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INTERNATIONAL J O I N T  COMMISSION 

Report  t o  United S t a t e s  of America and Canada 
on I n v e s t i g a t i o n  of t h e  I n t e r n a t i o n a l  

Passamaquoddy T i d a l  Project, 
Maine and New Brunswick 

REFERENCE TO THE INTERNATIONAL JOINT COMMISSION 

The Governments of t h e  United S t a t e s  and Canada 
forwarded on August 2, 1956, t o  t h e  I n t e r n a t i o n a l  J o i n t  
Commission i d e n t i c a l  l e t t e r s  r e q u e s t i n g  t h e  Commission t o  
conduct  i n v e s t i g a t i o n s  and t o  submit a r e p o r t  on t h e  pro- 
posed i n t e r n a t i o n a l  Passamaquoddy T i d a l  Power Project. 
T h i s  r e q u e s t  was made i n  accordance w i t h  t h e  Boundary Waters 
T r e a t y  of 1909 and w i t h  United S t a t e s  P u b l i c  Law 401, 84th 
Congress,  2d Sess ion ,  approved January 31, 1956, The f u l l  
t e x t  of t h e  Reference of t h e  t w o  Governments is quoted  
below: 

" I n  accordance w i t h  t h e  p r o v i s i o n s  of 
Article I X  of t h e  Boundary Waters Trea ty  of 
January  11, 1909, t h e  Governments of Canada and 
t h e  United States have ag reed  t o  r e f e r  and do 
hereby refer t o  t h e  I n t e r n a t i o n a l  Jo in t  Commission 
t h e  fo l lowing  matters f o r  j o i n t  examinat ion and 
adv i so ry  r e p o r t ,  i n c l u d i n g  conc lus ions  and 
recommendations: 

I t  is desired t h a t  t h e  Commission 
determine t h e  estimated cost of 
developing t h e  i n t e r n a t i o n a l  t i d a l  
power p o t e n t i a l  of Passamaquoddy Bay 
i n  t h e  S t a t e  of Maine and t h e  Province  
of New Brunswick, and determine whether 
such cost would allow h y d r o e l e c t r i c  power 
t o  be produced a t  a p r i c e  which i s  
economically feasible; 

The Commission is r e q u e s t e d  t o  de te rmine  
t h e  effects, b e n e f i c i a l  or otherwise, 
which such a power p r o j e c t  might have 
on t h e  locall and n a t i o n a l  economies i n  
t h e  United S t a t e s  and Canada, and t o  t h i s  
end, t o  s tudy  s p e c i f i c a l l y  t h e  e f f e c t s  - 
which t h e  c o n s t r u c t i o n ,  maintenance and 
o p e r a t i o n  of t h e  t i d a l  power s t r u c t u r e s  
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might have upon t h e  f isheries 
i n  t h e  area. 

In t h e  d i scha rge  of i t s  r e s p o n s i b i l i t i e s  under  
t h i s  r e fe rence ,  t h e  Commission i s  reques t ed  t o  
review and, i n s o f a r  as i s  p r a c t i c a b l e ,  make 
advantageous use  of e x i s t i n g  r e p o r t s  and p l a n s  such 
as t h e  Report  of March 15, 1950, submi t ted  by 
t h e  I n t e r n a t i o n a l  Passmaquoddy Engineer ing 
Board t o  t h e  Commission and t h e  supplemental  
r e p o r t  01 May 1952 p repa red  by t h e  United S t a t e s  
Army Corps of  Engineers  on t h e  d e t a i l s  of estimate 
of  c o s t  of a counprehensive i n v e s t i g a t i o n  of t h e  
Passamaquoddy t i d a l  power p r o j e c t  e Having r e g a r d  
t o  t h e  foregoing ,  t h e  Commissioii should determine 
t h e  most d e s i r a b l e  g e n e r a l  p r o j e c t  des ign  from 
t h e  viewpoint of t h e  p u b l i c  i n t e r e s t  i n  United 
,states and Canada r e s p e c t i v e l y  -- such des ign  t o  
i n c l u d e  p l a n s  f o r  s t r u c t u r e  and appur tenant  works 
i n  s u f f i c i e n t  d e t a i l  t o  form t h e  b a s i s  of dependable 
c o s t  estimates and c o n s i d e r a t i o n s  of economic 
f e a s i b i l i t y .  

In t h e  conduct of i ts i n v e s t i g a t i o n s ,  and 
o therwise  I n  the  performance of  i t s  d u t i e s  under 
this r e f e r e n c e ,  t h e  Commissioii may u t i l i z e  t h e  
s e r v i c e s  of s p e c i a l l y  q i ia l i f  i e d  eng inee r s  and o t h e r  
e x p e r t s  of t h e  t e c h n i c a l  agenc ie s  of t h e  United S t a t e s  
and Canada and w i l l ,  s o  f a r  as p o s s i b l e ,  make u s e  of 
any p e r t i n e n t  data that  may be a v a i l a b l e  i n  such 
agenc ie s  o r  which  may become a v a i l a b l e  dur ing  t h e  
c o u r s e  of t h e  i n v e s t i g a t i o n S ,  t h u s  avoid ing  
d u p l i c a t i o n  of e f f o r t  and unnecessary expense.  

The United J t a t e s  Government is  w i l l i n g ,  
s u b j e c t  t o  t h e  a v a i l a b i l i t y  of funds,  t o  i n c u r  
c o s t  i n  coniiectioii w i t h  t h i s  survey up t o  
$3,000,000 and t h e  Canadian Government is  
w i l l i n g  t o  i a c u r  costs up t o  $300,000,  @ach 
Government has t h e  r i g h t  -to p a r t i c i p a t e  a t  i t s  
own expense i n  a l l  a s p e c t s  of the survey t o  an 
e x t e n t  a p p r o p r i a t e  w i t h  i t s  i n t e r e s t .  In making 
a d m i n i s t r a t i v e  arrangements  f o r  t h e  necessary  
surveys  and s t u d i e s ,  t h e  Coinmission should  g i v e  
suitable effect  t fo these responsibilities, 
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The costs i n c u r r e d  by t h e  Governments 
of t h e  Uni ted  S t a t e s  and Canada r e s p e c t i v e l y  
under t h i s  Beference w i l l  be credi ted a g a i n s t  t h e  
costs  t o  be borne by each of t h e  Governments i n  
t h e  event  t h a t  t h e  p r o j e c t  should  be c o n s t r u c t e d  
a s  a j o i n t  under tak ing  by th .e  two Governments. 
The d e c i s i o n  of t h e  two Governments t o  refer 
t h i s  s tudy  t o  t h e  G o ~ i s s i o n  does no t  imp ly  any 
commitment r e g a r d i n g  t h e  even tua l  c o n s t r u c t i o n  
of t h e  p r o j e c t ,  

I t  is  t h e  desire of both Governments t h a t  
t h e  Commission endeavour to complete i ts  v a r i o u s  
su rveys ,  i n v e s t i g a t i o n s ,  studies and other 
a c t i v i t i e s  under the Reference w i t h i n  a three- 
year  period. Upon coinpletion, i t  is r e q u e s t e d  t h a t  
t h e  Commission prepare and submit t o  t h e  Govern- 
ments of t h e  United States and Canada a comprehensive 
r e p o r t  cove r ing  t h e  s u b j e c t  m a t t e r  of t h i s  Referencec  
The CommissionQs report skasuPci i n c l u d e  t h e  de t a i l s  
of t h e  s p e c i f i c  des ign ,  cost estimates, and an  
estimate of t h e  b e n e f i t s  t o  be de r ived  or t h e  
losses t o  r e s u l t  from t h i s  project," 

BACKGROUND OF THE PROJECT 

Power from t h e  T i d e s  

The ocean t ides  have long been env i s ioned  as a s o u r c e  
of power, "Tide m i l l s "  were c o n s t r u c t e d  i n  Europe as 
e a r l y  as t h e  1 1 t h  c e n t u r y  and in America 8s early as 1619. 
Such small t i d a l  hydro-mechanical power developments were 
p r a c t i c a l  f o r  g r i n d i n g  corn or spices as t h e  work could  be 
a d j u s t e d  t o  the p e r i o d i c  and vary ing  power from t h e  tides, 
E l e c t r i f i c a t i o n  and the r a p i d  industrial and economic 
growth of t h e  20th century, however8 have established a 
heavy growth i n  demand for electric power, and today t h e  
economic u t i l i z a t i o n  of power requires its a v a i l a b i l i t y  
on a c o n t r o l l e d  schedu%e, There fo re ,  a t i d a l  power p r o j e c t  
must be capab le  of  sustaining dependable power p roduc t ion  
from t h e  t ides  or be in te rconnec ted  with other power 
s o u r c e s  and so o era&& tha t  the  coord ina ted  c a p a b i l i t y  
would conform to t h e  needs 0 %  t h e  power load. 

U t i l i z a t i o n  of the tides t o  generate a s u b s t a n t i a l  
q u a n t i t y  of power re  u i s e s  provision for the  s t o r a g e  of 
l a r g e  q u a n t i t i e s  of water so that d i s c h a r g e s  may be made 
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from a h ighe r  t o  a lower e l e v a t i o n  through h y d r a u l i c  
t u r b i n e s .  A l a r g e  s i n g l e  pool  may be b u i l t  t o  e n t r a p  or 
exc lude  water  from t h e  ocean, bu t  g e n e r a t i o n  of  power i s  
l i m i t e d  t o  those t i m e s  i n  t h e  t i d a l  cycle when t h e  
d i f f e r e n t i a l  i n  e l e v a t i o n  between t h e  ocean and t h e  pool  
i s  s u f f i c i e n t  for o p e r a t i o n  of t h e  t u r b i n e s ,  A combination 
of two storage pools  for s imul taneous  entrapment and 
e x c l u s i o n  of water from t h e  ocean can, however, p rovide  f o r  
some g e n e r a t i o n  a t  a l l  times. Also, e i ther  s i n g l e  or t w o  
pool  projects may be ar ranged  t o  accommodate r e v e r s i b l e  
u n i t s  capab le  of pumping or g e n e r a t i n g  from flow i n  e i ther  
d i r e c t i o n ,  t h u s  f u r t h e r  i n c r e a s i n g  t h e  power p o t e n t i a l  and 
p rov id ing  g r e a t e r  f l e x i b i l i t y  for coord ina ted  o p e r a t i o n  
w i t h  o t h e r  power sources,, As compared t o  most r i v e r  hydro- 
e lectr ic  projects t h e  p o t e n t i a l  average h y d r a u l i c  head of 
t i d a l  p r o j e c t s  is q u i t e  small; bu t  t h e  very l a r g e  q u a n t i t i e s  
of water a v a i l a b l e  for power p roduc t ion  are a c c u r a t e l y  
p r e d i c t a b l e  for  many y e a r s  i n  t h e  f u t u r e .  

Passamaquoddy Bay located near  t h e  mouth of t h e  Bay 
of Fundy expe r i ences  smaller t i d a l  ranges  than  those 
o c c u r r i n g  i n  t h e  heac! of t h a t  bay i n  Canada. The s i t e ,  
by r eason  of ad jacen t  Cobscook Bay and t h e  narrow passages  
among i s l a n d s  w i t h  i n t e r - spaced  s h o a l  a r e a s  o f f e r s  many 
a l t e r n a t i v e s  €or one or two pool  schemes. The l a r g e  area 
of Passamaquoddy Bay wi th  t h e  s u b s t a n t i a l  a d d i t i o n a l  area 
of Cobscook Bay is  favorab le  for a two pool  p lan .  

Prior Surveys of t h e  Passamaquoddy P r o j e c t  

p l a n s  o r i g i n a l l y  for  an i n t e r n a t i o n a l  t i d a l  power p r o j e c t  
a t  Passamaquoddy and Cobscook Bays,  but  l a t e r  for a 
project l o c a t e d  wholly i n  t h e  United States.  The United 
States '  Federal Power Commission i n  i t s  review of t h e  
Dexter P ,  Cooper, Inc. l o a n  a p p l i c a t i o n  t o  t h e  Federal 
Emergency Adminis t ra t ion  of P u b l i c  Works r e p o r t e d  adve r se ly  
on t h e  p r o j e c t  i n  January 1934 and t h e  loan  w a s  not  
approved, The p r o j e c t  as f i n a l l y  r e v i s e d  would have had 
a n  i n i t i a l  i n s t a l l a t i o n  of 235,000 k i lowat t s  w i t h  p r o v i s i o n  
for  an  a d d i t i o n a l  100,000 k i l o w a t t s .  

From 1924 t o  1934 Dexter P. Cooper, Inc ,  p repared  

I n  1927 Murray and. Flood, Engineers ,  of N e w  York, 
N. Y. r e p o r t e d  on t h e  i n t e r n a t i o n a l  p r o j e c t  proposed by 
Cooper, They estimated t h a t  an i n s t a l l e d  c a p a c i t y  of 
400,000 k i l o w a t t s  w i t h  a f i r m  c a p a c i t y  of 122,000 kw could  
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d e l i v e r  1 ,594  m i l l i o n  k i l o w a t t  hour s  a n n u a l l y  t o  Woburn, 
Massachuse t t s ,  a t  an  average  cost o f  8.09 m i l l s  p e r  
k i lowat t -hour .  The t o t a l  estimated cost of t h e  project 
a t  1926-27 p r i c e  l e v e l s ,  was $125 m i l l i o n .  

I n  1935 t h e  Passamaquoddy Bay T i d a l  P r o j e c t  Commission 
of t h e  United S t a t e s ’  Federal Emergency Admin i s t r a t ion  
of P u b l i c  Works recommended c o n s t r u c t i o n  of  an i n i t i a l  
Cobscook Bay p r o j e c t ,  a l l  w i t h i n  t h e  State  of Maine, a t  
an estimated cost of $30 m i l l i o n .  An u l t i m a t e  p r o j e c t  
w a s  contemplated t o  embrace t h e  Passamaquoddy Bay. The 
recommended i n i t i a l  p r o j e c t  w a s  approved by t h e  United 
States  Government and $10 m i l l i o n  ( l a t e r  reduced t o  $7 
m i l l i o n )  w a s  a l l o t t e d  t o  t h e  U. S. Army, Corps o f  
Engineers  t o  s t a r t  c o n s t r u c t i o n .  

The Corps of Engineers  estimated t h a t  t h e  i n i t i a l  
p r o j e c t  w i th  a modified des ign  would cost $61,500,000. 
A review board raised t h i s  estimate t o  $68,158,000. Work 
progressed  u n t i l  August 1936 w i t h  a n  expend i tu re  of about  
$7 m i l l i o n ,  and w a s  d i scon t inued  due t o  lack of f u r t h e r  
a p p r o p r i a t i o n s  by t h e  Congress. 

I n  1941, t h e  Fede ra l  Power Commission i n  a r e p o r t  
p repared  pursuant  t o  Senate  Reso lu t ion  62, 76 th  Congress,  
1st Sess ion ,  concluded t h a t  Passamaquoddy t i d a l  power 
(development of U. S. wate r s  on ly )  could  not  compete 
s u c c e s s f u l l y  a t  t h a t  t i m e  w i th  r i v e r  h y d r o e l e c t r i c  power 
p o t e n t i a l l y  a v a i l a b l e  i n  t h e  State of Maine, or w i t h  
power from modern, e f f i c i e n t  steam-electric p l a n t s .  The 
Commission stated, however, t h a t  t h i s  conc lus ion  should 
n o t  p rec lude  thorough e x p l o r a t i o n  of t he  p o s s i b i l i t i e s  
of a l a r g e  i n t e r n a t i o n a l  t i d a l  power p r o j e c t  a t  Passamaquoddy 
by t h e  Governments of t h e  United S t a t e s  and Canada. 

P r i o r  A c t i v i t i e s  of I . J . C .  R e l a t i v e  t o  t h e  Passamaquoddy 
Pr0.i ect 

The Governments of t h e  United States  and Canada by 
a formal r e f e r e n c e  dated November 9,, 1948, r eques t ed  
t h e  I n t e r n a t i o n a l  J o i n t  Commission t o  rev iew the t h e n  
e x i s t i n g  p l a n s  for t h e  c o n s t r u c t i o n  of t i d a l  power p l a n t s  
a t  Passamaquoddy and Cobscook B a y s  and r e p o r t  on  t h e  
scope and cost of a survey necessa ry  t o  determine whether  



t h e  p l a n s  t h e n  proposed or any other  p l a n s  for u s i n g  
these wa te r s  f o r  g e n e r a t i o n  of electric power would be 
p r a c t i c a b l e  and d e s i r a b l e  e 

The Commission appoin ted  an  I n t e r n a t i o n a l  Passamaquoddy 
Engineer ing  Board t o  a d v i s e  i t  on t h e  t e c h n i c a l  phases  
of t h e  s tudy .  I n  i ts r e p o r t  t o  t h e  two Governments 
da t ed  October 20, 1950, t h e  I n t e r n a t i o n a l  J o i n t  Commission 
concluded t h a t  t h e  economic f e a s i b i l i t y  of an i n t e r -  
n a t i o n a l  t i d a l  power p r o j e c t  a t  Passamaquoddy Bay cou ld  
be determined only  a f te r  c a r e f u l  and detai led i n v e s t i -  
g a t i o n s  had been made, The c o s t  o f  t h e  necessary  survey 
was estimated t o  be about $3,900,000, i n c l u d i n g  $300,000 
fo r  i n v e s t i g a t i o n  of t h e  f i s h e r i e s  problem, 

Subsequent t o  complet ion of t h e  Commission's 1950 
r e p o r t  on t h e  Passamaquoddy p r o j e c t ,  t h e  Corps of 
Engineers  and t h e  Uni ted  S t a t e s  Geologica l  Survey con- 
c luded  from experiments  w i t h  modern t echn iques  i n  
underwater foundat ion  e x p l o r a t i o n  t h a t  t h e  ove r -a l l su rvey  
cost could  be reduced. Accordingly,  t h e  Corps submi t ted  
i n  May 1952 t o  t h e  I n t e r n a t i o n a l  J o i n t  Commission a 
r e v i s e d  cost estimate of  $3,000,000, i n c l u d i n g  $300,000 
for  f i s h e r i e s  i n v e s t i g a t i o n s ,  

O b i e c t i v e s  of t h e  Current  Survev 

The o b j e c t i v e s  of t h e  c u r r e n t  s u r v e y r a r e  t o  deter- 
mine t h e  cost of developing an  i n t e r n a t i o n a l  t i d a l  
power p r o j e c t  i n  Passamaquoddy and Cobscook Bays and 
whether  such a p r o j e c t  would be economical ly  feasible. 
More s p e c i f i c a l l y :  t o  de te rmine  t h e  most desirable 
g e n e r a l  p r o j e c t  des ign  i n  s u f f i c i e n t  d e t a i l  for prepara-  
t i o n  of dependable cost estimates; t o  determine t h e  e f f e c t s  
which such a p r o j e c t  might have on t h e  local and n a t i o n a l  
economies i n  t h e  United S t a t e s  and Canada; t o  determine 
the p r e s e n t  and f u t u r e  electric power requi rements  i n  
Maine and New Brunswick and the  a b i l i t y  of  t h e  t i d a l  
p r o j e c t  t o  supply these requi rements ;  t o  determine t h e  
va lue  of t h e  t i d a l  power i n  t h e  market area, as compared 
t o  t h e  cost of  i ts development; and t o  s tudy  t h e  e f f e c t s  
which t h e  c o n s t r u c t i o n ,  maintenance and o p e r a t i o n  of 
t h e  t i d a l  sower s t r u c t u r e s  might have upon t h e  f i s h e r i e s  
i n  t h e  areao . 
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I NVE 9TI GATT ON PROCED U W  

I n t e r n a t i o n a l  Passamaquoddy Engineer ing  Board 
and I n t e r n a t i o n a l  Passamaquoddy F i s h e r i e s  Board 

To assist i n  t h e  i n v e s t i g a t i o n ,  t h e  Commission 
e s t a b l i s h e d  two s e p a r a t e  boards,  t h e  I n t e r n a t i o n a l  
Passamaquodd-y Engineer ing Board and t h e  I n t e r n a t i o n a l  
Passamaquoddy F i s h e r i e s  Board. Membership on t h e  Boards 
inc luded  two r e p r e s e n t a t i v e s  each from Canada and t h e  
United S t a t e s .  On October 3, 1956, t h e  I n t e r n a t i o n a l  
J o i n t  Commission i s s u e d  t h e  fo l lowing  d i r e c t i v e  t o  t h e  two 
Boards : 

" ( a )  The Engineer ing  Board w i l l  c a r ry  ou t  a l l  
t h e  eng inee r ing  i n v e s t i g a t i o n s  and s t u d i e s  
necessary  t o  enab le  t h e  Commission t o  p repa re  
and submit t o  t h e  Governments of t h e  United 
S t a t e s  and Canada a comprehensive r e p o r t  on t h e  
proposed Yassamaquoddy T i d a l  Power P r o j e c t ,  a s  
r eques t ed  by t h e  two Governments in a Reference 
t o  t h e  Commission da ted  2 August, 1956. 

