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

T h e M a s s a c h u s e t t s I n s t i t u t e o f T e c h n o l o g y w a s t h e fi r s t
A m e r i c a n u n i v e r s i t y t o o f f e r a d e g r e e p r o g r a m i n n a v a l
a r c h i t e c t u r e . T h e y e a r w a s 1 8 9 3 . C u r r e n t l y , i t n o w o f f e r s
b o t h b a c c a l a u r a t e a n d g r a d u a t e o c e a n e n g i n e e r i n g d e g r e e s
a n d i s t h e l a r g e s t s u c h g r a d u a t e p r o g r a m i n t h e n a t i o n . T h e r e

a re , i n add i t i on , M IT deg ree p rog rams in oceanography and
c o a s t a l e n g i n e e r i n g ; a n d j o i n t d e g r e e p r o g r a m s w i t h W o o d s
H o l e O c e a n o g r a p h i c I n s t i t u t e ( W H O I ) w e r e e s t a b l i s h e d i n 1 9 6 6
i n o c e a n o g r a p h y a n d l a t e r i n o c e a n e n g i n e e r i n g a n d b i o l o g i c a l

o c e a n o g r a p h y .

I t w a s fi t t i n g , t h e r e f o r e , t h a t M I T e n t e r t h e n a t i o n a l
S e a G r a n t P r o g r a m i n 1 9 6 8 w i t h a p r o j e c t t h a t h a s r e s u l t e d

i n t h e p u b l i c a t i o n o f e i g h t t e x t b o o k s o n o c e a n e n g i n e e r i n g .
F r o m t h i s s u c c e s s f u l i n i t i a l e f f o r t , t h e p r o g r a m w a s e x p a n d e d
i n t o t h e G H - 8 8 C o h e r e n t A r e a P r o j e c t , ( C A P ) , " O c e a n U t i l i
z a t i o n a n d C o a s t a l Z o n e M a n a g e m e n t . " T h e C A P w a s r e n e w e d
in 1971 -1972 , and we a re p l eased t o summar i ze ou r ac t i v i t i e s
under our renewa l g ran t . Sea Gran t No . 2 -35150 , and to p re
s e n t t h i s s e c o n d c o m p l e t i o n r e p o r t .

The Cohe ren t A rea P ro j ec t f o r 1971 -1972 i nvo l ved e i gh teen
p r o j e c t s , b o t h i n t e r d i s c i p l i n a r y a n d h i g h l y s p e c i a l i z e d , a n d
a n e x p a n d i n g p r o g r a m o f e d u c a t i o n a n d t r a i n i n g i n o c e a n u t i l
i z a t i o n a n d c o a s t a l z o n e m a n a g e m e n t . T h e c o n t i n u i n g s t r e n g t h
o f t h e e f f o r t l o o k s f o r w a r d t o a s i g n i fi c a n t l y l a r g e r a d v i s o r y
s e r v i c e s p r o g r a m , w h i c h w i l l c o m b i n e t h e r e s e a r c h e f f o r t s o f
i n t e r e s t n a t i o n a l l y w i t h c o n c e r t e d l o c a l e f f o r t s t o h e l p t h o s e
c o n c e r n e d w i t h t h e s e a a n d s e a c o a s t t o u s e i t w i s e l y, t o t h e

advantage of Massachuset ts and the New England reg ion.

I n p a r t i c u l a r , t h e o v e r a l l g o a l s c o n t i n u e t o b e :

t o t r a n s f e r a n d a p p l y M I T r e s e a r c h e x p e r i e n c e i n
o c e a n e n g i n e e r i n g a n d r e l a t e d fi e l d s t o o c e a n u t i l
i z a t i o n a n d c o a s t a l z o n e d e v e l o p m e n t i n a w a y t h a t
a v o i d s o r m i n i m i z e s d e t r i m e n t a l e c o l o g i c a l c h a n g e ;

t o p l a n a n d e x e c u t e r e s e a r c h a n d d e v e l o p m e n t p r o j e c t s
t o a c h i e v e t h i s fi r s t g o a l ;

t o b r o a d e n M I T ' s e d u c a t i o n a l p r o g r a m i n o c e a n u t i l i
za t i on and coas ta l zone deve lopmen t ; and
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t o a s s u r e e x p e d i t i o u s d i s s e m i n a t i o n a n d u t i l i z a t i o n

o f t h e r e s u l t s o f m a r i n e - r e l a t e d r e s e a r c h a n d d e v e l o p
m e n t a t M I T .

T h e M I T S e a G r a n t P r o j e c t O f fi c e , u n d e r S e a G r a n t D i r e c t o r ,
P r o f e s s o r A l f r e d H . K e i l , w i t h D e a n A . H o r n a s i t s e x e c u t i v e

o f fi c e r , p r o v i d e s t h e f o c a l p o i n t f o r a l l t h e s e p a r a t e S e a G r a n t
p r o j e c t s a n d r e l a t e d p r o g r a m s a t t h e I n s t i t u t e t h a t h a v e a c o m
m o n i n t e r e s t i n o c e a n u t i l i z a t i o n a n d c o a s t a l z o n e d e v e l o p m e n t .
W h i l e t h e r e i s o n g o i n g e m p h a s i s o n i n t e r d i s c i p l i n a r y r e s e a r c h ,
t h e o f fi c e i n t h e p a s t y e a r h a s w o r k e d h a r d t o d e v e l o p t h e i n v a l
u a b l e l i a i s o n s b e t w e e n M I T a n d g o v e r n m e n t a n d p r i v a t e i n s t i t u

t i o n s , i n d u s t r i e s a n d t h o s e w h o w a n t h e l p o n s e a - r e l a t e d r e s e a r c h .

I n t h e p a s t y e a r , t h e r e h a s b e e n a n i m p o r t a n t i n c r e a s e i n

p a r t i c i p a t i o n - f r o m j u s t t w o i n s t i t u t i o n s i n 1 9 7 0 t o fi v e i n
o u r 1 9 7 1 - 1 9 7 2 p r o g r a m . P e r h a p s t h e m o s t i m p o r t a n t a c c o m p l i s h m e n t
h a s b e e n t o d e v e l o p a c l o s e l i a i s o n w i t h s e v e r a l s t a t e a g e n c i e s
a n d r e g i o n a l c o m m i s s i o n s . W e h a v e p r o v i d e d b r i e fi n g s o n c u r r e n t

i m p o r t a n t t o p i c s t o s t a t e o f fi c i a l s o n a n a d h o c b a s i s a n d p l a n
t o c o n t i n u e t h i s s e r v i c e . I n N o v e m b e r 1 9 7 1 , w e h e l d o u r fi r s t

M I T S e a G r a n t S t a t e - I n d u s t r y W o r k s h o p , a n d t h e r e a c t i o n s a n d r e s p o n s e s

h a v e b e e n s i g n i fi c a n t a n d p o s i t i v e . W e h a v e a l s o e s t a b l i s h e d a

S t a t e - I n d u s t r y A d v i s o r y C o u n c i l f o r o u r S e a G r a n t P r o g r a m . E l e v e n
p r o m i n e n t i n d i v i d u a l s , i n c l u d i n g t h e E x e c u t i v e V i c e - P r e s i d e n t o f
t h e G r e a t e r B o s t o n C h a m b e r o f C o m m e r c e , t h e D i r e c t o r o f M a s s a c h u

s e t t s S c i e n c e a n d Te c h n o l o g y F o u n d a t i o n , a n d t h e r e p r e s e n t a t i v e
o f t h e C o m m o n w e a l t h ' s S e c r e t a r y f o r E n v i r o n m e n t a l A f f a i r s , h a v e

a g r e e d t o s e r v e o n t h e C o u n c i l .

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

a c c o u n t i n g o f a l l t h e p r o j e c t s f u n d e d i n t h e 1 9 7 1 - 1 9 7 2 C o h e r e n t
A r e a P r o g r a m , G r a n t N o . 2 - 3 5 1 5 0 . H o w e v e r , h e r e w e b r i e fl y h i g h

l i g h t f o u r l a r g e p r o j e c t s o f s i g n i fi c a n c e t h a t h a v e b e e n c o m p l e t e d
and one project in i t iated under this program that is of central
i m p o r t a n c e i n t h e s u c c e s s o r g r a n t s .

• O c e a n T r a n s p o r t a t i o n , u n d e r t h e d i r e c t i o n o f P r o f e s s o r
E . g . F r a n k e l . T h e p r o j e c t h a s b e e n c o m p l e t e d w i t h t h e p u b l i
cation by The MIT Press of the book Ocean Transportation by E.G.
Frankel and Henry S. Marcus. It provides the most comprehensive
r e v i e w a n d d i s c u s s i o n t o d a t e o f t h e f a c t o r s t h a t a f f e c t o c e a n

t r a n s p o r t a t i o n a n d w i l l , w e b e l i e v e , s e r v e a s a v a l u a b l e r e f e r e n c e
w o r k f o r m a n y y e a r s .

• E s t u a r y M o d e l i n g , u n d e r t h e d i r e c t i o n o f P r o f e s s o r A . T. I p p e n .
T h e r e s e a r c h e r s h e r e h a v e d e v i s e d , s u c c e s s f u l l y t e s t e d , a n d p u b
l ished three reports on mathematical models of estuaries. The
m o d e l s s h o w ( 1 ) s a l i n i t y d i s t r i b u t i o n i n a o n e - d i m e n s i o n a l f r a m e -
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w o r k a s a fi i n c t i o n o f l o n g i t u d i n a l d i s t a n c e a n d t i m e , a n d

( 2 ) s a l i n i t y a n d v e l o c i t y d i s t r i b u t i o n s i n v e r t i c a l d i r e c t i o n s .
T h e s e m o d e l s p r o m i s e m u c h g r e a t e r e f fi c i e n c y i n p r e d i c t i n g t h e
e f f e c t s o f e f fl u e n t s d i s c h a r g e d t h a n t h e p r e s e n t , c u m b e r s o m e

p h y s i c a l m o d e l s .

• F u t u r e o f A t l a n t i c P o r t s , u n d e r t h e d i r e c t i o n o f P r o f e s s o r

E . G . F r a n k e l . I n t h e p u b l i s h e d r e p o r t , " S t u d i e s o n t h e F u t u r e
o f A t l a n t i c P o r t s , " P r o f e s s o r F r a n k e l h a s f o r e c a s t e d f u t u r e n e e d s

b y fi r s t p r o j e c t i n g d e m a n d a n d t h e n a n a l y z i n g t h e t y p e a n d f o r m
o f c o m m o d i t y m o v e m e n t s r e q u i r e d , a s w e l l a s t h e m o s t c u r r e n t t r e n d s
i n t r a n s p o r t a t i o n t e c h n o l o g y .

