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South Nat ion River--Basin Development P l a n  
Water Resources Study Component 

EXECUTIVE SUMMARY 

INTRODUCTION 

The South Nat ion River  Conservation A u t h o r i t y  h a s  under taken 

a comprehensive r i v e r  b a s i n  s tudy  under t h e  ~ a n a d a / ~ n t a r i o  

Eas t e rn  O n t a r i o  S u b s i d i a r y  Agreement which w i l l  produce a 

Plan f o r  the  i n t e g r a t e d  management of  l and  and wate r  re -  

sou rce s .  S e v e r a l  r e s o u r c e  r e l a t e d  s t u d i e s  w e r e  a u t h o r i z e d  by 

t h e  A u t h o r i t y  i n  o r d e r  t o  provide  background i n fo rma t ion  f o r  

t h e  Bas in  P l an .  

Th is  r e p o r t  o u t l i n e s  the f i n d i n g s  of  a  wa te r  r e sou rce s  i n -  

v e s t i g a t i o n  which forms an i n t e g r a l  component of t h e  Basin 

Plan.  A thorough review of the n a t u r a l  wa te r  system i n c l u -  

d i n g  low and h i g h  f lows ,  water  q u a l i t y  and groundwater i s  

provided.  

Stream d i s c h a r g e s  i n  t h e  South Nation River  and i t s  t r i b u -  

t a r i e s  a r e  c h a r a c t e r i z e d  by an a lmost  annua l  occur rence  of 

widespread f l o o d i n g  which impacts a g r i c u l t u r a l  l ands  t o g e t h e r  

w i t h  low summer f l ows  t h a t  c o n s t r a i n  wa te r  supp ly ,  waste  

a s s i m i l a t i o n ,  and r e c r e a t i o n a l  o p p o r t u n i t i e s .  E a r l i e r  ' s tu-  

d i e s  have i d e n t i f i e d  c a p i t a l  works schemes which can reduce 

a g r i c u l t u r a l  f l o o d i n g  and provide  a low flow augmentat ion 

c a p a b i l i t y .  Neve r the l e s s ,  an i nc r ea sed  awareness t h a t  land 

u se  p r a c t i c e s  d i r e c t l y  a f f e c t  water  r e sou rce s  of t h e  b a s i n  

h a s  g iven  r ise  t o  concerns  t h a t  i n c r e a s e d  a g r i c u l t u r a l  pro-  

duc t i on  and land  d r a i n a g e  may f u r t h e r  agg rava t e  wate r  mana-ge- 

ment problems. An i n t e g r a t e d  package of hyd ro log i c . and  wate r  ' 



resource operations models was used during the study t o  

investigate these problems. 

ANALYSIS OF STREAMFLOW.AND PRECIPITATION 

Available flow data i n  the South Nation River Basin consists  

of 15 records with only s ix  having a  su f f i c i en t  duration for 

flood frequency analysis.  A number of graphical and s t a t i s -  

t i c a l  analyses which were conducted t o  check the adequacy of 

the data base provided the following insightsq: 

. Double Mass Curve analyses of the  streamflow sta t ions  on 

t h e  South Nation River a t  Plantagent Springs and Spen- 

c e r v i l l e ,  the  Castor River a t  Russell and the East 

Branch of the Scotch River near S t .  Isidore confirm the 

consistency of the  data base. An investigation of 

annual precipi ta t ion a t  Ottawa CDA, Ottawa International  

Airport and Kemptville s ta t ions  yielded similar conclu- 

sions. 

Graphical analyses including the cumulative moving mean 

discharge, and temporal dis t r ibut ion of normalized d i s -  

charge of the  South Nation River a t  Spencerville and 

Plantagenet Springs and the Castor River a t  Russell when 

compared with the Ottawa CDA precipi ta t ion s ta t ion ,  show 

t h a t  the time se r i e s  are stat ionary and do not exhibit 

t rends.  There i s  some indication of persistence i n  the 

annual discharge data since both high flow and l o w  flow 

years tend t o  be followed by flow years of sirhilar 

magnitude. 

. Further s t a t i s t i c a l  checks of streamflow data indicate 

the  data sequence may be considered trend-free a t  the 



t h r e e  f o r e g o i n g  s t r e a m f l o w  s t a t i o n s  f o r  t h e  a n n u a l ,  May, 

a n d  J u n e  t o  O c t o b e r  p e r i o d  f l o o d  and t i m e  ser ies  o f  

d i s c h a r g e .  The f l o w  d a t a  f o r  a n n u a l  d i s c h a r g e  and f l o o d  

e x h i b i t  some p e r s i s t e n c e  which i s  a t t r i b u t e d  t o  t h e  

b a s i n  p r e c i p i t a t i o n  i n  view of t h e  h i g h  c o r r e l a t i o n  

be tween  a n n u a l  p r e c i p i t a t i o n  and a n n u a l  d i s c h a r g e .  

Rased on t h e  a n a l y s i s  o f  f l ow r e c o r d s  w i t h i n  t h e  S o u t h  

N a t i o n  b a s i n ,  h i s t o r i c a l  c h a n g e s  i n  r u n o f f  and f l o o d  

p a t t e r n s  c a n n o t  b e  a t t r i b u t e d  t o  t h e  i n t r o d u c t i o n  o f  

t i l e  and o u t l e t  d r a i n s  i n  t h e  w a t e r s h e d .  However, 

f l o o d p l a i n  s t o r a g e  ups t r eam o f  f l o w  g a u g e s  w i l l  a t t e n -  

u a t e  f l o o d  p e a k s  and may t e n d  t o  m o d e r a t e  a n y  c h a n g e s  i n  

t h e  f l o w  r e g i m e  which a r e  c a u s e d  by a g r i c u l t u r a l  d r a i n -  

a g e .  F u r t h e r  i n v e s t i g a t i o n s  were c a r r i e d  o u t  t o  sub- 

s t a n t i a t e  t h i s  c o n c l u s i o n .  

A v a i l a b l e  f l o o d  r e c o r d s  a t  s i x  s t a t i o n s ,  Sou th  N a t i o n  

R i v e r  a t  S p e n c e r v i l l e ,  ~ h e s t e r v i l l e  and  P l a n t a g e n e t ,  

Castor R i v e r  a t  R u s s e l l ,  Bear  Brook n e a r  Bourge t  and 

t h e  E a s t  Branch o f  t h e  S c o t c h  R i v e r  n e a r  S t .  I s i d o r e ,  

were f i t t e d  w i t h  t h e  Log-Normal ( L N ) ,  T h r e e  P a r a m e t e r  

Log-Normal (3LN) and t h e  Log-Pearson Type 3 f r e q u e n c y  

d i s t r i b u t i o n s .  

It was found t h a t  t h e  Log-Pearson Type 3 d i s t r i b u t i o n  by 

t h e  method o f  moments is  an a p p r o p r i a t e  d i s t r i b u t i o n  f o r  

f l o o d  f r e q u e n c y  a n a l y s i s  i n  t h e  S o u t h  p at ion R i v e r  

B a s i n .  The added a d v a n t a g e  of u s i n g  t h i s  d i s t r i b u t i o n  , 

l i e s  i n  i t s  a b i l i t y  t o  i n c o r p o r a t e  i n f o r m a t i o n  ' f rom 

r e q i o n a l  skewness  i n  o r d e r  t o  i n c r e a s e  t h e  r e l i a b i l i t y  

o f  e s t i m a t i n g  t h e  magn i tude  o f  ra re  f l o o d  peaks .  



The skewness coefficient for those streamflow stations 

immedately downstream from major floodplains was found 

to be negative, while those stations unaffected by major 

flood-plain storage exhibit positive skewness. It is 

suqgested that larqe natural floodplains act as storage 

reservoirs which attenuate the high flood peaks and 

effectively set an upper bound on flood discharge rates. 

. One-day and seven-day flow duration curves were computed 

for the June through November and December through May 

periods at the following flow stations: south Nation 

River at plantagenet,' Chesterville. and Spencerville, 

Castor River at Russell, Bear Brook near Bourget and the 

Scotch River near St. Isidore. 

HYDROLOGIC MODELLING 

The Hydrologic Simulation Program - Fortran (HSP-F) was 

selected for use in the modelling of the water resources of 

the South Nation River basin. The comprehensive simulation 

capabilities of the program, its operation in a continuous 

simulation mode, and its deterministic representation of the 

hydrologic cycle and water quality processes are attractive 

features of this model. The model of the South Nation River 

Basin was used to: 

Extend available records of streamflow at gauged loca- 

tions. 

.. . 

Develop streamflow records at ungauged locations of 

interest. 



~ x a m i n e  t h e  impact  o f  s t r u c t u r a l  w a t e r  management 

o p t i o n s  on t h e  b a s i n  hydrology.  

E v a l u a t e  t h e  impact  of  l and  u s e  s c e n a r i o s  i n c l u d i n g  

l a n d  d r a i n a g e  on  t h e  b a s i n  hydrology.  

. A p e r i o d  o f  22 y e a r s ,  from 1957 - 1979, was chosen t o  

s i m u l a t e  s t r eamf lows  w i t h i n  t h e  South  Na t ion  River  

b a s i n .  T h i s  p e r i o d  was p r i m a r i l y  d i c t a t e d  by t h e  ava i -  

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

i n  Ottawa f o r  t h e  t empera tu re ,  wind speed ,  r a d i a t i o n ,  

dew p o i n t  t e m p e r a t u r e  and l a k e  e v a p o r a t i o n  i n p u t  d a t a  

series.  The pr imary  d r i v i n g  force o f  t h e  h y d r o l o g i c  

s i m u l a t i o n s  i s  t h e  i n p u t  p r e c i p i t a t i o n  series. The 

g r e a t e s t  e f f o r t  was t h e r e f o r e  expended i n  d e v e l o p i n g  an 

a c c u r a t e  and a r e a l l y  r e p r e s e n t a t i v e  r e c o r d  o f  hour ly  

p r e c i p i t a t i o n  i n p u t s .  A t o t a l  o f  12 h o u r l y  r e c o r d s  22 

y e a r s  l o n g  were developed and t h e n  a p p l i e d  t o  i n d i v i d u a l  

s u b - a r e a s  o f  t h e  watershed u s i n g  a p p r o p r i a t e  T h i e s s e n  

polygon w e i g h t s .  

. The d a t a  r e c o r d  from f i f t e e n  e x i s t i n g  s t r eamf low s t a -  

t i o n s  i n  t h e  South   at ion R i v e r  Bas in  was used f o r  pur- 

p o s e s  o f  t h e  HSP-F model c a l i b r a t i o n  and v a l i d a t i o n  

p r o c e s s .  Accuracy o f  t h e  r e c o r d s  was e s t a b l i s h e d  

t h r o u g h  d i s c u s s i o n s  wi th  Water Survey o f  Canada person- 

n e l  and i s  d e t a i l e d  i n  t h e  r e p o r t .  

For p u r p o s e s  o f  t h e  h y d r o l o g i c  mode l l ing ,  t h e  South 

N a t i o n  wa te r shed  was d i v i d e d  i n t o  1 5  l a n d  segments.  cor- 

r e s p o n d i n g  t o  p o i n t s  a t  which s t r eamf low r e c o r d s  a r e  

a v a i l a b l e .  S i n c e  s i m u l a t e d  f l o w s  were r e q u i r e d  a t  o t h e r  

p o i n t s  w i t h i n  t h e  watershed each o f  t h e  l a n d  segments 



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

r e a c h e s .  Flows were g e n e r a t e d  a t  . t h i r t y - s e v e n  p o i n t s .  

A number o f  model p a r a m e t e r s  i n c l u d i n g  d r a i n a g e  a r e a ,  

o v e r l a n d  s l o p e ,  p e r c e n t  f o r e s t  c o v e r  and waterway c r o s s -  

s e c t i o n  and s l o p e s  were o b t a i n e d  by d i r e c t  p h y s i c a l  

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

were e s t a b l i s h e d  by a c a l i b r a t i o n  p r o c e d u r e .  

The t e r m   calibration^ r e f e r s  t o  t h e  a d j u s t m e n t  of  a  

m o d e l r s  p a r a m e t e r s  which c a n n o t  be measured d i r e c t l y  i n  

o r d e r  t o  match t h e  mode l ' s  s i m u l a t e d  s t r e a m f l o w  t o  ob- 

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

m o d e l ' s  pe r fo rmance  u s i n g  a n  i n d e p e n d e n t  s e t  o f  f low 

d a t a  from t h a t  used  f o r  c a l i b r a t i o n .  

C a l i b r a t i o n  o f  t h e  HSP-F model was c a r r i e d  o u t  u s i n g  

s t r e a m f l o w  d a t a  c o l l e c t e d  a t  s i x  Water Survey  o f  Canada 

g a u g e  p o i n t s  between 1  October  1974 and 30 September 

1979. At t h e  r ema in ing  n i n e  s t r e a m f l o w  gauges ,  t h e  

a v a i l a b l e  p e r i o d  o f  r e c o r d  p r i o r  t o  30 September 1979 

w a s  used.  v a l i d a t i o n  was p o s s i b l e  a t  f o u r  p o i n t s :  South  

N a t i o n  R i v e r  a t  P l a n t a g e n e t  and S p e n c e r v i l l e  between 

1957 and 1979;  C a s t o r  R ive r  a t  R u s s e l l  between 1968 and 

1974 and S c o t c h  R i v e r  n e a r  S t .  I s i d o r e  d e  P r e s c o t t  

between 1970 and 1974. 

A compar i son  o f  s i m u l a t e d  and obse rved  s t r e a m f l o w s  dep- 

i c t e d  by c o n t i n u o u s  f low hydrographs ,  mean d a i l y  and 2- 

h o u r  peak  f low f r e q u e n c y  d i s t r i b u t i o n s ,  r u n o f f  volumes,  

and  f l o w  d u r a t i o n  c u r v e s  i n d i c a t e d  an  a c c u r a t k  r e p r e s e n -  

t a t i o n  o f  s t r e a m f l o w s  and a n  a c c e p t a b l e  c a l i b r a t i o n .  

Some d i v e r g e n c e  o f  s i m u l a t e d  and o b s e r v e d  f l o w s  was 



evident at the 50 year and 1 0 0  year recurrence 

interval. 

Extreme minimum flows established by Log-Normal frequen- 

cy distributions of seven-day low flows tended to be 

larger than recorded values, due to problems caused by 

simultaneously calibrating the HSP-F model at the upper 

and lower flow range. ~djustments were made to simula- 

ted low flows based on recorded data in order to improve 

forecasts. 

. From the calibration of the HSP-F model, it is evident 

that additional streamflow and precipitation data would 

be useful for further investigations of this nature. 

Continuous precipitation recorders maintained by the 

Conservation Authority at Casselman, Spencerville and 

Plantagenet can provide a more synoptic representation 

of hourly precipitation over the basin, therefore, their 

continued operation is advised. The foregoing stations 

are listed in order of funding priorities. For flood 

forecastng purposes, both Spencerville and Casselman 

have considerable merit if converted to real time opera- 

tion. 

The existing streamflow gauging network within the South 

Nation basin is comprehensive and upgrading of the sta- 

tion at Chesterville to a continuous operation is the 

only improvement which is recommended. If specific 

wetland areas are identified as important cdntributors . -  

to stream baseflow, it would be worthwhile to install 

stream qauqes at their outlet to provide further insight 

into their hydrologic behaviour. 
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F o l l o w i n g  c o m p l e t i o n  o f  c a l i b r a t i o n  and  v a l i d a t i o n ,  t h e  

HSP-F model  w a s  u s e d  t o  g e n e r a t e  a d a i l y  s t r e a m f l o w  

r e c o r d  f o r  t h e  22  y e a r  p e r i o d  from 1957 t o  1979 which  

r e f lec t s  c u r r e n t  r u n o f f  c o n d i t i o n s  i n  t h e  w a t e r s h e d .  

From t h i s  f l o w  series b o t h  h i g h  flows and l o w  f l o w  £ re -  

q u e n c y  c h a r a c t e r i s t i c s  were d e f i n e d  a t  t h e  f o l l o w i n g  

l o c a t i o n s :  

i )  D a i l y  Peak   isc charge 

P e r i o d :  Annual  and Growing s e a s o n  (May - O c t o b e r )  

R e t u r n  ~ e r i o d : 5 ,  1 0 ,  20,  50 and 100  y e a r s  

L o c a t i o n :  a )  S o u t h  N a t i o n  R i v e r  a t  P l a n t a g e n e t ,  

C h e s t e r v i l l e  and S p e n c e r v i l l e ,  Bear Brook 

n e a r  C a r l s b a d  S p r i n g s  and S o u t h  Castor 

R i v e r  a t  Vernon. 

b )  O u t l e t  of p r o p o s e d  m u n i c i p a l  d r a i n a g e  

c h a n n e l s  d e s i g n a t e d  as  Payne  C r e e k ,  Van 

Camp, Fe rquson ,  M u l l e n  (Gannon)  and  . s o u t h  

Castor d r a i n s .  

i i )  S e v e n  Day Low Flows  

P e r i o d  : Annual  

R e t u r n  P e r i o d : 2 ,  5 ,  10 and 20 Years 

L o c a t i o n :  s o u t h   ati ion R i v e r  a t  C h e s t e r v i l l e ,  

C a s s e l m a n  and P l a n t a g e n e t ,  Bear Brook a t  

B o u r g e t  and Castor R i v e r  a t  Embrun. 



E s t i m a t e d  s t r e a m f l o w s  o v e r  t h e  22 y e a r  p e r i o d  a t  t h i r t y -  

s e v e n  p o i n t s  w i t h i n  t h e  South  N a t i o n  R i v e r  Bas in  a r e  

s t o r e d  on m a g n e t i c  computer t a p e  f o r  f u t u r e  use .  

IMPACTS OF AGRICULTURAL DRAINAGE PRACTICES 

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

N a t i o n  R i v e r  B a s i n  i n v o l v i n g  bo th  s u b - s u r f a c e  t i i e  and muni- 

c i p a l  d r a i n  o u t l e t s  was a s s e s s e d  on  a w a t e r s h e d  s c a l e  w i t h  

t h e  HSP-F model. I n s i g h t  i n t o  model p a r a m e t e r  changes  due  t o  

a g r i c u l t u r a l  d r a i n a g e  was o b t a i n e d  by d e t a i l e d  i n v e s t i g a t i o n s  

c a r r i e d  o u t  on s m a l l  ca t chment s  w i t h  t h e  HSP-F model f o r  

n a t u r a l  d r a i n a g e  and t h e  DRAINMOD model f o r  t i l e - d r a i n e d  

c o n d i t i o n s .  The DRAINMOD model deve loped  a t  t h e  U n i v e r s i t y  

o f  Nor th  C a r o l i n a  i s  a  c o n t i n u o u s  s i m u l a t i o n  model f o r m u l a t e d  

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

. F i e l d  d a t a  used f o r  model c a l i b r a t i o n  p u r p o s e s  was c o l -  

l e c t e d  by t h e  C o n s e r v a t i o n  ~ u t h o r i t y  w i t h i n  e i g h t  d r a i n -  

a g e  b a s i n s  r a n g i n g  i n  a r e a  between 7.3 h e c t a r e s  ( 1 8  

acres) and 898 h e c t a r e s  ( 2 , 2 1 8  a c r e s )  s t a r t i n g  i n  

September  1980 and c o n t i n u i n g  d u r i n g  t h e  s p r i n g  and 

summer o f  1981. S i x  o u t l e t  d r a i n s  and two t i l e  d r a i n  

o u t l e t s  were moni to red  i n  t h e  subca tchment s  w i t h  v a r i e d  

s o i l  c o n d i t i o n s  and d e g r e e s  o f  a g r i c u l t u r a l  d r a i n a g e .  

A n a l y s i s  o f  t h e  l i m i t e d  f i e l d  d a t a  from t h e  s p r i n g  

p e r i o d  i n d i c a t e d  h i g h e r  run-off  volumes d u r i n g  and i m m e -  

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

d r a i n a g e .  The peak r u n o f f  r a t i o  was n o t  a f f e c t e d  by t h e  . - 

d e g r e e  o f  t i l e  d r a i n a g e  f o r  t h e  e v e n t s  which - w e r e  

s t u d i e d .  



Due to limitations of the field data including remote 

location of rainfall recorders and inaccuracies of flow 

rating curves for the drains, a true model calibration 

verification procedure was not possible. However, the 

models are reliable simulators of agricultural drainage 

processes and they adequately reproduce the trends 

resulting from drainage improvements on a watershed 

scale. 

Due to questionable accuracy of base flows measured 

within municipal drains and limitations in simulating 

low flows with the detailed tile drainage model 

(DRAINMOD) when waterlevels fall below tile drains, it 

was not possible to verify the impacts of subsurface 

drainage improvements on low flows* 

Increased confidence in predicted effects of agricul- 

tural drainage on flows within the basin may be gained 

by a continuation of the monitoring program for agricul- 

tural test watersheds. This data will provide addition- 

al information for calibration of the agricultural 

drainage models. It is suggested that a sample should 

be selected from the eight gauged watersheds previously 

established by the Conservation Authority that will give 

a representative cross-section of soils, tile drainage 

conditions and drainage areas. Every effort should be 

made to use continuously recorded rainfall data which is 

near the test watershed. On-site gauges plus Authority 

gauges previously established at St. Elmo, Casselman and _ 
Plantagenet should be considered for this purpose. 

In view of the inability to obtain a low flow calibra- 

tion of hydrologic models for tile drained agricultural 



areas ,  f u r t h e r  f i e l d  m o n i t o r i n g  i s  recommended. A 

d r a i n a q e  area o f  s u f f i c i e n t  s i z e  s h o u l d  b e  s e l e c t e d  t o  

permit measurement  o f  low f l o w s .  I d e a l l y ,  t h i s  c a t c h -  

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

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

major i n s t a l l a t i o n  of s u b s u r f a c e  d r a i n a g e  i n  t h e  f u t u r e .  

An i n v e n t o r y  o f  f u t u r e  m u n i c i p a l  d r a i n  improvements  

w i t h i n  t h e  S o u t h  N a t i o n  R i v e r  b a s i n  and  i n v e s t i g a t i o n s  

o f  p r o p o s e d  a g r i c u l t u r a l  d r a i n a g e  o n  a r e p r e s e n t a t i v e  3 5  

s q u a r e  m i l e  s ub -wa te r shed  w i t h  m e t e o r o l o g i c a l  i n p u t  f rom 

1972 t o  1976 i n d i c a t e s :  

i )  M o d i f i c a t i o n  o f  e x i s t i n g  d r a i n s  w i t h  t r i b u t a r y  areas of 

0.5 h e c t a r e s  ( 1 . 2 5  m i 2  ) miles or  less i n v o l v i n g  deepen-  

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

d r a i n a g e  improvement .  T h i s  w i l l  h a v e  n e g l i g i b l e  i m p a c t  

o n  p e a k  f l o w s .  

i i )  A smaller number of m u n i c i p a l  d r a i n s  w i t h  t r i b u t a r y  

areas g r e a t e r  t h a n  0.50 h e c t a r e s  ( 1 . 2 5  m2) w i l l  b e  en- 

l a r g e d  t o  p r o v i d e  i n c r e a s e d  c a p a c i t y .  The maximum 

number  of d r a i n s  t o  b e  e n l a r g e d  w i t h i n  a sub -wa te r shed  

w i l l  r e s u l t  i n  a 5 t o  7% i n c r e a s e  i n  f l o o d  p e a k s  a t  t h e  

o u t l e t  of t h e  c a t c h m e n t .  

i i i)  I n s t a l l a t i o n  of t i l e  d r a i n a g e  r e s u l t s  i n  a more r a p i d  

draw-down o f  s o i l  m o i s t u r e  t h e r e b y  c r e a t i n g  a l a r g e r  

s o i l  s t o r a g e  c a p a c i t y  and r e d u c i n g  p e a k  r u n o f f .  - The  , 

t i l e d  c o n d i t i o n  r e s u l t s  i n  a smaller r u n o £ f  r e s p o n s e  

p a r t i c u l a r l y  d u r i n g  t h e  summer and  e a r l y  w i n t e r  p e r i o d  

when i n c r e a s e d  s t o r a g e  c a p a c i t y  i n  t h e  s o i l  may e l i m i n -  



a t e  runoff al together.  If  several large r a i n f a l l  events 

occur i n  close sequence, the effectiveness of the t i l e  

drainage i n  at tenuating peak flows is reduced. I f  t i l e  

flow contributions from an e a r l i e r  event are super- 

imposed on the surface runoff peak, maximum flows may be 

s l i g h t l y  higher than the unti led condition. 

Impacts of agr icu l tura l  drainage flows a t  the four major 

flood prone s i t e s  within the South Nation basin are 

discussed under Flood Control and Land Use Scenarios. 

SECONDARY FLOOD PLAIN AREAS 

Due t o  the  r e l a t ive ly  f l a t  topography and l imited channel 

capacity throughout the South Nation Basin, extensive annual 

flooding has been reported in  many par ts  of the watershed, 

pa r t i cu la r ly  during the spring. The flood pla in  delineation 

component of the study ident i f ied flood-prone areas under 

open water conditions which have not been mapped by the 

Conservation Authority. The extent of the flooding in  these 

secondary areas was estimated. 

The procedure employed t o  ident i fy  secondary flood-prone 

s i t e s  used 1978 a e r i a l  photographs taken under flood condi- 

t ions ;  f i e l d  surveys of representative waterway and overbank 

cross-sections together with conveyance charac te r i s t ics ;  flow 

estimation of the 10 year and 100 year events a t  the flood 

s i t e s  based on exis t ing streamflow data and; a normal depth 

calculat ion of flood stage a t  the s i t e s .  
. .. - 

I n  general,  l i t t l e  flood damage poten t ia l  was ident i f ied 

outside of known flood-prone areas which have been mapped by 

the Authority. This appears t o  be in  agreement with' local  



e x p e r i e n c e .  S i t e s  t h a t  w i l l  have l o c a l  f l o o d i n g  under 100 

y e a r  f l o o d  c o n d i t i o n s  b u t  w i t h  l i t t l e  damage p o t e n t i a l  a r e :  

Town o f  Limoges, South I n d i a n  Creek 

Town o f  Kenmore, South C a s t o r  R ive r  

Town o f  S p e n c e r v i l l e ,  South Nation River  

Town o f  Ernbrun, Main C a s t o r  R ive r  

Payne R i v e r ,  n e a r  Finch 

Sco tch  R i v e r ,  West Branch n e a r  S t .  Elmo 

South Na t ion  R i v e r ,  North Branch n e a r  Van Camp 

South  Na t ion  R i v e r ,  Main Branch n e a r  Hyndeman 

C a s t o r  R i v e r ,  n e a r  Embrun 

South  N a t i o n  R i v e r ,  n e a r  C r y s l e r  

C a s t o r  R i v e r ,  n e a r  R u s s e l l  

South  N a t i o n  R i v e r ,  nea r  C h e s t e r v i l l e  

A d d i t i o n a l  f l o o d i n g  a t  Hammond due  t o  i n a d e q u a t e  c u l v e r t  

c a p a c i t y  on t h e  s m a l l  waterway was a l s o  p o i n t e d  o u t  d u r i n g  

t h e  s t u d y  and may w a r r a n t  d e t a i l e d  f l o o d  p l a i n  mapping t o  

d e f i n e  t h e  h a z a r d  a r e a .  F u r t h e r ,  w h i l e  open w a t e r  f l o o d i n g  

a t  C r y s l e r  was n o t  deemed s i g n i f i c a n t  d u r i n g  t h e  s c r e e n i n g  o f  

secondary  h a z a r d  a r e a s ,  i n u n d a t i o n  caused by ice jams i n  1982 

p o i n t e d  o u t  t h e  ne'ed f o r  f u r t h e r  i n v e s t i g a t i o n  o f  t h i s  

problem. 

