e  found t o  
vary considerably f r o a  p lace  t o  p l a c e ,  both i n  
respec t  t o  t h e  amount o f  energy l o s t  i n  t h e  
r e f l e c t i o n  and t o  t h e  amount of  s i g n a l  
d i s t o r t i o n  introduced. 

I n  the north-west Uediterranean, where t h e  
ocean bottom is f l a t .  t h e r e  is l i t t l e  s c a t t e r  
i n  t!ie da ta  and t h e r e  was evidence of  a c r i -  
tical angle  of incidence.  a t  l e a s t  for the 
lower& f requeacies .  C r i t i c a l  ang les  from 30' 
t o  22 g r a z i n g  and mariDUID r e f l e c t i o ~ i  l o s s e s  o f  
7 t o  15 dB were observed. A t  g raz ing  angles  
l e s s  t h a n  t h e  c r i t i c a l  angle,  r e f l e c t i o n  l o s s e s  
were f r o r  0 t o  3 dB f o r  t h e  lowest frcguency 
band and from 2 t o  7 dB f o r  t h e  h ighes t  band 
s tud ied .  I n  t h i s  a r e a  of f l a t  ocean bottom, 
t h e  s i g n a l  was found t o  be  considerably 
d i s t o r t e d  a t  angles s teeper  than t h e  c r i t i c a l  

Bottcw-reflection studies: S = source, B = h*ropJmne. TTU-1521 



2.3 Coherence Studies of Ocean Acoustic Paths 
(Project  .2.2) 

Refleztion losses froe, a flat bottotR 
in the NW Wediterranean, showing 
dependence on frequency ilrmd angle of 
incidence. (TR-421 

angle, due t o  penetrat ion in to  tbe bottors, but  
r e l a t ive ly  undirrtorted a t  angles closer t o  
grazing. 

In  areas  with a very rough bottom, such as  the 
Tyrrbenian &a, a wide s c a t t e r  in the energy 
l o s s  was observed, and evidence of a c r i t i c a l  
angle was not  always found. The form of the  
bottora-reflected signal  of ten  changed c w -  
p l e t e ly  due to sca t t e r ing  from the  rough 
bot tea ,  the received s ignal  resembling a long 
r o l l  of reverberation r a t h t r  than an explosive 
sound. 

In Ju ly  1952 a l o r e  extensive s e r i e s  of 16 
propagation runs was made i n  several  deep areas 
of tbe  western bd i t e r r anean .  I n  June and J u l y  
1963 fu r the r  searurementa were made i n  the 
cent ra l  and eas tern  Mediterranean, and i n  
February 1964 i n  the eas tern  Rorth At lant ic  i n  
co-operation with two Preach 13.vy ships and the  
Le Brasc laboratory. A summary of the  useful  
data obtained f roa  a11 of these ea r ly  cru ises  
is  contained i n  TR-152. 

The emphasis of t h i s  e a r l y  progruaPre war on 
obtaining a body of typica l  da ta ,  i n  order t o  
see  t o  what degree r e su l t s  were area-dcpendcat 
and vhat features might be comon to a w i d e  
var ie ty  of areas.  h c h  of the e f f o r t  was 
devoted t o  experimental techniques, including 
hydrophone ca l ib ra t ion  and t h e  attempted devel- 
opment of a r e l i ab le ,  r epe t i t i ve ,  explosive 
sound source (31, a s  well as techniques f o r  
in tegra t ing  the  enerBy received (4) rod fo r  
ca lcula t ing  the  ac tual  bot tm-loss  coeff ic ients  
(2) - 

In sonar signal  procesring, the ultimate l i m i t  
on improved rignal-to-noise ra t ion ,  o r  on time 
and bearing resolution,  i r  the  degradation of 
the acoustic signal introduced by the ocean 
medium. This appl ies  equally t o  a11 typcr of 
sonar, t o  coaanmications, and t o  IFF systems. 
Signal  degradation. o r  108s of information 
content, can be due t o  ruch causes an 
r e f l ec t ion  from ocean surface o r  ocean f loo r ,  
interference between multipatha, o r  wave-front 
d i s to r t ion  produced by sound speed iahomoge- 
n e i t i e s  i n  the  vo lme  of the  ocean. . 

Early i n  1962 a study of the  coherence of ocean 
acoustic paths was undertaken t o  determine "the 
information degradation of s i m a l s  along 
various acoustic paths i n  the  ocean, r e l a t ing  
t h i s  t o  thc performace  of spec i f i c  mi l i ta ry  

It was decided t o  se l ec t  simple 
cares fo r  inves t iga t ion  ratber tbnn t o  make 
measurements of  t h e  combined e f f ec t s  of many 
caures. Attention was f i r s t  focwed on 
forward sca t t e r ing  due to volume iahoclioge- 
n e i t i e s  a r  experienced along a s ing le  d i r e c t  
path 7 ,  kasurcolents i n  Harch 1963 
shoved t b a t  this was probably a l e s s  important 
c u r e  of phase d a w l i t u d e  f luc tuat ions  t b n  
r e f l e c t i o a ~  from the  rough sea surface and/or 
b o t t m .  

I n  rid-1963, wasureexnts were made of muad 
ref lec ted  by a s t rong t h e m l i n e  gradient. It 
was discovered t h a t  under these conditions 
there  i s  a phase change of the order of 90'. 
Mependent  of f requmcy (M-87). 

2.4 -Water Attenua-tion (Project 2.4) 

Until the  ea r ly  1960s most measurements of 
frequency-dependent sea-vater at tenuation were 
f o r  the  f r e q u c ~ c y  range above about 5 'Wb. ?be 
small mount of lover frequency data avai lable  
shoved t h a t  tbe high-frequency fornulac could 
not be extrapolated t o  tbc lover frequencies. 

Since the  deep Mediterranean water is iso- 
t h e m 1  b e l w  about 400 m, it was realized tha t  
t he  deep refracted ray could be used t o  r a s u r e  
frequency-dependeut a t tenuat ion  fo r  frequencies 
from 200 t o  10 000 Ha using s ignals  from ex- 
plosive sources t r ave l l i ng  along t h i s  path. 
Hew values of sea-vater at tenuation were C-- 
puted from data acquired during bott- 
reflection sea t r i a l s  (TR-53). 

2.5 Nature of Propagation i n  the  
' Mediterranean 

Although tbe ea r ly  p r o g r a m  -hasized s tudies  
of bottom-reflected paths,  a number of teasure- 
r e n t s  a l so  gave valuable information on sound- 
channel propagation. 'his was shown t o  be of 
considerable s igni f icance  fo r  mi l i ta ry  opera- 
t i oos  i n  the  k d i t e r r a n e a n  Sea, since a strong 
sound channel extends from a r b a l l o v  depth t o  
beyond the maximum operating depths of sub- 



Sound propagation i n  the Uediterrenean and 
adjacent  s eas .  hoe ,  its incept ion  the 
Centre s t a r t ed  to s tudy  soursd propagation 
l n  l t s  b e  waters and to extend these 
s c a s u r e a ~ n t s  throughut  the Ilediterranedn 
and adjacent s eas .  T k  upper f igure  lnd i -  
cstes the principal bas ins ,  sub-kasins, 
and s i l l s o f  this reg ion.  IPBef fgurea t  
the r l g h t  shears typical seamnal sound- 
speed pro f l l ea  l n  the northern p t  o f  the 
Western Mediterranean, tha t  below s&vs 
how the surface t ~ r a t w e a  vary sesson- 
ally in the d i f f e r e n t  basins. F k  f igure  
a t  the 1- r i g h t  compares &he sound- 
speed profiles o f  tbe Western Mediterranean 
and the Black Ssa w i t h  those o f  equaterial  
and northern A t lan t i c  waters ,  i l l u s t r a t i n g  
the special characteristics of the far-~ler 
[Sa-1541. 
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marines. The r e s u l t s  showed low transmission 
l o s s e s  i n  t h e  sound channel ,  and ind ica ted  t h e  
p o s s i b i l i t y  t h a t  l o c a t i o n  o f  a sonar t ransducer  
v i t h i n  t h e  channel would o f f e r  r e l i a b l e  sonar  
ranges a t  l e a s t  t e n  times those o f  hull-mounted 
sonars  ( 9 ) .  
'Ihe Bedi te r raneaa  is v i r t u a l l y  land-locked and 
t h e r e f o r e  c u t  off from t h e  cold p o l a r  c u r r e n t s .  
A s  a resqt, tcfflpcratures i n  the deep water  a r e  
about 10 C g r e a t e r  than  they  a r e  i n  t h e  deep 
A t l a n t i c  and P a c i f i c .  'fbe temperature drop 
across  t h e  t h e r ~ a c l i n e  is ruch  l e s s  and occurs  
i n  a s h o r t e r  v e r t i c a l  d i s tance .  As a r e s u l t ,  
the a x i s  of  t h e  deep sound charnel  is  shal lower 
than i n  t b e  deep oceans, t h e  c r i t i c a l  depth a t  
vhich t h e  sound speed equals  t h a t  a t  t h e  
s u r f a c e  is  much l e s s ,  and convergence zone 

Sound attenuation i n  the sea. The results 
shoM below w e  obcafned bjl using the deep 
refracted r a y s  shovn a w e .  [m-431 

spacings a r e  only about h a l f  those usua l ly  
found i n  t h e  g r e a t  oceans. These f a c t s  vere  
r e a l i z e d  e a r l y  i n  t h e  h i s t o r y  of  t h e  Centre 
(10). Weasurements made i n  October 1962 i n  
cooperation wi th  t h e  French Le Brusc labora tory  
confirmed t h a t  convergence zones occur a t  
i n t e r v a l s  of about 35 km f o r  source depths of S 
t o  20 m. 

2.6 Hydrophone C a l i b r a t i o n  F a c i l i t i e s  
(Pro jec t  2.3) 

Development and t e s t i n g  of t ransducers  and 
hydrophones was an important e a r l y  a c t i v i t y  a t  
t h e  Centre i n  support o f  i ts  propagat ion 
s t u d i e s ,  and in Hay 1963 this uas recognized a s  
a separa te  p r o j e c t .  The c a l i b r a t i o n  f a c i l i t i e s  
of t h e  French Le Brusc labora tory  v e r e  used a t  
f i r s t ,  but  it soon became apparent t h a t  t h e  
Centre requ i red  f a c i l i t i e s  much c l o s e r  t o  La 
Spezia. A c a l i b r a t i o n  r a f t  was b u i l t  and used 
i n  t h e  bay o u t s i d e  t h e  labora tory  b u t  t h i s  was 
found t o  be  unacceptably noisy.  A barge was 
then  procured from the I t a l i a n  l a v y  in co- 
opera t ion  uith two neighbouring organ iza t ions  
and i n s t a l l e d  on a m a l l  l ake  near  Sarzanr ,  a 
feu kilaaretres  f r m  t h e  Centre. This f a c i l i t y  
was used f o r  the Cent re ' s  c a l i b r a t i o n  vork 
u n t i l  about 1%8. 

La te  i n  1961 t h e  Centre undertook a coordi- 
n a t i n g  r o l e  i n  t h e  - i n t e r n a t i o n a l  standard- 
i z a t i o n  of  hydrophone c a l i b r a t i o n .  A ques- 
t i o n n a i r e  v a s  s e n t  t o  a number of candidate  
l a b o r a t o r i e s ,  and twa hydrophones l e n t  by t h e  
US Navy Undervater S o d  Reference Laboratory 
were t k n  c i r c u l a t e d  to e i g h t  a c t i v e  p a r t i c i -  
pan ts .  The r e s u l t s  shoved genera l ly  good 
agreement between the f a c i l i t i e s  (U). 

2.7 First-Acoustic Propagation Conference 

Throughout i ts  20-year l i f e  t h e  Centre has 
organized a l a r g e  number o f  s c i e n t i f i c  confe- 
rences  at tended by  s c i e n t i s t s  from t h e  MAT0 
colmsunity. The s u b j e c t  of the f i r a t ,  i n  J u l y  
1961, was Undervater Acountics Propagation 
(TR-9); this was at tended by aeventeen o u t s i d e  
s c i e n t i s t s ,  6- of  wbom contintled t h e i r  coe- 
nec t ion  with t h e  Centre over  a long period 
t h e r e a f t e r .  The conference covered nine t o p i c s  
and was o f  importance n o t  only i n  e s t a b l i s h i n g  
i n t e r n a t i o n a l  cooperat ion b u t  a l s o  i n  i n f l u -  
encing t h e  Centre 's  research  progranme i n  these  
e a r l y  formative years .  One r e s u l t  was t h a t  
emphasis was placed on frequencies  below a few 
k i l o h e r t z  and on ranges o u t  t o  150 b and 
g r e a t e r .  a 

FREOUEMCY (kc) 



CHAPTER 3 A C T I V E  S O N A R  RESEARCH ( ? 9 5 9 - 6 4 )  

3 .1  Tal .get~-Classif icat ion by FM Sonar 
T e e e s  (Pro jec t  1.1) - 

When t h e  Centre was formed, t h r e e  of t b e  major 
NATO powers had l a r g e  research  and development 
programmes r e l a t e d  to low-frequency, long- 
range, pass ive  sonar  systems. The S c i e n t i f i c  
Advisory Council t h e r e f o r e  reconmended t h a t  t h e  
Centre  confine its r e l a t i v e l y  small  sonar  
e f f o r t s  t o  improving m b i l e  a c t i v e  sonars. The 
s i n g l e  sonar p r o j e c t  undertaken dur ing  t h i s  
f i r s t  per iod was concerned w i t h  t h e  a p p l i c a t i o n  
of FH sonar techniques t o  t a r g e t  c l a s s i f i -  
ca t ion .  

Vorld War I1  sonars  used p u l s e  l eng ths  of t h e  
o r d e r  of 20 as, f o r  which range d i sc r imina t ion  
i s  so good t h a t  t a r g e t '  l eng th ,  aspec t ,  and 
o t h e r  c l a s s i f i c a t i o n  c l w e  can be  derived.  
W i t h  t h e  need t o  i n c r e a s e  opera t ing  ranges, 
longer  pu lse  l eng ths  were necessary, and 
p r a c t i c a l l y  a l l  t h i s  c l a s s i f i c a t i o n  c a p a b i l i t y  
was l o s t .  Frequency mndulation @M) o f f e r e d  
t h e  promise of  c m b i n i n g  t h e  no ise  r e s i s t a n c e  
of long po lse r  w i t h  t h e  classification advan- 
t ages  of  s h o r t  pulses .  Although this war not a 
new idea ,  no ex tens ive  a p p l i c a t i o n  of  Fn had 
been r a d e  when t h e  Centre began i ts  study. 

The f i r s t  t a s k  was a prel iminary t h e o r e t i c a l  
study of l i n e a r  FW pulse opera t ion  (TR-4) t o  
d e r i v e  required parameter value6 and t h e i r  
to le rances .  Then a breadboard equipsent  was 
b u i l t .  Prel iminary s e a  t r i a l s  with t h i s  appa- 
r a t u s  in dd-1960  used r e f l e c t i o n s  fror t h e  
bottom i n  var ious  depths of  v a t e r .  L a t e r  
t r i a l s  t e s t e d  one-way t ransmiss ion  between two 
s h i p s  t o  a maximum range o f  U h, using both 
d i r e c t  and bot tw-bounce pa ths .  

l a b o r a t o r y  a n a l y s i s  of the tape recordings from 
these  t r i a l s  ind ica ted  t h a t  e f f e c t i v e  range 
r e s o l u t i o n  was o f  t h e  o rder  of  10 a when c l e a r  
echoes were received,  corresponding t o  a r h o r t  
pu lse  of  near ly  15 ms. The s i g n a l  received on 
a d i r e c t ,  one-way b a t h  was a s imple r e p l i c a  o f  
t h e  equ iva len t  t ransmi t ted  s h o r t  pulse.  Via 
bottom bounce, t h e  received s i g n a l  g e n t r a l l y  
contained t h r e e  o r  f o u r  peaks corresponding to 
t h e  expected mul t ipa th  propagat ion between 
sur face  and bottom. Ln on ly  about 1 0  t o  2 a  o f  
the records was t h e  received s i g n a l  so  smeared 
by r e f l e c t i o n  fraer t h e  bottom t h a t  i n d i v i d u a l  
peaks w r e  unrecognizable. 

The promise of t h e s e  experiments was considered 
s u f f i c i e n t  t o  j u s t i f y  t h e  cons t ruc t ion  of  
b e t t e r  engineered e l e c t r o n i c s  w i t h  which t r i a l s  
a g a i n s t  an a c t u a l  t a r g e t  submarine could b e  
c a r r i e d  ou t .  With the l i m i t e d  pover and small 
a r r a y  a v a i l a b l e  a t  t h a t  time it was impossible  
t o  ob ta in  echoes v i a  a bottom-bounce patb. 
Bouever, d i r e c t - p a t h  echoes from submarines 
were obtained ou t  t o  a maxirum range of between 
6 and 8 km. The r e s u l t s  o f  t h e  mid-1961 experi-  
ments wi th  the s u h a r i n e s  TRUTTA (US) and T m N  
(UH) a s  t a r g e t s  shaved c l e a r l y  t h a t  long RI 
pulses  could produce echo s t r u c t u r e s  cool- 

Bcho traces of suhnarine recorded at 
b a n d w i d t h  of 110 Ilz, 220 Bz, and 
440 a z  b y  m sonar techniques. Sub- 
marine a t  45. aspect , ,  1800 m range, 
and 140 ft depth. -/'PR-231 
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Simple d i a g r a m  t i c  d e s c r i p t i o n  o f  
the FM sonar technique.  [TR-51 
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parable with those obtained with tbe World 
War I1 short-pulse sonars. 

M i l e  the  v a l i d i t y  of t he  PII technique i n  i ts  
proposed ASW role was being e e t a b l i s w ,  consi- 
deration was given t o  the fonm t h a t  a p rac t i ca l  
sonar equipment a i g h t  be expected t o  take. The 
equipment used up t o  t h i s  time had been 
adequate only f o r  making tape recordings t o  be 
subsequently . f requency-analyzed i n  the labo- 
ratory,  a very slow process. One of the major 
engineering d i f f i c u l t i e s  in the  use of RI f o r  
sonar had been the design of the narrov-band 
f i l t e r  a r ray  required f o r  f i n a l  frequency 
analysis  and the  presentat ion of t b i ~  multi- 
p l i c i t y  of f i l t e r  outputs on a CRT screen o r  
other display.  I t  was proposed t h a t  tk whole 
equipment should be dig i t ized .  Pbis vould 
pennit s h i f t  r eg i s t e r s  t o  be used in place of 
f i l t e r  arrays and output infouaation could be 
presented s e r i a l l y  a s  a t i s c  i n t ens i ty  function 
tha t  was i m e d i a t e l y  applicable t o  ex i s t ing  
displays. The construction and laboratory 
t e s t ing  of t h i s  f i r s t  d i g i t a l  equipment vas the 
main task  during 1962 (g). 

The equipeent was t r i e d  a t  sea In October 1962 
agains t  a t r i -p lane  t a rge t ,  no aubaarioe being 
available.  Benge resolution and general be- 

haviour were a s  ant ic ipa ted ,  although m a x i m  
ranges were l imited t o  l e s s  than 1 ~SI  by severe 
ray bending a t  the t h e  of the t r i a l .  In  ea r ly  
1963 fur ther  proving trials were conducted with 
a submarine. Soear conditions were good and 
ranges i n  excess of 15 km were achiwed. 
Doppler of 2 t o  3 Ln was readily detected a t  
ranges of -re than 10 h. 

Later i n  1963, sea t r i a l s  compared performances 
of short-CW and long-Fn pulses d i rec t ly .  
Results confirmed tha t  tbe theore t ica l  perfor-  
mance of Pn transmissions war being achieved 
and t b a t  FLI was therefore superior i n  making 
possible longer ranges when propagation condi- 
t ions  were favourable . 
By the beginning of 196h experimental RI sonar 
development had reached a s t a t e  of potent ia l  
application i n  HAT0 navies. A cwprebensive 
summary report  was wr i t ten  (TR-23) and a umber 
of o ra l  presentat ions were mde.  A l l  in form-  
t i on  then avai lable  was released t o  those 
nations t h a t  requested it. The D.S. adopted 
the d i g i t a l  RI technique f o r  i t s  large  surface- 
sh ip  sonars. I t a l y  a l so  shoved an i n t e r e s t ,  
and arrangmcnts were made f a r  t e s t s  i n  1965 
using the SW-23 on the  AWXIEA WRIA. ¤ 



C H A P T E R  4 N O N - A C O U S T I C  ASW R E S E A R C H  ( 3 9 5 9 - 6 4 )  

4.1 In t roduc t ion  

Sonar has  become t h e  most genera l ly  used aethod 
f o r  d e t e c t i o n  of  f u l l y  subaerged submarines a t  
long ranges because of t h e  e a s e  of  sound t r a n s -  
mission through s e a  water.  Radar and e l e c t r o -  
magnetic i n t e r c e p t  recep t ion  a r e  a l s o  used 
success fu l ly ,  b u t  only a g a i n s t  sulmarines a t  
snorkel  depth. Other non-acoustic methoas 
genera l ly  have l i m i t e d  range and a r e  p r i m a r i l y  
usefu l  on ly  i n  t a c t i c a l  s i t u a t i o n s .  A f e u  
n a t i o n a l  l a b o r a t o r i e s  have c a r r i e d  on research 
i n  non-acoust ic  techniques. both v i t b  t h e  hope 
of achieving long-range recep t ion  by t h i s  means 
mnd t o  develop sonar  ad junc ts  t h a t  would pro-  
v ide  c l a s s i f i c a t i o n  and l o c a l i z a t i o n  i n  
t a c t i c a l  s i t u a t i o n s .  

At t h e  Centre ,  a major e f f o r t  vas  undertabea in 
t h e  a r e a  of  extra-low frequency (ELF) e l e c t r o -  
magnetic de tec t ion .  The p r o j e c t  was begun i n  
October 1959 and terminated i n  1969 a f t e r  t h e  
work had been t r a n s f e r r e d  t o  n a t i o n a l  pro- 
grPsames. A smal le r  and shor te r - l ived  e f f o r t  
concerned with s u r f a c e  manifestat ions o f  t h e  
passage of  a submerged s h r i n e  was begm in  
J u l y  1963 a s  a p a r t  of  the  oceanography pro- 
gramme and l a s t e d  about two years .  

4.2 E Blectroma@e&ic Research 
(Pro jec t  5.1) 

Of the a l t e r n a t i v e  methods of  submarine d e t e c t -  
ion ,  e s p e c i a l l y ,  a s  a c l a s s i f i c a t i o n  ad junc t ,  
one o f  t h e  more a t t r a c t i v e  is  e lec t romamet ics .  

is saall enough t o  o f f e r  t h e  p o s s i b i l i t y  of 
ranges of t b e  o rder  of a kilometre. Although 
there  had been sporad ic  work i n  t h e  e l e c t r o -  
magnetic f i e l d  i n  t h e  twenty years  before  1959, 
t h i s  frequency range had n o t  been examined very 
c lose ly .  Also, by 1959, advances i n  processing 
techniques made t h e  prospec ts  of success of 
e lectromagnet ic  (EX) systems considerably more 
l i k e l y .  

There a r e  two d i s t i n c t  methods f o r  &n de tec t ion  
o r  c l a s s i f i c a t i o n :  a c t i v e  and passive.  The 
a c t i v e  method d e t e c t s  t h e  d i s tu rbance  i n t r o -  
duced by a submarine in an W f i e l d  se t  up 
a r t i f i c i a l l y  by one o r  -re t r a n s m i t t e r s .  The 
pa'ssive method d e t e c t s  EH s i g n a l s  generated by 
tht submarine i t s e l f .  The researcb  progranme 
begun a t  t h e  Centre i n  October 1959 concm- 
t r a t e d  mainly on pass ive  En d e t e c t i o n  i n  t h e  1 
t o  100 Bz frequency range. This ELF band was 
chosen became submarine-generated s i g n a l s  have 
t h e i r  fundamental f requencies  in t h i s  range, 
and t h e  a t t e n u a t i o n  of s i g n a l s  propagat ing i n  
t h e  two--dim space decreases with decreasing 
f cequency. 

The combined t h e o r e t i c a l  and experimental 
p r o g r a m e  e s t a b l i s h e d  a t  t h e  Centre aimed a t  
increas ing  knwledge i n  four  b a s i c  a reas :  

(1) Propagation of  Bn energy i n  a two- 
medium space o f  a i r  and sea water.  

(2) S p e c t r a l  d i s t r i b u t i o n  of backgromd 
noise  and i t s  coherence p r o p e r t i e s .  - - 

(3) S igna ls  generated by subearines.  
(4) Optimum platforms f r o a  which t o  

I n  t h e  frequency range below 100 Hz ab;orption d e t e c t  EH s i g n a l s .  

Preparation of ELP electromgnetic passive detection equipment 
before an exper f  ment . 



The experimental p a r t  of the  prograuune s t a r t e d  
i n  1960 with the  development, design, and cons- 
t ruc t ion  of equipment. a s  no comerc i a l  equip- 
ment was avai lab le  f o r  t h i s  low-frequency 
range. The f i r s t  de tec tors  were c o i l s  from 
aagnet ic  mines coupled t o  low-noise pre- 
ampl i f ie rs ,  with t he  outputs fed t o  paper 
recorders. Tino Is land i n  t he  Gulf of 
La Spezia, owed by the I t a l i a n  Wavy, was 
chosen as a s i t e  t h a t  had a su f f i c i en t ly  low 
level  of e l e c t r i c a l  power background f o r  t h i s  
experiment. Two s t a t i o n s  w r e  s e t  up and back- 
ground measurwtents s t a r t e d  (2, pp 77-83). 
Later ,  in 1961, experiments vere conducted t o  
v e r i f y  theor ies  on propagation of EH waves from 
a suhmcrged d ipole  and t o  l ea rn  about pro- 
p e r t i e s  of large antenna systems. 

¶'be ea r ly  experiments revealed a nmher of 
problems. I t  was found t h a t  mine c o i l s  had 
several  disadvantages d e n  warking i n  t h i s  
frequency range. Further,  use of t h e  i s land  
was unsa t i s fac tory  i n  t h a t  it acted a s  a la rge  
insula tor  a t  t h e  sur face  of a conductor, 
d i s t o r t i n g  the  f i e l d  t o  be stasured.  Alm, 
submarine operations so  near an i s land  were 
unsafe. Therefore a nev measuring f a c i l i t y  was 
designed t h a t  could be slung from a buoy 
6 r i l e s  west of t he  i s land  i n  100 m of water. 

By the  end of 1962, ELF electrom(pretic pas l ive  
de tec t ian  had been shown t o  be s u f f i c i e n t l y  
pramising t o  meri t  continuation of  the research 
programe. Ranges of a t  l e a s t  t h e  same order 
of magnitude a s  W appeared t o  k rchievable 
i n  deep w t e r ,  with loager r a g e s  expected i n  
shallow waters. 

Ikperimeeta car r ied  out  with submarines i n  t he  
area west of Tino i n  1963 showed the submarine- 
generated s ignature  t o  be of impulsive 
character  with a r epe t i t i on  frequency corres-  
ponding to the nuabet of s h a f t  revolutions. 
Large va r i a t i ons  of peak l eve l ,  r epe t i t i on  f re-  
quency, and waveform were fouad (c). Addi- 
t i ona l  data taken by the B r i t i s h  and French 
Havies a t  t h e i r  acous t ica l  test ranges con- 
firmed these conclusions m - 8 6 ) .  

Much of t h e  e f f o r t  of t h e  pro jec t  i n  1964 was 
devoted to the preparat ion of reports .  These 
included an extensive bibliography (m-25) and 
a summary technical  report in  th ree  p a r t s  
(m-36,-37 ;38) d e s c r i b i w  work done f tom the  
inception of t he  p m j c c t .  Some of the  experi- 
w n t a l  techniques a r e  described i n  more d e t a i l  
i n  TM-96 and 97. The only experimental work 
done i n  t h i s  period consisted of background 
noise measurements with improved e lec t rode  
eys tems. 

I n  September 1962 the  Centre sponsored a c a f e -  
rence on "ASW Applications of EH Phenacna i n  
t b e  Extremely Law Frequency (ET.P) Range (1-3000 
cps)" a t  NATO Headquarters, Par i s .  There vere 
t h i r t y s i x  pa r t i c ipan t s ,  representing a l l  of the  
#Am naval  nat ions,  and one obrerver Hr L. 
Brock-Nannestad, of the  Centre 's  EH team, 
nerved a s  Chairatan of the conference. Twenty 

T i m  is land, o f f  La Spezia, where & 
stations were established to arake ELF 
measurements. [?W-371 

papers were presented. and complete proceedings 
were issued subsequently by the  Centre (PR-14). 

4.4 Study of Surface - Manifeststions of* 
Passage of a Subnterged Submarine 
(Project  4.4) 

I n  mid-1963 the Centre's Oceanography Group 
s t a r t e d  work t o  achieve a b e t t e r  understanding 
of near-surface and surface phenoriena, moti- 
vated by t h e  poss ib i l i t y  of de tec t ing  sur face  
e f f e c t s  caused by sulnnarines passing through 
water having a densi ty gradient .  

The p a r t i c u l a r  surface manifestation studied 
was t h a t  caused by the  near-surface conver- 
gences and divergences re la ted  t o  t h e  v e r t i c a l  
collapse and horizontal  spreading of t h e  wake 
of a submerged self-propelled body t r ave l l i ng  
i n  a densi ty gradient .  Results  reported i n  t h e  
l i t e r a t u r e  had shorn t h a t  wake collapse could 
be on e f f i c i e n t  generator of i n t e rna l  waves, 
which w u l d  then manifest themselves by changes 
a t  t h e  surface.  The Centre's contribution was 
control led t e s t s  i n  a m a l l ,  t ransparent  tank 
in vhicb s t a b l e  and unstable densi ty gradients  
could be introduced by thermoelectric heating 
and cooling e lmen t s .  From the  r e s u l t s  of t he  
tank experiments, a re la t ionship  was derived 
tha t  gave the  extent  of surface t h e m 1  mani- 
f e s t a t i ons  a s  a function of the  dens i ty  
gradient  and the depth of the  submarine. 

Fluctuations of temperature gradients  ex i s t i ng  
na tu ra l ly  i n  t he  ocean in the  upper 10  t o  20 cn 
cons t i t u t e  t b e  background noiee agains t  which a 
submarine-generated thermal s ignal  would have 
t o  be detected.  Some preliminary measurements 
*re aade (l%-35). but the  pro jec t  l o s t  its 
impetua when the  o r ig in r to r ,  Dr Allen Schooley, 
l e f t  t h e  Centre in mid-1965. m 



C H A P T E R  5 O C E A N O G R A P H I C  R E S E A R C H  (1960-64) 

The Centre 's  S c i e n t i f i c  Advisory Co'uncil , a t  
i t s  i n i t i a l  meeting, held in t h e  s p r i n g  of 
1959, proposed a v a r i e t y  of  s u b j e c t s  from which 
it f e l t  t h e  Centre d g h t  u s e f u l l y  s e l e c t  i ts 
i n i t i a l  s c i e n t i f i c  p rograme.  Among i t s  o t h e r  
recosmendations t h e  Council s t a t e d :  

"Oceanography i t s e l f  is of  t h e  g r e a t -  
e s t  importance t o  the  ASO problem,# and 
"A continuoue e f f o r t  should be main- 
t a ined  t o  preserve t h e  c l o s e s t  p o s s i b l e  
r e l a t i o n s h i p  between oceanography and 
its a i l i t a r y  a c o u e t i c  consequences." 

Two y e a r s  l a t e r  the Working Group on Geophysics 
of  NATO's Von & m a n  Cosmittee (16) a l s o  con- 
cluded: 

"Improved understanding of oceanographic 
phenbwena depends on the advance of 
fundamental research  which must be 
supported by t h e  m i l i t a r y .  In genera l ,  
s i g n i f i c a n t  s c i e n t i f i c  advances can be 
expected ..... 
The developetent o f  oceanography r u s t  
be  acce le ra ted  i f  we a r e  t o  met f u t u r e  
a i l i t a r y  requirements. Fundamental 
research  i s  required i n  n e a r l y  a l l  a r e a s  
t o  extend our  understanding of t h e  
phenomena involved. 
. . . . .Oceanography is,  t h e r e f o r e ,  a f i e l d  
in which a l l i e d  cooperat ion could be 
e f f e c t i v e  and va luab le  ....." 

I n  t h e  beginaing, t h e  Centre 's  research  concen- 
t r a t e d  on t h e  Mediterranean, f o r  which t h e r e  
was a c l e a r  need f o r  ocemogrephic information. 
Four p r o j e c t s  were undertaken i n  the f i r s t  f i v e  
years :  

4.1 l i l i t a r y  Oceanography (Pred ic t ion  of 
Oceanographic Conditions and The i r  
Cor re la t ion  wi th  Sonar Perfornance), 
J a n  1960. 

4.2 Submarine Geophysics, Apr i l  1960. 
4.3 Study o f  I n t e r n a l  Waves, J a n  1961. 
l .4 Near-Surface P h e m e n e ,  J u l y  1963. 

O r i g i n a l l y  the Mi l i t a ry  Oceanography P r o j e c t  
was assigned t o  t h e  Applied Researcb Group so  
t h a t  t h e  Oceanography Group could concent ra te  
on u n c l a s s i f i e d  pure research.  This work was 
merged wi th  t h e  o t h e r  oceanographic p r o j e c t s  i n  
1963. The problem of f i n d i n 8  the proper  
balance b e t w e n  research f o r  m i l i t a r y  a p p l i -  
c a t i o n s  and u n c l a s s i f i e d  b a s i c  oceanographic 
research  has been a cont inuing chal lenge f o r  
t h e  Centre 's  management. 

5.2 L l i t a g  Oceanography P r o j e c t  
(Pro jec t  4.1) 

I n  t h e  f i e l d  of m i l i t a r y  oceanography t h e  
Centre s e l e c t e d  f o r  i ts  study t h e  p r e d i c t i o n  of 

oceanographic condit ions and t h e i r  c o r r e l a t i o n  
with sonar  performance (2, pp 95-104). During 
January-February 1960, two members of t h e  
l l i l i t a r y  Oceanography Group and an o f f i c e r  from 
t h e  SACLANT Deputy's I n t e r n a t i o n a l  S t a f f  
v i s i t e d  s c i e n t i f i c  i n s t i t u t i o n s  and a i l i t a r y  
commands i n  Canada and the  United S t a t e s  t h a t  
were concerned with t h e  problems of oceano- 
graphy and, i n  p a r t i c u l a r ,  with i ts a p p l i c a t i o n  
t o  Am. They were seeking t o  determine which 
oceanographic f a c t o r s  were, o r  might becow,  
important t o  t h e  m i l i t a r y  i n  ' succesefu l ly  
meeting t h e  ASU t h r e a t .  Visits by t h i s  t e a r  t o  
each of  t h e  o t b e r  aeven p a r t i c i p a t i n g  na t ions  
had been made by t h e  end of  1962. 

The conclusion of the  f i r s t  t r i p  war t h a t ,  i n  
s p i t e  o f  p r e s e n t  knowledge, w c h  more research 
was needed t o  b e t t e r  understand how oceano- 
graphic f a c t o r s  in f luence  sonar range. It was 
a l s o  decided t h a t  t h e  required understanding 
could best be obtained by concentrat ing i n i -  
t i a l l y  on a p a r t i c u l a r  body of water of 
moderate s i z e .  The study could then be 
extended t o  l a r g e r  ocean bodies ,  concentrat ing 
on those f a c t o r s  shorn t o  be of primary impor- 
tance a s  a r e s u l t  o f  t h e  work on the  smal le r ,  
" typical"  ocean a rea .  

A s  i t s  small ocean a r e a ,  t h e  Centre's sc ien-  
tists se lec ted  part of  t b e  Ligurian Sea between 
Corsica and t h e  c o a s t l i n e  of  the  French and 
I t a l i a n  Riv ie ras .  Repeated surveys were made 
i n  t h i s  a r e a ,  a t  roughly monthly i n t e r v a l s ,  

Area chosen for i n i t i a l  d e t a i l e d  s t u d i e s  
o f  hov oceanographic parameters influence 
sonar range .  [TR-8)  



between J u l y  1960 and October 1961 (TR-8). 
Ruring t h e s e  oceanographic surveys,  bathy- 
t h e m g r a p h  readings and water  samples v e r e  
taken t o  g e t  an idea of  t h e  h o r i z o n t a l  g r a d i e n t  
and of changes i n  t h e  v e r t i c a l  g r a d i e n t  of 
t e q e r a t u r e  and s a l i n i t y .  Beasurernents of 
atmospheric condi t ions  were a l s o  included.  
Propagat ion-loss  measurements were obtained 
f r w  the work of t h e  Acoustic Propagation 
Research team. A computer program was 
developed to expedi te  t h e  bandling of f u t u r e  
d a t a  by convert ing measured va lues  of teope- 
r a t u r e ,  s a l i n i t y ,  and p r e s s u r e  (depth) i n t o  
sound apeed. The Graup a l s o  assembled 
p e r t i n e n t ,  p rev ious ly-co l lec ted  d a t a  on t h e  
Ligurian Sea. 

The s tudy  o f  oceanographic p r e d i c t i o n  f o r  
m i l i t a r y  a p p l i c a t i o n s  vas w r g e d  with t h e  p i l o t  
s tudy  (PASWEPS) o f  t h e  U.S. ASU Enviroruoental 
Pred ic t ion  System (ASWEPSI i n  t h e  IiASTLANl 
area ,  and by 1964 the major a c t i v i t y  of  t h e  
Group had become p a r t i c k p a t i o n  i n  NATO's UILOC 
surveys. 

5.3 = ~ r i x C c o p h y z &  (Pro jec t  4.3) 

Knowledge of t h e  s t r u c t u r e  of t h e  l a y e r s  below 
t h e  ocean bottom is important i n  uaderstanding 
t h e  c h a r a c t e r  of  r e f l e c t i o n s  of sound from t h e  
bottom. S tud ies  of  t h e  bottom were t h e r e f o r e  
introduced a t  a n  e a r l y  d a t e  i n t o  t h e  Cent re ' s  
oceanographic research  programme. 

I n  the few years  p r i o r  t o  the e s t a b l i s h e n t  of  
t h e  Centre t h e r e  had been considerable  advance 
i n  i n s t m n t a t i o n  necessasy f o r  t h e  s tudy of 
t h e  ocean floor. I n  p a r t i c u l a r ,  i n  1956 
Cmbridge Univers i ty  had developed t h e  nuclear-  
s p i n  n a g o e t o e t e r  f o r  use a t  s e a ,  towed bebind 
a ship. Between 1956 and 1960 this had been 
used s u c c e s s f u l l y  i n  a i r  c r u i s e s .  Dr T.D. 
Al lan  of  the Cambridge group joined t h e  Centre' 
in mid-1960 and i n i t i a t e d  a p r o j e c t  i n  &ich a 
C a d r i d g e  magnetometer and two g r a v i t y  meters 
vere  used f o r  geophysical  w r v e y s  of  the k d i -  
t e r ranean  and Red Seas. 