(b)  The F i s h e r i e s  Board w i l l  s t udy  s p e c i f i c a l l y  
t h e  e f f e c t s  which t h e  c o n s t r u c t i o n ,  maintenance 
and o p e r a t i o n  of t h e  t i d a l  power s t r u c t u r e s ,  pro- 
posed, might have upon t h e  f i s h e r i e s  i n  t h e  area.  

( c )  I n  o rde r  t o  enab le  t h e  S ' i sher ies  Board t o  
commence i t s  s t u d i e s  and i n v e s t i g a t i o n s  wi thout  
d e l a y ,  t h e  Engineer ing  Board is  reques t ed  t o  
forward t o  t h e  Commission a s  soon a s  p o s s i b l e ,  
f o r  t r a n s m t t t a l  t o  t h e  h ' i she r i e s  Board, a n  
o u t l i n e  of t h e  v a r i o u s  p r o j e c t  p l a n s  which t h e  
Engineer ing Board proposes  t o  i n v e s t i g a t e .  
Pending t h e  submission of  t h i s  in format ion  i t  
is sugges ted  t h a t  t h e  F i s h e r i e s  Board proceed 
wi th  i t s  s t u d i e s  on t h e  b a s i s  of t h e  g e n e r a l  
p l a n s  o u t l i n e d  i n  t h e  March 15, 1950 Report  
of t h e  prev ious  I n t e r n a t i o n a l  Passamaquoddy 
Engineer ing Board. 

(d )  I n  order t h a t  each of the Boards may be 
f u l l y  aware a t  a l l  times of t h e  p rogres s  be ing  
made i n  t h e  i n v e s t i g a t i o n s  and s t u d i e s  c a r r i e d  
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o u t  by t h e  o t h e r  Board, each Board i s  r e q u e s t e d  
t o  keep t h e  Commission c u r r e n t l y  informed r ega rd -  
i n g  t h e  i n v e s t i g a t i o n s  and s t u d i e s  it is  con- 
duc t ing .  The Commission w i l l  under take  r e s p o n s i -  
b i l i t y  for promptly t r a n s m i t t i n g  t h e  in fo rma t ion  
t h u s  r ece ived  t o  t h e  o t h e r  Board, t o g e t h e r  w i t h  
such  sugges t ions  or i n s t r u c t i o n s  as may appear  
t o  be a p p r o p r i a t e ,  

( e )  I n  accordamce wi th  t h e  desire of  t h e  two 
Governments as  evidenced by t h e  terms of t h e  
Reference t h e  Engineer ing  Eoard is reques t ed  t o  
rev iew and t o  u t i l i z e ,  i n s o f a r  a s  is p r a c t i c a b l e ,  
e x i s t i n g  r e p o r t s  and p l a n s  such as  t h e  Report  
of 15 March 1950, submi t ted  t o  t h e  Commission 
by t h e  prev ious  I n t e r n a t i o n a l  Passamaquod.dy 
Engineer ing Board, and t h e  supplemental  r e p o r t  
o f  May, 1952 prepared by t h e  Corps of  Engineers ,  
United S t a t e s  Department of  t h e  A r m y ,  

( f )  
committees and working groups a s  may be r e q u i r e d  
t o  e f f e c t i v e l y  discharge t h e  Board's r e spons i -  
b i l i t i e s .  

Each Board i s  a u t h o r i z e d  t o  e s t ab l i sh  such  

( 9 )  I n  accordance w i t h  t h e  d e s i r e  expressed  by 
t h e  two Governments, t h e  Commission w i l l  en- 
deavour t o  complete i t s  v a r i o u s  i n v e s t i g a t i o n s  
and s t u d i e s  under t h e  Reference wi th in  a t h r e e  
yea r  pe r iod  and submit a comprehensive r e p o r t  
cove r ing  t h e  s u b j e c t  matter of t h e  Reference as  
soon as p o s s i b l e  t h e r e a f t e r .  I n  o r d e r  t h a t  t h i s  
may be done, t h e  Commission would a p p r e c i a t e  
r e c e i v i n g  t h e  f i n a l  r e p o r t s  of both Boards 
p r i o r  t o  1 October, 1959, 

(h) Each Board w i l l  p r epa re  and submit s e m i -  
annual  p rogres s  r e p o r t s  t o  t h e  Commission on 
or about 31 March and 30 September of each yea r  
and such o t h e r  r epor t s  from time t o  t i m e  as t h e  
Commission may direct  or as t h e  Board may con- 
s i d e r  desirable." 

The Engineer ing Board es tab l i shed  an Engineer ing  
Committee t o  s u p e r v i s e  t h e  de ta i led  eng inee r ing  s t u d i e s  
of t h e  t i d a l  power p r o j e c t ,  These s t u d i e s  were carried 
ou t  p r i m a r i l y  by t h e  U, S ,  Army Engineer D iv i s ion ,  



- 9 -  

4 

N e w  England, Corps of Engineers ,  and t h e  Regional O f f i c e  
of t h e  United S t a t e s  Federal Power Commission, New York. 
Canadian a s p e c t s  of t h e  e n g i n e e r i n g  s t u d i e s  were conducted 
by t h e  Department of P u b l i c  Works, t h e  Department of  
Northern A f f a i r s  and Nat iona l  Resources,  and other  a g e n c i e s  
of  t h e  Governments of  Canada and New Brunswick, The 
F i s h e r i e s  Board appoin ted  a Research Committee of Canadian 
and United S t a t e s  S c i e n t i s t s  t o  develop  p l a n s  and t o  
conduct t h e  necessary  r e s e a r c h  on t h e  f i s h e r i e s  of t h e  
Passamaquoddy r eg ion .  

A J o i n t  Engineer ing and Fisheries Committee of t h e  
Engineer ing  and F i s h e r i e s  Boards w a s  set up 'in accordance 
w i t h  d i r e c t i o n s  from t h e  I n t e r n a t i o n a l  J o i n t  Commission 
d a t e d  October 4, 1957. That Committee e s t a b l i s h e d  an 
a p p r o p r i a t e  and p r a c t i c a b l e  l i n e  of demarcat ion between 
t h e  work of  t h e  two Boards and  o u t l i n e d  t h e  methods of  
measuring b e n e f i t s  and damages i n  matters of common 
i n t e r e s t  t o  t h e  f i s h e r i e s  and e n g i n e e r i n g  i n v e s t i g a t i o n s .  

Referral  of Repor ts  of t h e  Engineer ing  Board 
and F i s h e r i e s  Board t o  I n t e r e s t e d  P a r t i e s  
for Review and Comment 

On November 13, 1959, t h e  I n t e r n a t i o n a l  J o i n t  Commission 
i s s u e d  a p u b l i c  n o t i c e  s t a t i n g  t h a t  t h e  comprehensive 
t e c h n i c a l  i n v e s t i g a t i o n s  and s t u d i e s  necessa ry  for t h e  
p r e p a r a t i o n  of  t h e  Commission's r e p o r t  were completed, and 
t h a t  t h e  f i n a l  r e p o r t s o f  t h e  t w o  Boards had been fo rma l ly  
p re sen ted  t o  t h e  Commission, I n  o r d e r  t o  o b t a i n  t h e  
views of i n t e r e s t e d  p a r t i e s  p r i o r  t o  fo rmula t ion  of t h e  
Commission's r e p o r t  and recommendations t o  t h e  two Govern- 
ments, t h e  Commission made t h e  r e p o r t s  of t h e  Boards 
ava i . l ab l e  for examination a t  convenient  p l a c e s  i n  both 
c o u n t r i e s .  I n  a d d i t i o n  c o p i e s  of t h e  r e p o r t  were s e n t  
t o  t h e  Maine d e l e g a t i o n  i n  t h e  United S t a t e s  Congress; t h e  
N e w  Brunswick m e m b e r s  o f  t h e  Canadian Pa r l i amen t ;  i n t e r e s t e d  
agenc ie s  of each  Government; S t a t e ,  P r o v i n c i a l ,  and l o c a l  
governments and o f f i c i a l s  concerned; and o t h e r s .  

I n  r e sponse  t o  t h e  Commission's p u b l i c  not ice  
i n v i t i n g  comments on t h e  r e p o r t s  of t h e  Boards numerous 
communications were r e c e i v e d ,  Most of t h e s e  communications 
favoured t h e  t i d a l  power p r o j e c t  i n  p r i n c i p l e  but  d e a l t  
only i n  very general terms wi th  t h e  d e t a i l s  o f  t h e  Board 's  
r e p o r t s .  
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Commission Hegring on F ind ings  of Engineer ing  
and  F i s h e r i e s  Boards Repor ts  

On A p r i l  22, 1 9 6 0 , , t h e  I n t e r n a t i o n a l  J o i n t  Commission 
conducted a p u b l i c  h e a r i n g  i n  t h e  Calais Memorial High 
School,  Calais, Maine, f o r  t h e  purpose of r e c e i v i n g  
tes t imony and evidence h e a r i n g  on t h e  f i n d i n g s  and 
c o n c l u s i o n s  set  f o r t h  i n  t h e  r e p o r t s  of t h e  I n t e r n a t i o n a l  
Passamaquoddy Engineer ing Board and t h e - I n t e r n a t i o n a l  
Passamaquoddy F i s h e r i e s  Board, 

The Ca la i s  h e a r i n g  was a t t e n d e d  by a t o t a l  of about  
200 per sons  from t h e  United S t a t e s  and Canada, i n c l u d i n g  
a r e p r e s e n t a t i v e  of  t h e  United S t a t e s  Congress, t h e  
Governor of t h e  S t a t e  of Maine, r e p r e s e n t a t i v e s  of 
Fede ra l ,  S ta te ,  P r o v i n c i a l ,  County, and Municipal agencies ,  
local  c i v i c  groups,  and other  i n t e r e s t e d  i n d i v i d u a l s .  
Twenty-nine persons  p re sen ted  b r i e f s  or ora l  tes t imony 
a t  t h e  hea r ing .  About two- th i rds  of these were favourably  
inc l ined  toward t h e  t i d a l  power p r o j e c t .  I n  a d d i t i o n  
t o  t h e  tes t imony p resen ted  a t  t h e  hea r ing ,  several  
communications commenting on t h e  t i d a l  power p r o j e c t  were 
r e c e i v e d  by t h e  Commission and inc luded  i n  t h e  r e c o r d  
of t h e  hea r ing .  These communications, for t h e  most 
p a r t ,  were favorab le  t o  t h e  t i d a l  power p r o j e c t .  The 
views expres sed  a t  t h e  h e a r i n g  are covered more f u l l y  i n  
t h e  s e c t i o n  d e a l i n g  w i t h  t h e  p u b l i c  hear ing .  

REPOXT Oi. THE ENGINEEdING BOAm 

Scope of  t h e  Survey 

The r e p o r t  of t h e  I n t e r n a t i o n a l  Passamaquoddy 
Engineer ing  Board sets f o r t h  t h e  r e s u l t s  of  a compre- 
hens ive  su rvey  t o  determine t h e  eng inee r ing  and economic 
f e a s i b i l i t y  of developing t h e  i n t e r n a t i o n a l  t i d a l  power 
p o t e n t i a l  o f  Passamaquoddy Bay i n  Maine and New Brunswick 
and t h e  e f f e c t s  which such a p r o j e c t  might  have on t h e  
loca l  and n a t i o n a l  economies i n  t h e  United S ta t e s  and 
Canada. I t  i n c l u d e s  w i t h i n  i t s  scope t h e  r e s u l t s  of 
i n v e s t i g a t i o n s  of t h e  %allowing s u b j e c t s :  t h e  eng inee r ing  
and economic a s p e c t s  of t h e  t i d a l  p r o j e c t  by i t s e l f ;  t h e  
eng inee r ing  and economic a s p e c t s  of t h e  t i d a l  p r o j e c t  
combined w i t h  an a u x i l i a r y  s o u r c e  of power supply t o  
supplement t h e  vary ing  ou tpu t  of t h e  t i d a l  power p l a n t ;  
/ 
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RECOMMENDATIONS 

In  view of t h e  f i n d i n g  t h a t  t h e  Passamaquoddy t i d a l  
power p r o j e c t  is  no t  economical ly  f e a s i b l e  under p r e s e n t  
c o n d i t i o n s ,  t h e  Commission recommends t h a t  development 
of the p r o j e c t  be viewed as a long-range p o s s i b i l i t y  
having  bet ter  p r o s p e c t s  of r e a l i z a t i o n  when o t h e r  less 
c o s t l y  energy r e s o u r c e s  a v a i l a b l e  t o  t h e  area are exhaus ted .  
I n  making t h i s  recommendation t h e  Commission wishes t o  
p o i n t  o u t  t h a t  t h e  economic f e a s i b i l i t y  of t h e  p r o j e c t  
may be a f f e c t e d  by f u t u r e  changes i n  t h e  costs and 
b e n e f i t s  cons ide red  i n  t h e  p r e s e n t  e v a l u a t i o n  of the p r o j e c t .  
The two Governments may wish t o  g i v e  c o n s i d e r a t i o n  t o  t h e  
d e s i r a b i l i t y  of c r e d i t i n g  t h e  t i d a l  p r o j e c t  w i t h  c e r t a i n  
p u b l i c  b e n e f i t s  t h a t  have n o t  been inc luded  i n  t h e  
economic f e a s i b i l i t y  de t e rmina t ion  p r e s e n t e d  in t h i s  r e p o r t .  

The Commission recommends, f u r t h e r ,  t h a t  t h i s  
r e p o r t  w i t h  t h e  accompanying r e p o r t s  of t h e  Engineer ing  
and F i s h e r i e s  Boards be made a v a i l a b l e  t o  a l l  interested 
par t ies  as a v a l u a b l e  sou rce  of r e l e v a n t  eng inee r ing  and 
economic d a t a  f o r  u s e  i n  any f u t u r e  s t u d y  of t h e  
p o s s i b i l i t i e s  for development of the i n t e r n a t i o n a l  t i d a l  
power p o t e n t i a l  of ?assamaquoddy Bay. 

Signed a t  Washington t h i s  4 t h  day of A p r i l  1961. 

Edward A .  Bacon 

A .  G. L .  McNaughton 

Eugene ,V. Weber 

J .  Lucien Dansereau 

F r a n c i s  L. Adams 

D. M .  S tephens 
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t h e  market for and va lue  of t h e  power from t h e  t i d a l  power 
p r o j e c t  w i th  and without  an  a u x i l i a r y ;  and t h e  p o s s i b l e  
b e n e f i c i a l  and damaging e f f e c t s  t h a t  c o n s t r u c t i o n  of  t h e  
t i d a l  p r o j e c t  may have on t h e  r e g i o n a l  and na t iona l  
economieso 

F i e l d  I n v e s t i g a t i o n s  

I n  o r d e r  t o  formula te  t h e  best p l a n  of development 
f o r t h e  t i d a l  power p r o j e c t  it was necessary  f o r  t h e  
Engineer ing  Board t o  conduct a series o f  f i e l d  i n v e s t i g a t i o n s  
and s t u d i e s  of s i t e  c o n d i t i o n s  i n  t h e  Passamaquoddy-Cobscook 
Bay area. These i n v e s t i g a t i o n s  inc luded  aer ia l  mapping, 
deep ana sha l low water d r i l l i n g ,  l a n d  d r i l l i n g ,  underwater 
mapping, a n a l y s i s  of s o i l s ,  and t i d e  gauging. Core d r i l l i n g  
i n  great water depths  and high t i d a l  v e l o c i t i e s  and under- 
water mapping by newly developed s o n i c  equipment c o n s t i t u t e d  
two o f  t h e  m o s t  c o s t l y  and d i f f i c u l t  under tak ings  of t h e  
survey.  Highly s p e c i a l i z e d  s o n i c  equipment w a s  u t i l i z e d  
t o  chart t h e  bottoms o f  t h e  bays and determine dep ths  of  
over  bur den. 

The Se lec t ed  T i d a l  Power P r o j e c t  

I n  o r d e r  t o  determine t h e  most e f f i c i e n t  arrangement 
of works f o r  t h e  t i d a l  power p r o j e c t ,  estimates were made 
by t h e  Engineer ing  Board t o  de termine  t h e  average annual  
energy a v a i l a b l e  and t h e  c o n s t r u c t i o n  cost of a c o n s i d e r a b l e  
number of a l t e r n a t i v e  arrangements.  S ince  t h e  t i m e  r e q u i r e d  
f o r  manual computation of t h e  annual  energy ou tpu t  of each  
of  t h e  numerous p o s s i b l e  p r o j e c t  arrangements  was pro- 
h i b i t i v e ,  these computations were performed e l e c t r o n i c a l l y  
b y  d i g i t a l  computer. I n  t h i s  way annual  energy g e n e r a t i o n  
could  be determined f o r  any p r o j e c t  arrangement,  once i ts  
pool  a r e a s ,  number of g e n e r a t i n g  u n i t s ,  and number of 
f i l l i n g  and emptying g a t e s  were e s t a b l i s h e d .  The p r o j e c t  
arrangement t h a t  r e v e a l e d  t h e  best r e l a t i o n s h i p  of power 
o u t p u t  t o  c o s t  w a s  selected for deta i led  design.  

The p r o j e c t  arrangement t h u s  selected for des ign  
i n c l u d e s  t h e  101 square  m i l l e s  o f  Passamaquoddy Bay as t h e  
h igh  pool and t h e  41 squa re  m i l e s  of Cobscook Bay as t h e  
low pool ,  w i th  a powerhouse located a t  Carry ingplace  Cove. 
The l o c a t i o n  of t h e  t i d a l  power p r o j e c t  i s  shown on P l a t e  
1 and t h e  g e n e r a l  arrangement of  t h e  selected p lan  of - 
development j.s shown on P l a t e  2. 
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The s e l e c t e d  p l a n  would p rov ide  an  i n s t a l l e d  g e n e r a t i n g  

c a p a c i t y  of 300,000 k i l o w a t t s ,  a dependable c a p a c i t y  of  
95,000 k i l o w a t t s ,  and. an  average  annual  gene ra t ion  of  
about  1 ,843  m i l l i o n  k i lowat t -hours ,  

Components of t h e  P r o j e c t  S e l e c t e d  for D e t a i l e d  Design 

With t h e  major a s p e c t s  of t h e  p r o j e c t  l ayou t  deter- 
mined, d e s i g n  s t u d i e s  were under taken  by t h e  Engineer ing  
Board of  each component of t h e  selected p lan  - t i d a l  dams 
a n d  cofferdams,  f i l l i n g  and emptying gates,  nav iga t ion  
l o c k s ,  powerhouse, t u r b i n e s ,  and g e n e r a t o r s  - i n  s u f f i c i e n t  
d e t a i l  t o  permit  r e l i a b l e  cost estimates. 

The 35,700 l i n e a r  f e e t  o f  t i d a l  dams are l o c a t e d  as  
f a r  as p r a c t i c a b l e  on foundat ions  of bedrock or g r a n u l a r  
mater ia l  t o  avoid  c l a y  overburden. The t i d a l  dams, 
composed of  c l a y  core supported. by f l a n k i n g  dumped-rock 
f i l ls ,  a re  designed t o  permit  greatest  p o s s i b l e  use of 
mater ia ls  excavated f o r  t h e  g a t e  s t r u c t u r e s ,  n a v i z a t i o n  
l o c k s  and t h e  powerhouse. 

Cofferdams of s e v e r a l  d i f f e r e n t  t ypes ,  depending on 
t h e  dep ths  t o  be unwatered, would be used t o  excavate  for 
t h e  founda t ions  of t h e  powerhouse, f i l l i n g  and emptying 
gates,  and nav iga t ion  locks .  Cofferdam des igns  i n c l u d e  
embankments, 105 c r i b s  w i t h  t imber  shea th ing ,  and s tee l  
shee t  p i l i n e  of  both c i r c u l a r  and c l o v e r l e a f  d e s i g n .  

The selected p l a n  c a l l s  for 90 f i l l i n g  g a t e s ,  40 i n  
L e t i t e  Passage and 50 between Western Passage and Ind ian  
River .  I n  t h e  r each  between Pope and Green I s l e t s  70 
emptying g a t e s ,  s imi la r  t o  t h e  f i l l i n g  eates b u t  s e t  a t  
a lower e l e v a t i o n ,  would empty t h e  lower pool. Comprehen- 
s i v e  s tudy  of a l l  t y p e s  of g a t e s  led t o  s e l e c t i o n  of st 
30' x 30' ver t ica l  l i f t  g a t e  se t  i n  a v e n t u r i  t h r o a t .  The 
v e n t u r i  t h r o a t  pe rmi t s  maximum d i s c h a r g e  for  a g iven  g a t e  
area. 