FLOOD CONTROL AND LAND USE SCENARIOS 

The c a l i b r a t e d  wa te r shed  model was used t o  i n v e s t i g a t e  a  

number o f  proposed s t r u c t u r a l  measures which c o n t r o l  f l o o d i n g  .. - 
p l u s  t h e  p o t e n t i a l  h y d r o l o g i c  impac t s  of  l a n d  i s e  chhnges 

i n c l u d i n g  a g r i c u l t u r a l  d r a i n a g e .  



a )  Mun ic ipa l  D r a i n  Improvements 

The h y d r o l o g i c  i m p a c t s  r e s u l t i n g  from t h e  improvement of  t h e  

f o l l o w i n g  m a j o r  m u n i c i p a l  d r a i n s  was i n v e s t i g a t e d  s e p a r a t e l y  

f rom t h e  e f f e c t s  o f  a g r i c u l t u r a l  d r a i n a g e  w i t h i n  t h e  Sou th  

N a t i o n  R i v e r  b a s i n :  S o u t h  C a s t o r ,  Payne,  Mul len ,  Van Camp 

and  Fe rguson  D r a i n s .  M o d i f i c a t i o n s  t o  e x i s t i n g  w a t e r c o u r s e s  

were i n c o r p o r a t e d  i n t o  t h e  f l o w  r o u t i n g  p o r t i o n  o f  t h e  HSP-F 

model i n  order t o  compute t h e  e f f e c t  o n  t h e  c o n t i n u o u s  f l o w  

s e q u e n c e  be tween  1957 and 1979. F lood  f r e q u e n c y  p l o t s  i l l u s -  

t r a t e :  

A f t e r  d r a i n  improvements  are comple t ed ,  peak  i n s t a n t a -  

n e o u s  r u n o f f  r a t e s  a t  t h e  downstream l i m i t s  o f  t h e  

d r a i n s  w i l l  b e  i n c r e a s e d  from 12 t o  55 p e r c e n t .  

. The d r a i n s  r a n k e d  i n  o r d e r  o f  t h e i r  p e r c e n t a g e  i n c r e a s e  

i n  peak  f l o w s  a r e :  

i )  Payne D r a i n  

i i)  Mul len  D r a i n  

i i i)  Sou th  C a s t o r  D r a i n  

i v )  Van Camp D r a i n  

v )  Fe rguson  D r a i n  

F lood  p r o n e  l a n d s  a t  C h e s t e r v i l l e  and P l a n t a g e n e t  w i l l  

o n l y  m a r g i n a l l y  be  a f f e c t e d  by t h e  combined f l o w  impac t  

o f  t h e  f i v e  d r a i n s  s i n c e  peak  f l o w s  a t  t h e s e  l o c a t i o n s  

w i l l  b e  i n c r e a s e d  by l e s s  t h a n  two p e r , c e n t .  

Annual minimum 2-hour l o w  f l o w s  were unchanged by t h e  

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

F u t u r e  a g r i c u l t u r a l  d r a i n a g e  improvements  were r e p r e s e n t e d  by 

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

per c e n t  o f  e x i s t i n g  a g r i c u l t u r a l  l a n d s  p l u s  a s s o c i a t e d  muni- 

c i p a l  d r a i n  improvements .  A g r i c u l t u r a l  l a n d s  were  i n v e n t o -  

r i e d  by Township and t h e  f o r e g o i n g  p e r c e n t a g e  o f  f u t u r e  t i l e  

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

l e v e l  f o r  economic  r e t u r n  d u r i n g  t h e  A g r i c u l t u r a l  Component 

Backqround S t u d y .  Expec t ed  improvements  i n  m u n i c i p a l  d r a i n s  

were a s s e m b l e d  by t h e  c o n s e r v a t i o n  A u t h o r i t y  i n  c o n j u n c t i o n  

w i t h  t h e  O n t a r i o  M i n i s t r y  o f  A g r i c u l t u r e  and Food d u r i n g  t h i s  

s t u d y .  F u t u r e  o u t l e t  d r a i n  improvements  i n c l u d e d  t h e  pro-  

p o s e d  Mul l en ,  F e r g u s o n  and Van Camp D r a i n s  a s  w e l l  a s  t h e  

C h e s t e r v i l l e  c h a n n e l i z a t i o n  comple t ed  i n  1981 t o  C a s s  Br idge .  

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

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

c o n t i n u o u s  s t r e a m f l o w s  between 1957 and 1979 i n c o r p o r a t i n g  

c h a n g e s  i n  d r a i n a g e  r e l a t e d  p a r a m e t e r s .  F lood  f r e q u e n c y  

p l o t s  fo r  b o t h  t h e  a n n u a l  p e r i o d  and g rowing  s e a s o n  f rom May 

t o  O c t o b e r  i n d i c a t e  s i g n i f i c a n t l y  lower peak  f l o w s  a t  t h e  

f o u r  major f l o o d  p r o n e  a r e a s :  P l a n t a g e n e t  and C h e s t e r v i l l e  

o n  t h e  S o u t h    at ion R i v e r ,  Vernon o n  t h e  S o u t h  C a s t o r  R i v e r  

and  C a r l s b a d  S p r i n g s  o n  Bea r  Brook. R e d u c t i o n s  v a r y  f rom 

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

s p r i n g  snowmel t  e v e n t s  w h i l e  peak  f l o w  a t t e n u a t i o n  i s  more 

d r a m a t i c  d u r i n g  t h e  May t o  Oc tobe r  p e r i o d  r a n g i n g  from s i x  t o  

t h i r t y - e i g h t  p e r  c e n t .  



c)  C h a n n e l i z a t i o n  Works f o r  Flood C o n t r o l  

Major  c h a n n e l  works t h a t  a r e  p roposed  f o r  f l o o d  c o n t r o l  were 

i n v e s t i g a t e d  o n  t h e  Payne,  Sou th  C a s t o r  and  Bea r  Brook i n  

a d d i t i o n  t o  t h e  C h e s t e r v i l l e  c h a n n e l  which was e x t e n d e d  t o  

S a l t e r s  B r i d g e .  S i m u l a t i o n  o f  h y d r o l o g i c  i m p a c t s  on peak  

f l o w s  were c a r r i e d  o u t  t o g e t h e r  w i t h  f u t u r e  a g r i c u l t u r a l  

d r a i n a g e  improvements  o u t l i n e d  i n  t h e  f o r e g o i n g  r e p o r t  sec- 

t i o n  and  i m p a c t s  were a s s e s s e d  as a n  i n c r e m e n t a l  e f f e c t .  

C h a n n e l i z a t i o n  o f  n a t u r a l  waterways  which improves  t h e  f l o w  

c a p a c i t y  o f  a  c r o s s - s e c t i o n  and r e d u c e s  t h e  volume o f  f l o o d -  

p l a i n  s t o r a g e  w i l l  commonly i n c r e a s e  f l o o d  p e a k s  a t  down- 

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

t h e  S o u t h  N a t i o n  R i v e r  b a s i n  a t  t h e  f o u r  m a j o r  f l o o d  p r o n e  

a r e a s ,  P l a n t a g e n e t ,  C h e s t e r v i l l e ,  V e r n o n  a n d  C a r l s b a d  

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

The i n c r e m e n t a l  e f f e c t  o f  t h e  f l o o d  c o n t r o l  c h a n n e l i z a t i o n  o n  

f l o o d  p e a k s  w i l l  be: 

i )  S o u t h  C a s t o r  R i v e r  a t  Vernon. Peak  f l o w s  are  i n c r e a s e d  

d u r i n g  t h e  a n n u a l  p e r i o d  and g rowing  s e a s o n  by 4 %  f o r  

more s e v e r e  f l o o d  r e t u r n  p e r i o d s .  

i i )  Bea r  Brook n e a r  C a r l s b a d  S p r i n g s  u p s t r e a m  o f  Sou th  

I n d i a n  Creek .  N o  change i n  f l o o d  p e a k s .  

i ii) S o u t h  N a t i o n  R i v e r  a t  ~ h e s t e r v i l l e .  Dur ing  . t h e  summer . - -  

growing  s e a s o n s ,  peak d i s c h a r g e s  l a r g e r  t h a n  t h e  10-year  

e v e n t  w i l l  be  i n c r e a s e d  by 5 t o  9 p e r c e n t .  Annual peak  

f l o w s  r e f l e c t i n g  s p r i n g  snowmelt  p l u s  p o s s i b l e  r a i n f a l l  

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



i v )  S o u t h  Na t ion  R i v e r  a t  P l a n t a g e n e t .  Peak f l o w s  remain 

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

e v e n t s  w i l l  n o t  be a f f e c t e d .  Summer f l o o d  f lows w i l l  

i n c r e a s e  by 2 p e r c e n t .  

F o r  b o t h  t h e  a n n u a l  p e r i o d  and t h e  growing r e a s o n  from May t o  

~ c t o b e r  f l o o d  peaks  a r e  reduced f r o m  t h o s e  e x p e r i e n c e d  under 

c u r r e n t  a g r i c u l t u r a l  d r a i n a g e  p r a c t i c e  due  t o  the  a t t e n u a t i o n  

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

from 0 t o  1 4  p e r c e n t  for t h e  annua l  p e r i o d  and 6 t o  34 per- 

c e n t  d u r i n g  t h e  g r w i n g  season  a t  t h e  f o u r  f l o o d  p rone  

a r e a s .  

d )  Expansion of F o r e s t  Lands 

W i t h i n  t h e  Sou th  Na t ion  River  b a s i n  a b o u t  39 p e r c e n t  of  t h e  

d r a i n a g e  a r e a  i s  c u r r e n t l y :  f o r e s t e d .  Maximizat ion  o f  f o r e s t  

l a n d s  i n  t h e  w a t e r s h e d  was e v a l u a t e d  by  c o n v e r t i n g  a l l  mar- 

g i n a l  farm l a n d  and s u i t a b l e  i d l e  l a n d  t o  f o r e s t  p r o d u c t i o n  

and s u b s e q u e n t l y  m o d e l l i n g  t h e  e f fec ts  on flows between 1957 

and 1979. Hydro log ic  pa ramete r s  w i t h i n . t h e  HSPF model w e r e  

a l t e r e d  t o  r e f l e c t  i n c r e a s e d  f o r e s t r y .  N o  d r a i n a g e  improve- 

ments  w e r e  c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  t h i s  a l t e r n a t i v e .  

It is emphasized that reforestation of the foregoing magni- 

tude represents an upper limit that was selected to clearly 

illustrate the impact of this land use change on streamflaws 

within the South Nation River basin. 
.. . 

F l o o d  f r e q u e n c y  a n a l y s i s  i n d i c a t e s  the f o l l a w i n g  change i n  

the peak  f low regime:  



i )  For the annual period including spring snowmelt, annual 

peak flows tend t o  increase for more severe return 

periods with the largest  effects experienced a t  Vernon 

on the  South Castor River. 

ii) During the summer growing season, the four flood prone 

locations,  Plantagenet, Chesterville, Vernon and Bear 

Brook, experience a  wide range of peak flow variat ion 

but a  trend of larger flow increases with larger events 

i s  noted. A t  Plantagenet and Chestervil le for example, 

the  20  year peak flow i s  intensif ied by approximately 

10 percent. Review of the continuous flow simulation 

reveals tha t  larger t r ac t s  of forest  lands w i l l  often 

delay spring snowmelt and flood peaks in to  May and the 

summer growing season, thereby increasing the occurrence 

and magnitude of larger  flood events. 

iii) More frequent runoff events with a  smaller magnitude 

are  caused by mid-summer thunderstorms for which forest  

cover has the opposite effect .  The deep rooted vegeta- 

t i o n  depletes the s o i l  moisture storage by increased 

evapo t ransp i ra t ion  which reduces base flows and 

increases the s o i l  storage capacity. These effects  

r e s u l t  i n  5 t o  1 7  percent reductions for more frequent 

flood events a t  the four major flood prone locations 

within the  South Nation basin. 

e )  Flood Control and Low Flow Auqmentation Measures. 

Previous water resource investigations of the South Nation 

River basin have ident i f ied  eleven reservoirs for purposes of 

flood control and low flow augmentation. However, most 



authorizations have dea l t  with analyses of s i t e  specif ic  

rather than basin-wide water management problems. During 

t h i s  study, proposed reservoirs were assessed i n  terms of 

t h e i r  flood control and low flow capabi l i t ies  with the assis-  

tance of a reservoir operations model. Existing s o i l s  infor- 

mation a t  proposed dam s i t e s  was reviewed as a further aid i n  

evaluating- the v iab i l i ty  of the projects.  

A two s t ep  procedure was adopted during the hydrologic 

screening of reservoir efficiencies:  

i )  A preliminary investigation during the i n i t i a l  phase of 

the  project  which ass is ted the Authority i n  establishing 

p r i o r i t i e s  between reservoirs. 

Specific flow sequences were selected from h i s to r i ca l  

streamflow records and transferred to the proposed re- 

servoir  s i t e s  by drainage area pro-rating techniques 

before they were used in  the HEC-5 reservoir  operations 

mode 1. 

ii) A detai led evaluation of more a t t r ac t ive  flood control 

reservoirs during the f ina l  phase of the project* 

C r i t i c a l  flow sequences were selected from the conti- 

nuous simulation provided by the HSPF model a t  the pro- 

posed reservoir  s i t e s  and used i n  the reservoir simula- 

t ion model t o  evaluate flow reductions a t  Plantag.enet. - 

The preliminary investigation provided the following ranking 

of reservoir  s i t e s :  



1. North Castor Reservoir: flood control and low flow 

augmentation. 

2 .  Scotch Reservoir: flood control.  

3 .  Spencerville Reservoir: low flow augmentation. 

4. Bear Brook Reservoir: flood control and low flow aug- 

mentation. 

Computations re la t ing  t o  the low flow augmentation capability 

of the Spencerville Reservoir revealed tha t  the previously 

proposed s i t e  development i s  not compatible with the volume 

of spring runoff which i s  available for storage. Preliminary 

examination suggests that  the optimum l ive  storage would be 

i n  the order of 55.5 t o  61.7 ~m~ (45 000 t o  50 000 ac- f t )  for  

low flow purposes. 

A number of points were ident i f ied which influence any deci- 

sion t o  construct the reservoirs for flood control: 

More agr icu l tura l  land would be inundated a t  the reser- 

voir  s i t e s  than removed from the flood hazard zone a t  

Plantagenet. 

Geotechnical conditions a t  the Bear Brook s i t e  are poor 

and potent ia l  foundation problems may be insurmount- 

able. 

The f ina l  reservoir  operations investigations included the 

three foregoing flood control reservoirs plus storage deve- 

loped a t  Lemieux on the South Nation River. Findings con- 



firmed the preliminary investigations and pointed out that 

the flood reduction capabilities of the reservoirs during the 

growing season are mainly limited to flow events smaller than 

a 25 year magnitude. 

Diversion schemes that have been. suggested for flood control 

purposes were eliminated from further consideration. The 

Spencerville Diversion was considered unnecessary due to the 

limited flood reduction potential o£ the Spencerville Reser- 

voir while the Cobb's Lake Diversion was found to be dispro- 

portionately expensive in relation to the benefits derived at 

Plantagenet. 

Local protective measures including channelization and dyking 

emerged as the favoured alternatives to reduce flood damages 

at the four major flood prone areas. Calculation of the 

average annual flooded area within these sites provides the 

Authority with further background data to evaluate the econo- 

mics of flood control measures. For the flood prone area 

upstream of Chesterville, the average annual agricultural 

area which is subjected to subsurface soil saturation due to 

flood stages in the South Nation River was also computed for 

existing conditions and after the channelization is ex tended 

to Salters bridge. Average annual flood area reduction bene- 

fits at Chesterville resulting from this channelization will 

be significant but will be partially offset by increased 

flooding at Plantagenet. 

. - 



WATER QUALITY STUDIES 

In general, water qual i ty  i n  the South Nation River Basin 

does not s a t i s f y  provincial water qual i ty  objectives for 

bacter ia l  and t o t a l  phosphorus concentrations. 

Total phosphorus concentrations throughout the basin have 

frequently been measured t o  be higher than twice the provin- 

c i a l  guideline for streams of 0.03 m g / ~ .  Approximately 95% 

of the phosphorus losses t o  the stream originate  from non- 

point agr icu l tura l  sources. The point sources i n  the 

basin, which include 2 industr ia l  lagoon discharges and 6 

municipal lagoon discharges, contribute the remainder of the 

annual basin phosphorus export. 

About 70% of the annual t o t a l  phosphorus losses are exported 

during the months of March, April and May. The t o t a l  average 

basin export r a t e  for phosphorus is calculated t o  be 0.49 kg 

 ha-yr (0.44 lb  ~/ac-yr) . The majority of the phosphorus 

export emanates from the northern half  of the basin which 

includes the Castor Rivers and the Bear Brook, with u n i t  area 

losses about twice tha t  of the southern half  of the basin. 

Higher phosphorus losses i n  the northern half  of the South 

Nation River basin can be a t t r ibuted t o  the higher sediment 

yield and an apparently greater livestock contribution. 

A previous study of the South Nation River basin concluded 

t h a t  most of the sediment is  being produced i n  the northern .. - . . - - 
half  of the basin with the Bear Brook and Castor River sys- 

tems contributing the most sediment. The sources of sediment 

are  closely re la ted t o  the distr ibution of red and grey band- 

ed sens i t ive  marine clays i n  the northern half  of the basin. 



The three major sediment producing sources were ranked as 

follows: 

i mass wasting 

ii) open channel drains 

iii) sheet erosion of f ie lds  

Once mass wasting has been accounted for ,  t o t a l  annual basin 

sediment losses are comparable t o  mean sheet erosion losses 

reported for  permanent pastures i n  Southern Ontario. 

Total phosphorus "potency factors" for  bank material develop- 

ed i n  PLUARG s tudies ,  coupled with the high bank erosion 

losses reported i n  the South Nation River basin, imply phos- 

phorus losses associated with eroded bank material may be as 

high as 30-50% of the t o t a l  annual basin phosphorus export. 

This suggests control of bank erosion is  equally important as 

control of f i e l d  erosion i n  reducing phosphorus loadings to  

the r iver  system. By comparison, subsurface drainage, which 

includes t i l e  drain eff luent ,  interflow and act ive ground- 

water recharge, is estimated t o  contribute approximately 1.5% 

a£ the phosphorus export. 

The contribution of phosphorus losses associated with live- 

stock a c t i v i t i e s  is  estimated to  be between 7% t o  35% of the 

t o t a l  basin phosphorus export a t t r ibu table  t o  non-point 

sources. This range i s  based on applying u n i t  area livestock 

losses and loss r a t e s  per animal u n i t  extrapolated from other 

Southern Ontario agr icul tural  watershed studies.  While these 

studies demonstrate that  management of livestock a c t i v i t i e s  I 
i s  more important i n  determining nutrient  loss  ra tes  than 

animal densi t ies  per se,  the larger animal inventories in the 



northern half  of the basin may account for .some of the higher 

phosphorus losses found i n  the north. 

The avai lable  data base i s  insuff ic ient  t o  determine the 

mechanism by which nutr ients  a t t r ibutable  t o  livestock ac t i -  

v i t i e s  reach the streams. Catt le access t o  the streams, 

feedlot runoff and poor manure management are l ike ly  sources 

and warrant closer examination on a farm by farm basis.  

For the other major .land uses i n  the basin other than live- 

stock a c t i v i t i e s ,  the following ranges of average uni t  area 

phosphorus losses were developed: 

Row crops 0.9 - 1 . 7  0.8 - 1.5 

Grains 0.45 - 0.81 0.4 - 0.72 

~ a s t u r e / h a y  0.34 - 0.59 0.3 - 0.53 

Woodland/idle 0.045- 0.09 0.04 - 0.08 

Ranges and not absolute values were developed due t o  the 

i n a b i l i t y  t o  accurately estimate both livestock contributions 

and the amount of phosphorus export associated with bank 

erosion which is not t o t a l l y  dependent on the adjacent land 

use. 

Continuous corn cul t ivat ion usually resu l t s  in  the greatest  

u n i t  area phosphorus losses compared t o  the other agricul- 

tu ra l  cul t ivat ion a c t i v i t i e s .  An  increase of 10 000 hectares 

(25 000 acres)  of continuous corn cult ivation a t  the expense 

of pasture/hay acreage would resul t  in  an increase in  t o t a l  

basin phosphorus export of approximately 6 percent. Since 



most of t h i s  increase would occur in  the spring and originate 

from a wide drainage area, no s ignif icant  deterioration i n  

instream qual i ty  with respect to  phosphorus would be expec- 

ted. 

Ti le  drain eff luent  qual i ty  i s  be t te r  than tha t  of surface 

runoff qual i ty  with respect t o  most parameters, except n i t -  

r a t e  nitrogen. Increased subsurface drainage with t i l e  

drains would lead t o  decreased surface runoff and hence lower 

in-stream t o t a l  phosphorus concentrations. 

Instream bacteriological  quali ty exceeds Ministry objectives 

of 1000/100 m l  and 100/100. m l  for Total and Fecal coliforms, 

respectively. The objectives are exceeded throughout much 

of the basin, notably i n  the northern areas. While th i s  

fecal  contamination i s  animal i n  origin,  the available data 

i s  insuf f ic ien t  t o  distinguish the mechanism by which t h i s  

contamination reaches the stream. Other studies have shown 

tha t  the  level of bac ter ia l  contamination cannot be related 

t o  livestock density since manure management practices are 

the controll ing factors .  

While point source discharges are not important on a basin 

scale, they may be important on a local scale.  Dissolved 

oxygen modelling re su l t s  for 7Q20 low flow conditions suggest 

tha t  potent ia l ly  unacceptable dissolved oxygen concentrations 

downstream of the point sources may resu l t ;  
.. - 

i In the East Castor River during l a t e  summer con- 
tinuous indus t r ia l  lagoon discharges i n  Winchester. 



ii) In the Casselman impoundment during f a l l  emptying 

of the indus t r ia l  lagoons i n  Winchester. 

iii) In the Crysler impoundment due t o  continuous summer 

discharges from the industr ia l  source i n  Chester- 

v i l l e .  

No monitoring programmes have been undertaken t o  verify 

whether the  simulated dissolved oxygen problems actually 

exist  under the low flow conditions modelled. 

Ministry objectives for instream t o t a l  phosphorus would have 

l i t t l e  bearing on point source discharges due to  the high 

background levels  upstream of a l l  the point sources. O f  the 

other nutr ient  forms, f ree  ammonia concentrations downstream 

of the point source discharges may exceed Ministry objectives 

during low flows, par t icular ly  i n  the East Castor River. 

Based on the findings of the non-point source water qual i ty  

related s tudies ,  the following conclusions can be made with 

respect t o  improving instream conditions in  the South Nation 

River basin: 

ii) 

Effor ts  t o  control sediment erosion and phosphorus 

losses t o  the stream would best be directed t o  the 

northern half  of the basin where potent ia l  for 

reductions are the greatest .  

Bank and channel erosion sources should receive 

a t tent ion equal t o  f ie ld  erosion sources. 



iii) Buffer strips and grassed waterways, while not 

particularly effective in reducing field erosion, 

would minimize bank and channel erosion and hence, 

should be considered as integral parts of good 

surface drain design. 

iv) Cattle access to the streams should be controlled 

to maintain the integrity of the stream banks. 

This would reduce erosion related phosphorus load- 

ings to the stream, as well as nutrient and bac- 

terial contamination due to animal defecation into 

the waterways. 

Since generalizations cannot be made on nutrient 

and bacterial instream contamination resulting from 

each livestock operation in the basin, the imple- 

mentation of improved manure management techniques 

should be evaluated on a farm by farm basis. 

vi) Although representing a small fraction of the basin 

area, row crop cultivation represents a dispropor- 

tionately large source of phosphorus losses to the 

stream. Best management practices (BMP) such as 

strip cropping, contour ploughing and terraces, 

with the exception of a few localized areas, would 

not be applicable on a basin scale since they are 

more suited to controlling runoff from steeper 

slopes. Reductions in sediment and nutrient losses . . . . 

associated with no tillage, conservation tillage 

and crop rotation systems would require further 

evaluation with respect to the inherent lower crop 

or monetary yields associated with each. Similar- 



l y ,  winter cover crops and spring ploughing would 

have t o  be further evaluated due t o  the possible 

associated decrease i n  the e f fec t ive  crop growing 

season. 

Increasing t i l e  drainage may be considered as a BMP 

since t h i s  would decrease surface runoff and phos- 

phorus losses. The increase i n  n i t r a t e  levels 

associated with t i l e  drainage could be tolerated 

since instream n i t r a t e  levels  are currently well 

below legis la ted guideline levels.  

GROUNDWATER RESOURCES AND WATER SUPPLY 

Groundwater i s  the most important source of water supply i n  

the  South Nation River Basin. Most municipalities and rural  

residents,  as well as several industries,  obtain t h e i r  water 

supplies from groundwater sources. 

The groundwater in  the basin is obtained from both carbonate 

bedrock and overburden aquifers. In the northern part  of .the 

basin, the  major supply is from sand and gravel deposits, 

while i n  the southern portion, the carbonate bedrock forma- 

t ions  provide the bulk of the groundwater supply. The yields 

of most wells a re  low; the  overburden wells have s l ight ly  

higher yields  0.30 - 0.38 l / s  than wells in  bedrock 0.15 - 

Total withdrawals by a l l  users currently are much less  than 

estimated t o t a l  annual recharge to  the groundwater system. 

More than 95% of t o t a l  recharge replenishes two su r f i c i a l  

sand and gravel aquifers, referred t o  as the Rideau Front and 



Champlain aquifers. These aquifers are, mainly recharged 

directly from local precipitation. The bedrock aquifers 

receive recharge from outside the basin. 

The surficial Rideau Front aquifer shows the best potential 

for the development of large groundwater supplies. A number. 

of buried sand and gravel aquifers, as well as several bed- 

rock formations have the potential for moderate groundwater 

development. 

With respect to quality, groundwater throughout the basin is 

generally hard to very hard and sulphurous and saline waters 

are common in bedrock aquifers that underlie thick marine 

clay deposits and/or shale layers. Poor quality groundwater 

may also be found in discharge areas near rivers and creeks. 

An estimation of community water requirements including 

industrial demand was carried out during the study and was 

compared to the firm yield of current supplies plus potential 

groundwater sources. Location of additional groundwater 

suppies to be investigated for communities with a shortage-.of 

water are detailed in the report. 

Problems are recognized at Winchester, Chesterville, St. 

Isidore, Bourget, Hamrnond and St. Pascal where supply defi- 

ciencies will most likely be encountered after additional 

groundwater sources are developed. Nearby watercourss were 

investigated as a source of supply which would augment the . .- . 

groundwater resource. An estimate of the reliability of 

surface water supplies based on   in is try of the Environment 

withdrawal guidelines, maximum day supply rates required by 

the communities and low flow frequency data for the water- 



courses indicate that  the communities of Winchester, Chester- 

v i l l e  , S t .  Is idore  and S t .  Pascal are most susceptible t o  

shortages. The following observations are  made regarding 

supply problems a t  these communities: 

S t .  Pascal i s  considered too remote from a watercourse 

with adequate summer flows t o  make surface supplies a 

viable a l te rna t ive .  

The surface water supply a t  Winchester was obtained from 

the South Nation River a t  Chesterville which i s  the 

nearest watercourse with a s ignif icant  firm yield. The I 

exis t ing  impoundment a t  Chesterville has suf f ic ien t  

storage t o  supply the requirements of Chesterville and 

Winchester with maximum day shor t f a l l s  anticipated less 

than once every twenty years. Water demands by Nestle 

were not available t o  the study and may considerably 

shorten the recurrence of water supply deficiencies.  