A f t e r  i n i t i a l  eng ineer ing  t e s t s  o f  the neu 
proton magnetometer in Hay and Juae  1961, t h e  
group clrbarked on a s e r i e s  of ten mnth- long  
c r u i s e s  between J u l y  1961 and June 1964. They 
amde c q l e t e  g r a v i t y ,  r a g n e t i c ,  and bathy- 
m e t r i c  surveys of  the Ligrrrian, Tyrrhenian, 
Aegean, Ionian. Eas te rn  b d i t e r r a n e a n ,  and Red 
Seas (2, pp 142-lS8). The r e s u l t s  v e r e  
presented to t h e  Royal Soc ie ty ,  Loadon (?R-183) 
and t o  t h e  19 th  Meeting of  the I n t e r n a t i o n a l  
Commission f o r  t b s  S c i e n t i f i c  Explorat ion of  
t h e  Mediterranean Sea. Aspects of  t h e  vork 
were s o  publ ished in a (TR-39), 
Geophysiq,  and t h e  J o u r n ~ l  of  Geopbys iu l  
Research. The Centre 's  bathymetr ic  s m e y  o f  
tbc Red Sea was published an U.K. Admiralty 
c h a r t  C6359. 

Selrre of the published results of gravi ty , 
lagnetfc. and tnthtetetric survcus of 
ne&i tefl 



5.4  Sea-Floor Studies 

thgnet ic  and gravi ty  surveys do not d i r ec t ly  
provide the  type of inforwit  ion required f o r  
acoustic  sode l l i ng  of t he  bo t to r  and fo r  under- 
standing bottom-bounce transmission. I n  April 
1963, the Centre i n i t i a t e d  a sub-project of 
Pro jec t  0.3 t o  provide basic infornation on the  
s e d i e n t a t i o n  of t h e  sea f l oo r  and on the  
r t ruc tu re  of the  upper layers  of the  sub- 
S ~ N C ~ U ~ E .  

A gravi ty  corer  t h a t  had been used in the  geo- 
physical s tud i e s  was unrel iable.  A new hydro- 
s t a t i c  corer  was designed and a prototype 
tes ted  In  1964 t o  water depths of 1700 m. I n  
1964, a n w  wide-diameter, sphincter-closing,  
gravi ty  corer  var  a l s o  developed and t e s t ed  
(11) (TB-34,412). 'Ehis device, which has been 
used extensively ever s ince ,  was f i r s t  used i n  
December 1964 t o  take cores i n  a reas  studied by 
the Sound Propagatioa Group. 

5.5 Study of In t e rna l  Waves (Project  4.2) 

A major cause of f l u c t u a t i o ~  of aound propa- 
gated i n  t h e  rea  is  the  s t roog codification of 
t he  t he rea l  s t r a t i f i c a t i o n  by the  turbulence 
associated with i n t e rna l  waves. Yhese in t e rna l  
vaves had been invest igated i n  t he  1950s by D r  
J.B. l&rsey of the Woods Bole Oceanographic 
I n e t i t a t i o n  p lo t t i ng  Isothermal l i n e s  reaaured 
by a long, towed-thermistor chain. Tbe 
Centre's ea r ly  i n t e r e s t  was i n  i n t e rna l  waver 
i n  so-called t r a n s i t i o n a l  a reas  such aa the 
S t r a i t s  of Gibra l ta r  and S i c i l y .  

ltuch of t he  evidence f o r  i n t e rna l  waves had 
been obtained f ra  the va r i a t i on  of tbermal 
microstructure i n  the cop huodred mztres of 
water. To s h w  t b a t  there  is a c t u l l y  a w v e  
w t i o n  aad t o  atudy its proper t ies ,  it was 

thought necessary t o  have a r r a y s '  of fixed 
sensors -red t o  t he  bottom and recording 
continuously fo r  considerable periods. An 
a r ray  of t h i s  type was coapleted and tes ted  i n  
1962 and several  models were asaeebled fo r  
f i e l d  t e s t s  in  1963. 'fbe temperature-sensing 
elements w e d  were t h e w i s t o r s ,  tbe tempe- 
ra tures  a t  various depths being recorded a t  
time in t e rva l s  a f t e r  an i n i t i a l  voltage was 
applied. This permitted the  use of a s ingle-  
core cable. The ar ray  was held v e r t i c a l  by a 
submerged buoy f r ee  ~ K O B  surface-wave e f f ec t s  
and of spec ia l  low-drag design so  t h a t  it war 
barely af fec ted  by t i d a l  currents .  The data 
vere recorded on magnetic tape i n  the  buoy and 

Studies of internal waves. A bot tm- 
7 J U L Y  l Q S 8  ,red axray of sensors 1s  shown above 

[m-651; records Plbde off Gibraltar 
with a thermistor c h i n  are shown a t  
left. [m-301 



transmitted t o  a sh ip  v i a  an Fn radio l i nk  with 
a f loa t ing  buoy (TR-65). Aa acoustic releasing 
system f o r  recovering submerged oceanographic 
buoys was a l s o  developed fo r  t h i s  projec t  
(TR-19). 

In tJm Gibra l tar  area i n  1958-59,. i n t e rna l  
waves had been found of from 40 m t o  l10 m 
mplitucie m d  of periods f r o e  15 t o  30 minutes, 
recurriag wi th  the t i d a l  period. Dr Frasse t to  
of the Centre par t ic ipa ted  i a  a cru ise  of tbe 
Woods Hole RV CHAIX i n  t h a t  area in September 
1961, during wbich these  in t e rna l  waves e r e  
studied v i t h  a 200 m long thermistor chain 
toved a t  10 b. A s imi l a r  survey was made by 
the CHAL?i i n  tbe  S t r a i t  of S i c i l y  i n  S e p t a h e r  
1962. Data from both these cru ises  were 
anslyzed a t  the C m t r e  (TR-30). 

The i n i t i a l  i n t e rna l  waves projec t  merged with 
o ther  s tudies  of the Gibra l tar  area by l a t e  
1964. Ih subjec t  of i n t e rna l  waves bas, 
however, recurred a number of times i n  the 
Centre's h is tory ,  both i n  connection with t h e i r  
acoustic e f f e c t s  and aa pewer instrumentation 
made possible the acquis i t ion  of more defini-  
t i v e  r e su l t s .  

5.6 Studies of Surface and Near-Surface 
Wenonyna (Project  4.4) 

projec t  on surface and near-surface pheno- 
mena begun a t  t h e  Centre i n  Ju ly  1963 by Dr 
b l l en  Schooley was a fundaaental research 

approach t o  an aspect of oceanography thought 
per t inent  t o  the possible detection of sub- 
marines by surface thermal observationn. 
Studies spec i f i c  t o  the surface u n i f e s t a t i o n s  
of t he  passage of a submerged rubea'rine have 
already been cwered i n  Sect. 8.4 i n  the 
chapter on non-acoustic.&W. I n  addit ion,  Dr 
Schooley i n i t i a t e d  s tud ie s  of the turbulent  
boundary layer  i n  a i r  above wind-generated 
water waves, and of the in terac t ion  between 
wind-generated water waves and surface 
currents.  This work was short-lived, s ince  D r  
Schooley returned t o  the  U.S. i n  September 
1965. Instrumentation developed fo r  measuring 
temperature gradients a t  t he  sea / a i r  in ter face  
a d  some pre l io inary  r e s u l t s  a r e  given i n  
m-35. 

In  c o ~ e c t i o n  with t h i s  aspect  of oceapagraphic 
research, the Centre provided the conference 
d i t e c t a r  and o thenr ise  p a r t i c i p a t ~ d  ac t ive ly  i n  
a HAM Mvaaced Study I n s t i t u t e  on Air/Sea 
In terac t ion  held a t  the h p e r i a l  College i n  
London i n  September 1962. • 

fnstrmenhtion for measuring fine detui ls  of Ume t m p a t u r e  gradients a t  the air/sea 
interface h an attempt to ident i fg  surface manifestations of the passage of a sub- 
werged sutmurlne. [--351 



C H A P T E R  6 - O P E R A T I O N S  R E S E A R C H  

6.3 H u l t i p l e  Salvo Inves t iga t ion  

Ear ly  i n  t h e  Cent re ' s  h i s t o r y ,  it was re-  
cognized t h a t  a research  establ ishment  i n  a 
remote a r e a  might become disconnected from t h e  
t e a l  Am world. To counter  this,  the n a t i o n s  
provided S W  programs@ o f f i c e r s  and t h e  Centre  
f o r ~ f d  Operat ions Research (OR) Croup t o :  

(1) I n v e s t i g a t e  e x i s t i n g  systems operated 
by t h e  NATO navies. 

(2) Assist o t h e r  groups i n  t h e  Centre  i n  
t h e  planning and ana lys i s  of  t h e i r  experiments. 

(3) Consider p o s s i b l e  f u t u r e  AW systems. 

P r o j e c t s  undertaken by t h e  OR and Theore t ica l  
S t u d i e s  groups i n  t h i s  f i r s t  pe r iod  included: 

3.1 I n v e s t i g a t i o n  of F a l s e  Sonar Contacts 
&L& 1960 
H u l t i p l e  Salvo I n v e s t i g a t i o n  
1961-62 
P o s i t i o n  a t  Sea by Tr iangula t ion  
1961-62 

3.2 T a c t i c a l  S tud ies  
J u l y  1961 

3.3 S ign i f icance  of S a t e l l i t e s  to ASW 
A p r i l  1962 

3.4 Exerc i se  Analysis  and Data Col lec t ion  
&rch  1962 

061 p r o j e c t s  by  t h e i r  very na ture  a r e  g e n e r a l l y  
w c h  s h o r t e r - l i v e d  than research  p r o j e c t s ,  
vhich r e q u i r e  ex tens ive  r a s u r e m e n t s  a t  sea .  
Thus, of  the above list, only the T a c t i c a l  
S tud ies  and Exerc i se  Analysis p r o j e c t s  l a s t e d  
more t h a n  a f e v  gears .  

6.2 I n v e s t i g a t i o n  of - False  - Sanar - Contacts 
(Pro jec t  3.1) 

I n  Jmuary 1960, SACLAW suggested thst Lbe 
Centre i n v e s t i g a t e  r u b m a r i n e - l i b  f a l s e  
con tac t s  made hp sonars  in t h e  open oceans. An 
a r e a  of approximately 1000 n . s i 2  v e s t  o f  France 
and Por tuga l  v a s  s e l e c t e d .  SACMT formally 
requested a11 WAlO navies  t o  r e p o r t  any sonar  
opera t ions  i n  t h i s  a r e a  to the Centre. Over a 
four-year per iod  t h e  Centre received appro- 
ximately 700 such r e p o r t s ,  i n  vhich 80 f a l s e  
con tac t s  were noted. The r e p o r t s  covered 7500 
hours  o f  ronar  watches and about  100 000 n.mi 
of t r a c k .  This  false-alarm r a t e  o f  one p e r  
1200 n.mi found under uncontrol led condi t ions  
was ten t i a e a  lover  than t h a t  experienced i n  
the NATO bSW e x e r c i s e  MAGIC UWTERN i n  1963. 
I t  was t h e r e f o r e  concluded i n  ,Yoveaber 1964 
t h a t  any f u t u r e  work done by tbe Centre oa  this 
s u b j e c t  should be based on da ta  from WAM 
e x e r c i s e s  r a t h e r  than  fram non-exercise condi- 
t i o n s  (TR-27). 

This s tudy was an a s s e s s n n t  of  t h e  l o g i s t i c  
c o s t  of a c e r t a i n  typl of s a t u r a t i o n  barrage 
employing a simple con tac t  p r o j e c t i l e  f o r  
destroying a loca ted  subsiarine. Although t h e  
number of  p r o j e c t i l e s  l i k e l y  t o  be required 
would be high, t h e  c o s t  of ind iv idua l  s o p h i s t i -  
ca ted  weapons had soared enormously. and t h e  
d i s p a r i t y  i n  o v e r a l l  c o s t  m i g h t  not be l a rge .  
The problem proved e s p e c i a l l y  usefu l  t o  t h e  
Centre  as a n  exerc i se  i n  c o l l e c t i n g  r e a l i s t i c  
weapon d a t a ,  and i n  p rograming  t h e  cosputer  t o  
t ake  account of  a wide v a r i e t y  of parameter 
v a r i a t i o n s .  It  was concluded t h a t  a case  could 
be made f o r  an inexpensive weapon having a 
r e l a t i v e l y  low p r o b a b i l i t y  of d e t e c t i o n  
(2, pp 108-112) (TR-12). 

6.4 Pos i t ion  a t  Sea by Tr iangula t ion  

The a c o u s t i c  propagation and oceanographic 
experiments conducted a t  sea by t h e  Centre 's  
research s h i p  ARAGO?ESE revealed t h e  need f o r  
accura tc  knowledge, t o  within a few metres, of 
t h e  geographical p o s i t i o n  of a s i n g l e  s h i p ,  t h e  
p r e c i s e  d i s t a n c e  between two sh ips ,  and t b c  
v e l o c i t y  of  a s h i p  over t h e  ground- In 1961, 
the Centre t e s t e d  a methad of measuring a 
s h i p ' s  p o s i t i o n  t o  an accuracy of  a feu  metres 
by simultaneous o p t i c a l  observat ion from two 
p o i n t s  on shore.  The metbod chosen was t&e 
simple surveying procedure of t r i a n g u l a t i o n .  
i .e. ,  measureaent of  t h e  hor izon ta l  m a l e s  
between a p r e c i s e  base  l i n e  and t h e  l i n e s  of 
s i g h t  f r o o  each end of t h i s  base l i n e  t o  t h e  
ship.  The t e s t  used a base l i n e  of about 10 km, 
and, f o r  t h i s ,  plane trigonometry was accura te  
m o w  t o  p e w i t  c a l c u l a t i o n  of  t h e  d i s tauce  of 
t b e  s h i p  from one o r  b o t h  ends of t h e  base 
l i n e .  However, measurement of  geographic 
p o s i t i o n  of  t h e  s h i p  required use of spher ica l  
t r i g o n o a e t r y  modified by t h e  in t roduc t ion  of 
c o r r e c t i o n s  f o r  a sphero ida l  e a r t h  (2, 
pp 112-3). 

6.5 T a c t i c a l _ S t u d i e s  (Pro jec t  3.2) 

Tbere a r e  c e r t a i n  c l a s s e s  of t h e o r e t i c a l  
problems i n  antisubmarine t a c t i c s  t h a t  can be 
s tud ied  without  d i m  contac t  wi th  ships.  and 
weapons. One such c l a s s  concerns t h e  geometry 
o f  moving o b j e c t s  such a s  a i r c r a f t .  s h i p s ,  and 
submarines; it can be appl ied  t o  t h e  design of  
convoy e s c o r t  screens.  a i r c r a f t  sea rch  
p a t t e r n s ,  and o t h e r  t a c t i c a l  f o r e a t i o n s  of 
p r a c t i c a l  importance. Considerable progress  i n  
t h i s  f i e l d  had been made during World War 11, 
isuch of which was described i n  Report WO. 5 6  
"Search and Screening". i s sued  by t h e  U.S. l&vy 
Operat ions Evaluat ion Group (OEG). The re thods  
used were those of  orthodox a a t h e a a t i c a l  
a n a l y s i s  and p r o b a b i l i t y  theory. Although 
these  methods wre adequate f o r  t h e  s impler  
problems, l i m i t a t i o n s  were encountered vhen t h e  
n d e r  of  o b j e c t e ,  t h e i r  motions, o r  t h e  as -  
sumptions regarding d e t e c t i o n  p r o b a b i l i t i e s ,  
became complicated. 



The Centre's OR group undertook two approaches 
t o  the kinemntical study of ASW t ac t i c s :  
mathematical pmbab i l i fp  analys is ,  and s h l a -  
t i o n  on an e lec t ronic  c q u t e r  (g, pp 122-132). 
Some of the spec i f i c  topics  explored during the  
f i r s t  years of t h i s  long-lived projec t  

, included: 
1. Suhar ine  penetrat ion of a l i n e  

ba r r i e r  (m-85). 
2. I n t e r c e p t i a  of a moving t a rge t  based 

on in termi t tent  pos i t ion  repor ts  (TR-28). 
3. Development of coreputer simulation 

lnthods (TH-82 ,&S). 

6.6 m i f i c a n c e  of S a t e l l i t e  Reconnaissance 
fo r  '~ubmarine Warfare (Project 3.3) 

One of the events leading t o  the  establishment 
of SACLAWT Am Research Centre was the launch- 
ing of the  apace age w i t h  SPtKHIK I. The 
a v a i l a b i l i t y  of such earth-orbit ing s a t e l l i t e s  
led  t o  an u r l y  OR p ro jec t  a t  the Centre t o  
examine the  implications tbereof to a submarine 
power. Submarines face major problems i n  
acquis i t ion  of i n t e l l i gence  t o  decide where 
forces should be concentrated and a l s o  i n  
communication mpng themselves. A r t i f i c i a l  
s a t e l l i t e s  were recognized to be po ten t i a l ly  
powerful in both of these  ro les .  

The study divided i a t o  th ree  phases: geo- 
metrical ,  physical ,  and t e c t i c a l .  The f i r s t  
concerned the  survei l lance  coverage t h a t  a 
s a t e l l i t e  might provide as a function of its 
path ,  height, r a t e  of orbi t ing ,  range of 

Analogue devioe to sfmuIate the beh.vioar 
of reconnaissance a t e l l i t e s  in circular 
orhits of varions altitudes and inclim- 
tion. [m-291 

vis ion ,  e t c .  The second covered the l imita-  
t i ons  on t h i s  surveil lance by natura l  physical 
phenorpena such a s  cloud cover. The t ac t ika l  
phase na tura l ly  had aspects of both a t tacker  
and defender. The two-year' study (2, pp 
113-122) was begun i n .  April 1962 and was 
completed with t h e  writ ing of a f i n a l  report  i n  
1964 (TR-29). 

6.7 Exercise Analysis and Data Collection 
(Project 3.6) 

Several NATQ Am Exercises are  performed each 
year. Par t ic ipa t ion  i n  t h e i r  planning and 
analys is  hns been recognized s ince  1962 a s  au 
important contribution of the  Centre t o  NATO 
ASW capab i l i t i e s ,  a s  well a s  being a p r i v  way 
f o r  the Centre's s c i e n t i s t s  t o  becme ' a ra re  of 
ASW problems in  the  r ea l  world. Because of 
l imi ta t ions  i n  time and manpower, the  Centre's 
e f f o r t s  bave been l imited t o  ext rac t ion  of 
performance figurea f o r  antisubmarine vehicles,  
weapons, and t a c t i c s  from a small number of 
se lec ted  exercises.  

In  the  ea r ly  period, the Centre par t ic ipa ted  t o  
some degree i n  three  exercises per  year: 

1962 DAW BRBEZE 7 
on board a Canadian destroyer 

SHARP SQUALL 6 
on board a Canadian destroyer 

MEDSUBBX 13 
on board French subcarines . 

1963 MW 8 
on board a French submarine 

FI9HPMY 7 
i n  Haritime Headquarters 

HOOn TIGER 2 
on board an I t a l i a n  f r i g a t e  

1964 MAGIC LAWTERH 
on board B r i t i s h  f r i g a t e s  

LQNG lOOK 
on board a U.S. submarine 

m#)Rg 
ia Maritime Headquarters 

I n  the  case of FISHPLAY 7, the  Centre provided 
three  members of the  data col lec t ion  team and 
two members of t8e KASTLAKF analysis  team. A t  
l e a s t  two Centre members a l s o  par t ic ipa ted  i n  
t h e  analysis  phase of each of t he  three  exer- 
c i se s  held i n  1964. 

6.8 F i r s t  Centre-Sponsored OR Conference 

During 1963, a s ign i f i can t  f rac t ion  of OR Group 
e f f o r t  waa dwoted t o  organizing, hosting, and 
preparing proceedings of a MTO Conference on 
the Application of Operational Research t o  the 
Search and Detection of Subaarines, held in 
June of t ha t  year. Forty-five s c i e n t i s t s  
attended and twenty e igh t  papers were pre- 
sented, with a good balance achieved between 
theo re t i ca l  and prac t i ca l  exposit ions (S). 
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C H A P T E R  7 P E R I O D  O F  G R O U T H  (1964 -69 )  

7.1 Uanagesent Aspects 

The Centre's second f ive  years sbowed steady 
growtb in  nunher6 of p e r r r o ~ e l ,  size of budget, 
capabi l i t ies  of f a c i l i t i e s ,  a s  w e l l  a s  in  
s c i e n t i f i c  achieve~lcnt. The scient i f  i c  s t a f f  
grew from 40 in  1964 to the f ina l  authorized 
number of W. t h e  support s t a f f  increased from 
about 132 i n  1964 t o  180 i n  1969; tbus the  
Centre reached its mnximnm authorized cm-  
plement of 230 in t h a t  year. Over t h i s  same 
period the budget increased gradually from 
about lbOO million l i r e  (U.S. $2$million) i n  
1964 and 1965 t o  about 2200 dllioa l i r e  i n  
1969. Host of the  budget increase was related 
t o  the increase i n  personnel. 

The Director a t  thc beginning of the period us6 
Dr Benrik Rddtvedt of Norway. From April 1967 
the posit ion was held by I r  b a r t e n  van 
Batenburg of The Netherlands. As has occurred 
ever since,  tbe posit ion of Deputy Director uas 
f i l l e d  by a U.S. s c i e n t i s t :  the p r e m t  tire, 
the Deputy Director posit ion was f i l l e d  by U.S. 
scient is ts :  Dr Uill irn,  Vineland from January 
1964 u n t i l  June 1966, and D r  Royal Weller f r o r  
June 1966 an t i1  June 1969. 

A major upheaval during t h i s  period vas caused 
by the French withdrawal f r o r  d i rec t  participa- 
t ion i n  %TO mil i tary  a c t i v i t i e s  i n  1957. 
France was no longer represented on the SQIB 
and French mili tary utd adainis t ra t ive  repre- 
~ n t a t i o n  was terr iaated;  a f t e r  lengthy 
discussion, however, it was agreed t b a t  the 
seven French s c i e n t i s t s  then on the s taff  could 
r a i n .  Six of the sc ien t i s t s ,  including 
Group-kader Robert Laval, f u l f i l l e d  a t  leas t  
t h e i r  n o w 1  contract dates. Prior t o  s e t t l e -  
ment of the issue, the  Centre had taken s teps  
t o  replace the French, so tha t  for  a period the 
number of s c i e n t i s t s  exceeded t h e  quota. The 
unsett l ing e f fec t  of the lack of cer ta inty  
about the French s c i e n t i s t s  lasted for  almost a 
year. 

7.2 g * e d  T e e - o f  Reference 

Three areas of research were specif ical ly  
l i s t e d  i n  the Revised Terms of Reference issued 
by S A C M  for  the Centre i n  Janwry 1964 (E). 
These were s ta ted as: 

a.  Applied research directed p r i u r i l y  
touards detection, c lass i f icat ion,  and 
ident i f icat ion of suhaarioes a t  sea,  v i t b  
tht -jot  emphasis on underwater 
acoustics. 
b. Basic research in oceanography, inclu- 
ding physical oceanography and submarine 
geophysics, with emphasis given t o  l ines  
of research having potent ia l  application 
to ASid problems. 
c. Operational research studies nnd 
investigations i n  support of NATO research 
e f f o r t s  devoted t o  tbe development or 
iaprovetaent of M W  sys tem.  

fr I . W .  vm Emtenburp 
?he Wetherlands 
Director 1967-72 

External organizat ion tlrroug&Ut the #AM 
l i f e  o f  t h e  Centre.  

Internu1 organizat ion i n  t b e  1960s. 



7.3 E n d s  i n  S c i e n t i f i c  P r o g t a q  

The s c i e n t i f i c  programme descr ibed  i n  P a r t  I 
was t o  a s i g n i f i c a n t  e x t e n t  continued i n  t h e  
second f i v e  y e a r s ,  b u t  w i t h  some no tab le  ex- 
cep t ions .  A t  t h e  r e q u e s t  o f  SACUNT,  much of 
t h e  a rea- re la ted  r e s e a r c h  and some opera t ions  
a n a l y s i s  s t u d i e s  were s h i f t e d  f r o a  t h e  e a s t e r n  
and c e n t r a l  f ledi terranean t o  t h e  S t r a i t  of  
G i b r a l t a r  and t h e  e a s t e r n  blorth A t l a n t i c .  For  
much o f  t h i s  p e r i o d ,  most oceanographic, 
a c o u s t i c ,  and e lec t romagnet ic  measurements were 
made in t h e  G i b r a l t a r  a r e a ,  while  t h e  Operat ion 
Research Group s t u d i e d  p o s s i b l e  b a r r i e r  systems 
f o r  t h i s  region.  Under t h e  m i l i t a r y  oceano- 
g raphic  p r o j e c t ,  t h e  Centre  a l s o  organized and 
p a r t i c i p a t e d  i n  t h e  f i r s t  of t h e  mul t i -na t iona l  
m i l i t a r y  oceanographic (ti1II)C) surveys,  which 
were conducted i n  t h e  e a s t e r n  Horth A t l a n t i c  i n  
1965 and 1966. 

The c a p a b i l i t i e s  o f  Rl s o n a r  having been shown, 
rmphasia i n  a c t i v e  sonar  research  s h i f t e d  t o  
two o t h e r  p r o j e c t s :  space/frequency c las -  
s i f i c a t i o n  and t h e  development of a &ep pano- 
ramic sonar  e x p l o i t i n g  t h e  r e l i a b l e  a c o u s t i c  
p a t h  (RAP)- The use of  d i g i t a l  techniques,  
o r i g i n a l l y  chosen f o r  t h e  RI sonar  a p p l i c a t i o n ,  
was expanded t o  t h e  handl ing  o f  a c o u s t i c  and 
oceanographic d a t a .  Act ive work on ELF 
electro-magnet ic  d e t e c t i o n  terminated i n  1968, 
and research  on non-acoustic d e t e c t i o n  o f  sub- 
marines was t h e n  dropped f r o a  t h e  programme f o r  
almost ten years .  

7 .q  F a c i l i t i e s  - - 

A s e r i o u s  space problem r e s u l t e d  from t h e  
expansion o f  s t a f f  dur ing  t h i s  per iod.  The 
major i ty  of t h e  needed space was obtained by  
bu i ld ing  neazanine f l o o r s ,  by s t o r i n g  research  
epuipments i n  a smal l  a d d i t i o n a l  b u i l d i n g  
acqui red  froe t h e  I t a l i a n  #avy i n  1967, a d  by 
r e l o c a t i n g  t h e  computer. A. a r e s u l t  of t h e s e  
a c t i o n s ,  work vaa f r e q u e n t l y  d i s r u p t e d ;  i n  
f a c t ,  t h e  Centre  was v i t b o u t  t h e  use of  its 
cospute r  f o r  seven month8 i n  1969. 

The r e r c h e n t  v e s s e l  HARIA PAOLIHA G. (m), 
acqui red  by c h a r t e r  i n  c 1964, was 
gradua l ly  converted in to  a n  ou ts tand ing  oceano- 
g raphic /acous t ic  research  v e s s e l .  Important 
modi f ica t ions  made t o  t h e  s h i p  included a w e l l  
f o r  suspending l a r g e  a r r a y s ,  an a c t i v e  rudder 
and v a r i a b l e - p i t c h  p r o p e l l e r  f o r  s t a t i o n  keep- 
i n g  a t  speeds b e l w  5 h, improved accowno- 
d a t i o n s  f o r  s c i e n t i s t s  s o  t h a t  longer  c r u i s e r  
could be undertaken,  inproved radar  and r a d i o  
Communications, LOM?J-C naviga t ion  system, 
M) Hz a c  genera tors ,  s p e c i a l  booms and v i n c l u s  
to handle over - the-s ide  ins t rumeata t ion ,  and a 
new p r e c i s i o n  d e p t h  recorder .  

l ioise  rad ia ted  by  t h e  WG i t s e l f  i n t e r f e r e d  
w i t h  some a c o u s t i c  t e s t s  and e s p e c i a l l y  l i m i t e d  
its u s e f u l n e s s  f o r  ambient n o i s e  s t u d i e ~ .  
Attempts t o  qu ie ten  t h e  s h i p  were r a d e  vhenever 
f e a s i b l e ,  and in 1967 i ts  n o i s e  ou tpu t  was 
measured on t h e  French Labora to i re  DSM du Brusc 
a c o u s t i c  range (3). Rowever, a s  t h e  main 
propuls ion  system uses  d i e s e l  power it has 

The Centre's second research vessel 
PURIA PAOLINA G. 



never been poss ib le  t o  achieve r e a l l y  s i l e n t  
opc r a t  ion. 

In  1965 tbe  WG was a t  sea f o r  239 days f o r  29 
s c i e n t i f i c  c ru ises .  In 1966 t h i s  f i gu re  vas  
246 days f o r  32 c w i s e s  i n  support of 15 pro- 
j ec t s .  Nine of these  c ru i se s  i n  1966 were in 
conjunction with various NATO warships, subma- 
r ines ,  and a u x i l i a r i e s .  Generally, more than 
ha l f  t he  sea t i e  supported oceanographic 
research pro jec ts ,  the  o ther  major users  being 
t h e  sound propagation and t a r g e t  c l a s s i f i c a t i o n  
groups. Use of the  sh ip  continued a t  a high 
l eve l  throughout t h i s  period.  

The El l io t t -503 d i g i t a l  costputer was received 
and i n s t a l l e d  during autumn 1964. Its capabi- 
l i t i e s  were gradually increased by the addi t ion  
of such per iphera ls  as an W p l o t t e r ,  magnetic 
tape u n i t s ,  i n t e r f ace  rn tching  u n i t ,  l i n e  
p r i n t e r ,  display f a c i l i t i e s ,  and Calcoep 
p l o t t e r .  

Use of t he  computer increased from about 3 
hours per  day i n  October 1966, t o  5 i n  1965, 
and t o  11 by the  end of 1966. A t  t h i s  poin t  
two-shift operat ion was required to  meet t h e  
needs of t h e  research groups. The load 
gradually became too g rea t ,  and i n  1968 a 
bneyuell-S16 was acquired a s  a s a t e l l i t e  
computer t o  the  Ell iot t-503.  

During t h i s  period,  a Camputer Section was p a r t  
of t h e  Special  Studies Croup. Although =any 
users  provided t h e i r  evn programming, much 
e f f o r t  had t o  be devoted t o  both general-pur- 
pose and spec ia l ized  programs. Programs t h a t  
t r ans l a t ed  from one cosrputer language t o  
another w r e  needed i n  order to adapt aon- 
Centre originated programs t o  t he  E l l i o t t  . 
&xiputer programming was t r ea t ed  a s  a s epa ra t e  
p ro j ec t  (Project  5.4) i n  the  Special  S tudies  
por t ion  of t h e  prograruM. 

The SCWR met regularly each spr ing  and autumn. 
In  September 1967, t he  Centre organized a 
conference on the  Rel iable  Acoustic Path, which 
was attended by representa t ives  from the  U.S., 
U.K. and Canada. I n  November of t h e  s m e  year,  
by i n v i t a t i o n  of the  Committee on Undersea 
Warfare of  t be  National Research Council of t he  
U.S. National Academy of Sciences,  the  Centre 
gave presentat ions on its e n t i r e  progransee t o  
some 140 representa t ives  from U.S. defense 
a c t i v i t i e s .  

The period from mid-1964 t o  mid-1969 was very 
productive a s  measured by t h e  output of docu- 
ments. Approximately 185 Technical Reports, 
Technical k o r a n d a ,  and Special  kumranda were 
produced, recording r e s u l t s  of t h e  Centre 's  
research p r o g r w  and descr ib ing  spec i a l  
research equipments developed i n t e r n a l l y  t o  
enable t he  measurements t o  be made. Some of t h e  
more i spor tant  of t he se  documents o re  c i t e d  in 
t h e  t e x t .  I n  addi t ion ,  the  Centre 's  s c i e n t i s t s  
presented approximately 85 papers a t  met ings 
of NATO organizat ions and of s c i e n t i f i c  
s o c i e t i e s  and published 15 a r t i c l e s  i n  profes-  
s iona l  journals .  

7.6 Tenth Anniversary 

On 2 Hay 1969 the  Centre celebrated i ts  t en th  
anniversary.  The p r o g r a m  included a nhort 
demonstration c ru i se  aboard the  M I A  PAOLINA 
C. at tended by m%ny of t he  people uho had 
contributed t o  the  Centre 's  achievements during 
i t s  f i r s t  decade. 

plotter as first installed. 

rhe reinstallation of tbe Elliott-503 central 
unuputer and its peripherals in a neu mezaa- 
nine. 



CPMlatal' Mzb --h &h 
1- bb. 

The merchant vessel llWcU PAOLIBA G., as con- 
verted into a research vessel (shoving final, 
1979 configuration) . 



CHAPTER 8 E N V I R O N M E N T A L  A C O U S T I C S  RESEARCH ( 1 9 6 4 - 6 9 )  

8.1 Introduction . 
During the  second f ive  years,  enviroW8ental 
acouatics s tudies ,  primerily on propagation, 
continued t o  be a major a c t i v i t y  a t  t he  Centre. 
Bott-reflectivity s tudies  continued, v i t h  the  
emphasis sh i f t i ng  from data col lec t ion  t o  
development of a de t a i l ed  physical under- 
standing of t h e  process of sound r e f l ec t ion  
from a multiple-layer bottom and improvement i n  
measurement and analysis  techniques. Coherence 
s tudies  were re la ted  primarily t o  r ca t t e r i ag  of 
sound waves by t h e  rough sea surface and the  . . .  . 
bottom. Other general propapation rtudieo 
included c o a p l e t i w  of t he  sea-water qttenua- 
t i on  study s t a r t e d  in 1963, deve lopca t  of a 
simplif ied formula fo r  the  speed of sound i n  
sea water, .  and experimental and theore t ica l  
s tudies of t he  r e l i a b l e  acour t i c  path (RAP). 

Area-related measurements were rade  i n  p a f t r  of 
the  Hediterranean and i n  t h e  eas tern  At lant ic  
southwest of Portugal. A major e f f o r t  involved 
measurements in the Gibra l tar  area a s  p a r t  of 
t he  Centreon Gibra l tar  Proiect .  In  addit ion t o  - - .- - 
propagation and bottom r e f l e c t i v i t y ,  t he  
Gibra l tar  Projec t  included ambient noise spear- 
nrerwnts 4.- a l s o  sbipping surveys fo r  the  
purpose of r e l a t ing  low-frequency ambient noise 
levels  to sh ip  t r a f f i c .  For t h e  higher f r e -  
quencies, a a t e  was made of ambient noise 
spect ra  during rain.  

The development and ca l ib ra t ion  of trursducerr  
t h a t  could be used over a range of depths and 
t h e  development of d i g i t a l  techniques f o r  
analys is  of the  data were e s sen t i a l  to the 
mccess  of the experimental progrrrarae. During 
t h i s  period, the  transchrcer and d i g i t a l  
aa s lys i s  e f f o r t s  were both t r ea t ed  a s  separate 
projec ts  within the  Sound Propagation Group. 

By e a r l y  1968, t he  importance of shallow-water 
areas  was recognized a d  new projec t  was 
. s t s r t cd  t o  cover th in  work (ace Sect. 16.10). 
A t  the same time, topics  per t inent  t o  deeper 
waters w r e  amalgamated in  a deep-water pro- 
pagation p ro jec t .  

8.2 B~ttosa-Reflection Studies (Project  2.1) 

Tbe extensive bo t tm- re f l ec t ion  measurements 
l ede  during the f i r s t  f i ve  years bad revealed 
large  f luc tus t ioee  of bottom los s  a s  a function 
of frequency, angle of incidence, geographic 
area ,  and, to some extea t ,  the aetbo& of 
taking and analyziag the data.  During the  
second f i v e  yearn, measurement techniques were 
perfected and, even more i spor tant ,  a new 
physical  understanding of bottom-reflection 
phenomena was achieved. 

Tbe ea r ly  experiments had been made with both 
the  explosive sources and t h e  receiving bydro- 
phones a t  r e l a t ive ly  shallow  depth^. This had 
the advantage of giving general  information on 

Experiments to study bottau reflection, 
-wing (ahve) the l o s s e s  a s  functions 
of angle of incidence and frequency a t  
(belw) the impulse respanses. [CP-Zal 



a11 types of  sound-propaga t i o n  pa ths ,  but  t h e  
disadvantage of  making bottom-loss c a l c u l a t i o n s  
dependent on accura te  ray c a l c u l a t i o n s  of  t h e  
l o s s e s  occur r ing  i n  t h e  in-water path. Also, 
the  analyses were c a r r i e d  ou t  i n  octave bands, 
thereby obscuring s o w  important character-  
i s t i c s .  Theore t ica l  s t u d i e s  of r e f l e c t i o n s  
from m ~ l t i p l e - l a y e r e d  ocean bottoms (TR-42;50) 
showed t h a t  it might be p o s s i b l e  t o  c o r r e l a t e  
observed f l u c t u a t i o n s  with sub-bot tm f e a t u r e s  
i f  more accura te  and l o r e  highly-ref ined w a s -  
urenenta could be  made. 

I n  January 1967, a con t ro l led  experiment was 
conducted in t h e  Tyrrhenian abyssal  p l a i n  
140 km southwest of Naples, in water 3600 m 
deep (TB- 145). Explosive charges vere  
e t o n a t e d  a t  S50 m and t h e  d i r e c t  and bottom- 
r e f l e c t e d  s i g n a l s  were received by a hydrophone 
suspended 150 m above t b e  bottom. Analogue 
s i g n a l s  were recorded and l a t e r  d i g i t i z e d  a t  a 
sampling frequency of  26 Wz f o r  lWI s p e c t r a l  
ana lys i s .  

When bottom l o s s  f o r  a s i n g l e  angle of  i a c i -  
dence was p l o t t e d  a s  a func t ion  o f  frequency, 
t h e  r e s u l t s  showed apparen t ly  random f luc tus -  
t i o m  o f  from 25 to 30 dB. However, when t h e  
r e s u l t s  from a l l  ang les  were examined toge ther ,  
t h e  ind iv idua l  peaks and v a l l e y s  were found to 
be r e l a t e d ,  wi th  t h e i r  frequency/angle depend- 
ence behaving i n  accordance v i t h  t b a t  p red ic ted  
by mul t ip le - layer  bo t tom-ref lec t iv i ty  calcula-  
t i o n s  (TR-42;50). Phase ang les  and impulse 
responses were neasured (TR-145) a s  w e l l ,  and 
these  were a l s o  found to be c o n s i s t e n t  w i t h  
theory. 

The Centre 's  innova t ive  experimental techniques 
and tbe b a s i c  experimental r e s u l t s ,  which a r e  
an importrat  con t r ibu t ion  t o  this f i e l d ,  v e r e  
disscslinated i n  t h e  open l i t e r a t u r e  ( E ) ,  i n  
papers presented a t  a conference held a t  t h e  
Centre i n  1970 (CP-2a), and by s e v e r a l  SACUHT- 
CEN p u b l i c a t i o n s  (PR-61,85,149, l?I-89). 

8 .3 Coherence S tud ies  of  Ocean Acoustic Paths 
( P r o j e c t  2 . 2 T  

S igoa l  coherence r a y  o f t e n  be an important 
l i m i t i n g  f a c t o r  i n  t h e  a p p l i c a t i o n  of under- 
water  a c o u s t i c s  t o  sonar  and c m u n f c a t i o n s .  
Research was conducted a t  t h e  Centre  on two 
aspec t s  of t h i s  problem: r e f l e c t i o n  and sca t -  
t e r i n g  from rough sur faces ,  and f l u c t u a t i o n s  
caused by random inhomogeneities i n  t h e  water.  
S tud ies  of the f i n e  s t r u c t u r e  o f  submarine 
echoes, using broadband techniques,  were a l s o  
c a r r i e d  o u t  a s  p a r t  of  t h e  Coherence Pro jec t ;  
however, s i n c e  this work p e r t a i n s  t o  a c t i v e  
sonar  research,  it v i l l  be  covered l a t e r  under 
Sec t .  9.5. 

