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TEXT OF  LETTER  OF  TRANSMITTAL 

The  following  letter  was  sent  to  the  Secretary  of  State, 
Washington, D.C.  and  the  Secretary  of  State  for  External  Affairs, 
Ottawa,  Canada: 

"With  this  letter,  the  International  Joint  Commission 
transmits  its  report  on  the  regulation  of  Lake  Champlain  and 
Richelieu  River  in  response  to  the  Governments'  request  in 1973 

that  the  Commission  investigate  and  report  upon  the  feasibility 
and  desirability  of  regulating  the  Richelieu  River  for  the 
purpose of alleviating  extreme  water  conditions  in  the  Richelieu 
River  and  Lake  Champlain. 

Throughout  this  inquiry  the  bewildering  complexity  of  the 
interactions  between  the  environmental,  physical  and  economic 

aspects  placed  an  onerous  task  upon  the  participants  in  their 
endeavours.  Following  the  Commission's  interim  report  of 

March 1975, the  emphasis  was  shifted  from  alleviating  extreme 
water  conditions  to  an  investigation  of  environmental  consequences. 
Furthermore,  since  the  Reference  was  received  eight  Commissioners 
have  been  replaced.  In  addition, at the  present  time,  one 

Canadian  vacancy  exists  and  the  Canadian  Chairman  has  announced 
his  intention  to  resign  on  February 1. Moreover,  because  of 
the  election  of  a  new  President  in  the  United  States  there  is  a 

possibility  of  United  States  vacancies.  Because  of  the  complexity. 
of the  investigation,  new  Commissioners  will  require  a  significant 

' time  period  for  review  of  the  record  before  it  would  be  possible 
for  them  to  make  an  informed  judgment on the  issues. 

For  these  reasons  the  Commission  believes  it  is  important 
that  the  Governments  have  the  considerations,  conclusions,  and 
recommendations  which  derive  from  the  extensive  study  which  it 
has  made.  Such  information  is  contained  in  the  attached  report. 
The  Commission,  however,  is  not  including  the  background 
information  which  is  customarily  included  in  its  reports  which 
summarizes  the  description  of  the  area  involved,  the  nature  of 
the  inquiry,  the  Board's  investigation  and  the  history  of 



public  participation.  The  Commission  believes  that  it  is  necessary 

to  forego  such  a  summary,  in  order  to  assure  that  further  delay 

does  not  result. 

The  report  of  the  International  Champlain-Richelieu  Board, 

combined  with  technical  reports  of  its  Environmental  Impact, 
Physical  Aspects  and  Net  Benefits  Committees  as  well  as  the  two 
supplemental  reports  comprise  a  comprehensive  review on the 

regulation  of  Lake  Champlain  and  the  Richelieu  River.  These 

reports,  the  three  thousand  pages  of  transcript  recording  the 
public  hearings  and  subsequent  submissions  are a l l  an  integral 
part  of  the  Commission's  examination  and  the  subject  of  numerous 
deliberations.  Therefore,  the  Commission  believes  that  the  basis 
for  its  considerations,  conclusions  and  recommendations  is 
contained  within  the  information  already  provided  to  Governments 

and in the  public  record. '' 
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FOREWORD 

The International  Joint  Commission  wishes  to  acknowledge 
with  gratitude  the  valuable  contribution  of  the  members of the 
International  Champlain-Richelieu  Engineering  Board  and  the 

International  Champlain-Richelieu  Board, of the  members of their 
three  Committees  and  the  ad  hoc  groups  which  assisted  the  Boards. 

The  Commission  wishes  to  recognize  the  contribution of private 
individuals  and  public  organizations of both  countries  in  this 
inquiry.  The  cooperation  and  support  of  the  federal,  state  and 
provincial  agencies  is  acknowledged  with  appreciation. 





INTERNATIONAL  JOINT  COMMISSION 

REPORT  ON  REGULATION 

OF THE 
RICHELIEU  RIVER  AND  LAKE  CHAMPLAIN 

Lake  Champlain  and  the  Richelieu  River  are  both  components 

of  the  waterway  linking  the  Hudson  and  St.  Lawrence  Rivers. 
Regulating  the  levels of Lake  Champlain by  means of increasing  the 
capacity  of  Richelieu  River  to  pass  flood  waters  and  limiting  the 
outflow  by  control  works at  all  other  times,  has  been  periodically 
considered  for  nearly  a  century. 

Introduction 
The  Governments  of  the  United  States  and  Canada,  as  a 

result  of  the  grave  concern  in  both  countries  caused by  substantial 
flood  damage  in  the  early 1970's, requested  the  International  Joint 
Commission  in  March 1973 to  investigate  and  report  upon  the 
feasibility  and  desirability  of  regulating  the  Richelieu  River  for 
the  purpose of alleviating  extreme  water  conditions  in  the 
Richelieu  River  and  Lake  Champlain.  A  copy  of  the  Reference 
is appended. 

The  Commission's  brief  response  on  the  issues  concerning 

the  regulation  of  Lake  Champlain  and  the  Richelieu  River is based 
on  an  intensive  and  extensive  feasibility  investigation  conducted 
by  its  International  Champlain-Richelieu  Board,  the  testimony 

received at ten  public  hearings,  written  submissions  received  by 
tbe  end  of 1978 and  a  series  of  lengthy  deliberations  on  a  large 
number  of  topics. 

The  background  information  is  found  in  the  report  and 
appendices of the  International  Champlain-Richelieu  Board,  their 
two  supplemental  reports  and  the  transcript  of  public  hearings,  all 

of which  have  been  transmitted  to  the  two  Governments  and  are 
available  to  the  public. 
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Socio-Economic  Considerations 
The  Board's  findings  on  economic  feasibility  were  based  on 

the  conventional  procedures  for  establishing  the  economic  benefits 

and  costs  of  a  major  investment  project.  The  costs  of  dredging  and 
all  structures  are  based  on 1977 Canadian  price  levels,  while  the 
benefits  and  non-structural  measures  are  based  on 1976 dollars  in 
the  country  in  which  they  occurred.  The  interest  or  discount  rate 
used  was 7 . 5  percent  over  the  50-year  project  life.  The  benefits 
consisted  of  the  damages  to  various  economic  sectors  during  spring 

flooding  that  would  be  prevented by undertaking  various  options. 

The  assessed  damages  included  physical  damages  to  structures, 
contents,  grounds,  roads,  public  utilities  and  crops, and 

"non-physical"  damages  stemming  from  restrictions  on  access,  flood 
fighting  costs,  clean-up  costs,  lost  income,  substitution  of  planned 
crops by  lower  value  crops  and  the  devaluation  of  facilities  or 

increased  maintenance  costs.  Diminished  impacts of flooding  in 
these  areas  were  the  benefits of the  option,  while  the  costs  were 
those  of  building  and/or  operating,  as  relevant,  the  option  under 
consideration. 

These  options  included  a  number of structural  and 
non-structural  measures.  The  option  favoured  by  the  Board,  the 
gated  structure  at  St.  Jean  with  regulation  plan  FCE-1  was 
estimated  by  the  Net  Benefits  Committee to have  a  benefit/cost 
ratio  of 1.8, and 2.0 in  conjunction  with  the  non-structural  program. 
Therefore,  on  the  basis  of  the  conventional  procedure  as  employed 
by  the Board,  this  demonstrates  that,  within  the  limitations  of  the 
analysis,  regulation  is  economically  feasible,  that  is,  damage 
reduction  outweighs  the  costs. 

A number  of  concerns  have  been  expressed,  however, 
concerning  both  the  validity  of  the  Board's  analysis  in  its  own 

right,  and  as  to  whether  the  benefit/cost  analysis  reflects  all  of 
the  social  gains  and losses that  might  be  expected  from  regulation. 
Commissioners  have  varying  opinions  as  to  whether  these  concerns 
individually or collectively  will  have  a  significant  impact  on 
feasibility  and  desirability. 

With  respect  to  the  Board's  analysis  itself,  there  has  been 
expressed  some  concern  that  the  analysis  of  agricultural  damages  is 
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inadequate  and  thus  overestimates  the  benefits  to  be  expected.  The 
majority  of  Commissioners,  while  noting  that  greater  precision  is 

possible,  believe  that  the  basic  parameters  affecting  agricultural 
damage  were  adequately  taken  into  account  and  further  that,  even  if 
such  damages  were  modified  substantially  in  either  direction,  they 
would not  significantly  affect  the  overall  benefit/cost  analysis. 

In  this  regard,  the  Commission  notes  that  Quebec 
agricultural  damages  are  not  the  doninant  component  of  flood  danages 
and  that,  if  they  were  the  sole  justification  for  remedial  measures, 
none  of  the  structures  analyzed  would  be  cost-effective.  On  the 
other  hand, it is  clear  that  if  a  significant  reduction  to 
agricultural  damages is to  be  realized,  of  the  solutions  that  have 
been  examined,  a  structure  in  the  Richelieu  River  will  be  required, 
the  cost  of  which  would  be  largely  balanced  by  benefits  to  be  gained 
in  other  sectors  and,  indeed,  largely  in  the  United  States.  Fartial 
alleviation  may  also  be  feasible  using  diking  and  pumping  as 

currently  under  study  by  the  Province  of  Quebec. 
Other  concerns  relate  to  the  range  of  benefits  and  costs 

incorporated  into  the  analysis.  The  Board  did  not  incorporate 

costs  that  could  result  from  losses  in  wetland  areas,  including 

diminished  expenditures by sports  fishermen,  largely  because  it 

believed  that  the  recommended  environmental  criteria  would  prevent 
such  potential  costs.  These  "environmental"  values  are  an  important 
aspect  of  the  decision-making  criteria  and  if  value  losses  were 
significant  they  should  be  taken  into  account.  At  least  one 
Commissioner  believes  that  losses  in  this  category  would  be  signif- 
icant. It may  not  be  possible  to  determine  definitively  whether 
such  losses  will  occur  or  their  extent. 