Additional water supplies a t  S t .  Isidore m u s t  be provi- 

ded by a surface water impoundment on the South River. or 

individual domestic wells i n  the northern par t  of the 

v i l lage .  

A review of the potent ia l  impacts of future development sce- 

narios within the South Nation River basin on the groundwater 

resource provides the following observations: 

Future growth scenarios for urban rural  communities do 

not pose a potent ia l  long-term problem i n  reducing 

groundwater recharge. The essent ia l ly  clayey nature of 

most of the s o i l s  i n  the basin and the negligible acre- 



age of high i n f i l t r a t i o n  s o i l s  involved i n  any develop- 

ment scenario make the potential  for construction rela- 

ted  impacts on the groundwater regime a t  any locale neg- 

l i g i b l e .  

Impairment of groundwater from the disposal of domestic 

wastes is of primary concern especially i n  the shallow 

s u r f i c i a l  sand Champlain, Rideau Front and Maple Ridge 

aquifers.  

De-icing s a l t s  used i n  the maintenance of roads during 

winter months may pose a problem in  areas of exposed 

s u r f i c i a l  sand aquifers such as the Champlain and Rideau 

Front aquifers.  

Although, there  are no documented instances of major 

contamination problems ar is ing out of the operation of 

l a n d f i l l  s i t e s  within the South Nation River basin, 

par t icu lar  a t tent ion should be paid t o  the proper s i t i n g  

of proposed waste disposal f a c i l i t i e s .  

i) Flood prone areas associated with r iver  flood 

plains  should be avoided. 

ii) Areas encompassing the Rideau Front, Champlain and 

Maple Ridge aquifers should be protected and waste 

disposal s i t e s  permitted only a f t e r  extensive 

hydrogeological investigations indicate no. adverse 
.. - 

impacts. 

Any aggregate extraction operations i n  the basin w i l l  

probably locate  within the Rideau Front and Maple Ridge 



a q u i f e r s  w h e r e  aggrega te  m a t e r i a l s  c o n s t i t u t e  ve ry  good 

a q u i f e r s  and s i g n i f i c a n t  recharge a r eas .  Proper manage- 

ment of these o p e r a t i o n s  e s p e c i a l l y  i n  t h e  Rideau Front 

a q u i f e r  is mandatory i f  i t s  p o t e n t i a l  f o r  l a r g e  s u p p l i e s  

Of good q u a l i t y  wate r  i s  t o  be r e a l i z e d .  

Spray i r r i g a t i o n  of municipal  wastes  o f f e r s  a number of 
b e n e f i t s  i n  t h e  South Nation River b a s i n  from an a g r i -  

c u l t u r a l  p e r s p e c t i v e  and environmental  viewpoint  s ince  

wa te r  a v a i l a b i l i t y  and t h e  l ack  of a s s i m i l a t i v e  capac i ty  

i n  many watercourses  are p r e s s i n g  corlcerns. Municipali-  

t i e s  and s m a l l  communities are mainly dependent on 

groundwater for p u b l i c  and p r i v a t e  s u p p l i e s  t h e r e f o r e  

p r o t e c t i o n  a g a i n s t  contamination is impera t ive .  

E f f i c i e n t  sp ray  i r r i g a t i o n  procedures  u s u a l l y  r equ i r e  

l e v e l  s o i l s  w i t h  good permeabi l i ty  such a s  loamy sands 

and sandy loams. Although t h e  Champlain a q u i f e r  appa- 

r e n t l y  o f f e r s  t h e  b e s t  p o t e n t i a l  i n  t e r m s  of so i l  capa- 

b i l i t y  f o r  t r ea tmen t  of municipal  wastewaters by spray  

i r r i g a t i o n ,  a number of concerns can be i d e n t i f i e d :  

The e x i s t e n c e  of near s u r f a c e  water  t a b l e ' - c o n d i -  

t i o n s  . 

Most households  i n  t h e  a r e a  o b t a i n  the i r  w a t e r  

s u p p l i e s  from i n d i v i d u a l  dug and d r i l l e d  w e l l s  

completed i n  the s u r f i c i a l  f ine-gra ined  sands which 

a r e  h i g h l y  s u s c e p t i b l e  t o  contaminat ion.  

Channe l i za t ion  schemes which have been suggested a s  l o c a l  

f l o o d  p r o t e c t i o n  measures a t  the four  major f l ood  prone a r eas  



within the South Nation River basin were assessed in terms of 

potential groundwater impact. With the expection of the 

Chesterville channelization which has been the subject of an 

earlier comprehensive study conclusions are subject to a 

program of field instrumentation and monitoring. Suggested 

groundwater impacts of the other three schemes are: 

Vernon Channelization 

Channelization should not have any significant or widespread 

impact on the groundwater regime. Most wells are completed 

in bedrock overlain by clays and silts and therefore should 

not be affected. Excavation of the river bottom to bedrock 

potentially may result in the degradation of water quality in 

the underlying bedrock aquifer. 

A few wells in the Kenmore area are completed in buried sand 

and gravel aquifers. Although, there is no evidence that 

this aquifer is connected to the river, any link will cause 

dewatering of wells and possible contamination during periods 

of high flows in the channel. 

Bear Brook Channelization 

Channelization can be expected to impact to varying degrees 

on the groundwater resource in the area. Most wells are 

constructed in shallow surficial sand deposits that consti- 

tute the Champlain aquifer and hydraulic connection of the . .. - 
aquifer with the river will result in local interference 

with well supplies. Deep wells completed in the Carlsbad 

Springs shale aquifer are not expected to be affected by the 

channelization. 



Plantagenet Channelization 

Most wells in the area are shallow dug, bored or jetted and 

completed in the surficial Champlain sand aquifer. Where 

this shallow groundwater system or buried sand/gravel lenses 

are in hydraulic connection with the river, channelization 

can be expected to dewater the aquifer and interfere with 

local well supplies. River borne contaminants may be induced 

into the aquifer during high flow periods. 

In order to ensure that ample potable groundwater will be 

available to meet future demands, it is recommended that a 

regional water management plan should be developed. The plan 

should include a detailed survey of groundwater resources of 

each community, investigation of potential areas of ground- 

water supply by test drilling and test pumping, and a ground- 

water level monitoring programme. A model of the groundwater 

system, using input data obtained from the management plan, 

could be used to simulate effects of alternative development 

schemes on the system. In addition to the regional water 

management plan, it is recommended that an assessment of 

water consumption be carried out in areas where such data is 

lacking. 

Investigations of wetland areas are also recommended, to 

establish whether these include either potential groundwater 

sources or areas suitable for secondary treatment of sanitary 

wastewaters. Field instrumentation and monitoring are re- 

quired to quantify the impact of land drainage on groundwater 

recharge. Finally, it is recommended that hydrogeological. 

evaluations of the potential impacts of channelization should 

be carried out. 
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1.0 INTRODUCTION 

1.1 General 

The South Nation River Conservation Authority has commis- 

sioned several resource related studies to  provide background 

information tha t  w i l l  aid i n  the development of a comprehen- 

s ive River Basin Management Plan. The water resources inves- 

t iga t ion  i s  an integral  component of t h i s  Plan which is being 

undertaken t o  es tabl ish the optimum management of land and 

water resources in  the basin. 

The preparation of a Basin Plan for  the South Nation water- 

shed area must necessarily be based on a thorough knowledge 

of the natural  water system including low and high flows, 

water qual i ty  and groundwater. Stream discharges i n  the 

South Nation River and t r ibutar ies  are  characterized by an 

almost annual occurrence of widespread flooding which impacts 

agr icu l tura l  lands together with low summer flows tha t  con- 

s t r a i n  water supply, waste assimilation and recreational 

opportunities. Serious water management problems exis t  which 

may l i m i t  the economic and agr icu l tura l  potent ia l  of the 

watershed. 

Ear l ier  studies have identif ied cap i t a l  works schemes which 

could reduce agr icul tural  flooding and provide a low flow 

augmentation capabil i ty.  Nevertheless, an increased aware- 

ness tha t  land use practices d i r ec t ly  a f fec t  water resources 

of the basin has given r i se  t o  concerns that  increased agri- 

cu l tura l  production together with land drainage m a y  further 

aggravate water management problems. 



An integrated package of hydrologic and water resource opera- 

tions models was used to investigate these problems and to 

provide a systematic evaluation of management alternatives. 

1.2 Location and Extent 

The South Nation River drainage basin encompasses an area of 

some 3910 km2 (1510 mi2) in eastern Ontario. The study area 

lies east-southeast of Ottawa and occupies parts of the 

Counties of Leeds, Grenville, Dundas, Glengarry, Stormont, 

Prescott and Russell, and the Regional Municipality of 

Ottawa-Carleton. The economy is primarily agricultural and 

the population is predominantly rural. There are no major 

urban centres. 

1.3 Physiography and Drainage 

The landforms in the South Nation River basin are a direct 

result of glacial and post-glacial erosional and depositional 

processes. An essentially subdued topography with low relief 

features characterizes the basin. Surface elevations vary 

from a high of 122 m (400 ft) above mean sea level in the 

south to a low of 46 m (150 ft) in the north. 

The low lying -Winchester Clay Plain physiographic region 

(1) occupies nearly one-half of the basin in the central and 

eastern area. The Prescott and Russell Sand Plains predomi- 

nate in the north. 

.. . 

The physiography reflects an essentially marine and laeus- 

trine depositional environment which is reflected in the 

extensive sand and clay plains. Superimposed upon these are 

minor beach and morainic deposits. 
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The South  Na t ion  River  and i t s  major t r i b u t a r i e s ,  C a s t o r ,  

S c o t c h  and Payne R i v e r s ,  and Bear Brook, d r a i n  t h e  b a s i n  and 

d i s c h a r g e  t o  t h e  Ottawa River  n e a r  Wendover. Dra inage  i n  

many p a r t s  o f  the b a s i n  i s  poor and e x t e n s i v e  a n n u a l  s p r i n g  

f l o o d i n g  is  a s s o c i a t e d  w i t h  ve ry  low s t r e a m  g r a d i e n t s  i n  t h e  

c l a y  p l a i n s  above C h e s t e r v i l l e  and P l a n t a g e n e t .  Dra ins  and 

d i t c h e s  h a v e  been c o n s t r u c t e d  i n  many a r e a s  t o  improve t h e  

i n h e r e n t l y  poor  d r a i n a g e  c o n d i t i o n s .  Numerous bogs and 

swamps a r e  a s s o c i a t e d  w i t h  t h e  t o p o g r a p h i c a l l y  low depress -  

i o n a l  a r e a s  o f  which t h e  Alfed ,  M e r  Bleu ,  Winches ter  and 

Moose Creek bogs a r e  t h e  l a r g e s t .  

1 . 4  P r e v i o u s  I n v e s t i g a t i o n s  

Many s t u d i e s  have  been conducted i n  t h e  b a s i n  i n v o l v i n g  v a r i -  

o u s  a s p e c t s  o f  geology,  groundwater  r e s o u r c e s ,  l a n d  use ,  and 

f l o o d  c o n t r o l .  

A l l  o f  t h e s e  r e l e v a n t  s t u d i e s  have been reviewed and u t i l i z e d  

i n  the c o u r s e  of t h i s  s t u d y  and a r e  r e f e r e n c e d  th roughou t  t h e  

r e p o r t .  I n  p a r t i c u l a r ,  the f l o o d  l i n e  mapping s t u d i e s  i n  t h e  

B r i n s t o n ,  P l a n t a g e n e t ,  Vernon and B e a r  Brook a r e a s ,  the many 

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

M i n i s t r y  of the Environment r e p o r t  on w a t e r  r e s o u r c e s  i n  t h e  

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

was supplemented by  f i e l d  programs t o  o b t a i n  s t r e a m  channel  

c r o s s  s e c t i o n s ,  f low moni to r ing  d a t a  f o r  model c a l i b r a t i o n  

and o t h e r  i n f o r m a t i o n  on d r a i n a g e  and l a n d  u s e .  

1 . 5  S tudy  Overview 

The p r i n c i p a l  phases  of t h e  s tudy  a r e  d e t a i l e d  t h e  fo l lowing  

s e c t i o n s :  



1. Existing hydrometeorological data have been reviewed and 

analysed t o  determine the flood frequencies, trends and 

s t a t i s t i c a l  character is t ics  of the exis t ing flow and 

meteorological record. 

2.  A preliminary screening of previously proposed water 

management a l ternat ives  (reservoirs and channelization 

works) has been conducted to  determine those which war- 

rant  fur ther  considerations. This screening employed a 

simple watershed model which considered the overall 

watershed implications of the various proposals. 

3 .  Secondary floodplain areas have been investigated using 

simplif ied analyses and inspection of a e r i a l  photos to  

ident i fy  flood-prone areas and determine the need for 

fur ther  floodplain mapping outside the major areas 

previously studied. 

4. A continuous simulation hydrologic model was prepared 

and calibrated to  flow records i n  the basin. This model 

formed the basis for  evaluating the impacts of future 

land use practices and drainage improvements i n  subse- 

quent analyses. 

5. The ef fec ts  of agr icul tural  drainage practices on flood 

flows was investigated through a f i e l d  monitoring pro- 

gram conducted on a number of t e s t  watersheds. A de- 

t a i l e d  subsurface drainage model was calibrated to  th i s  

data and used as the basis for determining the impacts . - 

of agr icu l tura l  drainage improvements. 



6. The watersheds impacts of selected future land use and 

flood control  a l ternat ives  were invest igated using com- 

puter  modelling methods. The scenarios which were con- 

sidered included agr icul tural  drainage improvements, 

major flood control works, several  reservoir  proposals, 

and increased fores t  production. 

7. An overview study of water qua l i ty  i n  the  basin was 

completed employing l i t e r a t u r e  review, in-stream moni- 

tor ing,  empirical analyses and computer modelling. Both 

ex is t ing  water qual i ty  and estimates of impacts of 

future  land use changes were evaluated. 

8. Groundwater studies were conducted t o  characterize the 

ex is t ing  groundwater regime and determine i t s  present 

a v a i l a b i l i t y  and potential  for future  water supply. The 

po ten t i a l  for  ground water use a t  many spec i f ic  town 

s i t e s  was analysed. The impacts of future  land use and 

drainage system changes and possible groundwater manage- 

ment schemes has a lso  been evaluated. 

9. The implications of exist ing low flow conditions upon 

water supply were investigated. 

Each of these study phases are discussed f u l l y  i n  the follow- 

ing chapters.  



CIiAP'l'XX 2 

ANALYSIS 01" STCXA!lFLO!r' A N 2  FFXZCIPITATIOB 



CHAPTER 2 

A N A L Y S I S  OF STREAMFLOW AND P R E C I P I T A T I O N  



2 .O ANALYSIS OF STREAM FLOW AND PRECIPITATION 

2 . 1  Avai lable  Data 

The watershed drainage a rea  and l o c a t i o n  of e x i s t i n g  hydro- 

me t r i c  s t a t i o n s  i n  t h e  South Nation River basin a r e  shown on 

Figure  2 . 1 .  While 15 hydrometric records a r e  ava i l ab le  i n  

t h e  bas in ,  only 6  have a  s u f f i c i e n t  length  of record f o r  

f lood  frequency a n a l y s i s .  A summary of t h e  d a t a  ava i l ab le  f o r  

each s t a t i o n  i s  given i n  Table 2 .1 .  

The average annual runoff from t h e  watershed i s  about 355 mm 

(14.0 i n )  based on measurements a t  Plantagenet .  During t h e  

same period from 1950 t o  1978 t h e  average annual p rec ip i t a -  

t i o n  over t h e  watershed i s  est imated t o  be about 865 mm 

( 3 4 . 0  i n ) .  The r e s u l t a n t  bas in  average evapotranspirat ion i s  

t h e r e f o r e  about 510 mm (20.0 i n )  per  year .  

The prel iminary analyses  of a v a i l a b l e  discharge da ta  included 

t h e  following i tems. 

e t e s t s  f o r  t r e n d  and p e r s i s t e n c e  i n  t h e  da ta  t h a t  .check 

f o r  changes i n  t h e  hydrologic  regime 

e double mass a n a l y s i s  f o r  d a t a  consis tency 

8 flood frequency analyses  

a flow dura t ion  analyses  

During successive s t a g e s  of  t h e  study, various monthly 

durations were used f o r  i n v e s t i g a t i v e  purposes. These were: 



Figure 2-1 

Location of Gaug-ing Stations and Flood- Prone Zones 

Stations used in flood frequency 

Stations with less than 10 years of 
discharge data 

Numbers beside stations precede by 
02LB represent the station number 

For station names see Table 1 . 



TABLE 2.1 

SUMMARY OF AVAILABLE DISCHARGE DATA 

( 4 )  Mean 
J u n e t o  Record* Record* 
November Length  Length  
Discharge N .  f o r  N .  f o r  
m 3 / s ( c f s )  ( 1 )  ( 2 )  

( 3 )  Mean 
( 1 )  Mean ( 2 )  Mean December 

L o c a t i o n  Drainag Annual Annual t o  May 
S t  a t i o n  L a t i t u d e  N L o n g i t u d e  W Area,kmf Flood Discharge Discharge 
Number O ' " ' " ( m i l e s 2 )  m 3 / s ( c f s )  m 3 / s ( c f s )  m 3 / s ( c f s )  

Re cord* 
Length  
N .  f o r  

( 3 )  

1916-33 
49-79 
N = 49 

Record* 
L e n g t h  
N .  f o r  

( 4 )  S t a t i o n  Name 

South Nation R i v e r  
Near Plantagene t  
Spr ings  

Cas tor  River  
a t  R u s s e l l  

South Nation R i v e r  
a t  S p e n c e r v i l l e  

Bear Brook 
near  Bourget 

South Nation R i v e r  02LB009 45 06 0 8  7 5  13 47 1050 180 16.6 27.7 5.56 1950-52 
a t  C h e s t e r v i l l e  ( 4 0 4 )  ( 6 3 7 3 )  ( 5 8 6 )  ( 9 7 8 )  ( 1  96)  55-79 

N = 28 

( E a s t  Branch)Scotch 02LB012 45 22 11 74 54 00 76.7 17 1.05 1.71 0.416 1970-79 
R i v e r  near  S t .  (29.6)  ( 6 0 0 )  ( 3 7 )  (60 .4)  ( 1 4 . 7 )  N = 10 
Isadore  d e  P r e s c o t t  

South Nation R i v e r  
a t  Casselman 

D A T A  I N C O M P L E T E  S o u t h  Nat ion  R i v e r  
a t  Lemieux 

L i t t l e  Castor 
R i v e r  near  Embrun 

(Nor th  Branch)South 
Nat ion  R i v e r  near  . 
Heckston 

(West Branch)Scotch  
R i v e r  near  S t .  
I sadore  de P r e s c o t t  

South  Ind ian  Creek 
near  Limoges 

South  Castor River  02LB020 4 5  13 40 7 5  24 46 189 44.8 1.98 3.46 0.517 1979 
a t  Kenmore ( 7 3 )  ( 1 5 8 2 )  (69.9)  ( 1 2 2 )  (18.3)  N = 1 

East  Cas tor  River  02LB021 45 13  4 3  7 5  19 32 145 49.3 1.36 2.23 0.491 1979 
near  R u s s e l l  , , ( 5 6 )  ( 1 7 4 1 )  ( 4 8 )  (78 .8)  (17.3)  N = 1 

Payne River  02LB022 45 11 30 7 5  06 20 152 70.7 2.54 4.55 0.710 1977-79 
n e a r  Be w i c k  (58 .5)  ( 2 4 9 7 )  (89 .3)  ( 1 6 1 )  (25 .1)  N = 3  

Bear Brook a t  02LD101 45 22 30 7 5  28 20 65  22.6 1.12 1.75 0.483 1976-78 
Carlsbad Spr ings  . , (25.1) ( 7 9 8 )  (39 .6)  (61.8)  (17 .1)  N - 3  

* N s t a n d s  f o r  t h e  number o f  per iods  w i t h  comple te  d i s c h a r g e  r e c o r d s  
** Computed by u s i n g  a l l  a v a i l a b l e  month ly  d i s c h a r g e  r e c o r d s  

Discharge Data were ob ta ined  f rom t h e  In land  W a t e r s  D i r e c t o r a t e  o f  t h e  Water  Resources  Branch,  Water  S u r v e y  o f  Canada a t  Ot tawa,  O n t a r i o  



a)  Data Base Review 

Spring flood: December t o  May 

Summer season: June t o  November 

b) Screening of Flood Control Alternatives 

Spring flood: March t o  April  

May flood: May 

Summer season: l a t e  May t o  October 

c )  Hydrologic Model Calibration: 

Summer season: June t o  September 

d)  Final Hydrologic Simulations 
Agricultural  Damage Analysis 

Growing season: May t o  October 

2.2 Analysis of the Data Base 

2 . 2 . 1  General . . 

In undertaking various s t a t i s t i c a l  analyses of hydrologic 

data ,  including flood frequency analysis ,  it i s  commonly 

assumed t h a t  the discharge records a re  drawn from a random 

sample and from a  s ingle  (unknown) probabi l i ty  d i s t r ibu t ion .  

This assumption of randomness can be disproved by some 
. . 

feature of a  non-random nature such as trend or p e r ~ i s t e ~ c e .  



Graphical Analysis 

In this preliminary analysis, the data from the gauging 

stations and precipitation stations with the longest period 

of record were tested for randomness and trend. 

Graphical analyses were undertaken as indicated at the 

following stations: 

(a) South Nation River Near 
Plantagenet Springs (02LB005) 

- cumulative moving mean discharge (annual, May, 

October) 

- temporal distribution of normalized discharge (annual, 
May, October) 

- cumulative moving mean flood peak* (annual) 
- temporal distribution of normalized flood peak 

( annual, May) 

(b) South Nation River at Spencerville (02L~007) 

- cumulative moving mean discharge (annual, 'May, 

October) 

- temporal distribution of normalized discharge (annual, 
May, October) 

- cumulative moving mean flood peak (annual) 
- temporal distribution of normalized flood peak 

(annual, May) 

* Flood peak = Maximum (peak) daily discharge (see Sections 
2.3.1 and 2.3.2) 



Castor River at Russell (02~~006) 

- cumulative moving' mean discharge (annual, May, 

October) 

- temporal distribution of normalized discharge (annual, 
May, October) 

- cumulative moving mean flood peak (annual) 
- temporal distribution of normalized flood peak 

(annual, May) 

Ottawa CDA, Ottawa Airport and Kemptville 

- cumulative moving mean annual precipitation at each 

station and the three station average 

- the cumulative moving mean precipitation for Ottawa 
CDA for May and October 

- the temporal distribution of the normalized Ottawa CDA 
precipitation series (annual, May, ~ctober) 

To examine the stationarity of the time series, the temporal 

distribution and the progressive mean, were plotted for each 

of the time series (Appendix A). The annual ~reci~itation 

series from the Ottawa CDA station was also plotted for com- 

parison with the annual flow series. The overall results of 

the graphical analyses are summarized in Tables 2.2 to 2.5. 

Examination of. the cumulative moving mean plots for the long 

record stations (~igures Al.1, A1.2, A1.3, A1.7, A2.1, A2.2, . . 

A2.3, ~2.7) shows, in general, that the time seri6s are -sta- 

tionary; that is, they do not exhibit trends. However, there 

is indication of some persistence in the annual discharge 



TABLE 2.2 

SUMMARY OF GRAPHICAL ANALYSES FOR CUMULATIVE 
MOVING MEAN DISCHARGE AND PRECIPITATION* 

ANNUAL MAY OCTOBER 

(Fig. Al . l )  (Fig. A1.2) (Fig. A1.3) 
South Nation River  - mean annual  d i scharge  - s l i g h t l y  below t h e  long  term - g e n e r a l l y  decreas ing  from 1954 
near Plantagent  gene ra l ly  decreased 1957 mean from 1950 t o  1974 (wi th in  t o  1971 and g e n e r a l l y  i n c r e a s i n g  
Springs t o  1967 and has  gene ra l ly  10% of long-term mean) 1971 t o  1979 
(Discharge) increased  t o  1979 

- v a r i a t i o n  fol lows s i m i l a r  - l e s s  t han  5% h ighe r  t han  t h e  
p a t t e r n  i n  p r e c i p i t a t i o n  long-term mean f o r ,  1974 t o  

1979 

- conclude t o t a l  May d i scha rge  
r e l a t i v e l y  stable and consis-  
t e n t  and gene ra l ly  r e f l e c t s  
v a r i a t i o n s  i n  p r e c i p i t a t i o n  

South Nation River (Fig. A. 2.1) (Fig. A.2.2) (Fig. A.2.3) 
a t  Spencerv i l le  - mean gene ra l ly  decreas ing  1963 - gene ra l ly  decreas ing  mean from - dec reas ing  mean runoff  from 1954 
(Discharge) t o  1967 and then  gene ra l ly  in-  1956 t o  1968 t o  1969 and inc reas ing  t h e r e a f t e r  

creased t o  1979 

- p a t t e r n  c o n s i s t e n t  wi th  Planta-  - i nc reas ing  1969 t o  1976 t h e n  
genet and o v e r a l l  t r ends  i n  decreas ing  aga in  
annual p r e c i p i t a t i o n  

- s i m i l a r  o v e r a l l  p a t t e r n  t o  
p r e c i p i t a t i o n  

* P r e c i p i t a t i o n  Data were obta ined  from the  Cl imato logica l  Appl ica t ion  Branch of t h e  Atmospheric Environment Service.  
t I 

Canadian Climate Centre,  Environment Canada, a t  Downsview, Ontario.  