Four nav iga t ion  l o c k s  are planned for the selected 
t i d a l  p r o j e c t .  Two locks ,  one a t  L i t t l e  Le t i t e  Passage 
a n d  one a t  Quodc'y Roads, would have c lear  dimensions of 
95'  x 25' x 12'  t o  pas s  f i s h i n g  v e s s e l s .  Two locks ,  one 
a t  Head Harbour Passage i m m e d i a t e l y  eas t  of t h e  emptying 
g a t e s  and one a t  \Yestern Passage n o r t h  of  E a s t p o r t ,  would 
have c lear  dimensions of 415' x 60' x 21' t o  p a s s  v e s s e l s  
somewhat larger than  t h e  p r e s e n t  t r a f f i c .  
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The powerhouse would be of t h e  outdoor  type  ani! 

woi1.l.d c o n t a i n  30 gene ra t ing  u n i t s  of 10,000 k i l o w a t t s  ra ted 
c a p a c i t y  each  v i t h  a2 overload of 15 pe rcen t .  The t u r b i n e s  
selected for t h e  p r o j e c t  are  t h e  f ixed-b lade  p r o p e l l o r  
t ype  w i t h  a maximum diameter of 320 i n c h e s  and a speed 
of 40 r e v o l u t i o c s  per minute,  The g e n e r a t o r s  wolild be 
connected i n  banks of 7 and 8 t o  f o u r  90,000 k i l o v o l t -  
ampere t r ans fo rmers  located on t h e  upstream s i d e  of t h e  
powerhouse and connected t o  t h e  swi tchyard  by o i l - f i l l e d  
h igh  v o l t a g e  cables.  Two t r a n s f o r m e r s  would o p e r a t e  a t  
230 k i l o v o l t s  f o r  supply t o  t h e  United S t a t e s  and two a t  
138 k i l o v o l t s  for Canada. 

P. comparison of t h e  performance of f ixed-blade and 
Kaplan t u r b i n e s  j .ndicated t h a t  t h e  greater e f f i c i e n c y  
of t h e  Kaplan t u r b i n e  over  a vide r ange  of heads w a s  
o f f s e t  by i ts  g r e a t e r  cost .  A nevi t y p e  of h o r i z o n t a l -  
a x i s ,  bulb-type turb ine-genera tor  u n i t  r e c e n t l y  developed 
i n  Europe and adopted for tise i n  t h e  s ingle-pool  t i d a l  
p r o j e c t  i n  LaRance Es tuary  on t h e  northwest  c o a s t  of 
France was a l s o  s t u d i e d  by t h e  Engineer ing  Board for 
p o s s i b l e  u s e  i n  t h e  Passamaquoddy p r o j e c t ,  T h i s  u n i t  can 
be used as a t u r b i n e ,  pump, or s lu iceway,  w i t h  f low i n  
e i t h e r  d i r e c t i o n .  S t u d i e s  by t h e  Board showed t h a t  t h e  
bulb-type turb ine-genera tor  deve lops  approximately as 
much power as  t h e  Kaplan, and s t r u c t u r a l  s t u d i e s  i n d i c a t e d  
t h a t  t h e  powerhouse s t r u c t u r e  would cost about $300,000 
less per u n i t  t han  w i t h  convent iona l  u n i t s .  T h i s  sav ing ,  
however, w a s  off-set  by t h e  g r e a t e r  cost of t h e  bulb-type 
turb ine-genera tor  se t  and t h e  need t o  compensate f o r  low 
r o t a t i v e  i n e r t i a .  For these  r e a s o n s ,  and because of  un- 
r e s o l v e d  maintenance problems, t h e  Board adopted t h e  
convent iona l  f ixed-blade type  u n i t  for c o s t  estimates of 
t h e  Passamaquoddy p r o j e c t  . 
Auxi l i a ry  Power Sources Considered 

power p r o j e c t ,  t h e  Engineer ing Board cons ide red  s e v e r a l  
d i f f e r e n t  t y p e s  of a u x i l i a r y  power s o u r c e s  t o  determine 
t h e  t y p e  best s u i t e d  f o r  meeting t h e  power loads  of t h e  
reg ion .  These s t u d i e s  inc luded  r i v e r  h y d r o e l e c t r i c  p l a n t s ,  
pumped-storage p l a n t s ,  and steam-electric a u x i l i a r i e s ,  

I n  o r d e r  t o  supplement t h e  vary ing  ou tpu t  of  t h e  t i d a l  



Among a number of r i v e r  h y d r o e l e c t r i c  s i t es  examined, 
Rankin Rapids  on t h e  upper S a i n t  John River i n  Maine, was 
s e l e c t e d  by t h e  Board as t h e  best s o u r c e  of a u x i l i a r y  
power. The Rankin Rapids  p r o j e c t  would provide  2.8 
m i l l i o n  acre-feet of u s a b l e  s to r t tge  c a p a c i t y .  Operated i n  
c o n j u n c t i o n  w i t h  t h e  t i d a l  p l a n t ,  ' the  combined p r o j e c t  
would p rov ide  555,000 k i lowa t t s  of  dependable c a p a c i t y  and 
3,063 m i l l i o n  k i lowat t -hours  o f  average  annual  g e n e r a t i o n ,  

A s  a p o s s i b l e  a l t e r n a t i v e  p l a n  of development, Rankin 
Rapids  cou ld  be c o n s t r u c t e d ,  i n i t i a l l y ,  t o  c a r r y  p a r t  of 
t h e  load i n  Maine, w i t h  p r o v i s i o n  f o r  la ter  i n s t a l l a t i o n  
of  a d d i t i o n a l  g e n e r a t i n g  c a p a c i t y  which cQuld be used as 
an  a u x i l i a r y  power supply  f o r  t h e  t i d a l  p r o j e c t .  Energy 
t h u s  borrowed from t h e  Rankin Rapids  p r o j e c t  when u s i n g  
t h e  l l i nc remen ta l  capac i ty"  would be r e p a i d  when t i d a l  ou t -  
p u t  is  greater t h a n  t h e  load, T h i s  combination would 
p rov ide  355,000 k i l o w a t t s  of dependable  c a p a c i t y  and 
1 ,843  m i l l i o n  k i lowa t t -hour s  of average  annual  g e n e r a t i o n  
wi thout  a s e r i o u s  effect  on t h e  basic Rankin Rapids p r o j e c t  
(200,000 KW and 1,220 m i l l i o n  KWHrs). 

/ 

T i d a l  power also cou ld  be supplemented by means of a 
pumped-storage p l a n t .  Using power from t h e  t i da l  p l a n t  
a t  t i m e s  when it  is  not  r e q u i r e d  t o  m e e t  load demands, 
water cou ld  be pumped t o  a higher  storage b a s i n  and released 
through t u r b i n e s  as r e q u i r e d  t o  meet t h e  load ,  S ince  t h e  
o u t p u t  of t he  t i d a l  p l a n t  alone would vary from 95,000 t o  
345,000 k i l o w a t t s ,  a pumped-storage p l a n t  w i t h  260,000 
k i lowa t t s  o f  i n s t a l l e d  c a p a c i t y  would provide  a dependable 
c a p a c i t y  of 323,000 k i lowa t t s  from t h e  combined p r o j e c t ,  
The average  annual  g e n e r a t i o n  would be 1,759 m i l l i o n  
k i lowa t t -hour s ,  A pumped-storage s i t e  on t h e  Digdeguash 
River  near  i ts o u t l e t  i n t o  Passamaquoddy Bay east  of S t .  
Andrews w a s  adopted by t h e  Engineer ing  Board for  de ta i led  
s tudy .  

A steam-electric p l a n t  a l so  cou ld  be used t o  f i r m  t h e  
p o t e n t i a l  power ou tpu t  of t h e  t i d a l  p l a n t  up t o  i t s  rated 
c a p a c i t y  of 300,000 k i l o w a t t s ,  S ince  t h e  t i d a l  p l a n t  would 
have a dependable c a p a c i t y  of 95,000 k i lowat t s ,  a steam- 
electr ic  p l a n t  would need t o  supply  a maximum of  205,000 
k i l o w a t t s ,  T h i s  combination would p rov ide  about 2 ,143 
m i l l i o n  k i lowa t t -hour s  of e lectr ic  energy  annual ly .  S ince  
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a steam-electric p l a n t  was found t o  be economically t h e  
least f a v o r a b l e  type  of a u x i l i a r y  for t h e  t i da l  power 
project, t h i s  combination was not  cons idered  further by 
t h e  Engineer ing Board. 

In summary, four p r o j e c t  combinat ions were selected 
by the  Engineer ing Board for e v a l u a t i o n  of costs and 
bene f i t s .  These are: (1) t h e  Passamaquoddy t i d a l  p r o j e c t  
a lone;  (2) t h e  t i d a l  project operated i n  combination with 
a l l  t he  Rankip Rapids project; (3) t h e  ti-dal project 
supplemented by incremental  c a p a c i t y  only a t  Rankin Rapids; 
and (4) t h e  t idal-project supplemented by t h e  Digdeguash 
pumped-storage auxiliary, P e r t i n e n t  data for these four 
project combinations,  as determined by t h e  Board, a r e  
summarized as follows: 

PRO JL CT 

COMB I NAT I ON 

(1 ) TIDAL PROJECT 
ALONE 

(2  ) f I DAL PROJECT 

AND ALL OF 

RANKIN RAPIDS 

(3) TIDAL PROJECT 
AND I NCREMEN- 

TAL CAPACITY 

ONLY AT RANKIN 
RAP IDS 

( 4 )  T I D A L  PROJECT 

AND D I GDEGUMH 

PUMPE D-S t  ORAGF: 

STORAGE PROJECT 

CAP I TAL 

CAP I TAL lNVESTMENT 

AVERAQE INVEST- (INCLUDING 
l N S T r U L C 0  DEPENDABLE ANNUAL HE NT TRANSM I SS I ON 

CAPACITY CAPACITY GENERATION (AT S ITE)  (TO MARKET) 

(lo00 KW) (1000 K W )  (BILLION KWH) (MILLIONS OF DOLLARS) 

95 1.843 532.1 546.8 

3.063 687.7 732.1 555 

355 1.843 565 -7 600.0 

323 1.759 568 -9 586.4 
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The Board concluded t h a t  t h e  second of t h e  above 
combinat ions,  t h e  t i d a l  p r o j e c t  and a l l  of Rankin Rapids,  
would p rov ide  t h e  most f a v o r a b l e  p r o j e c t ,  

Conclusions of t h e  Engineer ing  Board 

n a t i o n a l  Passamaquoddy Engineer ing  Board reached  t h e  
fo l lowing  conc lus ions :  

On t h e  basis of i ts  comprehensive s t u d i e s  t h e  I n t e r -  

(1) A t i d a l  power p r o j e c t  u s i n g  the waters of 

The two-pool t y p e  of 
Passamaquoddy and Cobscook Bays can be 
b u i l t  and ope ra t ed .  
p r o j e c t  is best s u i t e d  f o r  t h e  s i te  c o n d i t i o n s  
i n  t h e  area and t h e  power marke ts  i t  would 
se rve .  The t i d a l  p r o j e c t  arrangement 
selected makes best u s e  of t h e  s i te  c o n d i t i o n s .  

(2) The f i r s t  cost ( c o n s t r u c t i o n  c o s t )  of t h e  t i d a l  
power p r o j e c t  by i t se l f  would 'be $484 m i l l i o n .  
With i n t e r e s t  du r ing  c o n s t r u c t i o n ,  t h e  i n v e s t -  
ment would be $532.1 m i l l i o n .  The t i da l  power 
p r o j e c t  would have a n  i n s t a l l e d  c a p a c i t y  of 
300,000 k i l o w a t t s  and a dependable c a p a c i t y  
of 95,000 k i l o w a t t s .  Average annual  energy 
would be 1,843 mil l ion .  k i lowat t -hours .  How- 
eve r ,  for maximum power b e n e f i t s ,  t h e  t i d a l  
power p r o j e c t  would have t o  be combined wi th  
an a u x i l i a r y  power source. 

e 

(3) The most f a v o r a b l e  p r o j e c t  combination i s  t h e  
t i d a l  power p r o j e c t  o p e r a t e d  i n  con junc t ion  
wi th  a r i v e r  h y d r o e l e c t r i c  a u x i l i a r y  b u i l t  
a t  t h e  Rankin Rapids s i te  on t h e  upper S a i n t  
John River  i n  Maine. The combined cost  of t h e  
t i d a l  p r o j e c t  and t h e  Rankin Rapids a u x i l i a r y  
is $630 m i l l i o n .  With in te res t  du r ing  con- 
s t r u c t i o n ,  t h e  inves tment  would be $687.7 
m i l l i o n .  The dependable c a p a c i t y  of t h i s  com- 
b i n a t i o n  would be 555,000 ki lowat t s ,  and average  
annual  g e n e r a t i o n  would be 3,063 m i l l i o n  
kilowatt-hours. 



(4) Cons t ruc t ion  of t h e  t i d a l  p r o j e c t  - Rankin 
Rapids combination would i n c r e a s e  l o w  f lows i n  
t h e  lower S a i n t  John River  by a c o n s i d e r a b l e  
amount, t h u s  i n c r e a s i n g  s u b s t a n t i a l l y  t h e  use- 
f u l n e s s  of t h e  r i v e r  for  downstream g e n e r a t i o n  
of power, Downstream b e n e f i t s  a c c r u i n g  t o  
e x i s t i n g  power p l a n t s  were inc luded  i n  t h e  
economic eva lua t ion .  

(5) The Combination of t h e  t i d a l  power p r o j e c t  
and t h e  i n s t a l l a t i o n  and use  sf 260,000 k i l o w a t t s  
o f  c a p a c i t y  only a t  Rankin Rapids f o r  f i rming  up 
t h e  ou tpu t  of t h e  t i d a l  power p r o j e c t  would cost 
$515.5 m i l l i o n .  
t h e  investment would be $565.7 m i l l i o n .  T h i s  
combination would p rov ide  a t o t a l  dependable 
c a p a c i t y  of 355,000 k i l o w a t t s  and an average 
annual  gene ra t ion  of 1,843 m i l l i o n  k i lowat t -  
hour s * 

With i n t e r e s t  d u r i n g  c o n s t r u c t i o n ,  

(6) The t i d a l  power p r o j e c t  and t h e  Digdeguash 
pumped-storage a u x i l i a r y  would cost $518e5 
m i l l i o n ,  With i n t e r e s t  du r ing  c o n s t r u c t i o n ,  t h e  
investment  would be $568.9 m i l l i o n ,  
c a p a c i t y  would be 323,000 ki lowat t s ,  and average 
annual  gene ra t ion  would be 1,759 m i l l i o n  k i l o w a t t -  
hour s .  

The t o t a l  ou tpu t  from t h e  t i d a l  power project and 
Rankin Rapids hydroelectric p l a n t  can be absorbed 
r e a d i l y  by t h e  growing u t i l i t y  markets of  Maine 
an6 N e w  Brunswick. 

The depeneable 

(7) 

(8) Because of d i f f e r e n c e s  i n  i n t e r e s t  ra tes  pre-  
v a i l i n g  i n  t h e  two c o u n t r i e s ,  and because of 
d i f f e r e n t  va lues  of a l t e r n a t i v e  powero i t  w a s  
necessary t o  compute separate b e n e f i t - c o s t  
r a t i o s  €or United States  and Canada. Economic 
e v a l u a t i o n s ,  assuming 50-year and 75-year 
a m o r t i z a t i o n  pe r iods ,  and assuming t h a t  power 
o u t p u t  and p ro jec t  f i r s t  cost would. be e q u a l l y  
d iv ided  between t h e  United S t a t e s  and Canada, 
are t a b u l a t e &  below: 
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550-YEAR AMORTIZATION 35-YEAR AHORT I ZAT I ON 

COST PER COST PER 

BENEFIT KW.-HR., BENEFIT KW-HR., 

COST RATIO (MILLS) COST RATIO (MILLS) 

TIDAL PROJECT ALONE 

U N I T E D  STATES 

CANADA 

TIDAL PROJECT AND ALL 

OF RANKIN RAPIDS 
U N I T E D  STATES 

CANADA 

TIDAL PROJECT AND 

INCREMENTAL CAPACITY 

ONLY A t  RANKIN RAPIDS 

U N I T E D  STATES 

CANADA 

0.60 10.8 0.70 9.3 
0.34 14.9 0.37 13.7 

1.31 8.4 1.53 7 02 
0.58 11.5 0.63 10.6 

0.93 11.5 1.08 9 -9 
0.42 15.8 0.45 14.5 

TIDAL PROJECT AND 

DlQDEGUASH PUMPED- 

STORAGE AUX I L I ARY 

UNITED STATES 0.91 12.2 1-06 10.5 
CANADA 0.42 16.8 0.46 15.4 

(9) The i n c l u s i o n  of t a x e s  foregonewith project 
costs is not  t h e  p r a c t i c e  i n  t h e  economic 
j u s t i f i c a t i o n  of p u b l i c  p r o j e c t s  i n  Canada, 
and due t o  t h e  i n t e r n a t i o n a l  n a t u r e  of t h e  
p r o j e c t ,  such taxes  have not been a p p l i e d  
t o  United S t a t e s '  costs. However, i f  t h e y  
were i nc luded  i n  United States' costs, t h e  
b e n e f i t  t o  cost r a t i o  of t h e  most f a v o r a b l e  
p r o j e c t  combination would be reduced t o  1.10 
for t h e  50-year a m o r t i z a t i o n  pe r iod  and t o  
1.25 for the  75-year pe r iod .  



- 21 - 

By i n c l u d i n g  a p p r o p r i a t e  remedial measures 
i n  t h e  des ign  of t h e  t i d a l  power s t r u c t u r e s ,  
t h e  c o n s t r u c t i o n ,  maintenaoce and o p e r a t i o n  
of t h e  t i d a l  power pro jec t  would have o n l y  a 
minor r e s i d u a l  e f f e c t  on t h e  fisheries of t h e  
r eg ion .  

Cons iderable  annual  r e c r e a t i o n  b e n e f i t s  would 
grow o u t  of  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of t h e  
t i d a l  power p r o j e c t  , However, t he '  monetary 
v a l u e  of these b e n e f i t s  was n o t  i n c l u d e d  i n  
t h e  economic e v a l u a t i o n .  v 

Assuming a G  equal  d i v i s i o n  of power o u t p u t  and i 

of first costs between United States and 
Canada, c o n s t r u c t i o n  of t h e  t i d a l  power p r o j e c t  
w i t h  a l l  of  Rankin Rapids  as a u x i l i a r y  is  n o t  
an  economically j u s t i f i e d  p r o j e c t  for Canada. 

The Passamaquoddy t i d a l  ptsoject  and Rankin 
Rapids  combination, i f  b u i l t  e n t i r e l y  by t h e  
United States a t  an i n t e r e s t  rate of 2-1/2 
p e r c e n t ,  i s  economically j u s t i f i e d .  

! 

REPORT OF THE FISMERIES BOARD 

Scope of t h e  F i s h e r i e s  I n v e s t i g a t i o n  

p r i m a r i l y  toward de te rmina t ion  o f  t h e  effect the t i d a l  
power p r o j e c t  might have on t h e  f i s h e r i e s  of t h e  area. 
Cons ide ra t ion  w a s  given not  o n l y  t o  t h e  s a r d i n e  i n d u s t r y  
which accoun t s  f o r  most of t h e  l a n d i n g s  i n  t h e  a r e a  b u t  
also t o  t h e  fisheries for cod, haddock, f l ounde r ,  r e d f i s h ,  
hake, p o l l o c k ,  salmon, alewive&, clams s m e l t ,  s c a l l o p s ,  
and lobs te rs ,  The Board's repor t  p r e s e n t s  r e s u l t s  o f :  
s t u d i e s  of t h e  p r e s e n t  oceanographic ,  b i o l o g i c ,  and 
economic f e a t u r e s  of t he  area; i n v e s t i g a t i o n s  p e r t a i n i n g  
t o  tempera ture ,  s a l i n i t y ,  tides and t i d a l  c u r r e n t s  in t h e  
Bays, i n  t h e  approaches,  and o u t s i d e  t h e  Bays; and 
biological s t u d i e s  of f i s h  p o p u l a t i o n s ,  b reeding  grounds,  
nu r se ry  areas, food and f e e d i n g  h a b i t s  and i n t e r - r e l a t i o n s h i p  
of f i s h  and the i r  environment, 

The i n v e s t i g a t i o n s  of t h e  F i s h e r i e s  Board were directed 
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reached  

1 0  

2. 

3. 

4. 

Conclus ions  of t h e  F i s h e r i e s  Board 

t h e  f 'bllowing conc lus ions :  
On t h e  basis of i ts  s t u d i e s ,  t h e  F i s h e r i e s  Board 

The c o n s t r u c t i o n  of dams i n  t h e  t i d a l  pas sages  
w i l l  change t h e  oceanographic  f e a t u r e s  of t h e  
Quoddy Region. Major changes are a n t i c i p a t e d  
i n s i d e  Passamaquoddy and Cobscook B a y s  and 
immediately o u t s i d e  t h e  dams. E f f e c t s  o u t s i d e  
the Head Harbour-Bliss I s l a n d  l i n e  w i l l  
l i k e l y  be i n s i g n i f i c a n t .  

The mean water l e v e l  of Passamaquoddy Bay w i l l  
be raised about  6 f e e t  whi le  t h e  mean l e v e l  
of  Cobscook Bay w i l l  be lowered about ti feet .  
The mean tY,idal" range  i n  t h e  h igh  pool  and 
low pool w i l l  be reduced t o  approximately 4 
f e e t  and 8 feet r e s p e c t i v e l y .  The t i d a l  range  
of t h e  Bay of Fundy may i n c r e a s e  approximately 
one p e r c e n t  w i t h  a m a x i m u m  i n c r e a s e  a t  t h e  
head or t h i s  Bay of l e s s  than  one f o o t .  