• E n v i r o n m e n t a l I m p a c t o f a S u p e r p o r t i n t h e M a c h i a s B a y

A r e a , u n d e r t h e d i r e c t i o n o f P r o f e s s o r S t e p h e n F . M o o r e . T h e

s t u d y, w h i c h w a s u r g e n t l y r e q u e s t e d b y t h e C o u n c i l o f E n v i r o n
m e n t a l Q u a l i t y , c o n s i d e r e d i n d e t a i l fi r s t t h e s p e c i fi c e f f e c t s
o f o i l s p i l l s o n m a r i n e o r g a n i s m s a n d t h e n t h e p o t e n t i a l g e o

graphic distribution of oil spills. The research concluded
t h a t a l t h o u g h o i l s p i l l s o c c u r r i n g f r o m d a y - t o - d a y t r a n s s h i p
m e n t o p e r a t i o n s a t t h e t a n k e r b e r t h s a r e r e l a t i v e l y i n s i g n i
fi c a n t e n v i r o n m e n t a l l y , t h e o v e r a l l e n v i r o n m e n t v u l n e r a b i l i t y
o f t h e M a c h i a s B a y r e g i o n t o o i l s u p e r t a n k e r s i s v e r y h i g h .

a O f f sho re Pe t ro lex im and New Eng land , under the d i rec t i on o f
P r o f e s s o r J o h n W . D e v a h n e y , I I I . T h e h i g h p r o b a b i l i t y o f o f f s h o r e

p e t r o l e u m d e p o s i t s o n G e o r g e s B a n k a n d t h e i r u t i l i z a t i o n w i t h
t h e n e c e s s a r y r e fi n e r i e s h a v e p o s e d a c h a l l e n g i n g p r o j e c t , b e g u n
i n t h e s p r i n g o f 1 9 7 2 a t t h e r e q u e s t o f a n d s p o n s o r e d j o i n t l y b y
the New England Regional Commission and the New England River
B A s i n s C o m m i s s i o n , w i t h a d d i t i o n a l S e a G r a n t f u n d i n g . T h e a i m
i s t o c o n c e n t r a t e p r o f e s s i o n a l a n d a c a d e m i c e x p e r t i s e i n a n

u r g e n t s t u d y i n t e n d e d t o g e n e r a t e e s t i m a t e s o f t h e c h a n g e i n r e a l
N e w E n g l a n d i n c o m e a n d r e g i o n a l e n v i r o n m e n t a l q u a l i t y a s s o c i a t e d
w i t h a r a n g e o f h y p o t h e t i c a l p e t r o l e u m d e v e l o p m e n t s o n G e o r g e s
B a n k . T h e r e a r e t w o i n t e r r e l a t e d a n d i m p o r t a n t q u e s t i o n s
a d d r e s s e d i n t h e w o r k : I n t h e s e a r c h f o r o i l a n d i n e x t r a c t i n g

i t , w h a t i s t h e n e t e n v i r o n m e n t a l i m p a c t a n d w h a t i s t h e n e t
c h a n g e i n r e g i o n a l i n c o m e ?

I n a l l , w e f e e l t h a t t h i s p a s t y e a r h a s b e e n e x t r a o r d i n a r i l y
s u c c e s s f u l i n s h o w i n g t h e p o s s i b i l i t i e s f o r t h e e n o r m o u s c o n t r i
b u t i o n M I T c a n m a k e t o t h e n a t i o n a l S e a G r a n t e n d e a v o r .
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Ocean Transpor ta t i on

P R O F E S S O R E . G . F R A N K E L , D I R E C T O R , C O M M O D I T Y T R A N S P O R TAT I O N A N D
ECONOMIC DEVELOPMENT LABORATORY AND PROFESSOR OF MARINE SYSTEMS,
DEPARTMENT OF OCEAN ENGINEERING

T h e w o r l d w i d e t r a n s p o r t a t i o n s t u d y, u n d e r t h e d i r e c t i o n
of Professor E.G. Frankel has been completed with the publica
tion by The MIT Press of Ocean Transportation by Ernst G. Frankel
and Hen ry S . Marcus . The book p rov ides an up - to -da te rev iew
a n d d i s c u s s i o n o f t h e f a c t o r s t h a t a f f e c t o c e a n t r a n s p o r t a t i o n .
Wh i l e t he re i s a l r eady much ma te r i a l on sh ip t echno logy — sum
mar i zed he re i n a chap te r on the recen t deve lopmen t o f sh ip
f o r m s , p r o p u l s i o n s y s t e m s , c o n t r o l t e c h n i q u e s , a n d t e r m i n a l
d e s i g n s - - v e r y l i t t l e h a s b e e n p u b l i s h e d o n t h e s u b j e c t s t o
w h i c h t h e m a j o r p o r t i o n o f t h e b o o k i s d e v o t e d : o c e a n t r a n s

p o r t a t i o n i n v e s t m e n t a n d fi n a n c e , t r a d e c o m m o d i t y fl o w s ,
m a n a g e m e n t , . a n d l a b o r r e l a t i o n s a n d o p e r a t i o n s .

The i n t r i gu ing theme o f t he book emphas i zes tha t ocean

t r a n s p o r t a t i o n d e c i s i o n s s h o u l d n o l o n g e r b e m a d e b y d e t e r
m i n i n g p e r f o r m a n c e o n a p a r t i c u l a r r o u t e o r i n a p a r t i c u l a r
t r a d e . O c e a n t r a n s p o r t a t i o n i s t o d a y a s y n t h e s i s o f m a n y c o m

p o n e n t s a n d i s i t s e l f i n c l u d e d i n a c o m p l e x s y s t e m t h a t j o i n s
t o g e t h e r a l l t h e m o d e s o f t r a n s p o r t a t i o n a n d s t o r a g e . D e c i
s i ons can be based on l y pa r t l y on sh ip des ign and ope ra t i on
c h a r a c t e r i s t i c s .

T h e i n c r e a s i n g c o m p l e x i t i e s o f fi n a n c e , l a b o r m a n a g e m e n t ,
g o v e r n m e n t i n v o l v e m e n t , a n d i n t e r n a t i o n a l c o n s i d e r a t i o n s
i n t r o d u c e a m u l t i t u d e o f f a c t o r s q u i t e a s s i g n i fi c a n t a s t h o s e
o f s h i p d e s i g n a n d o p e r a t i o n .

T h e s t u d i e s p r e s e n t e d i n O c e a n Tr a n s p o r t a t i o n a r e i n

dependen t and cove r each top i c as a sepa ra te i ssue , as fa r
a s t h i s i s p o s s i b l e . T h e n i n e p a r t s o f t h e b o o k i n c l u d e :
D e m a n d a n d S u p p l y o f S h i p p i n g : A W o r l d R e v i e w , O c e a n T r a n s

po r ta t i on Techno logy, Deve lop ing and Us ing Da ta on Trade
Commodi ty F lows, Sh ipbu i ld ing Cos ts , Ocean Barg ing : A Rev iew,
A Review of Mar i t ime Labor and a Study of the Longshore

I n d u s t r y, F i n a n c i n g o f U . S . S h i p p i n g , F a c t o r s A f f e c t i n g S h i p
p i n g O p e r a t i o n s , a n d A R e v i e w o f M e r c h a n t M a r i n e S u b s i d i e s w i t h
An Ana l ys i s o f P lann ing Subs id i zed L ine r Rep lacemen t .
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F u t u r e o f A t l a n t i c P o r t s

P R O F E S S O R E . G . F R A N K E L , D I R E C T O R , C O M M O D I T Y T R A N S P O R TAT I O N A N D
ECONOMIC DEVELOPMENT LABORATORY AND PROFESSOR OF MARINE SYSTEMS

DEPARTMENT OF OCEAN ENGINEERING

A s t h e s h i p p i n g t r a d e i s i n c r e a s i n g e n o r m o u s l y , i n n o v a t i o n s
a r e r e q u i r e d i n s h i p s , s h i p o p e r a t i o n s , p o r t h a n d l i n g , w a r e
h o u s i n g , a n d i n p a r t i c u l a r , c a r g o h a n d l i n g . I t i s n o w u r g e n t
t h a t s h i p c a r g o c o n n e c t e f fi c i e n t l y w i t h i n l a n d t r a n s p o r t a t i o n

s y s t e m s , t h u s e n h a n c i n g t h e r a p i d l y g r o w i n g u s e o f i n t e r m o d a l
s y s t e m s i n t h e s h i p p i n g i n d u s t r y . T h e n e w d e m a n d s p l a c e d u p o n
s h i p p i n g a r e i n c r e a s i n g l y m a k i n g c o n v e n t i o n a l p o r t l o c a t i o n s a n d
o p e r a t i o n s o b s o l e t e , w i t h t h e e x c e p t i o n o f n e w c o n t a i n e r t e r m i n a l s ,
s o m e d r y b u l k b e r t h s , a n d c e r t a i n s p e c i a l i z e d c a r g o b e r t h s .

T h e p r o j e c t , h e a d e d b y P r o f e s s o r E . G . F r a n k e l , i s n o w

c o m p l e t e d a n d h a s p u b l i s h e d a r e p o r t e n t i t l e d " S t u d i e s o n t h e
F u t u r e o f A t l a n t i c P o r t s , " w h i c h o u t l i n e s w h a t t h e e a s t e r n
s e a c o a s t m u s t d o t o k e e p p a c e w i t h i n t e r n a t i o n a l t r a d e . T h e
r e s e a r c h e r s fi r s t u n d e r t o o k t o a s c e r t a i n t h e n e e d s o f t h e

v a r i o u s s e a p o r t s , c o n s i d e r i n g l o n g - t e r m p r o j e c t i o n s o f t h e i r
t r a f fi c a n d f a c i l i t i e s . T h i s s e e m e d a n i m p o r t a n t fi r s t o b

j e c t i v e s i n c e t e c h n o l o g y w i l l b e a d o p t e d m o r e b e c a u s e o f
d e m o n s t r a t e d n e e d t h a n b e c a u s e o f a v a i l a b i l i t y o f m o r e m o d e r n
m e t h o d s . T h e r e p o r t f o r e c a s t s f u t u r e n e e d s b y fi r s t p r o j e c t i n g
d e m a n d a n d t h e n a n a l y z i n g t h e t y p e a n d f o r m o f c o m m o d i t y m o v e
m e n t s r e q u i r e d , a s w e l l a s t h e m o s t c u r r e n t t r e n d s i n t r a n s p o r
t a t i o n t e c h n o l o g y .

M o d e l s d e v e l o p e d i n t h e s t u d y w e r e r u n f o r i n d i v i d u a l
ports, sets of regional ports, and the total set of the nine
m a j o r A t l a n t i c p o r t s , c o n s i d e r i n g b o t h m a j o r b u l k a n d u n i
t i z e d c o m m o d i t y fl o w s .

The study has shown that the capacity of the Atlantic ports
to handle general cargo will continue to be substantially oyer
projected needs. Ample container terminal capacity also exists,
although the unplanned (haphazard) location of terminals results
i n i n e f fi c i e n t u s e o f t h e o v e r a l l c a p a c i t y .

Howeve r, t he s tudy po in t s up t he p r ima ry impo r tance o f
improved handling of liquid and dry bulk commodities. Although
Atlant ic ports are insignificant as a percentage of U. S.
grain exports, on the other hand, over 5.4 percent of U.S. iron
ore imports are handled through these ports and 98 percent of
their l iquid bulk commodities are crude petroleum and petroleum
products. With the same port facilities, a far greater volume
o f m a t e r i a l w i l l h a v e t o b e h a n d l e d m o r e e f fi c i e n t l y . T h e
economy of utilizing huge deep draft vessels must be urgently
considered, which requires considerable innovat ion since At lant ic
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p o r t s a r e n o t d e e p e n o u g h t o a c c o m o d a t e t h e m . ( T h e t r a n s p o r t
c o s t s o f t h e a v e r a g e s m a l l a n d m e d i u m s i z e t a n k e r a r e m o r e
t h a n d o u b l e t h o s e o f V L C C o r m a m m o t h t a n k e r s . )

T h e r e p o r t o u t l i n e s t h e e c o n o m i c a d v a n t a g e s o f t h e r e g i o n a l

p o r t , b a s e d o n t h e m u l t i p o r t , m u l t i p u r p o s e m o d e l s w h i c h a l l o w

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

1 . e l i m i n a t e c o s t l y c o m p e t i t i o n f o r t h e t r a f fi c t o t h e

h i n t e r l a n d s ;
2 . p r o v i d e t h e m o s t e f fi c i e n t p l a n n i n g o f p o r t f a c i l i t i e s ;

a n d

3 . a l l o w t h e i n s t i g a t i o n o f m o r e e f f e c t i v e w o r k r u l e s ,

e m p l o y i n g t h e c o s t - b e n e fi t s o f t h e l a t e s t t e c h n o l o g y .
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Es tua ry Mode l i ng

PROFESSOR ARTHUR T. IPPEN, INSTITUTE PROFESSOR AND DIRECTOR,
RALPH M. PARSONS LABORATORY FOR WATER RESOURCES AND HYDRO

D Y N A M I C S , D E PA R T M E N T O F C I V I L E N G I N E E R I N G

C o a s t a l z o n e s a n d e s t u a r i e s , i n p a r t i c u l a r , p r o v i d e m a j o r
resou rces f o r bo th t he econom ic and soc i a l we l l - be i ng o f man .
These va luab le resources must be p ro tec ted f rom need less de
t e r i o r a t i o n . E s t u a r i e s a r e p r e s e n t l y b e i n g u s e d a s s i n k s f o r
industr ial and municipal waste. Although wastes, when properly
t r e a t e d , a r e n o t n e c e s s a r i l y d e t r i m e n t a l , i t i s i m p o r t a n t t o
b e a b l e t o j u d g e t h e e f f e c t s o f t h e t y p e s a n d a m o u n t s o f e f fl u e n t s

discharged in order not to endanger biological productivi ty and
t h e u s e o f t h e w a t e r f o r r e c r e a t i o n .