Intangible  social-environmental  values  should  also  be  part 
of any  overall  decision  making  process.  These  can  only  be 
assessed,  at  least  in  this  case,  qualitatively.  These  social 
aspects  sometimes  tend  to  be  neglected  when  the  measurable  effects 
are  compared.  They  deserve  separate  consideration.  Such  values 
include : 

(a)  the  option  value  which  persons  place  on  maintaining  Lake 

Champlain  in  its  present  state  for  their  possible  future 
use ; 
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(b)  t he  s o c i a l   p r e s e r v a t i o n   v a l u e   t o   s o c i e t y  as a whole 
inc luding  the  v a l u e   t o  many people who have  no  intent ion  of  
using Lake Champlain  of  knowing t h a t  it i s  p rese rved   i n  
an e s s e n t i a l l y   u n r e g u l a t e d   s t a t e .  

The Commission has  made no conclusions on the  e f f e c t  of 
these social  v a l u e s   i n  t h i s  s tudy.  To some people ,   and  perhaps  to  
Governments,  however,  they may be c r u c i a l   t o  t he  ent i re  ba lance ,   bu t  
they l i e  o u t s i d e  the  t echn ica l   ana lys i s   o f  t h e  Commission. 

On the  other   hand,  a number o f   bene f i t s  were not  
i n c o r p o r a t e d   i n t o  the  a n a l y s i s .  While t he  Board's estimates 
included direct  l o s s e s   t o   s h o r e   p r o p e r t y  from spr ing   f looding ,  
t h e y   d i d   n o t   i n c l u d e   t h e   v a l u e   o f   l o s s e s   t o  real  property  caused 
by erosion  which i s  most severe a t  high water l e v e l s .  Such losses 
can be ex tens ive   bu t  were no t   i nco rpora t ed   i n to  the  b e n e f i t / c o s t  
a n a l y s i s   s i n c e   s u b s t a n t i a l   f u r t h e r   s t u d i e s  were r e q u i r e d   f o r  a 
q u a n t i t a t i v e  estimate o f   do l l a r   l o s ses   and   consequen t   bene f i t s  
from water l e v e l   r e g u l a t i o n .  Other damages du r ing   h igh   o r  
ex tended   spr ing   leve ls  would inc lude  the va lues   a s soc ia t ed  w i t h  
d imin i shed   r ec rea t iona l   oppor tun i t i e s   du r ing   t he   ea r ly  summer 
and  even less t a n g i b l e  damages  such as concern  over   the  uncertainty 
of f lood  damage t o  property,   heal th   problems  due t o  degraded water 
qua l i ty   dur ing   and  a f t e r  floods,   and aesthetic problems. 

Damages from  extreme water l eve l   cond i t ions   can   a l so   occu r  
a t  low summer l e v e l s ,   g e n e r a l l y  when the summer Lake l e v e l s   f a l l  
below 9 4 . 5  f e e t .  Most s i g n i f i c a n t  i s  r e s t r i c t e d  access f o r  
r e c r e a t i o n a l   b o a t i n g   t o   m a r i n a s ,  ramps  and  docks,  and  exposed 
beaches, l e a d i n g   t o  economic losses t o  t he  r e c r e a t i o n a l   i n d u s t r y  
and  support ing  services  as well as i n t r i n s i c   v a l u e   l o s s e s   t o  
r ec rea t ion i s t s   t hemse lves .  Other impacts r e s u l t i n g  from l o w  water, 
inc luding  those on water in t akes   and   o the r   s t ruc tu res ,  water 
q u a l i t y ,  fisheries and   w i ld l i f e ,  were gene ra l ly   no t   cons ide red   t o  be 
s i g n i f i c a n t  by the Board. 

A l l  these and similar values  should be assessed as p a r t  
of the o v e r a l l   d e c i s i o n  making  process a t  such time a s  a d e f i n i t i v e  
s t ruc tura l   p roposa l   and   opera t ing   p lan   a re   under   cons idera t ion .  
A l s o ,  t h e  matter of a t  what   e levat ion damages should be considered 
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"legitimate"  in  the  sense  that  they  should  be  counted  in  the 
benefit/cost  assessment  (e.g.  the  one-,  two-,  ten-year  or  some  other 

flood)  is  a  policy  matter  for  the  Governments,  that  lies  outside 
the  analysis of what  damages  do,  in  fact,  occur  or  could  be 

prevented. 

Existing  Conditions 
Flood  damages  occur  to  some  extent  virtually  every  year  in 

the  Richelieu  Valley  and  around  Lake  Champlain.  They  will  continue 
to occur,  although  at  a  reduced  extent  and  less  frequently,  with 
whatever  preventative or remedial  measures  are  put  in  place. 
Unnecessary  damage  occurs  when  such  measures  can  be  undertaken  at 

costs  lower  than  the  benefits  that  can  be  achieved,  taking  due 
regard  for  environmental  considerations. 

The  flooding  problem  in  this  Basin  has  been  particularly 

pronounced  in  three  periods  in  this  century: 1900-1903,  1933-1937 
and 1969-1978. In 1976, one of the  highest  floods  in  recent  years 
occurred,  Lake  Champlain  reaching  the  level of 101.5 feet.  Since 
this was  also  the  year  in  which  field  surveys  were  carried  out  in 
connection  with  the  Reference,  the  Commission  obtained  a  substantial 

amount  of  data  on  the  flood  damages  which  resulted. 
The  Board  estimated  that $7.45 million  of  spring  flood 

damages  occurred  in 1976:  $4.03 million  in  the  United  States  and 
$3.42 million  in  Canada.  Two  thirds  of  the U.S. damages  were  to 

residences,  permanent  or  seasonal,  while 4 3  percent  of  Canadian 
damages  occurred  in  this  sector. In Canada  the  agricultural 
damages,  largely  losses  to  crops,  were  about  equal  to  residential 
damages  whereas  in  the  United  States  agricultural  damages  accounted 
for  only  about 7 percent of the U.S.  total. 

Since 1976 was  an  unusually  severe  flood,  it  cannot  be 
considered as typical  even  when  considered  within  the  context  the 

very  high  spring  levels  occurred  during  the 1969-78 period. 
Estimates  derived  from  the  Board's  data  for  a  more  typical  or 

"average"  year,  yield  average  annual  damages  of  about $3.6 million 
for  economic  conditions  prevailing  in 1976 of which $2.1 million 
would  be  in  the  United  States  and $1.5 million  in  Canada.  The 

Board  developed  these  damages  on  the  basis  of  response  to a 

questionnaire  received  from  a  representative  sample  of  affected 
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property  owners.  The  survey  developed  information on the  nature 

and  types  of  flooding at  all  levels  in 1976 up  to  an  elevation  one 

foot  above  the 1976 peak  along  with  an  assessment  of  damages 
sustained  in  past  years  of  high  levels.  On  the  basis  of  the 
Board's  analysis, it can  be  estimated  that,  typically, 58 percent 
of  damages  in  Canada  and 10 percent  of U . S .  damages  would  occur  in 

tne  agricultural  sector. 
The  timing of the  flood  peak  and  the  period  over  which 

waters  recede  are  important  factors  affecting  agricultural  crop 

damages.  Late  spring  peaks or slow  drawdowns,  which  extend  high 

levels  well  into  the  month  of  May,  either  result  in  delays  in 
planting  crops  and  hence  in  lower  productivity  or  the  substitution 

of  faster  growing,  lesser  value  crops.  Any  regulation  scheme 

developed  to  accommodate  environmental  criteria  should  take  into 
account  the  effects  of  reducing  the  rate  of  drawdown  on  planting 
time. In this  regard,  the  Commission  notes  that  economic  studies 
of  the  Board  reflect  an  expected  average  impact  of  both  unregulated 
and  regulated  water  levels  on  planting  times.  While  the 1976 flood, 
which  the  Board  used  as  a  reference  flood,  had  an  earlier  peak  and 
longer  duration  at  levels  between 98 and 100 feet  than  similar 
magnitude  floods  in  earlier  years,  this  was  not  believed  to  affect 
significantly  the  value of physical  damages  to  structures,  etc. 

