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ABSTRACT 

The decomposition of vege ta t ion  and s o i l s  a f f e c t s  water  q u a l i t y  in hydro- 
e lectr ic  r e s e r v o i r s ,  p r i m a r i l y  through n u t r i e n t  enrichment and oxygen consump- 
t i o n .  A model of such decomposition w a s  cons t ruc t ed  and app l i ed  t o  t h e  LG-2 
r e s e r v o i r  in t h e  James Bay region of QuEbec, Canada. The model i nco rpora t ed  
information on vege ta t ion  and s o i l s  e x i s t i n g  p r i o r  t o  f lood ing ,  r i v e r  f low 
rates, and f low p a t t e r n s  wi th in  t h e  r e s e r v o i r ,  examining both a c t i v e  and s t a -  
gnant zones. C o e f f i c i e n t s  f o r  s o l u b i l i z a t i o n  and m i n e r a l i z a t i o n  were cali-  
b ra t ed  t o  l a b o r a t o r y  d a t a  coming from o t h e r  r e sea rche r s .  The r e s u l t s  of t he  
model i n d i c a t e d  a peaking of e f f e c t s  on water q u a l i t y  t h r e e  yea r s  a f t e r  i m -  
poundment in t he  a c t i v e  a r e a s  of t h e  r e s e r v o i r ,  with a r e t u r n  t o  ambient l e v e l s  
t h r e e  y e a r s  a f t e r  t he  peaking. In  the  more s t agnan t  a r e a s  of t he  r e s e r v o i r ,  
peaking occured one year  l a t e r ,  and a t  t h e  end of s i x  years  phosphorus espe- 
c i a l l y  cont inued t o  d i f f e r  s i g n i f i c a n t l y  from pre-impoundment l e v e l s .  There 
w a s  f a i r  agreement between model r e s u l t s  and observed t r e n d s ,  but model p red ic -  
t i o n s  did not  show seasona l  p a t t e r n s  observable  in t he  d a t a ,  s i n c e  s t r a t i f i c a -  
t i o n  and tu rnove r  were not included in t he  model. I n  i t s  p resen t  form the  
model is capable  of g iv ing  f a i r l y  good p r e d i c t i o n s  of water  q u a l i t y  in t he  LG-2 
r e s e r v o i r .  The i n c l u s i o n  of s t r a t i f i c a t i o n  e f f e c t s  could f u r t h e r  improve model 
accuracy,  and make it a u s e f u l  t o o l  in impact assessment f o r  r e s e r v o i r  crea- 
t ion. 

1. INTROWCTION 

The c r e a t i o n  of a r e s e r v o i r  causes f l o o d i n g  of r e l a t i v e l y  l a r g e  q u a n t i t i e s  
of v e g e t a t i o n  and s o i l .  The subsequent decomposition of t hese  materials en- 
r i c h e s  t h e  water wi th  n u t r i e n t s  and creates a demand on d i s so lved  oxygen. Up 
t o  t h e  p re sen t  t h e r e  have not been any methods a v a i l a b l e  t o  p r e d i c t  q u a n t i t a t i -  
ve ly  the  changes in w a t C r  q u a l i t y  f o r  a proposed r e s e r v o i r .  

Maystrenko and Denisova [ I ]  examined the  decomposition of pu lve r i zed  sam- 
p l e s  of a v a r i e t y  of v e g e t a t i o n  and so i l  types in a q u a r i a ,  and monitored nu- 
t r i e n t  concen t r a t ions  in t h e  water f o r  up t o  t h r e e  yea r s .  Serodes [ 2 ]  s t u d i e d  
shor t - t e rm e f f e c t s  on d i s so lved  oxygen of t h e  decomposition of s o i l s  and trees 
both i n  s i t u  and in aqua r i a .  These r e s u l t s  were used by de B r o i s s i a  &t [31 
t o  c o n s t r u c t  a r e l a t i v e l y  s imple model of decomposition. They recognized,  
however, t h a t  a more d e t a i l e d  model of t h e  k i n e t i c s  of decomposition w a s  
needed. Thgrien and S p i l l e r  [4] developed a d e t a i l e d  model of t h e  k i n e t i c s  of 
decomposition, and app l i ed  it t o  t h e  r e s u l t s  of Maystrenko and Denisova 111. 
"herfen e t  a1 [51 r e f i n e d  t h e i r  -model and app l i ed  i t  t o  a small r e s e r v o i r  in 
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nor the rn  Quebec. The same model was then  app l i ed  t o  t h e  huge LG-2 r e s e r v o i r  i n  
no r the rn  Ouebec t o  e v a l u a t e  t h e  impacts of 4 d i f f e r e n t  o p e r a t i n g  s c e n a r i o s  161. 
C e r t a i n  d e f i c i e n c i e s  were noted i n  t h e  s p a t i a l  r e p r e s e n t a t i o n  of t h e  r e s e r v o i r .  
A s tudy  of water  f lows  w i t h i n  the  r e s e r v o i r  [71 demonstrated t h a t  two s e c t i o n s  
of t h e  r e s e r v o i r  were almost s t a g n a n t ,  with very slow c u r r e n t s  and reduced 
water  exchange wi th  o t h e r  p a r t s  of t h e  r e s e r v o i r .  