W h i l e t h e d e fi n i t i o n o f e s t u a r i e s i s b r o a d a n d i n c l u d e s
a lmos t any body o f wa te r wh ich j o i ns the ocean a t t he coas t ,
t h i s p r o j e c t h a s b e e n s p e c i fi c a l l y c o n c e r n e d w i t h t h o s e b o d i e s
of water which are connected to the ocean at one end and fed by
s o u r c e s o f f r e s h w a t e r a s t h e w a t e r b o d y ' s b o u n d a r i e s e x t e n d
l a n d w a r d . T h e g e o m e t r y o f e a c h e s t u a r y h a s i t s e f f e c t o n t h e
c i r c u l a t i o n a n d s a l i n i t y d i s t r i b u t i o n ; h o w e v e r , g i v e n a p a r
t i c u l a r g e o m e t r y, t h e t w o p r i m a r y f a c t o r s i n fl u e n c i n g t h e

s a l i n i t y i n t r u s i o n a r e t h e t i m e h i s t o r y o f t h e f r e s h w a t e r
i n fl o w s a n d t h e r a n g e a n d m e a n t i d a l e l e v a t i o n a t t h e o c e a n
e n t r a n c e .

The re a re t v /o ma in me thods fo r mode l i ng es tua r i es : phys i ca l
a n d m a t h e m a t i c a l . A p h y s i c a l h y d r a u l i c m o d e l , w h i c h i s t h e m o s t

w i d e l y u s e d t e c h n i q u e a t t h e p r e s e n t t i m e , p r o v i d e s d i r e c t
v i s u a l o b s e r v a t i o n o f fl o w . B u t t h e r e a r e s e r i o u s d r a w b a c k s
i n i t s l a r g e s i z e , t h e g r e a t e x p e n s e i n b u i l d i n g i t , a n d t h e t i m e

r e q u i r e d f o r o p e r a t i o n . I n a d d i t i o n , t h e r e a r e i m p o r t a n t l i m i t a
t i o n s i n t h e a b i l i t y o f a p h y s i c a l m o d e l t o h a n d l e t h e c o m p l e x
b i o c h e m i c a l i n t e r a c t i o n s w h i c h a r e i m p o r t a n t t o w a t e r q u a l i t y.
T h e a d v a n t a g e o f d e v e l o p i n g m a t h e m a t i c a l m o d e l s o f e s t u a r i e s i s
t h a t t h e c o m p l e x p h y s i c a l a n d b i o c h e m i c a l l a w s g o v e r n i n g t h e

c o m p o s i t i o n o f t h e e s t u a r i e s c a n b e m o s t e f fi c i e n t l y i n t e g r a t e d
b y c o m p u t e r s .

T h r e e r e p o r t s p u b l i s h e d b y t h e p r o j e c t c o v e r t w o t o p i c s :
( 1 ) s a l i n i t y d i s t r i b u t i o n i n a o n e - d i m e n s i o n a l f r a m e w o r k a s

a f u n c t i o n o f l o n g i t u d i n a l d i s t a n c e a n d t i m e a n d ( 2 ) s a l i n i t y
a n d v e l o c i t y d i s t r i b u t i o n s i n v e r t i c a l d i r e c t i o n s .

I n " P r e d i c t i o n o f U n s t e a d y S a l i n i t y I n t r u s i o n i n E s t u a r i e s :
M a t h e m a t i c a l M o d e l a n d U s e r ' s M a n u a l " a n d " A M a t h e m a t i c a l M o d e l

f o r t h e P r e d i c t i o n o f U n s t e a d y S a l i n i t y I n t r u s i o n i n E s t u a r i e s "
t h e a u t h o r s , M . L l e w e l l y n T h a t c h e r a n d D o n a l d R . F . H a r l e m a n ,

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

a r e a e q u a t i o n s f o r t h e c o n s e r v a t i o n o f w a t e r m a s s , c o n s e r v a t i o n
o f m o m e n t u m , a n d c o n s e r v a t i o n o f s a l t . T h e t i d a l d y n a m i c

e q u a t i o n s a r e c o u p l e d t o t h e c o n s e r v a t i o n o f s a l t e q u a t i o n t h r o u g h
a s a l i n i t y - d e n s i t y r e l a t i o n s h i p a n d t h e o c e a n b o u n d a r y c o n d i t i o n
f o r s a l t i s f o r m u l a t e d i n a m a n n e r w h i c h d e p e n d s o n t h e d i r e c t i o n
o f fl o w a t t h e e n t r a n c e t o t h e e s t u a r y . T h e p r e d i c t i o n o f s a l i n

i t y a s a f u n c t i o n o f d i s t a n c e a n d t i m e b y t h i s m e t h o d h a s b e e n
a d e fi n i t e a d v a n c e o v e r p r e v i o u s m e t h o d s . T h e m o d e l , w h i c h

s u c c e s s f u l l y p r e d i c t e d 1 0 7 t i d a l c y c l e s f o r t h e D e l a w a r e e s t u a r y ,
w a s a l s o s u c c e s s f u l l y t e s t e d u s i n g s a l i n i t y fl u m e a n d fi e l d d a t a
f r o m t h e P o t o m a c a n d H u d s o n e s t u a r i e s .

A n o t h e r m a t h e m a t i c a l m o d e l d e v e l o p e d b y J o h n S . F i s h e r ,
J o h n D . D i t m a r s , a n d A r t h u r T . I p p e n , " M a t h e m a t i c a l S i m u l a t i o n
o f T i d a l T i m e - A v e r a g e s o f S a l i n i t y a n d V e l o c i t y P r o fi l e s i n

E s t u a r i e s , " u s e s a n a l y t i c a l t e c h n i q u e s t o d e t e r m i n e t h e
l o n g i t u d i n a l a n d v e r t i c a l d i s t r i b u t i o n s o f v e l o c i t i e s a n d
s a l i n i t i e s , a v e r a g e d o v e r a t i d a l p e r i o d , f o r m i x e d b u t p a r t i a l l y
s t r a t i fi e d e s t u a r i e s . T h e a n a l y t i c a l m o d e l c a n b e u s e d a s a

p r e d i c t o r o f t h e v e l o c i t y a n d s a l i n i t y p r o fi l e s i n e s t u a r i e s a n d
t o r e l a t e c h a n g e s i n f r e s h w a t e r d i s c h a r g e t o p o s s i b l e c h a n g e s i n
t h e l o c a t i o n o f s h o a l i n g z o n e s . R e s u l t s i n d i c a t e i t h a s

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

t i o n .

A f o u r t h r e p o r t , " N u m e r i c a l M o d e l f o r t h e P r e d i c t i o n o f

T r a n s i e n t W a t e r Q u a l i t y i n E s t u a r y N e t w o r k s , " b y J a m e s E . D a i l e y
a n d D o n a l d R . F . H a r l e m a n , c o n s i d e r s , i n a d d i t i o n t o s a l i n i t y , t h e
b i o c h e m i c a l o x y g e n d e m a n d a n d t h e d i s s o l v e d o x y g e n r e s u l t i n g
f r o m i n d u s t r i a l a n d m u n i c i p a l w a s t e . I n s o l v i n g t h e c o n s e r v a t i o n
o f m a s s e q u a t i o n s f o r t h e v a r i o u s w a t e r q u a l i t y c o n s t i t u e n t s ,
t i d a l t i m e p e r m i t s f o r m u l a t i o n o f a n o c e a n b o u n d a r y c o n d i t i o n
t h a t i s r e l a t e d t o t h e d i r e c t i o n o f t i d a l fl o w . T h i s h a s a

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

i n s t a n c e , t h e b e n e fi t s o f i n t e r m i t t a n t r a t h e r t h a n c o n t i n u o u s

i n j e c t i o n o f w a s t e s n e a r t h e o c e a n b o u n d a r y . T h i s w o r k w i l l
c o n t i n u e w i t h t h e a d d i t i o n o f p h o s p h a t e s a n d n i t r a t e s t o t h e

equat ion . The e f fo r t , in i t ia ted under the Sea Grant Pro jec t ,
now has fund ing f rom the Env i ronmen ta l P ro tec t i on Agency to

c o m p l e t e t h e s t u d y .
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Utilization of Squid for Processed Food Products

PROFESSOR SAMUEL A. GOLDBLITH. PROFESSOR OF FOOD SCIENCE AND
D E P U T Y H E A D , D E PA RT M E N T O F N U T R I T I O N A N D F O O D S C I E N C E

Fo r yea rs , squ id , t h i s common cous in o f t he oc topus , has
b e e n i g n o r e d b y N e w E n g l a n d fi s h e r m e n i n f a v o r o f t h e m o r e l u c r a
t i v e a n d t r a d i t i o n a l l y a c c e p t e d fi s h . B u t a s t h e fi n fi s h s u p
p l i e s r a p i d l y d i m i n i s h , t h e s q u i d i s b e i n g e y e d f a v o r a b l y f o r t h e
fi r s t t i m e i n t h e U n i t e d S t a t e s f o r i t s n u t r i t i o n a l v a l u e a n d a s

a s o u r c e o f i n c o m e . S q u i d i s c o n s i d e r e d a d e l i c a c y i n I t a l y,

J a p a n , a n d t h e c o u n t r i e s b o r d e r i n g t h e M e d i t e r r a n e a n .

T h e o b j e c t i v e s o f t h i s c o n t i n u i n g p r o g r a m a r e t o d e v e l o p
e c o n o m i c a l s q u i d p r o d u c t s t h a t a p p e a l t o t h e A m e r i c a n p a l a t e .

S p e c i fi c a l l y, t h e p r o j e c t a i m s t o d e v e l o p c a n n e d , f r o z e n , a n d
d r ied squ id p roduc ts and to comp le te the deve lopmen t o f a
mechan ized means o f ev i sce ra t i on and sk inn ing o f squ id .

A n e w p r o d u c t f o r t h e U n i t e d S t a t e s m a r k e t - - f r o z e n b r e a d e d

s q u i d — h a s b e e n d e v e l o p e d . T h e s q u i d p r o d u c t i s d i p p e d i n f l o u r ,
b e a t e n e g g , u n s e a s o n e d b r e a d c r u m b s , p a c k e d i n b o x e s a n d f r o z e n .
T h u s i t i s s i m i l a r t o t h e u n c o o k e d fi s h p o r t i o n s s o l d f o r t h e i n
s t i t u t i o n a l t r a d e ( i n m e a n s o f fi n a l p r e p a r a t i o n ) , y e t i n t e r m s
o f fl a v o r a n d c o n s i s t e n c y i t i s s i m i l a r t o f r i e d c l a m s i n p o r t i o n
s i z e . R e c i p e s h a v e a l s o b e e n c o m p i l e d f o r c a n n e d a n d f r o z e n

" s p e c i a l t y " p r o d u c t s , s u c h a s c h o w d e r . F o r m a l a c c e p t a b i l i t y s t u d
i e s w e r e b e g u n . S a m p l e s w e r e p r o v i d e d f o r , a n d d e m o n s t r a t i o n s
w e r e m a d e , t o s o m e o f t h e l a r g e s t s e a f o o d p r o c e s s o r s i n t h e n o r t h
e a s t .

A m a j o r p r o b l e m o f s q u i d p r o d u c t i o n i s n o w b e i n g t a c k l e d .