Cur ren t  p a t t e r n s  i n  Passamaquoddy and Cobscook 
Bays and i n  t h e  approaches w i l l  be altered 
markedly s i n c e  t h e  emptying and f i l l i n g  g a t e s  
w i l l  be  c l o s e d  for about  9 and 3% hours  
r e s p e c t i v e l y  du r ing  each t ida l  c y c l e  of 12; 
hours ,  When t h e  g a t e s  are open, v e l o c i t i e s  
i n  most areas should  be on ly  s l i g h t l y  lower 
t h a n  a t  p r e s e n t .  The r e s i d u a l  counter -  
c lockwise  c i r c u l a t i o n  i n  Passamaquoddy Bay 
w i l l  l i k e l y  be more pronounced. T ida l  streams I 

i n  t h e  o u t e r  Guoddy Region w i l l  probably be 
altered by n o t  more t h a n  20 p e r c e n t .  No change 
i n  non- t ida l  c i r c u l a t i o n  i s  a n t i c i p a t e d  for t h e  
Bay of Fundy. 

Reduced v e l o c i t i e s  i n  Passamaquoddy and Cobscook 
B a y s  w i l l  r e s u l t  i n  decreased v e r t i c a l  mixing, 
g i v i n g  r i s e  t o  i n c r e a s e d  s t r a t i f i c a t i o n  and 
hence t o  g r e a t e r  s e a s o n a l  v a r i a t i o n s  i n  s u r f a c e  
water temperature .  The summer maximum is 
l i k e l y  t o  be i n  t h e  v i c i n i t y  of 68 degrees  
Fahrenhe i t  wh i l e  i n  w i n t e r  an  ice cover  i s  ex- 
p e c t e d  over  p a r t  of t h e  Bays.  Outs ide,  l i t t l e  
change is expec ted  a a a c e n t  t o  the  emptying and 
f i l l i n g  g a t e s  where there w i l l  be a s l i g h t l y  
greater seasona l  v a r i a t i o n .  
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5. Mean s u r f a c e  s a l i n i t i e s  f o r  both  p o o l s  w i l l  
be lowered bu t  bottom s a l i n i t i e s  are l i k e l y  t o  
be altered only s l i g h t l y .  I t  is  doub t fu l  i f  
f r e s h  water w i l l  p e n e t r a t e  below 30 t o  50 f e e t .  
F lush ing  t i m e  is expected t o  i n c r e a s e  s u b s t a n t i a l l y .  
Outside,  no s i g n i f i c a n t  change i s  expec ted  except  
nea r  t h e  emptying g a t e s  where there w i l l  be a 
s l i g h t  r educ t ion  i n  s a l i n i t y ,  

6 ,  Oxygen concen t r a t ions  of t h e  deep water i n s i d e  
t h e  dams may be lowered somewhat, e s p e c i a l l y  
du r ing  p e r i o d s  of maximum. f r e s h  water di 'scharge. 
However, it i s  u n l i k e l y  t o  f a l l  below 50 
p e r c e n t  s a t u r a t i o n .  

7. The h e r r i n g  popula t ion  i s  produced o u t s i d e  t h e  
Quoddy Region, probably o f f  southwest Nova 
Scotia, The genera l  abundance o f - h e r r i n g  i n  
t h e  Bay of Fundy and t h e  Gulf of Maine i s  
u n l i k e l y  t o  be a f f e c t e d .  

8, Echo-sounder r eco rds  show t h a t  a la rge  p ropor t ion  
of h e r r i n g  are i n  t h e  open waters of Passamaquoddy 
Bay where no f i s h i n g  takes p l a c e .  Tagging 
experiments  show t h a t  h e r r i n g  move f r e e l y  
throughout t h e  Quoddy Region du r ing  t h e  f i s h i n g  
season  

9 .  Since  there are u n l i k e l y  t o  be any s i g n i f i c a n t  
changes i n  oceanographic c o n d i t i o n s  o u t s i d e  t h e  
dams, h e r r i n g  should a r r i v e  i n  t h i s  area as 
before .  L i t t l e  change is  expected i n  c u r r e n t  
v e l o c i t i e s  i n  t h e  approaches t o  t h e  f i l l i n g  
g a t e s  when open, S ince  v e l o c i t i e s  are w e l l  
above t h e  maximum s u s t a i n e d  swimming speed of 
h e r r i n g ,  t h e  f i s h  w i l l  be carried through t h e  
f i l l i n g  ga t e s .  Since t h e  f i l l i n g  gates are 
open f o r  about 6 hours  each day,  movement of 
h e r r i n g  i n t o  Passamaquoddy Bay is  expected t o  be 
delayed. T h i s  is also t r u e  f o r  Cobscook Bay 
where e n t r y  w i l l  be c h i e f l y  through tu rb ines .  
Although t h e  ra te  a t  which h e r r i n g  accumulate 
w i l l  be slower,  t h e r e  should  be no r educ t ion  i n  
over-all  abundance i n s i d e  t h e  Bays.  * 



10, P r e d i c t e d  changes i n  t empera tu res  and salinit ies 
are expec ted  t o  make t h e  areas i n s i d e  t h e  dams 
no less favourab le  for h e r r i n g  except  i n  i s o l a t e d  
areas where h igh  t empera tu res  and low s a l i n i t i e s  
may c a u s e  some m o r t a l i t y .  P r e d i c t e d  p r e s s u r e s  
and rates of p r e s s u r e  change between t h e  t u r b i n e  
i n t a k e s  and ex i t s  are w i t h i n  l i m i t s  which 
h e r r i n g  can wi ths t and .  

11. No r e l a t i o n s h i p  between h e r r i n g  l a n d i n g s  and 
v a r i o u s  me teo ro log ica l  and oceanographic  o o n d i t i o n s  
i n c l u d i n g  s u r f a c e  d r i f t ,  r i v e r  d i scha rge ,  wind 
speed  and d i r e c t i o n ,  zooplankton,  tempera tures ,  
and s a l i n i t i e s  is  appa ren t  . 

12.  Long-term statist ics of h e r r i n g  l a n d i n g s  show 
year- to-year  v a r i a t i o n s  i n  i n d i v i d u a l  w e i r  
catches and i n  t o t a l  catches i n  v a r i o u s  p a r t s  
of t h e  Quoddy Region. These are of f a r  g r e a t e r  
magnitude than  t h e  changes t h a t  can be f o r e c a s t  
as r e s u l t i n g  from t h e  dams. 

13 . N o  measurable  change i n  groundf ish  l and ings  i n  
t h e  Quoddy Region i s  a n t i c i p a t e d ,  bu t  a change i n  
s p e c i e s  composi t ion of t h e  f r a c t i o n  of t h e  catch 
t a k e n  i n s i d e  t h e  dams i s  expected.  I n s i d e  t h e  
dams, w i n t e r  f l o u n d e r  f isher ies  may i n c r e a s e  w h i l e  
haddock and p o l l o c k  f islieries w i l l  be g r e a t l y  
reduced.  C l a m  f i s h e r i e s  w i l l  be g r e a t l y  reduced 
f o r  a p e r i o d  of t e n  years and then  may become 
r e - e s t a b l i s h e d  a t  a lower l e v e l  of product ion .  
S c a l l o p  s t o c k s  shou ld  i n c r e a s e  s u b s t a n t i a l l y .  
I n s i d e  t h e  dams, a modest i n c r e a s e  i n  product ion  
of lobsters  i s  a n t i c i p a t e d .  Condi t ions  for 
anadromous species such as A t l a n t i c  salmon and 
a l ewives  may be improved. Smelt ,  shad, and sea- 
r u n  t r o u t  s t o c k s  shou ld  i n c r e a s e .  S t r i p e d  bass 
and tom cod t h r i v e  i n  areas where c o n d i t i o n s  of  
t empera tu re  and s a l i n i t y  are similar t o  t h o s e  
p r e d i c t e d  for Passamaquoddy and Cobscook Bays.  
Some r e d u c t i o n  is  expec ted  i n  t h e  a v a i l a b i l i t y  
of mar ine  worms and rockweed. 

14. S i x  e x i s t i n g  h e r r i n g  weir s i t e s  w i l l  be e l i m i n a t e d  
by t h e  c o n s t r u c t i o n  of dams. O t h e r  w e i r s  must 
be relocated o r  altered t o  s u i t  t h e  new oceanographic  



enviroiiiiieiit . Veil: stakes and nets w i l l .  have 
t o  be i n c r e a s e d  i n  s i z e h t o  s u i t  new water 
l e v e l s  T h e  r e s u l - t a n t  Fixed c o s t s  are estimated 
a t  $129,000. i lood b o r e r  a c t i v i t y  i s  expec ted  
t o  i n c r e a s e .  Ice w i l l  c ause  some damage t o  weir 
inaterials du r ing  the win te r  . The annual c o s t  
of weir o*)era t ions  w i l l  rise approximate ly  
$10,000. 
may d i s c o n t i n u e  their  inves tmen t s  i n  weirs 
i n s i d e  t h e  dams. A shift t o  a l t e r n a t i v e  methods 
of f i s h i n g  coulcl b e  esqected t o  m a i n t a i n  the 
f i s h e r y ,  a t  l ea s t  a t  i t s  preseiit l e v e l .  

It. i s  conce ivab le  that w e i r  owners 

15. Lobs te r  fisherillen are i lot  expected t o  be a d v e r s e l y  
. affected,  b u t  plry~;ic:rl dam-ges due t o  r e l o c a t i o n  

of l o b s t e r s  pounds, rei ' r igeration of water or 
e x t e n s i o n  of intake i;:i2;)e;:; are expec ted  t o  c o s t  
$450, 000. Ckiange:; i n  t!:.c claiii Pisherg iiiay r e s u l t  
i n  a :Loss of capital ~.,:ivc:~~.i:ment i n  p l a n t s  va lued  
a t  $.100, 000 and an aii~ii.i~!,l 1.u:sG i n  pr imary  pro- 
d u c t i o n  of $104,003 foj; 13 years. The d i s a - p e a r a n c e  
of sane g roundf i sh  Prolil i n s i d e  $he dams w i l l  r e s u l t  ' 

i n  an annual  loss of zp?pro;;iiiiately $3?  030 

16. F i s h  ,]?assage f a c i l i t i e s  f o r  anadromous s p e c i e s  
were estimated by f i sher ies ,  e n g i n e e r s  t o  cost  $3.0 
m i l l i o n .  

On completion of the preliminary e n g i n e e r i n g  des ign ,  
which c o n p l i e d  w i t h  the c r i t e r i a  s e t  ciowii by t h e  Pisheries 
Board, t h e  Zngineer ing  Eonrd deterriiiiied t h a t  i n c o r p o r a t i o n  
of t h e  fish passage  f a c i l i t i e s  i n  t he  f i r i t i a l  des ign  and 
c o n s t r u c t i o n  would i n c r e a s e  the p r o j e c t  c o s t s  ~y only  
$919,100. 

' PUBLIC BXARING 

Public Ilearing at Calais,  Maine -- 
On April 22, 1960, the I n t e r n a t i o n a l  J o i n t  Cominj.ssion 

conducted a public h e a r i n g  i n  Calais, Maine, f o r  the 
purpose of o b t a i n i n g  t h e  views of a l l  p a r t i e s  concerned 
w i t h  t h e  i n t e r n a t i o n a l  Passamaquoddy tidal. power project 
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Many of t h e  w i t n e s s e s  a t  t h e  h e a r i n g  urged  c o n s t r u c t i o n  

of t h e  Passamaquoddy t ida l  power p r o j e c t  w i t h  t h e  Rankin 
Rapids  p r o j e c t  as an a u x i l i a r y .  They stressed t h a t  t h i s  
combinat ion p r o j e c t  cou ld  be expec ted  t o  have a f a v o r a b l e  
impact upon t h e  e f f o r t s  of Maine ahd New Brunswick t o  
expand i n d u s t r i a l l y ,  and t h a t  c o n s t r u c t i o n  and o p e r a t i o n  
of t h e  p r o j e c t  would g r e a t l y  enhance t h e  economy of t h e  
r eg ion .  They asserted t h a t  t h e  Rankin Rapids p r o j e c t  is  
t h e  logical  sou rce  of power for  f i r m i n g  t h e  power o u t p u t  
of t he  t i da l  p l a n t ,  and t h a t  c o n s t r u c t i o n  of t he  p r o j e c t  
would no t  d e s t r o y  t h e  Al lagash  w i l d e r n e s s  area i n  Maine 
as some alleged. Some proponents  expres sed  t h e  view t h a t  
r e c r e a t i o n a l  pa t ronage  accorded t h e  Al lagash  area i n  
r e c e n t  y e a r s  was s l i m  and u n p r o f i t a b l e ,  and t h a t  o v e r - a l l  
r e c r e a t i o n a l  u s e  of t h e  area cou ld  be expec ted  t o  i n c r e a s e  
w i t h  c o n s t r u c t i o n  of t h e  Rankin Rapids  p r o j e c t .  Members of 
t h e  S t a t e  of Maine's Delega t ion  i n  t h e  Congress, t h e  
Governor of Maine, t h e  Maine Governor 's  Committee on 
Passamaquoddy Bay, and r e p r e s e n t a t i v e s  of l o c a l  governments 
i n  t h e  r e g i o n  went on r e c o r d  i n  s u p p o r t  of t h e  combination 
Passamaquoddy-Rankin Rapids  p r o j e c t  p r e s e n t e d  i n  t h e  r e p o r t  
of t h e  Passamaquoddy Engineer ing  Board. 

On t h e  o t h e r  hand, s e v e r a l  w i t n e s s e s  raised o b j e c t i o n s  
t o  t h e  t i d a l  power p r o j e c t  a lone  and t o  t h e  t i d a l  p r o j e c t  
combined w i t h  ' t h e  Rankin Rapids p r o j e c t .  A spokesman 
f o r  pr ivately-owned electric u t i l i t y  companies i n  New 
England argued  t h a t  n e i t h e r  t h e  t ida l  p l a n t  a l o n e  nor  
t h e  t i d a l  p l a n t w i t h  an  a u x i l i a r y  is economical ly  feasible. 
A similar view was expres sed  by a r e p r e s e n t a t i v e  of a 
S p e c i a l  Committee of Maine Engineers .  T h i s  Committee 
inc luded  r e p r e s e n t a t i v e s  of t h e  Maine s e c t i o n  of t h e  
American S o c i e t y  of C i v i l  Engineers ,  t h e  Maine Sec t ion  of 
t h e .  American I n s t i t u t e  of Electrical Engineers* and t h e  

* - The Act ing  Sec re t a ry -Treasu re r  of t h e  Maine Sec t ion  of 
t h e  American I n s t i t u t e  of Electrical Engineers  informed 
t h e  Commission by l e t te r  dated May 16 ,  1960, t h a t  t h e  
f i n d i n g s  of t h e  S p e c i a l  Committee of Maine Engineers  do 
n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  o p i n i o n s  of a l l  members 
of  t h a t  Sec t ion .  



lldaine Assoc ia t ion  of Engineers .  A spokesman f o r  the New 
Brunswick Ele'ctric Power Commission expressed t h e  view 
t h a t  t he  t ida l  power p r o j e c t  w i t h  o r  wi;;hout an a u x i l i a r y  
was n o t  economical ly  j u s t i f i e d  i n s o f a r  as Canada is con- 
cerned.  

Severa l  w i t n e s s e s  from Canada urged  f u r t h e r  con- 
s i d e r a t i o n  of t h e  Cumberland Basin-Shepody Bay t i d a l  power 
scheme and of p o t e n t i a l  developments i n - t h e  S a i n t  John 
and Hamilton R ive r s  w i t h  the  sugges t ion  t h a t  these 
p o s s i b i l i t i e s  should  be cons ide red  i n  e v a l u a t i n g  f u t u r e  
sou rces  of powec supply f o r  t h e  reg ion .  

C o n s e r v a t i o n i s t s  raised o b j e c t i o n s  t o  t h e  Rankin 
Rapids p r o j e c t  because of inundat ion  of t h e  Al lagash  
wi lde rness  area. They advocated t h e  a l t e r n a t i v e  B i g  Rapids- 
Lincoln  School development if t h i s  reach of the  S a i n t  John 
River  is t o  be  u t i l i z e d  as a source  of f i r m i n g  power f o r  
t h e  t ida l  project. This a l t e r n a t i v e  w a s  f avored  by t h e  
Maine Department of In land  F i s h e r i e s ,  t h e  United States 
Bureau of Sports  F i she r i e s  of t h e  Department of t h e  I n t e r i o r ,  
and numerous a r g a n i z a t i o n s  i n t e r e s t e d  i n  conserva t ion .  

Represen ta t ives  of f i s h e r y  i n t e r e s t s  i n  t h e  Passamaquoddy 
Bay r eg ion  expressed  concern t ha t  t h e i r  s o u r c e s  of s a r d i n e  
supply might be damaged by c o n s t r u c t i o n  of t h e  t i d a l  p r o j e c t .  
They a s s e r t e d  t h a t  t h e  r i s k  t o  t he  f i s h e r y  i n h e r e n t  i n  
the development of  t h e  t i d a l  power project i s  so great as 
t o  outweigh any i n d i c a t e d  b e n e f i t s  t o  t h e  reg ion .  They 
expressed  t h e  hope t h a t  t h e  f i s h i n g  i n d u s t r y  would be 
compensated f o r  any damages t h a t  m i g h t  r e s u l t  from constryctim 
of t he  t i d a l  power p r o j e c t .  

PROBLEMS OF PROJECT FORMULATION 
AND EC ONOMIC EVALUATION 

The Problem of Tidal Power Product ion  

As i nd ica t ed  p rev ious ly ,  t i d a l  power can  be produced 
by pass ing  water from a higher t o  a lower e l e v a t i o n  
through h y d r a u l i c  t u r b i n e s .  Unaffec ted  by droughts ,  f l oods ,  
o r  ice jams, t he  t i des  provide  a dependable  source of 
power and can be predicted w i t h  accuracy.  One of t h e  
p r i n c i p a l  d i sadvantages  of t i d a l  power p roduc t ion  i s  t h a t  
f o u r  times a day t h e  tides reverse d i r e c t i o n ,  t h u s  caus ing  - 
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v a r i a t i o n s  i n  a v a i l a b l e  power. Development of a workable 
method of producing con t inuous  power from such  a va ry ing  
f low c o n s t i t u t e s  one of t h e  p r i n c i p a l  problems& 
f o r m u l a t i o n  of  a t i d a l  power p r o j e c t .  

The g e n e r a t i o n  of l a r g e  amounts of t i d a l  power 
r e q u i r e s  one o r  more s t o r a g e  poo l s .  A s i n g l e  pool  has t h e  
s e r i o u s  d i sadvan tage  of producing v a r y i n g  and i n t e r m i t t e n t  
power, because  no power can be g e n e r a t e d  when t h e r e  is  
i n s u f f i c i e n t  d i f f e r e n c e  between t h e  l e v e l  of t h e  s t o r a g e  
pool  and t h e  l e v e l  of t h e  ocean. Thus no g e n e r a t i o n  is 
p o s s i b l e  u n t i l  t h e  ocean h a s  receded  s u f f i c i e n t l y  t o  o b t a i n  
t h i s  d i f f e r e n c e  i n  water levels ,  o r  t h e  power head; nor  
is g e n e r a t i o n  p o s s i b l e  on t h e  r i s i n g  t i d e  a f t e r  t h e  l e v e l  
of t h e  ocean becomes too h igh  t o  p rov ide  t h i s  necessa ry  
minimum head. Th i s  d i sadvantage  i s  reduced i n  t h e  two- 
pool  p l a n  adopted  by t h e  Engineer ing  Board, which g e n e r a t e s  
va ry ing  power b u t  a c e r t a i n  minimum amoupt of cont inuous  
power. 

Need f o r  an  A u x i l i a r y  Source of Power t o  Supplement 
t h e  Variable  Output of t h e  T i d a l  P r o j e c t  

Another d i sadvantage  of t h e  t i d e s  as a s o u r c e  of power 
is t h a t  t h e , t i d e s ,  fo l lowing  t h e  g r a v i t a t i o n a l  p u l l  of t h e  
moon as it  p a s s e s  overhead every 24 hours  and 50 minutes ,  
are o u t  of phase w i t h  t h e  24-hour s o l a r  day, Th i s  50- 
minute d a i l y  l a g  is fundamental t o  t h e  economics of t i d a l  
power f o r ,  s i n c e  power ou tpu t  v a r i e s  w i th  t h e  t i d e s ,  t ida l  
power is  o u t  of  s t e p  wi th  t h e  normal p a t t e r n  of power 
demands. Therefore ,  u n l e s s  t h e  t i d a l  p l a n t  is  supplemented 
by an a u x i l i a r y  power p l a n t ,  such v a r y i n g  power would be 
of l i m i t e d  va lue .  The d i f f e r e n t  t y p e s  of  a u x i l i a r y  power 
s o u r c e s  s t u d i e d  by t h e  Engineer ing  Board t o  de te rmine  t h e  
t y p e  b e s t  s u i t e d  € o r  making t h e  combined power o u t p u t  of 
t h e  t i d a l  p r o j e c t  and i t s  a u x i l i a r y  match t h e  c h a r a c t e r i s t i c  
l o a d  p a t t e r n  are d i s c u s s e d  i n  S e c t i o n  I11 of t h i s  r e p o r t .  