This paper documents f u r t h e r  re f inement  of t h e  same model, i n c o r p o r a t i n g  
an  improved s p a t i a l  r e p r e s e n t a t i o n  of t h e  r e s e r v o i r .  The model is app l i ed  over 
a b a s e l i n e  pe r iod  t o  t h e  end of 1984. 

2. STUDY SITE 

The La Grande h y d r o e l e c t r i c  p r o j e c t  is loca ted  t o  t h e  e a s t  of James Bay i n  
n o r t h e r n  Quebec, Canada (Fig.  1) .  R a s e  I ,  nea r ing  comple t ion ,  i nvo lves  t h e  
f lood ing  of a t o t a l  of 11 500 km2 [81. The a r e a  is t a i g a ,  c h a r a c t e r i z e d  by 
s t u n t e d  trees and sphagnum bogs. 

The LG-2 r e s e r v o i r  was t h e  f i r s t  of t h e  complex t o  he completed,  w i th  
impoundment s t a r t i n g  in l a t e  1978 and t h e  r e s e r v o i r  coming on-line in November 
1979. The r e s e r v o i r  has  a s u r f a c e  a r e a  of 2 800 km2 and a g e n e r a t i n g  c a p a c i t y  
of 5 300 MW. Ex tens ive  surveys  of v e g e t a t i o n  were made p r i o r  t o  impoundment, 
as of course  were h y d r o l o g i c a l  s t u d i e s .  Also,  water q u a l i t y  has been monitored 
a t  s e v e r a l  sampling s t a t i o n s  i n  t h e  r e s e r v o i r  s i n c e  1977 (F ig .  2). 

3. SPATIAL RE WESENTATION 

There are two a s p e c t s  t o  t h e  s p a t i a l  r e p r e s e n t a t i o n  of t h e  r e s e r v o i r :  t h e  
d i v i s i o n  of t h e  r e s e r v o i r  i n t o  d i s t i n c t  water  masses or zones ,  and t h e  d i s t r i -  
bu t ion  of v e g e t a t i o n  and s o i l  w i t h i n  t h e  zones.  

3.1. D i s t i n c t  Zones 

Flow p a t t e r n s  i n  t h e  r e s e r v o i r  [71 sugges ted  c o n s i d e r i n g  the  r e s e r v o i r  t o  
be made up of 5 more or less d i s t i n c t  zones f a l l i n g  i n t o  2 c a t e g o r i e s :  a c t i v e  
and s t a g n a n t .  The 3 a c t i v e  zones were c h a r a c t e r i z e d  by h igh  wa te r  exchange 
rates due t o  in f lows  and in t e rchange  wi th  each o t h e r .  The 2 s t a g n a n t  zones had 
low f lows  and reduced exchange wi th  ad jacen t  a c t i v e  zones.  This d i v i s i o n  of 
t h e  r e s e r v o i r  is shown s c h e m a t i c a l l y  in Figure  3. 

3.2. D i s t r i b u t i o n  of Vegeta t ion  and So i l  

Within each zone, t h e  v e g e t a t i o n  and s o i l s  were grouped i n t o  v e r t i c a l  
s t r a t a  a t  10 m i n t e r v a l s  (Fig.  4). Each s t r a t u m  p a r t i c i p a t e d  i n  t h e  i n i t i a l  
p rocess  of f r agmen ta t ion  and s o l u b i l i z a t i o n  only  when f looded .  In  a d d i t i o n ,  
t h e  i n i t i a l  p rocess  of l e a c h i n g  occured only  t h e  f i r s t  t i m e  a s t r a t u m  w a s  
f looded .  