TABLE 2.2 (cont 'd 

SUMMARY OF GRAPHICAL ANALYSES FOR CUMULATIVE 
MOVING MEAN DISCHARGE AND PRECIPITATION* 

ANNUAL MAY OCTOBER 

(Fig. A3.1) (Fig. A3.2) (Fig. A3.3) 
Cas tor  River  a t  - record s t a r t s  1968 and d is -  - gene ra l ly  c l o s e  t o  o r  above - gene ra l ly  below long-term (12 y r )  
Russe l l  charge inc reases  t o  1972 (con- t h e  long-term (12 y r )  mean mean except  f o r  1977 t o  1978. 
(Discharge) s i s t e n t  wi th  gene ra l ly  in- f o r  t h e  pe r iod  1969 t o  1979 

c reas ing  p r e c i p i t a t i o n  i n  t h i s  
per iod)  

- gene ra l ly  s l i g h t  decreases  i n  
d ischarge  from 1973 t o  1979 
( l e s s  than 5% of long-term 
mean) 

(Fig. A l .  1) (Fig, A4.2) (Fig. A4.3) 
Ottawa CDA - above t h e  long-term mean from - precip.  t r end  h igh  i n  501s ,  - gene ra l ly  a t  o r  below long-term 
(P rec ip i t a t i on )  1923 t o  1962, then  dropped lower i n  6 0 ' s  and inc reas ing  mean from 1956 t o  1971; g e n e r a l l y  

below i t ,  genera l ly  decreas ing  aga in  i n  70 's ;  f low v a r i a t i o n s  i n c r e a s i n g  a f t e r  1971 
from 1954 t o  1966, then  in-  a r e  g e n e r a l l y  c o n s i s t e n t  w i th  - f a i r l y  s t a b l e  mean i n  range 61 t o  
c r eas ing  i n  gene ra l  t o  1979 t h e s e  t r ends  (2.4 t o  2.6 inlmonth) 66 mm/month 

(Fig. A 4 . 1 )  
- average of CDA, a i r p o r t  and 

Kemptville i n d i c a t e s  t h e  same 
gene ra l  t r end  - decreas ing  from 
1954 t o  1966, t h e n  inc reas ing  i n  
gene ra l  t o  1979 , 



TABLE 2 .3 

SUMMARY OF GRAPHICAL 
ANALYSES OF TEMPORAL DISTRIBUTION 

OF NORMALIZED DISCHARGE AND PRECIPITATION 

ANNUAL MAY OCTOBER 

(Fig. A1.4) (Fig.  A1.5) (Fig.  A1.6) 
South Nation River  - discharge  below t h e  mean f o r  - 1957 t o  1968 below avg. w i t h  - lows a r e  gene ra l l y  l i m i t e d  
near  Plantagent  1955 t o  1968; gene ra l l y  above except ion  of 1963 
Springs o r  nea r  t h e  mean from 1969 t o  - below mean 1949 t o  1971, except  
(Discharge) 1979 1952, 1954 and 1965, 1967 

- g e n e r a l l y  r e f l e c t s  p e r s i s t e n c e  - prec ip .  and runoff t r e n d s  - g e n e r a l l y  above mean 1972 t o  1979 
i n  t h e  normalized p r e c i p i t a -  gene ra l l y  correspond 1970 except  f o r  1974 and 1978 which 
t i o n  p a t t e r n  t o  1979 correspond t o  below average 

p r e c i p i t a t i o n  

(Fig. A2.4) (Fig.  A2.5) (Fig. A2.6) 
South Nation - a t  o r  below avg. 1956 t o  1968 - gene ra l l y  below mean 1961 - below mean 1949 t o  1971 except 
River a t  wi th  except ion  of 1960 which t o  1968 wi th  except ion  of  1952, 1954, 1955, 1959, 1970 
Spence rv i l l e  was s l i g h t l y  above 1963 
(Discharge) 

- a t  o r  above avg. 1969 t o  1979 - 1969 h igh  runoff  corresponds - lows g e n e r a l l y  l im i t ed  t o  0.60 SD - 
which i s  c o n s i s t e n t  w i t h  t h e  t o  h igh  prec ip .  i n  t h e  month (SD = s t n d a r d  d e v i a t i m )  
corresponding prec ip .  series 

- 1970 t o  1979, runoff  and - g e n e r a l  correspondence w i t h  
prec ip .  correspond except  p rec ip .  1971 t o  1979 

. . t h a t  1979, 1977 show lower 
runoff  t han  p rec ip  . would 
i n d i c a t e  



TABLE 2.3 (con t 'd ) 

SUMMARY OF GRAPHICAL 
ANALYSES OF TEMPORAL DISTRIBUTION 

OF NORMALIZED DISCHARGE AND PRECIPITATION 

ANNUAL MAY OCTOBER 

(Fig. A3.3) (Fig.  A3.4) (Fig. A3.5) 
Cas tor  River  a t  - below average precip.  and below - lows gene ra l l y  l im i t ed  t o  - lows g e n e r a l l y  l im i t ed  t o  about 
Russe l l  average d i scharge  correspond about  1 SD below mean 0.8 SD below mean 
(Discharge) f o r  1968, 1969, 1970 and (SD = s tandard  Deviat ion)  

s i m i l a r  f o r  above average i n  
1972 and 1973, per iod  from 1976 
t o  1979 shows somewhat less 
c o r r e l a t i o n  of streamflow and 
p r e c i p i t a t i o n  

(Fig. A1.4) (Fig.  A4.4) (Fig. A4.4) 
Ottawa CDA - below mean from 1955 t o  1970 - h igh  prec ip .  i n  1952, 1956, - more random than  d i scha rge  which 
( P r e c i p i t a t i o n )  w i t h  except ion  of 1967 1960 i s  a l s o  r e f l e c t i n g  base  flow 

- g e n e r a l l y  above o r  nea r  t h e  - l i t t l e  i n d i c a t i o n  of  p e r s i s -  - no g e n e r a l  t r e n d s ,  b u t  t h e r e  
long term mean from 1970 t o  t ence  i n  May prec ip .  amounts, a r e  a few more low y e a r s  t han  
1979 g e n e r a l l y  random h ighs  and h i g h  y e a r s  

(Fig. A4.1) lows around t h e  mean w i t h  ex- L 6 

- average of CDA, a i r p o r t  and c e p t i o n  of 1961 t o  1968 which 
Kemptville i n d i c a t e s  t h e  same had below average prec ip .  



TABLE 2.4 

South Nation River 
near Plantagen t 
Springs 

South Nation River 
a t  Spencerville 

Castor River a t  
Russell 

SUMARY OF GRAPHICAL ANALYSES 
OF CUMULATIVE MCNING MEAN F r n D  PEAK 

ANNUAL MAY SUMMER 

(Fig. A1.7) 
- moving mean from 1916 to  1979 

s h w s  repeating p a t t e r n s  o f  
highs and lows. Therefore in- 
creas ing trend i n  recen t  y e a r s  
(similar to  previous t r ends )  
cannot be a t t r i b u t e d  to  land use  
changes based on t h i s  ana lys i s  

(Fig. A2.7) 
- higher peaks 1950 - 1965 

correspond to same genera l  
tendencies i n  t h e  1950's a t  
Plantagenet 

- genera l ly  increasing from 1969 
to  1977, s i m i l a r  observations a t  
Plantagent; therefore  both a r e  
l i k e l y  a funct ion of meteorologic 
condit ions r a t h e r  than land use  
changes 

" - m a n  flood, above average from 
1950 to mid 60's; below average 
mid 60's  to 1969 and increas ing 
s i n c e  1969, s i m i l a r  to Spencervi l le  
and Plantagenet 

(Fig. A3.6) 
- enera l ly  decreasin from 1955 to 

?966 (exception 196 4 , then 
increasing from 1969 to  1979, 
s i m i l a r  p a t t e r n  a t  Plantagenet f o r  
t h e  above period 



SUMMARY OF GRAPHICAL ANALYSES OF TEMPORAL 
DISTRIBUTION OF NORMALIZED FLOOD PEAK 

Annual May Summer 

(Fig. A1 - 8 )  (Fig. A1.9 )  
South Nation River - random tendencies i n  f lood  - lows a r e  l imi t ed  t o  l e s s  than 
near Plantagenet peaks ind ica ted  by p o s i t i v e  1 SD below the mean. Extreme 
Springs and negative excursions o c G r f e d  i n  1945 

- some pers i s tence  evident  (SD = Standard Deviation) 

- per iod  1967 t o  1979 genera l ly  
above mean f lood (exception 
1969 t o  1974) 

(Fig. A2.8)  
South Nation River - p a t t e r n  not  cons i s t en t  with 

. a t  Spencervi l le  Plantagenet Springs 

- 1970 t o  1979 has equal  number 
of highs and lows; highs cor- . 
respond t o  Plantagent  f o r  1970, 
1971, 1972; opposite f o r  1973, 
1974, 1976, 1977, 1979, poss ib ly  
due t o  d i s t r i b u t i o n  of r a i n f a l l  
o r  snowmelt 

(Fig. A3.7) ' (Fig.  A3.8) 
Castor River a t  - genera l ly  above mean from 1970 - lows a r e  l imi t ed  t o  0 . 8  
Russel l  . t o  1979; cons is ten t  with Planta-  below the mean 

genet 

- may be r e f l e c t i n g  land u s e  - high flow years  1969, 1973, 
a changes; however, e a r l i e r  peaks 1974, 1976 

i n  t h i s  record a r e  higher  
- cons i s t en t  with b a t t e r n  a t  

Plantagenet Spring 
, , 



data; tha t  i s ,  high flow years have a  tendency t o  be followed 

by high flow years and low flow years tend t o  be followed by 

low flow years. 

I t  i s  noted tha t  i n  general the observed patterns seem t o  

r e f l e c t  changes i n  the precipi ta t ion regime as opposed t o  

changes i n  runoff due t o  watershed modifications. I n  t h i s  

regard, a  high correlat ion has been found between annual 

precipi ta t ion and annual discharge a t  various locations i n  

the  watersheds with the correlat ion coeff ic ient  a t  Planta- 

genet equal t o  R = 0.78 ( ~ i g u r e  A 1 . 4 ) .  

I t  i s  a lso noted tha t  the annual and flood runoff patterns a t  

the  Spencerville gauge were found t o  be similar t o  the 

Plantagenet data. The fac t  t h a t  drainage modifications have 

not been as extensive i n  the watershed upstream of Spencer- 

v i l l e  compared t o  the watershed upstream of Plantagenet may 

indicate tha t  drainage modifications have tended t o  r e su l t  

only i n  minor changes i n  the  flow regime a t  downstream 

locations. 

2 .2 .3  S t a t i s t i c a l  Analysis 

Each time ser ies  was checked for  trends by u t i l i z ing  the 

Kendall Rank Correlation Test and the Rank Order Correlation 

Test.  The re su l t s  a re  summarized i n  Table 2.6 .  It was 

generally found tha t  application of these two t e s t s  confirmed 

the  ea r l i e r  conclusions tha t  there  are  no overall  trends i n  

the data base. 

The temporal d is t r ibut ion  p lo t s  for  the Plantagenet and 

Spencerville annual flows ( ~ i g u r e s  A1.4 and ~ 2 . 4 ) ,  give some 



TABLE 2.6 

TEST FOR TREND AND PERSISTENCE I N  HYDROLOGIC TIME SERIES 

Castor Riv 
Sta t ion  Plantagenet Plantagenet Plantagenet Plantagenet Plantagenet S p e n c e n i l l e  S p e n c e n i l l e  Spencervi l le  Ottawa CDA Ottawa CDA Ottawa CDA a t  Russel  

Hydrologic Annual Flood Annual May Jun-Oct. Jun-Oct. Annual Flood Annual May Discharge Annual May Prec. Oct. Prec. Annual F lo  
t ime s e r i e s  Discharge D i  scharge Discharge Flood Discharge Prec. 

Period 1916-33 1915-33 1915-38 1915-38 1951-50 
1916-43 1949-79 1948-79 1945-79 1945-79 1948-79 1950-79 1915-50 1952-79 1950-79 1950-79 1948-79 

Years of Record 62 49 5 1 5 9 5 9 3 2 30 3 1 6 4 30 30 3 2 

Kendall Rank Corr. 0.9293 0.6206 0.4467 0.6997 0.0719 - 0.3243 0.4817 - 0.4589 - 0.9617 0.8742 1.3738 0.5189 
Test  f o r  Trend Z 
S t a t i s t i c  

Significance No No No No No No No No No No No No 

Rank Corr.Teat f o r  1.0220 0.6443 0.3609 . 0.7656 - 0.0117 -0.5387 0.2794 - 0.5468 - 0.9397 - 1.0906 - 1.8021 1.4887 
Trend T S t a t i s t i c  

Degree of Freedom 60 4 7 4 9 5 7 5 7 30 28 2 9 6 2 27 27 2 9 

Significance No No No No No No No No No No A t  10% Lev. No 

Spearman Corr. Coef. 2.0900 4.3152 - 0.0715 - 1.1851 - 0.9962 0.1586 3.3804 - 0.5325 1.3200 1.0427 1.5561 ; i0.4564 
Test  f o r  Pers is t .  
T S t a t i s t i c  

Degree of Freedom 59 46 4 8 56 56 29 27 2 8 6 1 2 8 28 3 0 

Significance At5XLev.  A t l X L e v .  No No No No A t  1% Lev. No No No No No 

NOtE: A t  1% level :  Z c r i t i c a l  = f 2.58 t c r i t i c a l  = funct ion  (degree of freedom, l e v e l  of s ign i f i cance )  
A t  5% level :  Z c r i t i c a l  = f 1.96 Z = normal v a r i a t e  
At 10% leve l :  Z c r i t i c a l  f 1.65 t - s tudent  t v a r i a t e  



evidence of p e r s i s t e n c e  i n  t h a t  high flows tend t o  be fo l -  

lowed by high flows, and low flows followed by low flows. 

This  was f u r t h e r  assessed by u t i l i z i n g  t h e  Spearman Corre- 

l a t i o n  Coef f i c i en t  Tes t ,  and t h e  occurrence of pe r s i s t ence  

i n  t h e  d a t a  was indeed found t o  be h igh ly  s i g n i f i c a n t  ( a t  t h e  

1% l e v e l ) .  The annual p r e c i p i t a t i o n  p l o t  shows t h e  same type 

o f  temporal p a t t e r n  (Figure A1.4) b u t  i n  t h e  s t a t i s t i c a l  

t e s t s  t h i s  t r end  does not appear s o  prominently. However, 

t h e  p e r s i s t e n c e  i n  t h e  annual flows does appear t o  o r i g i n a t e  

p r imar i ly  from t h e  annual p r e c i p i t a t i o n  p a t t e r n  f o r  t h e  time 

period analyzed. 

2.2.4 Double-Mass Analyses 

Double-Nass Analyses were used t o  t e s t  t h e  consistency of  

s t a t i o n  records.  The cumulative va lues  of annual prec ip i -  

t a t i o n  a t  s t a t i o n  Ottawa CDA, Ottawa I n t e r n a t i o n a l  Airport  

and Kemptville a r e  p l o t t e d  a g a i n s t  t h e  cumulative mean of t h e  

t h r e e  s t a t i o n s  i n  Figure 2 . 2 .  The p l o t  f o r  Ottawa CDA and 

Ottawa I n t e r n a t i o n a l  Airport  appear a s  s t r a i g h t  l i n e s ,  indi -  

c a t i n g  t h e  consis tency of t h e  da ta .  The p l o t  f o r  s t a t i o n  

Kemptville shows a  s l i g h t  change of s lope  (from 0.97 i n i i n  t o  

1.00 i n / i n )  occurr ing  a t  about 1966 o r  1967. I t  i s  not  

c e r t a i n  t h a t  t h i s  change has  a  phys ica l  cause f o r  t h e r e  may 

have been a  minor change i n  t h e  l o c a t i o n  of s t a t i o n  Kempt- 

v i l l e  i n  t h e  year 1968. Since t h e  change i n  s lope  i s  small ,  

it cannot be concluded from t h i s  study t h a t  t h e  p r e c i p i t a t i o n  

d a t a  a t  Kemptville i s  i n c o n s i s t e n t .  

The cumulative monthly d ischarges  f o r  t h e  s t a t i o n s  South 

Nation River near Plantagenet  Springs and Spencervi l le ,  

Castor  River a t  Russel l  and Eas t  Branch Scotch River near S t .  



Stations 

-------- Ottawa International Airport 

---- Ottawa CDA 

Kemptville 

Period: 1950, 1952-78, N = 28 

Figure 2-2 - 
Double Mass . - Analysis: Annual Precipitation 
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I s i d o r e  de Presco t t  a r e  p l o t t e d  a g a i n s t  t h e  cumulative mean 

o f  t h e  four  s t a t i o n s  i n  Figure 2.3. A l l  t h e  p l o t s  appear a s  

s t r a i g h t  l i n e s ,  showing t h e  consis tency of  t h e  d a t a  base.  

2 . 3  Frequency Analyses of Peak Discharge Rates 

2.3.1 General 

Flood events  i n  t h e  South Nation River bas in  a r e  normally 

caused by snowmelt and/or r a i n f a l l  events .  Analysis of  

e x i s t i n g  d a t a  shows t h a t  snowmelt events  mainly occur i n  t h e  

months December t o  May, and r a i n f a l l  events  a r e  predominant 

i n  t h e  months June t o  November. Therefore,  f o r  t h e  purpose 

of reviewing t h e  d a t a  base,  t h e  sp r ing  flood has been defined 

a s  t h e  peak d a i l y  d ischarge  i n  t h e  months December t o  May and 

t h e  summer f lood a s  t h e  peak d a i l y  discharge i n  t h e  months - -- 
June t o  November. 

The growing season i n  t h e  bas in  i s  from May t o  October. A 

f lood occurrence i n  May could de lay  crop  p lant ing  and a f lood 

occurrence i n  t h e  summer could reduce crop y ie ld .   heref fore, 

t h e  f requencies  of occurrence of  May and summer f loods a r e  

important t o  t h e  assessment of  f lood management a l t e r n a t i v e s  

dur ing  t h e  growing season. The frequencies  of annual and 

sp r ing  f loods  a r e  a l s o  important i n  d e l i n e a t i n g  flood hazard 

a r e a s .  The h i s t o r i c a l  s t a t i s t i c s  o f  a v a i l a b l e  long-term 

flood discharge d a t a  a r e  summarized i n  Table 2 . 7 .  

2 .3 .2  Flood Frequency c h a r a c t e r i s t i c s  . . 

The magnitude of t h e  spr ing  f lood was found t o  be consis- 

t e n t l y  h igher  than that of t h e  summer f lood except a t  Planta- 
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TABLE 2.7 

SUMMARY OF HISTORICAL STATION FLOOD STATISTICS 

Annual Flood Summer Flood May Flood 
Sample S t a t i s t i c s  Sample S t a t i s t i c s  Sample S t a t i s t i c s  

(Log-Transformed Data)* (Log-Transformed Data)* (Lon-Tranef ormed Data) * 
Mean SP** Mean Me an Mean SD ~ e a n  SD Mean SD c a n  SD 
c f s  c f s  I n  ( c f s )  I n  ( c f s )  CSL cfs cfs I n  ( c f s )  I n  ( c f s )  CSL cfs cfs g I n  ( c f s )  I n  ( c f s )  CSL -- 

S.N.R. a t  
Spencervil le 1752 748 0.61 7.3725 0.4624 -0.49 266 219 1.03 5.1684 1.0184 -0.45 266 194 1.4 5.3521 0.6835 0.3 
(02I.8007 ) 

S.N.R. a t  
Ches terv i l le  6373 2085 -0.27 8.6972 0.382 -0.95 
(02LB009) 

C a s t o r B i v e r a t  3969 1363 -0.25 8.2132 0.4193 -1.21 605 629 1.66 5.8534 1.1817 -0.25 573 622 1.16 5.7712 '1.1184 0.4 
Russe l l  (02LB006) 

Bea rBrooknea r  3935 2028 1.11 8.1517 0.5242 -0.25 
Bourge t (02LB008) 

INCOMPLETE RECORDS 

Eas t  Branch Scotch 600 133 -0.05 6.3738 0.2355 -0.80 
River (OZLB012) 

INCOMPLETE RECORDS 
: ; 

S.N.R. near  
Plantagenet 25950 7883 -0.24 10.1078 0.362 -1.23 5005 4224 0.96 8.0483 1.1112 -0.61 4678 4241 1.12 7.999 1.0095 -0.06 
Springs (02LB005) 

NOTE: * Log t o  t h e  base e 
** A l l  SD, CS, CSL a r e  unbiased e s t ima te s  
SD Standard devia t ion  

CS Skewness coe f f i c i en t -o f  n a t u r a l  d a t a  
CSL Skewness c o e f f i c i e n t  of log-transformed d a t a  
S.N.R. South Nation Mver  
1 c f s  0.028317 m 3 / s  



2-8 -- 
3 

J 

genet  Springs i n  t h e  year  1965, where t h e  summer flood was 

recorded t o  be only s l i g h t l y  h igher  than  t h e  spr ing  f lood.  

Hence, f o r  a l l  p r a c t i c a l  purposes it can be assumed t h a t  t h e  

spr ing  flood i s  i d e n t i c a l  t o  t h e  annual f lood f o r  t h e  s i x  

s t a t i o n s  with long-term records.  

Independent flood frequency analyses  were a l s o  undertaken 

u t i l i z i n g  t h e  May and summer t ime s e r i e s  of flood peaks. The 

sample s t a t i s t i c s  of t h e  annual f lood,  t h e  summer flood and 

t h e  May f lood a r e  given i n  Table 2 .7  f o r  both t h e  n a t u r a l  

d a t a  and t h e  log-transformed d a t a .  These s t a t i s t i c s  (mean, 

s tandard  devia t ion  and skewness c o e f f i c i e n t )  can be used t o  

f i t  var ious t h e o r e t i c a l  f lood frequency d i s t r i b u t i o n s  t o  t h e  

ava i l ab le  flood s e r i e s .  

The Log-normal ( L N ) ,  t h e  t h r e e  parameter Log-normal ( ~ L N )  

and t h e  Log-Pearson Type 3  ( L P ~ )  d i s t r i b u t i o n s  were chosen 

f o r  comparison of t h e i r  r e l a t i v e  accuracy i n  f i t t i n g  t h e  

f lood  da ta .  The Log-Pearson Type 3 d i s t r i b u t i o n  has been 

widely used i n  flood frequency a n a l y s i s  i n  t h e  United S t a t e s  

and i n  t h e  United Kingdom. In a  r e c e n t  study (1) based on 3 2  

gauging s t a t i o n s  i n  Ontar io with long-term records,  it was 

found t h a t  t h e  3LN and LP3 d i s t r i b u t i o n s  genera l ly  r e s u l t e d  

i n  a  b e t t e r  f i t  t o  t h e  annual f lood events  than o the r  extreme 

va lue  d i s t r i b u t i o n s .  The parameter es t imates  of t h e  3LN and 

LP3 d i s t r i b u t i o n s  depend on t h e  sample mean, standard devi- 

a t i o n ,  and skewness c o e f f i c i e n t .  

The sample skewness c o e f f i c i e n t  i s  very s e n s i t i v e  t o  extreme . 

events  and t h e  length  of record.  I f  a  reg ional   atte tern of  

skewness c o e f f i c i e n t s  e x i s t s ,  t h e  3LN and LP3 have t h e  ad- 

vantage of u t i l i z i n g  reg iona l  skewness information i n  pre- 
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d i c t i n g  f lood events .  However, when t h e  skewness co- 

e f f i c i e n t  of t h e  untransformed ( n a t u r a l )  da ta  i s  negative,  

t h e  3LN d i s t r i b u t i o n  i s  not  app l i cab le  and t h e  LP3 d i s t r i -  

bu t ion  may y i e l d  negat ive f lood flows f o r  s h o r t  r e t u r n  

pe r iods  and has  an upper bound. A r eg iona l  skewness p a t t e r n  

~ h a s  been found i n  t h e  U . S .  ( 2 )  and a  preliminary skewness 

p r e d i c t i o n  equation has  been determined f o r  t h e  Province of  
I 

Ontario (excluding S t .  Lawrence   ow lands) ( 3 ) .  

I 
2.3.3 Peak Discharge Estimates 

The a v a i l a b l e  h i s t o r i c a l  f lood records a r e  p l o t t e d  f o r  t h e  

s i x  s t a t i o n s  using t h e  Weibull p l o t t i n g  p o s i t i o n  ( s e e  Appen- 

d i x  B ) .  The f i t t e d  I;og-normal ( L N ) ,  t h r e e  parameter b g -  

normal ( ~ L N )  by t h e  method of  maximum l ike l ihood  and the  mg- 

Pearson type 3 ( L P ~ )  by t h e  method of moments and by t h e  

method of maximum l ike l ihood  were a l s o  p l o t t e d  and compared 

t o  t h e  h i s t o r i c a l  d a t a  ( s e e  Appendix B ,  Log-normal n o t  

shown). The above d i s t r i b u t i o n s  were superimposed and t h e  

b e s t  f i t t e d  d i s t r i b u t i o n  was s e l e c t e d .  In some cases  

(Figures  B5.1 and ~ 5 . 2 )  t h e  LP3 curves by t h e  method of  

moments and t h e  method of maximum l ike l ihood  a r e  almost 

i d e n t i c a l .  For s t a t i o n s  South Nation River a t  ~ h e s t e r v i l l e  

and near Plantagenet Springs,  Castor  River a t  Russell ,  and 

E a s t  Branch Scotch River near S t .  I s i d o r e  de Presco t t ,  it was 

noted t h a t  t h e  3LN d i s t r i b u t i o n  d a t a  could not  be f i t t e d  t o  

t h e  annual f lood d a t a  because t h e  sample es t imate  of skewness 

was negat ive.  

The o v e r a l l  comparison of t h e  s e l e c t e d  " b e s t - f i t "  d i s t r i -  

bu t ion  f o r  each s t a t i o n  i s  summarized i n  Table 2 .8 .  From t h i s  

comparison, it w a s  concluded t h a t  Lag-Pearson Type 3 ( L P ~ )  



Summer Flood Mav Flood 

' LP3 (Moment ) I93 (Moment) 

I 

Incomplete Records 

TABU2 -8  
.- 

SUHMARY OF SELECTED BEST FITTING DISTRIBUTION 

Annual Flood 
S t a t i on  

Spencervi l le  3LN 
(02LB007) LP3 (~oment )  

Ches t e r v i l l e  LP3 (Moment 
(02LB009) & M.L.) 

Castor River 
a t  Russe l l  LP3 (Moment) 

(02LE006) 

Bear Brook 
near Bourget LN 

LP3 (Moment) 3LN 

Incomplete Records 

(02LB008) 
I 

East Branch LN Scotch River 
(02LB012) 

Plantagenet  I53 (Moment 
3p r  ings & M.L-) 
(02LB005) 

Incomplete Records 

LP3 (Moment) LP3 (Moment 
& M.L.) ' & M.L.) 

Symbols : LN = Log-normal d i s t r i b u t i o n  
3LN = 3 parameter log-normal d i s t r i b u t i o n  
I53 = .Log-Pearson type 3 d i s t r i b u t i o n  
(Moment) = by the  method of moments 
(M.L.) = by the method of maximum l ike l ihood  



d i s t r i b u t i o n  by t h e  method of moments i s  an acceptable  

d i s t r i b u t i o n  f o r  f lood frequency a n a l y s i s  i n  t h e  South Nation 

River Basin. Table 2.9 summarizes t h e  flood es t imates  f o r  

d i f f e r e n t  recurrence i n t e r v a l s  based on t h e  LP3 d i s t r i b u t i o n  

(moments) a t  each loca t ion .  

2.3.4 S t a t i o n  Skewness Coef f i c i en t  

For unregulated flood sequences, t h e  sample skewness e s t i -  

mates a r e  genera l ly  p o s i t i v e  f o r  streams and r i v e r s  i n  

Ontar io  (3,  4 ) .  This i s  due t o  t h e  f a c t  t h a t  n a t u r a l  f loods 

a r e  bounded a t  t h e  lower end (i .e .  a t  zero  o r  values higher  

than  zero)  and unbounded a t  t h e  upper end of t h e  flood fre-  

quency d i s t r i b u t i o n .  However, f o r  regula ted  flood sequences, 

t h e  sample skewness es t imate  may be negat ive because t h e  

f loods  may be bounded a t  t h e  upper end due t o  flow regula- 

t i o n .  The sample skewness es t imate  may a l s o  be negat ive f o r  

s h o r t  d a t a  s e t s .  

The sample skewness es t imates  a r e  summarized i n  Table 2 .7 ,  

and it i s  evident  t h a t  t h e  annual f lood s e r i e s  a t  Spencer- 

v i l l e  on t h e  South Nation River, and Bear Brook near Bourget, 

a r e  p o s i t i v e l y  skewed, w h i l e  t h o s e  a t  P l a n t a g e n e t  and 

C h e s t e r v i l l e  on t h e  South Nation River, Russel l  on t h e  Castor 

River and t h e  East Branch of t h e  Scotch River near P resco t t  

a r e  negat ive ly  skewed. 