Non-physical  damages  such as  restricted  access  to  non-agricultural 
sectors  would  have  been  affected  by  the  extended  duration  at  lower 

flood  levels,  but  not  above 100 feet.  The  Board  compensated  for 
this  difference in the  analysis by applying  adjustment  factors. 
On  the  other  hand,  non-physical  damages  to  agriculture  were  not 
considered  to  be  atypical  in 1976 since  the  unusually  high  spring 
peak  and  the  long  duration  of  flooding  was  assumed  to  be  offset  by 
the  early  date  of  the  spring  peak  and  the  early  recedence  to  below 
flood  levels.  The  flood  levels  ended at  approximately  the  same 
date  in  earlier  years  even  though  the  maximum  high  water  levels 
were  less  than  in 1976. 
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Environmental  Assessment 
The Commission believes t h a t  any scheme fo r   r egu la t ion   o f  

t h e  Lake  must  adhere t o   s p e c i f i c   e n v i r o n m e n t a l   r e g u l a t i o n   c r i t e r i a  
which p ro tec t   ex i s t ing   we t l ands   a s   fo l lows :  

(a)  maintenance of t h e  he t e rogene i ty   and   d ive r s i ty   o f   hab i t a t  
types   and   d i s t r ibu t ions   o f   the   wet lands ;  

(b )  preservat ion  of   required  acreages  needed t o  support  b i r d s ,  
fur-bear ing mammals, and fisheries resources ,  t h e  
ecosystems  dependent  on these v e r t e b r a t e s ,  and t o  prevent  
de te r iora t ion   or   endangerment   o f  these spec ie s ;  

(c)  and ,   a s su r ing   su f f i c i en t   ac reage  for  t h e  maintenance  of 
environmental aesthetic values   of  t h e  region as p a r t   o f  a 
gene ra l   "qua l i t y   o f  l i f e "  concept.  

Having stated the   gu id ing   p r inc ip l e s ,  a considerat ion  of  
assoc ia ted   i s sues   and   ques t ions   fo l lows:  

1. What are the   spec i f i c   eco log ica l   va lues   o f   we t l ands  
impor t an t   t o  t h e  Champlain-Richelieu  system? 

Wetlands  ecosystems in   t he   Un i t ed  States have a s p e c i a l  
s t a t u s   w i t h i n  Federal pol icy  for   the  environment .  Between  1950 
and 1 9 7 7 ,  the   Counci l  on  Environmental  Quality estimated t h a t  t h e  
Un i t ed  States l o s t  4 0  percent   o f  i ts  avai lable   wet lands  zones 
through  deve lopment   ac t iv i t ies .   This  loss amounted t o   n e a r l y  
48  m i l l i o n  acres a long   coas ta l ,   es tuar ine   and   in land   waterways  
a n d   h a s   l e d   t o   d e c l i n e s   i n   p o p u l a t i o n s   o f   b i r d s ,   r e p t i l e s ,   f u r -  
bear ing  mammals, and  precious fisheries resources .  The d e c l i n e  
i n   a c r e a g e  has been  accompanied  by  increasing  damages  attributable 
t o  f lood  plains   development ,  dumping of t o x i c  so l id  and l i q u i d  
wastes, and  what many people   bel ieve i s  a g e n e r a l   d e c l i n e   i n  
" q u a l i t y  of l i f e " .  

While the Commission i s  a n   i n t e r n a t i o n a l  body  and t h e r e f o r e  
n o t   l e g a l l y  bound by the  domestic l e g i s l a t i o n  and   po l icy   in  ei ther 
country,  t he  Commission i s  guided by the  gene ra l   p r inc ip l e s   o f  l a w  
common t o  both c o u n t r i e s  t o  a s s u r e   t h a t  i t s  cons ide ra t ions  are 
c o n s i s t e n t ,   t o   t h e   e x t e n t   p o s s i b l e ,  w i t h  these laws and p o l i c i e s .  
The fol lowing U.S. po l i cy   has   r ecen t ly  emerged  with  the  perspective 
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of rigorous  protection  of  wetlands.  The  Commission  is  sensitive  to 
this  policy  as  an  indicator of values. 

Presidential  Executive  Order, 11990 --Protection of 

Wetlands -- issued  in 1977 delineated  Federal  (United  States)  policy 
approaches  to  the  management  and  utilization  of  those  wetlands  under 
Federal  jurisdiction.  The  Order  recognized  the  wetlands  as 
important  to  erosion  control  and  sediment  control,  as  transition 
zones  between  aquatic  and  terrestrial  habitats  necessary  to  the 
propagation of aquatic  species  and  their  supportive  aquatic- 
terrestrial  ecosystems,  and  as  potential  nutrient  sinks  in 

the  prevention of reverine,  estuarine  and  coastal  eutrophication. 
The  Order  specified  no  construction  activities  in  Federally 
managed  wetlands (e.g. draining,  dredging,  diking,  channelizing, 
impounding,  and  use  of  structure  or  facilities  in  such  systems) 
unless  the  head  of  an  Agency  found  no  alternative.  Exceptional 
conditions  included  protection  of  life  and  property.  Many  states, 

including  New  York  and  Vermont,  have  adopted  similar  policies. 
The  motivation  behind  Executive  Order 11990 was the 

conclusion  that  the 40 percent loss of  wetlands  during  the  period 
of the 1950's to 1970's was  a  "result  mainly  from  unwise  land  use 

practices".  Despite  any  debate  about  what  constitutes  "wise  land 
use  practice",  there  are  no  debates  of  the  undesirability  of 

wetland  losses  of  the  magnitude  documented. 

Because  of  the  ecological  uniqueness of wetlands,  most  of 
the  properties  acquired  by  various  nature  conservancy  groups  have 
been  of  the  wetlands  types:  beach  and  dune  areas,  marshlands, 
coastal  marshes,  barrier  islands,  and  similar  ecotypes.  There  is 
also  a  strong  motivation  to  increase  the  size  of  available  wetlands 
through  removing  wetlands  properties  from  development  potential  and 
perhaps  adding  to  them  adjacent  areas  acquired  through  public or 
private  funds.  Against  this  scenario  many  environmental  and 
Government  groups  perceived  a loss  of wetlands  in  the  Champlain- 
Richelieu  system. 

The  Champlain-Richelieu  wetlands  are  inland  river-lake 
freshwater  marshes  unique  in  the  eastern  United  States  with  most  of 
the  comparable  systems  being  estuarine or connected  to  estuaries 
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through  the  inland  waterways  system  in  the  southern  States. 
Furthermore,  that  part  of  the  Champlain-Richelieu  System  which  lies 
within  the  United  States  remains  one  of  the  few  unregulated 
waterways. 

2. Which  types  of  wetlands  are  vulnerable  to  flow  management 
in  the  Champlain-Richelieu  System? 

Vulnerability  of  wetlands  depends  on  whether  one  is 
increasing or decreasing  water  levels  through  flow  management. 
There  are  five  types  of  wetlands  specified by  the  Board.  Three 

types  of  wetlands  in  Lake  Champlain  are  described  in  this  section 

and  are  of  primary  concern  for  their  ecological  relationships  to 
known  species  of  fish and  wildlife. Two  other  types  of  wetlands 
present  have  unknown  ecological  significance  and  have  not  been 
considered  in  most  of  "damage"  or  vulnerability  assessments. 

(a)  Trees  and  downed  terrestrial  vegetation.  This  wetland  type 
is  created  by  the  activities  of  animals  such  as  beavers,  or 
the  natural  flooding  of  forest  floor.  Inundation  would 
destroy  this  habitat.  Beavers,  if  important  to  this 
habitat,  could  go  elsewhere  if  a  non-urbanized,  wooded 

and  riverine  corridor  were  available.  Lack  of  such  a 
corridor  would  be  detrimental  to  other  animals as  well  which 

depend  on  this  habitat  for  food  and  nesting  grounds. 
(b)  Reeds  and  tall  grasses.  This  wetland  type  has  species 

such  as  cattails  and  papyrus.  Inundation  could  destroy 
this  habitat,  but  because  these  species  regenerate  from 
roots  in  the  sediments,  destruction  is  not  necessarily 
permanent.  Periods  of  inundation  usually  exist  to  allow 

access  of  fishes  and  invertebrates  to  breeding  substrate. 
Desiccation  periods  usually  coincide  with  arrival  of 
birds  for  nesting  areas.  The  issue  here  is  to  assure  that 
inundation-desiccation  cycles  do  not  disrupt  the  access 
to  the  area  required  of  the  desired  species  in  the  desired 
progression  through  an  appropriate  seasonal  interval. 

(c)  Macrophytes  and  submerged  aquatic  vegetation.  These 
habitats  are  sensitive  to  low  flow  and  only  sensitive 

to  high  flows  if  the  water  becomes  turbid  and  restricts 
the  access  of  light  to  the  plants. 
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3 .  What i s  the  r e l a t ionsh ip   be tween   eco log ica l   d ive r s i ty  
and  flow management? 

An ecological   hypothesis   which  guides  a l o t  of 
environmental  and theoretical b i o l o g i c a l   s t u d i e s   d e a l s  w i t h  
re la t ionships   be tween  the  number o f   d i f f e r e n t   t y p e s  of spec ie s  
i n  a p l ace  and t h e   p o p u l a t i o n   d i s t r i b u t i o n s   w i t h i n   t h o s e  
d i f f e r e n t   t y p e s  of spec ie s .  Th i s  r e l a t i o n s h i p  i s  known as 
d i v e r s i t y .   I n d i c e s   o f   d i v e r s i t y   m e a s u r e   o r   q u a n t i f y  the  p a t t e r n s  
of species numbers   and  populat ions  dis t r ibut ions.  