4. MATHEMATICAL MODEL 

For each of t h e  f i v e  zones of t h e  r e s e r v o i r ,  changes i n  volume w e r e  r ep re -  
s e n t e d  as: 
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Fig. 1. The La Grande Hydroelectric Complex 

Fig. 2. Sampling Stations in the LG-2 Reservoir 
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Fig. 3. Division of the L G 2  Reservoir into 5 Zones. Zones 
1-3 are "Active", While Zones 4 and 5 are "Stagnant" 

l50 mtram 
15 mtroto  

Fig. 4. Division of the Vegetation and S o i l s  into 10-1~ Strata 
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with  ti: volume of zone i 

Qij :  volume of water t r a n s f e r r e d  from zone i t o  zone j (no te :  
i n c i d a t e s  a source  or s i n k  e x t e r n a l  t o  t h e  r e s e r v o i r ) .  

zone 0 

For t h e  two s t a g n a n t  zones ( 4  and 5), we inc luded  a d d i t i o n a l  f lows  t o  
account f o r  exchange wi th  t h e  a d j a c e n t  a c t i v e  zones (1 and 2 r e s p e c t i v e l y ) .  
The va lues  f o r  t h e s e  f lows  were c a l i b r a t e d  i n  t h e  model. 

For each  water q u a l i t y  parameter  a mass ba lance  was c a r r i e d  out such 
t h a t  : 

wi th  c k f , c k j :  c o n c e n t r a t i o n  of parameter  k i n  zones i and j r e s p e c t i -  
v e l y  

Bki: b i o l o g i c a l  and p h y s i c a l  t r a n s f o r m a t i o n s  a f f e c t i n g  c k i  in 
zone i. 

There were i n  f a c t  4 c o n c e n t r a t i o n s  in i n f l u e n t s  t o  t h e  r e s e r v o i r .  Two of 
t h e s e  i n f l u e n t s  were from n a t u r a l  r i v e r s  and t h e  o t h e r  two were from reser- 
v o i r s .  To account  f o r  s ed imen ta t ion  of e n t r a i n e d  p a r t i c u l a t e s  f o r  t he  r i v e r  
f lows  upon e n t e r i n g  t h e  r e s e r v o i r ,  t h e  c o n c e n t r a t i o n s  of carbon and phosphorus 
i n  both i n f l u e n t s  were reduced by 60% and 80% r e s p e c t i v e l y .  No such r educ t ion  
was made t o  t h e  i n f l u e n t s  from t h e  r e s e r v o i r s  s i n c e  sed imen ta t ion  would a l r eady  
have occurred  p r i o r  t o  e n t r y  i n t o  LG-2. 

The compartment submodel f o r  t h e  b i o l o g i c a l  and p h y s i c a l  t r a n s f o r m a t i o n s  
i s  shown i n  F igure  5. The p r i n c i p a l  k i n e t i c s  of decomposition were inc luded .  
The t o t a l  o r g a n i c  material f looded  (TOMF) was fragmented and pu lve r i zed  i n t o  
p a r t i c u l a t e  o r g a n i c  matter (FOM). A t  f i r s t  con tac t  w i th  water a c e r t a i n  amount 
of s o l u b l e  material w a s  l eached  d i r e c t l y  i n t o  l a b i l e  d i s so lved  o rgan ic  ma t t e r  
(DOM) and r e f r a c t o r y  humic material (HUM). DOM and HUM a l s o  r ece ived  m a t e r i a l  
from t h e  s o l u b i l i z a t i o n  of FOM. M i n e r a l i z a t i o n  of DOM and HUM produced ammo- 
nium (NH4) and phosphate (FO4). NH4 was  n i t r i f i e d  t o  produce n i t r i t e s a i t r a t e s  
(N03). S ince  most of t hese  r e a c t i o n s  were b i o l o g i c a l ,  oxygen (02) was consumed 
and carbon d iox ide  produced. For t h e s e  two gases  t h e r e  w a s  a l s o  exchange with 
t h e  atmosphere,  bu t  t h e  CO2 compartment was t r e a t e d  only  a s  a s i n k .  