When CV s i g n a l s  a r e  t ransmi t ted  i n  a n  imperfect  
m e d i m  o r  by l u l t i p l e  pa tbs ,  amplitude and 
phase f l u c t u a t i o n s  a r e  observed. Since many 
d i f f e r e n t  causes e x i s t  f o r  such f l u c t u a t i o n s ,  
and s i n c e  experisrents with CV s i g n a l s  do not  
d i s t i n g u i s h  between them, such experiments 
genera l ly  g ive  r e s u l t s  t h a t  a r t  d i f f i c u l t  t o  
i n t e r p r e t  i n  t e r m  of  phys ica l  aechanisma. I t  

is more usefu l  t o  dea l  with t h e  impulse re- 
sponse of t h e  medium, t h a t  i s ,  the  response i n  
time t o  a sudden b r i e f  impulse, such a s  from an 
explosion. A major accomplishmcnt during this 
f ive-year  period was recognit ion of  the value 
of M s  approach and t h e  development of tech- 
niques and equipments t o  make p o s s i b l e  t h e  
a n a l y s i s  of da ta  taken by using explosive sound 
sources.  

Although explosive s i g n a l s ,  through a n a l y s i s  of 
impulse responses, o f f e r  g r e a t e r  physical  
i n d g h t  than CV, they pose d i f f i c u l t i e s  f o r  
both recording and a n a l y s i s  of the data:  t h e  
l a r g e  s i g n a l  dynamic range exceeds t h a t  
normally a v a i l a b l e  through analogue equipment, 
and analogue a n a l y s i s  techniques a r e  slow and 
tedious.  By mid-1964 t h e  Cent re ' s  s c i e n t i s t s  
recognized t h a t  d i g i t a l  techniques developed 
f o r  t h e  Etl sonar  p r o j e c t  (Sect .  3 .1)  could be 
adapted t o  analyse s i g n a l s  received f r o a  
explosive charges. A s e p a r a t e  p r o j e c t  ( see  
Sec t .  8.81, l a r g e l y  s t a f f e d  by personnel f r m  
t h e  Coherence P r o j e c t ,  was formed i n  December 
1964 t o  develop d i g i t a l  recording and a n a l y s i s  
equipments. When t h e  equipment was b u i l t ,  i t  
was f i r s t  used t o  study b o t t m  r e f l e c t i o n s  and 
submarine echoes (see Sec t s .  8.2 and 9.5).  and 
l a t e r  f o r  s c a t t e r i n g  reasurenrenta of  t h e  rough 
sea  sur face  and t h e  deep s c a t t e r i n g  lay;r 
(=L) . 
The accura te ,  d i r e c t  measurement of t h e  impulse 
responBe of a phys ica l  sya tan  requ i res  s i n g l e ,  
sharp  pu lses .  Jkp los ive  charges produce w c h  a 
pu lse  from t h e  i n i t i a l  shock wave. Hovever, 
this i s  followed by a bubble pu lse  t h a t  c m -  
p l i c a t e s  t h e  received record.  I n i t i a l l y  t h i s  
problem was overcome f o r  bottom r e f l e c t i v i t y  
w a s u r c t ~ e n t s  by recording bo th  d i r e c t  end 
r e f l e c t e d  s i g n a l s  and then d iv id ing  t h e  l a t t e r  
by t h e  f o r a e r  (TR-104). Later  a s p e c i a l  com- 
p u t e r  progran was developed t h a t  used t h e  F a s t  
Four ie r  Tranr form (m) t o  deconvolve t h e  
s i g n a l s  i n  t h e  frequency d m a i n  and t o  re- 
cons t ruc t  t h e  i s p u l s e  response func t ion  (20) 
(TR-140). 

m i l e  await ing d i g i t a l  i n s t m e n t a t i o n ,  theo- 
r e t i c a l  s t u d i e s  continued. One such s tudy ,  
completed i n  1967, was a coaputer  s imulat ion of 
t h e  d i s t o r t i o n  of an impulse propagat ing i n  a 
medium l h a t  has a f l u c t u a t i n g  r e f r a c t i o n  index 
(TR-102). I n  1968, t h e o r e t i c a l  s t u d i e s  of 
s c a t t e r i n g  from a rough sur face  v e r e  undertaken 
because t h e  coherence-destroying e f f e c t s  a t  t h e  
ocean boundaries a r e  o f t e n  dominant l i m i t a t i o n s  
t o  s ignal-processing techniques. A l i t e r a t u r e  
s tudy of t h i s  r u b j e c t  was published (21) 
(R-138, CP-36) and a s h o r t  s tudy  aade of ocean 
wave s t a  tis t i c s  {m-160). 

8.4 Pr02asa t i -n  Loss Studies_ (Pro jec t  2.4) 

A number of smaller  s t u d i e s  having broad appl i -  
c a b i l i t y  t o  t h e  general  s u b j e c t  of propagation 
were performed and reported i n  t h e  SACUIFTCW 
Annual Reports under P r o j e c t  2 .4,  using varying 
t i t l e s :  



Sea-water a t t e n u a t e :  The analyses in - 
1964 completed s t u d i e s  begun i n  August 1963. 
They used d a t a  from transmissions along deep 
r e f r a c t e d  pa ths  recorded during bottom ref  l ec -  
t i v i t y  experiments v i t h  shallow sources aad 
rece ivers  (see Sec t .  2.4).  These r e s u l t s  had 
revealed absorpt ion l o s s e s  i n  t h e  frequency 
range f r o e  0.5 t o  8 LRz g r e a t e r  than t h a t  
ex t rapola ted  from long-range rcasurements made 
i n  t h e  P a c i f i c  Ocean and a s  l u c h  a s  t e n  times 
higher than could be a t t r i b u t e d  t o  t h e  
magnesium- su lpha te  r e l a x a t i o n  process  t h a t  
c o ~ t r o l s  absorp t ion  above 10 kHz. Several  
t h e o r i e s  had been proposed t o  account f o r  t h e  
excess  absorp t ion ,  oae of which suggested t h a t  
i t  might be due t o  f ini te-ampli tude e f f e c t s  
a s s o c i a t e d  w i t h  t h e  use of explosive sound 
sources.  The Centre undertook t o  determine t h e  
in f luence  of t h i s  l a t t e r  e f f e c t .  I n  experi-  
ments i n  June 1966 and Yoveotber 1968, d i r e c t  
aeasurelarnts of propagat ion l o s s  were made f o r  
each frequency using energy f r o a  t h e  shock wave 
and from thc  b ~ ~ b b l e  pu lse  separa te ly .  The 
r e s u l t s  (TR-156) c l e a r l y  demonstrated t h a t  t h e  
excess  a t t e n u a t i o n  was no t  caused by f i n i t e -  
amplitude e f f e c t s  and confirmed the e a r l i e r  
r e s u l t s .  

R e l i s b l o a c o u s t i c _  A t  t h i s  time t h e  
Centre undertook measurements and c a l c u l a t i o n s  
designed t o  demonstrate t h e  s i g n i f i c a n c e  of t h e 1  
r e l i a b l e  a c o u s t i c  p a t h  f o r  increased sonar  a rea  
coverage. La te  i n  1965, i n  support of 
P r o j e c t  1.2, sowe pre l iminary  measurements were 
made t h a t  demonstrate RAP propaaat ion.  These 
5 W e a s u r e n e n t s  were made i n  t h e  b d e i r a -  
Azores zone w i t h  a t r a a s m i t t i n g  source a t  
3200 m depth i n  cooperat ion v i t h  t h e  French 
l a b o r a t o i r e  ISPI du B w c .  Fur ther  rcasuresrents 
a t  1.8 kHz, made i n  cooperat ion v i t h  t h e  U.S. 
Naval Research Laboratory i a  1966, f u r t h e r  
confirned the v a l i d i t y  of t h e  concept t h a t  
increased continuous coverage could b e  obtained 
by using deep t r a n s m i t t e r s .  Haximum coverage 
war expected by l o c a t i n g  t h e  source a t  t h e  
c r i t i c a l  depth,  which is t h e  depth a t  which Zhe 
sound speed has  the same va lue  a s  it does near 
t h e  sur face .  This  depth v a r i e s  appreciably 
bo th  geographical ly and eeasona l ly ,  and s t u d i e s  
were m d e  t o  c q i l e  d a t a  on t h e  c r i t i c a l  
depth.  Ray t r a c i n q s  of  a number of  t y p i c a l  
r i t u a t i o n r  were publ ished i n  TR-94. Fur ther  
experiments c o n t r i b u t i n g  t o  a b e t t e r  under- 
s tand ing  of RAP propagat ion were c a r r i e d  ou t  i n  
November 1968 i n  t b e  Ligurian Sea and i n  t h e  
Levantine Basin i n  June 1969. 

Uediterranean *a p r o p a & a t i h :  I n  J u l y  
1966, nr C. Leroy susanarized t h e  Centre 's  know- 
ledge of eound propagat ion i n  t h e  Mediterranean 
i n  a broad eurvey f o r  a HATO Swsser Advanced 
Study L n o t i t u t e  on Sound Propagation (22) 
(TR-103). I n  response to a request  by 
COrrSUEMED, t h e  Centre -barked i n  1967 on a 
comprehensive stuiiy, invo lv ing  ex tens ive  ray 
t r a c i n g ,  of sonar  coverage f o r  source and/or 
r e c e i v e r  depths down t o  800 m f o r  var ious  a reas  
of t h e  Mediterranean. A s  reported i n  TR-154, 
t h e  main f e a t u r e  t h a t  was found was t h e  d r a s t i c  
change i n  i n s o n i f i c a t i o n  a r e a  with r e l a t i v e l y  
emall changes o f  depth. Although sur face  s h i p ,  
hu l l -munted  s o a r r s  would experience severe 

S e a - w a t e r  a t t e n u a t i o n  a s  a func t ion  of 
frequency. [TR-l561 

Sonar techniques, shoving the s i g n i f i c a n c e  
of us ing  th reliable accwstic path. 

shadow-zone l i m i t a t i o n s  much of  t h e  year ,  
deeper sonar6 such a s  MS o r  those  mounted on 
submarines would be expected t o  perform more 
e f f e c t i v e l y .  C r i t i c a l  depths and convergence 
zone separa t ions  were both found t o  be highly 
dependent on season of t h e  y e a r ,  with t h e  
former varying between 0 and 2300 m and t h e  
l a t t e r  from about 15 t o  45 b. Maxima f o r  both 
occur  i n  August and minima a r e  found from 
January t o  Harch. 

Black Sea-propagation: Using bathytherao- 
graphic d a t a  supplied by t h e  Turkish Navy 
Hydrographic Off i c e ,  a s i m i l a r  r e p o r t  rhowing 
ray  t r a c e s  and sooar  coverage a s  a func t ion  of 
season was produced f o r  t h e  Black Sea (m-112). 



Speed o f  sound in sea water: three-dimensi-onal 
r e p r e s e n t a t i o n  o f  the temperatute/salinity/degtlr 
cwmbinat ions  in the mfor oceans, together w i t h  
sea areas baving p a r t i c u l a r  ccm?binatiom. (23) 

Speed of sound i n  rea vater:  Knowledge of 
sound speed a r  a faaction of depth is funda- 
mental to a11 acountic prspagation calcula- 
tions. Like mst other groups, the Centre had 
adopted Viloon's second equation, vhich giver 
sound speed as a function of temperature, 
s a l i n i t y ,  and absolntc p res swe  i n  the  form of 
a long polynomial and which is su i t ab le  for  
computation by a large,  high-speed cogputer. 
C. Leroy f i r s t  developed a r e l a t ive ly  simple 
expreaaion connectiag pressure with depth 
(18-108) and then found a r i a p l e  rpprox iu t ion  
to Vilron's equation (PR-128) t h a t  could be 
readi ly  used with desk-top calculators . 
Published i n  the Journal of* Acourtical 
Society of America, (g), these fornrular n- 
ceived wide acceptance throughout the under- 
water rormd m n i t y  and were used exclusively 
a t  tbe Centre u n t i l  replaced i n  1978 by 
formulas bared on neu information (SH-107). 

Propagation modell*: Ray-trace propaga- 
t ion  modelling a t  SACLAKTCEN, although essen- 
t i a l  t o  theore t ica l  studies and as a mans of 
visualizing predicted sonar coverage, was of 
routine character in the f i r s t  tto years. A 
multiple l i n e a r - s e ~ e n t  Snel l ' s  Law program war 
wri t ten  i n  UGOL fo r  use on the  Ell iott-503 
(m-102) and was then used for  the W and 
area-related r tudies  already mentioned. For 
use on board &p, a program was developed and 
i r p l e ~ ~ ~ . s t e d  on an Olivetti-101 derk-top 
ca lcula tor  (TR-141), but although w r e  
ve r sa t i l e  it was re la t ive ly  rlow. In addit ion 
to t rac ing out ray. and using k r o y ' s  fomu1.e 
t o  convert oceaeograpbic wasurmen t s  t o  depth 
and sound speed, i t  could a l so  ca lcula te  sound 
i e t e n s i t i e s  and t r ave l  tiaes along tbc rays. 
Pbis was the predecessor of a ve r sa t i l e  program 
implemented a fev years l a t e r  an a H w l e t t  
Packard-2116Bmini-casputer (M-49, CP-5d,64). 

8.5 Gibraltar-Sgudies (Project 2.5) 

In  November 1964, SACUKI,  with the rupport of 
the  S m ,  directed t h a t  tbe Centre rhould 
undertake a high p r i o r i t y ,  coordinated 
acorntic,  oceanographic aad operationn research. 
progrmme relevant t o  underwater s u r v e i l l ~ n c e  
of tbe  Gibraltar  S t r a i t .  Over the next three  
years, seven cruiser  were made t o  t h i s  arca t o  
co l l ec t  acoustic data.  On each occarion, 
re t r ievable  bottm-mounted buoys containing 
tape recorders were nsed t o  co l l ec t  ambient 
noise data. Ship t r a f f i c  surveys w r e  usually 
p e r f o a e d  i n  support a f  tbese r tudies.  On four 
of t h c  crui res ,  a s s i s t  shipr wn provided by 
the  U.K. o r  French mvies t o  enable propagation 
aeasurcments t o  be n d e  w i t h  explosive charges 
am wurcea. I n  two cruises ,  reverberation data 
w e n  a l r o  collected.  

knbient noise scaour-nts covering the f re-  
quency band 30 liz t o  U U f i  were n d e  near th; 
sea f loo r  a t  a n d e r  of locations between 10 
and 25'~ during a l l  reasone. Ship t f a f f  i c  was 
f o W  t o  be responsible f o r  the noise up t 6  a t  
l e a r t  l kEz. A complete rrtraeazy analysir  of the 
noise dat. war prepared (TR-89), together with 
a s t a t i r t i c a l  survey of shipping i n  the area 
('m-BC). 

Propagation ~casurementr  were made using 

R e l i e f  d e l  of ths S t r a f  t o f  
C i b r a l  t a r ,  contour f n t e r v d l  
o f  20 fm, shaded b e l o w  200 hr. 
[m-301 



sources a t  typica l  submarine operat ing depths 
and both near-surface and near-bottom 
receivers.  Special a t t en t ion  vas paid t o  the  
e f f e c t s  of i a t e r n a ~  vaves, which a r e  o f t en  
s t rong i n  t h i s  area.  After  f inding t h a t  s ignal  
d i s t o r t i o n  war not s ign i f i can t ,  it was &eci&d 
t o  devote most of the  e f f o r t  t o  systematic 
measureraents of bottom losses  and t o  analyse 
only a few typ ica l  propagation runs in d e t a i l .  
The bottom l o s s  r e s u l t s  a r e  presented i n  
m-175. Using the extensive BT data t h a t  had 
been col lec ted  i n  t h i s  a rea ,  ray tracing. were 
r e d e  t o  show ronar coverage for-  a wide va r i e ty  
of reasonal and geometric s i t u a t i o n r  (TR-158). 

As is  typica l  of the Heditcrraaean, mexiram 
sonar ranges f o r  continuous coverage vcre found 
t o  be e x t r e l y  dcpeadent both on season and 
soner depth, with the  best r e s u l t s  being f o r  
sonar depths i n  excess of U0 m. 

During the Centre's f i r s t  decade, i n t e r e s t  in 
ambient noise was small and therefore  only a 
r e l a t i v e l y  umall e f f o r t  was devoted t o  ambient 
noise  wasurersents. However, what was done was 
unique m d  of  grea t  i n t e r e s t  to t he  la rger  
mderva t e r  sound community. Zn addi t ion  t o  t he  
Gibra l ta r  measurements a l ready described, 
undervater noise due to r a i n  was measured in a 
small lake  near Sarzrns,  using t h e  Centre's 
t ransducer-cal ibrat ion barge. During Novt%ber 
m d  December 1967, a e a s u r e n t s  were made of 
t h e  noise f rou  a.4 t o  10 W z  and t h e  r e su l t i ng  
octave-band l eve l s  cor re la ted  with r a i n  r a t e  
(m-121). These results were l a t e r  published 
(24) m d  were only t h e  second Bet of measure- 
l e n t r  general ly avai lab le  on t h i s  subjec t .  

C o r r e l a t f o n  of underwater noise and 
rain r a t e .  [m-1211 

8.7 Transducer Design and Calibrat ion 
(Project  2.3) 

Throughout the  period, t h i s  support p ro j ec t  was 
~snned  a t  a r a the r  low level .  Nevertheless, a 
l a rge  number of hydrophone arrays were de- 
veloped f o r  use by various research pro jec ts .  
Were  included th ree  f l ex ib l e  "Sea Snaken 
multihydrophone arraya t o  be toved a t  slow 
speeds, severa l  r i l i d  a r rays  for  use i n  space/ 
frequency c l a s s i f i ca t ion  experiments, a 780 m 
l o w  deep v e r t i c a l  a r ray  fo r  sound-propagation 
measurements, and a number of o ther  special-  
purpose hydrophones and arrays.  

A major a c t i v i t y  was the &S* and t e s t i ng  of 
prototype hydrophones f o r  t he  IBDUSA ar rayr  f o r  
t he  Deep P a m r d c  Sonar Project .  AD discussed 
i n  Sect .  9.4, support work f o r  t h i s  l a t t e r  
pro jec t  required r la rge  e f f o r t  throughout t he  
period. Calibrat ion work muffered roisevhat am 
a r e s u l t  of  tbe  ar ray  construction and a 
shortagc of personnel. The barge on the  
Sarzma lake  vas used u n t i l  1968, a f t e r  which 
the  required ca l ib ra t i on r  were obtained through 
the  courtesy of I t a l i a n  a d  French national  
f a c i l i t i e s .  

8.8 a i t a l  Technfpues of hlaa Analysis 
(Project  2.6) 

In  h i s  introduction t o  a conference on d i g i t a l  
ana lys is  of underwater acoustics held i n  1971, 
Hr R. Laval, Chairman of the conference, s t a t ed  
t h a t  he "considered the  most c r i t i c a l  
f ac to r  .. . l imi t ing  progress i n  underuater 
acous t ics  research t o  be the  analys is  of the  
acous t ic  s igna l s  co l lec ted  during experiments 
a t  sea. The accumulation of unanalyzed da ta  
co l lec ted  during old sea t r i a l s  had become t h e  
c o s ~ ~ ~ n  nightmare of a11 research o r g a n i u -  
t ionsn.  The Centre shared thir experience. 
Analysis of data from the  ea r ly  exper i rent r  was 
painstakingly r lou.  

As ea r ly  a s  1963, the  Centre concluded t h a t  t he  
data-processing problem required the  use of a 
high-speed d i g i t a l  c q u t e r ,  and a l so  t h a t  
l i a i c a t i o n s  of a n a l o ~ u e  recordinas should be 
overcome by the use of d i a i t a l  data recording. 



A design study was s t a r t e d  i n  1963 i n  the  
Coherence Studies Project .  I n  1964 construct-  
i on  of a d i g i t a l  data-processing un i t  vas 
s t a r t ed ,  and i n  December of t h a t  gear this 
e f f o r t  was es tabl i shed  a s  a separa te  pro jec t .  
By 1967. developaent of equijments. had ere- 
gressed t o  the  poin t  where they could be used 
t o  malyze  previously-recorded analogue tapes ,  
and the following yea r  it was reported t h a t  
d i g i t a l  techaipues of data . ne lgs i s  had super- 
seded t h e  analogue tecbaiques previously used. 

Elements of t h e  or ig ina l  d i g i t a l  da ta  cystan 
developed a t  t he  Centre iaduded:  

a )  A multi-channel receiving system with 
analogue-to-digital (A/D) converter-amplif i e r s .  

b) A high-density d i g i t a l  w g n e t i c  tepe 
recording system. 

c) An in t e r f ace  system t o  t r a n s f e r  da ta  
t o  t h e  E l l i o t t  computer. 

d) A l a rge  capacity,  core m r y  t o  vhich 
port ions of a recording could be t ransfer red  
f o r  usefu l  da ta  block se lec t ion .  

c )  A d i g i t a l ,  lov-density, magnetic-tape 
un i t  f o r  program and da ta  storage.  

With t h i s  system, analogue o r  d i g i t a l  da ta  
could be acquired, s tored,  ed i ted ,  a d  t rans-  
fe r red  f o r  ana lys is  t o  t h e  B l l i o t t  d i g i t a l  
coreputer. 

To handle t h e  large dynamic range required f o r  
experiments w i n g  explosive sound sources, a 
receiving sys tea  was designed and b u i l t  
(TR-106) cons is t ing  of fourteen variable-gain 
t r a n s i s t o r  mip l i f i e r s ,  seven peak-level 
roo i to r s ,  and two t e s t  s e t s  t o  handle analogue 

inputs and convert them t o  d i g i t a l  outputs. 
Gains of up , t o  78 dB were provided in  6 dB 
s teps ,  with the gain s e t t i ngs  indicated by 
small lamps. The peak-level monitors consisted 
of high speed A/D converters with a s e t  of 
lamps t o  display the  highest received leve l  and 
i ts po la r i t y .  

The high-density d i g i t a l  recorder is especia l ly  
notevorthy (TR-170) and was the  subjec t  of a 
patent .  The system employed a standard, 
14-track, instrumentation-type, wide-band tape 
recorder w r k i a g  i n  tbe d i r e c t  recordin8 pbde 
a t  30 in . / s .  The uaprecedented recording' 
densi ty of 12.1 kb i t / i n  of t rack  permitted a 
recording r a t e  of 364 k b i t / s  and a t o t a l  data 
recording r a t e  of almost 3 Wbit/s f o r  t he  t en  
data tracks.  Three data bands were available:  
50 Hz t o  4, 8 ,  and 16 kHz, fo r  up t o  20, 10, 
and 5 input  channels respectively.  A t o t a l  of 
128 dB of dynamic recording range was avai lab le  
by se l ec t ing  ga in  s e t t i n g s ,  with 80 dB f o r  
each. This system, b u i l t  i n  1967/68, has been 
i n  continuous use a t  t hc  Centre s ince  t h a t  
time. 

The Centre 's  o r i g i ~ l  d i g i t a l  data system was 
used t o  analyze tapes  f t o m  most of the e rpe r i -  
r e n t s  described i n  . t h i s  chapter. A second- 
generation systcei re ta in ing  rose of the o r i -  
g ina l  components and using a Xwle t t -Pach rd  BP 
2116B minicomputer wa? conceived i n  1969 and 
designed i n  1970. I n  1971, t h i s  SPADA system 
replaced the o r ig ina l  system, vhich used the  
E l l i o t t  f o r  a l l  cosfputerized d a b  analysis .  

D i g i t d l  techniques of data arulys3s - 
equipeent and examples of analyses. 



CHAPTJR 9  A C T I V E  SONAR RESEARCH ( 1 9 6 4 - 6 9 )  
- - 

9 .1  In t roduc t ion  

Frao  t h e  beginning, the Centre 's  i n t e r e s t  in  
a c t i v e  sonar  had been p r i m a r i l y  from the poin t  
o f  view of  t a r g e t  c l a s s i f i c a t i o n .  I n  f a c t ,  
most of this type of  work was c a r r i e d  ou t  i n  
t h e  Target  C l a s s i f i c a t i o n  Group. The f i r s t  
p r o j e c t ,  descr ibed i n  Sec t .  3.1, was concerned 
with t h e  u t i l i t y  of d ig i - l  Fn sonar  and was 
motivated by t h e  need t o  recover  t h e  c las -  
s i f i c a t i o n  c a p a b i l i t i e a  characteristic o f  t h e  
shor t -pu lse  sonars  o f  W XI. The usefu lness  of  
PLI was confirmed by r id - l964  and t h e r e  remained 
only t o  demonstrate t h e  c a p a b i l i t i e s  of t h e  
Centre 's  experimental equipment a s  a c l a s s i f i -  
c a t i o n  ad junc t  t o  e n i s t t n g  opera t iona l  sonars .  

As e a r l y  a s  the autumn of '1963, Dr F. Wiekhorst 
of the Targe t  C l a s s i f i c a t i o n  Croup conceived 
the idea t h a t  long M p u l s e s  might a l s o  y i e l d  
u s e f u l  c l a s s i f i c a t i o n  c l u e s  froa a n a l y s i s  o f  
t h e  s p a t i a l  v a r i a t i o n  o f  the echo (RI-78). 
S tud ies  r e l e v a n t  t o  space/frequeacy c l a s s i -  
f i c a t i o n  b e c m e  a major p r o j e c t  by 1965. 

Bull-mounted sonars  s u f f e r  l i m i t a t i o n s  i n  
mnximua pouer and in a r e a  coverage. Ray 
t r a c i n g s  showed t h a t  the a r e a  of  continuous 
coverase could be increased  i f  the t ransducer  
e r e  lowered w e l l  i n t o  t h e  round channel,  o r  
even t o  t h e  b o t t w  of  t h e  deep c h a ~ e l .  The 
Di rec tor ,  Dr e d t v e d t ,  proposed a R e l i a b l e  
Acoustic P a t h  (RAP) P r o j e c t  based on t h i s  
concept (25) {?H-90). York began i n  t h y  1965 
lead ing  t o  t h e  design aid coas t ruc t ion  of  t h e  
l a r g e  MGWSA 300 ar ray .  S ince  an e l e c t r o -  
n i c a l l y  s t e e r e d  panoramic r e c e i v e r  was t o  be 
used, t h e  RAP sonar  p r o j e c t  was e n t i t l e d  '9eep  
Panoramic Research Sonarw. I t  became r focus 
f o r  much of Ult Cent re ' s  programme f o r  ten 
years .  
In a d d i t i o n  t o  a c t i v e  sonar  s ignal-processing 
s t u d i e s ,  the Centre  a l s o  took advantage o f  i-tr 

numerous t r i a l s  with submarines t o  s tudy t a r g e t  
c h a r a c t e r i s t i c s .  The r e t h d s  used were those  
developed f o r  propagation s t u d i e s ,  and t h i s  
work was done a s  a p a r t  of t h e  Coherence 
S tud ies  P r o j e c t .  As it is  more proper ly  a c t i v e  
sonar ,  r a t h e r  than propagation research ,  it is 
t r e a t e d  here.  

9.2 B i t a l  - RI S_o_n% (Pro jec t  1.3) 

By 1964, t h e  Centre 's  d i g i t a l  F?l sonar  c l s a r i -  
f i c a t i o n  p r o j e c t ,  descr ibed i n  Sec t .  3.1, hsd 
reached t h e  s t a g e  &ere f u r t h e r  development 
i n t o  a p r a c t i c a l  system would r e q u i r e  incor -  
p o r a t i o n  i n t o  n a t i o n a l  p r o g r a m e s ,  and the 
United S t a t e s  and I t a l y  ind ica ted  i n t e r e s t .  
Four US Havy represen ta t ives  and s e v e r a l  
o f f i c e r s  from t h e  I t a l i a n  Iiavy observed a 
d a w n s t r a t i o n  held i n  h t c h  and Apr i l  1965 f o r  
ubich the Centre 's  e n p e r k n t a l  RI equipment 
had been i n s t a l l e d  on t h e  c r u i s e r  ANDi!EA WRIA 
( IT)  a s  t a r g e t  c l a s s i f i e r  ad junc t  t o  t h e  
A N / S Q S - U B  sonar ,  wi th  t h e  s u b r i a e  
E V m L I S T A  TWtTtICCELGI (IT) a6 t a r g e t .  Tbe 
r e s u l t s  f u l l y  j u s t i f i e d  t b e  c l a h  m d e :  
h i&-reso lu t ion  d i sp lays  were obtained o u t  t o  
ranges of  20 km and 28 km a t  15 kn ah ip  speed, 
The c l a s s i f i e r  gave super io r  t a r g e t  fnformation 
o u t  t o  a t  l e a s t  t h e  maximum range of  t h e  
M/SQS-23 sonar ,  and it was a l s o  less prone t o  
confusion from f a l s e  target .  (TR-57). 

A dezwnatrat ion t r i a l  f o r  r e r ~ b e r s  o f  t h e  MATU 
IEG-2(SW/3) group n s  he ld  i n  the fou lon  a r e a  
i n  February 1966, and shallow-water t rb ls ,  
observed by represen ta t ives  of  t h e  m, France, 
and Phe l e t h e r l a n d s ,  were c a r r i e d  ou t  i n  the 
s o u + + e a t c r n  approacbea t o  thc- Engl i sh  Channel 
in Apr i l  of  t h a t  year .  The p r o j e c t  was then 
t e r r i n a t e d .  

sonar was 
SA (IT) 



9.3 Space/Fre~ue+cy Classification 
(Project  1.1) 

As already mmtioned, t h e  poss ib i l i t y  of using 
space/frequency interference pat terns  of CW 
s ignals  t o  c l a s s i fy  long, t h i n  targetk had been 
proposed i n  1963 (M-78). By 1965, the theory 
had been fu l ly  developed and a l so  extended t o  
cover FH transrsissions (TR-49, TH-91). and 
preliminary e x p e r d n t s  had been car r ied  out t o  
con£ i m  the bas ic  concept. 

Analyses of submarine active-sonar echoes with 
the FM sonar had shown tha t  individual echoes 
occur from a number of d i f f e r e n t  places on the 
submarine and t h a t  the  spec i f i c  points vary 
with aspect. However, because submarines have 
f a i r l y  high length-to-diameter r a t io s ,  the 
acoustic s ca t t e r e r s  can be considered to  be 
pore o r  l e s s  in a l i ne .  .* theory indicated 
t h a t  ref lec t ions  from a number of s ca t t e r e r s  in 
a l i n e  would produce complex space/frequency 
interference pat terns ,  and t h a t  by sensing 
these patterns-one could recognize a long, t h in  
t a rge t .  Since submarines a re  l i k e l y  t o  be the  
only type of undena te r  t a r g e t  having t h i s  
prbpcrty, pos i t ive  c l a s s i f i ca t ion  would be 
possible using only a o iegle  CV pulse. Use of 
Pn was found to provide addit ional  inforraation 
on tnmiog ra te .  No assusiption had t o  be made 
about spacing o r  number of the sca t t e re r s ;  the  
f a c t  of t h e i r  simply being in a l i n e  would be 
su f f i c i en t .  

Three t r i a l s ,  each w i t h  a d i f f e ren t  subsrarine, 
were conducted in eRe Ligurian Sea i n  October 
and D e c d e r  1966 and February 1967. Linear JTtl 
signals centred a t  11 kRi were transmitted from 
the MPG and the  echoes received on two v e r t i c a l  
hydrophone arreys mounted r ig id ly  about 4 m 
apar t .  Tape-recorded echoes vcre played back 
a t  the Centre, d ig i t ized ,  and amlyzed on the 
Ell iot t-503 computer. Over a thousand p a i r s  of 
echoes were cross-correlated and displayed. 
The r e su l t s  were better then ant ic ipa ted ,  
c l ea r ly  indicating the  v a l i d i t y  of the space/ 
frequency c l a s s i f i ca t ion  technique (m-120). 

Over the next  several  years,  t he  theory vas 
refined (TR-155, TH-122) t h e  e f f e c t  was demon- 
s t r a t e d  by computer s i m l a t i o n r  (TR-162. 
fn-123) and fur ther  experiments were car r ied  
out  u i t h  submarine t a rge t s  and e ~ p l u y i n g  
f l ex ib l e  towed arrays rather than the  pre- 
viously used r ig id  s t ruc tu re  (TR-163). Two of 
the o r ig ina l  investigntors,  Dr F. Yiekborst and 
tlr T. Xooij, had gone t o  the U.S. ,  where they 
car r ied  oa with t h i s  work under the code name 
S?ARLITE. The technique is lost powerful a t  
close ranges. and by the  mid-1960s lost 
i n t e r e s t  i n  the nations was i n  extending sonar 
ranges t o  longer distances,  and it was not 
exploited in national  programmes t o  the  sowe 
extent  a s  the  d i g i t a l  RI c l a s s i f i e r  sonar 
development. 

CORR. SHIFT(ms) * *'0°-q 

SONAR 
PULSE 

Spce/frequency classfff  ca- 
tion: Bchoesrecefvd on 
t w  vertical bydrophone 
array8 (below) and cross- 
correlated (at l e f t )  iden- 
t l f y  the interference 
patterns produced b y  the 
scatterers a1 igned along 
the long, th in  hull of a 
suhrine (above). .[m-l 201 



9.4 Deep Panoramic Research Sonar 
(Project  I . 2 )  

Range l imi ta t ioae  of conventional hull-mounted 
sonars caused by adverse t h e m 1  s t ruc ture  was 
considered a major M U  problem. The United 
S ta t e s  had at tacked this problem by building 
ships with huge, powerful transducers capable 
of exploit ing both bottom-bounce and conver- 
gence-zone w d e s  (AN/SQS-26). Bovever , even 
for  t b i s  sonar. bottom Wee was unreliable 
and i t s  s i z e  and coat precluded it from being 
used widely i n  smaller ships o r  by o tber  
nations. Another possible so lu t ion  was t o  
lower the transducer below t h e  surface layer,  
as  was done with var iable  depth sonars (m). 
The fur ther  the sonar is lowered, the greater  
the  coverage, u n t i l  a maximum is  achieved a t  
thr c r i t i c a l  depth f o r  uhich the  s a n d  speed 
eqrrals t h a t  near the surface (W). (See a l so  
Sect. 0.4). 

following completion of the M D i Z A  WRIA demon- 
s t r a t i o n  a f  the Ftl c l a s s i f i e r ,  work began a t  
the Centre on t h e  development of a projec tor  
and a receiving ar ray  t h a t  could be suspended 
b e l w  t h e  HPG f o r  deep propagation experiments 
in tbc kd i t e r r anean .  & l i e d  IEDUSB (Ifediter- 
tonean E x ~ e r h e n t a l  Deen Undervater Sound 
Apparatus); t he  f i r s t  v&sion b u i l t  ia tbe 
period 1965-66 was designed and tes ted  f o r  
operation down t o  only 300 m (TB-171). 

This medius-depth u n i t  consisted of:  
1. A 1.2 m long, cyl indr ica l  t ransmitt ing 

transducer having its resonance frequepcy a t  
3.5 LBz, t ransmitt ing m i d i r e c t i o n a l i y  - i n  the  
Borizaotal plane with' a ronrce l e e 1  of up t o  
113 d3/pbar a t  1 m. 

2. A receiving array consist ing of 32 
v e r t i c a l  l i n e  hpdrophones, each l m high, 
wunted on a c i r c l e  2 m i n  diameter. 

3. A rource-level monitoring hydrophone. 
FH and CW s ignals  could be transmitted. The 
received s ignals  were handled by a d i g i t a l  
rultibeam procesror t h a t  forraed tbw i n t o  32 
horizontal  beams, the output of which could be 
processed coherently o r  incoherently. Analogue 
and d i g i t a l  outputs were available,  the former 
fo r  absolute level  measurements and t h e  l a t t e r  
f o r  panoramic displays.  

The -dim-depth HXHlSA 300 undervent engi- 
neering t r i a l s  in mid-1964 and was used f o r  
preliminary single-beam submarine experiments 
in Hovember of t ha t  year. Digi ta l  multibeam 
operation was achieved i n  1967 and t r i a l s  
car r ied  out i n  b y  md September with the 
submarine APMONE @R). Apart from S- minor 
i n i t i a l  problems, a11 processors and displays 
worked s a t i s f a c t o r i l y ,  alttrough noise from tbe 
HPG and -er l imi ta t ions  of the  projector 
degraded performance. Further experiments were 
conducted with submarine t a rge t s  i n  1968 and 
1969, vbich were t rea ted  a s  l imited previews of 
the  RAP t r i a l s  t h a t  were contemplated with a 
deeper version. 

I t  was recognized f roa  the  s t a r t  t h a t  obtaining 
a system f o r  operation a t  2000 m war not merely 

hering the first UEWSA deep patwrmfc 
research eanar f m m  the nARIA PAOWM .G. 

P m r m i c  d f  s p l a  y  of incoheren t l y  processed 
d a t a  f f ro la  the  32 beams of 'IIBWSA, sh* 
ehe range and bearing of a slnrulated echo. 
[ m - l  7 1  1 



a a a t t e r  of  i n c r e a s i n g  t h e  cab le  length.  Extra  
pover was requ i red  t o  overcome cab le  l o s s e s ,  
and a te lemet ry  system needed t o  convey infor-  
mation from t h e  rece iv ing  eleeeotm. Desiga 
s t u d i e s  s t a r t e d  i n  1967. Dig i t i zed  a r r a y  
perfornrance and hydrophone response weighting 
func t ions  t o  achieve increased front-to-back 
d i s c r i m i r a t i o n  were s tud ied  t h e o r e t i c a l l y  
(m-135,167). I n  1968 s p e c i f i c a t i o n s  vere  
v r i t t e n  and a c o n t r a c t  Was let f o r  cans t ruc t ion  
of a11 t b e  underwater equipment, t o  be 
de l ivered  t o  t h e  Centre  e a r l y  in 1970. 

9 .5 S p a t i a l  Coherence o f  Subuarine Echoes 
(Pro jec t  2.2) 

While i n v e s t i g a t i o n s  of submarine c l a s s i f i c a -  
t i o n  were being made under P r o j e c t  1.1 (see  
S e c t .  9.3) us ing  CV mignals, a p a r a l l e l  
approach war undertaken i n  t h e  Coherence 
S tud ies  P r o j e c t  us ing  explos ive  echo-ranging 
techniques.  The purpoae was t o  i n v e s t i g a t e  t h e  
s p a t i a l  coherence of the f i n e  s t r u c t u r e  of t h e  

i#easurement o f  target strength of a s u b -  
r i n e  for  freguencfes between 0 . 5  kHz and 
8.5 Mlz, using s i n g l e - s h o t  e x p l o s i v e  
eources. The r e s u l t s  (U t r i g h t )  Zndicstad 
t h a t  off esp~ct the target strength 
increases with frequency, par t icular ly  
below 4 MZ. [m-1931 

echo by using an extremely high r e s o l u t i o n  
broadband source.  I n i t i a l  experiments with 
sllbmarine t a r g e t s  vere  performed i n  February 
1965 and i n  Harch and November 1966. The da ta  
were a n a l p e d  i n  1967, when d i g i t a l  a n a l y s i s  
techniques developed under Proj .  2 .6 became 
usable.  It  was concluded t h a t  a b e t t e r  under- 
s tand ing  of t h e  parameters governing subuaarine 
c l a s s i f i c a t i o n  could be obtained by comparina 
t h e  r e s u l t s  ns ing  explos ive  sourced  with-thos; 
obtained u s i a g  FM and CV pulses .  