Many b i o l o g i s t s   b e l i e v e  t h a t  systems w i t h  "h igh   d ive r s i ty"  
are o f t e n   e c o l o g i c a l l y  "better" than  systems w i t h  " low  d ivers i ty"  
a l l  other th ings   be ing   equal .  However, it i s  v e r y   d i f f i c u l t  t o  
re la te  v a l u e s   o f   d i v e r s i t y   t o   v a l u e s  of e c o l o g i c a l   d e s i r a b i l i t y  
because   d ive r s i ty  i s  a comparative  measurement  dealing  only wi th  
popu la t ion   s t ruc tu re .  Some eco log i s t s   have  attempted t o  "prove" 
t h e o r e t i c a l l y  t h a t  highly  diverse   systems are e c o l o g i c a l l y  
d e s i r a b l e .  The pr imary   ev idence   in   favourof   the   hypothes is  i s  
tha t  polluted  systems,  which  have  reduced  species  numbers 
because   o f   t ox ic   cond i t ions ,   o r   popu la t ion   d i s t r ibu t ions   domina ted  
by nuisance   o r   undes i rab le   spec ies ,   have  lower va lues  of d i v e r s i t y  
indices   than  nonpol luted  systems.  The comparison i s  not   wi thout  
exception,  and  ecologists  have  documented many systems  of  very 
low d i v e r s i t y  t h a t  were eco log ica l ly   des i r ab le   because   t hey  
suppor t  rare and  endangered l i f e  forms. 

A factor which b i o l o g i s t s  have established as c r i t i c a l  to 
d i v e r s i t y  i s  he terogenei ty ,  o r  t h e  s t r u c t u r a l   d i f f e r e n c e s  among 
habi ta t s .   Pu t   s imply ,  the more d i f f e r e n t   k i n d s   o f   h a b i t a t s  
p re sen t ,   t he  more d i f fe ren t   k inds   o f   spec ies   can   be   suppor ted .  
Des t ruc t ion  of habi ta t  types  removes t h e  p o t e n t i a l   f o r   c e r t a i n  
types  of  species  and  reduces the upper l i m i t  of achievable  
d i v e r s i t y .  

It  i s  feared t h a t  management of flows i n  the  
Champlain-Richelieu  system may r e s u l t   i n  a lowering of d i v e r s i t y  
through habi ta t  d e s t r u c t i o n .  On the other   hand,  management 
o f   f l ows   does   no t   necessa r i ly   r e su l t   i n  loss of habi ta t  and 
lowering of d i v e r s i t y .  
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4.  Are  wetlands  manageable  through  flow  control? 

The  answer  is  "Yes",  providing  one  has  decided  what  is  to 

be  managed.  The  Champlain-Richelieu  study  groups  and  Boards 

have  examined  a  variety  of  flow  regimes  and  their  environmental 
impacts.  The  primary  thrusts  of  these  evaluations  were  the 
mitigation  of  flood  damages,  the  preservation  of  cold  water 
fisheries  using  the  northern  pike  (Esox  lucius)  as  an  indicator 
species,  and  preservation  of  wetlands  areas.  As  a  first  basis 
for  flow  regulation,  several  structural  alternatives  and  flow 
regulation  plans  were  evaluated. A gated  structure  at  St.  Jean, 
operated  in  accordance  with  Plan FCE-1, was  found  to  satisfy 
the  environmental  criteria  developed  from  studies of the 

fisheries  and  wetlands  research  and  assessment  projects  more 

closely  than  the  other  concepts. 

If  to  this  basic  flow  regulation  scheme  maintenance of 
species  diversity  through  prevention  of  habitat  simplification  is 

added,  flow  management  can  achieve  the  desired  flood  protection 

and  maintain  the  wetlands  ecology. 

To  manage  for  diversity,  one  assesses  the  current 
distribution  of  habitat  types,  their  current  productivity  levels, 
and  species  distributions  and,  on  the  basis  of  regulatory 
criteria  to  meet  these  factors,  devises  a  plan  which 

(a)  maintains  the  habitat  distribution,  and 
(b)  maintains  sufficient  habitats  to  assure  productivity 

levels. 
With  the  habitat  distribution  assured,  the  biotic  potential  for 
species  distributions  is  assured.  With  habitat  size  maintained, 
population  structures  are  maintained. 

It is  the  belief  of  the  Commission  that  flow  management 
schemes  derivable  and  refinable  from  Plan  FCE-1  are  capable  of 
accommodating  the  environmental  criteria.  Thus,  the 
Commission  believes: 

(a) Regulation  of  flows  in  the  Richelieu  River  and  thus 
control on levels  in  Lake  Champlain  are  possible 
which  will: 
(i)  protect  habitat  heterogeneity  and  diversity: 
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(ii)  assure  acreage  for  the  support  of  fisheries  and 

wildlife  which  are  desirable  in  the  region: 

(iii)  mitigate  flood  damages  to  agricultural  and  other 
property. 

(b)  That  such  regulation  is  achievable  using  a  system 
based on the  gated  structure  with  a regulation.plan 
such  as  FCE-1. 

5. What  environmental  factors  make  regulation  either 
desirable  or  undesirable? 

The  Commission  believes  that  regulation  is  feasible, 

but  points  to  an  approach  which  allows  for  the  undoing of 
regulation  if  later  on  management  is  shown  to  be  problematic. 

The  approach  built  into  FCE-1  permits  a  return  to  an  unregulated 

state  at  a  future  time  should  this be  necessary  because  a 
gated  structure  does  not  create  a  permanent  impoundment,  and 
thus  does  not  have  accompanying it any of  the  environmental 
problems  associated  with  permanent  impoundments.  Furthermore, 

during  periods of low water  supply  the  gates  can  be  operated 
to  enhance  the  environment. . 

In the  environmental  studies  performed,  the  northern 
pike was  chosen  as  an  indicator.  The  northern  pike  requires 

substrate  during  its  spawning  cycle,  and it was  believed  that 
the  submerged  macrophytes  and  freshwater  meadows  were  the  prime 
habitat  for  spawning.  Many  studies  of  the  northern  pike 
have  demonstrated  the  adaptability  of  the  pike  to  a  wide  variety 
of  substrate  situations. 

A second  issue  is  "accessibility"  depth.  The  current 
plan is based on the  need  for 0.5 foot  depth  of  water  above  the 
vegetation  level  for  an  extended  period  of  time  during  the 
spawning  season  to  allow  egg  hatching  and  development  of  fry. 
Also, adult  fishes  need  a  minimum  depth  above  the  vegetation 
level  to  reach  the  spawning  substrate.  Using  sedges  and 
freshwater  meadows  as  the  vegetative  substrate,  a  level  of 98.5 

feet for  the  spawning  season  was  considered  to  be  a  desirable 
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l e v e l  t o  be achieved as o f t e n   a s   p o s s i b l e .  Later d i scuss ions  
o f   t h e   u n c e r t a i n t i e s   i n  the  access ib i l i ty   depth   requi rement  
focused  on the poss ib le   need   for   an   e leva t ion  of 99.5 feet  
as being more nea r ly   t he   goa l .   Th i s   add i t iona l   one   foo t  is  
c r i t i ca l  i n   f l o o d  damage assessments.  

Ano the r   a spec t   pe r t a ins   t o  a 39-year  hydrological  record 
subject t o   i n t e n s i v e   m o d e l l i n g   e f f o r t s .  It  w a s  found t h a t  i n  
13  of  those years ,   randomly   d i s t r ibu ted ,  the  98.5 f o o t   l e v e l  
was achieved   for  a per iod  of  4 0  days. Th i s  would suggest  on 
a long-term  average basis, t h a t  one  out  of three y e a r s   a t  
e levat ion  98.5  assured a success fu l   yea r  class f o r  the  pike.  
The 13   ou t   o f  39 s ta t is t ic  has led t o  some confusion,  and the 
p o i n t  has been raised before  t h e  Commission t h a t  what i s  needed 
i s  n o t  a long-term  average of one  out  of three yea r s   bu t  a 
requirement  of  one  year  in  any three consecut ive  year   per iod 
a t   e l e v a t i o n   9 8 . 5 .  

* 
The  Commission a c c e p t s   t h e  13  out   o f  39 concept   ra ther  

than t h e  one  out  of three concept  because  of the  period  from 
1 9 4 1  t o  1 9 5 2 ,  a run  of 1 2  yea r s ,  the  one  out  of three requi re -  
ment was n o t  met, and   the   nor thern   p ike   f i sher ies   remained   v iab le .  
Also, i f  t h e  period  from 1 9 7 1  t o  1 9 7 6  i s  i n d i c a t i v e   o f   t r e n d s  
i n   n a t u r a l  water l e v e l s   i n  the  a r e a ,   t h e r e  w i l l  be no problem 
in   mee t ing   t he   98 .5   l eve l   o r   g rea t e r   and   hav ing   t o   con tend   w i th  
a one  out  of three   year   requi rement .   That  i s ,  t h e  run   of   da ta  
i n   r e c e n t   y e a r s   s u g g e s t s   a g a i n  t h a t  p ike  are s t r o n g   i n  t h e  
Champlain-Richelieu  and  control w i l l  n o t  lower t he  l e v e l s   t o  
their de t r iment .  If one  considers  t he  h i s t o r i c a l  record as 
c y c l i c   a n d   a n t i c i p a t e s  t h a t  e a r l y   y e a r s   i n  t he  hydro logica l  
record w i l l  r epea t   themselves   regard less   o f  recent high 
l e v e l s ,   t h e n   o p e r a t i o n   o f   t h e   g a t e d   s t r u c t u r e   t o  meet environ- 
m e n t a l   c r i t e r i a  may n o t  be necessary  during low supply  years.  