The negat ive skewness on t h e  Eas t  Branch of t h e  Scotch River 

i s  a t t r i b u t e d  t o  t h e  r e l a t i v e l y  s h o r t  period of record. In . . 

any case,  s t a t i s t i c a l  t e s t s  have ind ica ted  t h a t  t h i s  value 

i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from zero. The o t h e r  s t a t i o n s  

e x h i b i t i n g  negat ive skewness a l l  have l a r g e  f loodpla in  



s to rage  zones immediately upstream from t h e  hydrometric gauge 

loca t ion ,  and have l i m i t e d  channel c a p a c i t i e s  i n  t h e  v i c i n i t y  

o f  t h e  stream gauge. Therefore,  it i s  pos tu la ted  t h a t  when 

t h e  annual f lood i s  h igh ,  a l a r g e  por t ion  of t h e  flow e n t e r s  

t h e  f loodpla in  s to rage  zones due t o  t h e  r e s t r i c t e d  channel 

capac i ty ,  thus  reducing t h e  magnitude of flood flow a t  t h e  

streamflow s t a t i o n .  In o t h e r  words, t h e  n a t u r a l  f loodpla in  

a c t s  a s  a  s to rage  r e s e r v o i r  which a t t e n u a t e s  t h e  high f lood 

peaks and e f f e c t i v e l y  s e t s  an upper bound on f lood discharge 

r a t e s .  Therefore,  it i s  be l ieved t h a t  t h i s  phenomenon 
< 

r e s u l t s  i n  negat ive skew c o e f f i c i e n t s  a t  these  loca t ions .  

On t h e  o the r  hand t h e  f lood s e r i e s  a t  Spencervi l le  does no t  

appear t o  be s i g n i f i c a n t l y  a f f e c t e d  by f loodpla in  s torage  o r  

channel c o n s t r i c t i o n s ,  which i s  c o n s i s t e n t  with a  p o s i t i v e  

va lue  of t h e  sample e s t ima te  of  t h e  c o e f f i c i e n t  of skew a t  

t h i s  loca t ion .  

Although t h e r e  e x i s t s  some f loodpla in  s to rage  upstream of 

Bourget, t h e  con t ro l  of flow a t  Bourget i s  r e l a t i v e l y  small  

due t o  t h e  downstream inflows from t h e  North and South Indian 

Creek. 

The sample es t imates  of t h e  skew c o e f f i c i e n t  of t h e  May and 

summer flood s e r i e s  a r e  a l l  p o s i t i v e .  This could be due t o  

t h e  f a c t  t h a t  subsequent t o  t h e  sp r ing  runoff t h e  f lood d i s -  

charge r a t e s  tend t o  be lower than i n  t h e  spr ing  and tend t o  

b e  c l o s e r  t o  t h e  n a t u r a l  channel capaci ty .  Hence, t h e  r e l a -  

t i v e  magnitude of f loodp la in  s to rage  e f f e c t s  i s  s.maller f o r  . - 

May and summer flood events  and t h e  f lood peaks a t  downstream 

l o c a t i o n s  a r e  not  l imi ted  t o  t h e  same degree a s  t h e  l a r g e r  

magnitude sp r ing  events .  Therefore,  t h e  c o e f f i c i e n t  of skew 



for these events is generally found to be positive, which is 

consistent with the majority of Ontario streams. 

Table 2.10 gives the standard error (6, 7) and the 95% confi- 

dence interval (CI) on the sample estimates of the skew co- 

efficient at the long term station locations. The 95% confi- 

dence interval implies that there is only one chance in 20 

that the true skewness lies outside this interval. If the 

interval does not contain zero, we may conclude that the true 

skewness is significantly different than zero at the 5% level 

of significance. 

From Table 2.10, the station summer and May flood skews are 

all positive in magnitude- and significantly different from 

zero. For the annual floods, only the sample estimate of 

skewness for the station Bear Brook near Bourget is signifi- 

cantly different from zero. 

2.3.5 Inter-correlation of Annual Flood Peaks 

The available period of concurrent discharge records and the 

simple cross-correlations of annual flood peaks for each pair 

of stations were determined and are summarized in ~ables'2.11 

and 2.12 respectively. Table 2.12, shows that the annual 

flood peaks are highly inter-correlated at many of the sta- 

tions (The results for the East Branch of the Scotch fiver 

should be ignored due to the relatively short record of 10 

yr or less). This is consistent with annual floods that are 

normally generated by a combination of snowmelt and rainfall . 

conditions which occur at the same time over a large area of 

the watershed. 



TABLE 2.9 

ESTIMATED FLOOD PEAKS FOR THE 1:5, 1:50 AND 1:100 YEAR RECURRENCE INTERVALS* 

Summer2100d Mav F loor  

S.N.R.*** a t  
S p e n c e r v i l l e  66.8 8.3 102.8 14.2 111.6 17.3 11.9 18.4 31.1 31.6 37.9 38.5 10.5 15.2 27.0 32.1 34.0 39.0 

S.N.R. a t  
Ches t e r v i l l e  234.5 6.1 303.0 13.3 317.2 16.7 I N C O M P L E T E  R E C O R D S  

Castor  River  
a t  R u s s e l l  148.7 5.6 186.9 15.5 192.8 19.4 27.0 34.5 95.1 60.2 124.0 72.3 22.6 35.0 114.4 77.3 170.2 94.4 

Bear Brook 
Near Bourget 153.5 11.7 268.4 20.4 303.0 24.5 

(Eas t  Branch) 20.3 6.7 24.3 13.0 25.0 16.3 
Scotch Rive r  
nea r  St.  I s i d o r e  
de  P r e s c o t t  

I N C O M P L E T E  R E C O R D S  

I N C O M P L E T E  R E C O R D S  

S.N.R. n e a r  940.1 3.4 1141.2 9.8 1172.3 12.2 329.4 14.2 597.5 25.0 713.6 30.8 197.9 15.0 65.1 27.7 b8,46.7 33.1 
Plan tagene t  
Spr ings  

* By Log-Pearson Type 111 D i s t r i b u t i o n  (Method o f  Moments) ** Standard e r r o r .  o'f f l o o d  i n  pe rcen tage  a t  t h e  p r e s c r i b e d  r e t u r n  p e r i o d  
*** S.N.R. = South Nation River  

' Flood es t imarea  were computed by Program FDRPFFA f rom Reference 5. 



TABLE 2.10 

STANDARD ERROR (SE)* AND 95% CONFIDENCE INTERNAL (CI)** 
ON STATION FLOOD SKEW (CS) 

S t a t i o n  Annual Flood Summer Flood May Flood 
N C S SE 95% C I N CS SE 95% CI N CS SE 95% C I  

S p e n c e r v i l l e  32 0.61 0.416 1.45, -0.24 32 1.03 0.415 1.88, 0.18 32 1.40 0.415 2.25, 0.55 

C h e s t e r v i l l e  28 -0.27 0.441 0.63, -1.17 I N C O M P L E T E  R E C O R D S  

Castor  R ive r  
a t  Russel  32 -0.25 0.415 0.60, -1.10 14 1.66 0.597 2.94, 0.38 17 1.16 0.550 2.32, 0.00 

Bear Brook 
n e a r  Bourget 24 1.11 0.472 2.08, 0.14 I N C O M P L E T E  

; .  
R E C O R D S  

East  Branch 
Scotch R i v e r  10 -0.05 0.687 1.48, 1.58 I N C O M P L E T E  R E C O R D S  

Plantagene t 
Springs  62  -0.24 0.304 0.37, -0.85 58 0.96 0.314 1.59, 0.33 60  1.12 0.309 1.74, 0.50 

NOTE : 
N (N-1) f 

t = s t u d e n t  t s t a t i s t i c  a t  95% l e v e l  o f  s i g n i f i c a n c e  



TABLE 2 . l l  

CONCURRENT RECORDS OF ANNUAL FLOOD 

Castor River Bear Brook East Branch Plantagenet 
Spencerville Chestervi l le  a t  Russel l  near Bourget Scotch River Springs 
0 2LB00 7 0 2LBOO 9 02LB006 02LB008 02LB012 02LB005 

Spencerville 1 

Chestervil le  2 

Castor River 3 
a t  Russell 

Bear Brook 4 
near Bourget 

East Branch 5 
Scotch River 

8 . .  

Plantagenet 6 
Springs , , 



TABLE 2 .12 

SIMPLE CORRELATIONS OF ANNUAL FLOOD 

Castor River Bear Brook Eas t  Branch Plantagenet  
Spencerv i l le  Ches te rv i l l e  a t  Russe l l  near  Bourget Scotch River  Springs 
02LB007 02LB009 0 2LB006 0 2LB00 8 02LB012 02LB005 

1 2 3 4 5 6 

Spencervi l le  1 1 

Ches te rv i l l e  2 0.80 1 

Castor River 3 0.55 0.71 
a t  Russe l l  

Bear Brook 4 0.26 0.45 
near  Bourget 

East Branch 5 -0.06 
Scotch River 

Plant agenet 6 0.45 
Springs 



However, it i s  noted t h a t  f o r  hydrometric s t a t i o n s  n o t  

d i r e c t l y  connec ted  by s t r e a m  c h a n n e l s  t h a t  t h e  c r o s s -  

c o r r e l a t i o n  f o r  peak flows a r e  genera l ly  lower. This indi-  

c a t e s  some s p a t i a l  v a r i a t i o n  i n  f lood producing character-  

i s t i c s  and po in t s  o u t  t h e  need f o r  accounting f o r  t h e  s p a t i a l  

c h a r a c t e r i s t i c s  i n  t h e  watershed s imulat ion model. (Para- 

meters with s p a t i a l  v a r i a t i o n s  inc lude  p r e c i p i t a t i o n ,  snow 

accumulation, temperature,  physiographic and drainage charac- 

t e r i s t i c s )  

2.4 Flow Duration Curves 

The 1-day and 7-day flow dura t ion  curves f o r  t h e  s t a t i o n s  

South Nation River near Plantagenet Springs,  Castor River a t  

Russe l l ,  Bear Brook near Bourget, South Nation River a t  

C h e s t e r v i l l e ,  South Nation River a t  Spencervi l le  and ( ~ a s t  

Branch) Scotch River near S t .  I s i d o r e  de  Presco t t  were p lo t -  

t e d  on Figures  2.4 through 2.9. Since  low flows usual ly  

occur during t h e  summer months June through November (dry  

season) ,  and high flows i n  t h e  months December through May 

(wet  season) ,  only t h e s e  per iods  ( inc luding  t h e  annual 

per iod)  were considered i n  t h e  flow dura t ion  analysis. .  The 

record  length  f o r  t h e  per iods  i s  given i n  Table 2 . 1 .  These 

dura t ion  curves a r e  use fu l  i n  studying t h e  frequency of h igh  

and low flows. For example, i n  Figure 2.6, po in t  A i n d i c a t e s  

t h a t  f o r  t h e  South Nation River a t  Plantagenet Springs within 

t h e  period June 1 t o  November 30, t h e  d a i l y .  flow f o r  any day 

was g r e a t e r  than 0.28 m 3 / s  (10 c f s )  i n  96.7% of t h e  time. 

S imi la r ly ,  po in t  A i n  Figure 2.9 shows t h a t  f o r  t h e  same . 

s t a t i o n  and period t h e  d a i l y  flows f o r  any seven consecutive 

days were a l l  g r e a t e r  than 0.28 m 3 / s  (10 c f s )  i n  96.6% of t h e  

t ime. 



The flow duration curve also reflects the variability of the 

regime of the river. A flat curve with high minimum values 

is most likely derived from rivers with a large baseflow 

component, and a steep curve with low minimum values tends to 

indicate rivers with quickflow component. Low minimum flow 

values also suggests that agricultural development may re- 

quire storage to provide water during periods of low natural 

flow. 

2.5. Conclusions 

(1) The streamflow data sequence may be considered as trend- 

free for the hydrometric stations at Plantagenet Springs 

and Spencerville on the South Nation River for the 

annual flood, annual discharge, and the June to October 

and the Play monthly time series of discharge. The data 

available for annual discharge exhibit some persistence, 

which is presently attributed to the precipitation over 

the basin. However, further checks into the nature of 

persistence of the annual flow series are recommended 

for other locations in the watershed using precipitation 

data which has been collected together with the simula- 

tion results from the HSP-F model. 

(2) The skewness coefficient for those streamflow stations 

immediately downstream from major floodplains was found 

to be negative, while those stations unaffected by major 

floodplain storage exhibit positive skewness. It is 

suggested that large natural floodplains act .as storage . - 

reservoirs which attenuate the high flood peaks' and 

effectively set an upper bound in flood discharge rates. 
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( 3 )  It was found that the Log-Pearson Type 3 distribution by 

the method of moments is an appropriate distribution for 

flood frequency analysis in the South Nation River 

basin. The added advantage of using this distribution 

lies in its ability to incorporate information from 

regional skewness in order to increase the reliability 

of estimating the magnitude of rare flood peaks. 

(4) On the basis of the analyses of flow records within the 

South Nation basin, historical changes in runoff and 

flood patterns cannot be attributed to the introduction 

of tile and outlet drains in the watershed. It is 

acknowledged that floodplain storage upstream of the 

streamflow stations on the Castor River at Russell and 

the South Nation River at Plantagenet will attenuate 

flood peaks and may tend to moderate any changes in the 

flow regime which are caused by agricultural drainage. 

These effects are further assessed by using the HSP-F 

watershed model and a detailed drainage model. 



Figure 2-4 
- 

1 - :Day Flow Duration Curves (Annual) 

South Nation River Near 
Plantagenet Springs (02LB005) 

Castor River at Russell (02LB006) 

Bear Brook Near Bourget (02LB008) 

South Nation River at 
Chesterville (02LB009) 

South Nation River at 
Spencerville (02LB007) 

(East Branch) Scotch River Near 
St. lsidore De Prescott (02LB012) 



Figure 2-5 
- 

1 - Day Flow Duration Curves (December To May) 
-?? 

1 South Nation River Near 
Plantagenet Springs (02LB005) 

2 Castor River at Russell (02LB006) 

3 Bear Brook Near Bourget (02LB008) 

4 South Nation River at 
Chesterville (02LB009) 

5 South Nation River at 
Spencerville (02LB007) 

6 (East Branch) Scotch River Near 
St. lsidore De Prescott (02LB012) 

Percentage of Time Discharge was Equalled or Exceeded 

01434-0 

- - - - - -- - 
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Figure 2-6 

# 

1 - Day Flow Duration Curves (June To November) 
3 

I 

Percentage of Time Discharge was Equalled or Exceeded 

01 434-0 

South Nation River Near 
Plantagenet Springs (02LB005) 

Castor River at Russell (02LB006) 

Bear Brook Near Bourget (02LB008) 

South Nation River at 
Chestewille (02LB009) 

South Nation River at 
Spencerville (02LB007) 

(East Branch) Scotch River Near 
St. lsidore De Prescott (02LB012) 



Figure 2-7 
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7 -Day Flow Duration Curves (Annual) 
-? 

10000 

1 South Nation River Near 
Plantagenet Springs (02LB005) 

2 Castor River at Russell (02LB006) 

3 Bear Brook Near Bourget (02LB008) 
1000 

4 South Nation River at 
Chesterville (02LB009) 

5 South Nation River at 
Spencerville (02LB007) 

100 6 (East Branch) Scotch River Near 
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3 . 0  PRELIMINARY S C R E E N I N G  OF WATER MANAGEMENT 
ALTERNATIVES 

3.1 Introduction 

Since 1948, numerous studies have been undertaken by various 

agencies i n  the South Nation River basin. As a  r e su l t  of 

these s tudies ,  several s t ruc tura l  remedial works have been 

proposed t o  a l l ev ia t e  flooding and t o  improve the water 

qual i ty  by flow augmentation from reservoirs during dry sum- 

mer periods. The s t ruc tu ra l  a l ternat ives  proposed thus f a r  

consis t  of eleven reservoirs,  two diversions and three chan- 

nel projects.  

Most of the investigations undertaken i n  the  past  have dea l t  

with analyses of s i t e  specif ic  rather than basin-wide water 

management problems. Consequently the previously proposed 

s t ruc tu ra l  a l te rna t ives  were screened with the assistance of 

a  computer model during t h i s  phase of the study t o  a s s i s t  the 

Authority i n  the preparation of the basin Plan. The merit of 

the  s t ruc tu ra l  a l te rna t ives ,  depended on t h e i r  a b i l i t y  t o  

reduce downstream flooding and t o  increase summer l o w  flows 

by flaw augmentation. Those s t ruc tura l  a l t e rna t ives  tha t  

provided some de f in i t e  benefi ts  were selected for further 

numerical evaluation during subsequent stages of the study. 

3.1.1 Flooding Problems 

The two major flood-prone areas i n  the South Nation River 

basin are the Brinston area upstream of Chestervil le and the - 

Plantagenet area between ~emieux and Plantagenet Springs. 

During the highest recorded discharges of 1190 m 3 / s  ( 4 2  200 



c f s )  a t  P l a n t a g e n e t  and 280 m 3 / s  (9820 c f s )  a t  C h e s t e r v i l l e ,  

it h a s  been e s t i m a t e d  t h a t  approx imate ly  5828 h a  ( 1 4  400 a c )  

and 1720 h a  (4250 a c )  o f  farmland,  r e s p e c t i v e l y ,  have  been 

f looded.  F l o o d i n g  g e n e r a l l y  s t a r t s  when t h e  b a n k f u l  capac i -  

t i e s  o f  14-17 m 3 / s  (500-600 cfs)  i n  t h e  B r i n s t o n  a r e a  and 

230-280 m 3 / s  (8000 - 1 0  000 c f s )  i n  t h e  P l a n t a g e n e t  a r e a  a r e  

e x c e e d e d ( 1 ) .  The e x t e n t  o f  t h e  major  f l o o d  p rone  a r e a s  w i t h -  

i n  t h e  w a t e r s h e d  i s  d e p i c t e d  i n  F i g u r e  3.1. 

The B r i n s t o n  and t h e  P l a n t a g e n e t  a r e a s  a r e  s u b j e c t  t o  f lood-  

i n g  d u r i n g  t h r e e  d i s t i n c t  e v e n t s  i d e n t i f i e d  a s  S p r i n g  ~ l o o d s ,  

May and Summer F l o o d s .  S p r i n g  f l o o d i n g  i s  g e n e r a l l y  caused 

by  snowmelt and normal ly  o c c u r s  between mid-March and m i d -  

A p r i l .  The f l a w s  g e n e r a t e d  d u r i n g  t h i s  p e r i o d  can  b e  q u i t e  

h i g h  and may i n t e r r u p t  some d a i r y  o p e r a t i o n s .  G e n e r a l l y ,  t h e  

f l o o d i n g  i s  c o n s i d e r e d  a  n u i s a n c e  b u t  it does  n o t  subs tan-  

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

F l o o d i n g  i n  May i s  g e n e r a l l y  caused by t h e  a d d i t i o n  o f  su r -  

f a c e  r u n o f f  from r a i n f a l l  e v e n t s  t o  r e l a t i v e l y  l a r g e  b a s e  

f lows  i n  t h e  r i v e r .  S i n c e  May i s  t h e  p l a n t i n g  season ,  f l o -  

o d i n g  d u r i n g  t h i s  t i m e  p e r i o d  may d e l a y  p l a n t i n g  or c a u s e  

damage t o  seeded  f i e l d s .  F lood ing  due t o  e x c e s s  r a i n f a l l  

d u r i n g  t h e  gruwing and h a r v e s t i n g  season  from l a t e  May t o  

October  i s  c r i t i c a l .  If damage t o  c r o p s  i s  s e v e r e ,  r ep lan-  

t i n g  i s  no l o n g e r  p o s s i b l e  and c r o p  l o s s  can  be s i g n i f i c a n t .  

3 .1.2 Summary o f  Proposed Remedial Works 

B r i n s t o n  and P l a n t a g e n e t  r e p r e s e n t ,  t h e  two major  f l o o d  p r o n e  

a r e a s  w i t h i n  the Sou th  Na t ion  R i v e r  b a s i n .  The B r i n s t o n  a r e a  

i s  l o c a t e d  w i t h i n  the upper wa te r shed  and computer simula- 

t i o n s  i n d i c a t e  t h a t  t h e  proposed s t o r a g e  measures f o r  t h i s  
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area reduce the peak flow at Plantagenet by less than five 

percent. Consequently, each area was considered separately 

during the screening exercise. 

3.1.2.1 Brinston Flood Area 

In an effort to relieve flooding in the Brinston area, the 

following remedial works have been proposed: 

Reservoirs 

1) Spencerville (2) 

2) Spencerville (3) 

3) Spencerville Mill 

4) Domville 

5) Hyndman 

The drainage area, surface area and gross storage of each 

reservoir are presented in Table 3.1. Additional reservoir 

data is documented in Appendix C. 

Diversion 

The Spencerville Diversion was proposed to relieve flooding 

in the Brinston area by diverting a maximum flow of 84.9 m3/s 

(3000 cfs) from the basin to the St. Lawrence River(2). 

Channelization 

The Chesterville channelization project is currently under- 

way. It involves the channelization of a 19 km (12 mi) reach 

of the South Nation River upstream of Chesterville. The 
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channel has been designed with a 102 m3/s (3600 cfs)  bankful 

capacity t o  convey the 1:10 year May event without flooding 

( 4 )  

The location of the proposed remedial works for  the Brinston 

area are shown i n  Figure 3.1.  

3 .1 .2 .2  Plantagenet Flood Area 

Previously proposed remedial measures which a l l ev ia t e  flood- 

ing i n  the  Plantagenet area are: 

Reservoirs ( 3 )  

Payne River 

North Castor River 

Upper Middle Castor River 

Lower Middle Castor River 

South Castor River 

Bear Brook 

Scotch River 

The drainage area, surface area and the gross storage of each 

reservoir  are  presented i n  Table 3.1. Additional reservoir 

data i s  documented i n  Appendix C.  

Diversion 

The Cobbs Lake Creek Diversion was proposed t o  re l ieve flood- 

ing i n  the Plantagenet area by diverting flaws along ~ o b b s  

Lake Creek and Clarence Creek in to  the Ottawa River ( 4 ) .  



Channel ~odification/~hannelization 

The Plantagenet Spring rock outcrop has been modified t o  

reduce flood levels  i n  the Plantagenet flood area. However, 

due t o  the l o w  lying upstream areas, the channel's bankful 

capacity s t i l l  remains a t  about 230-280 m 3 / s  (8000-10 000 

c f s )  (1). 

I n  con junction with the channel modification, channelization 

of a 3.2 km ( 2  m i )  reach downstream of the rock cut  was pro- 

posed since t h i s  reach would now const i tute  the  main ou t l e t  

control ( 1 ) . 

Dyking 

Dyking has been suggested t o  prevent overbank flooding i n  the 

lower reaches of the Scotch River, Bear Brook, Cobbs Lake 

Creek and Caledonia Creek t r ibu ta r i e s  before they discharge 

t o  the main South Nation River ( 4 )  

The location of the proposed remedial measures for the 

Plantagenet area a re  shown i n  Figure 3.1. Although not 

shown, two separate reservoir s i t e s  have been ident i f ied for  

the  Middle Castor River. The proposed control s t ructures  are  

located 7.2 k n  (4.5 m i )  and 13.0 km (8.0 m i ) ,  respectively, 

upstream of Russell. 



PERTINENT DATA FOR PROPOSED RESERVOIRS 

Drainage Flooded Area a t  Gross Reser- 
Area Max.WS E leva t ion  v o i r  S torage  

Name of Reservoir  Name of Reservoir  km2 (m2) Hectares (acres )  106m3(ac/ft)  

South Nation River  
above Spence rv i l l e  

South Nation River 
a t  Spence rv i l l e  

Spence rv i l l e  238 (92) 1082 (2673) 15.8 (12 776) 
(ODPD 1948) 

Spence rv i l l e  246 (95) 2830 (6993)* 88.8 (72 000) 
(Acres 1966) 

South Nation River  S p e n c e r v i l l e  M i l l  246 (95) N/  I 2.2 (1748) 
n e a r  Spence rv i l l e  

South Branch of  South Nation Domville 18.1 (7)  N / I  3 (2449) 
R i v e r  n e a r  Domville 

South Nation River  n e a r  Hyndman 297 (114) N / I  2.2 (1760) 
t h e  V i  l l a g e  of Hyndman 

North Branch of Cas tor  North Castor  135 (52) 1546 (3820)* 21.7 (17 600) 
R ive r  above R u s s e l l  R ive r  

Middle Branch of Cas tor  Upper Middle 85 (33) 809 (2000)* 15.1 ( 1 2 2 4 0 )  
River  above R u s s e l l  Cas to r  R ive r  

Middle Branch of Cas tor  Lower Middle 96 (37) 318 (785) 2.9 (2320) 
R ive r  above R u s s e l l  Cas to r  R ive r  

South Branch of Castor  South Castor  River 176 (68) 2125 (5250)* 11.6 (9440) 
R ive r  above R u s s e l l  

Castor  River  above R u s s e l l  Cas tor  River  N /A 4480 (11 070) 48.4 (39 280) 
Combined (excluding 
Lower Middle 
Cas to r  River )  

Payne River above Finch Payne River  119 (46) 1360 (3360)* 16.5 (13 400) I 
Bear Brook near  Bourget Bear Brook 430 (166) 332 (820) 11.1 (9000) I 1 Scotch River  a t  R i c e v i l l e  Scotch River 285 (110) 2400 (5930)* 45.6 (37 000) I 
SOURCE - (Ref. 3 )  
N/A - Not Appl icab le  
N / I  - No Information 
* - Figures der ived  by MacLaren from 1:50 000 s c a l e  topographic  mapping 



3.2 Hydrology 

3.2.1 Selection of Flow Sequences 

3.2.1.1 High Flow Events 

In view of the importance of agricultural flood damages, the 

historical flow event which was selected for the evaluation 

of flood control alternates has caused severe flooding at 

Brinston and Plantagenet during the growing season. A review 

of the historical streamflow data indicated that a major 

flood occurred on 19 May 1945. This was a rainfall generated 

event which produced a peak flow of 470 m3/s (16 600 cfs) at 

Plantagenet Springs. A frequency analysis carried out for 

maximum daily discharges for the month of May established 

that the above flow has a recurrence interval of about 

1: 20 year. Floods occurring in May have a higher magnitude 

than those occurring in the summer for similar recurrence 

intervals; therefore, structural alternatives which control 

a May design flood will provide greater protection during the 

summer period. 

3.2.1.2 Summer Low Flows 

The proposed dams and reservoirs may also be used to provide 

low flow augmentation during the summer. Table 3.2 shows the 

severity of the low flow problem from June to November for 

selected locations based on the historical flow record. The 

South River at Spencerville and the Scotch River at St. 

Isidore de Prescott have experienced zero flows during many 

years. In order to evaluate the effectiveness of the pro- 
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TABLE 3.2 

S ta t ion  
Name 

South Nation River 
a t  Spence rv i l l e  

Castor River a t  
Russe l l  

South Nation River 
n e a r  P lan tagenet  
Springs 

Scotch River a t  
a t  S t .  Is i d o r e  
d e  Prescot t* 

RECURRENCE INTERVAL FOR VARIOUS FLOW DURATIONS 
(Based on H i s t o r i c a l  Flows from June t o  November) 

Recurrence Recurrence 
l d a y  low I n t e r v a l  7 d a y  low I n t e r v a l  3 0 d a y  low Recurrence 
f low (cf s )  (yea r s )  flow (cf s )  (years )  f low (cf s )  I n t e r v a l  

m 3 / s  m 3 / s  ( c f s )  m 3 / s  ( c f s )  (yea r s )  

0 .o 4.3 0 .o 4.4 N o t  - 
Avai lab le  

Source: Minis t ry  of  t h e  Environment, Dischargep-Average Recurrent 
I n t e r v a l  Curves f o r  t h e  South Nation River. 1976. 