Cooperative t r i a l s  with t h e  Target  C l r s s i f i c a -  
t i o n  Group i n  Bovmber 1967 and J u l y  1968 
f a i l e d  due t o  adverse weather, bu t  d a t a  were 
obtained in December 1968 with t h e  submarine 
EURYDICE (FR) of t h e  DAPBWE c l a s s  which con- 
firmed high reverbera t ion  leve l6  found i n  
Februnry 1967 i n  a t r i a l  with t h e  subtnarine 
AEHEOS (UX) (?R-116). The d a t a  on echo 
s t r e n g t h  obtained from t h e s e  f i r s t  measurements 
were superseded by b e t t e r  r e s u l t s  obtained i n  
1969 and 1970 (l%-193). I 
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10.1 ~ - E l _ e c ~ ~ a g n e t i c  Research 
(Project 5.3) 

The ELF eleclrareagnetic research progrsme a t  
SACtA#TCEH entered a second phase i n  1965. As 
described in Sect. k . 2 ,  tbc f i r s t  was concerned 
with demonstrating the po ten t i a l  of passive ELF 
detection i n  the 1 t o  32 Hz regiono, and empha- 
sized mobile instrumentation e i t h e r  suspended 
from a buoy o r  towed behind a sh ip .  During the 
f i r s t  phase it was d m n s t r a t e d  tha t  a system 
using electrodes ra ther  than co i l s  could 
readi ly  de tec t  the electromagnetic components 
radiated by submarines a t  sha f t  frequency and 
its bamonics. 

In 1%5. i a  support of the Centre-wide 
Gibra l tar  Project ,  caphasis was switched to 
research concerning possible employment of ELF 
e l ec t r amgne t i c  detection techniques i n  a 
shallow-water b a r r i e r  system. The f i r s t  task 
was electromagnetic background aeasureasents, 
which were m d e  i n  t h e  Gibra l tar  area in  mid- 
1965 (m-114). Special  i n s t m n t a t i o o  was then 
developed fo r  A prototype ELF b a r r i e r  system 
C?H-14~), and this was l a i d  on the  bottom a t  
Sandy Bay, Gibraltar  i n  mid-1967. The equip- 
ment consisted of a dipole chain of four hori- 
zontal dipoles. with e lec t rode  separations of 

m and dipole separations of 200 r connected 
t o  recorders on shore by a 2500 n chain. 

Background noise measureseats w d e  i n  La Spezia 
Bay and i n  Lacb Fyne, Scotland, a s  well a s  in 
the  Gibra l tar  area,  shoved marked local  charac- 
t e r i s t i c s .  So t  only were the re  some speci f ic ,  
m-uiade, loca l  Bources, but a l s o  the  f i e l d  was 
found to be r t roagly  influenced by t h e  land/sea 
in ter face .  A t  Gibra l ta r ,  t he  noise component Canstruct ion o f  d i p l e s  used for  ELF electru- 

aagnetic d e t e c t i o n  o f  suboarines. IFn-1411 

Deployment o f  a chain o f  four 
d i p o l e s  a t  G i b r a l t a r .  [lU-l34J 



p a r a l l e l  t o  t h e  shore  l i n e  was observed t o  be 
severa l  times l a r g e r  than t h e  perpendicular  
component (W-114). It was t h e r e f o r e  concluded 
t h a t  f o r  a f i x e d  system i n  mhallow water  con- 
miderable ga in  could be  achieved by proper  
l o c a t i o n  of the elements r e l a t i v e  t w  t h e  f i e l d  
and by employment of a no ise  c a n c e l l a t i o n  
scheme involving two spaced, ca re fu l ly -a l igned  
d ipo les .  

T b  ELF background no ise  was found t o  be  gene- 
r a l l y  broadband i n  charac te r ,  whereas submarine 
s i g n a t u r e s  c o n s i s t  of  moderate-Q, narrowband 
t o n a l  cmponents  a t  m u l t i p l e s  of  t h e  s h a f t  
r a t e .  ~ e a e u r s c n t a  on a submarine c o n f i r a d  
t h e  source t o  be cor ros ion  c u r r e n t s  between 
p r o p e l l e r  and hu l l .  The d e t e c t i o n  of t h e  
r e l a t i v e l y  narrowband t o n a l  components a g a i n s t  
a broadband background was accomplished by the 
use of  sonograo techniques (m-136)- (The 

r e s u l t s  would have been even b e t t e r  had Lofar 
been a v a i l a b l e  t o  t h e  Centre .)  

Theory and measurements both shoved EH propaga- 
t i o n  t o  be somewhat more favourable i n  shallow 
than deep water.  This  f a c t ,  combined with t h e  
f e a s i b i l i t y  of designing a system t o  min is ize  
l o c a l  background n o i s e ,  l ed  to t h e  conclusion 
t h a t  de tec t ion  ranger of  from 1 t o  2 h were 
p o s s i b l e  (TR-134). 

Active research on t h e  ELF p r o j e c t  ended ia 
1968, and two f i n a l  repor t s  were publ ished i n  
1969 and 1970 (TR-134,165). Tbe Centre 's  pro- 
gratmte i n  t h i s  f i e l d  has m& a major contr ibu-  
t i o n  t o  t h e  rut i - l  p r o g r m  c a r r i e d  on s i n c e  
1965 in tknaark.  The equip ten ts  dcvelopcd a t  
the Centre  were g iven  t o  t h e  I t a l i a n  Wavy and 
l a t e r  used f o r  a c i v i l i a n  p r o j e c t .  m 

Wethod of measuring t h  BCP shaft current 
of e submarine and the ELT backqtowrd 
noise. [W-1341 
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The Centre a l so  par t ic ipa ted  ia and arulyzed 11.1 lntroductioe - - i ts  ovn data fron three addi t ional  surveys 
Throughout the period covered here,  more than during the period 
b l f  of the time a t  sea of the research vessel  llILOC BALTIC by / June  1967 (?R-125) 
M I A  PAOLINA G. pas i n  support of oceano- 
graphic research. Huch of t h i s  sh ip  the was 
i n  comection with the  Centre's par t ic ipa t ion  
in six aoeth-long mult inational  MLOC oceano- 
graphic 6 I l r ~ q S .  A aecond major e f f o r t ,  in 
support of the Gibra l tar  Project ,  consisted of 
e ight  c ru ises  to t h a t  area,  s i x  t o  measure 
water col- parameters and two f o r  sea-floor 
studiea ~JI tbe nearby Alboran See. 

In addit ion t o  col lec t ing  and a n a l p i n g  deta 
required fo r  mnar  range predict ions,  the 
Oceanographic Research Group almo carried out 
l o r e  fundamental s tudiea  of i n t e rna l  waves and 
air/.- in ter face  p b c n e n r .  Beginning La 
1965, the development of oceanographic ias t ru-  
mentatien uaa recognized a s  a separate project .  

8y t he  end of t b i a  t i m e ,  the Centre bad col- 
lec ted  large  mopnts of da te  on various p a r t s  
of tbe k d i t t r r a n e a n ,  the  Rrd and Black Seas, 
and the eas t e re  Horth Atlant ic ,  and an appre- 
c iable  e f f o r t  was devoted to co!r+piling t b f s  
information in summary  repor ts  on such subject. 
am bethyaetrg, upper-layer w e r a t u r a  
s t m c t n r e ,  bottom geophysics, a d  the  deep 
scattering layer.  

11.2 H i l i t a r y  Oceanographic 
(Project 4.1) 

F o l l w i n g  a satageation made by tbe Centre, a 
ae r i e s  of major mi l i t a ry  oceanographic surveys 
was i n i t i a t e d  i n  uhich research and a s s i s t  
sbipn from severa l  HATO mations caabine t o  
at* a s ing le  area f o r  a period of about a 
m n t h  a t  a tim. There were cbr ia tmed the 
HlLOC (mili tary oceanography) surveys and hove 
continued in various foror to date, under the  
d i r ec t ion  of t he  l l A M  W I t O C  Group. 

For the f i t r t  four  HIGOC surveys, conducted i n  
the  eas tern  Borth At lant ic  in 1964/5/6, t he  
Centre provided Lhc chief  s c i e n t i s t ,  Dr A. 
D a h ,  and i t r  rasesrch vesse l ,  the  URlA 
PAOLINA G. and col la ted  .ed publirhed the 
r e su l t i ng  data: 

MLOC 64: Sep 1964 
900 n.d ueot of B r i t i r h  I s l e s  (m JULIET) 

(TR-52,53,54, M-110,111,112) 
WIUW: 65(N): J u l  1965 
900 n . d  west of B r i t i s h  I r l e r  (05% JULIET) 
(TR-109,110,124,126,133,139,143,168) 

MLOC 65(S): J u l  1965 
nor th t a r t  of h o r e s  (M KILO) 

(m-109,130,131,137,139,151) 
HILOC 66: J u l  1966 

900 n.mi west of B r i t i r h  I r l e r  (01J9 JULIET) 
(TAX-179,180, w i m ,  n-61,62) 

m I&D 68 kby/Sune 1968 Ionian Sea 
(m-173,185. m-181) 

A major objective of these cruL.es W 6 S  t o  
evaluate the  accuracy of the UPS, IIPvyta Anti- 
Submarine Warfare Enviroaacntal Predict ion 
System (-PS), which predicted sonar- 
per t inent  cevirmrwntal  conditions i n  the 
At lant ic  based on in-s i tu  data from t r a n s i t t i n 6  
ships  and w a t k e r  s ta t ions .  A comparison of 
LnIiDC 64 Pbee  A data with an W P S  enalysia 
f o r  t he  same area end period (m-101) ahoved 
t h a t  the ASEPS predictions were no more 
accurate than t h a t  possible using cl*- 
to logica l  data alone. In  another analys is  a 
l i n e a r  re la t ionship  was feund between oea- 
surface temperature and both bathymetry and 
depth of the  theraocline (Pn-113). A l a t e r  
ans lys i r  e f  data token i n  the same area i n  1966 
(m-186) shoved *at ne i ther  layer  depths nor 
f i r a t - l aye r  thermal gradient. were corre la ted  
over even two r i l e s .  As a f i n a l  output,  .mar 
ranges f o r  bull-mounted sonsra were estimated 
frwa the ea r - au r face  ET data (?R-166). 

The WIIDC 65 survey in the eastern 
mrth atlantic. [TR-1091 



11.3 Gibra l ta r  Area Oceaoogr_4~hic Surveys 
(Projec t  4.4) 

During t h e  period f r m  mid-1964 to mid-1969, 
t e n  separate s e r i e s  of oceanographic measure- 
w n t s  were made i n  the Gibra l ta r  area a s  
follows: 

GIB IV,  Oct 1964 
Deep Scat te r ing  Layer 
In t e rna l  Waves 

GIB V, Apr 1965 
Temperature S t ruc tu re  Currents 
(m-45,158) 

G I B  V ,  Hay 1965 
Deep Scat te r ing  Layer 
('m-55) 

GIB VI,  Aug 1965 
Sea Ploor  S tudies  i n  Alboran Sea 
(TH-116.117) 

GIB V I ,  J a n f k b  1966 
In t e rna l  Waves 
Temperature St ruc ture  
(?R-66,158) 

GIB V I ,  Harch 1967 
Temperatere S t ruc ture  
In t e rna l  Waves 
(TR- 158) 

GIB V I ,  Oct l967 
Temperature St ruc ture  
(m-isa) 

GIB V I ,  llov 1967 
In t e rna l  Waves 
Bottom Cores 
(TR-127,201) 

GIB P I ,  Sep 1968 
In t e rna l  Waver 
(TR-147) 

GIB V I ,  Jan/Feb 1969 
Sea Floor  S tudies  i n  Alboran Sea 
(TR-201) 

The S t r a i t  of Gibra l ta r  has a coeplex morpho- 
logy. the sea bed is especia l ly  i r r egu la r  t o  
t he  weat, where t he re  are a number of r idges 
and troughe. S a l i n i t y  and current  measar#ents 
reveal  an interchange of At lant ic  (low-sali- 
n i t y )  and Flediterrancan (high-sal ini ty)  waters 
over the  sill.  A core of At lant ic  water 

car r ied  by a counter-current en t e r s  through the 
S t r a i t  t o  replace Hediterranean va ter .  which 
s p i l l s  out  i n to  the  At lant ic  where it s inks  t o  
about 1?O m. 

The depth of the  in ter face  betveen the  two 
types of water t r ave l l i ng  i n  opposite direc-  
t i ons  changes with t he  t i d e s ,  t he  prevail ing 
winds, and the  passage of veather f ronts .  The 
in t e r f ace  is fu r the r  disturbed by v e r t i c a l  and 
horizontal  eddies generated by current  flows 
over t he  i r r egu la r  b o t t m .  High-amplitude 
in t e rna l  waves a l s o  occur a t  t he  in ter face .  As 
discussed i n  Sect. 5.5,  t h e  Centre's o r ig ina l  
i n t e r e s t  i n  the Gibra l ta r  area was i n  these 
i n t e rna l  waves, which had been observed using 
thermistor  chains. This work was continued 
during t h e  G ib ra l t a r  Studies Projec t ,  with data 
being col lec ted  on a t  l e a s t  four occasions 
using t h e  Centre 's  recoverable v e r t i c a l  ther -  
mistor  s t r i n g  (M-144). The in terna l  wave 
observations a r e  described in d e t a i l  i n  (26). 
TR-127 and 1R-147. 

11.4 Sea-Floor S tud ie t  (Project  4.2) 

Using its newly-developed Sphincter Corer 
(Sect. 5-91,  t h e  Centre took large diameter, 
long cores (9 t o  12 m) i n  many areas ,  a la rge  
percentage k i n g  i n  rupport of otber pro jec ts .  
For example, i n  support of  t he  Gibra l ta r  and 
bottom-reflect ivi ty p ro j ec t s ,  extensive work 
was done i n  the Alboran Sea (TR-201). Other 
observations vere made in t h e  Ligurian and 
Tyrrhenian Sea6 (27) (TR-113,114). Prom these  
data it war possible t o  develop txapirical 
re la t ioaships  betveee thc physical proper t ies  
of & ~ i t y ,  sound speed, r e f l ec t ion  coeffi-  
c i e n t ,  and poros i ty  (GP-2f). 

During t h i s  period, inprovements were made t o  
t he  'sphincter corer  (28) and a w thod  f o r  
making rapid analyses of cores vns developed 
- 7 1  A deep-sea probe was developed t o  
enable i n - s i t u  naaurements of t he  e l e c t r i c a l  
r e s i s t i v i t y ,  and hence the  density and poro- 
s i t y ,  of approximately t h e  top 8 m of uncon- 
so l ida ted  sed i r en t s  (g) (TR-115). This device 
gave r e s u l t s  with about 50 a resolu t ion  and, 
although, successful ,  has not had much uae a t  
t he  Centre. 

Internal waves occurring 
a t  the i n t e r f a c e  between 

MTE: I - 1 1 - 0  YOOll AGE:* the A t l a n t i c  and Wi- 
terranean waters counter- 
flowing through the Strait 

mm VI-A -- w u  o f  G i b r a l t a r .  [m-1471 



A SACLWTCBN-designed 
m''n3'c r e c o i l l e s s  piston corer 

and a sec t ion o f  a cure 

11.5 &r/Sea I n t e r f a c e  S tud ies  

A s  previously mentioned, t h e  th ickness  and 
v a r i a b i l i t y  of  the  upper isothermal l a y e r  a r e  
important parameters governing hull-mounted 
sonar  performance. A study of  t h e  i n t e r f a c e  
was undertaken a t  the  Centre i n  t h e  l a t e  1960s, 
i n  Pro jec t  4.1, i n  o rder  t o  p r e d i c t  t h e s e  para- 
meters a s  a func t ion  of weather. Discussions 
with f i v e  i n v e s t i g a t o r s  i n  t h e  U.S. e l i c i t e d  
t h e  opinion a t  t h a t  tiee (1967) no. s a t i s f a c t o r y  
model e x i s t e d  f o r  descr ib ing  t h e  temperature 
d i s t r i b u t i o n  i n  t h e  upper l a y e r  and t h a t  experi-  
writs under s t r i c t l y  con t ro l led  condi t ions  were 
required.  

recovered from the sea 
bed. [TR-1121 

In 1967, simultaneous s e t e o r o l o g i c a l  and oceano- 
g raphic  d a t a  were co l lec ted  i n  t h e  t ledi ter-  
raneaa and i n  t h e  B a l t i c ,  the l a t t e r  a s  p a r t  of 
t h e  MILM: BALTIC survey (TR-125). A n  at tempt 
t o  c o l l e c t  d a t a  during t h e  tlIII)(: HED survey i n  
t h e  Ionian Sea f a i l e d  due t o  instrumtentation 
malfunct ions,  and, i n  f a c t ,  more such problems 
forced t h e  c a n c e l l a t i o n  of f u r t h e r  experiments. 
The e f f o r t  was then turned t o  t h e o r e t i c a l  
s t u d i e s  of hea t  and m e a t -  f l u e s  i n  a mari- 
time atmosphere (TH-153. H-57 .S). 

11.6 Ds S c a t t ~ r c n g  Layer S tud ies  

One source of reverberat ion i n  t h e  oceans is 
t h e  deep s c a t t e r i n g  layer  (=L) composed of 
b io log ica l  organisms t h a t  migrate  v i r t u a l l y  a s  
a funct ion of  t h e  amount of l i g h t  The Centre 
~ n i t i a t e d  a s tudy of this s u b j e c t  l n  Late 1967 
Five s h o r t  exp lora t ions  using a p r e c i s i o n  depth 
recorder  (PDR) v e r e  c a r r i e d  ou t  i n  t h e  autumn 
of  1967 and winter  of 1968 i n  t h e  Ligurian Sea, 
where mare ex tens ive  measurements vere  a l s o  
made i n  Apr i l  and November 1968 (TR-148). 

A broad survey of t h e  l i t e r a t u r e  on sound- 
s c a t t e r i n g  l a y e r s  i n  t h e  Hediterranean was 
published (TB-150). and a l s o  a n  a n a l y s i s  of 
da ta  p e r t i n e n t  t o  t h e  DSL taken during t h e  
MILOC 66 survey i n  t h e  e a s t e r n  North A t l a n t i c  
(m-179). 

22 Jan 68 SWSET 

1800 1700 L.M.T. 

The deep scattering layer o f  biological o r g a n i w  recorded i n  the Alboran Sea 
as part o f  the  layer s t a r t s  to move nearer the surface a f t e r  sunset. [m-1501 
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Eumerous shor t  oceauographic cru ises  vere made 
t o  the  Ligurian and Tyrrhenian Seas, and data 
on temperature s t ruc ture ,  currents.  and bottom 
cha rac t e r i s t i c s  vere accumulated. In  addit ion,  
the Centre par t ic ipa ted  in the UIUU: tED survey 
of the  Ionian Sea i n  Hay 1968. 

A s ~ s q  of typica l  H t races  was published 
together with the r e su l t sn t  ray tracings 
(TR-154). A coarprehensive col lec t ion  of BT 
data taken in the Ligurisn Sea from 1960 t o  
1967 was a l s o  issued (R(-165), and the results 
of HIIBC HED vcre given i n  l%-173 and 185. 
Bottoa cf ia tacrer is t ics  i n  two spec i f i c  arcas 
were published in  ?R-157 and 162. 

In addit ion t o  the sphincter  corer,  &ep-sea 
probe, and v e r t i c a l  t h e m i s t o r  a r r ay  already 
deaeribed, the Oceanography Group i n  cm-  
junction with Technical Services developed an 
occanographic/rteorologi~al buoy (M-151) fo r  
a i r / s ea  in t e r f ace  s tudies ,  a 50 Wz in-situ 
sediment p r o f i l e r  (78-72) f o r  bottom prof i l ing .  
and an improved acoustic-releaser system 
(M-142) t o  be w e d  d e n  recovering auhmerged 
anchored instrumentation arrays and pachges .  

Host *orhot ,  j u s t  a s  the  Centre l ed  in  
applying d i g i t a l  techniques t o  underwater 
acoustic meaeuremnts, so  it was a leader  i n  
applying these techniques M, the col lec t ion  of 
oceanographic data (g) ; t he  oceanographic 
buoy. f o r  exasple, eaployed a d i g i t a l  recording 
system. A d i g i t a l  depth recorder (mR) (TR-69) 
and a d i g i t a l  p o s i t i w  recorder f o r  t he  LORAN-C 
(LBRS) ITR-86) were both developed in the 
1964-66 period. m 

&~ilnographic/~teorolopicdl buoy developed 
for s t u d i e s  of the a i r / s ea  interface. 

! [ r n - l s l l  
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12.1 g r o d u c t  ion 

During i ts  second f i v e  years  t h e  Centre 's  
programme of work included a  number of A m  
s t u d i e s ,  of vhich s m c  were i a  response t o  
s p e c i f i c  reques t s  from o t h e r  NATO bodies  and 
o t h e r s  inves t iga ted  i d e a s  generated by t h e  
s c i e n t i f i c  s t a f f .  Host of t h i s  work was done 
i n  t h e  Operat ions Research Group. whose mission 
was t o  e v a l u a t e  performance of  e x i s t i n g  systems 
a s  wel l  a s  proposed a p p l i c a t i o n s  of systems a o t  
y e t  f u l l y  proven. Some more t h e o r e t i c a l  and 
novel concepts were t r e a t e d  i n  t h e  r e l a t i v e l y  
small Spec ia l  S tud ies  Croup. 

Roughly a  dozen t o p i c s  were i n v e s t i g a t e d  during 
t h i s  per iod.  These a r e ,  grouped under f i v e  
headings f o r  t h e  purpose of t h e  p resen t  survey: 

ASW Exerc i se  Analysis  
T a c t i c a l  S tud ies  
Weapons Ef fec t iveness  S t u d i e s  
Sonar Performance S tud ies  
G i b r a l t a r  Study 

l n  a d d i t i o n ,  ncarbers of  t h e  S p e c i a l  S tud ies  
Group worked on a  novel concept f o r  pass ive  
de tec t ion .  ubicb i s  included i n  t h i s  chap te r  
a l though i t  involved experiments and was there -  
f o r e  w r e  than a  t h e o r e t i c a l  s tudy.  

12.2 M W  Exercise A n a l p i s  

During t h i s  second f ive-year  per iod ,  Centre  
s t a f f  p a r t i c i p a t e d  i n  and analysed d a t a  from 
e i g h t  KATO A S W  e x e r c i s e s .  Usual ly t h e  focus 
vaa on one o r  t u o  a s p e c t s  o f  t h e  e x e r c i s e  t h a t  
were t h e  s u b j e c t  of  s p e c i f i c  s t u d i e s  in t h e  
Centre. 

Data on f a l s e  sonar  c o n t a c t s ,  one of t h e  
Centre's i n t e r e s t s .  =re obta ined  dur ing  t h e  
pos t -exerc i se  recons t ruc t ion  phase of four  NATO 
e x e r c i s e s :  

TEAHWORK September 1964 
PILOT LIGHT b r c h  1965 

MTW WLE October 1965 
Analyses o f  f a l s e  sonar  c o n t a c t s  during TEAH 
YORK. PILOT LIGHT and EMERALD CREF.N (TR-47, 
59,901 a11  gave approximately t h e  SaQe r e s u l t s :  
namely, t h a t  f a l s e  con tac t  r a t e s  a r e  s i g n i f i -  
c a n t l y  higher  i n  shallow v a t e r  than i n  deep 
water  and t h a t  t h e  r a t e  during e x e r c i s e s  is  
seven t o  t e n  tires h igher  thaa  t h a t  obtained 
dur iag  non-exercise condi t ions .  The f a l s e  
c o n t a c t  r a t e  was found t o  exceed t h e  r e a l  
c o n t a c t  r a t e  by a  l a r g e  f a c t o r ,  and i t  was 
concluded t h a t  t h e  a b i l i t y  t o  d i s c r i m i n a t e  
a g a i n s t  f a l s e  c o n t a c t s  is t h e r e f o r e  an impor- 
t a n t  c r i t e r i o n  when e v a l u a t i n g  new sonars .  
Thus, t h i s  OR s tudy  confirmed t h e  importance of 
t h e  Cent re ' s  t a r g e t  c l a s s i f i c a t i o n  p r o j e c t s .  

A second o b j e c t i v e  of the  c e n t r e ' s  ana lyses  
concerned t h e  a b i l i t y  of merchant s h i p s  t o  keep 
s t a t i o n  wi th in  a  convoy. This  was s tud ied  
during t h e  merchant-ship convoy phase (ERCOW- 
VEX B) of TEAWOW (TR-47) and again f o u r  y e a r s  
l a t e r  i n  SILVER TOWER, which cons i s ted  of t h r e e  
convoy opera t ions .  Even i n  poor weather it was 
found t h a t  ocean-going s h i p s  had no d i f f i c u l t y  
i n  maintaining s t a t i o n ,  a p a r t  from such obvious 
problems a s  some s h i p s  being unable t o  maintain 
s u f f i c i e n t  speed. However, sh ips  i n  a  c o a s t a l  
convoy s t r a g g l e d  considerably although they 
were a b l e  t o  maintain t h e  proper d i s t a n c e  
between columns. A simulated t r a n s i t  through a 
swept mine f i e l d  uncovered nav iga t iona l  prob- 
lms. 

A major i n t e r e s t  i n  mst ASW e x e r c i s e s  i s  t h a t  
of  a i s s e d  submarine contac t s .  This  is a d i f f i -  
c u l t  s u b j e c t ,  s i n c e  it requi res  a c c u r a t e  exer-  
c i s e  recons t ruc t ion  and an adequate model of  
sonar  performance. A f i r s t  a t tempt i n  connec- 
t i o n  with Exerc i se  PILOT LIGHT showed d e t e c t i o n  
performance a s  much a s  20 dB below t h e  i d e a l .  
Exerc i se  STRAIGHT LACED i n  1966 revealed t h a t ,  
due t o  inadequacy o f  t h e  records kep t ,  only a  
few i n c i d e n t s  could be proper ly  evaluated.  The 
requirement t o  perform missed-opportunity 
ana lyses  was one of  t h e  w t i v e s  i n  t h e  develop- 
. e n t  of  t h e  sonar  con tac t  model described i n  
Sec t .  12.5. 

In  1968, Faerc i se  HILOC HED TEST was c a r r i e d  
o u t  i n  t h e  Ionian Sea i n  conjunct ion w i t h  t h e  
HIIAH: HF,D oceanographic survey. The o b j e c t  was 
t o  measure d e t e c t i o n  and contact-holding capa- 
b i l i t i e s  o f  a c t i v e  hull-mounted and MS sonars  

Normalized ranges o f  f a l s e  contac t s  as func- 
t i o n s  o f  bearing far 54 search sonars during 
Exercise PILOT LIGHT 1965. f m-591 
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i n  an a r e a  *ere d e t a i l e d  oceanographic Pea- 12.4 lkapons € f f e c t l v ~ e s s . S t ~ i e r ,  
suremcnta were being aade  a t  the- &e t ime- 
Although w n y  problems were encountered during 
conduct of  t h e  e x e r c i s e ,  ana lyses  t h a t  could be 
performed (TR-164) g e n e r a l l y  tended t o  confiier 
the p r e d i c t i o n s  of  t h e  d e l .  

'the Centre a l s o  i n v e s t i g a t e d  per fomance  o f  
submarines i n  t h e  SSK ant isubmarine r o l e ,  
ana lyz ing  d a t a  f r o a  seven SSK b a r r i e r  e x e r c i s e s  
he ld  from 1959 t o  1965 (m-157). I t  was found 
that, al though long-range pass ive  sonars  were 
a b l e  t o  d e t e c t  no isy  t r a n s i t o r s  a t  long  ranges 
whi le  missing q u i e t  ones, t h e  performance of 
high-frequency, short-range pass ive  s o n a r s  was 
oot s o  s e n s i t i v e  t o  t h e  n o i s e  c h a r a c t e r i s t i c s  
o f  t h e  t r a n s i t o r s .  (This  r e s u l t  can  be e r -  
p la ined  i n  terms of propagat ion curves,  which 
s h w  a g r e a t e r  change i n  range as a f u n c t i o a  of 
a given change i n  t h e  f i g u r e - o f e r i t  a t  l a r g e r  
d i s t a n c e s . )  

12.3 T a c t i c a l  S tud ies  

T a c t i c a l  s t u d i e s  a t  t h e  Centre  dur ing  t h i s  
p e r i o d  concentrated on two a s p e c t s  of tbt ASW 
problem: optimum t a c t i c s  f o r  the submarine, 
and t h e  des ign  o f  random ASW p a t r o l s  and of 
sc reens  and b a r r i e r s .  

A s t u d y  was undertaken t o  examine o p t i m  
t a c t i c s  f o r  minimizing expenditure of pro- 
p u l s i o n  energy during c l o s u r e  o f  long-range 
contac ta  by non-nuclear submarines (TR-68). It 
was found t h a t  i n  each Lac t ica l  s i t u a t i o n  t h e r e  
was a unique r l n i m - e n e r g y  c l o s u r e  course t h o t  
would -ximire the energy r e s e r v e  a v a i l a b l e  f o r  
sc reen  p e n e t r a t i o n ,  a t t a c k ,  and w a s i o n .  I n  
a d d i t i o n ,  a theory was developed f o r  t h e  op- 
t- avoidance t a c t i c  t o  be used by t h e  sub- 
marine t o  escape a f t e r  wapon  launch (M-118). 

From t h e  p o i n t  of view of  ASW fo rces .  a r e t h d  
wan developed f o r  p r e d i c t i n g  t h e  p o s i t i o n  of 
t h e  submarine a f t e r  it had launched its weapon 
and had taken avoidance a c t i o n  (W-120). 
Another s t u d y  developed a cornputer s imula t ion  
f o r  randoe sur face-sh ip  ASV s u r v e i l l a n c e  
b a r r i e r  p a t r o l s  (TR-88). These s t u d i e s  tended 
t o  b e  s o  t h e o r e t i c a l  t h a t  they were not r e a d i l y  
t r a n s l a t a b l e  i n t o  o p e r a t i o n a l  d o c t r i n e .  

I n  response t o  a reques t  fraia The Royal 
Netherlands Havy. a s tudy  was undertaken i n  
1964 t o  determine t h e  r e l a t i v e  e f f e c t i v e n e s s  of 
var ious  long-range, shipborne,  anti-submarine 
weapons systems. Tbe var ious  UUIM na t ions  were 
surveyed by l e a n s  o f  a ques t ionna i re  concerning 
the c h a r a c t e r i s t i c s  o f  t h e i r  systems. The 
r e s u l t s  of t h e  p re l iminary  s tudy of  four  wea- 
pons, ASROC, ERA, IKARA, and W W ,  were 
presen ted  i n  December 1965 and k r c h  1966 t o  
meetings o f  t h e  NATO K x e d  Working Group on a 
Long-Range Shipborne Antisubmarine (A/S) Weapon 
System (AC/181). With t h e  a d d i t i o n  of i n f o r -  
mation on MSH and MATCH, t h i s  weapons study 
was c m p l e t e d  i n  1967, and a f i n a l  r e p o r t  
c q a r i n g  t h e  s i x  systems was then i s sued  
i n - 1 0 0 ) .  

Ear ly  i n  1966, the Centre  was asked i f  it could 
undertake a paramet r ic  c o s t / e f f e c t i v e n e s s  s tudy 
involv ing  sonar  and f i r e  con t ro l  a s  w e l l  a s  
weapons aspec t s  of  ASW weapons systems. I n  
1967 a proposal  was made t o  t h e  NATO Naval 
Armament Group's Information Exchange Group 
(IEG-2) f o r  a s i x - p a r t  s tudy  covering environ- 
ments, sonar  performance, f i r e  c o n t r o l  and 
p r e d i c t i o n ,  weapons, s y s t e a  performance, and 
c o s t s .  

The above-mentioned s tudy  f o r  The Netherlands 
was considered t o  cover t h e  weapons phase; t h e  
work done on sonar  perforeance is d iscussed  
below i n  S e c t .  12.5. Although a d r a f t  f i n a l  
r e p o r t  was w r i t t e n  i n  1969 covering a l l  phases, 
it was not  f u l l y  accepted bp 166-2 and only a 
more l i m i t e d  r e p o r t  was i s sued  (TR-161) cm- 
par ing  RATO sonars  by r c a n s  of t h e  computer 
sonar  s i ~ a r l a t i o n  model. 

12.5 Sonar Performance S tud ies  

Sonar per fomsnce  model: A way of 
c a l c u l a t i n g  r e l a t i v e  per fomance  under a 
v a r i e t y  of environmental and t a c t i c a l  s i t u a -  
t i o n s  is  e s s e n t i a l  t o  comparison of  sonars  and 
weapons systems. I n  1967, t h e  Oft Group 
embarked on t h e  development of  a d e t a i l e d  
sonar-performance model. The s imulat ion rode1 
was w r i t t e n  i n  ALGOL f o r  t h e  Cent re ' s  E l l i o t t -  
503 computer and cons i s ted  of a number of  



ind iv idua l  programs covering ray  t r a c i n g ,  
propagat ion l o s s  c a l c u l a t i o n ,  echo and rever- 
b e r a t i o n  l e v e l  c a l c u l a t i o n ,  and d e t e c t i o n  
s imulat ion.  Such f a c t o r s  a s  s h i p  m t i o o .  
kinematics, and opera t iona l  degradat ion were 
included. Tbe a c o u s t i c  a s p e c t s  a r e  described 
i n  W-169, and t h e  p r o b a b i l i s t i c  d e t e c t i o n  
s imula t ion  H e 1  is covered i n  a second repor t  
(TR-192). Ihe model was used to  compare NATO 
sonars  f o r  IEG-2 (TR-161) and t o  p r e d i c t  sonar  
performance i n  MU)(: TEST 68 (TR-164). It  was 
a l s o  used over t h e  next  f i v e  years  i n  support  
of  a number of  i n t e r n a l  s t u d i e s  md was adapted 
t o  t h e  ZIWIVAC-1106 computer f o r  one s tudy i n  
1975. 

RAP Study: Ihe Cent re ' s  deep panoramic -- 
research sonar  p r o j e c t  was pred ica ted  on t b e  
idea thst ,  because of  its increased r e l i a b l e  
coverage. RAP sonar  would f i n d  a use i n  t he  
NATO navies .  I n  suppor t  of  t h i s  concept,  an OR 
s tndy  was performed concerning t h e  use of  a RAP 
sonar  ~ y s t t a  I n  e s t a b l i s h i n g  a p ro tec ted  lane  
f o r  t r a a s a t l a n t i c  reinforccslent shipping 
(TR-122). I t  was concluded t h a t  t h e  a b i l i t y  of 
BAP to d e t e c t  submarines r e l i a b l y  a t  long range 
made such a system s u p e r i o r  t o  one employing 
h l l - roaunted  and VDS sur face-sh ip  sonars .  

Submarine IFF: h i r p o r t a n t  aspec t  o f  Am -=- 

is t h e  a b i l i t y  to d i s t i n g u i s h  between f r i e n d l y  
and enemy submarines. I n  support  of  t h e  U T O  
Ad-Hoc Mixed Uotking Group on I d e n t i f i c a t i o n  of  
Subuierged Submarines, SACLAblTCEN i n  1954 i n i -  
t i a t e d  a s tudy t o  q u a n t i f y  t h e  aeed f o r  an IFF 
system and t o  e v a l u a t e  a number of  p o s s i b l e  
s o l u t i o n s .  I h e  work was completed wi th  t h e  
i s suance  to t h e  U T O  group of  a c o l l e c t i o n  of  
e i g h t  exp lora tory  papers  on var ious  avpects  of  
t h i s  problem (m-108). 

Acoustic i n t e r c e p t  s tudy:  Oot o f  the 
major problems iDherent i n  t h e  use of  a c t i v e  
e o ~ r  is the i n f o m t i o n  tha t  t h e  pings g ive  t o  
an euer~y  submsrine. A submarine is o f t e n  a b l e  
t o  i n t e r c e p t  a c t i v e  t ransmiss ions  a t  a range 
 rea at er than t h a t  a t  vh ich  t h e  ~ u r f a c e  s h i p  can 
d e t e c t  the submarine. I n  1%7, t h e  Centre 
i n i t i a t e d  a s tudy  o f  t h e  t a c t i c a l  value t o  a 
submarine of "ping s tea l ing" ,  a rphas iz ing  
re tbods  o f  ob ta in ing  range from such recep- 
t i o n ~ .  I t  was coacluded (PR-159) t h a t  improved 
i n t e r c e p t  equipmeats could y i e l d  v a l u a b l e  
t a c t i c a l  information t o  a s u h a r i n e  provided 
counteraeasures  were no t  taken. Suggested 
countermeasures included us ing  a zigzag course,  
reduced o r e  of  high-power pingis, and use of 
long p u l s e s  of  1 t o  3 seconds. I t  was a l s o  
noted t h a t  w i s e  r a d i a t e d  by t h e  s h i p ' s  pro- 
p e l l e r s  r i g h t  be  d e t e c t a b l e  a t  even longer  
ranges t h a n  t h e  a c t i v e  pings.  

Evaluation of de t ec t i on  a d  at tack  systems 
for the S t r a i t  of Gfbral U r .  [m-991 

12.6 G i b r a l t a r  Study 

For i ts p a r t  i n  t h e  G i b r a l t a r  P r o j e c t ,  t h e  OR 
group evaluated t h e  performances of  a nunrber of 
p o s s i b l e  systems f o r  d e t e c t i n g  submarines 
t r a n s i t i n g  t h e  S t r a i t ,  and the  e f f e c t i v e n e s s  of  
two wcapons systems t h a t  could be used in  
support  of a d e t e c t i o n  system. Eephasis vas  
placed on t h e  COLOSSUS I system proposed by t h e  
U.S. Navy Underwater Sound Laboratory. 

Four comprehensive r e p o r t s  were produced, 
covering t h e  following: 

a .  In f luence  of  sh ipp ing  and weather on 
the performance o f  a COLOSSUS I 
system (TR-91). 

b. Attack s y s t c ~ l s  support  of a 
COLOSSUS I b a r r i e r  (TR-99,123). 

c .  A l t e r n a t i v e  systems t o  COLOSSUS I 
(?R-132). 

The l a s t  r e p o r t  considered bottom-bounce sonar ,  
bottom-mounted a c t i v e  sonar ,  pass ive  sonar ,  and 
ELF electromagnet ic  d e t e c t i o n ;  t h e  conclusion 
was t h a t  a combined systcm c o n s i s t i n g  of e i t h e r  
of  t h e  f i r ~ t  two augm~nted by ELF would b e  
f e a s i b l e  a s  an a l t e r n a t i v e  t o  COLOSSUS. A t  tbe 
end of  the study a s h o r t  r e p o r t  (TR-135) was 
i s sued  summarizing t h e  o t h e r  r e p o r t s  and a l s o  
l i s t i n g  t h e  acous t ic ,  oceanographic, and ELF 
s t u d i e s  done i n  support  of  the p r o j e c t .  