The Rankin Rapids-Allagash Problem 

The Rankin Rapids s i t e  is  located i n  Maine downstream 
from t h e  j u n c t i o n  of t h e  Al lagash  River  and t h e  main stem 
of t h e  S a i n t  John River .  
f l o o d  a series of r a p i d s  i n  the  lower r eaches  of t h e  
Al lagash  River .  These r a p i d s  are esteemed by many sportsmen 

Development of t h i s  s i te  wotld 
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f o r  t h e  t r o u t  f i s h i n g  and t h e  whi te  water canoeing  t h e y  
a f f o r d  a l though t h e  number of v i s i t o r s  has n o t  been g r e a t  
i n  r e c e n t  y e a r s ,  The i r  f l o o d i n g  by c o n s t r u c t i o n  of t h e  
Rankin Rapids reservoir is s t r o n g l y  opposed by associations 
and agenc ie s  concerned wi th  p r e s e r v a t i o n  of r e c r e a t i o n  and 
w i l d l i f e  resources. 

A n  a l t e r n a t i v e  t o  t h e  Rankin Rapids  p r o j e c t  was con- 
s i d e r e d  by t h e  Engineer ing  Board i n  o r d e r  t o  de termine  
t h e  b e s t  means of comprehensive development of t h e  upper 
S t .  John R ive r  wi th  due c o n s i d e r a t i o n  t o  a l l  t h e  u s e s  of 
t h e  water resources. The a l t e r n a t i v e  would cons i s t  of a 
two-dam p r o j e c t ,  wi th  a h igh  dam a t  t h e  Big Rapids s i te ,  
upstream from t h e  mouth of t h e  Al lagash  R ive r ,  and a low 
dam a t  t h e  L inco ln  School s i te ,  a s h o r t  d i s t a n c e  downstream 
from t h e  Rankin Rapids s i te .  The two-dam p l a n  would 
grea t ly  r educe  t h e  e x t e n t  of i n u n d a t i o n  of  t h e  lower Allagash 
River  and a l s o  m i t i g a t e  p o s s i b l e  l o s s e s  t o  f i s h  and w i l d l i f e .  

The Engineer ing  Board e s t i m a t e d  t h a t  t h e  Rankin 
Rapids p r o j e c t  would produce 68,000 k i l o w a t t s  of c a p a c i t y  
and 215 m i l l i o n  k i lowa t t -hour s  a year more t h a n  t h e  Big 
Rapids-Lincoln School p r o j e c t .  The Board also e s t i m a t e d  
t h a t  t h e  u n i t  c o s t  of power would be 20 p e r c e n t  more a t  
t h e  Big Rapids-Lincoln School p r o j e c t  t h a n  a t  Rankin Rapids.  
Because of t h e  g r e a t e r  d ra inage  area, u s a b l e  storage 
c a p a c i t y ,  and r e g u l a t e d  out f low,  Rankin Rapids would improve 
c o n d i t i o n s  f o r  f u r t h e r  power development on t h e  downstream 
S a i n t  John R ive r  t o  a g r e a t e r  e x t e n t  t h a n  t h e  a l t e r n a t i v e  
Big Rapids-Lincoln School p r o j e c t .  Moreover, t h e  l a r g e r  
i n s t a l l e d  g e n e r a t i n g  c a p a c i t y  a t  Rankin Rapids p e r m i t s  
g r e a t e r  u t i l i z a t i o n  of t h e  t i d a l  power p o t e n t i a l .  In  
view of t h e s e  f i n d i n g s ,  t h e  Engineer ing  Board s e l e c t e d  t h e  
Rankin Rapids p r o j e c t  as t h e  r i v e r  hydro a u x i l i a r y  for t h e  
t i d a l  power p r o j e c t .  

Because of t h e  o p p o s i t i o n  of c e r t a i n  groups i n  t h e  
United S t a t e s  t o  t h e  development of  t h e  Rankin Rapids s i t e ,  
t h e  Engineer ing  Board undertook t o  s e c u r e  t h e  views of 
t h e  Bureau of S p o r t s  F i s h e r i e s  and W i l d l i f e ,  F i s h  and 
W i l d l i f e  S e r v i c e  of t h e  United S t a t e s  Department of  t h e  
In te r ior ,  The Bureau s t a t e d  t h a t  t h e  Rankin Rapids p r o j e c t  
would i n j u r e  the f i s h  and w i l d l i f e  a s s e t s  of t h e  area more 
than  t h e  Big Rapids-Lincoln School combinat ion.  I t  
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recommended a series of measures fo r  t h e  p r o t e c t i o n  of 
t h e  f i s h  and w i l d l i f e  r e s o u r c e s  of t h e  area r e g a r d l e s s  of 
t h e  a u x i l i a r y  p r o j e c t  selected. The measures recommended 
by t h e  Bureau are as  fo l lows :  

Es tab l i shment  of a framework f o r  management 
of f i s h  and w i l d l i f e  r e s o u r c e s .  

P r o v i s i o n  of p u b l i c  access. 

Purchase  o f  a d d i t i o n a l  l a n d s  f o r  w i l d l i f e  
management purposes .  

Modi f i ca t ion  of l a n d  c l e a r i n g  p l a n s ,  

Cons t ruc t ion  of  barrier dams. 

P r o v i s i o n  f o r  minimum f lows  as r e q u i r e d  t o  
b e n e f i t  downstream f i s h e r i e s .  

P r o v i s i o n  f o r  a f i s h  h a t c h e r y  and r e a r i n g  
f ac i l i t i e s .  

Management of t r i b u t a r y  s t r eams .  

Sub-impoundments f o r  waterfowl w i t h i n  r e s e r v o i r  
maximum flow l i n e .  

Con t ro l  of r e s e r v o i r  pool  e l e v a t i o n s  and 
p r o v i s i o n s  f o r  spawning beds. 

Con t ro l  of release t empera tu res .  

Cons ide ra t ion  should  be given t o  a l l  t h e  measures 
l i s t e d  above i f  c o n s t r u c t i o n  of ei ther t h e  Rankin Rapids 
or Big Rapids-Lincoln School a u x i l i a r y  is undertaken.  

D i s p a r i t y  of I n t e r e s t  Rates and Other  Economic F a c t o r s  
Between t h e  United S t  ates and Canada 

For the  purpose sf s e l e c t i n g  t h e  most f a v o r a b l e  t i d a l  
p r q j e c t  plan, the Engineer ing  Mard comp-red the r a t i o s  
of c o n s t r u c t i o n  cost  t o  average annual  generatkon for t h e  
v a r i o u s  p o s s i b l e  p l a n s  cons idered .  
c o s t s  of t h e  t i d a l  p r o j e c t  combinat ions made by t h e  
Engineer ing  Board were based on United States currency and 
January  1958 p r i c e  l e v e l s .  

Estimates of t h e  c a p i t a l  
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In computing t h e  annual  c o s t s  of p r o j e c t  p l a n s ,  it 
was -found t h a t  there are d i f f e r e n c e s  between the  t w o  
c o u n t r i e s  i n  i n t e r e s t  rates and other  economic f a c t o r s .  
I n  t h e  United States, p r o j e c t s  such as t h i s  are assumed 
t o  be f i n a n c e d  by t h e  federal government. Thus, t h e  
Engineer ing  Board computed i n t e r e s t -  'during c o n s t r u c t i o n  
and annual power costs f o r  t h e  United S t a t e s  p o r t i o n  of 
development u s i n g  i n t e r e s t  a t  2i p e r c e n t ,  s i n c e  t h a t  was 
t h e  ra te  recommended, a t  t h e  t i m e  of t h e  survey ,  by t h e  
United States Bureau of t h e  Budget for u s e  by federal 
a g e n c i e s  i n  e v a l u a t i n g  water r e s o u r c e  development 
p r o j e c t s . l /  For t h e  Canadian share of development, which 
w a s  assumed t o  be f inanced  by an agency of the Prov ince  
of New Brunswick, an i n t e r e s t  ra te  of 4-1/8 p e r c e n t  w a s  
used,  because t h a t  w a s  t h e  ra te  used i n  January  1958 by 
t h e  federal government of Canada on l o a n s  t o  crown 
c o r p o r a t i o n s  and p rov i i i c i a l  governments. N o  amount for 
taxes was inc luded  i n  t h e  annual p r o j e c t  c o s t s  a p p l i c a b l e  
t o  e i ther  count ry .  

The annual  power b e n e f i t s  of t h e  t i d a l  p r o j e c t  
combinations were measured by t h e  Engineer ing  Board on 
t h e  basis of t h e  c o s t  of power from modern steam-electric 
p l a n t s  i n  Maine and New Brunswick. I n  view of t h e  
p r e s e n t  ownership and predominant t y p e  of g e n e r a t i n g  
p l a n t s  of t h e  r e s g e c t i v e  electric power systems,  it was 
deemed a p p r o p r i a t e  t o  assume t h a t  t h e  most l i k e l y  a l t e r n a t i v e  
power supply,  i n  t h e  absence of t h e  t i d a l  p r o j e c t ,  would 
be p r i v a t e l y - f i n a n c e d  steam-electric p l a n t s  i n  Maine and 
pub l i c ly - f inanced  p l a n t s  i n  New Brunswick. In  computing 
t h e  annual costs of t h e  steam-electric p l a n t s  i n  Maine, 
t h e  Engineer ing  Board used  6.00 p e r c e n t  a s  t h e  cost of 
money and i n c l u d e d  an amount for t a x e s  equa l  t o  4.44 p e r c e n t  
of t h e  capi ta l  inves tment .  Annual c o s t s  of steam-electric 
p l a n t s  i n  N e w  Brunswick were based on an i n t e r e s t  ra te  of 
4-1/8 p e r c e n t  and on i n c l u d i n g  no amount f o r  t a x e s  s i n c e  
t h e  p u b l i c  power agency of t h e  Province  does n o t  pay  t a x e s .  

l/ On J u l y  26, 1969, tiie Biireai l  of the B ~ d g e t  recommx~dec! - 
t h a t  t h i s  ra te  be increased to 2-5/23 p e r c e n t .  



In view o f  t h e s e  d i s p a r i t i e s  i n  p r a c t i c e s ,  t h e  
Engineer ing  Board p repa red  s e p a r a t e  economic a n a l y s e s  showing 
r a t io s  of b e n e f i t s - t o - c o s t s  a p p l i c a b l e  t o  each c o u n t r y ' s  
share of t h e  development. These a n a l y s e s  assumed t h a t  t h e  
c a p i t a l  costs and p r o j e c t  power would be d i v i d e d  e q u a l l y  
between t h e  t w o  c o u n t r i e s .  I n  a d d i t i o n  t o  comparing t h e  
Uni ted  States' share of project costs, u s i n g  i n t e r e s t  a t  
29 p e r c e n t  and exc lud ing  t a x e s ,  w i th  t h e  c o s t  of p r o v i d i n g  
e q u i v a l e n t  power by steam-electric p l a n t s ,  u s i n g  c o s t  of 
money a t  6.00 p e r c e n t  and i n c l u d i n g  taxes, t h e  Engineer ing  
Board showed b e n e f i t - c o s t  r a t i o s  fo r  t h e  United States '  
share w i t h  an  i t e m  of " t axes  foregone ,"  amounting t o  about  
$9 p e r  k i l o w a t t &  dependable c a p a c i t y ,  i nc luded  as an 
economic c o s t  of t h e  p r o j e c t .  

Economic Impact of t h e  T ida l  Power P r o j e c t  on t h e  Region 

An e v a l u a t i o n  w a s  made by t h e  Engineer ing  Board of 
a l l  p o s s i b l e  b e n e f i c i a l  and damaging e f f e c t s  t h a t  
c o n s t r u c t i o n  of t h e  t i da l  p r o j e c t ,  w i t h  and wi thout  an 
a u x i l i a r y  s o u r c e  of power, may have on t h e  r e g i o n a l  and 
n a t i o n a l  economies. The Board concluded from these s t u d i e s  
t h a t  t h e  t i d a l  p r o j e c t  and i t s  a u x i l i a r y  would have a 
f a v o r a b l e  impact on a l l  segments of t h e  economy of Maine; 
and t h a t  t h e  e f f e c t  on t h e  gene ra l  economy of New Brunswick 
would be t h e  same a s  t h a t  of any o ther  b lock  of power 
of equa l  s ize  and c o s t  developed t o  s a t i s f y  the growing 
power demand. Power market s t u d i e s  by  t h e  Engineer ing 
Board i n d i c a t e  t h a t  t h e  a n t i c i p a t e d  load growth i n  t h e  
r e g i o n  w i l l  be s u f f i c i e n t  t o  abso rb  a b lock  of power equal  
t o  t h e  o u t p u t  of t h e  t i d a l  p l a n t  and its a u x i l i a r y  by 
1980 or earlier.  

Cons t ruc t ion  of t h e  t i d a l  power p r o j e c t  would produce 
an  impor tan t  short-term economic impact on t h e  economy 
of Maine and N e w  Brunswick. E s t i m a t e s  b y  t h e  Engineer ing 
Board i n d i c a t e  t h a t  d u r i n g  t h e  s ix -yea r  c o n s t r u c t i o n  
p e r i o d  of t h e  t i d a l  p r o j e c t  a lone ,  t o t a l  investment  ou t -  
l a y s  i n  Maine and New Brunswick would amount t o  about  $200 
m i l l i o n .  The spending of t h i s  money would probably s t i m u l a t e  
an a d d i t i o n a l  $200 m i l l i o n  expend i tu re  which would have a 
b e n e f i c i a l  effect bii the r-egicin's wholesale aid re ta i l  
trade. 



The Passamaquoddy t i d a l  power p r o j e c t  would a t t ract  
a g r e a t  many v i s i t o r s .  
t h a t  had t h e  t i d a l  p r o j e c t  been i n  e x i s t e n c e  in 1957, 
about  800,000 v i s i t o r s  from the United S t a t e s  and Canada 
would have been a t t racted t o  t h e  area. I n  accordance  
w i t h  a p r a c t i c e  t h a t  has been fo l lowed i n  some cases by 
t h e  United States  A r m y  Corps of Engineers  water r e s o u r c e s  
p r o j e c t s  might be c red i t ed  w i t h  r e c r e a t i o n a l  b e n e f i t s  
r ang ing  from $0.30 t o  $1.50 p e r  v i s i t o r  day. Using a 
median va lue  of $1.00 p e r  day ,  and assuming t h a t  each 
v i s i t o r  spends one day a t  t h e  p r o j e c t ,  t h e  r e c r e a t i o n  
b e n e f i t s  would be a t  l e a s t  $800,000 p e r  y e a r .  In a d d i t i o n  
t o  r e c r e a t i o n  b e n e f i t s ,  o t h e r  b e n e f i t s  undoubtedly would 
r e s u l t  from t h e  i n c r e a s e d  l o c a l  economic a c t i v i t i e s  due 
t o  a g r e a t e r  number of v i s i t o r s .  

The Engineer ing  Board estimates 

The Passamaquoddy t i d a l  p r o j e c t  would r e q u i r e  no 
f u e l .  On t h e  b a s i s  of  estimates by t h e  Eng inee r ing  Board, 
t h e  t i d a l  p r o j e c t  i n  combination w i t h  t h e  Rankin Rapids 
h y d r o e l e c t r i c  p l a n t  would produce power e q u i v a l e n t  t o  t h a t  
from 1,280,000 t o n s  of coal, or approximately 5,700,000 
barrels of o i l  a year .  

Cons t ruc t ion  of t h e  dams, locks,  and g a t e s  would 
provide  founda t ions  on which 7 m i l e s  of p u b l i c  highways 
could  be b u i l t  t o  connect  t h e  Canadian c o a s t a l  highway i n  
N e w  Brunswick w i t h  t h e  United States coastal highway i n  
Maine, Although the d e s i r a b i l i t y  of such a new l i n k  i n  t h e  
highway s y s t e m s  of t h e  two c o u n t r i e s  is e v i d e n t ,  t h e  
monetary b e n e f i t s  have n o t  been estimated. , O t h e r  b e n e f i t s  
stemming from c o n s t r u c t i o n  of t h e  highway would be t h e  
i n c r e a s e d  r e c r e a t i o n a l  u s e  of Campobello and Deer I s l ands  
t h a t  should  fo l low t h e  p r o v i s i o n  of a ready access t o  these 
a t t r a c t i v e  areas. 

The Passamaquoddy t ida l  p r o j e c t ,  t h e  Rankin Rapids 
project, and the Digdeguash pumped-storage project each 
would a f f e c t  the f i s h e r i e s  i n  t h e  waters t h e y  would c o n t r o l .  
The F i s h e r i e s  Eoard s t u d i e d  t h e  effects t h a t  t h e  t i d a l  
p r o j e c t  would have on t h e  f i s h e r i e s  i n  t h e  Bay of F’undy 
and w i t h i n  t h e  t i d a l  p r o j e c t  i n  Passamaquoddy and Cobscook 
Bzys, ??ZP Board found that t h e  t i d a l  p r o j e c t  would have 
very l i t t l e  e f f e c t  on t h e  impor t an t  s a r d i n e  i n d u s t r y  i n  
t h e  r eg ion ,  and only  a minor e f f e c t  on o t h e r  f i s h e r i e s .  
I t  should be no ted  t h a t  t h e  estimated c o s t  of t h e  t i d a l  
p r o j e c t  i n c l u d e s  approximately $450,000 for modi f i ca t ions  
i n  o r  r e l o c a t i o n  of the l obs t e r  pounds a t  S t .  Andrews. 
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The Rankin Rapids p r o j e c t  would f l o o d  s u b s t a n t i a l  reaches 
of t h e  Allagash and S a i n t  John Rivers  i n  Maine which now 
suppor t  an important  t r o u t  f i s h e r y ,  p a r t i c u l a r l y  on t h e  
Allagash River .  Changing p o r t i o n s  of t h e  S a i n t  John or 
Allagash R ive r s  from fast-water streams t o  deep hydro- 
e lectr ic  p r o j e c t  r e s e r v o i r s  would change t h e  t ype  of f i s h  
and f i s h i n g  which would p r e v a i l .  Other w i l d l i f e  h a b i t a t  
would a l s o  be a f f e c t e d .  A s  i n d i c a t e d  p rev ious ly ,  t h e  
Bureau of F i s h e r i e s  and W i l d l i f e  of t h e  United S t a t e s  
Department of t h e  I n t e r i o r  cons idered  t h e  problem and 
recommended t h a t  remedial  measures be taken i f  t h e  p r o j e c t  
is  b u i l t .  The Digdeguash River now suppor t s  a s m a l l  run 
of A t l a n t i c  salmon which would be des t royed  by c o n s t r u c t i o n  
of t h e  pumped-storage a u x i l i a r y .  Methods of r e s t o r i n g  
t h i s  run were no t  determined. 

The Arthur  D. L i t t l e  Corporat ion of Cambridge, 
Massachuset ts ,  was engaged by t h e  Engineer ing Board t o  
make an economic survey of Maine t o  determine a l l  p o s s i b l e  
p o t e n t i a l  u s e s  for t h e  power from t h e  Passamaquoddy 
p r o j e c t .  One of t h e  p r i n c i p a l  aims of t h i s  survey was t o  
i d e n t i f y  i n d u s t r i e s  t h a t  might be a t t r a c t e d  t o  t h e  area by 
t h e  a v a i l a b i l i t y  of a new source  of dependable power a t  
a p r i c e  they  would be w i l l i n g  t o  pay. These s t u d i e s  
i n d i c a t e d  t h a t  t h e  economic impact of t h e  a v a i l a b i l i t y  of 
t he  p r o j e c t ' s  power would not  be s i g n i f i c a n t  u n l e s s  power 
were made a v a i l a b l e  t o  i n d u s t r y  a t  a c o s t  cons iderably  
less than  t h e  c u r r e n t  estimate of t h e  c o s t  of power from 
t h e  p r o j e c t  . The Arthur  D. L i t t l e  Corporat ion concluded 
t h a t  t h e  cour se  of economic development i n  t h e  S t a t e  of 
Maine as a whole would not  be s i g n i f i c a n t l y  a f f e c t e d  by 
c o n s t r u c t i o n  of t h e  t i d a l  p r o j e c t .  

A similar economic survey of  N e w  Erunswick was made 
by P ro fes so r  Eugene Grasberg and P r o f e s s o r  H. J. Khalern of 
t h e  Department of Economics of t h e  Un ive r s i ty  of New 
Brunswick. This  survey i n d i c a t e d  t h a t  the mere a v a i l a b i l i t y  
of electric power from t h e  Passamaquoddy p r o j e c t  cannot be 
expected t o  spark and p r o p e l  economic growth i n  N e w  
Bruiiswick. 