* Analysis performed by MacLaren Plansearch Inc. based on t e n  (10) 
years  of d a t a  f o r  s t a t i o n  02LB012 loca t ed  on t h e  Eas t  Branch of 
Scotch River n e a r  St.  I s i d o r e  d e  P resco t t .  - 



posed structures for low flows augmentation, a flow sequence 

in 1962 was selected which produced an average spring runoff 

followed by low summer flow. As shown in the flow-duration 

analysis on Figures 3.2 to 3.5, the 1962 low flows were more 

severe than the historical record. 

3.2.2 Methodology for Flow ~istribution 

3.2.2.1 High Flow Event 

In 1945, the only active streamflow station in the South 

Nation River basin was on the South Nation River near Plan- 

tagenet Springs (02~B005). Fortunately, an event similar to 

the 1945 flood occurred in 1973. The two events have compar- 

able timing of the peak and volumes of runoff as shown in 

Figure. 3.6. 

In 1973, flow records were available from six stations: 

South Nation at Spencerville (02LB007 1, South Nation at 

Chesterville (02LB009 ) , South Nation at Casselman ( 0 2 ~ ~ 0 1 3  ) , 
South Nation near Plantagenet Springs (02L~005 ) , Bear Brook 
near Bourget (02~~008) and Castor River at Russell (02~~006). 

The drainage areas for the above stream gauges are summarized 

in Table 3.3. \ 

The foregoing 1973 records were used to distribute 1945 flows 

to selected points of interest throughout the basin. First, 

the estimated volume of runoff at the gauge sites was 

determined for the spring period in 1945 by pro-rating the . . 

1945 Plantagenet record with the 1973 volume ratios 'for &ch 

sonth. A typical relationship which was used to estimate the 

volume at Spencerville in 1945 is presented below. 



Figure 3-2 

South Nation River at Spence~ille 
Flow - Duration Analysis for Low Flows 

(1 June-30 September) 

Percentage of time indicated discharge was 
equalled or exceeded 



Figure 3-3 

Castor River at Russell 
Fl-ow- Duration Analysis for Low Flows 

( 1 April - 31 October) 

Percentage of time indicated discharge 
was equalled or exceeded 



Figure 3-4 

Bear Brook at Bourget 
Flow- Duration Analysis for Low Flows 

(3 April - 31 October), 

Percentage of time indicated discharge was equalled or exceeded 

Macbren Plansearch 



Figure 3-5 

South Nation River at Plantagenet 
Flow- Duration Analysis for Low Flows 

( 1 April - 31 October) . 
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Percentage of time indicated discharge was equalled or exceeded 



Figure 3-6 

South Nation River Observed Flows at Plantagenet Springs 
for Years 1945 and 1973 

March April 

Date (days) 



S t a t i o n  Name 

TABLE 3 . 3  

DRAINAGE AREAS FOR SELECTED STREAM GAUGES 

South Nation River a t  Spencervil le  

South Nation River a t  Casselman 

South Nation River near  
Plantagenet  Springs 

Bear Brook near  Bourget 

Castor River a t  Russell  

Drainage Area 
km2 (mi les2)  



Volume at Spencerville = (Volume at Planta- x (Volume at Spencer- 
in March 1945 genet in March 1945) ville, March 1973) 

(volume at Planta- 
genet, March 1973) 

The daily flow at Spencerville during the spring of 1945 was 

subsequently established for each month by the following 

relationship: 

Daily flow at = Daily flow at x (Volume at Spencerville) 
Spencerville in Spencerville in in 1945) 
1945 1973 (Volume at Spencerville 

in 1973) 

Discharges at intermediate locations were computed by a 

drainage area pro-rating technique. 

A comparison of 1973 volume ratios with those based on the 

entire record period in Table 3.4 indicates that the areal 

distribution of 1973 flow is quite representative of runoff 

patterns throughout the basin during a typical spring period. 

Simulations of reservoir operation and resultant flow reduc- 

tions would, therefore, be representative of flood control 

benefits. 

3.2.2.2 Low Summer Flows 

,Since the streamflow records from the six stations identified 

in Section 3.2.2.1 are available in 1962 the volume of runoff 

and the recorded daily flows were used directly. The proce- 

dures outlined in Section 3.2.2.1 were used to develop flow 

sequences at points of interest. 



3.3 Computer Simulation 

3.3.1 General 

Several computer models are available for use in water plan- 

ning studies. Mathematical programming-based models inclu- 

ding linear, dynamic and quadratic programming techniques are 

formulated to determine the best set of decision variables 

within a single utilization of the model given a series of 

constraints. In solving the problem, a number of approxi- 

mations are usually required so that the full realities of 

the problem are not truly reflected. In comparison to these 

models, simulation models represent a mathematical descrip- 

tion of the ongoing processes that "simulate" the performance 

of the real system. Simulation models are more rigorous than 

the mathematical programming models because there is no in- 

herent requirement to force the mathematical structure of the 

equation to be solved into a procedure amenable for solution 

by an optimum-seeking algorithm. Nevertheless, when using a 

simulation model, considerable emphasis must be placed on 

determining a complete set of planning options that are to be 

analysed to ensure the most beneficial scheme is selected. 

A simulation model which has been used in water planning 

studies to evaluate a large number of structural and non- 

structural alternatives is the HEC-5 program. This model was 

selected for screening purposes and is described in the fol- 

lowing section. 

3.3.2 Description of HEC-5 Model . . 

The HEC-5 model is a computer simulation model developed by 

The Hydrologic Engineering Center, U.S. Corps of Engineers 

(5) 



The model was developed to simulate the sequential operation 

of a system of reservoirs of any configuration for flood 

events and to assist in determining: 

a) Flood control and conservation storage requirements for 

each reservoir in the system. 

b) The influence of a system of reservoirs on the spatial and 

temporal distribution of runoff in a basin. 

c) Operational criteria for both flood control and conser- 

vation (including hydro power) for a system of reser- 

voirs. 

d) The expected annual flood damages, systems, costs, and 

system net benefits for flood damage reduction. 

e) The combination of existing and proposed reservoirs or 

other alternatives including non-structural alternatives 

that result in the maximum net flood control benefits of 

the system by making simulation runs for selected alter- 

native systems. 

The HEC-5 program is a useful tool that can be used to simu- 

late the sequential operation of various storage reservoirs 

and water diversions. Once sequential flow data, reservoir 

rule curves and physical linkage of watercourses data are 

coded for input in the HEC-5 program, detailed simulations 

can be made easily for numerous combinations of reservoirs 

and other alternatives including non-structural alternatives. 



TABLE 3.4 

Rat io  of 
Flow P o i n t s  

Spence rv i l l e  
P l  an tagene t  

C h e s t e r v i l l e  
Pl  an tagene t  

RATIO OF MONTHLY VOLUMES FOR THE 194 5 EVENT 
AND THE LONG-TERM STATION FLOW RECORD 

Period Under Ra t io  of Monthly Volumes 
Consideration March Apr i l  May 

Castor  River  a t  Russe l l  1945 ~ v e n t ( l )  0.13 0.1 1 0.1 1 
Plan tagene t  Lo ng-Te r m  0.11 0.11 0.11 

( I )  Based on 1973 volume r a t i o s .  



Figure 3-7 

Schematic of ~ o u t h ~ a t i o n  River System forlnput to the 
HEC- 5Model  under High Flow Conditions 
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To set up the model, the available reservoir storage is ap- 

proportioned by the user into conservation storage and flood 

control storage for each monthly period. The system is then 

operated by the model based on an operational rule curve 

specified by the user. The rule curve is specified in terms 

of beginning-of-month storages. The program then inter- 

polates linearly to attain the next month's storage level. 

Releases from the reservoir are based on the inflows to the 

reservoir, storage level in the reservoir, outlet capacity 

o f  the dam structure and specified non-damaging channel 

capacities at downstream points. For each reservoir, stage/ 

storage, stage/discharge, stage/surf ace area relationships 

are required. 

The schematic input for the program consists of a series of 

links and nodes. The node can be either a reservoir or a 

control point (point of interest). Each node is identified 

by a unique value and is linked to other nodes by the travel 

time in the channel. At each node, the incremental local 

flow and the non-damaging channel capacity must be speci- 

fied. 

The 1979 HEC-5 version was used in this study. In this pro- 

gram version, a maximum number of fifteen points of interest 

can be modelled. This consists of a maximum of five reser- 

voirs with the remaining points being control points. Up to 

eleven diversions can also be modelled. 



3.3.3 Schematic of the System 

3.3.3.1 High Flow Event 

The drainage areas, surface areas at maximum water surface 

elevation and the gross storages of all proposed reservoirs 

in the basin are shown in Table 3.1. However, due to the 

dimensional limits of the present HEC-5 program, some of the 

smaller reservoirs are not included in the analysis. These 

include the proposed Hyndman, Spencerville Mill and the m m -  

ville reservoirs. This procedure represents a reasonable 

approach since, as shown in Table 3.1, the storage volumes of 

these reservoirs are small in comparison to the other reser- 

voirs. Since the Spencerville reservoir proposed in 1948 

ODPD report is in the same general location as the one pro- 

posed by Acres, only the latter reservoir was modelled. 

In addition, the total storage of the reservoirs on the 

North, Middle and South Branch of the Castor River have been 

combined and modelled as one facility. 

The reservoirs modelled in the system are: SpencervilIe (as 

proposed by ~cres) , Castor River, Payne River, Bear Brook and 
Scotch River. These reservoirs were modelled alone and in 

combination with others to evaluate their effectiveness in 

reducing areas flooded and in augmenting low flows. 

The schematic diagram of the South Nation River system -show- 

ing the input points into the model under high flow condi- 

tions is shown in Figure 3.7. Some points of interest have 

been chosen at the confluence of the major tributaries with 
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t h e  South  Na t ion  R i v e r  i n  o r d e r  t o  de te rmine  the e f f e c t  of 

t h e  r e s e r v o i r s  i n  a l t e r i n g  t h e  t i m i n g  o f  t h e  peaks  and the 

r e d u c t i o n  i n  downstream f l o o d i n g .  

The channe l  c a p a c i t i e s  used  t o  de te rmine  the t h r e s h o l d  v a l u e s  

a t  w h i c h  f l o o d i n g  s t a r t s  a r e  102 m 3 / s  (3600 c f s )  i n  t h e  

B r i n s t o n  a r e a ,  w i t h  c h a n n e l i z a t i o n ,  and 226 m 3 / s  (8000 c f s )  

i n  t h e  P l a n t a g e n e t  a r e a .  

3.3.3.2 Low Flow Event  

The number o f  p o i n t s  o f  i n t e r e s t  were reduced f o r  t h e  l o w  

f low m o d e l l i n g  s i n c e  t i m i n g  of  peaks is  n o t  a concern  d u r i n g  

low f low p e r i o d s .  The schemat ic  diagram of t h e  South  Nat ion  

River  sys tem showing t h e  i n p u t  p o i n t s  i n t o  t h e  model under  

low f low c o n d i t i o n s  is shown i n  F i g u r e  3.8.  

A l t e r n a t i v e s  Modelled 

3.3.4.1 High Flow Event  

The f low sequence  model led  c o n s i s t s  o f  d a i l y  f lows e x t e n d i n g  

from 1 6  March t o  3 1  May 1945. The peak f low f o r  t h i s  e v e n t  

h a s  a r e c u r r e n c e  i n t e r v a l  i n  May of  1 :20 y e a r .  I n  o r d e r  t o  

e v a l u a t e  t h e  f l o o d  r e d u c t i o n  c a p a c i t y  of t h e  proposed s t r u c -  

t u r a l  works,  f low sequences  w i t h  a peak d i s c h a r g e  e q u a l  t o  

t h e  1:10 y e a r ,  1:20 y e a r  and 1:50 y e a r  e v e n t  w e r e  a l s o  

s i m u l a t e d .  
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The 1945 flow sequence was adjusted by the  appropriate 

f ac to r s  i n  order t o  provide flood magnitudes equal t o  the  

se lected recurrence interval .  The magnitude of the  simula- 

ted peak flows a t  Spencerville, Chestervil le  and Plantagenet 

f o r  the  various recurrence in te rva ls  a re  presented i n  Table - 
3.5. Adjusting the May flows a l so  adjusts  the magnitude of 

the  March peak flows. The flow sequences and the  recurrence 

in t e rva l s  for  the  March and May events a t  Plantagenet are  

shown i n  Figure 3.9. 

The computer simulations were carr ied out t o  evaluate the 

e f f e c t  of the  proposed reservoirs  on the  larger  spring floods 

and t h e i r  a b i l i t y  t o  reduce May floods t o  non-damage levels  

i n  the  Brinston area [ l o 2  m3/s (3600 c f s )  1 and a t  Plantagenet 

[226 m 3 / s  (8000 c f s )  1. Resevoir combinations which were 

invest igated a re  noted i n  Table 3.6. Two methods of opera- 

t i o n  were simulated. I n  one a l te rna t ive ,  the  reservoirs  

remained empty u n t i l  1 May and were then allowed t o  fill. 

Reservoirs were f i l l e d  a f t e r  1 March i n  the second a l te r -  

nat ive  i n  an attempt t o  at tenuate the  spring flood but were 

drawn down by 1 May i n  preparation f o r  the  May event. It was 

found t h a t  the  l a t t e r  method of operation provided some 

degree of protection during the  spring period while the  

reservoirs  could be emptied by 1 May without causing .addi- 

t i ona l  flooding a t  Brinston or Plantagenet. 

3.3.4.2 Low Flow Event 

The a l t e rna t ives  shown i n  Table 3.6 with the exception of 

t he  Spencerville Diversion were a l so  modelled for  the 1962 

low flow year. The flow sequence consis ts  of d-aily flows 

extending from 1 March t o  3 1  October 1962. Each a l te rna t ive  



TABLE 3.5 

MAGNITUDE OF SIMULATED MAY 
PEAK FLOW AT SELECTED FLOW POINTS 

Flows for Corresponding 
Recurrence Simulated Recurrence Intervals 
Interval Peak Flow (from Statistical Analysis) 

  low Point (years) m3/s(cfs) . m3/s (cfs) 

Spencerville 

Chesterville 

Plantagenet 



I Figure 3-9 

1 Flow Sequences Modelled (based on 1945 event) 
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, TABLE 3 . 6  

A1 ternative Spencerville 
Modelled Reservoir 

1 X 

2 X 

3 

4 

5 

6 

ALTERNATIVES MODELLED USING HEC-5 

Structural Alternative 

Spencerville Payne River Castor River Bear Brook Scotch River 
Diversion Reservoir Reservoir Reservoir Reservoir 



was modelled by filling the reservoir(~) during the spring 

freshet according to rule curves established for operation 

during the analysis of high flow conditions; the water was 

then released from the reservoir(s1 starting on 1 June until 

the reservoir(s) was empty by 1 October. 

Tabulation of Results 

3.3.5.1 High Flow Events 

Brinston Flood Area 

Since the Chesterville channelization is currently underway, 

all computer simulations were undertaken with the full chan- 

nelization in place. The channelization, with a non-damage 

channel capacity of 102 m3/s (3600 cfs) provided the base 

condition against which other structural alternatives could 

be evaluated in reducing the area flooded in the Brinston 

area. 

Figure 3.10 indicates the magnitude and frequency of spring 

and May floods simulated under existing conditions for the 

Brinston area and the percent reduction in peak flows due to 

the proposed Spencerville ~eservoir. The May events have 

recurrence intervals of approximately 1:10 year, 1:20 year 

and 1:50 year. 

The Spencerville Diversion has not been included in the ana- 

lysis because it was found to have limited use. This diver- 

sion was originally proposed to divert excess flows from the 

Spencerville Reservoir to the St. Lawrence River but simula- 
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Flow Reduction in the Brinston Area due to 
the Proposed Structural Alternatives . . 
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tions revealed that the reservoir is only partially filled 

during flood conditions. Twenty percent of the live storage 

was used during the 50 year event with progressively smaller 

storage volumes retained during less severe flood discharges. 

The Spencerville Reservoir is not effective in reducing 

flooding in the Brinston area due to runoff from the drainage 

area below the Reservoir. Less than 20 percent of the month 

ly runoff volume recorded at the Chesterville gauge for the 

months of March, April and May is contributed by the catch- 

ment area upstream of Spencerville; therefore, approximately 

80 percent of the storm runoff from the watershed above 

Brinston is uncontrolled. This results in minimal flood 

reduction in the Brinston area as illustrated in Figure 

3.11. 

During the 1:10 year event, the flow is contained in the 

channel, through the Brinston area but during the 1:20 year 

event, some flooding will occur downstream of Salter's 

Bridge. For the 1: 20 year event under existing conditions, a 

flow of 104.4 m3/s (3687 cfs) would flood approximately 40 ha 

(99 ac) of land. However, with the addition of the Spencer- 

ville Reservoir the flow would be reduced to 100.5 m3/s (3550 

cfs) and flooding would be minimal since the flow would be 

contained within the channel. For the 1:50 year May event 

there is reduction of 200 ha (494 acres) in the area 

flooded. 

The flow/area flooded relationship for the Brinston area was 

developed from the flood plain mapping study conducted- by 

DeLCan Ltd. (6). This information represents flooding with 
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t h e  n a t u r a l  waterway through t h e  Brinston area .  The e f f e c t s  

o f  channel iza t ion  were accounted f o r  by s h i f t i n g  t h e  stage/-  

f looded a r e a  r e l a t i o n s h i p  t o  r e f l e c t  t h e  new threshold  of 

f looding a t  102 m 3 / s  (3600 c f s ) .  

Plantagenet  Flood Area 

Computer s imula t ions  i l l u s t r a t i n g  t h e  f lood reduct ion poten- 

t i a l  i n  t h e  Plantagenet  area a r e  shown i n  Figures  3-12 t o  

3-15. The magnitude and frequency of t h e  simulated events 

dur ing  March and May a r e  documented together  wi th  t h e  percent  

reduct ion  i n  peak flow due t o  t h e  var ious  proposed s t r u c t u r a l  

a l t e r n a t i v e s .  

The impact on t h e  flooded area a t  Plantagenet  i s  f u r t h e r  

i l l u s t r a t e d  i n  Figures  3.13 and 3.14. As expected, t h e  ana- 

l y s i s  ind ica ted  t h a t  t h e  loca t ion  and s torage  capac i ty  of 

r e s e r v o i r s  a r e  c r i t i a l  f a c t o r s  i n  determining t h e i r  a b i l i t y  

t o  a t t e n u a t e  f lood peaks. Both t h e  Scotch River and t h e  

Castor  River r e s e r v o i r s  appear t o  provide some f lood cont ro l  

b e n e f i t s ;  however, any s i g n i f i c a n t  reduct ion i n  f lood dura- 

t i o n  i s  l i m i t e d  t o  frequent  events a s  noted i n  ~ i g u r e  3,15. 

Two e a r l i e r  s t u d i e s  of f looding wi th in  t h e  Plantagenet  area 

have been conducted by ~ e l ~ a n (  6 )  and McNeely Limited-proctor 

and Redfern ~ i m i t e d ( 1 ) .  ~ n f o r m a t i o n  used t o  e s t ima te  agri-  

c u l t u r a l  f looding i n  t h e  former study was considered more 

comprehensive and was, the re fo re ,  used t o  e s t a b l i s h  t h e  flow- 

f looded a r e a  c h a r a c t e r i s t i c s  of t h e  hazard lands.  Subsequent 

d e t a i l e d  review of t h e  two foregoing s t u d i e s  r e v e a l e d ' t h a t  

t h e  DelCan es t ima tes  of f lood l e v e l s  were t o o  low f o r  selec- 
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~ Figure 3- 1 3 

1 Effect of ~eservoir(s) in Reducing Area Flooded in 
the Plantagenet Area 
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Figure 3- 14 
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Reduction in Area Flooded in the Plantagenet Area due to the 
Proposed Rese rvoir(s) 
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t e d  f l o o d  f r e q u e n c i e s ;  t h e r e f o r e ,  f l o o d  a r e a s  and r e d u c t i o n  

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

i n  t h i s  p h a s e  o f  the Water  Resources  Component s t u d y  a r e  i n  

e r r o r .  While g e n e r a l  f i n d i n g s  and c o n c l u s i o n s  a r e  v a l i d ,  an 

a c c u r a t e  d e t e r m i n a t i o n  o f  f l o o d e d  a r e a s  w a s  o n l y  c a r r i e d  o u t  

i n  t h e  l a t t e r  s t a g e s  o f  t h e  i n v e s t i g a t i o n  and r e p o r t e d  i n  

Chap te r  7. 

Low Flow E v e n t s  

The f i v e  r e s e r v o i r s  c o n s i d e r e d  f o r  f l o o d  c o n t r o l  pu rposes  

w e r e  a l s o  i n v e s t i g a t e d  f o r  low f l o w  augmenta t ion .  I n  an 

e f f o r t  t o  a s s e s s  t h e  e f f e c t i v e n e s s  o f  t h e s e  r e s e r v o i r s ,  low 

f l o w - d u r a t i o n  a n a l y s e s  were  c a r r i e d  o u t  f o r  s e l e c t e d  t i m e  

p e r i o d s  : 

(i) h i s t o r i c a l  f low r e c o r d ,  (ii) summer of 1962 under  e x i s t -  

i n g  c o n d i t i o n ,  and ( i i i )  summer o f  1962 w i t h  p r o p o s e d  r e s e r -  

v o i r ( ~ ) .  The f l o w - d u r a t i o n  c u r v e s  f o r  t h e  seven-day  low 

f l o w s  f o r  t h e  c o n d i t i o n s  o u t l i n e d  above a r e  shown i n  F i g u r e s  

3 . 2  t o  3.5 and 3.16 f o r  t h e  f low p o i n t s  a t  S p e n c e r v i l l e ,  

Bourge t ,  R u s s e l l  and P l a n t a g e n e t  S p r i n g s *  

The low f l o w s  d u r i n g  t h e  summer o f  1962 were  more s e v e r e  t h a n  

the h i s t o r i c a l  r e c o r d ;  however,  t h e  a d d i t i o n  o f  t h e  r e s e r -  

v o i r s ,  r e s u l t s  i n  a s u b s t a n t i a l  i n c r e a s e  i n  f l o w s .  F o r  exam- 

p l e ,  d u r i n g  t h e  s u m m e r  o f  1962 w i t h  t h e  a d d i t i o n  o f  t h e  

S p e n c e r v i l l e  R e s e r v o i r ,  t h e  f low a t  S p e n c e r v i l l e  would e q u a l  

o r  exceed  2.7 m 3 / s  ( 97  c f s )  90% o f  t h e  t i m e  as compared t o  

0 .003  m 3 / s  ( 0 . 1  c f s )  under  t h e  e x i s t i n g  c o n d i t i o n .  S i m i l a r -  

l y ,  w i t h  t h e  a d d i t i o n  o f  t h e  C a s t o r  ~ i v e r  R e s e r v o i r s ,  t h e  

f l o w  a t  R u s s e l l  would e q u a l  o r  exceed  0 .57  m 3 / s  ( 2 0  c f s )  90% 

o f  t h e  t i m e  as compared t o  0.20 m 3 / s  ( 7  cfs) u n d e r  t h e  e x i s t -  

i n g  c o n d i t i o n .  
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.. South Nation River at Plantagenet 
Flow- Duration Analysis for Low Flows 

( 1 April - 31 October) 
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A summary of the low flow magnitude for 1-day, 7-day and 30- 

day duration for existing conditions and for the proposed 

reservoirs are shown in Table 3.7. 

3.3.6 Discussion of Results 

3.3.6.1 Flood Control Structures 

Brinston Flood Area 

As noted in Section 3.3.5.1, ~pencerville Reservoir controls 

less than 20% of the runoff volume observed at Chesterville 

since 77% of the drainage area above Chesterville is not 

controlled by the reservoir. In addition, the suggested 

reservoir capacity is not used since it is disproportionately 

large in relation to the tributary drainage area. 

The effectiveness of the s~encerville Reservoir in reducing 

peak flows and area flooded is summarized in Table 3.8 as a 

function of the reservoir's live storage and surface area. 

The reduction in peak flow and area flooded are minimal for 

all events shown. Since the flood control benefits de.rived 

from the Spencerville ~eservoir are small, this structural 

alternative should not be built for flood control purposes. 

The Spencerville Diversion is also not required for the 

control of high flows because the storage capacity of the 

Spencerville Reservoir is not fully utilized. These two 

alternatives were not considered further for flood control. 



. -- TABLE: 3 .7  

Location 

... 
LOW n o w  ~IAGNITUDES FOR VBRIOUS FLOW 

DURATIONS FOR PRE-RESERVOIR AND 
POST-RESERVOIR CONDITIONS 

(Based on 1962 Summer Flows from 01 June t o  01 October) 
m J / s  ( c f s )  

River System 
Condition 1 Day Low Flow 7-Dag Low Flow 30-Dav Low Flow 

South Nation River   xis st in^ 
a t  Spence rv i l l e  

Castor  River  
a t  R u s s e l l  

South Nation a t  
p l k t a g e n e  t Spr ings  

Spencexville 
Reservoir  3.5 

Ex i s t i ng  

Castor  River 
Reservoir  . 3.2 

Ex i s t i ng  1.2 

Spencerv i l le  
Reservoir  . 5 -2  

. Payne River 
Reservoir  2.5 

Castor  River 
Reservoir  4.6 

Bear Brook 
Reservoir 2.1 

Scotch River 
Reservoir  . 3.6 

Scotch and Castor 
Reseraoir  10.4 

Scotch, Castor,  
Bear and Payne 
Reservoir 10.6 



TABLE 3.7 (Cont 'd) 

Location 

Bear Brook a t  
Bourget 

South Nation 
River  a t  
Ches t e r v i l l e  

South Nation 
River  a t  
Casselman 

LOW FLOW MAGNITUDES FOR VARIOUS FLOW 
DURATIONS FOR PRE-RESERVOIR AND 

POST-RESERVOIR CONDITIONS 
(Based on 1962 Summer Flows) 

m 3 / s  ( c f s )  

River System 
Condition 1 Day Low Flow 7-Day Low Flow 30-Day Low Flow 

Ex i s t ing  
0.17 . ( 6 )  0.19 (7)  0.23 (8)  

Bear Brook 
Reservoi r  1.0 (37) 1.1 (38) 1.1 (39) 

E x i s t i n g  0.014 (0.5) 0.014 (0.5) 0.037 (1.3) 

Spencerv i l le  
Reservoi r  3.5 (125) 3.5 (125) 3.7 (130) 

E x i s t i n g  

Payne River 
Reservoi r  

Castor River 
Reservoi rs  

Scotch River Ex i s t ing  

Scotch River  
Reservoi r  



Plantaaenet  Flood Area 

S imi la r  analyses  were c a r r i e d  out f o r  t h e  s t r u c t u r a l  a l t e r -  

n a t i v e s  which can reduce flooding i n  t h e  Plantagenet  area.  

Although t h e  Castor River r e s e r v o i r s  were modelled a s  one 

f a c i l i t y ,  sepa ra te  analyses  were c a r r i e d  o u t  f o r  t h e  North 

Castor ,  Upper Middle Castor and t h e  South Castor Reservoirs 

a s  shown i n  Table 3 . 8 .  The e f fec t iveness  of  each rese rvo i r  

i n  reducing peak flows and flooded a reas  i s  ind ica ted  i n  

Table 3.8 a s  a  funct ion  of t h e  t o t a l  l i v e  s to rage  and flooded 

a rea  a t  each r e s e r v o i r  s i t e .  

The t a b u l a t e d  r e s u l t s  f o r  each r e s e r v o i r  i n d i c a t e  t h a t  t h e  

Upper Middle Castor .River, North Castor River and Scotch 

River Reservoirs  have a  d e f i n i t e  e f f e c t  i n  peak flow and 

flooded a r e a  reduct ion e s p e c i a l l y  f o r  t h e  more severe  events.  