12.7 Prel imiaary Assessment o f  Novel 
D e t e c t i ~ C o n c e p +  

One of the p r o p e r t i e s  of no ise - l ike ,  random 
s i g n a l s  is  t h e  nuaber of ze ro  c ross ings  t h a t  
occur  per u n i t  the. Analyses p u b l i ~ h e d  i n  t h e  
open l i t e r a t u r e  had noted t h a t  z e r o  c ross ings  
would be r func t ion  o f  t h e  s t a t i s t i c s  of  t h e  
s i g n a l  and t h a t  adding a t o n a l  s i g n a l  t o  rand- 
w i s e  vould change t h e  r a t e .  The Special  
S tud ies  Croup a t  t h e  Centre  undertook m in-  
v e ~ t i g a t i o n  of  tbir phenownon, with t h e  idea 
t h a t  l ~ e r s u r i n g  t h e  ze ro  c rose ing  r a t e  r i g h t  be  
u s e f u l  i n  a simple, lob-cost, pass ive  warning 
system. Both t h e o r e t i c a l  and experimental 
s t u d i e s  were made. Theore t ica l  c a l c u l a t i o n s  
shoved t h a t  a d d i t i o n  of  a t o n a l  s i g n a l  t o  a 
band of r a n d m  noise  vould lower t h e  ze ro  



crossing r a t e  i f  the frequency of the tonal  
were a t  t he  lov  end of the band, vould r a i s e  i t  
i f  the  frequency were higher thra  the  mean, and 
m i g h t  no t  a f f e c t  it a t  a l l  i f  the frequency 
were toa close  t o  t h e  mean band frequency. 

I n  1966 and 1967 random baclrground noire and 
moire during tbe prrragc of rurface sh ipr  and 
r u h a r i n e r  were recorded near Tino I r land in 
thc Gulf of h 8pezia. Ibe phenownon war 
ver i f ied ,  and detection ranges of eeveral  k i lo-  
metres w r e  rea l ized  f o r  rubmarines a s  well a8 
fo r  surface sh ips  (E) ('ER-lM). ThC pro jec t  
vas terminated a f t e r  having demonstrated va l i -  
d i t y  of thc concept rad p r i o r  to  demonstrating 
i ts value as a development. The idea was not 
folloued up by the natioas,  probably because 
o tber  passive systems had been developed t h a t  
conld b e t t e r  d is t inguish  between rurface ships 
m d  eubmarines. 

Changes in zero-crossing rate a s  a possible 
passive Sonar detection aethod. The p l o t s  
at upper right show typical power Spectra 
of 5-8 samples of the ambient noise signal 
and o f  t)re sigllal dlrriag tbe passages of  
"sMpsa d(a), B l b )  , and Clc ) ,  a s  shwn I n  &M -- 
the  owle er plots. In p l o t  5, a sabararine o i i i  100 h Hz 
(ship A )  f s  appr06chfng on diesell in 6 ,  I t  
k s  stopped its angfnes b a t  a -er 
(ship  B )  f s passing, i n  7 and 8 ,  the sub- 
marine (ship  C )  is oa bat tery  -er. /=-1161 

Reference A 

Ship A Ship B Ship C 

Time (rnin) -- 
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CHAPTER 13  PERIOD OF T R A N S I T I O N  (1969-75) 

13.1 Introduction 

A t  t h e  beginning of t h i s  t h i r d  period the  
morale i n  the  Centre vas high, and so  was 
s c i e n t i f i c  productivity.  However, t h i s  condi- 
t i on  gradually changed under the  pressures of 
severa l  adverse fac tors .  S taf f  expansion ended 
in 1970, with t h e  imposition of budget re- 
s t r a i n t s .  Tke Centre's one large  laboratory 
building was very much overcrowded and t h e  
cen t r a l  computer was rapid ly  becoming obsolete. 
The departure of ce r t a in  key personnel neces- 
s i t a t e d  reorganization,  and it was found t o  be 
most d i f f i c u l t  t o  match an organizational  
s t ruc tu re  both t o  programme needs and to 
ex i s t ing  personnel. 

Bowever, t h e  Centre was able  t o  obta in  funding 
fo r  a new building and f o r  a replacement c m -  
puter ,  both of which were acquired by t h e  end 
of t h e  period.  The research vesse l  achieved 
good r e s u l t s  through the development of rea l -  
the, on-board, d i g i t a l  data handling ayeteas 
and the  w e  of the  deep research sonar. The 
Centre a l s o  became the  focus f o r  an extensive,  
NATO-wide i n t e r d a n g e  of information on ASW 
re la ted  topics ,  p r i u r r i l y  through running and 
pa r t i c ipa t ing  in numerous vor&ing-level c a f e -  
rences. 

13.2 Aduiinistragive and Finance_ 

During i ts  f i r s t  t en  years,  the authorized 
Civi l ian  Administrative Personnel ts tsblishment 
(CAPE) had been increased yea r ly  t o  meet new 
dewends of the research progranme. I n  1969 
there  e r e  226 employees: 210 NATO-graded 
s t a f f  and 14 local  wage r a t e  (LWR) employees. 
A fu r tbe r  increase of s i x  support personnel was 
authorized f o r  1970, bringing tk complement t o  
68 NATO A grades (including S0 research scien- 
tists and 4 prograwreers), 128 U10 B grades, 
and 36 HATO C grades ( a f t e r  conversion of t he  
L W  personnel). Except f o r  t he  temporary 
addit ion of e igh t  posts f o r  the  duration of the  
HILOCSURVUNT pro jec t ,  very feu changes vere 
made i n  the  following years ,  and the t o t a l  .was 
maintained a t  230. Even r e l a t i v e l y  minor posi- 
t i o n  and grade changes were f o r  tbe  mst p a r t  
turned d o n  by the  #AT0 H i l i t a r y  Budget 
C-ittee (m). 
The Centre's budget grev during t h i s  period a t  
an average r a t e  of about lOfK per year. Host of 
t h i s  increase covered s a l a r i e s ,  which account 
f o r  about two-thirds of t he  t o t a l  budget and 
which increase  annually due t o  cost-of-l iving 
increases and to progress t o  higher s t eps  by 
individuals.  The budget rose from about 1950 
mi l l ion  l i r e  (3.6 mi l l ion  do l l a r s )  i n  1969 t o  
3950 mi l l ion  l i r e  (6.3 mi l l ion  do l l a r s )  i n  
1975. I n  addit ion,  t h e  during t h i s  period 
appropriated a t o t a l  of 1400 mill ion l i r e  f o r  
non-recurrent spec ia l  expenses including acqui- 
s i t i o n  of a new building and a nev computer. 

mansition fram one Director (Ir U.W. van Botenkrrg 
1967-72) to another ( D r  J . G .  Retallack 1972-75). 
Cermny i n  the forecaurt. 

A major i sprovmcnt  over previous budget pro- 
cedures was the  introduction i n  1969 of a 



spec i a l  chapter (Chapter MM) t o  cover the  
Progranme of Work. This chapter was created 
f o r  the two NATO research cent res  t o  cover a l l  
expenses i n  connection with such items a s  data 
processing f a c i l i t i e s ,  ah ips ,  o the r  research 
f a c i l i t i e s .  and npecial  research equipaents. 
l o t  including ext ra  funds f o r  two la rge  itetat,  
funds f o r  the programe of vork increased a t  an 
average r a t e  of 6% per  year,  from 700 mi l l ion  
l ire in 1969 to 975 i n  1975. 

By 1973, r i s i n g  cos ts  throughout #Am led t o  a 
s t rong eove t o  cons t ra in  HAT0 mi l i t a ry  budgets. 
It vas proposed by the  Mil i ta ry  Cormittee t h a t  
1974 and 1975 expenditures be kept  a t  roughly 
1973 levels .  With r i s i n g  personnel cos ts ,  t h i s  
would have w a n t  s ign i f i can t  cu t s  i n  t he  e n t i r e  
Centre prograslwe. This t h r e a t  t o  the  progranme 
was discussed a t  length by tbe  SCNR a t  i t s  
23rd. 24th. and 25th meetings (October 1973, 
Hay 1974, and October 1974). Statements were 
subwitted t o  SACLAWT s t r e s s i n g  the severe 
impact of t h e  proposed budget r e s t r i c t i o n s  on 
the s c i e n t i f i c  progranane. Individual  S(3SR 
members a l s o  contacted t h e i r  na t ional  autho- 
r i t i e s .  Eventually, t he  #BC i e s t ruc t ed  S A W  
t o  achieve t h e  required cu t s  elsewhere i n  t h e  
A C W  budget, res tor ing  r o s t  of the  required 
funding to t h e  Centre 's  budget. However, t h e  
uncer ta in ty  as t o  &ether the Centre would be 
funded a t  required l eve l s  i n  1974 and 1975 had 
a negative e f f e c t  no morale and product iv i ty  
during t h e  perlod of over a year during which 
the s i t u a t i o n  vas unresolved. 

I n  Ju ly  1971, Hr A.W. Pryce of the  U.S. re-  
placed Dr Hays a s  Deputy, and i n  Ju ly  1972 Dr 
J . G .  Retal lack of Canada succeeded I r  wan 
Batenburg a s  Director .  Later  in 1972 a e a j o r  
r e o r ~ a a i z a t i o n  was car r ied  out  under which tbe 
Centre 's  nc i en t i  f i c  and technica l  e f f o r t s  were 
concentrated i n  two Divisions. One, the 
Enviro-ntal and Systems Research (E) 
Division, vas made up of  four s c i e n t i f i c  groups 
p lus  t he  Engineering and Technical Group, ia 
which were oceanographic ins tnmenta t ion ,  
t ransducer development, sh ip  operat ions,  elec-  
t ron i c  and aechanical  engineering, and the  
shops. The o the r  n w  div is ion  was the  Opera- 
t i o n a l  and Analytical  Research (0) Division,  

13.3 Organization and Beorganization 
Dr J . G .  ~ e t a l l a c k  
Canada 
Director 1972-75 

A t  the beginning of t h i s  t h i r d  period,  the 
Centre was headed by Ir H.W. van Batenburg as 
Direc tor ,  and Dr Ear l  I a y s  of t he  U.S. a s  
Deputy Director .  The s c i e n t i s t s  were organised 
i n t o  f i v e  groups, each having a Group Leader 
and a deputy. Special ized technica l  support 
f o r  oceadographic instrumentat ion and t rans-  
ducers were wi th in  t he  Oceanographic and Sound 
Propagation groups. The Colaputer Section was 
p a r t  o f  t he  Specia l  Studies Group. A Head of 
Technical Services supervised t h e  vork of  the  
Design Section,  the e l ec t ron ic ,  i n s t r m e n t  and 
-chine shops, a s  well a s  the  Ship Operations 
Section,  which had been t ransfer red  from tbe 
Naval Advisor t o  Technical Serv ices  in 1969. 
S c i e n t i f i c  and Technical Information, pre- 
v i o b l y  w d e r  the  Administration, reported to 
t he  Direc tora te  f roa  1969. 

Internal  organization i n  the e a r l y  1970s 
---El 



with three study groups and t h e  Computer Group. 
Dr Roger Prager of the  U.S. was appointed Cbief 
of the  E d iv is ion ,  and Hr T.L. Hack of the U.K.  
Head of t he  0 Division. The S c i e n t i f i c  and 
Technical Information function vas placed under 
the  Administration f o r  management, but with t h e  
Heed reporting d i r e c t  t o  the  Director oa pol icy  
matters. 

The concentration of a11 persoancl involved i n  
at-sea research programmes within one d iv is ion  
proved t o  be unworkable, and i n  1973 the  Engi- 
neering and Technical Group under Hr K. 
Rasmussea of Denmark vas retaoved from the E 
Division and assigned t o  the  Deputy Director. 
In  tbe  Pme year Ing G.C. Vettori  of I t a l y  
replaced D r  R. Prager a s  Division Chief of the  
E Division. Tbe organization then remained 
e s sen t i a l ly  unchanged f o r  two years. 

There were a nluaber of pos i t i on  changes asso- 
c ia ted  with the various rcorganizations, and a 
number of i n t e rna l  promotions were made near 
the end of 1974. Attempts t o  obtain tlBC appro- 
va l  of individual  changes having f a i l ed ,  an 
attempt was made t o  redef ine  the Civi l ian  
Administrative Personnel Establisbrient (CAPE) 
i n  such a way a s  t o  cover those changes already 
made and to  ensure the  f l e x i b i l i t y  required i n  
the management of II research establishment. A 
new establishment list was generated; t h i ~  was 
approved by SACLANT e a r l y  i n  1975, and sub- 
a i t t e d  to the i n  June 1975 a s  pa r t  of t he  
1976 budget ~ubmissioa.  The HBC r e j e c t 4  t h e  
projmsed CAPE because it used titles tha t  did 
mt conform t o  MAT0 standards. f h e  s i t ua t ion  
in which the  Centre's ac tua l  personnel d i f fered  
from its published CAPE l a s t ed  f o r  another 3+ 
years,  only becoming regularized vhen i n  
January 1979 the  tl3C approved a list t h a t  
properly represented current  s t a f f  and posi-  
t ions .  

13.4 Space end Buildings 

By 1969, even the building of mzzanines above 
~e ground f loo r  was not  enough t o  a l l e v i a t e  
the congestion. A de ta i l ed  space u t i l i z a t i o n  
study by SIIClANT i n  August 1970 confirmed t h a t  
addi t ional  space was urgently needed. The 
I t a l i a n  government was unable t o  provide an 
addi t ional  building,  but  d id  o f f e r  an area of 
1750 m2 immediately adjacent t o  the  o r ig ina l  
boilding on wbich t o  construct  an extension. 
f n  Hoveceher 1970 the  HBC authorized 3 mill ion 
l i r e  fo r  a comprehensive independent engi- 
neering analysis  and cost  est imate.  

The study by Ing. Zacut t i  of La Spezia was 
accepted by the  WBC i n  N o v d e r  1973, and 420 
mi l l ion  l i r e  appropriated fo r  construction.  A 
contract  vat awarded, ex i s t ing  small s t ruc tu res  
b l i s h e d ,  and tbe  bui ld ing  constructed i n  
1975. It was occupied i n  January of 1976 and 
dedicated during t h e  SCNR aee t ing  i n  Uay of 
t ha t  year. 

1973 plans for extension building; these were 
later reduced to stay w i t h i n  the Mqet 
allocation 
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13.5 Replacement o f L n r p u t e r  

The E l l i o t t - 5 0 3  computer ob ta ined  by t h e  Centre  
i n  1964 was never  f u l l y  s a t i s f a c t o r y ;  n e i t h e r  
i ts  r e l i a b i l i t y  nor  its coaputing power were a s  
g r e a t  a s  required.  I n  1970, wi th  t h e  backing 
of t h e  SCWR, t h e  Centre  i n s t i t u t e d  s t u d i e s  and 
c o n t a c t s  with r a j o r  computer s u p p l i e r s  with t h e  
aim o f  reques t ing  proposa l s  f o r  a replaceerent 
computer; however, the o r i g i n a l  request  f o r  
b i d s  was cance l led  by d e c i s i o n  of t h e  HBC in 
1971. The c a s e  was t h e n  presented t o  t h e  NATO 
ADP Committee, vhich,  i n  November 1971, appro- 
ved t h e  p r o j e c t .  The budgeted amount of  422.5 
m i l l i o n  l i r e  approved by the )(BC f o r  1972 
proved i n s u f f i c i e n t .  A f t e r  a second s e t  of b i d s  
on a reduced conf igura t ion  had been received,  
t h e  d e c i s i o n  was made i n  January 1973 t o  
acqui re  a WIVAC 1106 ccmputer by a purchase/ 
r e n t a l  combination. The new computer was in -  
s t a l l e d  i n  December 1973 and, a f t e r  o p e r a t i o n a l  
tests, accepted on 20 Januarp 1974. It h a s  
proved t o  be a s e r v i c e a b l e  u n i t ,  capable of  
increased  performance through t h e  addi  t i o n  o f  
memory capac i ty  and v a r i o u s  p e r i p h e r a l s .  

The UNIVAC-1106 is  used i n  both batch and 
time-share modes. F o r  tisse-share opera t ions ,  
u s e r s  i n t e r a c t  w i t h  t h e  computer from Tektronix 
te rmina ls  i n  o t h e r  rooms of t h e  bu i ld ing .  Prom 
t h e  b e g i m i n g  it was recognized t h a t  t h e  capabi- 
l i t y  t o  c r e a t e  g r a p h i c s  a t  t h e s e  t e r m i n a l s  
would be requ i red  and sof tware  was developed a t  
t h e  Centre  f o r  t h i s  purpose i n  1974-75 
(CP-19g). T h i s  h i g h l y - v e r s i t i l e  package, known 
a s  UIQITEKX, i s  aw being used d a i l y  by 
scimtists a t  t h e  Centre ,  a s  well a s  k i n g  
a v a i l a b l e  vbr ldv ide  through t h e  UWIVAC Users 
Associat ion.  

During t h e  per iod  in which t h e  E l l i o t t - 5 0 3  
computer was be ing  rep laced ,  t h e  Centre  a l s o  
acquired t h r e e  Revlett-Packard 2116B aini-  
computers t o  be used on t h e  research v e s s e l  and 
ashore  f o r  a c q u i r i n g  and process ing  a c o u s t i c  
and oceanographic d a t a .  

With t h e  excep t ion  o f  t h e  year  1973, when 
u t i l i z a t i o n  was l m r  than  normal, t h e  HF'G was 
used a t  sea  from 170 t o  195 days p e r  year .  
Although most c r u i s e s  were s h o r t  ones to nearby 
waters ,  s e v e r a l  month-long t r i p s  were made: 
Harch 1971 t o  t h e  North Sea; Bay and September 
1972 and February 1973 t o  t h e  S t r a i t  of  S i c i l y ;  
October 1972 and February 1974 t o  t h e  e a s t e r n  
k d i t e r r a n e a n ;  and i n  t h e  sumner of  1974 two 
months t o  t h e  Barents  and B a l t i c  Seas.  

I n  a d d i t i o n  t o  r o u t i n e  maintenance and modifi- 
c a t i o n s  t o  enab le  handling o f  t h e  MEDUSA system 
and s e v e r a l  o t h e r  l a r g e  a r r a y s ,  t h e  s h i p ' s  
l abora tory  space was g r e a t l y  expanded i n  1971, 
and o t h e r  improvements were made to make t h e  
s h i p  s u i t a b l e  f o r  l o n g  c r u i s e s  t o  remote a r e a s .  
The s h i p  is a v a i l a b l e  t o  t h e  Centre  under a 
c h a r t e r  agreement w i t h  its owners, and i n  1974 
t h e  Centre  arranged t o  r e t a i n  i t s  s e r v i c e s  
u n t i l  1980, with a f u r t h e r  o p t i o n  extending t o  
1984. 

The UnIVAC-l106 central  conputer a s  first 
i n s t a l l e d .  



I n  many operations the  LIPC was a s s i s t ed  i n  i t s  
work by the Centre's workboat, t he  S A C L M -  
CEI 3. This boat bad l imi ta t ions ,  and i n  1974 a 
la rger ,  mare seaworthy aux i l i a ry ,  t he  R/V 
W I N G  was loaned t o  the  Centre by the U.S. 
Government. The 100-ton, 20-metre long MIWC 
required extensive overhaul of i t s  r a i n  engines 
and a u x i l i a r i e s  and the  i n s t a l l a t i o n  of navi- 
ga t ion  and sa fe ty  eqaipeurnt. I t  becaue opera- 
t i ona l  i n  April  1975, and the  old workboat was 
then r e s t r i c t e d  t o  loca l  operations.  

13.7 Conferences and Reports 

During i t s  f i r s t  t en  pears t he  Centre bad 
concentrated oa published repor ts  a the  
primary means of communicating i t s  work to the  
NATO nations. Beginning i n  1969 t+e Centre 
supplemented i ts  wri t ten  repor ts  v i t h  the 
organization of a s e r i e s  of i n t e rna t iona l  
vorbing-level seminats t o  d iscuss  the  l a t e s t  
Qve lopcn t s  i n  spec i f i c  f i e l d s .  These 
s m i n a r s  offered two-way coarnunication: the 
Centre h a r d  of work going on in the  nations 
and it  presented its own work t o  non-Centre ex- 
p e r t s  who would be mst ab le  to use it. These 
warking-level conferences were held a t  an 
average of tvo per  year,  lost o f t en  i n  the  
Spring. I t  w l d  be hard t o  w e r s t a t e  t he  
importance of these conferences. They have 
served t h e  Centre's purposes, and a l s o  they 
have proved t o  be a m j o r  c a t a l y s t  f o r  co- 
operation between ASV s c i e n t i s t s  of  t h e  various 
NATO nations. Sorne persons have even suggested 
t h a t  t h e  Ceatre 's  conference programme is  one 
of i ts  most valuable functions wi th in  the  RAT0 
community. Tbe proceedings of t he  conferences 
have been published i n  the  SACLA#FCE# 
CP- s e r i e s ,  which, s ince  1972, r l a o  includes 
p u b l i c a t i a  (W-9,-12,-15.-19,-2143) of t he  
papers prefented by SACLANTCEN s t a f f  t o  the 
autumn meetings of tbe S c i e n t i f i c  Coatsittee of 
Hational Representatives. 

I n  addi t ion  t o  its ovn conferences, t he  Centre 
increased i ts  pa r t i c ipa t ion  i n  the NATO corn- 
rittees t b a t  deal  v i t h  various aspects  of ASW. 
Iumrous  repor ts  vere made t o  these groups. 

In 1973 t h e  o r ig ina l  s e r i e s  of Technical Re- 
po r t s  (TR-) and Technical Clemoranda (m-) were 
supplanted by neu aer iea  of SACUNTCEW Rcports 
(S%-) and SACLPIYTCEH krnorasda (Sfl-). A 
bibliography (SB-1) of tbe m-, m-, and 
Specia l  Reports (H- se r i e s )  f o r  t h e  1959-73 
period uas published tba t  year. This b ib l io-  
graphy, beinp indexed by t i t le - terms 
(keywords), by c i t a t ions  from o the r  SACUNTCEW 
documents, and by author and group, provides a 
f l e x i b l e  meana of accessing the  l i t e r a t u r e  of 
t h a t  period. 

13.8 Anniversaries ~ - 

I n  1973, t he  Centre's ten years a s  a NATO 
Internat ional  Organization was recognized with 
the  issuance of a br ief  report  summariziag i t s  
achievements (W-13). The occasion of t h e  
Centre 's  15th Anniversary i n  Hay 1974 passed 
without formal notice,  but a summary of t h e  

Centre 's  achievements over the 15-year period 
was included i n  the Annual Progress Report fo r  
t h a t  year. 

The V . S .  P-boat,. R / V  MANNING, which replaced 
the e a r l i e r  k o r k b a t  i n  1975. 



CHAPTER 14 ENVIRONMENTAL ACOUSTICS  ( 1 9 6 9 - 7 5 )  

During t h e  f i r s t  h a l f  of t h e  1970s' t h e  Centre 
devoted a l a r g e r  f r a c t i o n  of  its e f f o r t s  than 
before  t o  environmental a c o u s t i c s  and its 
d i r e c t  support .  I n  response t o  p ressures  frum 
SACIMT and t h e  SCNR t o  emphasize sonar  r e l e -  
vance, environmental p r o j e c t s  i n  bo th  oceano- 
graphy and a c o u s t i c s  were r e l a t e d  t o  t h e  spec i -  
f i c  sonar  a p p l i c a t i o n s  of shal low water  and of 
hull-eounted WDS and BAP i n  deep water .  The 
Centre  a l s o  attempted to coord ina te  its pro- 
j e c t s  i n  t h e  a r e a s  of e n v i r o ~ n t a l  a c o u s t i c s ,  
a c t i v e  sonar  research ,  and oceanography. The 
Ligur iaa  Sea, t h e  Levantine Basin, and t h e  
S t r a i t  of  S i c i l y  were a r e a s  o f  j o i n t  exper i -  
ments and of independent s tudy  by each of  t h e  
th ree ,  groups, l e a d i n g  t o  a broad knowledge of  
t h e  cnviransreutal f a c t o r s  governing sonar  
p e r f o m a n c e ,  vh ich  was then c o r r e l a t e d  v i t h  
a c t u a l  experience us ing  a a  experimental sonar .  

At t h e  beginning of t h e  per iod ,  environmental 
a c o u s t i c s  was f o r  t h e  most part organized i n t o  
s ix p r o j e c t s  i n  t h e  S o u d  Propagat ion Group. 
Support ing oceanographic s t u d i e s  were done by 
t h e  Oceanographic Group, and computer model l ing 
by t h e  T h e o r e t i c a l  S t n d i e s  Group. The RAP 
ac t ive-sonar  p r o j e c t  a l s o  c a r r i e d  on s i g n i f i -  
cant  environmental acous t ics  research.  I a t e r ,  
i n  1922-73, t h e  p r o g r a m e  was reorganized,  and 
environmental a c o u s t i c s  research  was c a r r i e d  
out  i n  two groups, one f o r  deep water  and t h e  
o t h e r  f o r  shal low water.  b d e l l i n g  a c t i v i t i e s  
were incorpora ted  i n t o  t h e  corresponding pro- 
j e c t s ,  bottom s t u d i e s  t r a n s f e r r e d  to the 
Shallow Water Group, and o t h e r  r e l a t e d  oceano- 
g raphic  work done i n  t h e  Applied Oceanography 
Croup. 

Hr R. Lava1 of France,  t h e  Head of  t h e  Sound 
Propagat ion Group, became the f i r s t  l e a d e r  of 
t h e  Deep Water Research Croup. Ee was suc- 
ceeded by Hr J. Gerrebout of Prance f o r  a s h o r t  
per iod  and tben Dr W. Bachmann of Germany. 
Hr 0. Hastrup of  m a r k  was t h e  Group Leader 
f o r  Shallow Water Research throughout t h e  
per iod .  

accura te  r e s u l t s  without  requ i r ing  u n r e a l i s t i -  
c a l l y  complete oceanographic inputs .  

To d a t e  no s i n g l e  c m p u t e r  model usable  f o r  a11 
p o s s i b l e  a p p l i c a t i o n s  is  known t o  have been 
developed. I f  t h e r e  were such a model, i ts  
running c o s t  would be s o  g r e a t  t h a t  it would 
have l i m i t e d  u t i l i t y  f o r  t h a t  reason alone. 
Ins tead ,  var ious  n a t i o n a l  a c t i v i t i e s  have 
developed coaputer  models each wi th  its p a r t i -  
c u l a r  range of  u t i l i t y .  The Centre  has acqui- 
red a number o f  t h e s e ,  and has a l s o  developed 
w d e l s  p a r t i c u l a r l y  s u i t e d  t o  its own needs. 

By the end of 1973, t h e  Centre had tw propaga- 
t ion- loss  aode ls  opera t ing  on i ts  E l l i o t t - 5 0 3  
computer. One was a ray-trace model (21) 
(RI-102) w r i t t e n  i n  ALGOL, based on S n e l l ' s  
l a v ,  vhich d i v i d e s  t h e  water collrsta i n t o  many 
l a y e r s  of cons tan t  sound-speed grad ien t .  A 
range-dependent bottom was incorporated by 
c u t t i n g  o f f  r a y  pa ths  f o r  refrac-d rays a t  the 
shal lowest  bottom and using t h e  l a s t  bottom 
depth f o r  r e f l e c t i o n  by bottom-bounce rays. 
I n t e n s i t y  c a l c u l a t i o n s  were made but  were 
inaccura te  near  c a u s t i c s .  The second model on 
t h e  E l l i o t t  was a n o r r ~ a l d e  model 
(W-40,-121) a p p l i c a b l e  only to shallow-water 
condi t ions .  

W i t h  t h e  rep lacesen t  of t h e  E l l i o t t - 5 0 3  by t h e  
IJNIVAC-I106 i n  1974, t h e  Centre l o s t  t h e  use of 
its own ray-trace program but  wan a b l e  t o  
acqui re  f o u r  U.S.-developed models: 

CONGfUTS (H-76, CP-5h) 
mssn 11 (g,%) 
FAST HIS91 (3) 
FACT (35) 

MWCRATS, developed a t  t h e  US Naval llndervater 
Systems Cca tc r ,  c o n s t r u c t s  ray diagrams and 
genera tes  eigenrays us ing  continuous-gradient 
sound-speed p r o f i l e s .  Bottom p r o f i l e s  se rve  t o  
limit ray paths;  bot tol l  and s u r f a c e  l o s s e s  a r e  
added s e p a r a t e l y .  NISSH II p r e d i c t s  t h e  perfor-  
mance of a c t i v e  sonar  systems i n  t e r n s  of  pro- 
b a b i l i t y  o f  d e t e c t i o n  vs range; it a l s o  

14.2 mrwter Acoustics Coarguter L l u  

A major o b j e c t i v e  of environmental a c o u s t i c s  
research  is t o  f i n d  r e l a t i o n s h i p s  between t h e  
aeaeured va lues  o f  propagat ion l o s s  (TL), 
reverbera t ion  (RL), and ambient n o i s e  (m), and 
such  oceanographic environmental f a c t o r s  a s  
bathymetry, sound-speed p r o f i l e ,  bottom charac- 
t e r i s t i c s ,  and sea  s t a t e .  Acoustic modelling 
is t h e  l i n k i n g  mechanism used t o  f i n d  t h e s e  
r e l a t i o n s h i p s .  The oceanographic environmental 
f a c t o r s  a r e  t h e  i n p u t s  t o  t h e  models and the 
outpu ts  a r e  curves of TT. and RL a s  func t ions  of  
range, and of  a 1 1  t h r e e  q u a n t i t i e s  a s  func t ions  
of frequency. Experiments i n d i c a t e  t h e  r e l a -  
t i v e  importance of t h e  var ious  phys ica l  f a c t o r s  
and a l s o  check t h e  accuracy of  t h e  aode ls .  The 
o b j e c t i v e  is t o  develop models t h a t  g i v e  

Welling of deep-ua ter, l w - f r e q u e n c y  
propegu tion . [CP-l9 jJ 



inc ludes  ou tpu ts  f o r  ray  t r a c i n g ,  propagat ion 
l o s s ,  and reverbera t ion .  Its propagat ion-loss  
c a l c u l a t i o n s  a r e  based on ray  theory modified 
a t  low f requenc ies  f o r  d i f f r a c t i o n  e f f e c t s .  
FAST RISSH is  a sborteoed vers ion  t h a t  runs 
f a s t e r .  FACT is a U.S. Navy standard f l a t -  
bottom, range-independent d e l .  

Propagat ion model development a t  t h e  Centre  
took s e v e r a l  pa ths .  The need t o  incorpora te  
t h e  range dependence o f  t h e  oceanographic 
environment was bandled by t h e  RIHlT model 
(SH-7, CP-9p), w r i t t e n  o r i g i n a l l y  i n  ALGOL f o r  
the El l io t t -503 .  Recognising t h e  v a r i a b i l i t y  
of t h e  medium and t h e  tendency o f  t h e  d e t e c t i o n  
process  to obscure d e t a i l s ,  t he  RAIBAC s t o -  
c h a s t i c  rap d e l  (36,371 (SR-11) v a s  
developed; this averages bo th  h o r i z o n t a l l y  and 
v e r t i c a l l y  and c a l c u l a t e s  reverbera t ion  as ' s re l l  
a s  propagation. For range-dependent shal lou-  
water  propagat ion,  t h e  p a r a b o l i c  equa t ion  (PE) 
method (SH-72) was isplemented on t h e  WIVAC 
1106 i n  1975. This  method is accura te  b u t  slow 
(CP- 19 j ) . 
F o r  propagat ion c a l c u l a t i o n s  a t  sea on t h e  
m-2116B m i n i c m p u t e m ,  t h e  Centre  has use of  
t h e  linear-oegment w d e l  (M-09, CP-5d) pre- 
v ious ly  described.  S ince  shadow-zone g-try 
is  inrportant f o r  bo th  sur face- reverbera t ion  and 
detect ion-coverane c a l c a l a t i o n s .  t h e  S W 2 0  
program (RI-189, whfch c a l c u i a t e s  s u r f a c e  
~badwr zone dimensions a s  a func t ion  of  source 
depth and wmd-speed  p r o f i l e ,  was a l s o  
implemented on the minicomputers. 

I n  September 1971 t h e  Centre  r a n  8 major coofe- 
rence on Geometrical Acoust ics  (Ray Tracing) ,  
which presen ted  informatioa on computer models 
and cclpparisons wi th  e x p e r h n t a l  data (CP-5). 

14.3 Experimental T e c h n j w s  - 

During t h e  per iod  1969-1975 the Centre c a r r i e d  
o u t  ex tens ive  at-sea measurements of propaga- 
t i o n  and reverbera t ion .  The p r o g r a m e  was 
p a r t i c u l a r l y  e f f e c t i v e  due t o  t h e  use of  two 
d i f f e r e n t  experimental techniques,  t he  r e s u l t s  
of which c o q l t a e n t e d  each o ther .  

Broadband measurements continued t o  be made 
us ing  explos ive  charges a s  sound sources ,  
analyzed by techniques descr ibed  i n  Sec t .  8.3. 
Improvewnts  of  t b e s e  included: c a l i b r a t i o n  o f  
the charges a s  sources (m-154); a l e t h o d  t o  
remove t h e  e f f e c t  of  the bubble p u l s e  even i n  
t h e  case  of no d i r e c t  a r r i v a l  (SH-3); and a 
s p e c i a l  l w - n o i s e  hydrophone preamplif i e r  f o r  
handling pu lse  s i g n a l s  (M-158). I n  o r d e r  t o  
u s e  r r r a y s  t o  g ive  s ignal- to-noise i rprovenent  
independent of frequency, a widcband constant-  
beamwidth a r r a y  was designed (?R-205). 

Around 1970, a second-generation d i g i t a l  ana- 
l y s i s  system, c a l l e d  SPADA, was developed. This  
uses  t h e  Hf 2116B minicomputers bo th  f o r  
c o n t r o l  and a n a l y s i s  func t ions  (H-79c,-80, 
CP-6j). A v a r i e t y  o f  s ignal-processing op t ions  
was made a v a i l a b l e  through t h e  development of  
a n  i n t e r a c t i v e  t ime-ser ies  a n a l y s i s  (ITSA) 
system (H-79b, CP-6m) t h a t  could be used wi th  

preprocessed inputs  from SPADA. These two 
systems have formed t h e  b e a r t  of t h e  Centre 's  
da ta  a c q u i s i t i o n  and a n a l y s i s  systems f o r  t h e  
p a s t  t e n  years ,  enmbling high-grade work t o  be 
done i n  a most e f f i c i e n t  manner. 

The broadband measurewents were supplemented 
w i t h  narrow-band 3.5 kHz pulse  s i g n a l  propaga- 
t i o n  and reverbera t ion  wasurements  made with 
t h e  I IGWSA 2000 research  sonar  used both a s  
t r a n s m i t t e r  and r e c e i v e r  (W-223). With t h e  
HUNSA lowered t o  t h e  d e s i r e d  depth,  rever-  
b e r a t i o n  could be measured d i r e c t l y  (CP-3e), 
u n l i k e  TL vhicb required a transponder t o  be 
loca ted  a t  t h e  t a r g e t ' s  position: m e n  used a s  
a n  environmental a c o u s t i c s  research t o o l ,  t h e  
HEL)USA a r r a y  was c a l i b r a t e d  us ing  techniques 
described i n  TH-156 and M-93. 

A s  i n  p r i o r  years ,  t h e  Transducer Sec t ion  
produced a number of  s p e c i a l  a r r a y s  of  receiv-  
i n g  t ransducers ,  a s  well a s  ca r ry ing  o u t  c a l i -  
b r a t i o n s  of t h e  var ious  hydropbones used f o r  
a c o u l t i c  measure.ments. E s p e c i a l l y  noteworthy 
were two deep v e r t i c a l  a r r a y s  employing small  
(2.5 a diameter) s p h e r i c a l  ceramic hydro- 
phones. These were t e s t e d  t o  p ressures  cor res -  
ponding t o  a depth of  bOOO m a d  w e d  success- 
f u l l y  i n  t h e  A t l a n t i c  t o  a dep th  of  0300 m. 

Qne of tJm vertical hydrophone arrays pro- 
duced for at-sea sasnmments of propuga- 
ti on and reverberation. [CP-21 j J 



Locating a sonar s l i g h t l y  a h v e  the 
c r i t i c a l  ( i . e .  r e l i a b l e  a c o u s t i c  path) 
depth mzy reduce surface  reverberat ion 
a t  the c o s t  o f  only  a th in  near- 
surface  shadow zone. [TR-1671 

14.4 Deep W a e r  Propagation Research 

During t h e  per iod  1969-1975 most of  t h e  
C e n t r t ' s  deep water research  was c a r r i e d  on i n  
t h t  Hediterraaean,  p r i m a r i l y  in t h e  Ligurian,  
Tyrrbenian,  Ionian,  and k v a n t i n e  Basins and i n  
t h e  deep u a t e r  a r e a  of  t h e  S t r a i t  of  S i c i l y .  

An ex tens ive  s e r i e s  of  propagat ion measurements 
was made in  t h e  k v a n t i n e  Basin i n  t h e  s u m e r  
of  1969 (PR-212, CP-1Od). Explosive sources 
were used a t  f i v t  depths b e t w e n  25 and 2240 m. 
The s i g n a l s  v e r e  received a t  ranges out t o  
40 bm on hydrophones a t  20, 60, 100, and 600 m. 
A ray- in tens i ty  c a l c u l a t i o n  was made f o r  each 
experiment, using t h e  Cent re ' s  R l l i o t t - S 0 3  
linear-segment ray-trace program. I n  genera l ,  
t h e  experimental and w d e l  r e s u l t s  were i n  good 
agreement. 

Heasureaents i n  t h e  k v a n t i n e  Basin were a l s o  
made i n  October 1972 using t h e  IIEDUSA 2000 a t  
f i v e  d e p t h  between 150 and 2000 m (M-89). 
Although propagat ion models gave good agreement 
with t h e  data, reverbera t ion  c a l c u l a t i o n s  were 
no t  always success fu l .  

I n  February 1970, t h e  Centre  conducted a j o i n t  
acousLic oceanographic experiment, known va- 
r i o u s l y  a s  ACOC-I and JOUST, i n  t h e  Ligurian 
Sea. Explosive sources were used a t  25 and 
180 m depths and t h e  s i g n a l s  were received with 
hydrophones a t  20 t o  500 m o u t  t o  30 h. 
Analyses w r e  m d e  f o r  a band centered a t  
4 bRz. Comparisons o f  TL curves with t h e  
ou tpu ts  of  seven models showed good agreement 
on ly  with t h e  r e s u l t s  f o r  t h e  deepest  r e c e i v e r  
(TR-215). I t  was concluded t h a t  the  models 
v c r e  t o o  s e n s i t i v e  t o  the i n p u t  da ta  and that 
t h e  r e a l  sea tended t o  b e  much l e e s  S O .  

Fur ther  experiments i n  t h e  Ligur ian  Sea us ing  
explos ive  sources uere  c a r r i e d  o u t  i n  f o u r  
seasons from Oct 1971 t o  July 1972. Oceano- 
g raphic  da ta  covering t h e s e  per iods  (TII-165, 
TR-8) were used f o r  t h e  comparison ray  t r a c i n g s  
and TL c a l c u l a t i o n s ,  vhich were made on t h e  
minicomputers. The r e s u l t s  for t e n  rece iver  
dep ths  between 10 and 780 m were genera l ly  i n  
good agreemcnt with t h e  model (M-75). 

Betweee Apr i l  1969 and November 1970 f o u r  s e t s  
of  propagat ion and reverbera t ion  measurements 
u c r e  made with IfEDUSA i n  t h e  Ligur ian  Sea. The 
a r r a y  was s e t  a t  f o u r  depths between 150 and 

l200 m,  with t h e  transponder on a submarine a t  
60 o r  90 m depth. The propagat ion d a t a  
(TE-222) were genera l ly  in good agreement with 
TL curves ca lcu la ted  with t h e  CMlGRArS d e l .  
Reverberat ion r e a s a r e n t s  made during these  
t r i a l s  were a l s o  i n  agrtement with model calcu-  
l a t i o n s ,  except  i n  t h e  v i c i n i t y  of c a u s t i c s  and 
f o c a l  zones (m-224). 