S q u i d i s a t p r e s e n t e v i s c e r a t e d m a n u a l l y , a v e r y w a s t e f u l p r o c e s s .
C o n c e r t e d e f f o r t s a r e u n d e r w a y t o d e v e l o p a n a u t o m a t e d p r o t o t y p e
w i t h s u f fi c i e n t c a p a c i t y t o b e t e s t e d o n a p i l o t - p l a n t s c a l e .

T h e f a c t t h a t t h e w a t e r - s o l u b l e p o r t i o n o f t h e t o t a l p r o t e i n
o f s q u i d m u s c l e i s h i g h m a k e s i t o f p a r t i c u l a r v a l u e i n t h e f o r t
i fi c a t i o n o f f o o d s . A n a d d i t i o n a l a d v a n t a g e i s t h a t i t i s c o m p a r

a t i v e l y b l a n d . T o j u s t i f y t h e f o r t i fi c a t i o n o f f o o d w i t h s q u i d
p r o t e i n , a c o m p l e t e i n v e s t i g a t i o n o f t h e b i o c h e m i c a l c h a r a c t e r
i s t i c s o f s q u i d i s u n d e r w a y .

T h e s e d a t a , w h i c h a r e n o w b e i n g p r e p a r e d f o r p u b l i c a t i o n ,
s e r v e t w o p u r p o s e s . F i r s t , t h e y c h a r a c t e r i z e s q u i d p r o t e i n i n
t e r m s o f s o l u b i l i t y o f p r o t e i n i n d i f f e r e n t e x t r a c t a n t s , t h e
e f f e c t o f p H o f t h e e x t r a c t i n g s o l u t i o n , t h e s o l u b i l i t y o f t h e

p r o t e i n a s a f u n c t i o n o f p a r t i c l e s i z e o f t h e s q u i d m u s c l e , a n d
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Ocean Commerce and the Future of the Oceanic Canal

PROFESSOR NORMAN J. PADELFORD, EMERITUS^ DEPARTMENT OF
POLITICAL SCIENCE AND SENIOR LECTURER^ DEPARTMENT OF NAVAL
A R C H I T E C T U R E

As ocean t r anspo r t o f goods deve lops t o mee t t he i nc reas ing
demands o f recen t t imes and as the ever -p resen t p rob lems o f
n a t i o n a l i s m c o m p l i c a t e U . S . c o n t r o l o f t h e C a n a l Z o n e , t h e
U n i t e d S t a t e s h a s h a d t o c o n s i d e r t h e f u t u r e o f t h e P a n a m a C a n a l .

S t r a t e g i e s a r e b e i n g s t u d i e d t h a t a r e a s a d v a n c e d a s t h o s e w h i c h
produced the canal in 1914, then technological ly far superior to
i t s t i m e .

T h e o b j e c t i v e o f t h e p r e s e n t r e s e a r c h i s t o e x a m i n e t h e
t rends i n wor ld oceanborne commerce and sh ipp ing , p ro jec ted to
t h e y e a r 2 0 0 0 , f o r t h e i r i m p l i c a t i o n s w i t h r e s p e c t t o U . S .
i n t e r e s t s i n p o l i c y r e g a r d i n g t h e e x i s t i n g c a n a l a n d a n y o t h e r
i n t e r o c e a n i c w a t e r w a y t h a t m a y b e c o n s t r u c t e d b e t w e e n t h e A t
l a n t i c a n d P a c i fi c o c e a n s .

A f u n d a m e n t a l p r o b l e m o f t h e c a n a l , i n l i g h t o f p r e s e n t
i n t e r o c e a n i c t e c h n o l o g y, i s t h a t i t c a n n o t a c c o m m o d a t e d e e p
d r a f t s h i p s , s u c h a s o i l s u p e r t a n k e r s . T h u s c o m p a n i e s m u s t
c o n s i d e r t h e t i m e a d v a n t a g e s v e r s u s t h e e c o n o m i e s o f s c a l e . I n

p l a c i n g t h e c a n a l i n p e r s p e c t i v e o f t h e l a r g e r t r a n s p o r t a t i o n
n e t w o r k , t h e o n g o i n g r e s e a r c h c o n s i d e r s t h e p i l o t a g e a n d s c h e d u l
i n g o f t r a n s i t s , t h e n a v i g a t i o n a l p r o b l e m s i n t h e c a n a l , a n d
l o n g - r a n g e p l a n n i n g t o e x p e d i t e t h e c u r r e n t l o a d o f v e s s e l s a b l e
t o t r a n s i t . I n a d d i t i o n , r e s e a r c h w i l l a t t e m p t t o a n a l y z e t h e
p r e s e n t e f f e c t o f s u p e r s h i p s o n c a n a l d e m a n d a n d t o p r o j e c t t h i s
t o f u t u r e u s e . I t i s h o p e d t h a t f r o m t h e s e v a r i o u s s t u d i e s n e w
a l t e r n a t i v e s f o r U . S . p o l i c y w i l l b e p r o d u c e d .
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Sea Environment in Massachusetts Bay and Adjacent Waters

P R O F E S S O R A R T H U R T. I P P E N . I N S T I T U T E P R O F E S S O R A N D

DIRECTOR, RALPH M. PARSONS LABORATORY FOR WATER RESOURCES
AND HYDRODYNAMICS, DEPARTMENT OF CIVIL ENGINEERING, AND
PROFESSOR ERIK L. MOLLO-CHRISTENSEN, PROFESSOR OF METEOROLOGY,
DEPARTMENT OF METEOROLOGY

A m a j o r S e a G r a n t o b j e c t i v e i s t h a t l o c a l u n i v e r s i t i e s
w o r k w i t h p e o p l e i n t h e i r s t a t e s t o e x p l o r e p r o b l e m s h a v i n g t o
d o w i t h t h e i r c o a s t a l a r e a s a n d c o a s t a l i n d u s t r i a l a c t i v i t y .
T h i s s t u d y n o w u n d e r w a y i s a n i n t e r d i s c i p l i n a r y a n d i n t e r d e p a r t
m e n t a l a p p r o a c h t o a c o m p r e h e n s i v e u n d e r s t a n d i n g o f t h e p h y s i c a l
e n v i r o n m e n t o f t h e w a t e r s o f M a s s a c h u s e t t s B a y a n d a d j a c e n t w a t e r s .
A p a r t i c u l a r c o n c e r n i s t h e d e s c r i p t i o n o f t h e m i x i n g p r o c e s s e s
t h a t e n a b l e t h e l a r g e - s c a l e d r i f t t o c a r r y p o l l u t a n t s a n d d i l u t e
t h e m .

T h e t w o m o s t d i f fi c u l t p r o b l e m s i n a s t u d y o f t h i s s o r t

a r e , fi r s t , t h a t i s o l a t e d l o c a l m e a s u r e m e n t s a r e i n a d e q u a t e i n
t h e a b s e n c e o f k n o w l e d g e o f t h e l a r g e - s c a l e fi e l d a n d p r o p e r t i e s ,
a n d t h a t s e c o n d , t h e l a r g e - s c a l e o b s e r v a t i o n s a r e d i f fi c u l t t o

i n t e r p r e t w i t h o u t a n u n d e r s t a n d i n g o f t h e m i c r o s c a l e m i x i n g
p r o c e s s e s .

T h e fi r s t m a j o r t a s k o f o r g a n i z i n g m e t h o d s a n d i n s t r u m e n t s
f o r d a t a a c q u i s i t i o n a n d a n a l y s i s a n d f o r d e s i g n i n g a n i n t e g r a t e d

c o m p u t a t i o n a l s y s t e m h a s b e g u n . T h i s i s e s s e n t i a l , f o r o t h e r w i s e
o n e i s f a c e d w i t h i s o l a t e d p i e c e s o f d a t a o u t o f c o n t e x t a n d i n
f o r m a t s w h i c h c a n n o t b e e f f e c t i v e l y p r o c e s s e d o n t h e c o m p u t e r .
T h e p r o j e c t ' s c o n t i n u i n g a i m i s t o d e v e l o p a m e t h o d o f a p p r o a c h
a n d t h e n a m a t h e m a t i c a l m o d e l d e s c r i b i n g t h e p h y s i c a l e n v i r o n m e n t
o f M a s s a c h u s e t t s B a y t h a t c a n b e r e p l i c a t e d f o r o t h e r e m b a y m e n t s .

S p e c i fi c s t u d y a r e a s i n c l u d e D e e r I s l a n d s e w a g e o u t l e t .
P i l g r i m N u c l e a r P o w e r S t a t i o n d i s c h a r g e . M y s t i c a n d E d g a r P o w e r
P l a n t d i s c h a r g e s a n d h y d r o d y n a m i c s o f B o s t o n H a r b o r , a n d t h e

O c e a n o g r a p h y o f M a s s a c h u s e t t s B a y .

I n p r e l i m i n a r y fi e l d o b s e r v a t i o n s c o n d u c t e d d u r i n g t h e fi r s t

y e a r o f t h e p r o j e c t a s w e l l a s f r o m s t u d i e s o f d a t a o b t a i n e d i n
t h e p a s t , l a r g e v a r i a t i o n s i n w a t e r q u a l i t y p a r a m e t e r s i n M a s s a
c h u s e t t s B a y a r e a p p a r e n t . T h e w a t e r q u a l i t i e s w i t h l a r g e
v a r i a n c e s a r e s a l i n i t y , t e m p e r a t u r e , a n d c h e m i c a l p r o p e r t i e s s u c h
a s p h o s p h a t e a n d n i t r i t e c o n c e n t r a t i o n s e s p e c i a l l y i n t h e fi r s t
f e w m e t e r s b e l o w t h e s e a s u r f a c e . T h i s v a r i a b i l i t y s e e m s t o p e r
s i s t f o r t y k i l o m e t e r s a w a y f r o m t h e B o s t o n H a r b o r e n t r a n c e s .
M o s t c h a r a c t e r i s t i c a l l y , t h e r e i s e v i d e n c e t h a t p o o l s o f s e w a g e
w a s t e w a t e r s a r e e m i t t e d f r o m t h e h a r b o r d u r i n g e b b t i d e w h i c h
a r e t o r n o f f a n d c a r r i e d o u t t o s e a b y t h e l o n g - s h o r e c u r r e n t s
a n d t h e c u r r e n t c i r c u l a t i o n i n t h e b a y . T h i s a p p e a r a n c e
o f c l e a r l y i d e n t i fi a b l e p o o l s o f p o l l u t e d w a t e r i n t h e u p p e r
s t r a t a o f t h e B a y i s c o n t r a r y t o t h e u s u a l c o n c e p t s o f d e p t h -

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

I n r e t r o s p e c t s u c h v a r i a b i l i t i e s m i g h t h a v e b e e n e x p e c t e d ;
t h e i r e x i s t e n c e p r e s e n t s a n u m b e r o f o p p o r t u n i t i e s f o r f u r t h e r
w o r k o n t h e p r o c e s s e s o f a b s o r p t i o n o f p o l l u t a n t s i n t h e c o a s t a l
z o n e a n d o n t h e d y n a m i c s o f s u c h p r o c e s s e s .

Th ree ins t r i amen t p ro to types have been des igned fo r the
m e a s u r e m e n t o f t e m p e r a t u r e a n d s a l i n i t y f o r d i f f e r e n t a p p l i c a t i o n s .
T h e s e i n s t r u m e n t s , d e v e l o p e d d u r i n g t h e fi r s t m o n t h s , h a v e b e e n
b u i l t a n d fi e l d - t e s t e d . T h e y a r e : B a t h y t h e r m o g r a p h ( B T ) f o r u s e
o n a n u m b e r o f s m a l l b o a t s w i t h c o m p u t e r - c o m p a t i b l e o u t p u t ; To w e d

T h e r m i s t o r a r r a y w i t h c o m p u t e r - c o m p a t i b l e o u t p u t ; a n d C o n d u c t i v i t y -
Te m p e r a t u r e - D e p t h i n s t r u m e n t ( C T D ) w i t h c o m p u t e r - c o m p a t i b l e o u t
p u t .