FEASIBILITY OF THE PA3SAMAQUODDY TIDAL 
POWER PROJECT AS V1E:'mD BY THE COMMISSION 

The Commission has  c a r e f u l l y  reviewed t h e  conclus ions  
of t h e  Engineer ing Board w i t h  r e s p e c t  t o  t h e  engineer ing  
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and econornic f e a s i b i l i t y  of developing t h e  i n t e r n a t i o n a l  
t i d a l  power p o t e n t i a l  of Passamaquoddy Bay and t h e  
f i n d i n g s  on which these conc lus ions  are based. The Com- 
miss ion  i s  i n  gene ra l  agreement w i t h  t h e  e n g i n e e r i n g  
f i n d i n g s  of t h e  Engineer ing  Board. However as r e g a r d s  t h e  
economic a n a l y s i s ,  t h e  Commission c o n s i d e r s  it a p p r o p r i a t e  
t o  modify c e r t a i n  of t h e  Board 's  assumptions i n  c o n s i d e r i n g  
t h e  t i d a l  p r o j e c t  a lone  and i n  c o n j u n c t i o n  w i t h  a u x i l i a r y  
power sou rces  i n  t h e  area. 

The f e a s i b i l i t y  of t h e  Passamaquoddy t i d a l  power 
p r o j e c t  as viewed by t h e  Commissioii i n  t h e  l i g h t  of t h e  
f i n d i n g s  of t h e  Engineer ing  Eoard w i l l  be d i s c u s s e d  i n  t h i s  
s e c t i o n ,  f i rs t  from t h e  s t a n d p o i n t  of i ts e n g i n e e r i n g  
f e a s i b i l i t y  and secondly i t s  economic f e a s i b i l i t y .  The 
economic a n a l y s i s  'of t h e  t i d a l  power p r o j e c t  a l o n e  and of 
each of t h e  p r o j e c t  combinat ions s t u d i e d  by t h e  Board 
w i l l  be d i s c u s s e d  s e p a r a t e l y  w i t h  p a r t i c u l a r  a t t e n t i o n  
g iven  t o  p o i n t s  on which  t h e  Commission d i f f e r s  from t h e  
Board i n  t h e  de t e rmina t ion  of b e n e f i t - c o s t  r a t i o s .  The 
u n i t  c o s t  of power a l s o  w i l l  be developed t o  show t h e  
r e l a t i v e  c o s t  of Passamaquoddy power e i ther  a l o n e  or w i t h  
an a u x i l i a r y  sou rce  compared w i t h  t h e  c o s t  of power from 
a l t e r n a t i v e  steam-electric p l a n t s  t h a t  are l i k e l y  t o  be 
c o n s t r u c t e d  i n  t h e  absence of t h e  p r o j e c t .  

To ass i s t  t h e  two Governments i n  a p p r a i s i n g  c e r t a i n  
p u b l i c  v a l u e s  of t h e  t i d a l  p r o j e c t  beyond t h o s e  normally 
cons idered  i n  de t e rmina t ion  of b e n e f i t - c o s t  r a t i o s  f o r  
proposed h y d r o e l e c t r i c  developments, t h e  Commission w i l l ,  
i n  concluding i ts  f e a s i b i l i t y  ana lys i s ,  d i s c u s s  t h e  
e f f e c t  t h a t  c o n s i d e r a t i o n  of t h e s e  v a l u e s  might have on 
t h e  economics of t h e  p r o j e c t .  

Engineer ing F e a s i b i l i t y  

The t i d a l  p r o j e c t  p l a n  selected by t h e  Engineer ing  
Board poses  d i f f i c u l t  eng inee r ing  problems which, a l though 
cha l l eng ing ,  are n o t  insurmountable .  Small p o r t i o n s  of 
t h e  t i d a l  dams are i n  water dep ths  r ang ing  from 125  t o  
300 f e e t .  The d i f f i c u l t i e s  of c l o s i n g  these dams i n  t h e  
f a c e  of r e s t r i c t e d  and g r e a t l y  i n c r e a s e d  v e l o c i t y  heads 
pose eng inee r ing  and des ign  problems wi thout  p receden t .  
In view of these problems, s e v e r a l  o u t s t a n d i n g  e x p e r t s  
i n  t h e  f i e l d s  of h y d r a u l i c  e n g i n e e r i n g  and s o i l  mechanics 
were c o n s u l t e d  by t h e  Engineer ing  Board and model s t u d i e s  
were made of deep t i d a l  dams t o  de termine  t h e  best  and 
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most economical des ign  and methods of c o n s t r u c t i o n .  The 
Board concluded from t h e s e  s t u d i e s  t h a t  t i d a l  dams cou ld  
be b u i l t  i n  t h e  deep water passages  by u s e  of a g r a n u l a r  
core p l a c e d  by s p e c i a l  bottom-dump buckets ,  and t h a t  a l l  
o t h e r  t i da l  dams cou ld  be b u i l t  w i th  conven t iona l  l a n d  
and  marine equipment. To overcome t h e  i n c r e a s e d  t i da l  
v e l o c i t i e s  du r ing  c o n s t r u c t i o n ,  t h e . p r o g r e s s  of work on 
t h e  dams c o u l d  be scheduled  so t h a t  t h e  f i l l i n g  and 
emptying g a t e s  would handle  p a r t  of t h e  t i d a l  ebb and 
f l o o d .  

The cofferdams r e q u i r e d  f o r  c o n s t r u c t i o n  of t h e  f i l l i n g  , 
and emptying gates, as w e l l  as for n a v i g a t i o n  locks and 
t h e  powerhouse, would be s u b j e c t e d  t o  heads as h igh  as 
60 feet ,  whereas t h e  heads on t h e  completed. s t r u c t u r e s  
would n o t  exceed 26 feet .  Cons t ruc t ion  of cofferdams 
of t h i s  magnitude c o n s t i t u t e s  one of t h e  major eng inee r ing  
and c o n s t r u c t i o n  tasks of t h e  Passamaquoddy t i d a l  power 
p r o j e c t .  While t h e y  w i l l  be expensive t h e r e  appear  t o  be 
no grounds f o r  apprehension t h a t  t h e s e  cofferdams cannot  
be  b u i l t .  

Based on its review of t h e  s t u d i e s  by i t s  Engineer ing  
Board, t h e  Commission is  of t h e  opin ion  t h a t  a t i d a l  
power project  us ing  t h e  waters of Passamaquoddy and 
Cobscook Bays  could  be b u i l t  and ope ra t ed .  

Economic Ana lys i s  

Determinat ion of t h e  economic f e a s i b i l i t y  of a pro- 
posed h y d r o e l e c t r i c  development, whether i n  a conven t iona l  
r i v e r  p r o j e c t  or a t i d a l  p r o j e c t ,  i n v o l v e s  a comparison 
of  t h e  v a l u e  of t h e  power, or power b e n e f i t s ,  w i t h  t h e  
power c o s t s .  Normally, a proposed power development i s  
n o t  c o n s i d e r e d  t o  be economical ly  f e a s i b l e  i f  t h e  b e n e f i t -  
c o s t  r a t i o  is less t h a n  1.0. 

Power b e n e f i t s  are u s u a l l y  measured by or l i m i t e d  
i n  v a l u e  by t h e  c o s t  of power from t h e  most l i k e l y  
a l t e r n a t i v e  sou rce  i n  t h e  market area, g i v i n g  due con- 
s i d e r a t i o n  t o  any d i f f e r e n c e s  i n  t r a n s m i s s i o n  c o s t s  and 
losses and i n  o p e r a t i n g  characteristics between t h e  
a l t e r n a t i v e  p l a n t  and t h e  proposed h y d r o e l e c t r i c  project .  
I n  t h e  Maine and New Brunswick area, as w e l l  a s  in many 
other  areas of t h e  United States and Canada, t h e  a l t e r n a t i v e  
power sou rce  i s  cons ide red  t o  be a modern steam-electric 
p l a n t .  I t  i s  cons ide red  a l s o  t h a t  such an a l t e r n a t i v e  
p l a n t  i n  Maine would be p r i v a t e l y  f inanced ,  and i n  New 
Brunswick p u b l i c l y  f inanced ,  c o n s i s t e n t  w i t h  t h e  p r e s e n t  
and expec ted  f u t u r e  p r a c t i c e  i n  these t w o  areas. 
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In  ana lyz ing  the  economic f e a s i b i l i t y  of t h e  s e v e r a l  

t i d a l  p r o j e c t  combinations considered by t h e  Engineer ing 
Board, t h e  Commission has  assumed t h a t  t h e  capital c o s t s  
and the p r o j e c t  power would be d iv ided  equa l ly  between 
the two c o u n t r i e s .  

The annual c o s t  of power ass igned  t o  t he  United 
States is determined on the basis of federal f inanc ing ,  
assuming an i n t e r e s t  rate of 2* percent  and an amor t iza t ion  
pe r iod  of 50 years. T a x e s  foregone,"  d e f i n e d  as t h e  
amount of t a x e s  which would not  be c o l l e c t e d  as a r e s u l t  
of a federal power development rather than  the  most 
l i k e l y  a l t e r n a t i v e  development, are inc luded  i n  t h e  
h y d r o e l e c t r i c  power c o s t s  i n  an amount approximately equal  
t o  the  t a x e s  Included i n  t h e  estimated steam-electric 
power c o s t s  used i n  d e r i v i n g  power b e n e f i t s .  
i n c l u s i o n  places t h e  United States c o s t s  of the  t i d a l  
p r o j e c t  combinations and of a l t e r n a t i v e  steam-electric 
p l a n t s  on a comparable basis for purposes of economic 
a n a l y s i s .  The above c r i te r ia  are i n  accord w i t h  t hose  
used by federal agencies  i n  t h e  United States concerned 
w i t h  water resource  development. 

Such 

The annual  c o s t  of power ass igned  t o  Canada i s  
determined on t h e  basis of non-federal  p u b l i c  f inanc ing ,  
assuming an i n t e r e s t  rate of 4-1/8 pe rcen t  and an 
amor t iza t ion  pe r iod  of 50 years .  N o  t a x  i t e m  is  included 
I n  t h e  hydroe lec t r ic  power costs s i n c e  none would be pa id  
on a l t e r n a t i v e  steam-electric p l a n t s .  These cri teria are 
i n  accord w i t h  t h e  practice i n  New Brunswick. 

As i n d i c a t e d  i n  t h e  foregoing,  there are d i f f e r e n c e s  
between United States and Canadian p r a c t i c e s  i n  de r iv ing  
both t h e  annual power va lues  and annual power costs. 
For t h i s  reason it is necessary t o  compute s e p a r a t e  
bene f i t - cos t  r a t i o s  f o r  t h e  two c o u n t r i e s ,  each app l i cab le  
t o  thaQcount ry ' s  share of t h e  p r o j e c t  power. The over -a l l  
economic f e a s i b i l i t y  of t h e  t i d a l  project  combinations,  
United States and Canada, may be determined by comparing 
t h e  t o t a l  b e n e f i t s  and costs of t h e  combinations.  

Under t h e  cond i t ions  and c r i te r ia  d iscussed  above 
and on the  basis of information i n  the Engineer ing Board's 
r e p o r t ,  t h e  Commission h a s  cons idered  t h e  economic 
f e a s i b i l i t y  of t h e  t i d a l  p r o j e c t  a lone  and i n  combination 
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w i t h  t h e  s e v e r a l  s o u r c e s  of f i r m i n g  power s t u d i e d  by t h e  
Board. The r e s u l t s  of t h i s  economic a n a l y s i s  are 
d i s c u s s e d  i n  t h e  fo l lowing  paragraphs  and summarized i n  
Table  1. 

T i d a l  P r o j e c t  Alone -- T h i s  p r o j e c t  would have an 
i n s t a n e d  c a p a c i t y  of 30 0,000 k i l o w a t t s ,  of which 95,000 
k i l o w a t t s  would be dependable.  Average annual  g e n e r a t i o n  
would amount t o  1 ,843  m i l l i o n  k i lowat t -hours .  The p r o j e c t  
inves tment ,  i n c l u d i n g  t r a n s m i s s i o n ,  would be  $546,800,000. 

For t h e  United S t a t e s  t h e  apnual  power b e n e f i t s  
would amount t o  $5,977,000 and t h e  annual  power costs 
$10,343,000, r e s u l t i n g  i n  a b e n e f i t - c o s t  ra t io  of 0.58. 
For  Canada t h e  annual  power b e n e f i t s  would be $4,663,000, 
t h e  annual power c o s t s  $13,665,000, and t h e  b e n e f i t - c o s t  
r a t io  0.34. For t h e  e n t i r e  p r o j e c t ,  United S t a t e s  and 
Canada, t h e  b e n e f i t  c o s t  r a t i o  would be 0.44. 

S t u d i e s  by t h e  Engineer ing  Board, based on somewhat 
d i f f e r e n t  economic assumptions,  also f a i l e d  t o  p rov ide  
a ra t io  of u n i t y .  

I t  i s  e v i d e n t  t h a t  c o n s t r u c t i o n  of t h e  t i d a l  power 
p r o j e c t  by i t s e l f  i s  economical ly  i n f e a s i b l e  by a wide 
margin. 

T ida l  P r o j e c t  combined w i t h  Steam-Electr ic  Capac i ty  -- 
Under t h i s  p l a n ,  t h e  300,000 k i lowat t s  i n s t a l l e d  c a p a c i t y  
a t  t h e  t i d a l  p r o j e c t  is assumed t o  be combined wi th  
220,000 k i l o w a t t s  of steam-electric c a p a c i t y  t o  p rov ide  
a t o t a l  dependable c a p a c i t y  of 300,000 k i l o w a t t s .  The 
average  annual  g e n e r a t i o n  would amount t o  about  2,143 
m i l l i o n  k i lowat t -hours .  The p r o j e c t  investment  would be 
$595,100,000. 

For t h e  United S t a t e s  t h e  annual  b e n e f i t s  would amount 
t o  $10,365,000, t h e  annual  c o s t s  $13,615,000, and t h e  
b e n e f i t - c o s t  r a t i o  0.76. For Canada t h e  annual b e n e f i t s  
and c o s t s  would amount t o  $6,900,000 and $16,014,000 
r e s p e c t i v e l y ,  and t h e  b e n e f i t - c o s t  r a t i o  0.42. For t h e  
e n t i r e  p r o j e c t ,  United S t a t e s  and Canada, t h e  b e n e f i t - c o s t  
r a t i o  would be 0.58. None of t h e  s t u d i e s  u s i n g  less 
r i g o r o u s  c r i te r ia  r e s u l t e d  i n  a r a t i o  as high as u n i t y .  



T A ~ L E  1 
POWER AND ECONOMIC DATA 

As DERIVED BY 
THE INTERNATIONAL JOINT COMMISSION 

T I D A L  PROJECT T I DAL PROJECT T I OAL 

ALONE ELECTRIC PLANT PUMPED-STORAGE 
PROJECT AND STEAM- AND D I GDEGUASH 

POWER DATA ( ENT I RE PROJECT I 
INSTALLED CAPACITY 

T I DAL PROJECT 1,000 KW 300 300 300 
Aux IL IARY 1,ooo KW --- 22 0 260 

DEPENDABLE CAPACITY , 1,000 KW 95 300 323 
AVG. ANNUAL GENERATION, MILLION KWH 1,843 2,143 1,759 

ECONOMIC DATA (UNITED STATES HALF OF PROJECT1 

CAPITAL INVESTMENT MILLION DOLLARS 271.6 297.5 292.6 
ANNUAL POWER BENEFITS 5.977 10.365 9.719 
ANNUAL POWER COSTS 11 It 10.343 13.615 12.1 34 
BENEF I T-COST RAT I O  0.58 0.76 0.80 

II  tI 

ECONOMIC DATA (CANADIAN HALF OF PROJECT1 

CAP I TAL INVESTMENT MILL ION DOLLARS 275.2 297 -6 293.8 
W II 4.663 6.900 6.1 77 

ANNUAL POWER COSTS II 13.665 16.014 14.669 
ANNUAL POWER BENEF ITS 

BENE F I T-COST RAT I O  0.34 0.42 0.42 

II 

T I DAL PROJECT 

AND INCREMEN- 

T A L  CAPACITY 

ONLY AT 

RANKIN RAP~DS 

300 
226 
355 

1.843 

299 e 5  

6.043 
14.527 
0.42 

T I DAL PROJECT 

RANK IN RAP I DS 

AND ALL  OF 

300 
400 
555 

3,063 

367.6. 
16.782 
15.302 
1.10 I 

w 
CD 

364.5 I 
10.235 
17.610 
0.58 

ECONOM I C DATA (ENT 1 RE PROJECT 1 
CAP I TAL INVESTMENT MILL ION 

ANNUAL POWER BENEFITS 

ANNUAL POWER COSTS 

BENEF I T-COST U T  I O  

n 

II 

DOLLARS 546.8 595.1 586.4 600.0 732 01 
II 10.640 17.265 15.896 15.822 27.017 
I1 26.803 26.681 P -912 24.008 29 . e 9  

0.44 0.58 0.59 0.59 0.82 

NOTES: CAP I TAL INVESTMENT I MCL UDES COST OF TRANSM I SS I ON L I NES . 
BENEFIT-COST RATIOS ARE DETERMINED AT THE PROJECT S ITES,  W I T H  APPROPRIATE ALLOWANCE FOR TRANSMISSION COSTS. 
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T i d a l  P r o j e c t  Combined w i t h  Digdeguash Pumped- 
S to rage  P r o j e c t  -- The i n s t a l l e d  c a p a c i t y  of t h i s  com- 
b i n a t i o n  p r o j e c t  would be 560,000 k i l o w a t t s ,  of which 
323,000 k i l o w a t t s  would be dependable ,  Average annual 
g e n e r a t i o n  would amount t o  1,759 m i l l i o n  k i lowa t t -hour s .  
The t o t a l  p r o j e c t  inves tment ,  i n c l u d i n g  t r a n s m i s s i o n ,  
would be $!3S6,400,OGO. 

For t h e  U n i t e d  S t a t e s  tile annual  power b e n e f i t s  would 
t o t a l  $9,713,000 and t h e  annual power c o s t s  $12,134,000, 
g i v i n g  a b e n e f i t - c o s t  r a t i o  of 0.10. For Canada t h e  
annual power b e n e l i t s  aad c o s t s  would amount t o  $6,177,000 
and $14,669,000, r e s p e c t i v e l y ,  and t h e  b e n e f i t - c o s t  r a t i o  
0.42, For t h e  e n t i r e  p r o j e c t ,  United dtates and Canada, 
the b e n e f i t - c o s t  r a t i o  would be 0.33. 

The on ly  f a v o r a b l e  b e n e f i t - c o s t  r a t i o  (1,3i5) de r ived  
i n  t h e  Engineer ing  3 o a r d ' s  s t u d i e s  i n  t h i s  combination 
w a s  for the U a l t e d  S t a t e s  share of the power, assuming 
a 75-year amor t i za t  icril p e r i o d  and exc luding  t a x e s  foregone 
from p r o j e c t  c o s t s .  

The Commissioii is  of t h e  op in ion  tha t  t h e  Digdeguash 
pumped-storage p r o j e c t  could  be used as a r ea l i s t i c  
a u x i l i a r y  t o  the t i d a l  power p r o j e c t ,  aild that  t h e  com- 
b i n a t i o n  of t h e  two i n  a s i n g l e  economic a n a l y s i s  i s  sound 
i n  p r i n c i p l e ,  Combined w i t h  t h e  t i d a l  p r o j e c t ,  t h e  ' 
Digdeguash pumped-storage p r o j e c t  could  u t i l i z e  off-peak 
power from t h e  t i d a l  p l a n t  t o  pump water from Passamaquoddy 
Bay t o  t h e  reservoir. However, power from t h e  t i d a l  
p r o j e c t  combined w i t h  t h e  Digdeguash pumped-storage p r o j e c t  
would be more c o s t l y  than  power from a v a i l a b l e  a l t e r n a t i v e  
sou rces .  