For each  of t h e  f i v e  zones in t he  r e s e r v o i r  t h r e e  p a r a l l e l  submodels were 
cons ide red :  one f o r  s o i l s  and one each f o r  gymnosperm and angiosperm vegeta-  
t i o n .  The f i r s t  two compartments (TOMF and FOM) were cons idered  hy v e r t i c a l  
s t r a t a ,  and were i n  terms of mass only.  The o t h e r s  were cons idered  a s  d i s -  
so lved  c o n c e n t r a t i o n s .  More d e t a i l s  on t h e  submodel can be obta ined  from 
Ther ien  and S p i l l e r  [ 4 ]  and Ther ien  [ 6 ] ,  i n c l u d i n g  r a t e  fo rmula t ions  and 
c o e f f i c i e n t  va lues .  

5. AGGREGATION OF STATE VARIABLES 

The decomposition submodel is very d e t a i l e d ,  and w a s  o r i g i n a l l y  c a l i b r a t e d  
t o  e q u a l l y  d e t a i l e d  da t a .  However, t h e  d a t a  a v a i l a b l e  t o  us  on water  q u a l i t y  
of t h e  LG-2 r e s e r v o i r  was not  a s  d e t a i l e d .  Data on phosphates  were scarce, 
wh i l e  t o t a l  phosphorus w a s  measured f r e q u e n t l y .  Concen t r a t ions  of t h e  n i t r o g e n  
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I - 0 2  c02 

Fig .  5. Compartment Submodel f o r  Decomposition o f  S o i l  and Vege ta t ion  

s p e c i e s  hovered near  t h e  l i m i t s  of d e t e c t i o n ,  and so  could not  be compared 
r e l i a b l y  wi th  model r e s u l t s .  DOM and HUM w e r e  not measured a s  such ,  but measu- 
rements of o rgan ic  carbon were a v a i l a b l e .  Oxygen w a s  t h e  only  s ta te  v a r i a b l e  
measured d i r e c t l y .  This c rea t ed  d i f f i c u l t i e s  a l s o  f o r  c o n s i d e r a t i o n  of in f lows  
t o  the  r e s e r v o i r  from r i v e r s  hecause t h e r e  w a s  no way t o  a l l o c a t e  t h e  inf lowing  
c o n c e n t r a t i o n s  t o  t h e  compartments of t h e  d i f f e r e n t  sub'models. 

To overcome these  d i f f i c u l t i e s ,  two assumptions were made. The f i r s t  was 
t h a t  in f lowing  carbon and phosphorus (and i n  f a c t  n i t r o g e n )  were not  t a k i n g  
p a r t  i n  t h e  decomposition p rocesses ,  and f o r  them i t  was a s imple  mass ba lance  
s i t u a t i o n .  The second assumption was t h a t  f i x e d  pe rcen tages  of DOM and HUM 
compartments were composed of carhon and phosphorus.  Theref o re  t h e  model 
ou tpu t s  were oxygen, o rgan ic  carbon and t o t a l  phosphorus.  For phosphorus,  f o r  
example, t h i s  means : 

ROTi = f (Ph HUMji + Pd DOMji  + PO4 ) + FNDi 
j =1 .ii 

wi th  PTOTi: t o t a l  phosphorus concen t r a t ion  i n  zone i 
%, Pd: p r o p o r t i o n  of phosphorus i n  H U M  and DOM r e s p e c t i v e l y  
H U M j i ,  D O M j i :  c o n c e n t r a t i o n s  of H U M  and DOM r e s p e c t i v e l y  f o r  

F04.j:: 
P N D i .  c o n c e n t r a t i o n  of non-decomposing phosphorus i n  zone i 

submodel j ( 1  s o i l  type  and 2 v e g e t a t i o n  t y p e s )  in zone i 
phosphate concen t r a t ion  f o r  submodel j in zone i 

6. MODEL SIMULATION 

The model has been run f o r  t h e  pe r iod  of 1 /11/78  t o  31/12/84. For t h e  
in f lows  and in f lowing  c o n c e n t r a t i o n s  d a t a  were i n t e r p o l a t e d  between obse rva t ion  
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po in t s .  For t h e  f i n a l  1.5 yea r s  d a t a  were not a v a i l a b l e ,  and p a s t  observed 
cyc le s  were repeated f o r  t h i s  per iod.  

The program is w r i t t e n  in FORTRAN IV, r e q u i r e s  less than 108 K of memory, 
and t akes  the  equ iva len t  of 100 seconds on an IBM 3 7 0 / 1 5 8  t o  execute .  