* The one  out   of  three year   consecut ive data means t h a t  one  year 
i n   e v e r y  three must meet t h e  flow  requirement. If t h i s  
s i t u a t i o n  is  invoked, it i s  not   poss ib le  w i t h  any  flow  plan 
cur ren t ly   under  Commission rev iew  or   condi t ions  t h a t  would occur 
i n   n a t u r e   t o   a c h i e v e   t h e   r e q u i r e d  flow and a c c e s s i b i l i t y   d e p t h .  
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The  Commission  believes it is  possible  to  manage  to 

protect  habitat  heterogeneity  and  species  diversity  with  a  gated 

structure.  One  is not locked  into  a  fixed  level  in  the  Lake 

with  this  kind  of  control.  Among  the  options  proposed  were 
those  which  would  have  fixed  a  target  level  in  the  Lake, 
and  the  structure  used or management  plan  followed,  as 
appropriate,  to  manage  all  flows  above  the  target  level  without 
differentiation  among  levels  and  times  for  special  circumstances. 
A gated  structure  allows  special  circumstances  to  be  incorporated 
into  the  flow  management  plan so that  the  target  regulatory 
levels  can  be  changed.  Different  levels  might  also  be  managed 
at  different  times. 

The  biotic  communities  which  have  evolved  in  Lake 
Champlain  have  attuned  themselves to certain  cycles  in  Lake 

levels  and  environmental  conditions.  Many  of  these  cycles 
have  strong  random  components. It is usually  found  that  the 
organisms  which  are  capable  of  withstanding  random  environmental 

fluctuations  are  often  hardier  than  those  which  must  exist 
within  narrow  limits.  At  certain  times of the year,  when 
conditions  in  the  Lake  are  quiescent  and  environmental  conditions 
relatively  unchanging,  for  example  in  mid-summer,  the  organisms 

which  dominate  the  community  may  include  some  with  narrow 
tolerances.  The  same is  true  for  a  period of time  in  the  early 
spring or autumn  when  conditions  are  again  fixed.  This 
assures a succession of resident species during a seasonal 
cycle,  and  again  heightens  diversity.  Since it is  possible 
to  regulate  flows  many  ways  with  a  gated  structure,  it is 
possible  to  manage  flows so that  species  with  wide  tolerances 
only or species  with  restricted  tolerances  only,  do  not  dominate 
the  system.  Thus by assuring  succession  of  species  in  a ’ 

seasonal  cycle,  one  manages  for  diversity  also. 
Finally,  because  the  organisms  have  evolved  to  accommodate 

random  fluctuations of water  levels  in  their  cycles,  the loss 

of  the  wetlands  through  flow  management,  especially  the  fresh- 
water  meadows,  should not occur. It is  possible  and  indeed 
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feasible t o  manage these meadows f o r  no n e t  loss o f   h a b i t a t  
over a decade cyc le .  However, t h e  Commission must   po in t   ou t  
t h a t  managing  f lows  for   divers i ty  i s  no t   t o t a l ly   compa t ib l e  
wi th  added development  of t h e  f l o o d   p l a i n s   a r e a .  The 
reason for  this i s  t h a t  a t  least  once i n   t e n   y e a r s ,  the  
management p lan  has t h e  bu i l t - i n   p robab i l i t y   o f  a damaging 
f lood  for  any new development. 

Effect of Chambly Canal  and Weed Growth 
A t  least  two in f luences  on water l e v e l s   d e s e r v e   a t t e n t i o n .  

A g r e a t  deal of comment w a s  received by t h e  Commission  on the 
water l e v e l   e f f e c t s   o f  the  widening of t h e  Chambly Canal 
between 1 9 7 0  and 1 9 7 4 .  I t  has  been  generally  concluded t h a t  
t h i s  p r o j e c t  had some e f f e c t  on  Lake  Champlain leve ls ,   and  
t h e  Commission wrote t o  t h e  Government of Canada i n   J u l y  1979  
b r i n g i n g   t h i s  matter f o r m a l l y   t o  i t s  a t t e n t i o n .  The ques t ion  
of the  e x t e n t   t o  which  the Chambly Canal  widening has a f f e c t e d  
Lake Champlain levels   has   been  debated  considerably.  The best 
estimate, based on mathematical models and tests c a r r i e d   o u t  
by Parks Canada i n   t h e   s p r i n g   o f  1 9 7 9 ,  appea r s   t o   be  from 0.25  
t o  0 . 3 3  f o o t  when flows are over 3 0 , 0 0 0  c f s .  

Another  impact on water levels is  t h a t  caused by excess ive  
weed growth i n  Lake Champlain  and t h e  Richelieu  River.   Aquatic 
weeds i n c r e a s e   f r i c t i o n   i n  the River   channel   caus ing   re ta rda t ion  
i n  flow, thereby   increas ing  Lake l e v e l s  and   they   a l so  decrease 
t h e  e f f e c t i v e   c r o s s - s e c t i o n a l  area of the  River. The in f luence  
of so many v a r i a b l e s   i n c l u d i n g   n u t r i e n t s   e n t e r i n g  t h e  system, 
temperature,  magnitude,  duration  and  timing  of  peak  flow, 
and the subsequen t   runof f   d i s t r ibu t ion ,   r e su l t   i n  t he  weed 
growth  having  varying effects on Lake l e v e l s  from y e a r   t o   y e a r  
and   a l so  from month t o  month i n  the  same year .  The impact i s  
maximum i n  the month of  August  and minimum between November 
and A p r i l ,  based on a v a i l a b l e  data presented by the  Board. 
Since most weed growth   occurs   in   the  summer months,   there is  
an  impact  of  slowing summer and f a l l  water discharges  from 
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the  Lake which c a n   r e s u l t   i n   s l i g h t l y   h i g h e r   p r e - f l o o d  Lake 

l eve l s   du r ing   t he   nex t   sp r ing .   Dur ing  t h e  l a s t  25 yea r s ,  
t h e  Board  concluded tha t   t he   ave rage  Lake l e v e l s   d u r i n g  summer 
have  increased by 0.57 f o o t   d u e   t o  weed growth. No estimates 
of  average damages a t t r i b u t a b l e  t o  excess ive  weed growth are 
a v a i l a b l e .   I n   a d d i t i o n ,   d u r i n g  some yea r s ,  t he  Board found 
t h a t  t he  e f f e c t   o f  weeds was t o  raise t h e  l a te  spring  and 
summer l eve l s   ex t end ing  the  peak  flow  season,  and  thereby 
making it d i f f i c u l t   t o  assess accura t e ly  the effect  of   canal  
widening  separately  from other phys ica l   changes   t ak ing   p lace  
i n  t he  River  system.  Appropriate  agencies  in each country 
should take co r rec t ive   ac t ion   t o   compensa te  for  these effects. 

Eva lua t ion   o f   S t ruc tu ra l   So lu t ions  
The o b j e c t   o f   s t r u c t u r a l   s o l u t i o n s  i s  t o  reduce  the 

frequency  of  extreme  high  and low water l eve l s   and  a t  t he  same 
time maintain the  i n t e g r i t y   o f  Lake Champlain  and the Richel ieu 
River.  Thus, it i s  necessary t o  excavate  through the  S t .  Jean 
s h o a l ,   t h e   n a t u r a l   h y d r a u l i c   c o n t r o l  of the  outflows  from 
Lake  Champlain, to  inc rease  the d ischarge   capac i ty   o f   the  
Richelieu  River.   This  would  allow  the  passage  of  f lood waters 
a t  a lower   Lake   e leva t ion .   In   o rder   to   p revent  a permanent 
lowering  of Lake Champlain  an a r t i f i c i a l   c o n t r o l  t o  l i m i t  t h e  
outflow a t  lower Lake e l e v a t i o n s  i s  necessary.  This  can be 
accomplished w i t h  the  e x i s t i n g   F r y e r s   I s l a n d  Dam af ter  completion 
of such works as d ik ing ,  a ga t ed   s t ruc tu re   nea r   S t . J ean ,  or a 
f i x e d  crest  weir. 

Common t o  a l l  s t r u c t u r a l   s o l u t i o n s  i s  t h e  excavat ion  of  
a channe l   i n  t he  Richelieu  River  through the  S t .  Jean shoal, 
700  feet  wide,  8000  feet long  and a bottom e leva t ion   o f  85.0 GSC 
(Geodetic Survey of Canada)  datum. T h i s  would require   removal  
of approximately 320 ,000  cubic   yards  a t  a cost of $ 3 . 3  mil l ion .  
The dredging would  have  minor  impacts  on some of the  e x i s t i n g  
works. The eel  f i s h e r y  would be relocated downstream  from  Fryers 
I s l a n d .  

A s  noted earlier,  the  costs of dredging  and a l l   s t r u c t u r e s  
are based  on 1977 Canad ian   p r i ce   l eve l s ,  wh i l e  t h e  benef i t s   and  
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non-structural   measures  are based on 1 9 7 6  dol lars  i n  t he  country 
i n  which  they  occurred. The i n t e r e s t   o r   d i s c o u n t  ra te  used was 
7.5  percent   over  the  5 0 - y e a r   p r o j e c t   l i f e .  

Fryers   I s land  Dam,  l oca t ed   abou t   f i ve  miles downstream  from 
S t .  Jean ,   has   31   cont ro l   ga tes   each  30 f e e t  wide  and  12.5 f e e t  
high  and w i t h  a s i l l  e l eva t ion   o f  83.2 feet  GSC. The gates   can be 
opera ted  so as to   ma in ta in  a f ixed   poo l   e l eva t ion  as high as 
95.5. When t h e  flow i n  t h e  Richelieu  River i s  4 0 , 0 0 0  cfs o r  
g r e a t e r  t h e  l e v e l   o f  Lake Champlain  can be drawn down by as much 
as 1 . 8  feet .  Under n a t u r a l   c o n d i t i o n s  the discharge  from Lake 
Champlain i s  30,000 c f s  when the Lake i s  a t   e l e v a t i o n  9 9 . 1 .  The 
same discharge  can be achieved by ope ra t ing   F rye r s   I s l and  Dam 
wi th  a pool   e leva t ion   of  95.5  and a Lake e l eva t ion   o f  98.5 or  
0 . 6  f o o t  lower: o r   w i t h  a poo l   e l eva t ion  of 9 4 . 0  and a Lake 
e l eva t ion   o f  97.8 o r   1 . 3  feet  lower. For discharges  of  20 ,000  c f s  
o r  less Lake Champlain  can be maintained h igher  than would occur 
under   na tura l   condi t ions .  