I n a d d i t i o n t o t h e s e i n s t r u m e n t s , w o r k h a s b e e n d o n e o n

d e v i c e s f o r o n b o a r d c o l l e c t i o n a n d a n a l y s i s f o r s u s p e n d e d
s e d i m e n t . T h i s s y s t e m w i l l o p e r a t e i n c o n j u n c t i o n w i t h a n a u t o
m a t i c c h e m i s t r y a n a l y z e r s o a s t o u t i l i z e t h e s a m e p u m p - o u t
a n d fi l t e r a r r a n g e m e n t . T h e d e s i g n o f t h i s s y s t e m i s c o n t i n u

i n g u n d e r s e p a r a t e f u n d i n g b y t h e U . S . A r m y C o r p s o f E n g i n e e r s
b u t c o n s t i t u t e s a n i n t e g r a l p a r t o f t h e p r e s e n t p r o j e c t .

T h e c o u r s e o f t h e i n s t r u m e n t a t i o n d e v e l o p m e n t w i t h c o m p u t e r

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

I f w e c a n a f f o r d i t , s u c h a s y s t e m w o u l d e n a b l e u s t o a c q u i r e

p r o fi l e s o f n u t r i e n t c o n c e n t r a t i o n , t e m p e r a t u r e , s a l i n i t y , o x y g e n ,
s u s p e n d e d s e d i m e n t s a n d o t h e r v a r i a b l e s w h i l e u n d e r w a y a t fi v e
k n o t s . U s i n g t h e c o m p u t e r t o g e n e r a t e S - T , P h o s p h a t e - T , N i t r i t e - T ,
a n d o t h e r c h a r a c t e r i s t i c w a t e r m a s s d i a g r a m s , o n e c a n m a p o u t
t h e e x t e n t a n d c h a r a c t e r i s t i c s o f t h e p o l l u t e d w a t e r m a s s e s .

T h i s p o s s i b i l i t y i s a n e x c i t i n g o n e a n d w i l l b e p u r s u e d .
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Underwater Weld ing

P R O F E S S O R K O I C H I M A S U B U C H I , P R O F E S S O R O F N AVA L A R C H I T E C T U R E ,

D E P A R T M E N T O F O C E A N E N G I N E E R I N G

T h e r e a r e t w o c a t e g o r i e s o f u n d e r w a t e r w e l d i n g , w e t a n d

d r y w e l d i n g . W e t w e l d i n g o c c u r s w h e n t h e o p e r a t o r a n d t h e
p r o c e s s a r e c o m p l e t e l y s u r r o u n d e d b y t h e l i q u i d e n v i r o n m e n t .
D r y w e l d i n g o c c u r s w h e n b o t h t h e o p e r a t o r a n d t h e p r o c e s s a r e
s u r r o u n d e d b y a g a s a t m o s p h e r e . N o r m a l l y , f o r d r y w e l d i n g ,
a ca isson or chamber i s cons t ruc ted around the work and pres
s u r i z e d t o d e p t h p r e s s u r e .

To t h e p r e s e n t t i m e , w e t w e l d i n g h a s b e e n c o n s i d e r e d t o
b e o n l y a t e m p o r a r y r e p a i r m e t h o d , a n d t h e s t r e n g t h o f t h e
w e l d i s n o t c o n s i d e r e d a p r i o r i t y . D r y w e l d i n g , a v e r y c o s t l y

p r o c e s s , i s u s e d f o r s u c h p r o j e c t s a s u n d e r w a t e r p i p e l i n e s
a n d o f f s h o r e o i l d r i l l i n g r i g s .

U n d e r w a t e r w e t w e l d i n g t e c h n o l o g y i s b e s t c h a r a c t e r i z e d

b y a s i n g u l a r l a c k o f t h e o r e t i c a l a n a l y s i s o r e m p i r i c a l d a t a .
T h e o b j e c t i v e o f t h i s s t u d y i s t o g e n e r a t e f u n d a m e n t a l i n
f o r m a t i o n o n u n d e r w a t e r w e l d i n g a n d c u t t i n g w i t h t h e h o p e i n
p a r t i c u l a r o f i m p r o v i n g w e t w e l d i n g t e c h n i q u e s . S u c h i n f o r m a
tion, i t is expected, can be useful for further developing im
p r o v e d j o i n i n g a n d c u t t i n g t e c h n i q u e s . I t i s o f s p e c i a l i m
por tance tha t t hese advances be b rough t abou t i f such concep ts
a s o c e a n - b o t t o m n u c l e a r r e a c t o r s f o r p o w e r g e n e r a t i o n a r e e v e r
t o r e a c h f r u i t i o n .

Before the use o f underwater we ld ing can be expanded to

p e r m a n e n t r e p a i r s a n d s t r u c t u r a l f a b r i c a t i o n , p r e s e n t m e t h o d s
m u s t b e m o d i fi e d o r r a d i c a l l y c h a n g e d . O n e b a s i c a p p r o a c h h a s
been to conduc t a f undamen ta l s tudy i n wh i ch t he va r i ous a reas ,
heat transfer, metallurgical and physical phenomena may be
m o d e l e d . T h i s i n f o r m a t i o n c a n b e u s e d i n a m o r e r a t i o n a l

development of new processes, and is particularly compatible
t o t h e u n i v e r s i t y ' s e d u c a t i o n a n d r e s e a r c h o b j e c t i v e s .

The project has completed two phases centering on a descrip
t ion of the state of the art of the technical aspects of under
w a t e r w e l d i n g a n d a s u r v e y o f t h e m e c h a n i s m s o f h e a t t r a n s f e r

d u r i n g u n d e r w a t e r w e l d i n g . T h e g o a l i s t o b e a b l e t o u n d e r s t a n d
t h e m e c h a n i s m s l e a d i n g t o t h e fi n a l w e l d q u a l i t y. M e c h a n i c a l
properties of the weld are necessarily a direct consequence of
t h e w e l d m e t a l m i c r o s t r u c t u r e , a s w e l l a s a n y d e f e c t s c a u s e d
by the welding process, such as hydrogen embrittlement. Any
change in microstructure is the result of the temperature
history of the welded zone, a direct consequence of the heat
t r a n s f e r . T h e s e l a s t p r o c e s s e s a r e t h e p a r t i c u l a r p r o p e r t i e s
of a specific underwater welding process. Working from a given
w e l d i n g t e c h n i q u e , t h e h e a t t r a n s f e r a n d m e t a l t r a n s f e r m u s t b e
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u n d e r s t o o d .

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

w e l d i n g . R e s u l t s r e v e a l e d a n a n t i c i p a t e d w e a k n e s s i n t h e b o i l

i n g m o d e l s d u e t o t h e h i g h l y t r a n s i e n t a n d r a d i c a l n a t u r e o f
t h e p r o c e s s e s . H o w e v e r , t h e a r c b u b b l e a n d s p r e a d h e a t s t u d i e s
i n d i c a t e d v e r y d e fi n i t e g u i d e l i n e s f o r f u t u r e p r o c e s s e s , e s p e c i a l l y
in the area o f gas supp lemented shrouded we ld ing .

W o r k o n t h i s i m p o r t a n t p r o b l e m i s p l a n n e d t o b e c o n t i n u e d

t h r o u g h t h e n e x t t w o p r o j e c t y e a r s a n d c o m p l e t e d i n e a r l y 1 9 7 4 .
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Coastal Zone and Offshore Resources Management

P R O F E S S O R J O H N W. D E VA N N E Y I 11 ^ A S S O C I AT E P R O F E S S O R O F

M A R I N E S Y S T E M S ^ D E PA RT M E N T O F O C E A N E N G I N E E R I N G ^ A N D
R O B E R T C . B L U M B E R G , D I R E C T O R , D I V I S I O N O F M I N E R A L R E S O U R C E S ,

M A S S A C H U S E T T S D E PA RT M E N T O F N AT U R A L R E S O U R C E S A N D V I S I T I N G
L E C T U R E R AT M I T, D E PA R T M E N T O F O C E A N E N G I N E E R I N G

"Coasta l Zone and Offshores Management" compr ised a student
c o u r s e o r g a n i z e d t o i n v e s t i g a t e t h e p o s s i b i l i t i e s o f j o i n t r e
s e a r c h b e t w e e n s t a t e a u t h o r i t i e s a n d e n g i n e e r s a t M I T , w o r k

ing under the direction of Professor John W. Devanney and
V i s i t i n g L e c t u r e r R o b e r t C . B l u m b e r g . T h e q u e s t i o n s i n m i n d w h e n
t h e e x p e r i m e n t a l c o u r s e b e g a n w e r e t w o : C o u l d i t p r o d u c e i n n o v a
tive research results and could it give some perspective to the
overal l problem of resolving those issues that also require
po l i t i ca l savvy? The spec ific ob jec t ives were to deve lop
solutions to practical coastal zone and offshore management
problems facing the State of Massachusetts, to introduce a
number of selected students to the real world problems facing a
state natural resources organization, and to bridge the gap
between the development of working principles and their political
i m p l e m e n t a t i o n . I t w a s c o n c l u d e d t h a t f o r t h e s t u d e n t s t o b e
effect ive the amount of faculty and advisory supervision did
n o t m e r i t c o n t i n u e d s u p p o r t .

Ye t , t h e c o u r s e p r o d u c e d t h r e e r e p o r t s o f m e r i t . Tw o a r e
included in "Student Projects on Coastal and Offshore Resources
Management " : The Bray ton Po in t p ro jec t and the Woods Ho le Out fa l l
study. The Brayton Point project, which attempted to integrate
the political process with modern cost-benefit analysis, faced
t h e d i f fi c u l t i e s i n v o l v e d w i t h p o l i t i c a l l y s e n s i t i v e e n v i r o n m e n t a l
res t ra in ts . In th is p ro jec t i t was learned tha t in the absence
of explicit agency guidelines, there is an impasse between the
two sides' entirely different objectives. The Woods Hole (Fal
mouth) Outfal l study investigated the sewage outfal l located 200
yards offshore in Great Harbor. Falmouth is currently under
state orders to cease dumping raw sewage.

A th i rd repor t , pub l ished separa te ly i s en t i t led "A
Preliminary Feasibility Study of Irish Moss Harvesting Systems."
As general enthusiasm continues to mount in the exploitation of
the "untapped resources" of the sea, interest has been expressed
in increasing the use of marine algae, or seaweed. The main
purpose of this project was to determine the feasibility of
developing and operating a mechanized Irish Moss (chondrus
c r i s p u s ) h a r v e s t i n g s y s t e m f o r u s e i n t h e U n i t e d S t a t e s .

I r i s h M o s s i s e c o n o m i c a l l y v a l u a b l e a s a s o u r c e f o r c a r -
rageenan, which is used extensively in dairy products as a
stabilizer or gelling agent. It is also used in baby foods,
dietetic foods, and instant foods, and is finding increasing use
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i n t h e c o s m e t i c i n d u s t r y a n d i n t h e t e x t i l e i n d u s t r y .

I n C a n a d a , m o s t I r i s h M o s s i s f o u n d i n w a t e r s t h a t h a v e

l e v e l a c c e s s i b l e b o t t o m s . T h i s i s n o t s o i n M a i n e , t h e p r i m a r y

U . S . s o u r c e . T h e r e p o r t c o n c l u d e s t h a t w h i l e p o w e r h a r v e s t e r s
h a v e b e e n d e v e l o p e d , e c o n o m i c c o n s i d e r a t i o n s ( t h e n e e d f o r d i v e r s ,
s e v e r a l m e n p e r b o a t , a n d t h e v e r y l o w p e r p o u n d p r i c e o f I r i s h

M o s s ) o v e r w h e l m t h e i r m e c h a n i c a l e f fi c i e n c y . T h e r e s e a r c h e r s
r e c o m m e n d i n s t e a d t h e d e s i g n , m a n u f a c t u r e , a n d s a l e o f a n i m

p r o v e d h a n d h a r v e s t e r ( e s s e n t i a l l y a m o r e e f fi c i e n t r a k e ) . A

p r o t o t y p e o f t h i s r a k e h a s b e e n b u i l t a n d t e s t e d .
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Offshore Petroleum and New England

P R O F E S S O R J . W. D E VA N N E Y I I I , A S S O C I AT E P R O F E S S O R O F M A R I N E

SYSTEMS, DEPARTMENT OF OCEAN ENGINEERING, AND PROFESSOR
J.B.LASSITER I I I , ASSISTANT PROFESSOR OF OCEAN ENGINEERING,
DEPARTMENT OF OCEAN ENGINEERING

T h e h i g h p r o b a b i l i t y o f o f f s h o r e p e t r o l e u m d e p o s i t s o n
G e o r g e s B a n k a n d t h e i r u t i l i z a t i o n w i t h t h e n e c e s s a r y r e fi n e r i e s
h a s p o s e d a c h a l l e n g i n g p r o j e c t , b e g u n i n t h e s p r i n g o f 1 9 7 2 a t
the reques t o f and sponso red j o in t l y by the New Eng land Reg iona l
Commission and the New England River Basins Commission, wi th
addit ional Sea Grant Funding. The aim is to concentrate profes
s i o n a l a n d a c a d e m i c e x p e r t i s e i n a n u r g e n t s t u d y i n t e n d e d t o
genera te es t imates o f the change in rea l New Eng land income
a n d r e g i o n a l e n v i r o n m e n t a l q u a l i t y a s s o c i a t e d w i t h a r a n g e o f
hypo the t i ca l pe t ro leum deve lopments on Georges Bank .