T ida l  P r o j e c t  Combined w i t h  Incremental  Capac i ty  
a t  Rankin Rapids -- The concept  of usil ig incrementa l  
c a p a c i t y  o n l y  a t  Rankin Rapids as an a u x i l i a r y  t o  the 
t i d a l  p r o j e c t  assumes t h a t  t h e  Ranltin Rapids s i te  would 
be developed f i r s t  w i th  200,000 k i l o w a t t s  of dependable 
c a p a c i t y  t o  s e r v e  l o a d s  wholly i n  t h e  S t a t e  of Maine. An 
a d d i t i o n a l  260,000 k i lowa t t s  of dependable c a p a c i t y  
(226,000 k i l o w a t t s  i n s t a l l e d )  would be provided  a t  t h i s  
s i t e  s p e c i f i c s l l y  f o r  f i rming,  t h e  t i d a l  p r o j e c t  o u t p u t .  
The combined dependable c a p a c i t y  of t h i s  combination ( t h e  
t i d a l  p r o j e c t  p l u s  260, 080-kPl0watt incrementa l  c a p a c i t y  
a t  Rankin Rapids) would be 355,000 k i l o w a t t s ,  ' c apab le  of 
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g e n e r a t i n g  1 , 3 4 3  m i l l i o n  k i lowa t t -hour s  of e lectr ic  
energy annual ly .  Under t h i s  cornbination when t h e  t i d a l  
p l a n t  ou tpu t  drops  below t h e  l o a d  t o  be carried,  t h e  
energy d e f i c i e n c y  would be borrowed from t h e  basic Rankin 
Rapids p r o j e c t ,  u s ing  t h e  260,U00-kilowatt incrementa l  depend- 
a b l e  c a p a c i t y  provided  f o r  t h i s  purpdse,  and r e p a i d  when 
t i d a l  energy exceeds  l o a d .  Thus there would be no n e t  
energy withdrawal from t h e  uasic RanKin Rapids p r o j e c t  
(200,000 Kilowatts and 1 ,220  m i l l i o n  Ki iowat t -hours ) .  I n  
this way, Rankin Rapids and t h e  t i d a l  p r o j e c t  cou ld  p rov ide  
3SS,i)00 k i l o w a t t s  of dependable power for t h e  l o a d  a t  a 
60 p e r c e n t  annual  l o a d  Zactor. Accordingly,  t h e  Commis- 
s i o n  b e l i e v e s  tha t  " incrementa l  c a p a c i t y "  a t  Rankin Rapids  
c o n s t i t u t e s  a r ea l i s t i c  a u x i l i a r y  t o  t h e  t idaf  p r o j e c t ,  
and t h a t  t h e  t r ea tmen t  of t h e  combination i n  a s i n g l e  
economic a n a l y s i s  i s  v a l i d .  The p r o j e c t  inves tment ,  
i n c l u d i n g  t r ansmiss ion ,  would be $800,000,000. Only t h e  
incrementa l  c o s t  of t h e  a d d i t i o n a l  (280,000 Ki lowa t t s )  
c a p a c i t y  i n s t a l l a t i o n  a t  Rankin Rapids i s  charged  a g a i n s t  
t h e  combination p r o j e c t .  

For t h e  United S t a t e s  t h e  annual power be f i e f i t s  
would amount t o  $9,'179,000, t h e  annual power c o s t s  
$12,154,003, and the b e n e f i t - c o s t  r a t i o  0.130, For 
Canada t h e  annual  power b e n e f i t s  would be $ki,043,000, 
t h e  annual power c o s t s  $14,527,000, and t h e  b e n e f i t - c o s t  
r a t i o  0.42. For t h e  e n t i r e  p r o j e c t ,  United S t a t e s  and 
Canada, t h e  b e n e f i t - c o s t  r a t i o  would be 0.59. 

As i n  t h e  case of t h e  combination w i t h  t h e  Digdeguash 
pumped-storage p r o j e c t ,  t h e  only  f a v o r a b l e  b e n e f i t - c o s t  
r a t i o  f o r  t h i s  combination (1.08) i n  t h e  Engineer ing 
Board's s t u d i e s  w a s  t h a t  f o r  t h e  Un i t ed  S t a t e s '  share 
of t h e  power assuming a 75-year a m o r t i z a t i o a  p e r i o d  and 
exc luding  t a x e s  foregone from p r o j e c t  costs.  

T ida l  P r o j e c t  combined w i t h  a l l  of Rankin Rapids -- 
I n  t h i s  p l a n ,  as proposed by t h e  Engineer ing  Board, 
300,000 k i l o w a t t s  i n s t a l l e d  c a p a c i t y  a t  t h e  t i d a l  p r o j e c t  
would be combined wi th  a l l  of t h e  c a p a c i t y  and energy 
ava i l ab le  a t  Rankin Rapids (400,000 k i l o w a t t s  i n s t a l l e d ,  
460,000 k i l o w a t t s  dependable and 1.22 b i l l i o n  k i lowat t -  
hours )  t o  p rov ide  a t o t a l  dependable c a p a c i t y  of 555,000 
k i lowat t s  and an average annual  g e n e r a t i o n  of 3,063 
m i l l i o n  k i lowat t -hours .  The p r o j e c t  investment  would be 

- $732,100,000. 



- 42 - 

For t h e  United S t a t e s  t h e  annual power b e n e f i t s  
would be $16,782,000, t h e  annual  power costs  $15,302,000, 
and t h e  b e n e f f t - c o s t  ra t io  1.10, For Canada t h e  annual  
b e n e f i t s  would be $10,235,000, t h e  annual c o s t s  $17,610,000, 
and t h e  b e n e f i t - c o s t  ra t io  0.58*  For t h e  e n t i r e  p r o j e c t ,  
Uni ted  S t a t e s  and Canada, t h e  b e n e f i t - c o s t  r a t i o  would be 
0.82. Downstream b e n e f i t s  e s t i m a t e d  t o  be $953,000 
a n n u a l l y  were assumed i n  d e r i v i n g  these r a t i o s .  

Although t h e  c r i t e r i a  used i n  certa-in s t u d i e s  by 
t h e  Engineer ing  Board r e s u l t e d  i n  a h ighe r  b e n e f i t - c o s t  
r a t i o  for t h e  United S t a t e s '  s h a r e  of t h e  power from t h i s  
combinat ion,  no s t u d i e s  made by  t h e  Board gave a f a v o r a b l e  
b e n e f i t - c o s t  r a t i o  f o r  t h e  Canadian s h a r e .  

The Engineer ing  Board found t h a t ,  w i t h  a 50-year 
a m o r t i z a t i o n  pe r iod ,  t h e  b e n e f i t - c o s t  r a t i o  for t h e  t i d a l  
p r o j e c t  combined w i t h  a l l  of Rankin Rapids would be 
g r e a t e r  than  u n i t y  (1.31), and concluded t h a t  t h i s  
combination, i f  b u i l t  e n t i r e l y  b y  t h e  United S t a t e s  at  
an  interest  rate of 24 p e r c e n t ,  would be economical ly  
j u s t i f i e d .  However, t h e  Commission b e l i e v e s  there is an 
economic f a l l a c y  i n  t h e  concept  of such a cornbination - p ~ : - - - - - -  \ 

The f a c t s  p r e s e n t e d  i n  t h e  Engineer ing Board's 
r e p o r t  and i n  t h i s  r e p o r t  show t h a t ,  when c o n s i d e r e d  a l o n e ,  
t h e  t i d a l  p r o j e c t  i s  clear ly  uneconomic. I ts  bene f i t - cos t  
r a t i o  w i t h  a 50-year amor t i za t ion  p e r i o d  is c o n s i d e r a b l y  
less than  u n i t y  both  fo r  t h e  United S t a t e s  and Canadian 
shares of t h e  p r o j e c t  power. On t h e  o t h e r  hand, t h e  Rankin 
Rapids  p r o j e c t  w i th  200,000 k i l o w a t t s  i n s t a l l e d  when 
cons ide red  a lone  h a s  a b e n e f i t - c o s t  ra t io-somewhat  i n  
excess of u n i t y ;  i . e . ,  2.0 for United S t a t e s  f e d e r a l  
development. I n  t h e  Board 's  economic a n a l y s i s  t h e  c o s t s  and 
b e n e f i t s  of t h e  uneconomic t i d a l  p r o j e c t  are added t o  
t h o s e  of t h e  economically f e a s i b l e  Rankin Rapids  p r o j e c t  
t o  determine t h e  b e n e f i t - c o s t  r a t i o  of t h i s  p o s s i b l e  
combination p r o j e c t .  The Commission i s  of t h e  op in ion  
t h a t  a b e n e f i t - c o s t  r a t i o  determined on this b a s i s  is n o t  
a v a l i d  r e p r e s e n t a t i o n  of t h e  economic worth of t h e  
t i d a l  p r o j e c t ,  and t h e  r a t i o  of 1.31 determined by t h e  
Engineer ing  Board for t h e  combination p r o j e c t  cannot be 
cons t rued  as i n d i c a t i n g  economic f e a s i b i l i t y  f o r  t h e  t i d a l  
power p r o j e c t .  Hence, t h e  f i n d i n g s  of t h e  Commission 
do n o t  i n c l u d e  c o n s i d e r a t i o n  of t h i s  combination p r o j e c t .  



- 43 - 
Uni t  Cost of Power 

While t h e  b e n e f i t - c o s t  r a t io s  summarized i n  Table  1 
f o r  t h e  T i d a l  p r o j e c t  a lone  and t h e  proposed p r o j e c t  
combinat ions p rov ide  a ready comparison of t h e i r  r e l a t i v e  
economic va lue ,  t h e y  do n o t  r e v e a l  t h e  r e l a t i v e  u n i t  costs 
o f  power. Energy c o s t  pe r  k i lowat t -hour  f u r n i s h e s  a 
more direct basis f o r  comparison of  t h e  c o s t  o f  t i d a l  
power w i t h  o t h e r  s o u r c e s  of  power i n  t h e  area. Unit  
c o s t s  of energy from t i d a l  p r o j e c t  combinat ions are 
summarized below. The cost of energy from a l t e r n a t i v e  
steam-electric p l a n t s  is  shown f o r  comparison since such 
p l a n t s  are t h e  most l i k e l y  a l t e r n a t i v e  sou rce  of a 
comparable block of power f o r  Maine and New Brunswick 
i n  t h e  absence of t h e  t ida l  p r o j e c t .  I n  accordance w i t h  
p r e s e n t  practice, a l t e r n a t i v e  steam-electric p l a n t s  i n  
Maine are assumed t o  be p r i v a t e l y  f i n a n c e d  and i n  New 
Brunswick, p u b l i c l y  f inanced .  

COMPARISON OF U N I T  COST OF POWER FROM TIDAL PROJECT 

AND FROM ALTERNAT I VE STEAM-ELECTRI c PLANTS 

U N I T  COST OF ENERGY - MILLS PER KWH 
AT-S I TE AT-MARKET Jf 

POWER SOURCE UNITED STATES CANADA UNITED STATES CANADA 

1.  TIDAL PROJECT ALONE 26.2 42.8 28.9 43.8 

2 .  TIDAL PROJECT AND STEAM- 
ELECTR I C CAPAC I TY 13.5 18.6 15.0 19.6 

3. T I D A L  PROJECT AND DIGDEGUASH 
PUMPED STORAGE PROJECT 12.2 16.8 13.5 17.4 

4. TIDAL PROJECT AND INCREMENTAL 

CAPACITY AT RANKIN RAPIDS 11.5 15.8 13.4 17.3 

5. ALTERNATIVE STEAM-ELECTRI C 

PLANTS 10.6 7.3 11.6 7 *4 

INCLUDES COST OF TRANSHISSION OF POWER FROM PROJECT S I T E  TO THE MARKET. 



- 45 - 

United S t a t e s '  c o s t s  i t  should  be noted  that  t h e  T i d a l  
p r o j e c t  and t h e  p r o j e c t  combinat ions are assumed t o  be 
federa l ly  f inanced ,  w h i l e  t h e  a l t e r n a t i v e  steam-electric 
p l a n t s  are assumed t o  be p r i v a t e l y  f inanced ,  as p rev ious ly  
p o i n t e d  o u t .  

I n  t h e  d i s c u s s i o n  of t h e  combination of t h e  T i d a l  
p r o j e c t  w i th  a l l  of Rankin Rapids  as proposed by t h e  
Engineer ing  Board, t h e  Commission p o i n t s  o u t  t h a t ,  if 
c o n s t r u c t e d  a l o n e  t o  s e r v e  power l o a d s  i n  t h e  S t a t e  of 
Maine, t h e  Rankin Rapids  p r o j e c t  could  p rov ide  200,000 
k i l o w a t t s  of dependable c a p a c i t y  and 1,220 m i l l i o n  
k i lowa t t -hour s  average  annual energy.  I f  t h i s  p r o j e c t  
were c o n s t r u c t e d  wi th  p r i v a t e  f i n a n c i n g ,  power c o u l d  be 
produced a t  a u n i t  c o s t  of about  11.0 m i l l s  p e r  k i l o w a t t -  
hour a t  t h e  dam-site and 13.0 m i l l s  p e r  k i lowa t t -hour s  
d e l i v e r e d  t o  t h e  market.  On t h e  b a s i s  of f e d e r a l  f i n a n c i n g  
a t  t h e  29 p e r c e n t  i n t e r e s t  ra te  used i n  t h i s  r e p o r t  and 
50-year a m o r t i z a t i o n  of t h e  investment  t h e  u n i t  c o s t  would 
be  about 3.8 m i l l s  a t  s i t e  and 5 . 3  m i l l s  a t  market. I n  
a d d i t i o n  t o  supply ing  a l a r g e  block of r e l a t i v e l y  l o w  
cost power f o r  t h e  S t a t e  of Maine the  Rankin Rapids 
p r o j e c t  would provide  s u b s t a u t i a l  b e i i e f i t s  t o  downstream 
h y d r o e l e c t r i c  p l a n t s  i n  N e w  Brunswick. 

Economic F e a s i b i l i t v  

On t h e  b a s i s  of t h e  fo rego ing  economic a n a l y s e s ,  t h e  
Commission f i n d s  t h a t  t h e  t i d a l  p r o j e c t  a l o n e  is n o t  
economical ly  f e a s i b l e  and cou ld  no t  provide  f i r m  power a t  
a u n i t  c o s t  as low as t h e  c o s t  of power from new a l t e r n a t i v e  
steam-electric p l a n t s  that  cou ld  be b u i l t  i n  the area t o  
m e e t  i t s  f u t u r e  power requi rements .  None of t h e  proposed 
combination p r o j e c t s  cons ide red  by t h e  Commission t o  be 
v a l i d  would provide  an economic development for e i ther  
t h e  United S t a t e s  o r  Canada i f  t h e y  are e v a l u a t e d  on t h e  
basis of  t h e  u s u a l  p r a c t i c e s  fol lowed i n  t h e  two c o u n t r i e s  
i n  de te rmining  t h e  economic f e a s i b i l i t y  of proposed hydro- 
e lec t r ic  p r o j e c t s .  

The Commission n o t e s ,  however, t h a t  t h e  t i d a l  p r o j e c t  
cou ld  p rov ide  c e r t a i n  p u b l i c  b e n e f i t s  i n  a d d i t i o n  t o  t h o s e  
which have been eva lua ted  i n  monetary t e r m s  i n  de te rmining  
b e n e f i t - c o s t  r a t i o s  as p r e v i o u s l y  desc r ibed .  Important  
among such b e n e f i t s  would be t h e  r e c r e a t i o n  va lue  of t h e  
p r o j e c t .  I t  is  b e l i e v e d  t h a t  t h e  uniqueness  of t h e  t i d a l  
p r o j e c t  would make a s u b s t a n t i a l  c o n t r i b u t i o n  t o  t h e  
large r e c r e a t i o n  i n d u s t r y  of t h e  area by a t t r a c t i n g  many 
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For the purpose or" this coinparison " t a x e s  foregone' '  
are n o t  i n c l u d e d  i i l  t h e  United ,States' s h a r e  of t h e  T i d a l  
project  costs (as w a s  done L n  t h o  ecoiioinic a n a l y s e s  
sumniarized i n  Table  1) because ra tes  %or the sale 0% power 
from f e d e r a l l y - f i n a n c e d  p r o j e c t s  are cus tomar i ly  e s t a b l i s h e d  
on t h e  basis of r e t u r n i n g  o n l y  t h e  power c o s t s  a c t u a l l y  
i n c u r r e d .  U n i t  energy cos ts  for both  t h e  T i d a l  p r o j e c t  
and the a l t e r n a t i v e  s tem-electr ic  p l a n t s  are c a l c u l a t e d  
on t h e  basis of about  60 p e r c e n t  l o a d  f a c t o r ,  t o  p r e s e n t  
them on a uniform b a s i s .  T h i s  is the approximate p r e s e n t  
annual  l o a d  f a c t o r  of t h e  u t i l i t y  s y s t e m s  i n  t h e  area. 

I t  w i l l  be no ted  t h a t  t h e  u n i t  c o s t s  of energy f o r  
t h e  T i d a l  p r o j e c t  a lone  are c o n s i d e r a b l y  higher t h a n  the 
10.8 m i l l s  and 14.9 m i l l s  shown i n  t h e  Engineering Board 's  
r e p o r t  for the United S t a t e s  and Canadian s h a r e s  of t h e  
power. S ince  the Board s f i g u r e s  were detcrnii neci without  
r e g a r d  t o  t h e  60 p e r c e n t  load f a c t o r  l i m . i t a t i o L i  p l a c e d  
on t h e  combinat ion p r o j e c t s  t h e y  do not provirid a proper 
b a s i s  €or comparison of unit; costs. The Coilmission has, 
t h e r e f o r e ,  a a u s t e d  the Boardts f i g u r e s  t o  a LO p e r c e n t  
l o a d  f a c t o r  b a s i s ,  and credited t o  t h e  project c o s t s  (a t  
a steam-energy replacement  v a l u e  of 5.0 m i l l s  per  
ki lowat t -hour  i n  t h e  United States and 4.4 mills i n  
Canada as d e r i v e d  by the Eng inee r ing  Board) a11 energy  t h a t  
cou ld  be produced i n  e x c e s s  of a 60 p e r c e n t  load f a c t o r .  
Th i s  adjustment  r e s u l t s  i n  u n i t  at-si te costs of 26.2 
m i l l s  for t h e  Uni ted  S t a t e s ' s h a r e a n d  42.8 m i l l s  f o r  t h e  
Canadian s h a r e  of t h e  T i d a l  p r o j e c t  power, I t  may be  
expec ted ,  however, t h a t  i n  a c t u a l  o p e r a t i o n  the dependable 
c a p a c i t y  (95,000 k i l o w a t t s )  of t h e  T i d a l  p r o j e c t  would 
be used a t  about  100 p e r c e n t  load  f a c t o r ,  Under such  
o p e r a t i o n  t h e  u n i t  cost of energy  would be 18.2 and 27.5 
m i l l s  i n  Maine and New Brunswiclr, r e s p e c t i v e l y ,  

I t  w i l l  be observed  from t h e  p reced ing  tabulaation 
that a l t e r n a t i v e  steam-electric p l a n t s  i n  Maine and New 
Brunswick, f i n a n c e d  i n  accordance  w i t h  p r e s e n t  p r a c t i c e s ,  
cou ld  produce power a t  a lower cost  than  e i t h e r  t h e  T i d a l  
p r o j e c t  a lone  or any of t h e  p r o j e c t  combinat ions.  It  may 
be ncrted $ha t  this t a b u l a t i o n  does n o t  i n c l u d e  t h e  com- 
b i n a t i o n  of t h e  Tida l  p ro jec t  and a l l  of Rankin Rapids 
for t h e  r e a s o n s  i n d i c a t e d  on page 41. In comparing t h e  
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v i s i t o r s .  The Engineer ing  Board p o i n t s  o u t  t h a t  on t h e  
b a s i s  of e v a l u a t i o n  procedures  c u r r e n t l y  used by t h e  
Corps of Engineers ,  t h e  p o t e n t i a l  r e c r e a t i o n  b e n e f i t s  of 
t h e  p r o j e c t  would be a t  least  $800,000 p e r  year. 
of  t h e s e  b e n e f i t s  i n  t h e  fo rego ing  a n a l y s e s  would improve 
s l i g h t l y  t h e  b e n e f i t - c o s t  ra t io  but  would n o t  a l ter  t h e  
i n d i c a t e d  conc lus ions  as t o  economic f e a s i b i l i t y  of t he  
p r o j e c t  , 

t h e  b e n e f i t - c o s t  a n a l y s e s  i n c l u d e  those t o  n a v i g a t i o n  and 
t o  t h e  highway s y s t e m s  of Maine and New Brunswick. 
cost  estimates p repa red  by t h e  Engineer ing  Boar'd i n c l u d e  
n a v i g a t i o n  locks adequate  f o r  t h e  volume of c u r r e n t  
t r a f f i c  and for a moderate i n c r e a s e  i n  v e s s e l  size. While 
the  Board made no a t t e m p t  t o  determine t h e  f u t u r e  s h i p  
t r a f f i c  i n  t h e  p r o j e c t  area, t h e  Commission r e c o g n i z e s  
t h a t  t h e  a v a i l a b i l i t y  of an upper pool  having c o n s i d e r a b l y  
less range  i n  i ts  l e v e l s  t h a n  now occur s  w i t h  normal ebb 
and f l o o d  of t h e  t ides  might s t i m u l a t e  g r e a t e r  t r a f f i c  
t o  sh ipp ing  p o i n t s  on PassamaquoddyBay. 
may j u s t i f y  f u r t h e r  s t u d y  of n a v i g a t i o n  v a l u e s  i n  t h e  
f u t u r e .  

I n c l u s i o n  

Othe r  p o t e n t i a l  p r o j e c t  b e n e f i t s  no t  e v a l u a t e d  i n  

The 

These p o s s i b i l i t i e s  

A highway sys t em b u i l t  on t h e  approximately 7 m i l e s  
of t i d a l  dams cou ld  replace t h e  p r e s e n t  ferr ies  s e r v i n g  
t h e  Passamaquoddy Bay area and provide  a connec t ing  link 
between United States and Canadian coastal highways t h a t  
would s h o r t e n  t h e  highway d i s t a n c e  between Whiting, Maine, 
and S t .  George, N e w  Brunswick by about  40 m i l e s ,  Ready 
access would a l s o  be provided  t o  Campobello and Deer 
I s l a n d s  the reby  i n c r e a s i n g  t h e i r  r e c r e a t i o n a l  va lue .  
Neither t h e  Engineer ing  Board nor t h e  Commission h a s  
a t tempted  t o  estimate i n  monetary terms t h e  p o t e n t i a l  high-  
way v a l u e  of t h e  t i d a l  dams. 