These proposed r e s e r v o i r s  a r e  e f f e c t i v e  due t o  t h e i r  s torage  

c a p a c i t i e s  and s t r a t e g i c  loca t ions  wi th in  t h e  South Nation 

River b a s i n .  

The Bear Brook Reservoir appears .  t o  reduce flows during t h e  

1:10 year  event ,  but  i s  not  a s  e f f e c t i v e  f o r  t h e  l:50..year 

event ,  due t o  s to rage  l i m i t a t i o n s . '  Resul t s  i n d i c a t e  t h a t  t h e  

Payne River Reservoir i s  not  instrumental  i n  f lood con t ro l  a t  

P lantagenet  and the re fo re  should not  be considered f o r  t h i s  

purpose. 

A number of c r i t e r i a  were used t o  a s sess  t h e  r e l a t i v e  f lood 

c o n t r o l  b e n e f i t  of t h e  r e s e r v o i r s  f o r  events  a s  l a r g e  a s  the  . . .  
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TABLE 3.9 

Comparison of Flood Reduction at Plantagenet with Inundation at Reservoir Sites 

Flood Prone Area - Hectares (Acres) 

1:10 year(1) 1:20 year ( I )  1:50 Year Full 
Reservoir 

Reduction at Inundated at Reduction at Inundated at Reduction at Inundated at Inundated at 
Plantagenet ~ebervoir Plantagenet Reservoir 'Plant agenet Reservoir Reservoir 

Reservoir Agric* Total Agric Total Agric Total Agric Total Agric Total Agric Total Agric Total 

Scotch 182 202 490 627 218 242 712 915 291 . 323 1184 1518 1872 2400 
(450) (499) (1210) (1550) (539) (598) (1760) (2260) (719) (798) (2925) (3750) (4625) (5930) 

North 106 118 769 961 131 146 903 1129 172 19 1 1214 1501 1237 1545 
Castor (262) (292) (1900) (2375) (323) (361) (2232) (2790) (425) (472) (3000) (3720) (3056) (3820) 

Bear 146 163 259 331 9 1 101 259 331 9 1 101 259 331 259 331 
(361) (400) (640) (820) (225) (250) (640) (820) (225) (250) (640) (820) (640) (820) 

* Agricultural c 

(1) Recurrence Interval for May Event. 



20 year  flow. Their  e f f i c i ency  i n  a t t e n u a t i n g  f lood peaks 

may be judged a s  t h e  flow reduct ions a t  Plantagenet  per  u n i t  

of r e s e r v o i r  s to rage  during t h e  20 year  event .  This  index 

produces t h e  following ranking f o r  t h e  r e s e r v o i r s :  Scotch 

River,  North Castor  River and Bear Brook. A s i m i l a r  p r i o r i t y  

was obtained when c a p i t a l  cos t  of t h e  r e s e r v o i r s  was e s t i -  

mated per  a r e a  reduct ion i n  f looding a t  Plantagenet  although 

t h e  Scotch River and North Caster r e s e r v o i r s  were q u i t e  simi- 

l a r  when screened by t h i s  c r i t e r i a .  

Geotechnical i n v e s t i g a t i o n s  ( ~ p p e n d i x  D) of r e s e r v o i r  s i t e s  

based on e x i s t i n g  da ta  have provided f u r t h e r  i n s i g h t  i n t o  the  

r e l a t i v e  mer i t  of each p ro jec t .  While t h e  Castor River s i t e s  

a r e  considered f a i r l y  good subjec t  t o  a d d i t i o n a l  confirmatory 

d a t a ,  t h e  Scotch River was designated only f a i r  and t h e  Bear 

Brook s i t e  was deemed poor from a geotechnical  p o i n t  of view. 

Costs  of  purchasing these  r e se rvo i r  s i t e s  based on inven- 

t o r i e s  of  land use and land c o s t s  assembled by t h e  Conserva- 

t i o n  Authori ty  a r e  estimated t o  be: 

1. North Castor River $1 890 000 

2.  Scotch River $3 100 000 

3. Bear Brook $ 495 000 

The a c t u a l  reduct ion  of flooding on t h e  South Nation River 

a t  P lantagenet  f o r  var ious r e tu rn  periods does no t  compare 

favourably wi th  t h e  a rea  t h a t  would be flooded a t  each reser- 

v o i r  s i t e .  A s  shown i n  Table 3.9, a g r i c u l t u r a l  lands  which .: 

would be requi red  f o r  r e se rvo i r  s torage  w i l l  exceed t h e  £load 
reduc t ion  a t  Plantagenet fo r  a l l  l e v e l s  of f looding  which 

were i n v e s t i g a t e d .  



Additional reduction of flooding at Plantagenet beyond that 

which is achieved by the Castor, Scotch and Bear Brook Reser- 

voirs can be realized by the construction of the Cobb's Lake 

Creek Diversion or local protective measures including chan- 

nelization and dyking of the South Nation River downstream of 

Lemiux. The required capacity of the diversion for various 

degrees of reservoir development is shown in Figure 3.17 for 

the 20 year protection level. 

Preliminary investigations of the Cobb's Lake Diversion which 

would follow Cobb's Lake Creek from its confluence with the 

South Nation River to the drainage divide and then to 

Clarence Creek, have indicated that the capital cost of the 

scheme would be in excess of $120 M. From hydraulic computa- 

tions between the South Nation River and the Ottawa River, 

diversion of 200 m3/s (7000 cfs) representing the damaging 

flows at Plantagenet during the 1:20 year May event would 

require 13.0 km (8.15 mi) of grassed lined channel with water 

depth 3.7 m (12 ft) and bottom width 28.7 m (94 ft) and 8.0 

km (5.0 mi) of tunnel at the drainage divide consisting of 

four 4.9 m x 6.1 m (16 ft x 20 ft) box culverts. In view of 

capital costs of the diversion, the foregoing reservoirs or 

channelization and dyking on the South Nation River appear to 

be more economically attractive. 

3.3.6.2 Low Flow Ausmentation 

As shown in the flow-duration analyses for low flows-- on 

Figure 3.3 and 3.5, the Castor ~eservoir has a significant .. - 

effect in augmenting low flows at Russell and also at ~lanta- 

genet Springs. Since this reservoi r  can also improve the low 



flows in the Casselman. and Lemieux area, it is assigned a 

high priority among reservoir alternatives for low flow aug- 

mentation. 

The Spencerville Reservoir cannot be filled in an average 

spring runoff. During the 1962 spring runoff, the reservoir 

would have filled to about 65 400 M1 (53 000 ac-ft) by 31 

May or about 688 of the previously proposed reservoir's live 

storage. Nevertheless ,- a smaller reservoir at this location 
would provide significant improvement in low flow flows in 

the Spencerville area and throughout the main stem of the 

South Nation River. The flow-duration curves for Spencer- 

ville and Plantagenet are shown in Figures 3.2 and 3.5, 

. -respectively. Because of its effectiveness in providing low 

flow benefits throughout t'ne South Nation River, the Spencer- 

ville Reservoir site is ranked second. 

The Bear Brook Reservoir provides low flow benefits for 

Bourget and Plantagenet and has been ranked third. Figure 

3.4 shows that this reservoir is especially effective in 

augmenting very low flows. 

The Scotch River Reservoir has not been given high priority 

for low flow augmentation because it affects only Plantagenet 

Springs. 

The tentative ranking for each reservoir together-with its : . .  . . 

function is: 



1. North Castor Reservoir - f o r  f lood con t ro l  and low flow 

augmentation 

2. Scotch River Reservoir - f o r  flood c o n t r o l  

3.  Spencervi l le  Reservoir - f o r  low flow augmentation 

4. Bear Brook Reservoir - f o r  f lood con t ro l  and l o w  flow 

augmentation 

Implementation of t h e  r e s e r v o i r s  f o r  f lood con t ro l  purposes 

must be viewed with caut ion a t  t h i s  time s ince  a  very pre- 

l iminary  economic ana lys i s  i n d i c a t e s  t h a t  more a g r i c u l t u r a l  

land would be inundated a t  t h e  r e s e r v o i r  s i t e s  than removed 

frorr) t h e  f lood hazard zone a t  Plantagenet . '  Geotechnical 

i n v e s t i g a t i o n s  a t  t h e  Bear Brook s i t e  a l s o  r a i s e  se r ious  

ques t ions  whether it i s  f e a s i b l e  t o  proceed with t h e  pro- 

posed s t r u c t u r e  due t o  foundation c o n s t r a i n t s .  

Addit ional  reduct ion i n  flooding a t  Plantagenet  beyond t h a t  

which i s  achieved by t h e  Castor,  Scotch and Bear Brook Reser- 

v o i r s  can be r e a l i z e d  by e i t h e r  t h e  cons t ruc t ion  of t h e  

Cobb' s Lake Creek Diversion o r  l o c a l  p r o t e c t i v e  measures 

inc luding  channel iza t ion  and dyking of t h e  South Nation River 

downstream of Lemieux. A prel iminary i n v e s t i g a t i o n  of t h e  

d i v e r s i o n  confirms t h a t  t h i s  scheme i s  f e a s i b l e  however 

c a p i t a l  c o s t s  l a r g e l y  preclude f u r t h e r  cons idera t ion .  It i s  

t h e r e f o r e  apparent t h a t  reduct ion of f looding along t h e  S u t h  

Nation River downstream of Lemieux may be b e s t  c a r r i e d  out  by . . 
-- _ 

l o c a l  p r o t e c t i v e  measures. 



Figure .:I 7 
- 

Reservoir(s) and Diversion Capacities Required to Reduce Flows 
in the Plantagenet Area to Non- Damage Levels 

226.5 m3/s (8000~5s) 

Gross reservoir storage capacity (acre-feet x 1000) 



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

p r e s e n t e d  i n  s u b s e q u e n t  s t u d i e s (  8 )  ( 9 )  ( 1 0 ) .  B r i e f l y ,  a rev iew 

o f  c h a n n e l i z a t i o n  o r  dyk ing  a l o n g  t h e  main c h a n n e l  and dyking 

o f  t r i b u t a r y  waterways  between Bear  Brook and P1 a n t a g e n e t  

i n d i c a t e d  t h e  l a t t e r  a l t e r n a t i v e  t o  b e  t h e  most  a t t r a c t i v e .  

- Dur ing  the summer growing s e a s o n  (May t o  O c t o b e r ) ,  f l o o d i n g  

o f  a g r i c u l t u r a l  l a n d s  i s  caused  f o r  f l o w s  up t o  a  1 5  y e a r  

magn i tude  by  f low r e v e r s a l  i n  d r a i n a g e  d i t c h e s  and minor 

t r i b u t a r i e s  which backs  up w a t e r  i n t o  l o w  l y i n g  a r e a s .  Dykes 

w e r e  recommended a l o n g  t r i b u t a r i e s  a t  f o u r  l o c a t i o n s  t o  

p r e v e n t  t h i s  o c c u r r e n c e :  

C r y s t a l  S p r i n g  Creek 

D i t c h  ups t r eam o f  t h e  o u t l e t  o f  S p r i n g b r o o k  Creek  on t h e  

s o u t h  bank 

o D i t c h  between Cobbs Lake Creek and  B e a r  Brook on t h e  

w e s t  s i d e  

o Dick inson  Creek 
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4.0  DELINEATION OF SECONDARY FLOOD PLAIN AREAS 

4 .1 General 

Due t o  t h e  r e l a t i v e l y  f l a t  topography and l imi ted  channel 

capac i ty  throughout t h e  South Nation River bas in ,  extensive 

f looding  has  been reported annually i n  many p a r t s  of t h e  

watershed, p a r t i c u l a r l y  i n  t h e  spr ing .  The Authority has 

i n i t i a t e d  f lood p l a i n  mapping p r o j e c t s  i n  a reas  where flood 

occurrences r e s u l t e d  i n  s i g n i f i c a n t  damages t o  property and 

crops.  These s t u d i e s  i d e n t i f i e d  the  extent  of f looding t h a t  

would occur  i n  these  areas  during f lood events of various 

recurrence i n t e r v a l s .  The ob jec t ive  of t h e  f lood p l a i n  

d e l i n e a t i o n  component i s  t o  provide an es t imate  of f lood 

p l a i n  widths i n  those areas  not previously mapped and t o  

determine t h e  need f o r  add i t iona l  mapping. 

In  accordance with t h e  Terms of Reference, t h i s  a c t i v i t y  does 

not meet Minis try of Natural Resources flood p l a i n  mapping 

c r i t e r i a .  Rather, it i s  intended t o  provide an est imate of 

t h e  a e r i a l  ex ten t  of f looding i n  t h e  secondary flood areas  

f o r  inpu t  t o  a preliminary est imate of flood damages. . The 

e n t i r e  watershed was reviewed t o  ca tegor ize  each reach 

according t o  flood hazard and t o  i d e n t i f y  areas  where most 

d e t a i l e d  f lood p l a i n  s tud ies  might be undertaken. 

4.2 Flood Hazard Categories 

Four f lood hazard ca tegor ies  were i d e n t i f i e d  and coded on a 

1:250 000 s c a l e  map as  re ference* These ca tegor ies  were 

c l a s s i f i e d  according t o  the  following d e f i n i t i o n s :  



Category - I - a reas  adjacent  t o  t h e  r i v e r  which a re  s teeply  

sloped s o  t h a t  f loods would be confined t o  a l imi ted  area 

and/or t h e  land use i s  such t h a t  i f  a f lood were t o  occur, no 

major f lood damages would be an t i c ipa ted  (e.g.  f o r e s t  a r e a s )  .' 

Category I1 - a reas  where the  extent  of t h e  flood p l a i n  can 

be eas i l jy  i d e n t i f i e d  by the  topography of t h e  land (e .g .  

f lood p l a i n  with c l e a r l y  defined va l l ey  wa l l s )  and/or loca t -  

ions  where t h e  land use is  such t h a t  f lood damages would be 

r e l a t i v e l y  small i f  inundatibn were t o  occur (e .g .  agr icul -  

t u r a l  lands ) . 

Category I11 - includes areas  where t h e  flood p l a i n  cannot be 

e a s i l y  i d e n t i f i e d  based on topographic f ea tu res  and/or t h e r e  

a i s  r i s k  of l a r g e  damages i n  the  event of a flood (e .g.  town 

s i t e s ) .  

Category I V  - those  areas  where the  f lood p l a i n  and damage 

c e n t r e s  have previously been i d e n t i f i e d  and defined with 

flood p l a i n  mapping programs. 

4 . 3  Method 

A s e t  of 1 : 2 0  000 s c a l e  a e r i a l  photographs which were taken 

i n  t h e  sp r ing  of 1978 was used f o r  prel iminary screening and 

c l a s s i f i c a t i o n  of the  four  flood hazard ca tegor ies  as  des- 

c r ibed  above. These photos showed extensive flooding over 

much of t h e  bas in  and give a good ind ica t ion  of fibod-p?one 

a reas .  The r e t u r n  period of t h e  1978 sp r ing  flood varied 



from 1 : 2  years i n  the upper basin t o  1:20 years i n  the lower 

par ts  of the basin. 

The screening procedure was carried out i n  the following 

manner and sequence: 

a )  The complete South Nation River watershed was carefully 

examined reach by reach, including a l l  t r i bu ta r i e s  and 

local  drains using the a e r i a l  photos. 

b )  A preliminary estimate of the four flood hazard categor- 

i e s  were coded on a  reference map. 

c )  A high-power stereo-viewer was used t o  re-examine the 

a e r i a l  photographs. Attention was focused on Categories 

I1 and I11 which were defined i n  (b )  above as well as on 

areas i n  which the correct  c l a s s i f i ca t ion  was unclear 

from the preliminary examination of the photographs. 

d )  Potent ia l  flood prone areas were iden t i f ied  on the basis 

of the flooding and topographic features v i s ib l e  on the 

photos. A n  attempt was a l so  made t o  ident i fy  man~made 

fea tures  such as high embankments with small culverts  

which might cause inundation of large areas. 

e )  Where inspection of the photographs was insuf f ic ien t  t o  

c l ea r ly  define flood pla in  extent,  representat ive cross- 

sect ions  were obtained by f i e l d  survey and a  simple 

hydraulic analysis  was carried out using .estimated . .. 

flows. 



f )  T r i b u t a r i e s  which need not be analyzed, such as  small 

d r a i n s ,  were el iminated from f u r t h e r  considerat ion.  The 

c a t e g o r i z a t i o n  of flood hazard areas  which had previous- 
! 

l y  been es t ab l i shed  was reviewed and updated. 

g )  Some of t h e  areas  i d e n t i f i e d  as  Category I1 and I11 were 

i n v e s t i g a t e d  i n  more d e t a i l  and t h e  a r e a l  ex tent  of 

f looding  was estimated. 

4 . 3 . 2  F i e l d  Survey 

Cross-sections represent ing  t r i b u t a r i e s  i n  Categories I1 and 

I11 were s e l e c t e d  f o r  d e t a i l e d  survey. The f i e l d  work was 

done i n  co-ordination with the  hydrology por t ion  of the  over- 

a l l  s tudy.  Furthermore, approximate stream slopes and appro- 

p r i a t e  roughness c o e f f i c i e n t s  were a l s o  es t ab l i shed  i n  t h i s  

process .  

4 . 3 . 3  Flow Estimates 

For t h e  purposes of t h i s  ana lys is  the  10 y r  and 100 y r  re turn  

frequency f loods  were se lec ted  f o r  a g r i c u l t u r a l  areas.- and 

town s i t e s  respect ive ly .  The flows were i n i t i a l l y  determined 

by i n t e r p o l a t i o n  o r  ex t rapo la t ion  from t h e  Water Survey of 

Canada r e c o r d i n g  gauges u s i n g  a  s i n g l e  a r e a  w e i g h t i n g  

approach as  follows: 

where: 



Qs = peak flow r a t e  a t  the  sec t ion  

Qg = peak flow r a t e  a t  t he  gauge fo r  a  speci f ied  

recurrence in te rva l  as  computed i n  the  hydrology 

sec t ion  i n  the  report  (Chapter 2 )  

As = drainage area a t  the sec t ion  

Ag = drainage area a t  the  gauge 

This formula has been proven applicable t o  the  South Nation 

basin as documented i n  a  report  by o thers  (1). 

The flow-frequency ana lys i s ,  from Chapter 2 was used t o  

determine t he  10 and 100 y r  flows. Because of the  extensive 

overbank s to rage  t h a t  occurs i n  the  major flood a reas ,  peak 

flow measurements downstream of these  areas show l i t t l e  

increase  from t h e  10 y r  t o  t he  100 y r  flow frequencies.  

Extrapolat ions from these  gauges inherent ly  include t h i s  

s torage  e f f e c t  r e su l t i ng  i n  a  poss ib le  under-estimation of 

peak flows i n  reaches upstream of the  major s torage  s i t e s .  

However, most of these  upstream areas  have a  r e l a t i v e l y  small 

flood damage po t en t i a l  due t o  the  smaller drainage and the  

general ly well-defined stream val leys  i n  upstream a reas .  

The flow est imates used for  t h i s  analys is  were reviewed by 

t he  HSP-F modelling completed l a t e r  i n  the  study. (see  

Chapter 5 ) .  



4.3.4 Hydraulic Analysis 

The depth of f looding as  a  funct ion of flow r a t e  was calcu- 

l a t e d  f o r  each surveyed cross-sect ion by assuming normal flow 

depth i n  t h e  stream channel and no backwater e f f e c t s .  This 

da ta  was then used t o  est imate t h e  width of the  inundated 

area and t o  r e f i n e  est imates  of f lood p l a i n  boundaries. 

4.4 Discussion of Results 

The r e s u l t s  of eva lua t ing  a l l  r i v e r  reaches according t o  t h e  

c l a s s i f i c a t i o n  discussed i n  Sect ion 4.2 a r e  shown on Figure 

4.1. Also i d e n t i f i e d  on the Figure a r e  t h e  s i t e s  f o r  which 

it was f e l t  t h a t  a  more d e t a i l e d  evalua t ion  of a  flood damage 

p o t e n t i a l  is warranted. Table 4.1 g ives  the  estimated area 

of f looding f o r  each of . t hese  s i t e s .  Each s i t e  i s  shown i n  

d e t a i l  i n  Figures  4.2 t o  4.14 and discussed b r i e f l y  below. 

S i t e  No. 1 

A t r i b u t a r y  t o  t h e  South Indian Creek, t h i s  area i s  noted f o r  

i t s  l imi ted  channel capaci ty  through t h e  Town of Limqges. 

The area  inundated by t h e  1:100 year  flood has been estimated 

t o  be 120 ha.  However, s i g n i f i c a n t  damages a re  not a n t i c i -  

pated s i n c e  no s t r u c t u r e s  a re  endangered i n  Limoges; land 

use on t h e  flood p l a i n  i s  cu r ren t ly  of low value.  In  order 

t o  determine t h e  flood l eve l  a t  Limoges more accura te ly ,  

backwater e f f e c t s  from the  main South Indian Creek must- be 

evaluated.  



S i t e  No. 2 

This s i t e  extends along a  s t r e t c h  of the  Castor River i n  the  

v i c i n i t y  of Kenmore. The area upstream of t h i s  poin t  i s  

known t o  have extensive flooding. However, through the  town 

t h e  a rea  a f f e c t e d  i s  ra the r  small and no s t r u c t u r a l  damages 

a r e  a n t i c i p a t e d .  Additional c ross-sec t ions  through the  town 

would be b e n e f i c i a l  i n  confirming t h i s  conclusion. 

S i t e  No. 3 

This a rea  i s  s i t u a t e d  a t  the Town of Spencervi l le  i n  the  

upstream por t ion  of t h e  South Nation watershed. This is an 

a rea  of poor drainage containing a  number of swamps which 

s i g n i f i c a n t l y  reduce peak flows. The r i v e r  through the  Town 

of Spencervi l le  does not have s u f f i c i e n t  capaci ty  t o  pass a  

1:100 yea r  f lood due t o  the  low bank e levat ion  on t h e  e a s t  

s i d e  of t h e  channel. However, should a  flood of such magni- 

tude occur ,  it appears t h a t  no dwelling u n i t s  and only a  

small por t ion  of t h e  a g r i c u l t u r a l  land would be a f fec ted .  

Addit ional  stream cross-sect ions through the  town and more 

d e t a i l e d  a n a l y s i s  a r e  required t o  v e r i f y  t h i s  conclusion. 

Poss ib le  backwater e f f e c t s  caused by t h e  numerous road 

cross ings  i n  t h i s  a rea  should a l s o  be inves t iga ted .  

S i t e  No. 4 

This s i t e  i s  located on the  stream reach which contains  the  - 
Town of Embrun on the  main Castor River. The present  study 

shows t h a t  approximately 30 m of f lood width would ' e x i s f  -on 

t h e  nor th  s i d e  of the  channel i n  t h e  event of a  1:10 year 

r e t u r n  frequency flood. Even though f looding might be loca l -  



"3, 

ized,  t h e  a f f e c t e d  area  i s  prime a g r i c u l t u r a l  land which 

might warrant  i n v e s t i g a t i o n  of f lood p ro tec t ion  measures. 

S i t e  No. 5 

The a f f e c t e d  area  i n  t h i s  reach of the  Payne River would be 

minimal i n  t h e  event of a  10 y r  f lood.  Although the flood 

p o t e n t i a l  might be h igher  due t o  hydrau l i c  c o n s t r i c t i o n s  

caused by br idge  crossings and t h e  meandering channel, fur -  

t h e r  work i n  t h i s  area would be a  low p r i o r i t y .  

S i t e  No. 6 

Only a  small  a rea  of about 23 ha i n  t h i s  sec t ion  of west 

Branch of t h e  Scotch River near S t .  Elmo i s  expected t o  be 

a f f e c t e d  by t h e  10 y r  f lood.  

S i t e  N a .  7 

S i t u a t e d  a t  t h e  upstream end of t h e  South branch of the  South 

Nation River,  t h i s  s i t e  would be a f fec ted  only moderately by 

t h e  10 y r  f lood.  About 11 ha would be inundated. 

S i t e s  No. 8 and 9 

These two s i t e s  on t h e  North Branch (near  Van Camp) and the  

Main Branch (nea r  Hyndman) of the  South Nation River have an 

est imated flooded area of 2 5  ha and 15 ha  r e s p e c t i v e l y - f o r  

t h e  10 y r  f lood.  



S i t e s  10,  11, 12 

These s i t e s  a r e  noted f o r  the c lose  proximity of the  r i v e r s  

t o  seve ra l  of t h e  l a r g e r  towns i n  t h e  watershed ( i . e .  Crys- 

l e r ,  Embrun, Russel l ,  Ches te rv i l l e )  . While hydraul ic  analy- 

s i s  i n  t h i s  study revea l s  t h a t  f lood l e v e l s  would probably be 

confined wi th in  t h e  channel, backwater e f f e c t s ,  and o ther  

f a c t o r s  such as i.ce jams may cause h igher  flood l e v e l s  under 

some condi t ions .  However, s ince  these  town s i t e s  a re  not 

h i s t o r i c a l l y  flood prone, fu r the r  s t u d i e s  do not seem t o  be 

warranted a t  t h i s  t ime. 

S i t e  13 

A r e p o r t ( 1 )  dated January 1981 a t t r i b u t e d  the  pe r iod ic  flood- 

ing  of t h e  county road and s e p t i c  t i l e  beds near t h e  Vi l lage  

of Hammond t o  undersized culver ts  with shallow i n v e r t s ,  vege- 

t a t i o n  growth and an inadequate cross-sect ion.  The repor t  

recommends t h e  deepening and widening of 2500 m (8200 f t )  of 

d ra in  and t h e  lowering and enlarging of severa l  c u l v e r t s .  

The f looding  i n  Hammond i s  ~ r i m a r i l y  caused by shallow and 

undersized stream c ross ings .  Since t h i s  type of problem 

cannot be i d e n t i f i e d  by t h e  screening procedures used i n  t h i s  

s tudy,  t h e r e  may be many s imi lar  loca l  occurrences.  However, 

ou t s ide  of t h e  Hamrnond area ,  no o ther  r epor t s  of f looding of 

t h i s  na tu re  were found. This appears t o  i n d i c a t e  t h a t  t h e r e  

a r e  few s i g n i f i c a n t  problems of t h i s  na ture  i n  t h e  water- 

shed. 



4.5 Conclusions 

A few l o c a t i o n s  i n  addi t ion  t o  t h e  main flood areas  have been 

i d e n t i f i e d  on major waterways wi th in  t h e  South Nation basin 

where overtopping of channel banks w i l l  occur. Widths of 

f loodwater boundaries a r e  genera l ly  narrow even a t  the  1:100 

year recurrence i n t e r v a l ,  and c o s t l y  flood damages a r e  not 

a n t i c i p a t e d .  This appears t o  agree with l o c a l  experience a t  

these  l o c a t i o n s .  

Due t o  t h e  l imi ted  extent  of the  estimated flood a reas ,  and 

t h e  small s c a l e  mapping which is  a v a i l a b l e  a t  these  loca t ions  

t h e  Conservation Authori ty  decided t h a t  a  p l o t  of 100 y r  

flood l i n e s  i s  not warranted. Based on t h e  approximate 

methods used i n  the  screening a n a l y s i s ,  no add i t iona l  flood 

l i n e  mapping work on major waterways is  recommended a t  t h i s  

time. One exception was noted a t  Crysler  where spr ing  i c e  

jams. aggravate  high flow condit ions and may cause flooding 

wi th in  t h e  urban area .  Most o ther  f looding t h a t  occurs out- 

s i d e  of t h e  four  major flood-prone areas  is  very l o c a l  and 

o f t e n  due t o  man-made c o n s t r i c t i o n s  o r  blocked c u l v e r t s .  