T h e r e w i l l b e t w o i n t e r r e l a t e d r e p o r t s t h a t a d d r e s s t w o
important quest ions: In the search for o i l and in extract ing
i t , w h a t i s t h e p o s s i b l e p o t e n t i a l d a m a g e t o t h e c o a s t a l e n
v i ronment and ecosystem and what changes in reg iona l income would
o c c u r ?

T h e p r o j e c t , m o r e s p e c i fi c a l l y , w i l l ( 1 ) r e v i e w t h e i n f o r m a
t i o n a v a i l a b l e o n p r o s p e c t s , l o c a t i o n s , a n d s c a l e s o f o i l a n d

gas; (2) develop a sequence of the steps involved in considering
i t s deve lopment ; (3 ) make educa ted guesses o f the na tu re and ex
t e n t o f t h e r e s o u r c e ; a n d ( 4 ) - o f m a j o r i m p o r t a n c e - f o r s e l e c t e d
t h e o r i e s o f t h e s i z e a n d e x t e n t o f t h e r e s o u r c e , a s s e s s t h e
e c o n o m i c c o s t s a n d b e n e fi t s a n d t h e e n v i r o n m e n t a l e f f e c t s o f d r i l l

ing on commercial fishing operations and the prospects of oi l
s p i l l s .

The regional sponsors of this project have recognized the
important policy decisions presented here for New England and
h a v e s o u g h t t o i d e n t i f y v i a b l e p o l i c y o p t i o n s t h a t w i l l e n a b l e
m o r e t h o u g h t f u l p o l i t i c a l d e c i s i o n s i n t h i s v i t a l a r e a . T h e

plan of action in the study is to publish a complete report of
the pro ject findings and to br ing together wi th in the year a l l
those involved in making important decisions for New England
and to present them with the results of the research that they
m a y d i s c u s s a n d e v a l u a t e t h e fi n d i n g s .
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Environmental Impact of a Superport in the Machias Ray Area

PROFESSOR STEPHEN F. MOORE, ASSISTANT PROFESSOR, DEPARTMENT OF
C I V I L E N G I N E E R I N G

This project, requested by the Council on Environmental Quality,
c o n s i d e r e d i n d e t a i l fi r s t t h e s p e c i fi c e f f e c t s o f o i l s p i l l s o n
marine organisms and then potent ial geographic distr ibut ion of oi l
spi l ls. Most microscopic marine organisms are affected by aromatic
compounds i n concen t ra t i ons i n wa te r o f l ess t han 50 ppm. The
effect may range from immediate death to disruption of behavioral
c h a r a c t e r i s t i c s . A l l t y p e s o f h y d r o c a r b o n s m a y b e i n c o r p o r a t e d
into the t issue of fish, which may lead to taint ing or the accumulation
o f p o l y c y c l i c a r o m a t i c h y d r o c a r b o n s i n f o o d c h a i n s .

The incorporat ion of hydrocarbons in the t issue of fish is
pr imar i ly o f in terest to those concerned wi th the publ ic 's heal th ,
s i n c e t h e i n d i v i d u a l o r g a n i s m s a r e a p p a r e n t l y n o t a f f e c t e d . W h e t h e r
o r no t cancer can be induced in humans f rom inges t ion o f ca rc inogens
a c c u m u l a t e d i n s e a f o o d i s a s y e t u n k n o w n . H o w e v e r, t h e p o t e n t i a l
seriousness of the problem implies that careful consideration be
g i v e n t o t h e s e i s s u e s .

T h e r e s e a r c h h a s c o n c l u d e d t h a t o i l s p i l l s o c c u r r i n g f r o m

d a y - t o - d a y t r a n s s h i p m e n t o p e r a t i o n s a t t h e t a n k e r b e r t h s a r e
re la t i ve l y i ns ign i fican t env i ronmen ta l l y. F lush ing wou ld be rap id
d u e t o t i d a l c u r r e n t s . W h i l e t e r m i n a l c o n s t r u c t i o n a n d t a n k e r

o p e r a t i o n s a r e a c t i v i t i e s p o t e n t i a l l y l e a d i n g t o b i o l o g i c a l c h a n g e s ,
no dredging is required and the proposed structures do not involve
m a j o r s h i f t s i n h a b i t a t s .

H o w e v e r, t h e o v e r a l l e n v i r o n m e n t v u l n e r a b i l i t y o f t h e M a c h i a s
B a y r e g i o n t o o i l s u p e r t a n k e r s i s v e r y h i g h . A m a j o r o i l s p i l l o f
30 ,000 tons , wh i ch cou ld be expec ted to occu r as f requen t l y as once
in twenty years , i s v i r tua l ly cer ta in to cause ex tens ive b io log ica l
damage. A 500 ton oi l spi l l , l ikely to occur once a year, could
also cause permanent localized shore damage of from 10 to 20 miles.
Consider ing prevai l ing wind- induced currents, these spi l ls might
extend as far south as the New Hampshi re coast and as far nor th as
t h e n o r t h e r n e n d o f t h e B a y o f F u n d y .

A d e t a i l e d a n a l y s i s o f t h e s e fi n d i n g s i s g i v e n i n t h e p u b l i s h e d

report of the completed project, "A Preliminary Assessment of the
E n v i r o n m e n t a l Vu l n e r a b i l i t y o f M a c h i a s B a y, M a i n e t o O i l S u p e r
tankers " by S tephan F. Moore , Rober t L . Dwyer, and Ar thu r M. Ka tz .
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I n t e r d i s c i p l i n a r y s y s t e m s d e s i g n s u b j e c t

PROFESSOR WILLIAM W. SEIFERT, PROFESSOR OF CIVIL ENGINEERING
AND ELECTRICAL ENGINEERING, DEPARTMENTS OF CIVIL AND ELECTRICAL
E N G I N E E R I N G

W h i l e S a u d i A r a b i a r e c e i v e s s u b s t a n t i a l i n c o m e f r o m i t s

o i l o p e r a t i o n s , t h e c o u n t r y i s m a k i n g a m a j o r e f f o r t t o b r o a d e n
t h e b a s e o f i t s e c o n o m y . I n t h e s p r i n g o f 1 9 7 1 , a n i n t e r d i s c i p l i n a r y

g r o u p o f M I T s t u d e n t s u n d e r t o o k t o e x a m i n e t h e e c o n o m i c a n d t e c h n i c a l
p o s s i b i l i t y o f a m a j o r p r o g r a m t h a t c o u l d o f f e r a n i m p o r t a n t p o t e n t i a l
f o r t h e d e v e l o p m e n t o f t h e w e s t e r n r e g i o n o f S a u d i A r a b i a . T h i s

p ro jec t was unde r taken as a case s tudy, unde r op t imum cond i t i ons , as
a p r o t o t y p e f o r p o s s i b l e a p p l i c a t i o n t o a r i d a n d s e m i a r i d l a n d i n t h e
U n i t e d S t a t e s . T h e r e p o r t o f t h i s 1 9 7 1 s t u d y i s o n e e l e m e n t o f t h e
1 9 7 2 p r o j e c t . R e s e a r c h a l s o b e g a n i n t h e s p r i n g t e r m , 1 9 7 2 , o n a
nxrmber o f sugges t ions tha t have been pu t fo rward fo r deve lopment o f
t h e M a i n e c o a s t a l a r e a i n t h e l i g h t o f a s e r i o u s n e e d f o r p o w e r p l a n t s ,
o i l r e fi n e r i e s , p o r t s a n d o t h e r f a c i l i t i e s t o s u p p o r t g r o w t h .

T h e c l a s s r e p o r t o f t h e S a u d i A r a b i a p r o j e c t h a s b e e n

p u b l i s h e d b y T h e M I T P r e s s ( 1 9 7 3 ) , e n t i t l e d E n e r g y a n d D e v e l o p m e n t :
A C a s e S t u d y .

I t i s b a s e d o n a n e f f o r t t o u t i l i z e n a t u r a l g a s , a b y - p r o d u c t
o f S a u d i A r a b i a ' s e n o r m o u s o i l p r o d u c t i o n . A t p r e s e n t , a l a r g e

p o r t i o n o f t h i s g a s i s b u r n e d o f f m e r e l y t o d i s p o s e o f i t . T h e
s t u d e n t s s p e c i fi c a l l y i n v e s t i g a t e d t h e p o s s i b i l i t i e s o f u s i n g t h i s
natural energy source for e lectr ic power generat ion, the desal inat ion
o f w a t e r f o r c r o p i r r i g a t i o n , t h e p r o d u c t i o n o f l i q u i fi e d n a t u r a l

gas and pe t rochemica l s , t he ex t rac t i on o f magnes ium f rom sea wa te r,
a n d t h e d e v e l o p m e n t o f a v a r i e t y o f i n d u s t r i e s : a l u m i n u m , s t e e l ,
c e m e n t , g l a s s , a n d f e r t i l i z e r .

T h e g a s a v a i l a b l e i n S a u d i A r a b i a i s e s t i m a t e d t o b e fi v e
t i m e s a s g r e a t a s t h e c o u n t r y c o u l d c o n c e i v a b l y u s e i f t h e g a s w e r e
u s e d a s L N G f o r i n s t a n c e , r a t h e r t h a n b u r n e d . T h u s t h e c o u n t r y h a s
a n o p p o r t u n i t y t o e x p o r t L N G t o t h e r a p i d l y e x p a n d i n g e n e r g y m a r k e t s
o f E u r o p e , J a p a n , o r t h e U n i t e d S t a t e s .