Other f a c t o r s ,  l a r g e l y  s u b j e c t  t o  p o l i c y  de t e rmina t ion ,  
t h a t  cou ld  have an effect on t h e  economics of t h e  t i d a l  
p r o j e c t  are: p o s s i b l e  changes i n  i n t e r e s t  rates,  a l lowance 
of a longe r  a m o r t i z a t i o n  p e r i o d ,  and e x c l u s i o n  of t a x e s  
foregone from t h e  Uilited S t a t e s  costs.  In a d d i t i o n  i t  
may be no ted  t h a t  any i n c r e a s e  i n  f u e l  costs i n  t h e  p r o j e c t  
area would have a f a v o r a b l e  a f f e c t  on t h e  b e n e f i t - c o s t  
r a t i o  by  i n c r e a s i n g  the v a l u e  of t h e  t i d a l  p r o j e c t  power. 



TABLE 2 

hSSUMPT IONS FOR 

DETE RM I NAT I ON OF 

BENEF IT-COST RAT 105 

BAS I C ANALYS I S  

US I NO CONVENT I ONAL EVALUAT I ON 
PRACTICES I N  UNITED STATES 

AND CANADA. 

(FRW TABLE 1 ) 

CUHULAT I VE EFFECT OF 

SUCCESS I VE VAR 1 AT IONS FROM 

B A S I C  ANALYSIS: 

EFFECT ON 6ENEFIT-COST R A T I O  OF 

k S U M E D  VARIATIONS FROM THE PROJECT BENEFITS 
AND COSTS DETERMINED BY THE INTERNATIONAL JOINT COMMISSION 

( 1  1 TIDAL PROJECT AND INCREMENTAL 

T I D A L  PROJECT ALONE CAPACITY ONLY AT RANKIN RAPIDS 

I .  

2. 

3. 

4, 

ANNUAL COSTS 0ASED ON 

UN I FORM INTEREST RATE 

OF 3s FOR BOTH COUNTRIES. 

&ORT I ZAT I ON OF CAP I TAL 

INVESTHENT I N  75 YEARS. 

UNITED STATES UNITED STATES 
AND AND 

UNITED STATES CANADA CANADA UNITED STATES CANADA CANADA 

0.58 

0.52 

0.60 

0.34 0.44 9.80 0.42 0.59 

0.42 0.47 0.72 0.52 0.63 

0.49 0.54 0.83 0.59 0.72 

ALLOWANCE OF $800,000 
ANNUAL RECREAT I ON BENEF I T S  

($400,000 TO EACH COUNTRY) 0.64 0.53 0.58 0.86 0.63 0.75 

0.99 0.63 . 0.81 

WITH TAXES FOREGONE 

E L  IMINATED FROM UNITED STATES 

COSTS. 0.66 0.53 0.60 

( 1 )  THIS COMBINATION PROJECT IS SHOWN I N  THE TABLE fOR I LLUSTRATIVE PURPOSES. 

THE COMB I NAT I ON W I f H  Q I QDEQUASH WMPED-$TORAOE WOULD 0 I VE APPROX IMATELY THE SAME RESULTS. 
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Table 2 i l l u s t r a t e s  t h e  cumula t ive  effect on t h e  

project's b e n e f i t - c o s t  ra t ios  of assumed v a r i a t i o n s  f r o m  
the p r o j e c t  b e n e f i t s  and costs determined by t h e  I n t e r -  
n a t i o n a l  J o i n t  Commission. The cumula t ive  e f f e c t s  are 
shown I n  r e l a t i o n  t o  t h e  Commission's b a s i c  a n a l  ses 

i n  t h e  United S t a t e s  and Canada. The assumed v a r i a t i o n s  
from t h e  basic assumptions are as follows: (1) a uniform 
i n t e r e s t  rate of 3 p e r c e n t  f o r  bo th  t h e  United S t a t e s  and 
Canada; (2) a m o r t i z a t i o n  of  t h e  p r o j e c t  inves tment  i n  75 
years i n s t e a d  of 50 y e a r s ;  (3) al lowance of $800,000 f o r  
annual  r e c r e a t i o n a l  b e n e f i t s  (one-half t o  each c o u n t r y )  ; 
and (4) t a x e s  foregone e l i m i n a t e d  from United S t a t e s  

p r e s e n t e d  i n  Table  1 u s i n g  conven t iona l  e v a l u a t i o n  P p r a c t i c e s  

o0s.t s 

I t  may be seen  from Table  2 t h a t  none of the  assumed 
v a r i a t i o n s  from t h e  basic e v a l u a t i o n  made by t h e  Commission 
would r e s u l t  i n  a b e n e f i t - c o s t  ra t io  of u n i t y  f o r  t h e  
t i d a l  p r o j e c t  a l o n e  or i n  combinat ion w i t h  ei ther 
incrementa l  c a p a c i t y  a t  Rankin Rapids or t h e  Digdeguash 
pumped-storage p r o j e c t .  
i n  f u e l  c o s t s  would s t i l l  n o t  p rov ide  a b e n e f i t - c o s t  r a t i o  
of u n i t y  f o r  t h e  Canadian share o r  f o r  t h e  e n t i r e  p r o j e c t .  

An i n c r e a s e  as g r e a t  as 215 p e r c e n t  

A s  t o  o t h e r  p o s s i b l e  e f f e c t s  of f u t u r e  t r e n d s  on t h e  
economics of the p r o j e c t ,  t h e  Commission n o t e s  t h a t  i m -  
provements i n  equipment des ign  and cons t ruc t ion  methods 
may r e s u l t  i n  some s a v i n g  i n  p r o j e c t  costs. I t  is p o s s i b l e ,  
f o r  example, t h a t  f u r t h e r  expe r i ence  w i t h  bulb- type 
g e n e r a t i n g  u n i t s  may lead t o  s a v i n g s  through t h e i r  adopt ion  
and u s e  i n  t h e  t i d a l  project .  

The Commission r e c o g n i z e s  t h e  e x i s t e n c e  of o t h e r  
t i da l  power p o t e n t i a l s  i n  t h e  area and t h a t  t h e i r  c o n s t r u c t i o n  
might provide  s u f f i c i e n t  d i v e r s i t y  of power p roduc t ion  t o  
enhance t h e  m a r k e t a b i l i t y  of power from t h e  I n t e r n a t i o n a l  
p r o j e c t  cons ide red  f o r  Passamaquoddy Bay. 

The Commission also r e c o g n i z e s  t h a t  f a c t o r s  other than  
strict econ@m$c f e a s i b i l i t y  based on t a n g i b l e  b e n e f i t s  
and costs, and which were n o t  taken  i n t o  account by t h e  
Commission, may be of importance t o  t h e  two Governments 
i n  a r r i v i n g  a t  d e c i s i o n s  t o  unde r t ake  r e s o u r c e  development 
p r o j e c t s  such as  t h i s .  Such f a c t o r s  might i n c l u d e  t h e  
development of new and unique  s o u r c e s  of power, t h e  
conse rva t ion  of f o s s i l  f u e l  r e s o u r c e s ,  and t h e  p r o v i s i o n  
of eyployment o p p o r t u n i t i e s  i n  economical ly  depressed  areas. 
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FINDINGS OF THE INTERNATIONAL J O I N T  COMMISSION ON 
SPECIFIC POINT3 OF THE REFERENCE 

The r e f e r e n c e  t o  t h e  I n t e r n a t i o n a l  J o i n t  Commission 
by t h e  Governments of Canada and t h e  United S t a t e s  
r e q u e s t e d  f i n d i n g s  on c e r t a i n  s p e c i f i c  p o i n t s  w i t h  r e s p e c t  
t o  development of t h e  i n t e r n a t i o n a l  t i d a l  power p o t e n t i a l  
of Passamaquoddy Bay i n  t h e  S t a t e  of Maine and t h e  
Province  of New Brunswick. These f i n d i n g s  fo l low:  

( a )  The e s t i m a t e d  cost of developing t h e  i n t e r n a t i o n a l  
t i d a l  power p o t e n t i a l  of Passamaquoddy Bay 

On t h e  b a s i s  of t h e  d e t a i l e d  s t u d i e s  of t h e  Engineer ing 
Board, t h e  Commission f i n d s  t h e  estimated c o s t s ,  us ing  
United S t a t e s  cur rency  and J m u a r y  1950 p r i c e  l e v e l s ,  
of t h e  t i d a l  p r o j e c t  a l o n e  and i n  combination wi th  
s e v e r a l  p o s s i b l e  s o u r c e s  of.  f i r m i n g  power t o  be as 
f o l l o w s  : 

PROJECT 

1. TIDAL PROJECT ALONE 

2 .  TIDAL PROJECT AND STEAM- 

E L E C T R I C  C A P A C I T Y  

3. TIDAL PROJECT AND DIGDE- 
W A S H  PUMPED-STORAGE 

4. TIDAL PROJECT AND I N C R E -  

C A P I T A L  I N V E S T -  

MENTS,  I N C L U D I N G  

GENERATING CAPACITY AVQ. ANN. TRANSMISS ION 

(100 KW) ENERGY To MARKET 
INSTALLED DEPENDABLE (MILL ION KWH 1 j MILL I ON DOLLARS 1 

300 95 1,843 546.8 

MENTAL C A P A C I T Y  AT RANKIN 
RAP I DS 525 355 1,8b3 600.0 
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The a t -s i te  u n i t  c o s t s  p e r  k i l o w a t t  hour of producing 

electric energy from t h e  T i d a l  p r o j e c t  a lone  is e s t i m a t e d  
t o  be 26.2 m i l l s  for t h e  United S t a t e s '  share of t h e  power 
and 42.8 m i l l s  f o r  Canada's share based on a 60 p e r c e n t  
annual  l oad  f a c t o r .  Based on a 100 p e r c e n t  l o a d  f a c t o r  
t h e  u n i t  costs would be 18.2 mills and 27.5 m i l l s  f o r  
t h e  United S t a t e s  and Canada, r e s p e c t i v e l y  e 

The u n i t  c o s t s  p e r  k i l o w a t t  hour of energy of power 
from a combination of t h e  t i d a l  p r o j e c t  w i th  e i t h e r  
inc remen ta l  g e n e r a t i n g  c a p a c i t y  a t  t h e  Rankin Rapids  
r e s e r v o i r  s i t e  i n  Maine or t h e  Digdeguash pumped-storage 
s i t e  i n  N e w  Brunswick would be approximately 12  m i l l s  for 
t h e  United S t a t e s '  share of the power send 16 m i l l s  f o r  
Canada's share. The Rankin Rapids aiad Digdeguash 
sites are cons ide red  tne lowes t  c o s t  means a v a i l a b l e  of 
supply ing  a u x i l i a r y  power f o r  the t i d a l  p r o j e c t .  

(b) Whether such costs  w i l l  a l low h y d r o e l e c t r i c  power 
t o  be produced a t  a pr ice  which i s  economical ly  f e a s i b l e  

The Commission f i n d s  t h a t  t h e  t i d a l  p r o j e c t  ei ther 
a l o n e  or i n  combination w i t h  a u x i l i a r y  power s o u r c e s  is  
n o t  economically f e a s i b l e  i f  it is  e v a l u a t e d  i n  accordance 
w i t h  t h e  convent iona l  methods of economic a n a l y s i s  of 
h y d r o e l e c t r i c  p r o j e c t s  i n  t h e  United S t a t e s  and Canada. 
On t h e  basis of such e v a l u a t i o n  s t a n d a r d s ,  t h e  b e n e f i t - c o s t  
r a t i o s  for t h e  t i d a l  p r o j e c t  a l o n e  would be 0.53 for t h e  
United S t a t e s  and 0.34 f o r  Canada. For t h e  p r o j e c t  as a 
whole t h e  b e n e f i t - c o s t  r a t i o  would be about  0.44. Using 
e i t h e r  t h e  Digdeguash pumped-storage a u x i l i a r y  i n  
Canada or incrementa l  g e n e r a t i n g  c a p a c i t y  a t  t h e  Rankin 
Rapids p r o j e c t  i n  t h e  United S t a t e s ,  I t h e  b e n e f i t - c o s t  
ra t io  f o r  each combination p r o j e c t  would be 0,iW for t h e  
United S t a t e s  and 0.42 for Canada, The o v e r - a l l  b e n e f i t -  
c o s t  r a t i o  for each of these combinationswould be about  
0.59. 

If, as a matter sf p o l i c y  a p p l i c a b l e  t o  t h i s  inter- 
n a t i o n a l  p r o j e c t ,  t h e  Governments of the United S t a t e s  
and Canada w i s h  t o  adopt c r i t e r i a  d i f f e r e n t  from t h e  
convent iona l  concepts  of economic a n a l y s i s  w i t h  r e s p e c t  
t o  such f a c t o r s  as idaterest rates,  a m o r t i z a t i o n  p e r i o d ,  
taxes foregone ,  and allowance of r e c r e a t i o n  b e n e f i t s ,  t h e  
b e n e f i t - c o s t  ra t ios  f o r  t h e  combination p m j e c t '  (T ida l  
p r o j e c t  and Digdeguash o r  Tidal  p r o j  ec-t and inc remen ta l  
c a p a c i t y  a t  Ranlrln Rapids) would, as shown i n  Tab le  2 ,  
become 0.99 f o r  t h e  United S t a t e s ,  0,63 for Canada, and 
0.51 f o r  t h e  two c o u n t r i e s  combined, 
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Cons t ruc t ion  of the  Rankin Rapids dam and r e s e r v o i r  
on t h e  Upper S a i n t  John River  i n  t h e  State of Maine 
would be p r e r e q u i s i t e  t o  i t s  u s e  t o  supply  inc remen ta l  
f i rming  capac i ty  f o r  t h e  t i d a l  project .  The Rankin Rapids 
p r o j e c t  cou ld  be c o n s t r u c t e d  i n i t i a l l y  w i t h  an  i n s t a l l e d  
g e n e r a t i n g  c a p a c i t y  of 200,000 k i l o w a t t s  t o  supply  
economic h y d r o e l e c t r i c  power t o  t h e  S t a t e  of Maine and 
downstream b e n e f i t s  t o  h y d r o e l e c t r i c  p l a n t s  on the  S a i n t  
John River  i n  New Brunswick. Such a p l a n  of development 
would n o t  preclude l a t e r  u s e  of Rankin Rapids  as a s o u r c e  
of f i rming  power by c o n s t r u c t i o n  of 260,000 k i l o w a t t s  of 
a d d i t i o h a l  dependable capacity a t  t h e  s i t e  t o  be operated 
i n  c o o r d i n a t i o n  wi th ' and  as an a u x i l i a r y  t o  t h e  t i d a l  t 

p r o j e c t .  The Commission is  of t h e  op in ion ,  however, t ha t  
i t  would not  be c o n s i s t e n t  w i t h  sound p r a c t i c e s  of economic 
a n a l y s i s  of h y d r o e l e c t r i c  p r o j e c t s  t o  combine the basic 
Rankin Rapids p r o j e c t  (200,300 k i l o w a t t s  and u 2 0  m i l l i o n  
k i lowa t t -hour s )  with t h e  t i d a l  p r o j e c t  t o  determine t h e  
economic worth of the t i d a l  p r o j e c t .  

I n  s h o r t ,  t h e  Commission 2 i n d s  t h a t  t h e  t i d a l  
p r o j e c t ,  ei ther a lone  o r  i n  combination w i t h  a u x i l i a r y  
power s o u r c e s  w i l l  n o t  permi t  power t o  be produced a t  a 
p r i c e  which is  compe t i t i ve  w i t h  t n e  p r i c e  of power from 
a l t e r n a t i v e  a v a i l a b l e  sou rces .  

( c )  The effects,  b e n e f i c i a l  or o the rwise ,  which such 
a power project might  have on t h e  local  and n a t i o n a l  
economies i n  t h e  United States and Canada 

Because of t h e  r e l a t i v e l y  high c o s t  of development 
of t h e  t i da l  power p o t e n t i a l ,  t h e  Commissioil f i n d s  t h a t  
c o n s t r u c t i o n  of t h e  t i d a l  project  would no t  apprec iab ly  
a f f e c t  i n d u s t r i a l  development i n  t h e  p r o j e c t  area. 

Cons t ruc t ion  of t h e  p r o j e c t  would have a s u b s t a n t i a l  
a l though short-term beneficial  effect  011 the economies 
of Maine and New Brunswiclc d u r i n g  t h e  si x-year c o n s t r u c t i o n  
p e r i o d  r e s u l t i n g  from e x p e n d i t u r e s  of over  $200,000,000 
for goods and s e r v i c e s .  

The uniqueness  of t h e  t i d a l  p r o j e c t  and t h e  c r e a t i o n  
of two l a r g e  s a l t  water lakes i n  an area, where r e c r e a t i o n  
is already an impor tan t  i n d u s t r y  would r e s u l t  i n  t h e  
p r o v i s i o n  of a d d i t i o n a l  r e c r e a t i o n  b e n e f i t s .  
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Since  the t i d a l  p r o j e c t  would raise t h e  l e v e l  of 
t h e  Passamaquoddy Eay high pool  and decrease  t h e  t i d a l  
r ange ,  nav iga t ion  c o a d i t i o n s  would be improved i n  t h e  
j a i n t  Croi;; River  e s t u a r y  aiid a t  S a i n t  Andrews and o t h e r  
p o r t s  on Passamaquoddy E a y .  
hand, the be i ie2 ic ia l  e f f e c t s  of dec reas ing  t h e  t i d a l  
r ange  would be p a r t i a l l y  o f f s e t  by lowering t h e  maximum 
l e v e l  of Cobscook Bay t o  a p o i n t  below tlie l e v e l  of normal 
h i g h  t i d e .  Navigat ion coi idi t ioi is  i n  t h e  lower pool  i n  
the F a l l s  Islaild ancl Lubec area, where r a p i d  t i d a l  c u r r e n t s  
n o w  occur ,  would be improved du r ing  a c o n s i d e r a b l e  p o r t i o n  
of t h e  t i d a l  cyc le .  I n  g e n e r a l ,  t i d a l  v e l o c i t i e s  i n  the 
p r o j e c t  area would be reduced,  except  i n  areas immediately 
aajaceat t o  tile g a t e s  when o2en. 

lil the low pool ,  OII t h e  o t h e r  

Coi1structioi1 of t h e  t i d a l  dams, l ocks  and g a t e s  
would provide  founda t ioas  on which an i n t e r n a t i o n a l  highway 
cou ld  be b u i l t  connec t ing  the p r e s e n t  c o a s t a l  highways i n  
Maine aiid :Jew ZruiiswicLi, reducing  t h e  t r a v e l  d i s t a n c e  
r'rom d h i t i n g ,  Maiae t o  2 t .  George, ;Jew i3runswiclr by about  
40 miles. keady access t o  the r e c r e a t i o i i a l  advantages  
01 the large i s l a n d s  i n  Passaniaquoddy Bay a l s o  would be  
provided  by this iiigiiway . 

(d) , 3 p e c i f i c a l l y ,  t h e  e f f e c t s  which t h e  c o n s t r u c t i o n ,  
maintenance, and o p e r a t i o n  of t h e  t ic ia i  power p r o j e c t  might 
have upon the f i s h e r i e s  i i i  the  area 

On t h e  bas i s  of' tlie e x t e n s i v e  s t u d i e s  of the F i s h e r i e s  
Board, the Commisaioa f i n d s  that  by g rov id ing  for 
r e l o c a t i o n  and modiPicat ion 01 e x i s t i n g  f i sher ies  f a c i l i t i e s  
and by incluciiag a p p r o p r i a t e  remedial measures i n  t h e  
desigil of the t i d a l  power s t r u c t u r e s ,  c o n s t r u c t i o n  and 
o p e r a t i o n  of the  ticial power p r o j e c t  would have very  l i t t l e  
e P f e c t  on the impor tan t  s a r d i n e  i n d u s t r y  i n  t h e  r e g i o n  
and only  a minor e i fect  on o t h e r  f i s h e r i e s .  

The Rankin Liapids p r o j e c t  would i l o o d  s u b s t a n t i a l  
reaches of the Allagasli and S a i n t  John R ive r s  i n  Maine 
which ilow sugpor t  an important  t r o u t  f i s h e r y ,  Cons t ruc t ion  
of this p r o j e c t  would change the type  of f i s h i n g  which 
now p r e v a i l s .  Other w i l d l i f e  h a b i t a t  would a l s o  be 
a f f e c t e d .  

The Digdeguash River  now s u p p o r t s  a small run  of 
A t l a n t i c  salmon which would be des t royed  by c o n s t r u c t i o n  
of t h e  pumped-storage a u x i l i a r y .  Methods of r e s t o r i n g  
this run were not  determined. 