The RAP concept achieves f a l l  i n s o n i f i c a t i o n  of  
t h e  volume when t h e  source is a t  t h e  c r i t i c a l  
depth,  a t  which the sound speed equa ls  t h a t  a t  
the sur face .  However, due t o  i n s d n i f i c a t i o n  of  
t h e  s u r f a c e ,  sur face  reverbera t ion  i s  high. I t  
v a s  suggested (TR-167) t h a t  l o c a t i n g  t h e  source 
s l i g h t l y  above t h e  c r i t i c a l  depth would g r e a t l y  
reduce t h i s  reverbera t ion ,  t h e  on ly  c o s t  being 
c r e a t i o n  o f  a t h i n  near-surface shadow zone. 
The SHAD20 program (TH-183) modelled t h i s  
concept.  A d e t a i l e d  coeparison of  f i v s  models 
wi th  experilrmntal s h a d o r z o n e  d a t a  showed 
(SH-69) t b a t h o r i z o n t a l  v a r i a b i l i t y  and d i f f r a c -  
t i o n  both cause some p e n e t r a t i o n  o f  t h e  shadow 
zone. rev er be ratio^ measurements made v i t h  t h e  
source about  200 m above t h e  c r i t i c a l  depth 
conf i w e d  t h e  pred ic ted  reverbera t ion  laprove-  
r e n t  (TR-222,-224). This  and o t h e r  s u b j e c t s  
r e l a t e d  t o  t h e  HEDUSA experiments a r e  covered 
in two review papers  (CP-lOi,j) presented a t  
t h e  Conference on Deep Active Sonar held a t  t h e  
Centre  i n  Apr i l  1973. 

14.5 S t r a i t  of  S i c i l y  

The S t r a i t  of S i c i l y  is one of  t h e  r o r e  i apor -  
t a n t  s t r a t e g i c  a r e a s  i n  t h e  Hediterranean. 
Subsrarines t r a n s i t t i n g  t h e  k d i t e r r a a c a a  must 
pass through t h i s  choke po in t  and it is an 
obvious a r e a  f o r  cons idera t ion  o f  a n  A S  
b a r r i e r .  Water depths i n  t h e  narrowest  p a r t  of 
t h e  S t r a i t  a r e  l e s s  than 400 m and a r e  c l a s -  
s i f i e d  a s  shal low, bu t  a bas in  having depths i n  
excess  o f  1000 m extends between t h e  i e l a n d ~  of 
Lampedusa and Hal ta  t o  a n  a rea  d i r e c t l y  south 
o f  the e a s t e r n  end o f  S i c i l y .  Following c w -  
p l e t i o n  o f  t h e  G i b r a l t a r  s t u d i e s ,  tbe Centre 
focussed a t t e n t i o n  on t h i s  a r e a  and on t h e  
neighbouring waters  e a s t  of blta. I n  Hay 1970 
t h e  WG p a r t i c i p a t e d  here i n  HED HIUH: 70. 
Various d e t a i l s  v e r e  s tud ied  f o r  s w e r a l  years  
t h e r e a f t e r  with one t o  th ree  c r u i s e s  each year ,  
some oceanographic and sorep a c o u s t i c  bu t  most 
combining t h e  two d i s c i p l i n e s .  



A s  discussed fur ther  in Sect. 16.2, tbe S t r a i t  
of Sic i ly  i r  an area having coaplex oceano- 
graphic features. The warn, .ore saline,  water 
forrped i n  the  Itvantine Barin flows westward a t  
the greater depths, and l ess  sa l ine  water flows 
above thin eastward in to  the 1onian.Sea. The 
resu l t  is  tha t  in uinter  the round charnel u i r  
i r  a t  the rurface, while i n  slernaer tbere i r  a 
narrow round channel centred a t  about 100 r 
depth (M-168, CP-h). This important e f fec t  
i r  c lear ly  v i s ib le  i n  a c a ~ e t i c  ray tracing6 
(m-176, CP-Sa) made for  thc deep w t e r  area 
rurveyed in b y  1970 during BED HIUK: 70. 

14.6 Effectr  of Oceanic V a r i a b i l .  

Haay of the phenomena t h a t  occur i n  the pro- 
pagation of mund in tbe ocean ray be under- 
stood by t reat ing the ocean a r  a s table  rcdiua 
characterized by a s ingle ,  m o t h ,  sotind-rpeed 
prof i le .  However, the ocean i r  of course net  
actually atable,  and variations t h a t  m y  bmva 
s i ~ i f  icant effecta  on sound propagation occut 
both in Lhe horizontal and ver t i ca l  planes. 
Phenomena causing theoe variations include 
fronts,  in ternal  waver, layering (micro- 
r tmcture)  , and random inhosogcneities. Their 
acourtic e f fec t s  ray be limited merely t o  -11 
f l u c t w t i m r  ( sc in t i l l a t ions )  of the  receiwd 
rignal o r  may, i n  sose cares, cause large 
variations from what would be expected under 
textbook conditions. Although t h i n  is a 
subject of in te res t  t o  both oceanographcrr and 
acousticians, a review of the l i t e r a t u r e  rad t  
in 1972 (-184) found "a sad picture of lack 
of campnication" betveen the  two dirciplines.  
4Be Centre undertook t o  improve thin r i tunt ion 
with . a  number of investi&ations combioin8 
oceanography md acow ti CS (W-5a ,.g). In 
Smtember 1975. the  Centre hosted a conference 
ih which both large-rcalt  md mal l - rcale  
phenomena vere slrgariaed (CP-17: Pts 5 h 6). 

Frantr have been the largest  scale oceanic 
var iabi l i ty  conr ide rd .  During 1970 and 1971 a 
l u j o r  f ront  e a s t  of Halt. wss studied extenri- 
re ly .  Aconntic r c a r u r w n t r  a s  well a r  range- 
dtpendent ray computations rhowed s m i f i c a e t  
effecta  of the f ront  on l o u d  propagatton 
(W-53). 

Asotber phcnowenon crusla$ round-speed varia- 
t iona i n  both the borirontal  and ver t ical  

planes is internal waves. The Centre's studies 
of sound propagation i n  the S t r a i t  of Gibraltar 
i n  the presence of internal waves led t o  a 
comprehensive report writ ten in 1970 (TR-184). 
Broadband resul ts  obtained under s table  thermal 
conditions were coepared with those mrarured 
during the passage of an in ternal  wave, the 
l a t t e r  k i n g  found t o  contain large amplitude 
fluctuations of the received r ignalr ,  wen a t  
t h e  l w e r  frequencies . 
Layering, or  microstructure, a lso  has an ef fec t  
on round propagation. Ray-trace coeputer 
models arsurse moo&, continuous, ve r t i ca l  
-and-speed prof i l e r  . However, detailed b t h y -  
tbemgraph  measurementr have shovn t h a t  in  
actual i ty  the ocean i r  composed of layers of 
constant temperature connected by high-gradient 
transit ions.  This step s t ructure  has been 
found repeatedly in the upper thercocline and 
a180 i n  the deep a h e t  i r o t b e m l  region.. 
From ray-trace ccaputations, the Centre found 
t h a t  large rpa t i a l  f luctostionr were t o  be 
expected f raa such "ucror t ructuren (38) 
(TR-206, CP-15%) . Hicrortructure also causes 
sound to propagate in to  whet muld  otherwise be 
a s h a h  zone (M-22). 

Fluctuation phenomena are  often treated r t a t i -  
s t i c a l l y  bp considering tbc r icrost tuctore  t o  
be a randcm inhomgeneity. Centre r c i t n t i r t s  
made a lu*sber of rurveys of thin approach and 
reported these i n  several theoretical  t reat iner  
(m-221, SR-8, SM-28). 

Work a t  the Centre e l a t i n g  acoustic resul ts  t o  
oceanogrqhic va r iab i l i ty  ceased for about 
threa years a f t e r  1972, and was resumed in 
1975-76 v i t b  an experiment (AIH) in  the Gulf of 
Lions a s  part of tbe COBWLIED in te toa t ioml  
oceanographic programme. ¶ ' h i m  found that  
complex r i l l t ip le  a r r iva l s  a re  produced by the 
microstructure (SH-126, CP-19f). 

14.7 Surface Scat ter  and Reverberation 
- - 

The roughneoo of ths  e ta  rurface has tw impor- 
t an t  effecto on underwater round. F i r s t ,  the 
ref lect ion coefficient for  thore paths ia- 
ro1vi.a~ rurface ref lect ion is leas  thaa ideal 
.od i t r  value f lactur tcr .  Second, and perhaps 
mere important, rase of the  round energy incl- 
dent on the rough re r  rurface t r  sca t t t r ed  back 
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t o  t h e  t r a n s m i t t e r ,  g iv ing  r i s e  t o  a doainant  
component of  reverbera t ion .  This  reverbera t ion  
e f f e c t  was of p a r t i c u l a r  i n t e r e s t  i n  t h e  Centre 
because of  its importance t o  a c t i v e  sonar .  The 
e f f e c t  of  forward s c a t t e r  on s i g n a l  coherence 
was a l s o  of i n t e r e s t .  

In  b r c h  1971 t h e  Cent re  conducted a conference 
on s u r f a c e  s c a t t e r  and reverbera t ion  a t  which 
n ine  o f  t h e  n ine teen  papers  were t h e  work of 
Centre s c i e n t i s t s  (cP-3). An in t roduc tory  
review of t b e  l i t e r a t u r e  was followed by papers  
on t h e o r e t i c a l  c o n s i d e r a t i o n s  and e x p e r i a e n t a l  
measurements. 

I n  work re levan t  t o  t h e  r e f l e c t i o n  o r  forvard-  
s c a t t e r  a s p e c t  of  s u r f a c e  roughness e f f e c t s ,  
t h e  rough s e a  s u r f a c e  was t r e a t e d  i n  terms of a 
f i l t e r  (2) (TR-181, SE-7,.CP-3h,-128). Other 
s t u d i e s  t r e a t e d  a d d i t i o n a l  t h e o r e t i c a l  a s p e c t s  
of  this problem ('M-152,-164). p a r t i c u l a r l y  t h e  
d i s t o r t i o n  experienced by a sound p u l s e  when 
r e f l e c t e d  f r o l  a rough s u r f a c e .  An experi-  
mental s tudy  of  forward s c a t t e r i n g  us ing  
explos ive  sound sources  uas  c a r r i e d  o u t  between 
A p r i l  1970 and Hay 1972, covering wave he igh ts  
of 0.07 t o  0.54 m. R e s u l t s  were analyzed up t o  
24 Lflz and showed a s l i g h t  i n c r e a s e  of 
r e f l e c t i o n  l o s s  a t  t h e  higher  f requenc ies  
(B-5 1, CP-3i, j) . 
Backsca t te r ing  due t o  s e a  s u r f a c e  roughness is 
c h a r a c t e r i s e d  by ra ampli tude rrpectrum a s  a 
func t ion  o f  frequency r e l a t i v e  t o  t h a t  of  t h e  
s i g n a l .  This frequency spreading,  assoc ia ted  
w i t h  t h e  wave motion, is i a p o r t a n t  because it 
l i m i t s  t h e  e f f e c t i v e n e s s  of  doppler  reverbera-  
t i o n  d i sc r imina t ion  schemes f o r  slow t a r g e t s .  
Phe Centre  r u c c e s s f u l l y  c a r r i e d  o u t  both theo-  
r e t i c a l  (W-170, SR-5, m-86, CP-17b) and 
experimental  (W-174, M-89) s t u d i e s  of  sur face  
backsca t te r ing .  Also,  t h e  RAIBAC computer 
d e l  (SR-11) included t h e  c a p a b i l i t y  of  calcu-  
l a t i n g  reverbera t ion  a s  tell a s  propagat ion 
l o s s .  

I n  many ocean a r e a s ,  reverbera t ion  from s c a t -  
t e r e r s  v i t h i n  t h e  volume of t h e  ocean is  doai- 
na ted  by t b a t  from b i o l o g i c a l  organisms having 
minute a i r - f i l l e d  swimbladders. These 
organisms tend to be concentrated a t  c e r t a i n  
depths and t o  s i g r a t e  up and dokm i n  response 
t o  the amount of  l i g h t .  These concent ra t ions  
Of r e f l e c t o r s ,  known a s  t h e  deep s c a t t e r i n g  
l a y e r s  IDSL), a r e  o f t e n  observed by echo 
sounders. They occur  f r e q u e n t l y  i n  a r e a s  of 
t h e  Hediterranean used by t h e  Centre  f o r  i ts  
sonar  s t u d i e s ,  and v o l w e  r e v e r b e r a t i o n  f r m  
t h e s e  sources  was observed f r e q u e n t l y  i n  t h e  
HEWSA experiments (SH-89, CP-lOj ,-121). 

A d e t a i l e d  s tudy o f  t h i s  phenomenon comprised 
exhaus t ive  b i b l i o g r a p h i c a l  s t u d y  and a biolo-  
g i c a l  i n v e s t i g a t i o n  by t h e  Oceanography Group, 
descr ibed  i n  S e c t .  16.10, complemnted by an 
a c o u s t i c  experimental  programme using broadband 
explos ive  sources .  

Host p rev ious  i n v e s t i g a t o r s  had measured volume 
reverbera t ion  a t  t h e  s i n g l e  frequency of  t h e i r  
p a r t i c u l a r  a c t i v e  sonar .  By mrployin8 i ts  
broadband tecbniques,  Centre  s c i e n t i s t s  re- 
a l i z e d  t h a t  they  would be a b l e  t o  determine t h e  
peak frequency of t h i s  resonant  bubble pheno- 
menon a s  a func t ion  o f  depth and thereby  ga in  a 
new understanding of  t h e  phenomenon (CP-4a,k). 
The Centre  developed a novel experimental  
technique involving t h e  use  of  exp los ive  
charges aud a rece iv ing  hydrophone a r r a y  loca- 
t e d  below t h e  s c a t t e r i n g  l a y e r  (2) (TR-225, 
CP-(a). t leasureiwnts were made i n  a number of 
d i f f e r e n t  a r e a s  i n  t h e  Mediterranean over  a 
p e r i o d  of  s e v e r a l  years .  The experiments 
showed t b a t  genera l ly  t h e  peak of  t h e  s c a t t e r -  
ing  func t ion  occurs  a t  about 5 ki3z a t  depths o f  
300 t o  1000 m and t h a t  a second, h igher ,  f r e -  
quency peak o f t e n  occurs  f o r  depths under 100 m 
(SR-17, M-60, CP-9f,-lob). 

V o l e  reverberation from tbe deep scattering 
l a w  .seasurd by mean6 of an &-fire array 
and er~losive sound sources belw the 1 8 ~ .  
fhe Atteriag strength (in dB/-) is plotted 
as a functian of frequency ud 1 p t h  ICP-19bl 



14.9 Bottom Reflection Studies 

Investigation of the sea f loor  i a  roother topic 
tha t  benefited from jo in t  a c t i v i t y  by scien- 
t i r t a  i n  both the  Oceanography and Sound Propa- 
gation Groups. During t h i s  period the Centre 
continued t o  perfect techniques developed pr ior  
to 1970 and to exploi t  t h m e  techniques i n  
making new and highly sophisticated mearure- 
mentr. 

PBc oceanographic studies of the bottoa in-  
cluded batbymetry, corer, and coughnear charac- 
t e r i s t i c s  (CP-1442) in two areas.  In  tbe 
sballov waters south of Elba the bathylletry and 
bottom s t ructure  were measured i n  great  de ta i l  
( 1  2 .ad similar measurements were 
performed i n  the S t r a i t  of S i c i l y  (CP7m,-8c). 
Bottuta roughness characterization studier . a n  
reported i n  (CP-12j). 

of the porosity of the sedirents with ouch 
fundamental acoustic parameters a s  r e la t ive  
density and sound speed and a lso  with the 
ref lect ion coefficient (m-177, B-2f ) .  

The Ccntre'r acoustic ae4sureen t s  of b o t t m  
re f l ec t iv i ty  used explorives, as previously 
described. During thin period the tecbniquie 
was perfected (Tit-174, CP-Za) and it uas con- 
f i d  that the re ru l t s  obtained by using 
broadband pulses a re  compatible with those 
derived froo narrowband active sonars 
(TR-216, CP-9e). 

In  September 1975 the Centre included a section 
on the  subject of the  sea bottca within a 
conference on oceanic acoustic modelling 
(CP-17); t h i s  served to bring up t o  date the 
material presented a t  the 1970 conference 
( C P h ) .  

Host important vos the succeasful correlation 
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14.10 Shallow-Water Propagat ion 

In  1968, a shallow-water propagat ion p r o j e c t  
was i n i t i a t e d  wi th in  t h e  Sound Propagation 
Group. By 1972, t h e  a c t i v i t y  bad become l a r g e  
enough f o r  t h e  f o r a a t i o n  of a s e p a r a t e  group 
under Hr 0. l las trup from Denmark. Yi tb  t h e  
gradua l  s h i f t  of  q h a s i s  of  t h e  Cent re ' s  
programme t o  s h a l l o v  u a t e r ,  t h i s  has  become t h e  
dominant these of t h e  Cent re ' s  environmental 
a c o u s t i c s  research prograame. I n i t i a l l y ,  only 
bottom r e f l e c t i v i t y  and t ransmission l o s s  
aeasurements w e n  made; l o r e  recen t ly ,  ambient 
no ise  d a t a  bave a l s o  been c o l l e c t e d .  The over- 
a11 prograwne has been cbarac te r ized  by a 
jud ic ious  mix o f  t h e o r e t i c a l  and experimental 
s t a d i e s  t i e d  t o g e t h e r  through computer w d e l l -  
irrg. 

Theore t ica l  work has been p r i m a r i l y  concerned 
v i t h  gaining a n  understanding of t h e  dominant 
c h a r a c t e r i s t i c s  o f  sbal lov-water  propagat ion 
and of  t h e  proper  r o l e s  o f  t h e  ray  and W& 
approaches (?R-187, M-66, CP-14a,h). 

Oa the t x p e r i s p n t a l  s i d e ,  ex tens ive  rcasure-  
ments were made i n  the t e s t  a rea  rou th  of  Elba 
and t h e  r e s u l t s  f i t t e d  t o  exponential  decay 
laws (g) (H-39,-66, CP-124). Heasumcents 
were a l s o  made in shal low v a t e r  i n  t h e  S t r a i t  
of S i c i l y  (SH-100). 

Recause t h e  Elba a r e a  h a s  water  of  near- 
constant  depth, it was considered t o  be p a r t i -  
c u l a r l y  r u i t a b l e  f o r  a semi-permanent t e s t  
site. The Centre  obtained permission to use 
t h e  l igh thouse  on t h e  i s l a n d  of  F o a i c a  Grande 
o f f  Grosseto as a rudimentary labora tory ,  and 
opera t ions  using this f a c i l i t y  began i n  1976. 

I n  1972 p lanning  began f o r  a proposed HILOC 
oceanographic/acoustic e x p e l i s e a t  i n  the 
Barentr  Sea (BWGH START). I be  Centre ' r  p a r t i -  
c i p a t i o n  iucluded prov id ing  t h e  Chief 
S c i e n t i s t ,  oceanographers, and experimental 
acous t ic ians ,  and a l s o  its v e s s e l ,  t h e  HPG, f o r  
t h e  second-phase experiment c a r r i e d  ou t  i n  1975 
(QUIET SEA). In  t h e  .-er o f  1974, p r i o r  t o  
t h e  f u l l - s c a l e  HILOC, t h e  Centre  made its own 
t ransmission l o s s  and oceanographic measure- 
llents (SR-13, SH-67, CP-15f). The s p e c i f i c  
a r e a  inves t iga ted  included a t r a n s i t i o n  from 
shal low t o  deep u a t e r ,  which was known t o  have 
a s t r o n g  thermal f r o n t  ( a - 6 7 ,  CP-19.). Trans- 
mission 10s. measureaeats made by the Centre  
dur ing  t h e  1975 f u l l - s c a l e  MILOC a r e  reported 
in SH-!36. They showed d i s t i n c t  d i f f e r e n c e s  a s  
a func t ion  of  geographical  p o s i t i o n  and it was 
l a t e r  deduced t h a t  t h e  d i f f e r e n c e s  f o r  t b e  low 
f r e w n c i e s  (below 200 Hz) could be c o r r e l a t e d  
w i t h  bottom bardness. For  hard bottolas t h e r e  
is good coupling t o  s h e a r  waves, r e s u l t i n g  i n  
bigher  l o s s e s ;  f o r  s o f t  b o t t o e s  t h e  coupling t o  
sbear  motions is u c h  poorer .  

A l i m i t a t i o n  t o  sonar  p e r f o r w n c e  i n  shal low 
wate rs  is  t h e  h o r i z o n t a l  s p a t i a l  coherence of  
t h e  propagation. Tbis  a s p e c t  v a s  a l s o  s t u d i e d  
both t h e o r e t i c a l l y  and f f p e r i a e n t a l l y  
(SU-68,-73, CP-1h). 

I n  Septeniber 1974 t h e  Centre  organized a major 

i n t e r n a t i o n a l  conference on shallow-water 
propagat ion at tended by t h i r t y  e i g h t  o u t s i d e  
s c i e n t i s t s  from t e n  HATO c o u n t r i e s  (CP-13,-14). 
I t  was recommnded t h a t  t h e  Centre  main ta in  a n  
index of shallow-water experiments conducted i n  
t h e  HATO carsmunity, thus  a c t i n g  a s  a l ead  
labora tory  f o r  HAM i n  t h e  shal lov-water  a s p e c t  
of  ASW and environmental acous t ics .  

The Barents Sea area of S h l l w - h Q t e r  
s t u d i e s .  [CP-1 9aI 

Differences in a c o u s t i c  behaviour i n  ts*, 
shallw-vater areas:  long-range propaga- 
tion i s  assoc ia ted  w i t h  much laser fre- 
quencies i n  the  S t r a i t  of S i c i l y  than i n  
t h e  B a l t i c .  [SR-331 



The NEDUSA ZOO0 deep panoramic research sonar. 
One of the -any erperiments vas with  the sub- 
marine MORCSINI In), during which incoherent 
propagation losses (points on the graph) were 
measured for camparisan with a model's pre- 
d ic t ion ( s o l i d  l ine)  
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C H A P T E R  1 5  A C T I V E - S O N A R  R E S E A R C H  (1969-75) 

During t h i s  t h i r d  per iod ,  t h e  space/frequency 
t a r g e t  c l a s s i f i c a t i o n  p r o j e c t  was completed 
with a demonstration of t h e  technique using a 
s i n g l e  r e c e i v e r  and a l s o  u i t h  t e s t s  i n  shallow 
water .  Target  c l a s s i f i c a t i o n  s t u d i e s  u e r e  then 
broadened t o  inc lude  o t h e r  a s p e c t s  of  d e t e c t -  
ion ,  c l a s s i f i c a t i o n ,  and t rack ing .  W e  deep 
panoramic research  sonar  (HEDIISA 2000) was t h e  
focus f o r  a major i o v e s t i g a t i o n  of  deep a c t i v e  
sonar ,  vh ich  included t h e  propagat ion and 
reverbera t ion  s t u d i e s  a l ready  described i n  
Ch. 14, a s  wel l  a s  d e t e c t i o n  and c l a s s i f i c a t i o n  
t r i a l s  with submarine t a r g e t s .  Work on t a r g e t  
echo p r o p e r t i e s  us ing  broadband techniques and 
clilploying explos ive  sources a l s o  continued 
dur ing  this per iod .  

At t h e  beginning of  t h e  per iod ,  i n  October 
1969, t h e  Centre held a conference on a c t i v e  
sonar  c l a s s i f i c a t i o n  (B-55, CP-l), a t  which it 
was concluded t h a t  increased bandwidths uould 
help s u b s t a n t i a l l y  i n  c l a s s i f i c a t i o n  e f f e c t i -  
veness a t  sorae coot  i n  d e t e c t i o n  range. 
Problems inheren t  i n  shallow-water oper  t i o n s  
were a l s o  descr ibed ,  and Centre  s c i e n t i s t s  
began t o  g ive  s e r i o u s  thought t o  t h e  design of 
a c t i v e  sonar  f o r  shallow-water opera t ions  
( W - 6 0 ,  CP-14s). 

Ln Apr i l  1973 a second conference was he ld ,  
t h i s  t i e  on deep a c t i v e  sonar ,  a t  vhich 
R. Lava1 presented ra e v a l u a t i o n .  of  t h e  
concepts involved (CP-If&). Be emphasized t h e  
r o l e  o f  d i g i t a l  s i g n a l  p rocessors  and s t a t e d  
t h e  Cent re ' s  convic t ion  t h a t  deep opera t ion  is 
e s s e n t i a l  t o  success fu l  long-range a c t i v e  
submarine de tec t ion .  ?¶emberm o f  this confe- 
rence agreed t h a t  suppor t  should be  given t o  
e s t a b l i s h i n g  s y s t e a  parameters f o r  an opera- 
t i o n a l  system and t h i s  conclusion was presen ted  
t o  t h e  NATO Naval Arrament Group's I n f o m a t i o n  
Exchange Group 2 a t  t b e  l a t t e r ' s  meeting in 
Septeniber. The IEG requested the HAT0 Defence 
Group Panel  on t h e  Defence Applicat ions of  
O p e r a t i m a l  Research t o  undertake s t u d i e s  t o  
examine t h e  a p p l i c a t i o n  of  RAP i n  msritipe 
opera t ions .  

15.2 SpacefFrequency C l a s s i f i c a t i o n  
- 

By 1969 t h e  space-frequency c l a s s i f i c a t i o n  
concept had been thoroughly d e m w s t r a t e d  , a s  
described i n  Sec t .  9.3. Between S e ~ t e m b e r  1969 
and November 1970 t h r e e  s e a  t r i a f s  were con- 
ducted f r a a  which were ob ta ined  d e t a i l e d  in for -  
r a t i o n  on  c h a r a c t e r i s t i c s  of the system when 
t h e  t a r g e t  is  near  beam a s p e c t  (TR-195). and 
s t a t i s t i c s  on t h e  accuracy of  a s p e c t  aeasure-  
ment (TR-198). In  a d d i t i o n ,  a real- t ime 
c o r r e l a t o r  system developed a t  the Centre was 
s u c c e s s f u l l y  used (TR-200). 

Although t h e  o r i g i n a l  space/frequeacy concept 
used a two-hydrophone rece iv ing  rrystan and a 
s i q l e  ping,  it was recognized t h a t  t h e  same 
information d a h t  be obtained w i t h  a s i n g l e  
r e c e i v e r  and a n a l y s i s  of  t u o  success ive  pings.  

Ihe necessary p a r a l l a x  would be generated by 
t h e  r e l a t i v e  motion between sh ip  and t a r g e t  
occur r ing  between t h e  pings.  This  s ing le -  
t ransducer  technique could be used wi th  sonar  
systems a l r e a d y  e x i s t i n g  aboard o p e r a t i o n a l  
sh ips .  T h i s  theory vas t e s t e d  using t a p e s  
p rev ious ly  recorded during t h e  AMDREA WRIA 
t r i a l  (see Sec t .  9.1) i n  which p ings  had been 
recorded from an AN/*-23B sonar  (TB-57). The 
r e s u l t s  confirmed t h e  v a l i d i t y  of  t h i s  impor- 
t a n t  concept (TR-194). 

F i n a l l y ,  i n  Uarch/April 1971, sea  t r i a l s  were 
performed i n  shal low water  i n  t h e  Horth Sea and 
t h e  English Channel. I t  was found, a s  ex- 
pected,  t h a t  t h e  performance of  t h e  space/ 
frequency technique is degraded i n  shal low 
u a t e r  (W-30). s ince  t h e  m u l t i p l e  pa ths  confuse 
the system. 

With t h e  w r i t i n g  of  t h e  f i v e  f i n a l  r e p o r t s  
c i t e d  above, work on t h i s  s p e c i a l i z e d  a s p e c t  of 
t a r g e t  c l a s s i f i c a t i o n  ceased. 

15.3 Submarine Detect ion and C l a s s i f i c a t i o n  
P r o j e c t  

Following conclusion of t h e  space/frequency 
c l a s s i f i c a t i o n  p r o j e c t ,  t h e  act ive-sonar  de- 
t e c t i o n  and c l a s s i f i c a t i o n  p r o j e c t  turned t o  
v t b o d s  of e x t r a c t i n g  c l r r s i f i c a t i o n  and 
t r a c k i n g  info-tion wi th  f e v e r  pings.  Tbe 
a p h a s i m  was on t h e  design of more e f f e c t i v e  
t ransmi t ted  s i g n a l s  (CP-12h). Tbe adventages 
of  m l t i - p i n g  a s s o c i a t i o n  were recognized 
(CP-Ills), and t h e  work concentrated on t b e  use 
of  double-pulse rethods. A t r i a l  vas  conducted 
i n  Apr i l  1972 with the submarine CUTLASS (US).  
This  included f a l s e  t a r g e t  a s  wel l  U submarine 
echo r e s u l t s  and showed t h a t  double-pulse 
method# y i e l d  important c l a s s i f i c a t i o n  c l u e s  
not a v a i l a b l e  from s i n g l e  pings (SR-14, 
CP-lOs), thereby reducing the n d e r  of  p ings  
required.  

The C e n t r e ' s  phi losophic approach t o  a c t i v e -  
sonar  c l a s s i f i c a t i o n  had been e s t a b l i s h e d  from 
exper ience  w i t h  t h e  ffEDUSA 300 research  sonar .  
C l a s s i f i c a t i o n  t r i a l s  c a r r i e d  o u t  in 1968 and 

Pbe sonar equation, s M n g  bow the t a r g e t  
, can deliberate1 y deteriorate sonar perform- 
ance by chenging depth, aspect, or speed. 
ICP-12I- ' 



calculating a s u ~ r i n e ' s  dep th  fr- a mult i -  
path echo fieldr the angle a between the 
d i r e c t  and s u r f a c e - r e f l e c t e d  r a y s  i s  sbmm 
to be related to the suhaarine's range and 
depth.[--741 

1969 had c l e a r l y  shown t h e  advantage of multi- 
ping processing. t h a t  is, of simultsneously 
presenting t h e  ping-to-ping h i s t o r i e s  of both 
the  fine-time resolution echo s t ruc tu re  and t he  
envelopes of t h e  RI echoes (M-31 ,-32). 

I n  an attempt t o  expedite classif i .cat ion re- 
search,  t h e  Centre developed a c q u t e r  s i m ~ l a -  
t i o n  of ac t ive  sooar pulses i n  which synthe t ic  
s ignals  were generated by coubining: 

The t r a n s f e r  function of the  medium 
obtained during one-way propagation 
experiments. 

w r k  a t  these depths, a 300 m system, ca l led  
HEDIISA 300, was acquired and used f o r  rever- 
bera t ion  and propagation wasurements a s  well 
a s  f o r  de tec t ion  experiments. For t he  l a t t e r ,  
a d i g i t a l  multi-beam processor (TR-182) was 
b u i l t ,  producing the  r e s u l t s  described i n  SH-31 
and 32. 

The 2000 m equipwnt  ordered i n  1968 .was as- 
senbled i n  t he  U.S. and delivered t o  t he  Centre 
i n  1970. fhe new system was t e s t ed  and c a l i -  
brated i n  t he  s u m e r  of 1970 and used success- 
f u l l y  i n  two t r i a l s  l a t e r  t h a t  year.  The 
tEDUSA 2000 is described i n  'RI-223. I n  addi- 
t i o n  t o  t he  MEDUSA 2000, t he  complete experi- The submarine's impulse response obtained mental sgstrra included analogw receiving during urperiments t o  i nves t iga t e  t h e  f i n e  channels f o r  l i n e a r  r 8 S U r e i ~ n t s ,  a d i g i t a l  echo s t ruc tu re  of s u h a r i a e s .  panoramic receiver f o r  sonar s tud i e s ,  &t. 

The noise an4(or reverberat ion recorded acquis i t ion  e q u i w n t s ,  and a transponder 
during acous t ic  t r i a l s .  sy s t ea  t o  be h s t r l l e d  on S U P P O C ~  s h i ~ s  o r  
The cha rac t e r i s t i c s  of t h e  sonar s y s t w  t o  
be inves t iga ted  (cent ra l  frequency, band- 
width, waveform of t he  transmitted s igna l ,  
s ignal-processiag d i r e c t i v i t y ,  e t c . ) .  

This research led t o  a concept f o r  ex t rac t ing  
depth i n f o m t i o n  from r u l t i p a t h  echo f i e l d s .  
While u r l t i p l e  paths general ly degrade sonar 
perforssnce,  t h e  t i r e  delay between the s igna l s  
received is a r a s u r e  of t h e  u t r a  path length 
and.  tbis can be t r ans l a t ed  i n t o  t a rge t  depth 
(W-74, CP-12k). (This idea hak been published 
by o thers ,  u s i ~ g  tbe  t e r n  CBPSTRLM t o  describe 
tile resolution analys is ) .  

h e  other  aspect  considered during t h i s  period 
was t h a t  of s igna l  design f o r  energy de tec t ion  
of a t a r g e t  vbea f luc tua t ions  a r e  being exper- 
ienced (m-18k). 

15.4 Deep Ac t iveSona rPro j ec t  

As described i n  Sect .  9.4, in t h e  second ha l f  
of the 1960s t h e  Centre i n i t i a t e d  a major 
e f f o r t  aimed a t  demonstrating the  v a l i d i t y  and 
usefulness of deep ac t ive  sonars operat ing 
e i t h e r  a t  o r  near the  c r i t i c a l  depth. For t he  
Iiediterranean i n  sumer ,  t h i s  depth i s  of t h e  

- - 
submarines (W-lob). The extensive t rans-  
mission lo s s  and reverberat ion measurements 
rade  with lIEWSA have been described i n  Ch. 11. 

order of 1500 t o  2000 m. A s  a prelude t o  i ts  Test ing the MBWSA 2000 



Detection and c l a s s i f i ca t ion  t r i a l s  were per- 
formed in  winter conditions in March 1972 with 
the  submarine MOSINI (If) (Ex US BALAO c la s s )  
a s  t a rge t .  The experiments used RI pulses of 
440 Bs bandwidth and 1.16 s duration centred a t  
3.5 Wz, and HEDlSA depths of 150, 500, and 
1000 m. The longest r e l i a b l e  detection ranges 
were realized for  the g rea t e s t  depth, with 
achievement of r e l i ab le  de tec t ions  out  t o  45 km 
(SH-34, CP-lOr). Tests  under summer conditions 
vere car r ied  out i n  Ju ly  1973 with the  sub- 
marine EVMH;BLI§TA rORRICELLI (IT) a8 t a r l e t .  
Phe a d v a u t a ~ e  of operating a l igh t ly  above the 
RAP depth t o  reduce surface reverberation, as  
suggested in TR-167, n s  confirmed (SH-90). 

Except fo r  s w  reverberation measurements, 
experimental work on RAP sonar was campleted i n  
1973. Attention was then devoted t o  opere- 
t ional  aspects. Predict ions were made of 
msisum ranges under various conditions 
(SH-84), red thought given t o  possible b i s t a t i c  
applications (m-219, GP-lOf). Ety 1975, the  
advantages of IUP operation had been demon- 
s t r a t ed  and the next s t e p  required was t h a t  of 
engineering design (CP-16s). 

15.5 Submarine Echo Propert ies 

ExperiPental eeasurcments of submarine echo 
t a rge t  s t rength  as  a function of frequency, 
using explosive charges as  sound sources, 
continued during the period under discussion,  
1969-1975. T r i a l s  with the submarines TRIAIAN 
(GB) and WIDE (FR) i n  1969 demonstrated tha t  
ta rget  s t rength  for  off-beam aspects increases 
with frequency up t o  about 5 Wz, while t h a t  
fo r  beam aspect is constant above 2 NZ 
(m-193). 

nodern sonar signal  processors respond not only 
t o  the energy i n  a returned ping but a l so  t o  
i t s  de ta i led  s t ruc ture .  The Centre 's  inves t i -  
gations therefore included corre la t ion  s tudies  
of broadband echoes using two closely-spaced 
hydrophones (TR-209) and v e r t i c a l  coherence 
measurements using a v e r t i c a l  hydrophone s t r i n g  
(M-36). Several repor ts  sumarized research 
t h a t  re la ted  the s t a t i s t i c a l  proper t ies  of 
subanarine echoes t o  t h e i r  de t ec t ab i l i t y  by 
ac t ive  sonar signal  processors (SH-54,-63, 
CP-121-184. 

Considerations of RAP applications led  
to l a t e r  work on b i s h t f c  sonar. This 
example sbows range/bearing d isplays  
of explosive pulses reflected from a 
buhmrine a d  recorded on a suspended 
array. 



I n  1975 t h e  Centre  organized a conference 
&voted exc lus ive ly  t o  papers  on submarine echo 
p r o p e r t i e s  (CP-18). The Centre  presented t h e  
r e s u l t s  of both i t s  broadband s t u d i e s  (CP-181) 
and of 3.5 kHz measurements obtained over t h e  
y e a r s  using tlEDiJSA (CP-]BC), t h e  l a t t e r  showing 
s c o r r e l a t i o n  of  t a r g e t  s t r e n g t h  v i t h  submarine 
uize .  I t  was suggested t h a t  this c o r r e l a t i o n  
should be u s e f u l  f o r  es t imat ing  t a r g e t  
s t r e n g t b s  of Sovie t  submarines. Conclusions 
from the meeting. sumaarized i n  t h e  1975 Annual 
Progress Report,  p. 16 included recogni t ion  of 
t h e  aeed f o r  more information on b i s t a t i c  
t a r g e t  s t r e n g t h s ;  t h e  Cent re ' s  wst recen t  vork 
i n  this a r e a  has concent ra ted  on t h i s  t o p i c .  

Measurements of t a r g e t  strength. Resd t s ,  
belw, r e l a t e  t a r g e t  strength to the 
tonnage of the s u b a r i n e .  [m-l&] 
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C H A P T - E R  16 O C E A N O G R A P H I C  R E S E A R C H  ( 1 9 6 9 - 7 5 )  

During most of the period covered i n  the  pre- 
s en t  sec t ion ,  t h e  a c t i v i t y  of the  Centre's 
Applied Oceanography Group was primarily re-  
l a t ed  to environmental acous t ics  research 
and/or was i n  d i r e c t  support of BILUC surveys: 
oceanic da ta  were collected f o r  t he  j o i n t  
~ r p e r i a e n t  with the  Sound Propagation Group 
(JOUST); measure~ents  of f ron t s ,  i n t e rna l  waves 
and s t ep  s t ruc tu re  and s tudies  of the sea f l o o r  
were a11 r e l a t ed  t o  t h e i r  acous t ic  e f f e c t s ;  a 
b io logica l  study of t he  organisms i n  the  deep 
sca t t e r ing  layer (DSL) was coordinated with 
acoust ic  measurements; the S t r a i t  of S i c i l y ,  
the Barents Sea and the  North Sea were studied 
fo r  HILOC; and an area  south of Elba was 
surveyed f o r  t he  Shallow Water Group. 

The Centre 's  s tud ie s  of t he  &ep s t ep  s t ruc tu re  
i n  the Tprrhenian Sea and of i n t e rna l  waves and 
thermal microstructure were important contribu- 
t i ons  t o  fundamental oceanographic knowledge. 
The development of a towed o s c i l l a t i n g  body 
(W) enabled rapid p ro f i l i og  of t he  oceanic 
parameters and thereby provided a to01 t h a t  was 
l a t e r  t o  lead t o  the  development of a technique 
f o r  separatism in te rna l  wave v a r i a b i l i t y  from 
thermal u c r o s t r u c t u r e .  