7 .  RESULTS 

Simulat ion r e s u l t s  f o r  o rgan ic  carbon, t o t a l  phosphorus and d i s so lved  
oxygen are shown in Figures  6 ,  7 and 8 r e s p e c t i v e l y .  A l l  concen t r a t ions  are in 
W i x .  

For o rgan ic  carbon t h e r e  is an i n i t i a l  p u l s e ,  e s p e c i a l l y  i n  zone 1. Aside 
from t h i s ,  t h e  concen t r a t ions  peak in 1981 i n  zones 1-3,  and i n  1982 i n  zones 4 
and 5 .  Tota l  phosphorus peaks a t  t h e  same times i n  t h e  same zones.  For d i s -  
solved oxygen t h e r e  is a n o t i c e a b l e  seasona l  e f f e c t  (low in summer, high i n  
w i n t e r ) .  Aside from t h i s ,  t he  gene ra l  t r e n d  in zone 1 is f o r  a minimum i n  1981 
followed by an i n c r e a s e .  Zones 4 and 5 show t h e  same t r end .  Zones 2 and 3 
show a con t inu ing  d e c l i n e  over t he  s imula t ion  per iod.  

8. DISCUSSION 

8 .1  Base l ine  Simulat ion 

For o rgan ic  carbon a po in t  should be made p r i o r  t o  d i s c u s s i n g  the r e s u l t s .  
Zones 1-4 e x h i b i t  a peak i n  carbon in 1 9 7 9 ,  something not p red ic t ed  by t h e  
model. Such a peak was noted throughout t he  t e r r i t o r y ,  i nc lud ing  unperturbed 
l akes .  This peak would t h e r e f o r e  seem t o  be due t o  e x t e r n a l  f a c t o r s ,  poss ib ly  
atmospheric.  

loul 1015 

1076-1815 

Fig .  6. Observat ions and Model P r e d i c t i o n s  f o r  Organic Carbon 
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Fig. 7. Observations and Model Predictions for Total Phosphorus 
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Fig. 8. Observations and Model Predictions for Dissolved Oxygen 
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Other than t h i s ,  t he  t r ends  p red ic t ed  by the  model  a r e  i n  some agreement 
with observed t r ends  a t  a l l  zones except  zone 5. Here t h e r e  is an extreme 
underest imat ion.  For t h e  o t h e r  zones t h e r e  is a seasona l  p a t t e r n  i n  the  d a t a  
not w e l l  r e f l e c t e d  by the  model. This is most l i k e l y  due t o  a lack of summer 
s t r a t i f i c a t i o n  i n  t h e  model. h r i n g  s t r a t i f i c a t i o n  most decomposition w i l l  
occur i n  t h e  hypolimnion, and thus the  lower s t r a t a  w i l l  con ta in  most of t he  
n u t r i e n t s .  Over the  summer t h e  n u t r i e n t s  i n  t h e  epi l imnion w i l l  be consumed 
with only minor replenishment .  A t  t u rnove r ,  t he  e n t i r e  water  column is mixed 
and n u t r i e n t s  i n  the  epi l imnion a r e  r ep len i shed  f o r  t he  next period of s t ra t i -  
f i c a t i o n .  Wriods of turnover  w i l l  correspond t o  maxima i n  n u t r i e n t s  i n  the  
su r face  waters. The model  does fo l low the  observed maxima in zones 1-4. 

An excep t ion  t o  t h i s  i s  the  f i r s t  two yea r s  i n  zone 3. There the model 
underest imates  carbon l e v e l s  by about 30%. For zone 5 t h e  model  underest imates  
carbon g r e a t l y  u n t i l  t h e  las t  year  of t h e  s imula t ion .  W e  w i l l  r e t u r n  t o  a 
d i s c u s s i o n  of zone 5 f u r t h e r  on. 

For t o t a l  phosphorus the  model shows very good agreement with the  t r e n d s  
i n  t h e  d a t a  f o r  a l l  zones. As with carbon, t he  p r e d i c t i o n s  fo l low the  maxima 
of t he  obse rva t ions ,  and t h e  same comment on t u rnove r  a p p l i e s  here .  