I n c l u d e d i n t h e b o o k a s w e l l i s a s t u d y b y P r o f e s s o r A l i
K e t t a n i , V i s i t i n g L e c t u r e r t o t h e s e m i n a r , a n d h i s a s s o c i a t e s a t
the Co l l ege o f Pe t ro leum and M ine ra l s i n Dhaksan . Based on a
n o v e l m e a n s o f h y d r o e l e c t r i c p o w e r g e n e r a t i o n , i t p r o p o s e s t h a t a
d a m b e c o n s t r u c t e d a c r o s s t h e m o u t h o f t h e G u l f o f B a h r a i n . N a t u r a l
evaporation of water behind this dam would produce, first, a
d i f f e r e n c e i n w a t e r l e v e l m a k i n g p o s s i b l e t h e h e l i o h y d r o e l e c t r i c
generation of power and, second, a concentrated brine from which
mater ia ls might be recovered. Aquacul ture, land reclamation, and
i m p r o v e d t r a n s p o r t a t i o n a r e o t h e r b e n e fi t s c o n s i d e r e d .
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T h e r e s u l t s o f t h e s p r i n g t e r m r e s e a r c h p r o j e c t o n t h e M a i n e
c o a s t i n d i c a t e t h a t M a i n e c a n n o t a n d s h o u l d n o t s t o p a l l f u r t h e r
d e v e l o p m e n t o f h e r c o a s t a l a r e a , b u t c a r e f u l p l a n n i n g w i l l b e r e q u i r e d
t o p r e v e n t f u r t h e r d e g r a d a t i o n o f o n e o f h e r g r e a t e s t a s s e t s : h e r
b e a u t i f u l s h o r e l i n e . T h e s t u d y e x a m i n e s t h e t e c h n i c a l , e c o n o m i c a n d
e n v i r o n m e n t a l i m p a c t s o f a v a r i e t y o f p r o j e c t s a n d a p p r a i s e s h o w
i m p l e m e n t a t i o n o f t h e s e p r o j e c t s w o u l d i n fl u e n c e g r o w t h o f t h e
p o p u l a t i o n , t h e e c o n o m y o f M a i n e , t h e o p p o r t u n i t i e s f o r e m p l o y m e n t ,
r e q u i r e m e n t s f o r a d d i t i o n a l t r a n s p o r t a t i o n f a c i l i t i e s , a n d o t h e r
e l e m e n t s o f t h e i n f r a s t r u c t u r e . I t i d e n t i fi e s t h e l e g a l , p o l i t i c a l
a n d r e g u l a t o r y s t e p s w h i c h s h o u l d b e t a k e n i f t h e S t a t e i s t o a c h i e v e

a ba lance be tween a reasonab le ra te o f economic g rowth and p reserva t ion
o f i t s n a t u r a l a s s e t s .
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Ocean Engineering Student Summer Laboratory

PROFESSOR DAMON CUMMINGS, ASSISTANT PROFESSOR OF OCEAN
ENGINEERING^ DEPARTMENT OF OCEAN ENGINEERING

T h e S u m m e r O c e a n E n g i n e e r i n g L a b o r a t o r y a t c o n d u c t e d

j o i n t l y w i t h t h e M a i n e M a r i t i m e A c a d e m y , p r o v i d e s u n d e r g r a d u a t e
o c e a n e n g i n e e r i n g s t u d e n t s a n o p p o r t u n i t y t o c o m b i n e t h e o r y a n d

p rac t i ce when they des ign equ ipmen t and t es t and ope ra te t h i s
e q u i p m e n t i n t h e r e a l e n v i r o n m e n t . I t h a s s e r v e d a n i n v a l u a b l e
e d u c a t i o n a l p u r p o s e t h a t i s e s s e n t i a l e a r l y i n t h e s t u d e n t s '
Ocean Eng inee r i ng educa t i on by coo rd i na t i ng c l ass room theo ry w i t h
t h e a c t u a l s e a e n v i r o n m e n t . A s s u c h i t p r o v i d e s a p e r s p e c t i v e o n
a s m a l l s c a l e t h a t m a y w e l l h e l p t o e l i m i n a t e m u c h m o r e c o s t l y
m i s t a k e s i n i n d u s t r i a l o r g o v e r n m e n t a l p r o j e c t s .

T h e t w o m a j o r p r o j e c t s i n t h e s u m m e r o f 1 9 7 2 w e r e a n o c e a n o -

g raph ic and b io log i ca l sx r r vey o f Ho lb rook Cove and a success fu l
u n d e r w a t e r s e a r c h f o r t h e r e m a i n s o f a R e v o l u t i o n a r y W a r p r i v a t e e r .

I n the Ho lb rook Cove s tudy, pub l i shed as "Ho lb rook Cove Survey " ,
t h e s t u d e n t s s o u g h t t o g a i n a n u n d e r s t a n d i n g o f t h e h y d r a u l i c s a n d
e c o l o g y o f t h e c o v e i n o r d e r t o a s c e r t a i n t h e e f f e c t o n i t o f t h e
e f fl u e n t f r o m t h e C a l l a h a n m i n e o u t f a l l . A s t h e m i n e w a s r e l a t i v e l y

new, the research could give important indicat ions of the ecological
e f f e c t o f m o r e e x t e n s i v e m i n i n g o p e r a t i o n s . T h e s t u d e n t s s u r v e y e d
t i d a l c u r r e n t s , t e m p e r a t u r e a n d s a l i n i t y , c h l o r o p h y l l ' A ' c o n t e n t ,
b e n t h i c i n f a u n a d i s t r i b u t i o n , t i d a l h e i g h t fl u c t u a t i o n s , d e t a i l e d
b o t t o m t o p o g r a p h y, b o t t o m s o i l s t r u c t u r e , a n d t h e o x y g e n c o n t e n t o f
the cove water. In carry ing out these surveys, they designed, bui l t ,
and tes ted a t ide gauge; p repared a nomograph to permi t sound ings
t o b e r e l a t e d t o d a t u m o n t h e m e a n l o w e r - l o w w a t e r l i n e ; d e s i g n e d
a c o r e r a n d r e l e a s e m e c h a n i s m ; a n d d e s i g n e d a n d c o n s t r u c t e d a n

oxygen meter for use with an oxygen probe borrowed from the Woods
H o l e O c e a n o g r a p h i c I n s t i t u t i o n .

Important management and scientific lessons were learned in
t h a t ( 1 ) a p r o j e c t t h a t m u s t b e c o n c l u d e d q u i c k l y - t h i s t i m e f o r

ecological reasons - requires met iculous planning; and (2) fa i lure
analysis of equipment is of utmost importance i f an entire project
depends on the interre lat ionship of many surveys. In the lat ter
c a s e , t h e c o r e r w a s l o s t o n fi r s t t e s t w h e n i t s m e s s e n g e r l i n e w a s
s e v e r e d .

A l though much more needs to be done, the research ob jec t ives
were par t ia l l y met . The inves t iga t ions in to the hydrau l i cs o f the
cove indicate that there may be a seiche that s ignificant ly affects
t h e c u r r e n t v e l o c i t y m a g n i t u d e s . T e m p e r a t u r e a n d s a l i n i t y m e a s u r e
m e n t s r e v e a l n o a n o m a l i e s i n t h e a b s e n c e o f fl o w f r o m t h e m i n e
o u t f a l l a n d t h e r e s e e m e d t o b e n o e f f e c t u p o n c h l o r o p h y l l ' A '
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d i s t r i bu t i ons i n t he v i c i n i t y o f m ine ou t f a l l . A mos t impo r tan t
fi n d i n g s t i l l b e i n g a s s e s s e d i s t h a t t h e b e n t h i c i n f a u n a d i s t r i
bution does suggest that there is a detectable adverse effect upon
t h e e c o l o g y i n t h e v i c i n i t y o f t h e m i n e o u t f a l l .

The second report concerns a search and salvage operation
f o r t h e A m e r i c a n R e v o l u t i o n a r y Wa r v e s s e l " D e f e n c e " , s u n k i n
1 7 7 9 . T h e p r o j e c t w a s n o t o n l y s u c c e s s f u l b u t v i s u a l l y s p e c t a c
u l a r , f o r t h e s t u d e n t s w e r e a b l e t o l o c a t e t h e v e s s e l a n d l i f t a
c a n n o n a n d o t h e r i t e m s . T h e i r s u c c e s s i s r e p o r t e d i n " T h e S e a r c h
fo r De fence and O the r Ocean Eng inee r ing P ro jec ts " .

Ocean search and salvage is an important discipline of
Ocean Engineering. Technical competence is required, particularly
in the use of sonar, metal detectors, bottom project i les, and
nav igat iona l fix ing equipment . Research in to the h is tory o f a
part icular naval episode is also of pr imary importance.

I n t h i s c a s e , t h e s t u d e n t s fi r s t f a m i l i a r i z e d t h e m s e l v e s w i t h
a l l a c c o u n t s o f t h e s i n k i n g o f t h e s h i p i n o r d e r t o d e fi n e t h e
probable wreck locations. They augmented this "book" knowledge
wi th conversat ions wi th loca l fishermen. Technica l ly, sonar searches
were used and then verified by diver checks in a sophisticated diving

program.

The summer students also undertook to design and then partially
assembled a radio navigational system; designed and partially
constructed and tested an air l i fe pump; designed a nonpolluting,
tidal-powered electrical generator; and designed, constructed, and
tes ted a can buoy and a spar buoy, as we l l as a tower on Naut i lus
Rock. F ina l ly, two s tud ies o f mar ine l i fe were begun: a lobster
behavior study and the fabrication of a new scallop dredge.
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Public Education and Training Short Courses

PROFESSOR JAMES M. AUSTIN, PROFESSOR OF METEOROLOGY,
DEPARTMENT OF METEOROLOGY, AND DIRECTOR OF SUMMER SESSION

M I T S e a G r a n t h a s c o l l a b o r a t e d w i t h t h e M I T S u m m e r S c h o o l

i n o r d e r t o a l l o w w o r k i n g p r o f e s s i o n a l s t o t a k e a d v a n t a g e
o f s h o r t - t e r m s u m m e r c o u r s e s w h i c h c a n k e e p t h e m a b r e a s t o f
t h e m o s t c u r r e n t d e v e l o p m e n t s i n m a n y a r e a s h a v i n g t o d o
w i t h t h e s e a . I n t h e s u m m e r o f 1 9 7 1 , t h e c o u r s e s o f f e r e d

p r e s e n t e d r e s e a r c h r e s u l t s o r r e fl e c t e d e f f o r t s o n S e a G r a n t
p r o j e c t s b y p a r t i c i p a t i n g f a c u l t y m e m b e r s . T h e y w e r e :
" T r a n s p o r t a t i o n S y s t e m A n a l y s i s " , P r o f e s s o r s F r a n k e l , L a n g ,
M a n h e i m a n d S i m p s o n : " E n g i n e e r i n g A s p e c t s o f H e a t D i s p o s a l f r o m
P o w e r G e n e r a t i o n " , P r o f e s s o r D e v a n n e y , I n s t r u c t o r L a s s i t e r ; a n d

" P r i n c i p l e s o f N e w P r o c e s s e s i n F o o d C o n c e n t r a t i o n " , P r o f e s s o r
G o l d b l i t h . T h e c o u r s e s w e r e w e l l a t t e n d e d , w i t h p a r t i c i p a t i o n
f r o m a l l o v e r t h e U n i t e d S t a t e s a n d s o m e f o r e i g n c o u n t r i e s ,
a s w e l l a s t h e N e w E n g l a n d r e g i o n .
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Advisory Services



PIar ine Resources In fo rmat ion Center

PROFESSOR NORMAN N. JONES, ASSOCIATE PROFESSOR OF OCEAN

E N G I N E E R I N G , D E PA RT M E N T O F O C E A N E N G I N E E R I N G

T h e M a r i n e R e s o u r c e s I n f o r m a t i o n C e n t e r ( M A R I C ) c o n t i n u e s t o

s e r v e a s a v e r y i m p o r t a n t p u b l i c b a s e f o r e x p a n d i n g t h e M I T S e a
G r a n t l i a i s o n o p e r a t i o n s . A s s u c h , i t p r o v i d e s a c c e s s t o a l l
m a r i n e - r e l a t e d i n f o r m a t i o n a t M I T a n d r e f e r r a l s e r v i c e s w i t h W o o d s

Ho le Oceanograph ic Ins t i t u t i on and w i th the New Eng land Mar ine
Resou rces I n fo rma t i on P rog ram a t t he Un i ve r s i t y o f Rhode I s l and .

D u r i n g t h e p a s t y e a r , t h e I n f o r m a t i o n C e n t e r l i b r a r i a n ,
M r s . P a s s e r o , a n d h e r a s s i s t a n t , M r s . B u r r , fi n i s h e d c a t a l o g i n g
a l l m a t e r i a l s d i r e c t l y c o n c e r n e d w i t h S e a G r a n t a c t i v i t i e s a t
M I T a n d o t h e r p a r t i c i p a t i n g u n i v e r s i t i e s a n d h a v e s t a r t e d w o r k
o n S e a - G r a n t r e l a t e d a r e a s .