Daderwater acoust ic  phcnoetena a r e  c lose ly  
r e l a t ed  t o  oceanographic proper t ies  and can be 
f u l l y  understood only i n  ternre of a thorough 
understanding of t h e  oceans. The s ign i f i can t  
advonees a t  the  Centre in environmental 
acoustics,  a s  described i n  Ch. 14, were 
possible because the acoustic phenomena ob- 
served by the  Sound Propagation Group were 
corre la ted  with de ta i led  measurements of ocea- 
nographic parameters obtained by the  Oceano- 
graphy Group. 

As a r e s u l t  of t h e  Oceanography Group's re la-  
t ionship  t o  t h e  acoustics programme during t h i s  
period,  l e s s  emphasis was given t o  the  i n t e r -  
faces  and more t o  proper t ies  of the  va t e r  
column, t h a t  is, a i r / s ea  in terac t ion  phenoaena 
and sea f loo r  proper t ies  were de-emphasized i n  
favour of temperature, s a l i n i t y ,  and sound 
speed measurements made as  functions of tin 
and horizontal  pos i t ion  a s  well a s  of depth. 

1 6 2  S t r a i t  of S i c i l y  

'bo MIIDC-spoosored surveys were conducted i n  
the  S t r a i t  of S i c i l y  i n  the ea r ly  1970s. The 
f i r s t  of these,  HEDHILUC 70, i n  Hay 1970, 
included acoust ic  a s  w e l l  a s  oceanographic 
measuremeats i n  the  dcep water area southeast  
of the fsland of Pante l le r ia .  The acoust ic  
s tudies  a r e  described i n  Sect. 14.5, and the  
Centre's TIE p ro f i l i ng  r e su l t s  a r e  given i n  
TU-168 and CP-7d. I n  the narrooest passage, 
betveen Cap Bon and Punta Stagnone, f i v e  -red 
buoys were used f o r  current  measuremeotcr i n  
order t o  e s t ab l i sh  the  flows of the various 
water types through the  S t r a i t  (CP7f). 

A second MU)(: survey, i n  Hay and September 
1972, concentrated on v a r i a b i l i t y  of the  water 
r a s ses  and currents .ad extended the  area  
covered by tbe current  measurements (W-65). 

From its oun s tud ie s ,  a s  well a s  from those of 
the other  HILIW: par t i c ipan t s ,  Centre s c f e n t i s t s  
came t o  have a ~ o o d  understandfog of t he  ocea- 
nographic cba rac t e r i s t i c s  of t h i s  s t r a t e g i c a l l y  
important region. As described i n  CP-7a and 
CP-120, h igh-sa l in i ty  water from the  eas tern  
half  of the  Mediterranean flows wstward  below 
a counter current  of eastward flowing, lower- 
s a l i r r i t y  water. The resul tant  s a l i n i t y  pro- 
f i l e  has a marked e f f e c t  on sound propagation, 

nsMILDC 7 0  survey of the deep  
water area of the S t r a i t  of 
S i c i l y .  [CP-7fl 



crea t ing  a s t rong surface channel i n  winter  and 
e a r l y  spr ing  (CP-8a). An es t imate  of t he  
e f f e c t s  of turbulence on the  counter flows 
through the  S t r a i t  was attempted by spec t r a l  
analyses of s a l i n i t y  p r o f i l e  da ta  ( a - 5 9 ) ,  but 
it was concluded t h a t  higher resolu t ion  data 
were required. 

As a p a r t  of i ts fu r the r  s tudy of t h i s  a rea ,  
t h e  Centre took numerous underwater photo- 
graphs, bottom samples. deep cores,  and echo- 
sounder p r o f i l e s  (CP-7m,-8c). 

High-sal ini ty waters t h a t  pass westward through 
t h e  S t r a i t  of S i c i l y  and eventua l ly  influence 
the flow through Gib ra l t a r ,  o r ig ina t e  i n  the 
M a n t i n e  Basin of the  ea s t e rn  Mediterranean. 
I n  February and Uarch 1974 Ulc Centre ca r r i ed  
ou t  a study of t b e  k v a n t i n e  Basin i n  co- 
operat ion with t he  Universi ty of Pisa. I t  was 
found t h a t  t he  centke of foraa t ion  of the  
h igh-sa l in i ty  Levantiae water is south of 
TurLey between Rhodes and Cyprus, near t he  Bay 
of Antalya (M-92). 

16.3 Norweean Sea (MIM:!WRVHORLANT) 

MLOCSURVNORW ws a j o i n t  a c w s t i c ,  oceano- 
graphic, and meteorological survey, organized 
by CINCEASTIMT, ca r r i ed  out  i n  three phases i n  
Apri l ,  July-August, and October 1970 by sh ips  
from France, Germany, l'he Netherlande , Norway , 
t h e  United Kingdos, and the United S t a t e s .  
A l t b o u ~ h  t h e  WC was not used, SACLAllT arranged 
funding f o r  a spec i a l  team of two s c i e n t i s t s  
and s i x  technicians to be s e t  up a t  SACIAWTCEN 
t o  c o l l e c t ,  c o l l a t e ,  and analyze t h e  data.  
This spec i a l  p ro j ec t  was undertaken in  1971 
(CY-1211) and c a p l e t e d  i n  1974 with t he  publi- 
ca t i on  of t he  SACLANTCEN fiemoranda c i t e d  b e l w .  

P r io r  t o  r ece ip t  of tbe  experimental r e s u l t s ,  
t he  Centre conducted a survey of t h e  l i t e r a t u r e  
r e l a t i n g  t o  t h i s  area (m-4,-47). Data were 
analyzed f o r  oceanography (SM-41,-121, batby- 
w t r y  (M-43), and s c a t t e r i n g  f r m  the DSL 
(M-16). I n  addi t ion ,  meteorological observa- 
t i ons  were used t o  compute Beat f l w  across  t he  
a i r / s ea  i n t e r f ace  (W-37,-44). 

Barents Sea front and its effect on sound 
propapa tion through it . Transmf ssion 
losses are plotted as functions of fre- 
quency and t i m e  of day;  the tidal curve 
i s  supzrimposed. [SR-201 

WTL4XSURVNORUINT and ROUGH START/QUIET Sm 
surveys  of the Norwegian and Barent Seas. 

Because it was organized and funded separa te ly  
frwa o ther  Centre a c t i v i t i e s ,  t h i s  p o t e n t i a l l y  
i n t e r e s t i n g  p ro j ec t  was i so la ted  f r a  t he  r e r i  
of t he  Centre's progranme and was therefore  not  
f u l l y  appreciated. 

16.1 w e t s  Sea - (QUIET SEA) 

As a follow-up t o  MILOCSURWQRIAKT, M i n  
Junc 1971 suggested a m l t i - n a t i o n a l ,  mlti- 
phase nILOC survey of t h e  Barentr Sea. The 
ove ra l l  p ro j ec t  was ca l led  W %PART sod 
CIHCEAS'fUNT was again t he  coordinator. The 
p a r t i c u l a r  area r tudied f o r  t h e  second, QUIET 
SEA, phase war located south of Bear Island and 
charac ter i red  by a t r a n s i t i o n  from shallow t o  
deep water marked by a pe r s i s t en t  po l a r  thermal 
f r o n t  . 
The Centre pa r t i c ipa t ed  f u l l y  i n  t h e  QUIET SEA 
phase, f o r  which it  provided the  Chief Scien- 



t i n t  and t h e  WC. The a c t u a l  experiment took 
p l a c e  i n  flay and J u l y  1975. As p r e p a r a t i o n  f o r  
t h i s  t a s k ,  t h e  HPG went t o  t h e  a r e a  i n  J u l y  
1974 f o r  a m n t h  of pre-QUIET SEA experiments 
( a - 6 7 ,  CP-ISf). Also u s e f u l  i n  p l m n i n g  t h e  
t r i a l s  was a survey of  previous observa t ions  
covering a per iod  of  60  y e a r s  (SH-52). The 
mvi ronmcnta l  d a t a  c o l l e c t e d  dur ing  t h e  a c t u a l  
QUIET SEA opera t ion  a r e  p resen ted  i n  M-99; t h e  
a c o u s t i c  r e s u l t s  have a l r e a d y  b e n  described i n  
Sec t .  14.10. 

16.5 &ita~Oceanogra.$hy Support P r o s  

In  a d d i t i o n  t o  its MILOC a c t i v i t i e s ,  t h e  Centre  
has maintained a small  p r o j e c t  t o  provide 
oceanographic i n f o r a a t i o n  t o  o p e r a t i o n a l  com- 
mands and t o  o t h e r  Centre  p r o j e c t s .  Th is  is 
accomplished p r i m a r i l y  from h i s t o r i c a l  d a t a .  
For t h e  RAP p r o j e c t ,  Mediterranean BY d a t a  were 
r e l a t e d  t o  p r e d i c t i o n s  of RAP o p e r a t i n g  dep ths  
a s  a func t ion  of  season and l o c a t i o n  (M-84,  
CP-lob). The d a t a  taken i n  t h e  S t r a i t  of 
S i c i l y  were used i n  a s tudy  of short- term f l u c -  
t u a t i o n s  o f  t h e  IUP c r i t i c a l  depth in t b a t  a r e a  
(CD-1Oc). The BOUM START p r o j e c t  made use  of  
a survey  of h i s t o r i c a l  d a t a  concerning t h e  
p o l a r  f r o o t  s o u t h  of  Bear I s l a n d  (m-52). 

In t h e  e a r l y  19706, an aborted p r o j e c t  s t u d i e d  
the s u r f a c e  mixed l a y e r  and upper t h e m l i n e  
by o b t a i n i n g  BT and XBT d a t a  f r m  naval s h i p s  
t r a n s i t t i n g  t h e  n o r t h  A t l a n t i c .  #o r e p o r t  was 
i s sued .  

I n  1974, i a b t a l l a t i o n  of  the UNlVAC 1106 com- 
p u t e r  made it p o s s i b l e  to e s t a b l i s h  c m p u t e r -  
ieed oceanographic d a t a  b a s e s  of Mediterranean 
BT and XET d a t a  and of  DSL d a t a  from t h e  
e a s t e r n  I t .Atlant ic  and t h e  k d i t e r r a n e a u .  

16.6 Ion ian  Sea F r o n t  E a s t  of  Malta 

A s  discussed i n  S e c t .  14.6, thermal f r o n t s  
cause t h e  l a r g e s t  oceanic v a r i a b i l i t y  and can 
have a marked e f f e c t  on u n d e ~ a t e r  sound pro- 
pagat ion.  Oceanic f r o n t s ,  found i n  a11 oceanic 
bodies ,  a r c  boundaries  between d i f f e r e n t  u a t e r  
masses and a r e  charac te r ized  b y  rapid s p a t i a l  
v a r i a t i o n s  of temperature and s a l i n i t y ,  b o t h  
h o r i z o n t a l l y  and v e r t i c a l l y  (CD-8b,-17ab). 
T h e i r  s tudy  has  increased carked ly  i n  t h e  p a s t  
decade. 

Beginning i n  about 1970, t h e  Cent re  undertook a 
s t u d y  of a major thermal  f r o n t  loca ted  i n  t h e  
Ion ian  Sea e a s t  of J la l ta .  The f i r s t  s tudy,  i n  
December 1970, was conducted dur ing  a j o i n t  
c r u i s e  wi th  t h e  Oceanographic Croup of t h e  U.S. 
Naval Undersea Center ,  San Diego (43) (Stl-112, 
CP-Sa,-8b). The Centre  re tu rned  t o  t h e  a r e a  i n  
Nay 1971 (m-169,  SH-88, CP-7j) t o  f i n d  t h a t  
t h e  f r o n t  had migrated westwards i n t o  shal low 
water .  

The e f f e c t s  of t h i s  f r o n t  on sound propagat ion 
Here c a l c u l a t e d  f r m  t h e  Deceeaber 1970 oceano- 
g raphic  observa t ions  (TR-213, CP-8b). The 
r e s u l t s  ind ica ted  t h a t  propagat ion i s  good from 
warn toward co ld  water  and may be very poor in 

t h e  oppos i te  d i r e c t i o n ,  and t h i s  was c o n f i n e d  
by a c o u s t i c  experiments i n  t h e  a r e a  i n  December 
1971 (M-53). The experiments a l s o  showed t h a t  
range-independent coceputer programs do n o t  
revea l  a l l  of  t h e  observed f e a t u r e s  and t h a t  
t h e r e f o r e  a range-dependent ray  t r a c e  method is 
required.  

The f i n a l  r e p o r t  on t h i s  p r o j e c t  shoved a need 
f o r  f u r t h e r  work, bu t  t h e  s c i e n t i s t s  involved 
l e f t  t h e  Centre  and t h e  p r o j e c t  was t e a i n a t e d .  
I t  was hoped t h a t  t h e  QUIET SEA experiment 
would be a b l e  t o  r e k e  a con t r ibu t ion ;  however, 
t h e  Barents Sea f r o n t  was u n s u i t a b l e  f o r  a 
s tudy  of this phenomenon. 

16.7 S t e p  S t r u c t u r e  i p  t h e  Tyrrhenian Sea 

h r i n g  t h e  t r a n s i t  t o  t h e  a r e a  e a s t  of  J la l ta  in 
December 1971, deep TDS p r o f i l e s  were taken i n  
t h e  Tyrrhenian Sea. This  was a n  at te tspt  t o  
t r a c e  t h e  passage of one braach of  t h e  
Levantine i n t e m e d i a t e -  water  t h a t  had flowed 
wcstward through t h e  S t r a i t  of S i c i l y .  The 
continuous TDS p r o f i l e  revealed a c l e a r l y  
defined thermohaline s t e p  s t r u c t u r e  between t h e  
depths of 600 and 1500 s (44,s) (CP-7j). 
Three l a t e r  c r u i s e s  t o  s tudy  t h i s  p h e n m n o n  in 
mere d e t a i l  were made wi th  t h e  ? P G  i n  Hay/June 
1972, Uay 1973, and October 1974. A comparison 
of t h e  r e s u l t s  f r o a  year  to y e a r  revealed 
r m a r k a b l e  s t a b i l i t y  of t h e  s t r a t i f i c a t i o n ,  
which i n d i c a t e d  a l i f e t i m e  i n  excess  of t h r e e  
y e a r s  and implied s t e a d y - s t a t e  condi t ions  wi th  
r e b p e t t  t o  t h e  t r a n s p o r t  of  hea t  a d  s a l t .  Ten 
s t e p s  were found, i n  wbich t h e  product  o f  t h e  
th ickness  and t h e  temperature j q  between 
s t e p s  was a cons tan t .  I n  a d d i t i o a ,  t h e  s t e p s  
were t h i c k e r  a s  t h e  depth increased,  be ing  o f  
t h e  o rder  of magnitude of 10% of t h e  dep th  
(45) (CP-15i). 

A s  discussed i n  Sec t .  14.6, t h e  major a c o u s t i c  
e f f e c t  of the deep s t r u c t u r e  is t o  cause 
s p a t i a l  v a r i a t i o n s  of t h e  sound i n t e n s i t y  i n  
excess  of  those normally expected (TR-205, 
CP-15i). There is reason t o  b e l i e v e  t h a t  
s i m i l a r  s t e p  s t r u c t u r e s  e x i s t  elsewhere and 
t b a t  S- observed f l u c t u a t i o n s  o f  long-range 
sound transmission may be explained by t h i s  
phenomenon. 

S t e p l i k e  s t r u c t u r e s  of temperature and 
s a l i n i t y  p r o f i l e s  i n  the T y r r h n i a n  Sea 
i n  three success ive  years. (CP- l  S i ]  



16.8 Var i ab i l i t y  

A smooth, range-independent, sound-speed 
p r o f i l e  is  of ten  a s s a d  f o r  a c o u t i c  calcula-  
t i ons ;  nevertheless,  i t  has been known f o r  30 
years  t h a t  s p a t i a l  var ia t iuns  e x i s t  in the  
thereocline region i n  the  upper layer  of the 
ocean (m-184, CP-58). l bese  var ia t ions  a r e  
caused by the two phenomena of i n t e rna l  vaves 
a d  of layering,  the l a t t e r  o f t en  called 
"microstructure" (CP-17af). Layering i n  the 
upper ocean occurs i n  s l c h  thinner s t eps  than 
in  t h e  s t a b l e  layers  of the  deep s t e p  
s t ruc ture .  The uppcr ocean layering a l s o  moves 
up and d4M umhr the i n f l w n c e  of imternal 
waves, and keeps i t s  uniqne cha rac t e r i s t i c s  
over dietances of the order of only a k i lo-  
metre. 

The Centre measured these  upper layer  vsr ia-  
b i l i t i e s  both a t  the  beginning and the  end of 
t h e  period covered i n  t h i s  chapter ,  i n  a pro- 
gramme cal led  COBLAHED. The experiments 
involved cooperative r easa re ren t s  with the  
French Bouee Laboratofre i n  the  Gulf of Lions, 
mder the auspices of the #AM Sub-Coemittn on 
Oceanographic Research. The objec t ive  was t o  
study i n t e r n a l  vaves and microstructure asso- 
c i a t ed  with the  Hiot ra l  vinds. kasur-a ts  of 
currents  wide d u r i n ~  CO3LAHED 69 i n  September 
1969 were published i n  (g). By the time of 
tbe  second study the  Centre had developed its 
t m e d  o s c i l l a t i n g  body (TO81 (see  Sect. 16.121, 

. and s ~ u l t a n e o u a  aconst ic  measurements were 
made both i n  a preliminary e x p e r b e n t  i n  
October 1975 and i n  conjunction with the  f u l l -  
s ca l e  C O B W  76 i n  September 1976. ?be 
Centre's complementary progranime was e n t i t l e d  
the  "AlH" study: Acoustic propagation in  the  
presence of n t e r n a l  waves and n icros t ruc ture  
(SH-126, CP-19f). 

m- 
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AIM:  a s t u d y  o f  sound propagat ion i n  t h e  
presence o f  i n t e r n a l  wves and micro-  
s t r u c t u r e  i n  the Gulf of Lions near t h e  
French l a b o r a t o r y  buoy 8aRHA 11. 

16.9 Air/Sea In ter face  

The n e a r e u r f a c e  isothermal mixed layer  and the 
thermocline helw it a r e  wll L n o ~  e s  control-  
l i n g  f ac to r s  i n  the performance of hull-mounted 
sonars. A major objective of mi l i t a ry  oceano- 
graphy is therefore  the  predic t ion  of the  depth 
and temperature of the mixed layer fo r  a reas  i n  
vhicb naval ships a r e  planning operations.  
Since S major influence on the surface layer  is 
the  t r ans fe r  of  b a t  energy through the  a i r / r e r  
i n t e r f ace ,  s tudy of t h i r  p h o m n o n  was p a r t  of 
the Centre's ocernographic programe fo r  many 
years (see Sect .  11.5). 

. Heteorological rasure iacnts  were made together 
with oceanographic measurements during HXLOC- 
SURWRLANT i n  the Norwegian Sea i n  1970. The 
r e s u l t s  of a study of these data a r e  given i n  
SH-.IS,-37. and -44. A l s a ,  a more de ta i led  
s t a t i s t i c a l  study of the  corre la t ions  between 
observed changes of s i r t e e n  a i r / sea  in t e rac t ion  
var iables  showed t h a t  proper t ies  of the  mixed 
layer  could be predetermined f o r  periods of 
severa l  hours using data col lec ted  over a 
three-day period. 

Surface waves a r e  important not only fo r  t h e i r  
e f f e c t  on the  a i r / sea  in ter face  heat t r ans fe r  
r a t e  but  a l s o  because of t h e i r  influence on 
surface  r e f l e c t i v i t y  and reverberation. A 
Tucker shipborne wave recorder var  used t o  
measure sea surface roughness during the  
February 1970 JOmT experiments i n  the  L i p r i a n  
Sea (W-172); a l so  a WWPRMl proarmme was 
wr i t t en  to calcula te  the ms d i s p l a c e a t  of 
the  sea  surface  from knowledge of the average 
zero crossing period of tbe random surface 
(m-163). 

16.10 Dtep Scat ter ing  - Layer B g l o  

a sound s c a t t e r i n g  f i s h .  

The Centre's s tudies  of tbe biological  and 
oceano~raphic  aspects of the  deep sca t t e r ing  
layer  (EL) a r e  described i n  Sect. 11.6. From 
mid-1969, fu r the r  work was done on t h i s  
phenartrenon i n  conjunction with tbe  acoustic 
acasure%ents described i n  Sect. 14.8. An 
i n i t d a l  b io logica l  sampling of the  DSL i n  the 
Ligurirn Sea west of Sardinia (TR-l&) was 
followed i n  September and October 1969 by a 
more thorough experiment i n  uhicb a mlti- 
s a q l i n g  net  system (M-161) was used t o  
capture the  small baebypelagic f i a b  t h a t  form 
the layer  (TR-189). 

Data relevant t o  the  DSL i n  t h e  Horwegian Sea 
were col lec ted  during HIMCSURVNOW; these 
and o ther  data f r o r  the same area a re  described 
i n  SH-52. Final ly ,  i n  1975, a previous review 
of t he  l i t e r a t u r e  (RI-153) was supplemented by 
a survey of acoust ic  aspects (CP-17e), prepared 
fo r  the  Centre's September 1975 Conference on 
Oceanic Acoustic Modelling. 



h r i a g  t h i s  per iod ,  t h e  Cent re ' s  sea  f l o o r  
s t u d i e s  became i n t e g r a t e d  w i t h  its s h a l l o u -  
wate r  a c o u s t i c s  programme. Bottom s t u d i e s  were 
c a r r i e d  o u t  f o r  t h e  shallow-water a r e a s  of  t h e  
S t r a i t  o f  S i c i l y  (CP-7m8-8c) and south of Elba 
(¶M-162). us ing  t h e  50  kHz sediment p r o f i l e r  a s  
wll  a s  photographs and core ana lyses .  S tud ies  
began in 1971 t o  c h a r a c t e r i z e  t h e  roughness o f  
t h e  s e a  f l o o r  by use of P o u r i e r  t ransforms of  
d i g i t i z e d  ecbograas (CP-12j ) . 
(The Cent re ' s  s t u d i e s  of  t h e  k d i t e r r a n e a n  sea  
f l o o r ,  which had been completed i n  t h e  mid 
1960s, were publ ished i n  (c) and W-2. 

16.12 Oceanogradic- Ins t rumenta t ion  

The s i g n i f i c a n t  p rogress  made by t h e  Centre  
dur ing  t h e  1970s i n  i ts environmental a c o u s t i c s  
and oceanographic measurement p r o g r a m e s  was 
f a c i l i t a t e d  by t h e  success fu l  development of a 
family o f  oceanographic sensor  systeias t o  be 
used e i t h e r  deployed from t h e  C e a t r e ' s  research  
v e s s e l s  o r  a s  long-tern,  semi-fixed systems. 
W e s e  systems a l l  produce d i g i t i z e d  o u t p u t s ,  
and i n  most cases  t h e i r  opera t ion  i s  computer 
c o n t r o l l e d .  

By t h e  l a t e  1960s, a s  mentioned i n  Sec t s .  11.3 
and 11.8, t b e  Centre  had developed a s e l f -  
record ing  t h e m i s t o r  and current-meter buoy 
system. The l a t t e r  was o r i g i n a l l y  used f o r  t h e  
G i b r a l t a r  s t u d i e s  (m-144) and improved f o r  t h e  
COBLAKED 69 experiments (46,48,49). The buoy 
system included a s u r f a c e  f l o a t  and instrument  
package, the the rmis tor  s t r i n g ,  c u r r e n t  o e t e r s ,  
mooring cab le ,  and p a r a l l e l  acous t ic / t ime  
r e l e a s e r s .  I n  a d d i t i o n  t o  use in C O B W D  69, 
t h i s  buoy was a l s o  used f o r  observa t ions  of  t h e  
Maltese f r o n t  (RI-169). A l a t e r  vers ion  was 
used i n  ROUGH START, COBLAMD 76, and o t h e r  
r e c e n t  s t u d i e s  requ i r ing  long-term s t a t i s t i c s .  

To o b t a i n  d a t a  about t h e  deep water  column from 
s h i p s ,  oceanographers had f o r  decades used t h e  
Nansen c a s t  system, complemented by BT and XBT 
I t easu temnts  i n  t h e  upper l a y e r s .  A rap id  
response temperature/depth/salinity (W) 
p r o f i l e r  (E), developed by B i s s e t  and Berman, 
made it p o s s i b l e  t o  measure t h e s e  q u a n t i t i e s  
cont inuously t o  a very  high p r e c i s i o n  down t o  a 
dep th  o f  6000 m. An e a r l y  -del was adapted t o  
t h e  C e n t r e ' s  HP-21168 real- t ime computers t o  
become t h e  f i r s t  f u l l y - d i g i t i z e d  shipboard TDS 
p r o f i l i n g  system (SH-9). This  system was used 
t o  probe t h e  depths o f  t b e  Tyrrhenian Sea i n  
1971, r e v e a l i n g  t h e  semi-perinaneat deep s t e p  
s t r u c t u r e .  I t  was a l s o  used i n  HILUCHED 70 i n  
t h e  S t r a i t  of S i c i l y ,  i n  t h e  Levantine Basin i n  
1974. and f o r  o t h e r  s t u d i e s  of the deep s t e p  
s t r u c t u r e  i n  1972, 1973, and 1974. 

The Cent re ' s  computerized rea l - t ime  environ- 
e n t a l  d a t a  a c q u i s i t i o n  and process ing  systems. 
us ing  Hewlett-Packard 2116B computers, have 
been d o c m n t e d  i n  a s e r i e s  of SACLAWCEN 
Mmoranda (SH-6,-9,-19,-70,-78). The TDS probe 
(SH-g), meteorological  d a t a  (M-78), XBT tempe- 
r a t u r e  p r o f i l e s  (SH-70), and Waverider buoy 

data  (SH-19) a r e  a l l  f u l l y  computerized, pro- 
bably t o  a g r e a t e r  degree and more s u c c e s s f u l l y  
than by any o t h e r  oceanograpbic research orga- 
n i z a t i o n .  

The Centre  is  a l s o  proud of  i ts i n t e g r a t e d  
oceanographic ins t rumenta t ion  c a l i b r a t i o n  
system f o r  s a l i n i t y ,  temperature, depth, and 
sound speed sensors .  This  eystetil  provide^ 
c a l i b r a t i o n  accuracy g r e a t e r  than t h a t  gene- 
r a l l y  requ i red  t o  d i s c e r n  t h e  mst d e t a i l e d  
c h a r a c t e r i s t i c s  of  t h e  ocean environment. 

I n  1974, t h e  Centre  began developtuent of  a new 
cont ro l led-dep th ,  i n s t m e n t e d ,  towed o s c i l -  
l a t i n g  body (TOB) t o  be used to o b t a i n  repeated 
continuous p r o f i l e s  i n  t h e  upper ocean, a s  
requ i red  t o  s tudy  i n t e r n a l  waves and micro- 
s t r u c t u r e  i n  t h e  thermocline (CP-19h). The 
f i r s t  v e r s i o n  was used i n  October 1975 onboard 
t h e  hydrographic s h i p  AHHIRAGLIO MQIAGMI (IT) 
during t h e  AIM pre-COBLAtIED c r u i s e .  I t  was 
used aga in  i n  A I H  i n  Septeaber  1976 (SH-126) 
and was then improved f o r  a June 1977 i n v e s t i -  
g a t i o n  of  i n t e r n a l  waves o f f  t h e  c o a s t  of Spa in  
west of  G i b r a l t a r  (W-122). A 5  a r e s u l t  o f  
t h i s  ins t rumenta t ion  developmeat, t h e  Centre  
has now been a b l e  t o  s e p a r a t e  t h e  e f f e c t s  o f  
i n t e r n a l  waves and micros t ruc ture  i n  t h e  t h e w -  
c l  i n e  . 
A yo-yo systeiu t o  be used f r d  a s h i p  -red on 
s t a t i o n  was a l s o  developed f o r  AIH (CP-19h). 
I t  has  been l e s s  u s e f u l  t o  t h e  Cent re ' s  p resen t  
p r o g r a m  than t h e  TOE, b u t ,  i n  c o n t r a s t  t o  t h e  
TOB's 200 m depth,  it can be used t o  a depth o f  
3000 m. 

The 'Towed O s c i l l a  t i n q  Body' designed to 
measure freguen t success ive  temperature 
and s a l i n i t y  profiles between given  dep ths  
A m p u t e r - c o n t o u r e d  p l o t  of t h e  measure- 
ments is s b w n .  



A meeting at SACUNTCBN in September 1970 
an the 'Formulation of ASU Requiremnts'. 



CHAPTER 1 7  - E W  - - S T U D I E S  ( 1 9 6 9 - 7 5 )  

7 Introduction 

During t h i s  period,  t he re  was a major change of 
d i r ec t ion  in t h e  Centre 's  OR s tudies .  Following 
a meeting i n  September 1970 on the  "Formulation 
of ASW Requirements", chaired by the  Deputy 
Chief of S t a f f ,  SACLANT and at tended by repre- 
s en t a t i ves  of a11 #AM cormands v i t h  maritime 
i n t e r e s t s ,  the Centre 's  major OR e f f o r t  vas 
d i rec ted  towards Coslaand-sponsored s tud ie s ,  a 
policy t h a t  continued u n t i l  1975. Tvo major 
p ro j ec t s  and a number of minor p ro j ec t s  were 
undertaken f o r  WATO Commands. I n  addi t ion ,  
exerc ise  analys is  and t h e  development of t oo l s  
required f o r  a w i d e  range of ASW problems 
continued. Also s tudied  uere broad i ssues  such 
a s  energy requirements, s toclrpi l ieg of re -  
sources, and Soviet  naval t rends.  

In  September 1969 t h e  Centre ran a three-day 
meeting at tended by representa t ives  of SACLMT, 
COIICMLAWT, CINCGASTWPT, and COWBAIRXED a t  
which t en  papers on Ceutre s tud i e s  vere  pre-  
sented and ideas  exchanged on a number of 
operat ional  problems (H-53). The Centre a l s o  
continued t o  p a r t i c i p a t e  i n  opera t ional  coafer-  
a c e s  ca l l ed  by the various NATO commands. I n  
Hay 1973 it organized a m e t i n g  on OR a t  t he  
t a c t i c a l  l eve l  (CD-11). 

17.2 &SJ Exercise Analysis 

SACLAWTCEN continued its pa r t i c ipa t ion  i n  the  
p l a m i n g  and ana lys i s  phases of  a number of 
NATO ASW exercises:  

1979 PEACE KEEPER 
NORTHERN WEDDING 
COOD I m R ?  
STRONG TIE 

1971 RUSTY RAZOR 
ROUGH RIDE 
ROYAL NIGHT 
RrnING SCRAP 

1972 -- S W G  EXPRESS (SH-14) 
NIGHT SEARCH 
PINK LACE 

1974 NORTHEM HERGER 
DAWN PATROL 

The na ture  of t h e  pa r t i c ipa t ion  i n  each cxer- 
c i s e  varied i n  response t o  t he  type of exerc ise  
and its relevance t o  t h e  Cent re ' s  i n t e r e s t ,  a s  
well  a s  to a v a i l a b i l i t y  of aanpowr.  

By 1972 i t  was c l e a r  t h a t  ouch valuable infor-  
mation from exerc ise  analys is  was not  being 
used e f f e c t i v e l y  i n  the planning of l a t e r  
exerc ises .  The Centre undertook t o  produce a 
compendiua (SR-1) t h a t  vould compile ASW infor-  
mation from NATO exerc ises .  Although it vas 
never completed, four  p a r t s  w r e  issued using 
da ta  obtained from about f o r t y  exerc ises  held 
during the  period 1961-1971. The subjec ts  
covered vcre: 

Am search and de tec t ion  by shipborne 
sonars. 
C la s s i f i ca t ion  and a t t ack  by shipborne 
systems. 
Detection of h o s t i l e  forces by submarines. 
C la s s i f i ca t ion  and a t t ack  by submarines. 

The collipendium vas welcomed i n  some quar ters ,  
bu t  c e r t a i n  o f f i c e r s  found it a t  variance with 
t h e i r  own experience *ad o thers  believed t h a t  
too w a y  d iverse  da t a  were combined i n  s m  of 
the  analyses. Together with reduction of ran- 
power f o r  t h e  Croup, these  reaction8 led  t o  
t e w i n a t i m  of t h e  p ro j ec t  i n  1978. However, 
i ts value has been c o n f i n e d  by the  continuing 
requests  f r m  the  Catmando f o r  t h e  Centre'. 
pa r t i c ipa t ion  i n  ASW exerc ise  planning and 
analys is .  

17.3 =t ica l  S tudies  

The increased depth c a p a b i l i t i e s  of modern 
submarines was the  iape tus  f o r  a t heo re t i ca l  
s tudy concerning the  bes t  operat ing depth fo r  a 
submarine f o r  given BT condit ions,  and f o r  an 
examination of the options f o r  improving tbe 
coverage of surface-ship sonars i r r e spec t ive  of 
s u h a r i n e  operat ing depth (TR-211). It was 
concluded t h a t  g rea t e r  depth c a p a b i l i t i e s  gave 
the  submarine no advantage vhen attempting t o  
de t ec t  a sur face  vesse l  but  vould o f f e r  an 
advantage during the  c losure  phase. (This 
study made extensive use of t h e  sonar model 
described in  Sect .  12.5). 

During t h i s  period the  OR group developed a 
la rge  number of c q u t e r  wdels, each dealing 
vith an aspect  of ASW. Same of t he  models e r e  
developed i n  response t o  s p e c i f i c  needs of t h e  
la rge  Defence of Shipping and Defence of Naval 
Forces p ro j ec t s ,  whereas o thers  were developed 
t o  fill more general needs. 

I n  1970 a Centre p ro j ec t  analyzed the  ef fec-  
t iveness  of mixed-nation ASW forces  operat ing 
i n  c lose  ASW screens i n  vhich sh ips  f i t t e d  v i t h  
sonar encounter torpedo-fir ing submarines. For 
t h i s  s tudy,  a general surface-ship screen model 



was developed, using a s  input the sonar rode1 
previously reparted.  The s i tua t ion  examined 
was t h a t  i n  which a submarine would attempt t o  
a t t ack  ships  of t he  u i n  body; the output of 
the W e 1  was t h e  probabi l i ty  of detection of 
the submarine a s  a function of range from the  
m a i n  body. I n  1972 the  model was expanded t o  
include hel icopters  and maritime pa t ro l  a i r -  
c r a f t  (XPA). This m d e l ,  ca l led  tbe ' l a r c b i  
Hodcl" t o  d i s t ingu i sh  it f m a  o the r  screen 
models developed a t  t he  Centre, is described in 
W-25, CP-llh,-l2d. 

A second screen d e l ,  ca l l ed  the "BAcbe W e l H  
and described ia the  swe papers, was intended 
t o  arovide inputs t o  hisher-level  models. It 
used exerc ise  da ta  and operational  rosesaeders' 
est imates - based on t h e i r  experience - f o r  its 
inputs ,  aad estimated the probabi l i ty  of de tec t -  
ion  of a submarine by the  screen. Being based 
on ac tual  experAeace, t h i s  simpler model gave 

'Fwo models developed to study ASU screens .  
[CP-l  2d 1 

nore r e a l i s t i c  est imates of screen e f f e c t i -  
veness than the  Tarchi d e l ,  but it war found 
t o  be too coarse t o  perform s e n s i t i v i t y  s tudies  
of t h e  type t h a t  could be done w i t h  the  more 
physical ,  la rger  d e l .  The tua  models were 
used as complementary screen models i n  la rger  
s tudies  (SH-25). 

A major l imi ta t ion  to the  usefulness of the 
Centre 's  screen models was lack of hard know- 
ledge about s u h a r i n e  t a c t i c s .  I t  had been 
necessary t o  mlu gross a s suq t io l l s  a b u t  the 
amount of information avai lable  t o  tbe sub- 
marine, and the re  was a l s o  in su f f i c i en t  infor-  

' mation on how the  submarine would r e se t .  To 
overcotw t h i s  problem, the  Centre developed an 
in t e rac t ive  simulation model (SR-10, 
CP-llu,-12c) with cont ro l  of the submarine 
provided by a b a n  operator i n  an o thervise  
c q u t e r i z e d  t a c t i c a l  encounter. Submarine 
operators w e r e  brought t o  the  Centre t o  p a r t i -  
c ipa t e  i n  carrncd exerc ises  f roa  which the  
Centre was able to l e a r n  rore about real-world 
subsarise t ac t i c s .  A l thugh  the model enabled 
r e a l i s t i c  submarine t a c t i c s  t o  be observed, m 
consis tent  pa t t e rn  of submariner reactions was 
found (M-81). It was concluded t b a t  in the  
rep1 world tbe information avai lable  t o  the 
submariner is o f t en  incomplete and/or inac- 
cura te  and t h a t  therefore  it is not possible t o  
predic t  h i s  responses. 

I n t e r a c t i v e  s iesrlatfon i w d e l l i n g  used to 
s tudy  r e a l w o r l d  subwarhe tactics and 
suhariners' r e a c t i o n s .  [SR-101 

Another approach t o  submarine t a c t i c s  vas a 
simple analy t ica l  model t h a t  o p t h i z e d  the  
opera tor ' s  screen-penetration t a c t i c s  by 
f inding ttte course he would take to ainimize 
tk probabi l i ty  of h i8  being detected (CP-15c). 
Tttt poss ib i l i t y  t h a t  a deep-diving submarine 
might penetrate a screee and t h e n  bide under 
t h e  convoy was inves t iga ted  i n  1974-75 with the 
developraent of a haven model (CP-15r) t o  cover 
t h i s  s i t ua t ion .  



17.4 Sonar Perforslance S t u d i e s  

The sonar  p e r f o m a n c e  model mentioned i n  
S e c t .  12.5 and descr ibed  i n  TR-169 and -192 was 
used i n  1970-1971 i n  a s t u d y  t o  determine t h e  
r e l a t i v e  importance of approximately t h i r t y  
f i v e  parameters  on t h e  i n i t i a l  d e t e c t i o n  per for -  
mance of hull-mounted sonars .  The p a r a w t e r s  
s t u d i e d  were t h o s e  c h a r a c t e r i z i n g  t h e  environ- 
s e n t ,  t h e  v e h i c l e ,  t h e  sonar ,  and t h e  sub- 
marine. The r e s u l t s  v e r e  p resen ted  (TR-208) a s  
p l o t s  of t h e  10%, 50% and 90% p r o b a b i l i t y  of 
d e t e c t i o n  ranges a s  func t ions  of each para-  
meter.  As  a base  c a s e  a g a i n s t  which p e r f o r -  
mance changes were eva lua ted ,  t h e  s tudy  used: 

A t y p i c a l  A t l a n t i c  sureeer environment. 

A 2000 t o  3000 t o n  f r i g a t e .  
A 7 M z  hull-mounted scanning sonar .  
The submarine a t  per i scope  depth,  o r  below 
t h e  l a y e r .  

The s tudy  found t h a t  m n y  of t h e  i n d i v i d u a l  
parameters have s i g n i f i c a n t  e f f e c t s  and t h a t  no 
s i n g l e  parnoleter is  t h e  lost i n f l u e n t i a l .  
F a c t o r s  s i n g l e d  o u t  a s  be ing  e s p e c i a l l y  impor- 
t a n t  included : 

Surface- layer  depth and g r a d i e n t .  