For d i s so lved  oxygen the  model p r e d i c t i o n s  fo l low the  observed win te r  
maxima f a i r l y  w e l l  f o r  zones 1-3, but do not drop t o  t h e  observed minima. This 
is an e s p e c i a l l y  s t r o n g  i n d i c a t i o n  of t he  importance of t u rnove r ,  s i n c e  t h e  
minima w i l l  correspond t o  the  mixture of s u r f a c e  water  with the  o x y g e n s t a r v e d  
water  of t h e  hypolimnion. For zone 4 t h e r e  is some overes t ima t ion  of even the  
maxima, while ove res t ima t ion  is seve re  f o r  zone 5. 

Whether t he  two s t a t i o n s  i n  the  s t agnan t  zones are r e p r e s e n t a t i v e  or no t  
is ques t ionab le .  They are both somewhat i s o l a t e d  from t h e  zones i n  which they 
are inc luded ,  e s p e c i a l l y  G2405 f o r  zone 5. This s t a t i o n  is loca ted  i n  a rela- 
t i v e l y  small l a k e  connected t o  t h e  r e s e r v o i r  by a .5 km-ide channel.  Even 
before  t h e  surrounding land was  f looded due t o  a r a i s e d  water l e v e l ,  t h i s  l a k e  
had a high inpu t  of a l loch tonous  carbon ( a s  can be seen from the  o rgan ic  carbon 
concen t r a t ions  be fo re  f l o o d i n g ) .  The model does not have t h e  s p a t i a l  r e f i n e -  
ment t o  account f o r  such a l o c a l i z e d  s i t u a t i o n .  Since t h e  model does not 
account f o r  t h i s  very l o c a l i z e d  i n p u t ,  i t  cannot p r e d i c t  t he  inc reased  oxygen 
consumption e i t h e r ,  thus exp la in ing  t h e  ove res t ima t ion  of oxygen. Unfortunate- 
l y ,  G2405 is t h e  only s t a t i o n  i n  zone 5. S t a t i o n  G2403 i n  zone 4 is  a l s o  some- 
what i s o l a t e d  from the  rest of t he  a s s o c i a t e d  zone, a l though t h i s  i s o l a t i o n  is 
less pronounced. The s t a t i o n  is l o c a t e d  in t he  mouth of a bay on t h e  east s i d e  
of t h a t  zone. It is a t  
t h e  sou the rn  edge of t h i s  zone. However, c u r r e n t s  i n  zone 3 are f a s t  and a 
g r e a t  d e a l  of mixing occurs  here .  For zones 1 and 2, t he  s t a t i o n s  are c e n t r a l -  
l y  l o c a t e d  and should r ep resen t  cond i t ions  adequately.  

Even 62404 may not be a good r e p r e s e n t a t i v e  of zone 3. 

9 .  CONCLUSIONS 

The model is capable  of p r e d i c t i n g  with f a i r l y  good accuracy the  e v o l u t i o n  
of o rgan ic  carbon, t o t a l  phosphorus and d i s so lved  oxygen in a l a r g e  r e s e r v o i r  
fo l lowing  f lood ing .  P red ic t ions  depa r t  from obse rva t ions  i n  one zone i n  p a r t i -  
c u l a r ,  but t h e  sampl i fg  s t a t i o n  i n  t h i s  zone appears  t o  be a t y p i c a l .  In i ts  
p r e s e n t  form t h e  model can be adapted e a s i l y  t o  any p r o j e c t e d  r e s e r v o i r  i f  
a p p r o p r i a t e  pre-innundation d a t a  are a v a i l a b l e .  

The i n c l u s i o n  of s t r a t i f i c a t i o n  would improve t h e  f i d e l i t y  of t he  model 
even f u r t h e r  f o r  r e s e r v o i r s  where s t r a t i f i c a t i o n  w i l l  occur.  This would e f f e c -  
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t i v e l y  double the  number of d i f f e r e n t i a l  equa t ions  t o  be s o l v e d ,  but t h a t  
should not  p re sen t  g r e a t  d i f f i c u l t i e s  a s  t he  memory and execu t ion  t ime r equ i r e -  
ments of t he  model a r e  modest. 

The model r e p r e s e n t s  a very powerful t o o l  for a s s e s s i n g  t h e  impact of 
r e s e r v o i r  c r e a t i o n .  D i f f e ren t  o p e r a t i n g  s c e n a r i o s  can be compared e a s i l y  by 
changing f low r a t e s  and/or  s u r f a c e  a r e a s  and volumes t o  be f looded .  
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