Diking  and  drainage works are required  between S t .  Jean 
and   F rye r s   I s l and   t o   p ro t ec t   p rope r ty  as a r e s u l t  of maintaining 
a p o o l   l e v e l  of ei ther 94 .0  o r  95.5 a t  t h e  dam. The improvements 
p lanned   for   the  Chambly Canal,  such as r ep lac ing  Lock #9  would 
not   be   necessary ,   s ince  t h e  Canal  would  terminate a t  Fryers  
I s l and   i n s t ead   o f  S t .  Jean. The c a p i t a l   c o s t   s a v i n g s  would  amount 
t o  $1.5  mil l ion.  

In   addi t ion  to   channel   dredging  improvement   to  F rye r s  
I s l a n d  Dam would c o s t  $250,000.  Diking  and  drainage  works  would 
cost   $9,643,000.  The estimated annual   cos t  would  be  $1,344,000. 
The F r y e r s   I s l a n d   p r o j e c t  would  reduce  the  average  annual  damages 
by 74 percent .  T h i s  represents   an  average  annual   reduct ion  of  
$ 1 . 4 0  m i l l i o n   i n  Canada  and $1 .70  m i l l i o n   i n   t h e   U n i t e d  States and 
an o v e r a l l   b e n e f i t / c o s t   r a t i o  of 2.3. If t h e  gates a t  Fryers  
I s l a n d  are o p e r a t e d   t o  a maximum environmental   benefi t  the  average 
annual  f lood damage prevented   in  Canada would be $1.32 m i l l i o n  
and i n  t h e  United States $1.55 w i t h  a n   o v e r a l l   b e n e f i t / c o s t   r a t i o  
of 2 . 1 .  

F rye r s   I s l and  Dam can   be   opera ted   to   main ta in   an   e leva t ion  
of 97.5  on Lake Champlain f o r  4 0  days when t h e  flow is  greater than 
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2 0 , 0 0 0  cfs.  With a flow of 1 0 , 0 0 0  cfs the Lake would be a t  
e l e v a t i o n  96 .4 .  T h i s  i s  due t o  the height   of  t h e  cont ro l   ga tes   and  
the   backwater   e f fec t .  A l l  of   the  environmental  c r i te r ia  cannot 
be met. 

The g a t e d   s t r u c t u r e  a t  S t .  Jean,  which was recommended  by 
the  Board, i s  a n o t h e r   s t r u c t u r a l   a l t e r n a t i v e .  The s i x  sector g a t e s  
are hinged on the  downstream  side. When f u l l y  open  the crest of 
the g a t e s  i s  a t  the same e l e v a t i o n  as t h e  channel  bottom; when f u l l y  
c losed  t h e  crest  e l e v a t i o n  i s  95.0 GSC. Thus t h e  gates a c t   a s  a 
set of  moveable weirs which provide   the  maximum f l e x i b i l i t y   p o s s i b l e .  
The outflow  can be operated  to   enhance  natural   spawning  condi t ions,  
t o  decrease f lood  damage o r   t o   l e n g t h e n  t h e  dura t ion   of  selected 
water l e v e l s .  The Commission i s  of t h e  opinion t h a t  t h e  gated 
s t r u c t u r e   c a n  be opera ted  t o  meet a l l  t he  environmental c r i t e r i a .  

The s t r u c t u r e  i s  capable   of   discharging a f lood  f low  of  
4 0 , 0 0 0  cfs  when the   e l eva t ion   o f  Lake  Champlain i s  a t  e l e v a t i o n  9 9 . 1  
o r  1 . 9  fee t   lower   than   the   e leva t ion   requi red   under   na tura l  
c o n d i t i o n s   f o r   t h e  same discharge .  The average  annual  peak  level  of 
Lake Champlain,  99.8  feet,  would  be  reduced by 1 . 2  f e e t .  The crest 
of the ga tes   can  be raised t o  maintain a Lake e l e v a t i o n  98.5 o r  
higher  whenever  required. The devia t ion   f rom  na tura l  Lake l e v e l s ,  
be it higher  or  lower,  would  depend upon t h e  cr i ter ia  adopted, t h e  
regulation  plan  selected  and  improved  f lood  forecasting.  Those  used 
by the Board i n  their f e a s i b i l i t y   s t u d y  are pre l iminary   and   subjec t  
to ref inement .  

The es t imated  cost of new g a t e d   s t r u c t u r e  a t  S t .  Jean w i t h  
1 0  f o o t   s e c t o r  gates would be $16.07  mi l l ion   inc luding   channel  
dredging. The annual costs would be $ 1 . 4 1  mil l ion.   Using the t r i a l  
p lan  of r e g u l a t i o n ,  FCE-1, t he  Board estimated t h a t  the  gated 
s t r u c t u r e  a t  S t .   J e a n  would  reduce  the  average  annual  damages by 
6 2  percent .  This  represents   an   average   annual   reduct ion  of $ 1 . 1 4  
m i l l i o n   i n  Canada  and $1 .46  m i l l i o n   i n  t h e  United  States   and  an 
o v e r a l l   b e n e f i t / c o s t   r a t i o  of 1 .8 .  

A f i x e d  crest weir a t  St .Jean i s  a n o t h e r   s t r u c t u r a l   o p t i o n .  
I t  would  have a crest e l eva t ion   o f  92 .85  GSC, nea r ly  e i g h t  feet 
above the  dredged  channel.   Dredging  permits t h e  s t r u c t u r e   t o  
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opera t e  as a f ree  flowing 
S t . J ean   shoa l   r a i s ing  the 
by the weir. The maximum 
maximum capac i ty   o f  the  R 

S t .  Jean. 
i 

weir a n d   e l i m i n a t e s   t h e   p o s s i b i l i t y   o f   t h e  
water l eve l s   h ighe r   t han   t hose   d i c t a t ed  
discharge  of  t h e  weir is  e q u a l   t o  t h e  
chel ieu  River   between Lake Champlain  and 

The d ischarge   capac i ty   depends   so le ly  upon the  l e v e l  of 
Lake Champlain. I t  has the c a p a b i l i t y   t o   d i s c h a r g e  a g r e a t e r  volume 
of water t h a n   n a t u r a l   c o n d i t i o n s ,   p a r t i c u l a r l y   d u r i n g  the  sp r ing  
peak.  For  example, when Lake Champlain i s  a t   e l e v a t i o n  99.1 the  
discharge under   na tura l   condi t ions  is  3 0 , 0 0 0  c f s  whereas t h e  
d ischarge  w i t h  a weir would  be 40,000 c f s  w i t h  the  same Lake 
e l e v a t i o n .   S i m i l a r l y ,   n a t u r a l   c o n d i t i o n s  would r e q u i r e  a Lake 
e l eva t ion   o f  100.0 t o   d i s c h a r g e  40,000 cfs.  Furthermore t h e  lower 
the  rate of   discharge,  the  smaller t h e  difference  between the  Lake 
l eve l   r equ i r ed   unde r   na tu ra l   cond i t ions  and the  f ixed  crest  weir. 
The d i f f e r e n c e  fo r  2 0 , 0 0 0  cfs  is  0.8 f o o t  and f o r  1 0 , 0 0 0  c f s ,  
0 . 3  f o o t .  The same l e v e l  i s  requi red  for  an  outflow  of 5 , 0 0 0  c fs .  

Thus, the  weir d u p l i c a t e s  the  natural   rhythm  of  water 
l e v e l s .  I t  reduces  extreme  levels  between 1 . 0  and 1 . 9  feet ,  
ma in ta ins   ave rage   l eve l s   and   s l i gh t ly   r a i se s   ex t r eme  low l e v e l s .  
A f i x e d  crest weir r e f l e c t s   n a t u r a l   c o n d i t i o n s  i n  t h a t  t h e  Lake 
l e v e l s  would  be  low  during  periods  of low runoff .  Such a s i t u a t i o n  
e x i s t e d   d u r i n g  t h e  1940's and 1960's and w i l l  occur   again.  The 
durat ion  of   high or low l e v e l s  would  be duplicated  because  peak 
l e v e l s   o n l y  l a s t  a f e w  days. 

The f ixed  crest weir cannot   regula te  the l e v e l s  of Lake 
Champlain s i n c e  there a r e  no c o n t r o l s .  The f i x e d  crest  weir could 
n o t  meet the c r i t e r i a   d e v e l o p e d  by the  Environmental  Impact 
Committee. 