S e l f  -noise of the v e h i c l e ,  
D i r e c t i v i t y  index o f  the sonar  a r r a y  and 
a b i l i t y  t o  d i s c r i m i n a t e  a g a i n s t  rever-  
b e r a t i o n .  
Operator  a l e r t n e s s .  
Submarine parameters  ouch a s  t a r g e t  
s t r e n g t h ,  a s p e c t ,  dopple r ,  and depth. 

A s  noted prev ious ly ,  r e v e r b e r a t i o n  i s  a major 
l i m i t i n g  f a c t o r  i n  t h e  a b i l i t y  of a c t i v e  s o n a r s  
t o  d e t e c t  submarines. The Centre  c a r r i e d  on 
e x t e n s i v e  fundamental research  s t u d i e s  of  t h e  
v a r i o u s  phys ica l  mechanisms caus ing  reverbcra-  
t i o n ,  a s  repor ted  i n  Che. 14 and 16. I n  addi-  
t i o n ,  i n  1969, fo l lowing  a p roposa l  t o  IEC2 by 
the United Kingdom, t h e  Centre  was requested to 
be the coord ina t ing  group f o r  a NATO-wide 
reverbera t ion  survey  i n  which n a t i o n a l  warships 
recorded r e v e r b e r a t i o n  i n  ocean a r e a s  of 
L a t e r e s t  t o  IIATO. In coopera t ion  w i t h  t h e  
Centre ,  t h e  m( Admiralty Undervater Weapons 
Establ ishment  prepared a d r a f t  i n s t r u c t i o n  f o r  
conducting t h e  survey  and a format t o  c o l l a t e ,  
check, and compute t h e  r e s u l t s  (H-68). This 
was subsequently i s sued  t o  t h e  n a t i o n s  a s  
STAWAG 4118. Bach p a r t i c i p a t i n g  n a t i o n  had t o  
purchase s p e c i a l  record ing  e q u i p r e n t s  and 
i n s t a l l  them on i t s  warships.  Progress  was 
p a i n s t a k i n g l y  slow; by t h e  end of  1972 on ly  350 
observa t ions  had been received.  S ince  it had 
been es t imated  t h a t  a t  l e a s t  25. 000 measure- 
writs vould be requi red  to ach ieve  t h e  ob jec t -  
i v e s ,  IEC-2 cance l led  t h e  survey i n  1973. 

I n  1970, t h e  Centre  i n i t i a t e d  a p r o j e c t  aimed 
a t  p rov id ing  t h e  MAT0 n a t i o n s  wi th  a s imple,  
cheap, and @roved means of  determining sonar  
ranges on t h e  spo t .  The i d e a  was t o  develop a 
metbod f o r  d i r e c t  measurement of propagat ion 
l o s s ,  r a t h e r  tban  t o  deduce it from environ-  

mental condi t ions .  I f  t h i s  were t o  be 
achieved,  many of t h e  uaknom environmental 
f a c t o r s  t h a t  e n t e r  i n t o  t h e  computation of  
sonar  range could be e l imina ted  from opera- 
t i o n a l  performance es t imates .  kasure rnen ts  
made with t h e  i n  December 1970 and 
September 1971 revealed g r e a t e r  f l u c t u a t i o n s  of  
propagat ion l o s s  i n  bo th  time and space thao 
had been expected (TR-210). Although no work- 
a b l e  on-the-spot ranging s y s t w  was developed, 
t h e  p r o j e c t  d i d  provide some u s e f u l  i n s i g h t s  
concerning propagat ion and sonar-range f luc tua-  
t i o n s .  

17.5 Force-Effect iveness  S t u d i e s  

Beginning i o  1970 and extending through t h i s  
per iod ,  a d r e  than h a l f  of t h e  e f f o r t  of t h e  OR 
Croup was devoted t o  two l a r g e  s t u d i e s  per- 
t a i a i n g  t o  the Defence of Shipping i n  t h e  
A t l a n t i c  and t h e  Defence of naval  Forces  i o  t h e  
Mediterranean. O r i g i n a l l y  t h e  two s t u d i e s  were 
t r e a t e d  a s  s e p a r a t e  p r o j e c t s ;  i n  view of  t h e  
f a c t  t h a t  they were s i m i l a r  i n  approach and 
methodology, by t h e  end of  t h e  per iod  t h e  two 
became work i tems under a s i n g l e  p r o j e c t .  

Force-e f fec t iveness  s t u d i e s  d e a l  w i t h  r e l a -  
t i v e l y  n e a r - t e r n  problems f a c i n g  o p e r a t i o n a l  
c m a n d e r s .  The ques t ions  addressed f a l l  i n t o  
two genera l  ca tegor ies :  t h e  o p t h u n  re tbod  of  
deploying f o r c e s  a l l o c a t e d .  and t h e  necessary 
augmentation of  f o r c e s  required t o  achieve a 
s t a t e d  m i l i t a r y  o b j e c t i v e .  

The Cent re ' s  approach was t o  develop s imple 
a n a l y t i c  methods t o  a s s e s s  t h e  va lue  of var ious  
op t ions .  For each s tudy ,  t h e  d i r e c t  defence of  
NAm formations v a s  s imulated i n  a probabi- 
l i s t i c  b a t t l e  model b u i l t  on a s t r u c t u r e  of 
d i s c r e t e  encounters  between submarines and 
v a r i o u s  s h i p  fonna t ioae  much a e  c a r r i e r  a t r i b  
groups, A S W  support  groups, underway replenish-  

The  e f f e c t s  on son- performance o f  parameters 
charac ter i z ing  the  environment, vehicle, sonar 
and submarine were presented a s  probabi l i t y  
p l o t s  o f  d e t e s t i o n  range. The example shows 
the e f f e c t s  o f  changes in t h e  f i r s t - l a y e r  
sound-sped  gradient  when the t a r g e t  is vi thf n 
and below the l a y e r .  Similar  s t u d i e s  r e r e  
made for  t h i r t y  f i v e  o ther  parameters. (TR-2081 



r e n t  groups. amphibious groups, o r  aaerchant 
vesse ls .  The encounter models used input 
values of r e l a t i v e l y  elementary quan t i t i e s  
descr ib ing  the  performance of both contes tants  
i n  an encounter, f o r  example, Cetection proba- 
b i l i t i e s  o r  probabi l i ty  of k i l l  giv- de tec t -  
ion. The outputs gave probable l o s se s  on both 
s ides .  

The indiv idual  encounters were b u i l t  up i n t o  a 
b a t t l e  using an encounter-rate -del used t o  
determine t h e  mean time between encounters o r  
the probable number of encounters occurring 
during t h e  course of a b a t t l e  of l imi ted  dura- 
t i on .  Inputs were such f igures  a s  s i z e  of t he  
subtuarines' p a t r o l  a r ea s ,  frequency v i t h  which 
t a rge t s  e a t e r  these  areas ,  de tec t ion  ranges fo r  
submarines agains t  the formation i n  quest ion,  
and t h e  speeds of both. Output values,  ex- 
pressed a s  a function of t h e ,  were t h e  ex- 
pected number of successful  torpedo and mis s i l e  
a t tecka  on important t a r g e t s ,  l o s se s  of NATO 
merchant sh ips ,  de l ivery  capaci ty  of surviving 
HATO rerchant  sh ips ,  losses  of NATO ASW forces.  
and lo s se s  of Soviet  submarines by sinking o r  
d isabl ing .  

P e t a i l s  of the spec i f i c  w d e l a  depended on the  
number8 and types of forces deployed on both 
s ides ,  environmental f ac to r s ,  and t h e  t a c t i c a l  
s i t u a t i o n  t p c i f i e d  by the  scenario.  Some of 
these  a f f ec t ed  t h e  s t ruc tu re  of t he  model. For 
example, a miss i le - f i r ing  submarine required a 
d i f f e r e n t  f o r a  of encounter model from t h a t  
used f o r  a torpedo-fir ing submarine. On t he  
o ther  band, an encounter v i t h  a torpedo-fir ing 
nuclear  8ubmarinc was described by t h e  aame 
model a s  f 0's a torpedo- f i r ing  conventional 
aubmarinc s i r p l y  by a c h a q e  in t h e  numerical 
 value^ of c e r t a i n  of t h e  inputs.  Scenario,  
force  l e v e l ,  and t a c t i c a l  inputs  were spec i f i ed  
by t h e  s tud i e s*  sponsors and input  perfomance 
da ta  vere t he  b e s t  cur rent  e r t imates  a s  agreed 
between the  aponsora and SACLMTCEN. 

thsmon t o  Rany Studies war the a t ed  f o r  an  
es t lmate  of a t t r i t i o o  r a t e r  aa a function of 
force  s ize and b a t t l e  s i t ua t ion ,  o r  scenario.  

For t h i s  type of problem the  Centre chose t o  
apply the  general  model developed by Lanchester 
i n  1916 i n  connection v i t h  a i r  warfare and (51) 
used by a number of inves t iga tors  i n  t he  1960s 
t o  study problems such a s  t he  spread of epi-  
demics, a s  v e l l  a s  mi l i ta ry  a t t r i t i o n .  A 
h a c h e s t e r  model cons i s t s  of a s e t  of d i f f e r -  
e n t i a l  equations of the  form: 

dx - - 
d t  - r - axy - By 

where X and y a r e  t he  number of u n i t s  on each 
s i d e ,  r and S a r e  replenishment ra tes .  
and a, B, y and 6 a r e  coe f f i c i en t s  t h a t  depend 
on the  scenar io  and o the r  inputs (CP-llb). 
Taken a s  a s e t ,  t h e  equations a r e  non-linear. 
T w  approaches vere  taken t o  t h e i r  so lu t ion:  
an approximate so lu t ion  was found (TR-172) and 
a computer program was developed (M-159, 
sn-S) - 
A Lanchester -del is a d e t e m i n i s t i c  one, i n  
t h a t ,  f o r  given values of t h e  parameters, it 
produces a s i n g l e  curve f o r  number of u n i t s  a s  
a function of tire. However, the  parameters 
a r e  not unique and a r e  a e w r  known accurately.  
being subjec t  t o  some amount of s t a t i s t i c a l  
var ia t ion .  In  v iev  of t h i s ,  the  Centre 8180 
developed a time-dependent s tochas t i c  model 
(TR-207,-220, SH-1) t h a t  y i e l d s  variances a s  
well  a s  mean values.  

Confidence i n  t h e  Centre 's  Lanchester model was 
enhanced vben it vas successfully applied t o  a 
combat s i t u a t i o n  t h a t  had already been s tudied  
by 8 simulat ion model (TB-202). 

17.6 Defence of Shipping S tudx  

Am its p a r t  of t he  NATO Defence of Shipping 
Study sponsored by SACLANT, SACEUR, and 
CINCHAN, t h e  Centre developed background infor -  
mation and methodology t h a t  was then applied t o  
scenarios proposed by the Comaads. The study 

Studies of seaborne t rude  contr ibu ted  to 
wider  studies o f  the defence  of merchant 
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began l a t e  i n  1969 and i n  t h e  f i r s t  t h r e e  years  
c o n s i s t e d  of t h e  fol lowing t a s k s :  

Forecas t ing  NATO and world seaborne t r a d e  
from 1970 t o  1985 (TR-176). 
Forecas t ing  NATO and w r l d  sh ipp ing  t o  
1985 ('PR-199). 
Developing and applying Lanchester  models 
(m-172,-202). 
Developing d e l s  f o r  t h e  s a i l i n g  time of 
s h i p s  i n  convoys (TR-204, SH-33). 

Developing models f o r  t h e  d e l i v e r y  capa- 
c i t y  of  convoys and of s h i p s  s a i l i n g  inde- 
pendently (TR-204, SH-56). 
Val ida t ing  t h e  Lanchester model (TR-202). 

In t h e  f o l l o v i n g  years ,  t h e  v a r i o u s  models were 
a p p l i e d  t o  a d d i t i o n a l  sceear ios :  t h e  number of  
p o t e n t i a l  sh ipp ing  r o u t e s  vas  expanded, m i s s i l e  
f i r i n g  c a p a b i l i t y  was added, novel f o m o  of 
s u r f a c e  sc reens  were considered, and more 
f l e x i b i l i t y  was asawned f o r  t h e  subrrarine 
fo rces .  York began on s e n s i t i v i t y  s t u d i e s  t o  
determine how r e s u l t s  would be a f f e c t e d  by 
changes ie o p e r a t i o n a l  f a c t o r s  and i n  p e r f o m -  
a c e  parameters .  

Aa a n a l y s i s  of  convoy s c r e e n i n s  p o l i c i e s  f o r  
use vheq o n l y  a l i m i t e d  number o f  e s c o r t s  is 
a v a i l a b l e  i n d i c a t e d  t h a t  t h e  o u t c m  was h i g h l y  
s e n s i  t i v e  t o  t h e  submarine' S a b i l i t y  t o  d i s c e r n  
t h e  e s c o r t  p o s i t i o n s  (CP-12c). I f  t h e  sub- 
marine has  no information about e s c o r t  pos i -  
t i o n s ,  equa l  d i s t r i b u t i o n  o f  e a c o r t s  among 
convoys was found t o  be t h e  b e s t  s o l u t i o n .  I f ,  
on the o t h e r  hand, the submarine could be 
assumed t o  have good information,  then a b e t t e r  
o p t i o n  would be t o  provide high-value convoys 
v i t h  s u f f i c i e n t  e s c o r t s  and t o  l eave  the 
r e m i n d e r  unescortcd.  

I n  1971, a s  an i n p u t  f o r  s c e n a r i o s  i n  p e r i o d s  
of i n t e r e s t ,  a p r e d i c t i o n  was made of  t h e  
growth of  u r c h a n t  s b i p p h g  f r m  1970 t o  1973 
(TR-199). Xn 1974, a conparison of  t h i s  p re -  
d i c t i o n  wi th  a c t u a l  exper ience  (Sn-50) showed 
t h a t  t o t a l  tonnages of bo th  tankers  and hulk 
c a r r i e r s  had increased  a t  a s i g n i f i c a n t l y  
h igher  r a t e  than had been f o r e c a s t .  Never- 
t h e l e s s ,  s i n c e  t b e  requirement f o r  f u t u r e  
s c e n a r i o s  required it. a broad 25-year pro- 
j e c t i o n  of  world euergy s u p p l i e s  and sh ipp ing  
was at tempted (sn-61, c p - i ~ d . - i ~ e ) .  

The broad-ocean a s p e c t  of t h e  Defence of Ship- 
p ing  Study ended i n  1974. A r e l a t e d  s tudy 
concerned p r i m a r i l y  w i t h  t h e  v a l u e  of f ixed  ASW 
b a r r i e r s  i n  t be  Engl i sh  Channel was begun in  
1975 under t b e  sponsorship of  CINCHAN. This  
stu* included cons idera t ion  of a wide range of 
a l t e r n a t i v e  ee thods  of sh ipp ing  defence in t h e  
Channel a r e a .  

17.7 Defence of  Nava l  Forces S tudy  

A new p r o j e c t  concerned v i t h  t h e  defence of  
c a r r i e r  s t r i k e  groups (CSC) and of  underway 
r e p l e n i s b e n t  groups (URG) i n  t h e  h d i t e r r a n e a n  
was undertaken i n  1971 under t h e  sponsorship of  

a s t u d y  was rada for CINCSOUTa i n  1971 to 
Cetermine h Southern Regionb mritine 
forces could  be employed to minimize tbe 
impact of t h e  submerim? threat i n  fAe 
Hediterranean.  This included the q u e s t i o n  
of w h e t h e r  forces should be d l l c c a t e d  to 
direct or choke-point defence. (SR-61 

COHNAVSm and l a t e r  CIWCSOVM (SR-6). The 
Centre  examined t h e  ques t ions  o f  whether ASW 
f o r c e s  should b e  a l l o c a t e d  t o  d i r e c t  p r o t e c t i o n  
of  t h e  CSG o r  URG, o r  whether they should be 
used t o  p a t r o l  k d i t e r r a n e a n  en t rances  and such 
choke p o i n t s  a s  t h e  S t r a i t  .of S i c i l y .  

The s tudy  was c a r r i e d  o u t  i n  four  phases, a s  
fo l lovs :  

I. The d i r e c t  ASW p r o t e c t i o n  of c a r r i e r  
s t r i k e  groups (H-81, CP-12.). 

XI. The r e l a t i v e  e f f e c t i v e n e s s  of  d i r e c t  
versus  choke-point defenses  (H-83, CP-80). 

I .  Optiaua d i s t r i b u t i o n  of e s c o r t s  
between CSG and URG p r o t e c t i o n  (M-84 and 
Supp. - 

I V .  Optimum d i s t r i b u t i o n  o f  Am resources 
i n  NATO's Southern Region (M-85, CP-16p). 

For t h i s  s tudy ,  a b a t t l e  l o d e 1  was developed t o  
t r e a t  submarines versus  naval  t a s k  f o r c e s  
S - 1 1 - 1 2 .  Submodels f o r  encounters  and 
encounter  r a t e s  developed f o r  use with t h a t  
rode1  a r e  descr ibed  i n  (CP-lle).  

The s tudy  f i r s t  e s t a b l i s h e d  t h e  l e v e l  of  r i s k  
from subrsar im a t t a c k ,  both m i s s i l e  aod 
torpedo, t o  which a C a r r i e r  S t r i k e  Croup i s  
exposed dur ipg  p o s s i b l e  s t r i k e  opera t ions  i n  
t h e  c e n t r a l  and e a s t e r n  k d i t e r r a n e a n  a - 8 1 ) .  
I t  then  v e n t  on t o  show t h a t  s u r f a c e  and a i r  
ASV f o r c e s  a r e  more e f f e c t i v e  in p r o t e c t i n g  a 
C a r r i e r  S t r i k e  Croup used i n  d i r e c t  defence 
than  when used i n  choke-point defences (H-83). 

The nex t  phase of  t h e  s tudy shoved t h a t  t h e  
outcome o f  a b a t t l e  is r e l a t i v e l y  i n s e n s i t i v e  
t o  t h e  d i v i s i o n  of  e s c o r t s  between t h e  C a r r i e r  
S t r i k e  Croup and t h e  Underway Replenishment 
Group i f  t h e  r e a s u r e  o f  e f f e c t i v e n e s s  adopted 
is t h e  time t h a t  the c a r r i e r  can cont inue t o  
opera te ,  n e i t h e r  having been sunk nor bavin8 
exhausted f u e l  o r  armaments. Such a c r i t e r i o n ,  
i n  a prolonged b a t t l e .  depends on t h e  s u r v i v a l  
of  t h e  Undervay Replenishment Croup a s  wel l  a s  
of t h e  c a r r i e r  i t s e l f .  



As a f i n a l  phase,  t h e  Centre  i n  1974-75 gener- 
a l i z e d  i t s  b a t t l e  models t o  develop a methodo- 
logy independent of t b e  p a r t i c u l a r  s c e n a r i o  
(H-85, CP-16p). The technique involved break- 
i n g  a b a t t l e  down i n t o  i n d i v i d u a l l y  t r a c t a b l e  
elements  o f  such s i z e  t h a t  their w d e l s  a r e  
independent o f  t h e  broad scenar io .  T h i s  phase 
addressed t h e  broad ques t ion  o f  t h e  d i s t r i b u -  
t i o n  o f  ASW resources ia NATO's southern 
region. It was concluded (H-85) t h a t  it is  
a d v i s a b l e  t o  concent ra te  ASV defences on  groups 
a t  r i s k  e a r l y  i n  t h e  b a t t l e ,  r e g a r d l e s s  o f  
p r i o r i t i e s .  

During t h e  course of  t h e  s tudy,  it was a l s o  
concluded t h a t  decept ion t a c t i c s  could s i g n i f i -  
c a n t l y  reduce the v u l n e r a b i l i t y  of c a r r i e r s  t o  
submarine a t t a c k s  (H-81). F u r t h e r  s tudy  
(CP-15b) showed t b a t  evasive t a c t i c s  could 
reduce the number of encounters ,  but  t h a t  t h e  
use o f  decoys had l i t t l e  e f f e c t  on t h e  outcoae. 

A t  t h e  r e q u e s t  of COHSUWED, a s p e c i a l  s h o r t -  
term stub was made of t h e  Soviet  submarine 
c o n t a c t  d a t a  c o l l e c t e d  by C W A Y S O U I H  f o r  t h e  
y e a r  1973 (SH-62). 

Encounter models depict stages in encounters 
between opposing forces. The example illustra- 
tes an em:nter between a torwo-firing aub- 
marine and a carrier group. The probabilities 
associated with each stage allow estiamtes of, 
for example, ~ J E  probability-sf hits  on NAIY) 
forces and the probability of the attacking sub 
marine being hit, disabled  or r ~ ~ i n g  out of 
weapons. 
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C H A P T E R  18 P E R I O D  O F  R E O R I E N T A T I O N  ( 9 9 7 5 - 7 9 )  

18.1 Reorientation of S a t i f i g  P r o g r a m  

In 1975- it became evident t h a t  the  Centre's 
s c i e n t i f i c  progranme had gradually l o s t  
.blsentm, a s  a number of projec ts  had reached a 
point  of d i r in i sh ing  re turns  and M, v i t a l  areas . of research had replaced them. The IUP deep- 
va ter  active-sonar projec t ,  which had been a 
major e f f o r t  f o r  ten years,  had ar r ived a t  the  
s tage  where national  development vas required. 
Extensive ocesnogrsphic/acoustic i n v e ~ t i g a t i o o s  
of the k d i t e r r a a t a n  hsd beea car r ied  on f o r  15 
years,  leaving only r e l a t i v e l y  minor phenomena 
f o r  fu r the r  study. Also, the  purpose and 
d i rec t ion  of t he  operations research progranrme 
was being questioned. The problem vas t o  
formulate a programme t h a t  would not  only 
s a t i s f y  l o n g - t e a  and short-term requirements 
of operational  commanders, but  would a l so  serve 
a s  a bridge between t h e  Centre's enviro-ntal 
research s c i e n t i s t s  and the  operational  r ea l i -  
t i e s  of the  ASU problem. The r e s u l t  was a 
broad n ix  of s tudies  aad a g rea t e r  d ive r s i f i -  
ca t ion  of e f f o r t  than could be readi ly  sup- 
ported by the  l imited number of s t a f .  

Xn rid-1975 M m .  Isaac  Xidd replaced A&. R.W. 
Coueiec as  SACIMT and requested h i s  s t a f f  t o  
examine the  pert inence of t he  Centre's pro- 
gramme t o  SACLAW'S mission and problems. The 
S A W  fitaff concentrated i t s  e f f o r t s  on 
aperatioas research. A t  the  October 1975 SCNR 
meeting, SACLAHT proposed t h a t  t he  OR research 
programme be expanded from ASW ollly ' t o  c m -  
n ica t ions  and a11 o ther  areas  of maritime 
w r f a r e :  e lec t ronic ,  surface,  and a i r .  
Hovever, t he  §QiR was cool t o  t h i s  ruggertion. 
A U.S. National Research Advisozy Council 
s u b c m i t t e e  v i s i t e d  the  Centre in Jkcember 
1975; i ts  report  t o  SAC-, while conf imiag 
a e  value of t he  Centre's research projec ts ,  
suegested t h a t  La Spezia is  too remote a loca- 
t i on  f o r  a broad programme of (IR s tud ie s  i n  
d i r e c t  support of SACUNT. SACLAM'I then pro- 
posed a reduction i n  the scope of t he  Centre's 
OR e f f o r t s  and the t r ans fe r  of a number of the  
research s t a f f  pos i t ioas  t o  h i s  Headquarters. 

After  a year of studying proposals and counter- 
proposals, the  NATO Mil i tary  Budget Cami t t ee  
(W) i n  rid-1977 decided t h a t  four research 
s c i e n t i s t  posts  held by OR s c i e n t i s t s  should be 
removed from the  Centre and a l located  t o  
SACLANT; t h i s  change was subsequently accom- 
plished. These posts a11 came from the  AW 
Studies p a r t  of the  Progrlunse (see Ch. 17),  
thus severely l imi t ing  t h i s  ac t iv i ty .  The 
Centre had t o  refuse a number of study pro- 
posals made by various Commands, and the  
Sxercise Research p ro jec t  war terminated i n  
1978. 

Visit of US National Research Advisory 
Council Subcamittee, 1975. 

During t h i s  period the  Centre's s t a f f  had a l s o  
been considering its proper ro l e  i n  ASW 
research. W.K. Grimley, who had previously 
beea a senior  ASV research manager i n  t h e  
United Kingdom, proposed (m-83) t h a t  the  
prograune place increased emphasis on: 



a .  Coastal-water regions 
b. Passive sonar 
c. System concept formulation. 

From these ideas ,  and with o ther  guidance f roa  
SACLANT and the  S m ,  the  Centre was stimulated 
t o  overhaul i t s  e n t i r e  s c i e n t i f i c  progranme and 
a l eo  t o  organize the prograwne along c l e a r  
projec t  l i nes .  

In February and Hay 1977 the Centre presented 
t o  S A C W  and t o  the  S W  a revised s c i e n t i f i c  
p r o g r a m  intended to:  

a .  Give grea ter  erspbasis t o  inves t iga t ions  
in the intermediate water depth and 
slope s i t u a t i o m .  

b. I n i t i a t e  work relevant t o  paseive 
sonar. 

c .  Conduct more work i n  the  At lant ic  and 
ns io t a in  a balance between At lant ic  and 
Hediterraman s tudies .  

d. Expand the frequency band of i n t e r e s t  
both upvards and dovnwarde. 

c. S t r e s s  those aspects  of operatipns 
research tha t  a r e  d i r e c t l y  per t inent  t o  
the Centrc'e research progranme. 

f .  Carry out  systems s tudies  having the  
broad objectives of ident i fy ing rev 
areas  of research on the  one hand and 
of expediting t h c  appl ica t ion  of 
SACLANTCEN work on the  other.  

g. f a k e s t i g a k  non-acoustic phenomena and 
assess app l i cab i l i t y  t o  ASV. 

h. Conduct research aimed a t  improving 
inter-platform subsurface conmtnica- 
t i o n  . 

The revised programme defined nineteen projec ts  
i n  s i x  research areas ,  h ASU projec t  was 
defined a s  "a study o r  inves t iga t ion  of s igni -  
f i c a n t  s i z e ,  f o r  which a shor t  descr ip t ive  
statement can be given, and f o r  which ASW 
re1evance can be stated." Sixteen ASU pro- 
j e c t s ,  numbered i n  h i s t o r i c a l  sequence, were 
proposed f o r  f i v e  ASW research areas.  A s i x t h  
area  contained th ree  specia l  support p ro j ec t s  
required by tbe  Centre i n  carrying out  i t s  
mission-related tasks.  

SACLANT and the  SCN7t velcoined the  changed 
format a s  w e l l  a s  the new p ro jec t  i n i t i a t i v e s  
developed t o  implement the  proposals. Except 
f o r  the  c m p l e t i m  of t h ree  p ro jec t s ,  i n i t i a -  
t i o n  of one new p ro jec t ,  and consolidation of 
several  smaller projec ts  i n t o  fewer l a rge r  
ones, t h e  psograme has remained e s s e n t i a l l y  
unchanged from 1977 t o  the  present .  (For more 
de t a i l ed  descr ip t ions  of tbe individual  pro- 
j e c t s ,  the reader is  refer red  t o  the  Annual 
Progress Reports beginning i n  1977 and t o  
spec i f i c  proposals f o r  t h e  individual  projec ts  
i n  the  Proposed S c i e n t i f i c  Programes beginning 
with 1978.) 

Internal  Organization i n  the l a t e  1970s. 



18.2 Organiza 

In Ju ly  1975, I r  Svend Falck from Denmark 
replaced D r  Retollack a s  Director.  Soon a f t e r  
his a r r i v a l  he recognized t h e  ioportance of A N  
Sy8tHmS research and s tudies  and created a 
Systems Division with Hr Gr i r ley  a s  i t s  f i r s t  
Head, For about a year, much e f f o r t  war 
devoted t o  organizing t h i s  Division and for- 
mulating i t s  p r o g r a m  (CP-19p,-20c). Following 
the formal retiremgnt of Hr G r b l e y  i n  Feb 
1977, his place a s  Division Bead was taken by 
D r  L. Polger Whicker from the  United Sta tes .  
SACUHT's Term of Reference f o r  t he  Centre 
wre a l s o  revised t o  recognize the Centre's 
systems s tudies  function. 

I(r Falck a l so  assigned t h e  Deputy Direc tor  
d i r e c t  responsib i l i ty  f o r  t h e  Centre's seven 
support departheats: 

S c i e n t i f i c  and Technical Information 
computer Operations 
Electronic Engineering 
Mechanical and Transducers 
Ocesnographic Engineering 
Real-Time Systems 
Ship Operationn 

f i r s t  tvo of these departxents support a11 
of t he  Centre's w r k  in t h e i r  respective 
f i e lda .  fbc other  f ive  provide engineering, 
tecbaiciau,  and pmcurcwcnt support fo r  the 
Centre's at-sea research. 

h c e p t  f o r  the loss of one A5 and three A3 
s c i e n t i s t p a a t r  to SAC= in  1977, the c e i l i n g  
f o r  k n t r e  c i v i l i m  personoel m i n e d  constant 
daring this period. Flewever, i n  January 1979 
the H K  approved J new Civi l ian  ABsis is t ra t ive  
Personnel B s t a b l i s b t n t  (CAPE), the  f i r s t  such 
d a n g e  i n  ever f i v e  years and one which f i n a l l y  
recognized the numerous personnel sad pos i t ion  
changea t h a t  had been made i n  tbe  1972-74 
period (see Sect. 13.3). 

I n  Ju ly  1976, t he  author replaced Hr Pryce as  
Deputy Director. Llr Palck's  t e r m  a s  Direc tor  
ended in Ju ly  1978 and tbe  pos t  was f i l l e d  i n  
October 1978 by the  present  Director,  Iir Basil  
Lythal l  from the  United Kingdor. There was 
a l so  an abnormally l a rge  turaclver of s c i e n t i f i c  
personnel is l a t e  1975 and throughout 1976, but  
t h i s  has been s t a b l e  s ince  e a r l y  1977. 

l 8  -3 B u d a a g d  Finance 

m e  revision of t be  s c i e n t i f i c  programne f o m a t  
in to  c l e a r l y  defined p ro jec t s ,  each with its 
OM al located  resources, g r e a t l y  aided 
f inanc ia l  management in the Centre and improved 
the  budget formulation process. As a r e su l t ,  
even t b u g h  the  IBC adopted a fully-funded 
budget concept and eliminated most l id-year  
requests  f o r  addi t ional  funds, the Centre has 
received the  f inanc ia l  support t o  car ry  out  its 
programc. The ClBC agreed t o  t h e  purchase of 
c e r t a i n  expeosive new n c i e n t i f i c  equipments , 

Mr S. h l c k  
D e m r k  
Director 1975-78 

m B.W. Lythnll 
U.K. 
Director 1978 + 



such a s  towed bpdrophone arrays and modern 
high-speed &ta  processors. and a l s o  granted a 
modest increase  i n  the  number of t r i p s  covered 
by the  t r a v e l  budget. On a number of occasions 
the  #BC has granted emergency mid-year addi- 
t i ona l  funding f o r  personnel cost-of-l iving 
increases.  

18.4 Space and Buildings 

The new o f f i c e  building was completed l a t e  i n  
1975 and occupied i n  February 1976, thus 
f i n a l l y  re l ieving the  overcrowding t h a t  had 
exis ted  f o r  almost a decade. Tbe building was 
dedicated i n  Hay 1976 a t  the  time of an SCNR 
meeting. Vork then began on a five-year plan 
of r ehab i l i t a t ion  of the  space i n  the  o r ig ina l  
building.  A l a rge r  cooference roan was con- 
s t ruc t ed ,  eru accoisodatioa created f o r  the 
l i b r a r y  col lec t ion ,  which bad by then g r m  to 
over 5000 books, and 10 000 docnrslents re la ted  
t o  ASW research,  uld other o f f i ces  were refur-  
bished. 

I n  1979, funds were obtained t o  convert a 
storage building i n t o  the  addi t ional  laboratory 
and shop space required t o  handle towed ar rays  
and o ther  l a rge  research s t ruc tu res .  Also i n  
1979, t8e I t a l i a n  Navy agreed t o  t r ans fe r  t o  
the Centre another building su i t ab le  f o r  the  
storage of iof requrntlg used equipment6 . 

18.5 Research F a c i l i t i e s  

Throughout t h i s  period,  the Centn  retained 
under cha r t e r  the  services  of the research 
vesse l  HARIA PAOLINA G. The major improvement 
made t o  the sh ip  war the  addit ion i n  1977 of aa 
in tegra ted  Loran-C/satel l i te  navigation s y s t a .  
Other moderate improvements were made f o r  ar ray  
handling, e l e c t r i c i t y  production, and habitabi-  
l i t y .  Use of the ship  continued hi& through- 
out  the per iod ,  and the  Centre p lans  t o  extend 
the cha r t e r  t o  1964. 

l'he workboat T.B. W I N G  proved usable f o r  
long periods a t  sea as well a s  f o r  l oca l  work. 
Both the  W I N G  and the  WG were w e d  exten- 
s i v e l y  t o  i n s t a l l  equipment8 and a c t  a s  source 
ships f o r  t h e  Formiche d i  Grosseto sballow- 
water t e s t  si te located southeast  of Elba 
(CP-2lj). The main engine of t h e  tiANHIBG 
became unusable i n  l a t e  1978 and vas replaced 
by the  United S t a t e s  i n  1979. 

The Univac-1106, acquired i n  1974, has proved 
w e l l  su i t ed  t o  tbe  Centre's needs. By doubling 
the  00-line memory, replacing magnetic tape 
handlera by f a s t e r  and *re r e l i a b l e  un i t s ,  
adding new terminals,  procuring a modern, 
high-speed Calcomp p l o t t e r ,  and adding a 
graphics terminal microprocessor mult iplexer,  
the c a p a b i l i t i e s  of the  s y s t a  have b e n  
s t ead i ly  improved. Rather than replace t h i s  
computer, i t  i s  now planned t o  meet groving 
requirements by augmenting it v i t h  a second 
cen t r a l  processor and addi t ional  mass s torage  
and memory u n i t s ,  a s  well a s  w i t h  such useful  
per iphera ls  as a colour p l o t t e r  and colour 
terminals. 

The planned extension ta the SIICLMCII@BN 
building (see p.55) was colspleted i n  1976. 

Improved a c c s m d a t i o n  for thc research s t a f f  
i n  the new extension allowed m e  of the 
wider rooms o f  the o ld  bui ld ing  fw be e n l a r g d  
into suf tably sized library (above) and con- 
fere- racm (oppesite) . 



The o r ig ina l  Hewlett Packard HP-2116B mini- 
coaputers, s o  useful  during the  f i r s t  half  of 
the  1970s, became obsolete and were no longer 
able  t o  meet p ro jec t  demands. The Centre has 
gradually replaced the  2116Bs with more modern 
Iiewlett,Packard 21HX minicomputers with mving- 
bead d i sc s .  In addit ion,  a f a s t  a r ray  pro- 
cessor (W 300) was acquired i n  1977 and an 
advanced progr-able beamforeer i n  1978 
(CP-23n). 

With the  completion of t he  new l i b ra ry  i n  
mid-1978, the Centre achieved a n t a t e  of 
excellence in f a c i l i t i e s  to nppport it. 
reaearcb progranme. 

I t  is too ea r ly  t o  describe the  nc i en t i f i c  work 
done s ince  1975 w i t h  t h e p e e p e c t i v e  required 
f o r  a h is torg .  There is therefore no f i n a l  
chapter on s c i e n t i f i c  p ro jec t s  and, instead,  
t h e  reader i s  refer red  t o  the  appropriate 
Annual Progress Reports and t o  the col lec t ions  
of papers presented each year t o  the  Centre'n 
SCWR (CP-19,-21,-23). Complete l i s t i n g s  of a l l  
Centre publicotionn a r e  s iven a t  the back of 
the aeaual reports. 

18.7 Conterencen 

In Autumn 1975, two major conferencen were held 
a t  the Centre: 

Oceanic Acoustic Modelling, Sep 1975 (8-17)  
Submarhe Bcbo Propertien, Hov 1975 (CP- 18). 

Both of these were we11 attended and each 
included severa l  Centre papers. Ilo conferences 
were orwnized i n  1976. 

Since 1977, the Centre has continued to  orga- 
n ize  conferences mnaal ly .  In March 1977, a 
Working-Level Beeting on Research f o r  Coestal 
Waters ASkl (CP-20) connidered the needs fo r  
various types of research,  a s  wll a s  hearing 
neveral summary papers M important aspects. 
Tbi. conference served t o  he lp  t b e  Centre focun 
its c o a s t a l r a t e r s  research programme. 

To help in s e t t i n g  the objectives fo r  research 
e f f o r t s  planned fo r  t he  area southwest of the  
English Channel (SWAP), i n  March 1978 the 
Centre held a conference devoted t o  ASW opera- 
t i ons  and oceanographic and acoustic ntudies of 
t h i s  area (CP-22). 

In April  1979, the Centre uas t h e  nccnc fo r  a 
conference on ASbl in the 1990s (CP-24). This 
wan the  la rges t  conference ever held a t  the 
Centre and was attended by severa l  f l a g  
o f f i c e r s  a s  well a s  o ther  o f f i c e r s  and c iv i -  
l i ans  f r m  the Comands and the  Nations. 

18.8 Twentieth Anniversaq  - 

In the 1970s, scientific conferences became 
a regular part  of the. Centre's a d v f  ties. 
A larger and better-squipped oonference 
ram was created in 1977. 

On Tuesday 8 Hay 1979, preceding it. 34th SCNR 
meeting, the  Centre celebrated its twentieth 
anniversary. Following opeeches and the pre- 



mentation of 20-year c e r t i f i c a t e s  t o  s i x  o r i -  
ginal  ntmff members, many of the distinguimbcd 
v i s i t o r s  inspected equipawnts aboard the HPG 
daring a 4-hour cruise.  In the evening the 
e n t i r e  Centre par t ic ipated in a gala party a t  
the  I t a l i a n  IJavy Officers '  Club. 

In his remarks on this accamion the Director 
expressed h i s  personal evaluation of the higb 
qual i ty  of the s c i e n t i f i c  work t h a t  b n  been 
carried on a t  the  Centre througbout its twenty 
yearr. Iie took note of the many technical 
innovatione and pioneering researches that have 
resulted f roe  tbc e f f o r t s  of t h i s  c ~ a m t i v e l y  
-11 orpaniration. For i t 6  s i ze ,  the  in- 
fluence of the Centre has been great ,  and it 
has served a s  a resdrlcsble example of inter-  
national collaboration and cooperation. 

On B Clsy 1979 the Centre celebrated its 20th 
eiversary In tbe presence of the Supreme 
Allied &mender's a p u t y  Chief o f  Staff  for 
P1 ans, Xntell i  gence , and Operations, Rear 
Admiral S A .  Suarztrsober U-; Representuti- 
ves of the Secretary General and other IYA'IY) 
authoritiesr members o f  t h  SACUNTCEN 
Scientific Camittee of RatIona1 Represen- 
tatives; Italian rfl i tary arrd civil digni- 
tarierr; previous SACLIINWEN Directors; and 
previous neerbers o f  the staff. 

The occesion w s  marked by speeches and the 
presentation o f  20-gedr service cer t f f i  cdtes 
to veteran members of tb r u f f .  b y  demns- 
tratlons i n  the laboratory and during a 
short cruise of the H A  PROLIWA G., by the 
publication of  a souvenir brochure, and by 
an evening party for a l l  the staff and visi- 
tors in the garden of  the Italian Raval 
Officers* Club. 
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