T h e C e n t e r n o w h a s w o r k i n g c o l l e c t i o n s i n o r a c c e s s t o i n
f o r m a t i o n o n l i v i n g r e s o u r c e s ; a q u a c u l t u r e ; fi s h e r i e s t e c h n o l o g y ;
n o n r e n e w a b l e r e s o u r c e s ; l a w o f t h e s e a ; m a r i n e e c o n o m i c s ; s h i p p i n g
a n d m a r i n e t r a n s p o r t a t i o n ; n a v a l a r c h i t e c t u r e ; o c e a n e n g i n e e r i n g ;
a n d m a r i n e r e c r e a t i o n . C u r r e n t i s s u e s o f a p p r o x i m a t e l y 1 0 0

j o u r n a l s a n d s e a - r e l a t e d m a g a z i n e s a r e d i s p l a y e d c o n v e n i e n t l y f o r
t h e b r o w s e r i n t h e n e w l y r e n o v a t e d i n f o r m a l r e a d i n g l o u n g e b e s i d e
t h e s t u d y a r e a .

O t h e r f e a t u r e s o f t h e C e n t e r i n c l u d e f o r e i g n r e p o r t s o n
n a v a l a r c h i t e c t u r e ; fi l e s o f s l i d e s , p a m p h l e t s , a n d a n s w e r s t o

q u e s t i o n s t h a t u s e r s f r e q u e n t l y a s k ; a m i c r o fi l m c o l l e c t i o n w i t h
r e a d e r / p r i n t e r ; a n d N a t i o n a l O c e a n S u r v e y ( N O S ) c h a r t s o f N e w
E n g l a n d w a t e r s a n d o t h e r a r e a c h a r t s a n d m a p s .

To c o n t i n u e t o i m p r o v e t h e C e n t e r ' s s e r v i c e s t o t h e p u b l i c ,
p l a n s - a r e u n d e r w a y t o i s s u e a M A R I C b u l l e t i n p e r i o d i c a l l y.
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Symposia on Sea Grant Projects and Marine Resource Related Topics

DEAN A. HORNy EXECUTIVE OFFICER^ MIT SEA GRANT PROGRAM

The objective of this important aspect of Sea Grant advisory
l ia ison services is to broadly disseminate informat ion and
research results by means of symposia which are open to the
general public as well as to the MIT community.

During 1971-1972, two special seminars were held to acquaint
the MIT community with Sea Grant. A one-day symposium, "Working
in the Ocean" was held. On September 22, 1971 over 250 people
attended this meeting. Practical, working problems were dis-
cussed by recognized experts in the industrial and operating
field with technological and engineering responses from equally
expert engineers and scientists. Another one-day symposium on
"Ocean Transportation" was held on October 28, 1971, sponsored
joint ly wi th the MIT Industr ia l L ia ison Program. About 100
persons attended this program, which was based largely on Sea
Grant project research by Professors Frankel, Padelford, Devanney,
a n d M r . L a s s i t e r .

On November 4, 1971, the first annual MIT Sea Grant-State-
Industry Workshop was held to acquaint key representatives
from government agencies, industry, and communities of the
Commonwealth with the current Sea Grant Program, the plans for
the next year, and to solicit recommendations and participation
by those attending to help MIT develop a strong, viable program
f o r M a s s a c h u s e t t s . t ' y

On November 9, 1971, Dr. John Mero, presented an afternoon
seminar on Mining in the Ocean" to an audience of over 200
M.I.T. students, faculty, and visitors. The outstanding pre
sentation kept the question and answer exchange, primarily with
the students over an hour beyond the scheduled time.

The results to date amply demonstrate the effectiveness of
these special seminars and symposia as an advisory service.
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Sea Grant Related Reports and Information

DEAN ALFRED A.M. KEIL^ DIRECTOR, MIT SEA GRANT PROGRAM AND
DEAN, SCHOOL OF ENGINEERING

A s a r e s u l t o f M I T ' s l o n g - t i m e i n t e r e s t i n n a v a l e n g i n e e r i n g
a n d m a r i n e a c t i v i t i e s , t h e r e a r e , o f c o u r s e , m a n y p r o j e c t s a t
t h e I n s t i t u t e t h a t a r e n o t f u n d e d b y S e a G r a n t . T h e r e a r e a l s o

projects which began with Sea Grant seed money and are now being
i n d e p e n d e n t l y f u n d e d . T h e r e p o r t s e m e r g i n g f r o m t h e s e g r a n t s
are distributed by the MIT Sea Grant Information Center in addition
t o t h e S e a G r a n t P r o j e c t r e p o r t s . L a s t y e a r t h e f o l l o w i n g r e p o r t s
w e r e d i s t r i b u t e d :

M I T S G N u m b e r

M I T S G 7 2 - 1 A B U O Y S Y S T E M F O R A I R - S E A I N T E R A C T I O N S T U D I E S
B U O Y D E S I G N A N D O P E R AT I O N , E . L . M o l l o - C h r i s -

t e n s e n , C . E . D o r m a n
N T I S : A D 8 8 7 1 6 5

MITSG 7 2 -2 STUDY OF AUTOMATIC MEANS OF DETERMINING THE
A G E O F F I S H , L . S u t r o

N T I S : C O M 7 2 - 1 0 3 2 6

M I T S G 7 2 - 4 WAV E F O R C E S O N A S U B M E R G E D O B J E C T, J o h n
H a l k y a r d
N T I S : C O M 7 2 - 1 0 1 2 6

M I T S G 7 2 - 5 P R O S P E C T S F O R A N E W R E G I M E O F T H E S E A S : I N T E R
N A T I O N A L P O L I T I C A L C O N S I D E R A T I O N S , N . J .
P a d e l f o r d

N T I S : 7 2 - 1 0 5 2 2

M I T S G 7 2 - 6 A N A N A LY S I S O F T H E S M A L L - S C A L E S T R E N G T H T E S T I N G
O F I C E , K . R . M a s e r

N T I S : C O M 7 2 - 1 0 2 9 4

M I T S G 7 2 - 8

M I T S G 7 2 - 1 0

M I T S G 7 2 - 1 2

T H E A P P L I C A T I O N O F H Y D R O A C O U S T I C M E T H O D S F O R

AQUATIC BIOMASS MEASUREMENTS, J. B. Lozow and
J . B . S u o m a l a

N T I S : C O M 7 2 - 1 0 6 6 4

D I R E C T O R Y O F M . I . T R E S E A R C H P R O J E C T S R E L AT E D T O

MARINE RESOURCES, OCEAN UTILIZATION AND COASTAL
Z O N E D E V E L O P M E N T, B . P a s s e r o , D . H o r n
N T I S : C O M 7 2 - 1 0 8 6 1

E S T I M AT I O N O F D Y N A M I C C H A R A C T E R I S T I C S O F D E E P
OCEAN TOWER STRUCTURES, E. H. Vanmarke and
R . N . l a s c o n e

N T I S : C O M 7 2 - 1 0 9 1 9
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S u p p o r t t o O t h e r I n s t i t u t i o n s

D E A N A L F R E D A . M . K E I L , D I R E C T O R . M I T S E A G R A N T P R O G R A M A N D

D E A N . S C H O O L O F E N G I N E E R I N G

T h e a i m o f t h i s s p e c i a l p r o j e c t w a s t o m a k e b o t h f a c u l t y
a n d s t a f f p e r s o n n e l a v a i l a b l e t o o t h e r a c a d e m i c i n s t i t u t i o n s

o n a c o n s u l t i n g b a s i s t o a s s i s t i n d e v e l o p i n g c o u r s e o f f e r i n g s ,
f u l l c u r r i c u l a , a n d / o r r e s e a r c h p r o j e c t s i n m a r i n e r e s o u r c e s
u t i l i z a t i o n . T o t h i s e n d , M I T a s s i s t e d t h e M a i n e M a r i t i m e

Academy and the Massachuset ts Mar i t ime Academy in broadening
t h e i r t e c h n i c a l p r o g r a m s a n d c o n s u l t e d w i t h H o w a r d U n i v e r s i t y.
I n t he p rocess o f ge t t i ng t he p rog ram unde r way, howeve r,
i t w a s f o u n d t h a t a l t h o u g h t h e s p i r i t o f t h e e n d e a v o r w a s
s o u n d , m a k i n g t h i s a s e p a r a t e p r o j e c t w a s n o t p r a c t i c a l l y
e f f e c t i v e . T h e s e a d v i s o r y s e r v i c e s a r e n o w b e i n g p u r s u e d
a t t h e p r o g r a m m a n a g e m e n t l e v e l .
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Publications under Sea Grant Number 2-35150

M I T S G N u m b e r

M I T S G 7 2 - 1

M I T S G 7 2 - 2

M I T S G 7 2 - 4

M I T S G 7 2 - 5

M I T S G 7 2 - 6

M I T S G 7 2 - 7

M I T S G 7 2 - 8

M I T S G 7 2 - 9

M I T S G 7 2 - 1 0

M I T S G 7 2 - 1 1

M I T S G 7 2 - 1 2

M I T S G 7 2 - 1 3

A B U O Y S Y S T E M F O R A I R - S E A I N T E R A C T I O N S T U D I E S

B U O Y D E S I G N A N D O P E R A T I O N , E . L . M o l l o -

C h r i s t e n s e n , C . E . D o r m a n ,
N T I S : A D 8 8 7 1 6 5

S T U D Y O F A U T O M A T I C M E A N S O F D E T E R M I N I N G T H E A G E

O F F I S H , L . S u t r o

N T I S : C O M 7 2 - 1 0 3 2 6

W AV E F O R C E S O N A S U B M E R G E D O B J E C T, J . H a l k y a r d
N T I S : C O M 7 2 - 1 0 1 2 6

P R O S P E C T S F O R A N E W R E G I M E O F T H E S E A S : I N T E R

N A T I O N A L P O L I T I C A L C O N S I D E R A T I O N S , N . J . P a d e l f o r d

( x e r o x c o p y ) N T I S : 7 2 - 1 0 5 2 2

A N A N A L Y S I S O F T H E S M A L L - S C A L E S T R E N G T H T E S T I N G

O F I C E , K . R . M a s e r

N T I S : C O M 7 2 - 1 0 2 9 4

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

U N S T E A D Y S A L I N I T Y I N T R U S I O N I N E S T U A R I E S ,

M . L . T h a t c h e r , D . H a r l e m a n

N T I S : C O M 7 2 - 1 0 6 7 0

T H E A P P L I C A T I O N O F H Y D R O A C O U S T I C M E T H O D S F O R

A Q U AT I C B I O M A S S M E A S U R E M E N T S , J . B . L o z o w a n d
J . B . S u o m a l a

N T I S : C O M 7 2 - 1 0 6 6 4

T H E E V O L U T I O N A N D U T I L I Z A T I O N O F M A R I N E M I N E R A L

R E S O U R C E S , D . H . L a h m a n , J . B . L a s s i t e r , I I I
N T I S : C O M 7 2 - 1 1 0 4 3

D I R E C T O R Y O F M . I . T . R R E S E A R C H P R O J E C T S R E L A T E D T O

M A R I N E R E S O U R C E S , O C E A N U T I L I Z AT I O N A N D C O A S TA L

Z O N E D E V E L O P M E N T, B . P a s s e r o , D . H o r n

N T I S : C O M 7 2 - 1 0 8 6 1

M A T H E M A T I C A L S I M U L A T I O N O F T I D A L T I M E A V E R A G E S

O F S A L I N I T Y A N D V E L O C I T Y P R O F I L E S I N E S T U A R I E S ,

J . S . F i s h e r , J . D . D i t m a r s , a n d A . T . I p p e n ,
N T I S : C O M 7 3 - 1 0 0 5 3

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

O C E A N T O W E R S T R U C T U R E S , E . H . Va n m a r k e a n d R . N .

l a s c o n e

N T I S : C O M 7 2 - 1 0 9 1 9

S T U D E N T P R O J E C T S O N C O A S T A L Z O N E A N D O F F S H O R E

R E S O U R C E S M A N A G E M E N T, J . W , D e v a n n e y , I I I ,

R . B l u m b e r g ,
N T I S : C O M 7 3 - 1 0 2 6 2
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M I T S G N u m b e r

M I T S G 7 2 - 1 4

M I T S G 7 2 - 1 5
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