The estimated c o s t   o f  the  f i x e d  crest  w e i r  including  channel  
dredging would be $7.87 m i l l i o n  wi th  an  annual cost of $0.67 mi l l i on .  
I t  would  reduce t h e  average  annual damages by 5 2  percent .  T h i s  

represents   an   average   annual   reduct ion   of  $0 .95  m i l l i o n   i n  Canada 
and $1.23 m i l l i o n   i n  the  United States and   an   overa l l   benef i t /cos t  
r a t i o  of 3.3. T h i s  a l t e r n a t i v e   h a s  t h e  lowest  cost   and the  h ighes t  
b e n e f i t / c o s t  ra t io .  
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Economic Evaluation  of  Regulation  Plans 

The Board   inves t iga ted   in  de t a i l  three r e g u l a t i o n   p l a n s   f o r  
the g a t e d   s t r u c t u r e   i n  the  S t .  Jean  Rapids.  Plan FCE-1 had a sp r ing  
t a r g e t   e l e v a t i o n  of 98.5 f e e t ,   P l a n  FCE-2 had a s p r i n g   t a r g e t   l e v e l  
of  98.0 f e e t  and  Plan FCE-3 had a s p r i n g   t a r g e t  level of 97 .0  f e e t .  
Al though  the   es t imated   benef i t /cos t  ra t ios  f o r  the three p lans  were 
similar, FCE-1 best sat isf ied the  environmental c r i te r ia  developed 
by the Board. If the  target e l e v a t i o n  i s  changed,  then the  balance 
o f   b e n e f i t s  would be changed. 

The Board, as a r e s u l t   o f  i t s  a n a l y s i s  of r egu la t ion   p l an  
FCE-1, conc luded   tha t   the   p lan   could   se rve  as t h e   b a s i s  fo r  
developing a more d e f i n i t i v e   p l a n   o f   r e g u l a t i o n .  The f lood  
forecast ing  procedures   used  by t h e  Board   p rovide   be t te r   regula ted  
l e v e l s  and  flows  than  would  be  possible  without a forecast .   Fore-  
casts  are i n  an   ea r ly   s t age  of development. As experience i s  gained, 
ope ra t iona l   t echn iques  are improved  and  more d a t a  are acquired,  t h e  
fo recas t s   can  be u t i l i z e d   t o  improve  regulation. A t  p resent   they  
a re   used   on ly  t o  i n d i c a t e  whether t h e  forecast volume  would be 
g r e a t e r  o r  less t h a n   t h e   h i s t o r i c a l  mean inflow  volume.  With 
cont inuing  improvement   of   the   forecast ,   the   regulat ion  plan  can 
be modified so as t o  better meet the  cr i ter ia  f o r   r e g u l a t i o n .  

The b e n e f i t s  f rom  regulat ion  represent   reduced damage t o  
r e s i d e n c e s ,   a g r i c u l t u r a l   p r o d u c t i o n ,   r e c r e a t i o n a l   f a c i l i t i e s  
(marinas ,   campsi tes ,  beaches), publ ic   u t i l i t i es   and   commerc ia l   and  
indus t r ia l   deve lopment .  The Board estimated tha t  the  ga ted  
s t ruc tu re ,   ope ra t ed   i n   acco rdance  w i t h  Plan FCE-1,would reduce 
these damages i n  t o t a l  by about  60  percent .  

The Commission also no te s  t h a t  regula t ion   used  w i t h  the 
gated s t r u c t u r e  and  dredging  would  provide t h e  o u t f l o w   f l e x i b i l i t y  
r equ i r ed   t o   cope  w i t h  t he  upward t r end  of Lake l eve l s   caused  by 
weed growth i n  the  Richelieu  River  and the  widening  of t he  Chambly 
Canal. 

Las t ly ,   r egu la t ion   pe rmi t s  the r a i s i n g   o f  the  minimum flows 
i n  the Richel ieu  River   during  drought   per iods  with  the  a t tendant  
environmental ,  aesthetic and  public hea l th  b e n e f i t s .  

I n  i t s  cons ide ra t ion  of the b e n e f i t s  from regu la t ion ,  the 

Commission took  note of a number of   po in ts  raised i n   s t a t e m e n t s  a t  
t he  pub l i c   hea r ings .  
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Some witnesses  argued t h a t  t h e  zero f lood  damage leve l   used  

by the  Board, 9 7 . 0  feet ,  was t o o  l o w ,  t h u s   o v e r s t a t i n g  the  b e n e f i t  
o f   regula t ion .  They suggested t h a t  damages cons idered   in  t h e  
benefi t   determinat ion  should  be  those  occurr ing  above  the  average 
annual   peak  e levat ion  of  Lake  Champlain  which  they s t a t e d   t o   b e  
99.5 feet rather than  those  above  the  one-year  event  of 97.0 f e e t  
as   developed by the Board. The Board considered t h a t  t h e  minor 
damages below 97 .0  feet  were no t   f l ood  damages bu t   r ep resen t  the  
normal c o s t  of us ing   t he   sho re l ine   o f   t he  Lake. While t he  Commission 
apprec i a t e s  the  argument by witnesses, it recognizes  t h a t  s tandard 
procedure   in  t h e  United States i s  t o  assess t h e  bene f i t s   o f   f l ood  
p r o t e c t i o n  works t o   i n c l u d e   t h e   f u l l   r a n g e   t h a t  damage i s  reduced. 
T h i s  i s  pub l i c   po l i cy  as p r a c t i s e d  by U . S .  federal agencies  having 
n a t i o n a l  water con t ro l   func t ions  and i s  t h e  basis f o r   c o s t / b e n e f i t  
determinat ion on f e d e r a l   p r o j e c t s ,  w i t h  t h e  consequent effect  on 
n a t i o n a l   p r o j e c t   p r i o r i t y .  The Board's  methodology i s  a l s o  
c o n s i s t e n t  w i t h  c u r r e n t   p r a c t i c e s   i n  Canada. The  Commission has 
u t i l i z e d  a similar p o l i c y   i n  i t s  assessment  of b e n e f i t s  i n  i t s  1 9 7 6  
r e p o r t  t o  Canada  and the   Un i t ed   S t a t e s  on fu r the r   r egu la t ion   o f   t he  
Great Lakes. 

Testimony a t  t he  publ ic   hear ings  suggested t h a t  the 
a g r i c u l t u r a l  damages i n  Canada repor ted  by the Board may be, on one 
hand, too high  and, on the  other   hand,  too low. With r e s p e c t  t o  
a g r i c u l t u r a l  damages i n  Quebec,  which  the Commission understands i s  
one of t h e  pr imary   concerns   in   p rovid ing   f lood   cont ro l ,  t he  
Commission wishes t o   n o t e  some concern  over   the  precis ion  of  t h e  
damage estimation  methodology. The s t a g e  damage c u r v e s   f o r  
a g r i c u l t u r e  were based on a sample   survey   of   agr icu l tura l   p roper t ies  
i n  t he  f lood   r eg ion   i n  1 9 7 6 ,  bu t   w i thou t   p rec i se   de l inea t ion  of 
f looded   a reas  on detailed topographical  maps. Never the less ,   the  
e s t ima t ion  of damages i s  adequate   to  show s ign i f i can t   impac t s  on t h e  
Quebec   ag r i cu l tu ra l  community  and crop  productivity  from  extreme 
high water l e v e l s  which can be a l l e v i a t e d  by water l e v e l   r e g u l a t i o n .  

Evaluation  of  Non-Structural  Measures 
A s  pa r t  of i t s  assessment,  the Board considered  var ious 

non-structural   measures   for   prevent ing flood damages. These were 
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evaluated  both as independent remedial measures  and,  for  those  found 
t o  be c o s t - e f f e c t i v e ,   i n   c o n j u n c t i o n  w i t h  s t r u c t u r a l   a l t e r n a t i v e s .  
They  recommended f lood   forecas t ing   and   f lood   p la in   regula t ion ,  w i t h  
average   annual   benef i t s   o f  $76 ,000 .  Flood-proofing would inc rease  
b e n e f i t s   t o   j u s t   o v e r  $1 mi l l ion .  The  Commission notes,  however, 
t h a t  these measures   a lone  despi te  the i r  h igh   bene f i t / cos t  ra t ios ,  
would do l i t t l e  t o  a l l e v i a t e  damages occurr ing  from extreme water 
l e v e l s  and  hence  would  not  adequately address the problem  posed by 
t h e  Reference. The damages prevented would represent   on ly   about  
8 percent   of   average  annual  flood damages o c c u r r i n g   i n  t he  United 
States and 32 percent   in   Canada,  or 18  percent  of  the  combined 
t o  t a l .  

These  measures  would  be  desirable as anc i l l a ry   measu res   t o  
a s t r u c t u r a l   s o l u t i o n  t o  f lood  damage. The Board  estimated t h a t  
i nc remen ta l   annua l   bene f i t s  of $349 thousand  from  forecasting  and 
f l o o d   p l a i n   r e g u l a t i o n  would inc rease  the  benef i t s   expec ted   f rom 
FCE-1 t o  $2 .94  m i l l i o n ,   w i t h   n e t   b e n e f i t s  a f te r  costs of  $1.48 
m i l l i o n   o r  a bene f i t / cos t   o f  2 .0 .  T o t a l   b e n e f i t s  would inc rease  
s l i g h t l y  by adding  f lood-proofing,   to  $2 .99  m i l l i o n   b u t  w i t h  a 
s l i g h t l y  lower bene f i t / cos t   r a t io .   S imi l a r   i nc remen ta l   bene f i t s  
would be expec ted   w i th   o the r   s t ruc tu res ,   i nc lud ing  a f ixed -c re s t  
weir, and  hence  should  be  implemented in   con junc t ion  w i t h  any 
s t ruc tu ra l   measu res .  

The Commission f u l l y   s u p p o r t s  t h e  implementation  of  the 
three programs  ident i f ied  by t h e  Board as be ing   cos t -e f fec t ive :  a 
system of f lood   fo recas t ing   and   warn ing ,   f l ood   p l a in   r egu la t ion   t o  
prevent   development   in   f lood-prone areas, and  flood-proofing where 
f e a s i b l e .   I n   a d d i t i o n ,  the  Commission b e l i e v e s  t h a t  c e r t a i n   o t h e r  
measures,  such as relocat ion,   evacuat ion  and  compensat ion,  may be 
b e n e f i c i a l  on cer ta in   spec i f ic   p roper t ies ,   even   though  they   mus t  be 
rejected (as  they were by the Board) as general  measures  due t o  
their  high cost i n   r e l a t i o n  t o  benef i t s   th roughout  t he  e n t i r e   f l o o d  
p l a i n .  
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Conclusions 
On  the  basis  of  the  foregoing  considerations,  the 

Commission  has  arrived  at  the  following  positions: 

1. The  Commission  concludes  that  a  flood  forecasting  and 
warning  system  in  conjunction  with  flood  plain  regulation 
which  would  reduce  the  average  annual  flood  damage  by  up  to 
20 percent  is  both  feasible  and  desirable. 

2. The  Commission  concludes  that  a  gated  control  structure 
at St.  Jean  in  conjunction  with  dredging  through  the St. Jean 
shoal  to  increase  channel  capacity  is  feasible,  in  a 

technical  sense,  and  could  be  operated so as  to  alleviate 
extreme  water  conditions  in  the  Richelieu  River  and  in  Lake 
Champlain  while  at  the  same  time  maintaining or enhancing 
other  beneficial  purposes,  including  such  beneficial 

environmental  purposes  as  the  protection  of  habitat 

heterogeneity,  species  diversity  and  biological 
productivity. Of the  structural  alternatives,  only  the 

gated  structure  at  St.  Jean  accommodates  all  the  proposed 

environmental  criteria. It should  be  noted  that  under  the 
existing  natural  regime  these  criteria  cannot  be 
accommodated.  In  addition,  the  gated  structure  can  be 
adapted  to  future  changes  in  environmental  criteria.  The 
Commission  also  concludes  that  managing  this  system  in 
accordance  with  the  proposed  criteria  would  not  be 
consistent  with  further  flood  plain  development  because 
damaging  floods  will  still  occur. 

3 .  The  Commission  concludes  that  it  is  now  more  appropriate 
for  the  two  Governments  to  determine  the  desirability  of 
control  works  to  alleviate  extreme  water  conditions  than 
for  the  Commission  to  make  that  determination. A number  of 

factors  in  addition  to  flood  control  will  need  to  be 
considered  in  resolving  this  issue  including  the  weights 
Governments  may  wish  to  assign  socio-economic  values, 



- 2 4  - 

environmental  and  other  criteria.  Many  of  these  factors 

are  addressed  in  the  considerations  summarized  in  this 

report.  Others  may  be  found  in  the  reports  of  the  Board 

and  of  the  public  hearings. It may  be  that  Governments 

may wish  to  investigate  some  of  the  remaining  uncertainties 
further  or it may  be  that  sufficient  research  has  already 
been  done. 

The  Commission  believes  that  further  assessment  and 

recommendations  covering  requests 3 ,  4 and 5 of  the  Reference  should 
await  the  determination  of  the  Governments  of  the  desirability  of 
regulation.  In  addition,  the  Commission  believes  that it should 
await  advice  from  the  Governments  before  acting  on  the  pending 

application  of  the  Government of Canada,  dated 5 January 1976. 

Recommendations 

Although  the  Commission  has  concluded  that  it  is 

technically  feasible  to  operate  a  gated  structure  at  St.  Jean  that 

accommodates  the  proposed  environmental  criteria,  the  Commission 
was  unable  to  determine  the  desirability  of  the  gated  structure 
and  therefore  is  unable  to  make  recommendations  regarding  the 
regulation  of  Lake  Champlain  and  the  Richelieu  River.  However, 
the  Commission  does  recommend  that  a  flood  forecasting  and  warning 
system  be  instituted as  soon  as  practicable  and  that  flood  plain 
regulation  be  implemented  by  the  appropriate  jurisdictions  as  a 
matter  of  urgency. 
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Signed  this 20th day of January 1981 as the 
International  Joint  Commission's  report  to  the  Governments 

of the  United  States and Canada on the  regulation of Lake 
Champlain and the  Upper  Richelieu River. 

Charles R, Ross 

S .Me HodgsoK 

Jean R. Roy 

i ,I 
'Jean L, Hennessey 

Jim
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APPENDIX 

TEXT OF  REFERENCE 

On March 29, 1973, the  Assistant-Secretary  of  State of the 
United  States of America  and  the  Under-Secretary  of  State  for 
External  Affairs  of  Canada  sent  the  following  Reference  to  the 
International  Joint  Commission  through  identical  letters  addressed 
respectively  to  the  Canadian  and  United  States  Sections  of  the 
Commissionr 

"The  governments of  Canada  and  the  United  States  of  America 
have  agreed,  pursuant  to  Article IX of the  Boundary  Waters 
Treaty of 1909,  to  request  the  International  Joint 
Commission  to  investigate  and  report  upon  the  feasibility 
and  desirability  of  regulation of the  Richelieu  River  in 
the  Province of Quebec  for  the  purpose  of  alleviating 
extreme  water  conditions  in  the  Richelieu  River  and  in  Lake 
Champlain,  and  for  other  beneficial  purposes. 

On  June 10, 1937,  the  International  Joint  Commission 
approved  construction  and  operation by  Canada of remedial 
works  in  the  Richelieu  River  in  Quebec  for  reclamation  and 
protection  from  flooding of low  lands  located  in  Quebec. 

The  Commission's  Order of Approval  would  have  also  provided 
some  protection  for  levels  of  Lake  Champlain.  Pursuant  to 
the  Commission's  Order,  a  dam  was  completed  at  Fryers 
Island  about  1939.  However,  other  works  required  to  expand 
the  channel  of  the  Richelieu  River  were  not  undertaken. 
Because  the  channel  works  were  never  completed,  effective 
regulation of the  Richelieu  River  for  flood  control  and 
other  purposes  has  not  been  achieved.  This  has  caused 
grave  concern  in  both  the  United  States  and  Canada,  as  high 
water  conditions  in  recent  years have caused  substantial 
flooding  damage.  Because  of  these  recent  high  water 
conditions,  hydraulic  and  regulation  studies of the  area 
between  the  Chambly  Basin  and  Lake  Champlain  have  been 
conducted  by  the  Government  of  Canada  jointly  with  the 
Province of Quebec,  to  examine  other  means of regulation, 
primarily  for  flood  control  purposes. 

In  light of this  situation,  the  Commission  is  requested  to 
make z 

1. recommendations  regarding  the  desirability of 
operating  the  Fryers  Island  project  or  alternative 
works  in  the  Richelieu  River  to  alleviate  extreme 
water  conditions  in  the  lake  and  the  river,  bearing  in 
mind (a) water  supplies  and  sanitations, 
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2. 

3 .  

4. 

5. 

In 

(b)  recreation, (c) navigation, (dl environmental 
factors  including  fish  and  wildlife, (e) reclamation 
of wetlands,  and (f) such  other  beneficial  purposes  as 
may  warrant  consideration  in  the  judgement  of  the 
Commission. 

recommendations  regarding  the  most  practicable  and 
economically  feasible  system of regulatory  works  and 
method of regulation of the  Richelieu  River to 
alleviate  such  extreme  water  conditions,  bearing  in 
mind  the  uses  specified  in  point 1 (a) through (f) 
above. 

an  estimate of the capital  and  operating  costs  of 
works  necessary  to implement  the  plan  of  regulation 
recommended  by  the Commission. 

an  estimate of the  benefits  to  and  adverse  effects on 
each  country  of  implementation  of  the  plan of 
regulation  recommended  by  the  Commission. It is 
requested  that  the  Commission  include  in  its  report 
the  bases  upon  which  such  estimates  of  benefits  and 
adverse  effects  are  made. 

recommendations  concerning  how  the  cost of 
implementing  the  plan  of  regulation  recommended  by  the 
Commission  might  be  apportioned  between  the  United 
States  and  Canada.  It  is  again  requested  that  the 
Commission  include  in  its  report  the  bases  upon  which 
such  recommendations  are'made. 

view of the  urgency  created  by  the  existing  high  water 
conditions,  the  Commission  is  requested  to  submit,  as  soon 
as  possible  to  the  Governments  of  Canada  and  the  United 
States,  an  interim  report  and  recommendations  on  the 
desirability of regulating  outflows  from  Lake  Champlain  and 
on  interim  measures  which  might  be  instituted  to  alleviate 
flooding  together  with a preliminary  appraisal of benefits 
in  each  country. The  Commission  is  also  requested to 
submit  its  final  report  and  recommendations  to  the  two 
governments if possible  within  one  year of receipt of this 
reference. 

In the  conduct of its  investigation  and  otherwise  in  the 
performance of its  duties  under  this  reference  the 
Commission  shall  utilize  the  services of engineers  and 
other  specially  qualified  persons  and  other  resources  made 
available  by  the  concerned  agencies  of  Canada  and  the 
Province  of  Quebec  and  the  United  States  and  will  make  use 
of information  and  technical  data  heretofore  acquired or 
which  may  become  available  in  either  country  during  the 
course of the  investigation." 





Jim
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