These a r e  b e s t  d e a l t  with on a  case-by-case b a s i s  as  .they 

a r i s e .  



Estimated Extent  of Flooded Areas 
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Category S i t e  No. 1 

Town S i t e s  1 
2 

Agr i cu l tu ra l  4 
S i t e s  5 

6 
7 
8 
9 

Flowrate  (m3/s) 

100 y r  '10 y r  

10 - 
9 5 - 

112 - 

- 303 
- 23 
- 28 
- 12 
- 4 1 
- 111 

Extent  of Flooding 
Length Max. Width Area 

(m ) (m 1 (ha ) 

Town S i t e s  10 407 - - - - 
f o r  f u r t h e r  11 211 - - - - 
i n v e s t i g a t i o n  12 354 - - - - 

Flooded Area (ha)  
Previously I d e n t i f i e d  Average Average 
Major Flood Areas2 : Summer Annual 

Bear Brook a t  Carlsbad Springs 114 446 

South Cas tor  River  a t  Vernon 8 5 362 

South Nation River  a t  C h e s t e r v i l l e  289 2 127 

South Nation River  a t  P lan tagene t  3 12 3698 

1 See F igu re  4.1 
2 1981 E x i s t i n g  Channel iza t ion  a t  C h e s t e r v i l l e  t o  S t a t i o n  10+000 
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4.0  DELINEATION OF SECONDARY FLOOD P L A I N  AREAS 

4 .1 General 

Due t o  t h e  r e l a t i v e l y  f l a t  topography and l imi ted  channel 

capac i ty  throughout t h e  South Nation River bas in ,  extensive 

f looding has  been reported annually i n  many p a r t s  of the  

watershed, p a r t i c u l a r l y  i n  the  spr ing .  The Authority has 

i n i t i a t e d  f lood p l a i n  mapping p r o j e c t s  i n  areas  where flood 

occurrences r e s u l t e d  i n  s i g n i f i c a n t  damages t o  property and 

crops.  These s t u d i e s  i d e n t i f i e d  the  extent  of f looding t h a t  

would occur i n  t h e s e  areas  during f lood events of various 

recurrence i n t e r v a l s .  The ob jec t ive  of t h e  flood p l a i n  

d e l i n e a t i o n  component i s  t o  provide an est imate of flood 

p l a i n  widths i n  those areas  not previously mapped and t o  

determine t h e  need f o r  addi t ional  mapping. 

In  accordance with t h e  Terms of Reference, t h i s  a c t i v i t y  does 

not meet Minis try of Natural Resources flood p l a i n  mapping 

c r i t e r i a .  Rather, it is  intended t o  provide an est imate of 

t h e  a e r i a l  ex ten t  of f looding i n  t h e  secondary flood areas  

f o r  inpu t  t o  a  prel iminary est imate of flood damages. , The 

e n t i r e  watershed was reviewed t o  ca tegor ize  each reach 

according t o  flood hazard and t o  i d e n t i f y  areas  where most 

d e t a i l e d  f lood p l a i n  s tud ies  might be undertaken. 

4 . 2  Flood Hazard Categories 

Four f lood hazard ca tegor ies  were i d e n t i f i e d  and c-oded on a  

1:250 000 s c a l e  map as  reference.  These ca tegor ies  ;-ere 

c l a s s i f i e d  according t o  the  following d e f i n i t i o n s :  



Figure 4-2 

Flood Plain Location plan: 
Village of Limoges, .. Site No. 1 

')a 



Figure 4-3 

.- Flood Plain Location Plan: 
Village of Kenmore, Site No. 2 

J, 



Figure 4-4 
- - 

Flood Plain Location Plan: 
- - -  Town of Spencetville, U Site No. 3 

Mackren Plansearch 



Figure 4-5 

Flood Plain Location Plan: 
Town of Embrun, Site No. 4 

-- 
81111111111 Surveyed Cross-Section 

Maclirren Plansearch 



Figure 4-6 
- 

Flood Plain Location Plan: 
Payne River, Site No. 5 

. .. . . 

2000 metres 

. . . . . . . -. . . . . . . . . . 



Figure 4-7 
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Flood Plain Location Plan: 
Scotch River near St. Elmo, Site No. 6 

.& 

llllljlllll Surveyed CrosslSectio 

01 434-0 Mackren Plansearch 
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. -. . . . . . . . . . . . 

Limits of Potential 

11111111111 surveyed Cross-Section 

2000 metres 

2000 yards 

01 434-0 MmLtren Plansearch 



Figure 4-9 
- - 

Flood Plain Location Plan: 
'" North Branch of South Nation River 

near Van Camp, Site ~ 0 . 8  

- Flood Hazard Area 

1 1 1 1 1 1 1 1 1 ~ 1  Surveyed Cross-Section 

2000 metres - 
2000 yards 

01 434-0 Maclclren Plansearch 



Figure 4-1 0 
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.=_ Flood Plain iocation Plan: 
Main Branch of South Nation River 

near Ffyndman, Site No. 9 

11181111111 Surveyed Cross-Section 

I 

M;rcbren Plansearch 



Figure 4-1 1 

Flood Plain ~ocation Plan: 
Town of Chrysler,-Site No. 10 



Figure - - 4-1 2 

Flood Plain Location Plan: 
-Town of Embrun-Russel,-Site a> No. 11 

 la^^^^^^^ Surveyed Cross-Section 

2000 metres 



Figure 4-1 3 

.- Flood Plain Location Plan: 
Town of Chesterville, 3 Site No. 12 



Figure 4- 1 4 
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Flood Plain Location Plan: 
Village of Hammond, Site No. 13 
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5.0 HYDROLOGIC MODELLING OF THE SOUTH NATION BASIN 

5.1 General 

The "Hydrological Simulation Program - Fortran" (HSP-F)(l) 

was selected for modelling the water resources of the South 

Nation River basin. The comprehensive simulation capabili-  

t i e s  of the  program, i t s  operation i n  a  continuous simulation 

mode and i t s  determinist ic  representation of the hydrologic 

cycle and water qua l i ty  processes were deciding factors  in  

t h i s  choice. The model of the South Nation River Basin was 

used to :  

- Extend available records of streamflow a t  gauged loca- 

t ions  

- Develop streamflow records a t  ungauged locations of 

i n t e r e s t  

- Examine the impact of the various s t ruc tu ra l  water 

management options on the basin hydrology and water 

qua l i ty  

- Examine the impact of various land use scenarios includ- 

ing land drainage on the basin hydrology and water qua- 

l i t y .  

The r e su l t s  of the l a t t e r  invest igations and a l l  water gua- 

l i t y  aspects are discussed in  subsequent report sect ions.  In 

t h i s  section the implementation of HSP-F on the  South   at ion 
River basin i s  presented including: 



- A brief description of hydrologic components of the 

program in order to highlight the important parameters 

and data needs. 

- The preparation of the data base and set up of the model 

for the South Nation River basin. 

- The objectives and limitations of the calibration and 

validation process applied to the model. 

- The methodology and results of the calibration and vali- 

dation of the model. 

- The results of the long term simulations for base condi- 

tions in the watershed. 

5.2 Model Description 

The HSP-F model is a conceptual deterministic mathematical 

model since it describes the main parts of the hydrologic 

cycle by a system of mathematical equations. The components 

which are relevant to the hydrology of the South Nation-River 

basin are: 

- The snowmelt process 

- The generation of runoff from pervious land surfaces 

- The routing of flows through stream channels,' lakes or 

artificially created storage reservoirs. 



The following sections briefly describe the concepts used in 

HSP-F to model the above, the important parameters and the 

data needs of each component. Full details of the program 

and its use are given in the comprehensive Users Manual (1). 

5.2.1 Snow Accumulation and Melt 

In many watersheds in Canada most annual peak flows occur 

during the spring months as a result of snowmelt or combined 

snowrnelt and rainfall events. An accurate representation of 

this process is therefore essential. The HSP-F model uti- 

lizes the full energy balance equations of the melt process 

as originally developed by the U.S. Corps of Engineers(2). 

Components of the melt process based on convection, condensa- 

tion, radiation and ground heat are specifically modelled. 

The accumulation of the snowpack depends on whether precipi- 

tation is in the form or rain or snow as determined by a 

threshold temperature. Adjustments are made to allow for 

changing density and depth of the pack and to account for 

evaporation. A record of the liquid water content and heat 

storage of the snowpack is also maintained. 

A total of about twelve parameters are involved in the snow- 

melt/accumulation process. The most important of these (in 

approximate order of sensitivity) are: 

- The gauge correction factor which allows for undercatch 

of snowfall, SNOWCF 



- The t h r e s h o l d  t e m p e r a t u r e  which  d i s t i n g u i s h e s  be tween  

s n o w f a l l  and  r a i n f a l l ,  TSNOW 

- The p e r c e n t  o f  t h e  b a s i n  which  is f o r e s t e d ,  SHADE 

- The c o n v e c t i o n  m e l t  f a c t o r ,  CCFACT. 

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

q u i t e  e x t e n s i v e .  Time ser ies  o f  p r e c i p i t a t i o n ,  a i r  t empera-  

t u r e ,  s o l a r  r a d i a t i o n ,  d e w p o i n t  t e m p e r a t u r e  a n d  wind s p e e d  

a r e  n e c e s s a r y .  A l though  some o f  t h e s e  measu remen t s  a re  n o t  

a v a i l a b l e  a t  many l o c a t i o n s ,  t h e y  c a n  be  t r a n s f e r r e d  f rom 

r e l a t i v e l y  d i s t a n t  l o c a t i o n s  w i t h o u t  undue loss  o f  a c c u r a c y .  

T h e  p r e p a r a t i o n  of t h e  d a t a  b a s e  and  s o u r c e s  o f  t h e  less  

common m e t e o r o l o g i c a l  d a t a  f o r  t h e  S o u t h  N a t i o n  R i v e r  is  

d e s c r i b e d  i n  S e c t i o n  5.3. 

5 . 2 . 2  Runof f  f rom P e r v i o u s  A r e a s  

A s  i l l u s t r a t e d  i n  F i g u r e  5 .1 ,  t h e  HSP-F model  t r e a t s  t h e  

v a r i o u s  p a r t s  o f  t h e  h y d r o l o g i c  c y c l e  as a s e t  o f  s t o r a g e s  

c o n n e c t e d  by a number o f  t r a n s f e r . p r o c e s s e s .  The s t o r a g e s  

m o d e l l e d  are:  

- I n t e r c e p t i o n  s t o r a g e  by v e g e t a t i o n ,  l e a v e s ,  stems and 

b r a n c h e s  

- I n t e r f l o w  s t o r a g e  which  c o n t r o l s  t h e  amount  o f  s h a l l o w  

s u b s u r f  ace f l o w  which  may r e a p p e a r  r e l a t i v e l y  q u i c k l y  

d u r i n g  a storm e v e n t  



Figure 5-1 

Generalized Flow Chart for HSP-F Pervious Land Segment 
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- Upper zone s to rage  which rep resen t s  depression s torage  

and s to rage  i n  t h e  su r face  l a y e r s  of h ighly  permeable 

s o i l s  

- Lower zone s to rage  which rep resen t s  s o i l  moisture s t o r -  

age from j u s t  below t h e  su r face  t o  t h e  c a p i l l a r y  f r i n g e  

above t h e  water t a b l e  

- Groundwater s to rage  both a c t i v e  which con t r ibu tes  t o  

baseflow and deep seepage which i s  l o s t  from t h e  water- 

shed by reg iona l  groundwater t r a n s f e r  

The processes  which connect these  s to rages  and determine t h e  

amount of  streamflow a t  any time are:  

- I n f i l t r a t i o n  of incoming p r e c i p i t a t i o n  o r  snowmelt t o  

i n t e r f l o w ,  upper and lower zone s torages .  The equations 

used a r e  based on t h e  work of P h i l i p  ( 3 ) .  I n f i l t r a t i o n  

v a r i e s  both wi th  t h e  i n i t i a l  moisture and s p a t i a l l y  

ac ross  t h e  subwatershed 

- I n t e r f  low o r  l a t e r a l  flow which i s  p a r t i c u l a r l y  impor- 

t a n t  i f  impermeable l a y e r s  r e s t r i c t  t h e  downward perco- 

l a t i o n  of moisture 

- Surface runoff  which i s  based upon t h e  Chezy-Manning 

equat ion and t h e  amount of moisture a v a i l a b l e  i n  sur face  

de ten t ion  s to rage  



- Groundwater outflow which is dependent of the amount of 

groundwater storage and a recession coefficient 

- Evapotranspiration which is based on an input series of 

potential evaporation and the current state of soil 

moisture. The evapotranspiration demand draws on the 

different storages in turn until it is satisfied. The 

input series can be based on either adjusted measure- 

ments of pan" evaporation or- derived from meteorological 

measurements by any of several well known techniques. 

Dependent upon the exact options selected for simulating the 

above processes about 20. parameters are used in the HSP-F 

model to describe pervious area runoff. The most important 

of these are: 

- The infiltration rate parameter, INFILT 

- The interflow infiltration rate, INTFW 

- The lower zone nominal moisture storage capacity, LZSN 

- The upper zone nominal moisture storage capacity, UZSN 

- The ground water recession rate, AGWRC 

- The interflow recession rate, I R C  

- The lower zone evapotranspiration parameter, LZ'ETP. - 



The data needs of the pervious area runoff component of HSP-F 

are time series of precipitation plus any snowmelt computed 

as previously described and evaporation. Also required are 

certain parameters such as drainage area, overland slope and 

Manning's roughness coefficient which describe the physical 

characteristics of the watershed. 

5.2.3 Channel and Reservoir s outing 

The same component of the H S P F  model represents both fully 

mixed reservoirs and free flowing channel reaches. The rout- 

ing of flow through these elements is based on the equation 

of continuity and as such is of the "hydrologic routing" or 

"kinematic wave'' type. A choice of techniques is available 

depending whether the outflow is a function of time, volume 

or both. No parameters as such are required for the routing 

but the extent of routing is sensitive to both the length and 

slope of the reach. Data input requirements vary with the 

option chosen but generally include stage-discharge, stage- 

storage and stage-surface area relationships for the reach. 

Input also includes time series of all inflows to the reach, 

precipitation onto the reach (or reservoir) and evaporation 

from the reach. 

5.3 Data Base and Model Preparation 

5.3.1 Data Requirements and Availability 

Data requirements for the HSP-F model were described in 

general previous sections. In this section the 'exact-re- 



quirements for  the South Nation River basin w i l l  be compared 

t o  the data available within the region. 

I n  order t o  obtain the accuracy required t o  generate re l iab le  

flood frequency curves an hourly time s tep was selected for 

t h e  HSP-F simulations. Representative input data ser ies  were 

therefore required on an hourly basis for :  

- prec ip i ta t ion  

- temperature 

- wind speed 

- radiat ion 

- dew point temperature 

- lake evaporation 

Available meteorological data i n  the  region of the South 

Nation River basin i s  detai led i n  Table 5.1. Figure 5.2  

shows the locations of these s ta t ions .  The longest se r i e s  of 

hourly data i s  available from s ta t ions  i n  Ottawa and covers a  

period of approximately 30 yr.  Evaporation data was the 

l imit ing fac tor  with a  record from 1957 t o  1979 ( 2 2  y r )  . The 

period 1 October 1957 t o  30 September 1979 was therefore 

selected a s  the standard base period for  long term simula- 

t ions .  A l l  data se r i e s  were therefore extended or i n f i l l e d  

a s  necessary t o  correspond t o  t h i s  time period using the 

techniques decscribed below. 

5.3.2 Meteorological Data Base Preparation 

The primary driving force of the hydrologic simulations i s  

the  input precipi ta t ion ser ies .  The greates t  e f f o r t  was 



TABLE 5 .1 

d 
D e t a i l s  of t h e  Meteorological  Data Used i n  t h e  HSP-F Data Base 

S t a t i o n  
Name 

Brockvi l le  l 
Brockvi l le  P C C ~  
C h e s t e r v i l l e  
co rnwal l  l 
Cornwall Ont H 
Cumberland 
Kemp t v i l l e  
Met c a l f  e 
0s  goode 
Morrisburg 
North Augusta 
Ottawa In t . 1  A 
Russe l l  
St. Elmo 
South Mountain 
Spencerv i l le  
Ottawa NRC 
Ottawa Exp. 
Farm 

S t a t i o n  
Number 

Daily 
Prec ip  

Hourly 
Prec ip  

Period of Record 
Dew 
Pt.  Wind 

Temp Temp Speed Radiat ion Evaporation 

1) These s t a t i o n s  not  used a s  base s t a t i o n s  i n  d a i l y  d a t a  base. 



therefore expended in developing an accurate and areally 

representative set of hourly precipitation inputs. As Table 

5.1 shows, a total of 15 stations record precipitation in the 

region of the study basin. Four of these stations record on 

an hourly basis. Having discarded three stations because of 

their proximity to other stations, a total of 12 hourly re- 

cords 22 yr long were developed. These were then applied to 

individual subareas of the watershed using appropriate 

Thiessen polygon weights. The following procedures were used 

in developing the twelve series of hourly precipitation: 

The records at the eight daily stations were extended to 

the standard 22 yr period and any missing data was in- 

filled by pro-rating the data of the nearest station 

with recorded data by the ratio of their mean annual 

precipitations. This factor varied between 0.88 and 

1.13. Table 5.2 provides details of the records and 

prorating factors used at each station. Double mass 

plotting of this information indicated no discernible 

trends or inconsistencies in this infilled data. 

During the winter from approximately the end of November 

to mid April, hourly recording stations do not measure 

frozen precipitation or snowfall on an hourly basis. 

The Ottawa Airport station provides six-hour totals. 

Winter hourly precipitation at the Ottawa station was 

therefore obtained by dividing the six-hour total into 

six equal amounts. This distribution was then used to .. 
distribute the daily winter totals at all the remahing . 

eleven gauges. Since the precipitation during ' this 

period is mostly frozen the uniform intensity given by 

this assumed distribution is not critical. 





D e t a i l s  of Data I n f i l l i n g  and Record Extension f o r  t h e  
P r e c i ~ i t a t i o n  Data Base 

S t a t i o n  Used S t a t i o n  Used 
S t  a t i o n  Used For Extending Dai ly  Adjustment f o r  Hourly 

S t a t i o n  Name f o r  I n f i l l i n g  Record - Factor  D i s t r ibu t ion  

C h e s t e r v i l l e  Morrisburg Morrisburg 
(1 958-64) 

0.90 Kemptville 

Cornwall, Ont. H Cornwall Not requi red  0.88 Brockvi l le  

Cumberland Ottawa I n t l .  Ottawa I n t l .  0.98 Ottawa I n t  1. 
(1958-72) 

Kemptville 

Met ca l f  e 

Morrisburg 

North Augusta 

Ottawa I n t l .  

Russe l l  

St.  Elmo 

South Mountain 

Complete Not requi red  - 

Ottawa I n t l .  Ottawa I n t l .  0.97 
(1 958-67) 

Cornwall1 Not requi red  0.88 
Cornwall 
Ont. H 

Brockvi l le /  ~ r o c k v i l l e l  1.07 
Brockv i l l e  Brockv i l l e  PCC 
PC C (1958-7 2) 

complete Not r equ i r ed  - 

Ottawa I n t l .  Not requi red  0.98 

Cornwall 0nt.H Cornwall Ont .  H 1.01 
(1 958-65) 

Kemptville Kemptville 
(1958-59) 

Ottawa I n t  1. 

Ottawa I n t l .  

Cornwall Ont. H 

Brockvi l le  

Ottawa CDA 

Ottawa I n t l .  

Cornwall 0nt.H 

Kemptville 

Spencerv i l le  N. Augusta Not requi red  0.85 Brockvi l le  



3 )  For t h e  summer period t h e  d a i l y  t o t a l s  a t  t h e  e i g h t  

d a i l y  gauges were d i s t r i b u t e d  according t o  t h e  hourly 

d i s t r i b u t i o n  a t  t h e  nea res t  hourly recording  gauge. 

Table 5.2 i n d i c a t e s  which gauge was used a t  each s t a t -  

ion.  For t h e  years  1957 t o  1959 no hourly p r e c i p i t a t i o n  

d a t a  was a v a i l a b l e  and t h e r e f o r e  t h e  hour ly  p a t t e r n  a t  

each s t a t i o n  was obtained i n  t h e  same manner a s  f o r  t h e  

win te r  per iod .  

During t h e  s tudy,  considerable  d iscuss ion  a r o s e  concerning 

t h e  movement of weather f r o n t s  and e s p e c i a l l y  summer storms 

over  t h e  b a s i n  i n  a  west t o  e a s t  d i r e c t i o n .  Although t h i s  

p a t t e r n  i s  genera l ly  acknowledged, no synoptic  s t u d i e s  have 

been c a r r i e d  o u t  f o r  Eastern Ontar io by t h e  Atmospheric Envi- 

ronment Service .  Ca l ib ra t ion  of t h e  HSP-F model and sub- 

sequent runoff s imulat ion f o r  t h e  22 year  per iod  was based on 

temporal r a i n f a l l  s t a t i s t i c s  a t  f i v e  hourly recording gauges 

loca ted  i n  c l o s e  proximity t o  t h e  bas in .  While t h i s  proce- 

dure  r e f l e c t e d  r a i n f a r l  c h a r a c t e r i s t i c s ,  f u r t h e r  refinement 

o f  t h e  r a i n f a l l  v a r i a b i l i t y  e n c o u n t e r e d  d u r i n g  summer 

thunderstorms may be poss ib le  i n  t h e  f u t u r e  by means of storm 

t r a c k i n g  wi th  weather radar  loca ted  a t  McGill univers i ty  and 

Carp. 

The secondary input  d a t a  required f o r  opera t ion  of HSP-F were 

a l l  obtained from records a v a i l a b l e  i n  Ottawa. The va r i ab les  

wind speed, r a d i a t i o n ,  dewpoint temperature and evaporation 

a r e  not a v a i l a b l e  elsewhere wi th in  a  reasonable d i s t ance  of 

t h e  basin.  A l l  va r i ab les  were a v a i l a b l e  on an hourly b a s i s  

except f o r  evaporation. This was only a v a i l a b l e  a s  a  d a i l y  

measurement w i t h  a  uniform d i s t r i b u t i o n  being appl ied  t o  ob- 

t a i n  hour ly  amounts. Although t h i s  i s  not  e n t i r e l y  accurate  
I 

I 



on an hour by hour basis the absolute values of evaporation 

a re  very small i n  the order of 0.2 mm/h and the daily water 

balance w i l l  be accurate. 

Temperature measurements are available a t  locations other 

than Ottawa. An analysis of t h i s  information indicated a 

s l i g h t  trend towards higher temperatures a t  the  southern end 

of the basin. For example, the average mean dai ly  tempera- 

t u r e  i n  April i s  about 0.5"C higher i n  Brockville and Corn- 

wall than i n  Ottawa. However, due t o  the secondary impor- 

tance of the  temperature i n  the HSP-F simul'ation it was de- 

cided t o  use the Ottawa temperature sequence throughout the 

basin with a correction factor applied t o  the southern par ts  

of the basin during model calibration.  

5.3.3 Hydrometric Data Base 

The locations of the 15 exist ing hydrometric s ta t ions  i n  the 

South Nation River basin are shown i n  Figure 5.3. The water- 

shed drainage area, type and period of record are  summarized 

i n  Table 5.3. The accuracy and general r e l i a b i l i t y  of these 

measurements was discussed i n  dk ta i l  with o f f i c i a l s  o-f the 

Water Survey of Canada and i s  summarized i n  Section 5.4.'1. 

The hydrometric information was extensively analyzed for 

consistency, trend and persistence. I n  addition, flood fre- 

quency analyses and flow duration analyses were carried out. 

For the purposes of the HSP-F model calibration/validation 

process the  data was used in  raw form for comparison of ob- . 

served and simulated flows. As such no data i n r i l l i n g  or 

extension was necessary. Some minor consumptive uses of 

water by municipalities and industr ies  within the watershed 

I 



TABLE 5.3 
2 . . 

D e t a i l s  of Avai lab le  Hydrometric Data i n  t h e  ~ou t ' h  Nation River Basin 

Record 
Length 

Drainage- N, f o r  Record Length, N, 
S t a t i o n  S t a t i o n  Area , km' Continuo us For Seasonal o r  
Name Nunber (mi2) Data Peak Flow Data 

South Nation River  02LB005 3810 (1470) 1916-33, 1916-43, 45, 47-79 
Near Plantagenet  49-79 N = 62 
Springs N = 49 

Castor  River 02LB006 433 (167) 1968-79 1948-79 
Russe l l  N = 12 N = 32 

South Nation River  02LB007 246 (95)  1950-79 1948-79 
a t  Spencerv i l le  N = 30 N = 32 

I Bear Brook 
I near  Bourget 

South Nation River  02LB009 1050 (404) 1972-74 1950-52, 55-79 
a t  C h e s t e r v i l l e  N =  3 N = 28 

(East  Branch) 02LB012 76.7 (29.6) 1970-78 1970-79 
1 Scotch River near  N =  9 N = 10 

St.  I s i d o r e  de 
I Presco t t  

South Nation River  02LB0 13 2410 (929) 1976-79 1976-79 
a t  Casselman N =  4 N =  4 

South Nation River  02LB0 15 
a t  Lemieux 

L i t t l e  Castor 02LB016 76.1 (29.4) 1978-79 
River near  Embrun N =  2 

North Branch 02LB017 62.9 (26.7) 1978-79 1978-79 
South Nation River  N =  2 N =  2 
near  Heckston 



S t a t i o n  
Name 

TABLE 5 -3 (cont 'd ) 
-. 

J 

D e t a i l s  of Avai lab le  Hydrometric Data i n  t h e  South Nation River  Basin 

Record 
Length 

Drainage N, f o r  Record Length, N, 
S t a t i o n  Area, km2 Continuous For Seasonal o r  
Number (mi2 Data Peak Flow Data 

West Branch Scotch 02LB018 99.5 (258) 1979 1979 
River  near  St.  N = l  N = l  
I s i d o r e  d e  P r e s c o t t  

South Indian  Creek 02LB019 72.3 (27.9) 1979 1979 
nea r  Limoges N = l  N = l  

South Castor  River  02LB020 189 (73.0) 1979 1979 
a t  Kenmore N = l  N = l  

East Castor  River 02LB02 1 145 (56.0) 1979 1979 
near  Russe l l  N = l  N = 2  

Payne River near  02LB022 1 152 (58.5) 1977-78 1977-7 9 
Berwick N = 2  N = 3  

Bear Brook a t q  02LB101 65.0 (25.1) 1976-77 1976-78 
Car l s  bad Spring N - 2  N = 3 

N.B. Discharge Data were obta ined  from t h e  Inland Waters D i rec to ra t e  of t h e  
Water Resources Branch, Water Survey of Canada a t  Ottawa, Ontario.  



were noted in other sections of the study and are presented 

in Tables 8.6 and 9.1. Howeverr no adjustment was made to 

the flow data to account for these since they were relatively 

small. 

5.3.4 Model Set-UD and Parameter Initialization 

For the purposes of the hydrologic modelling of the South 

Nation River basin the watershed was divided into 15 segments 

corresponding to'the 15 points at which historical streamflow 

records were available. watershed parameters such as maximum 

soil moisture storages, infiltration and groundwater reces- 

sion rates are taken as constant over each land segment. 

Since these factors must be derived by calibration on the 

basis of recorded flows, the breakdown of the watershed into 

land segments matching gauged subareas is the most appropri- 

ate approach. 

Initial attempts to model the basin in segments of homo- 

geneous land use proved unsuccessful since establishing model 

parameters for diverse land use above a single gauge point 

became a matter of conjecture. It is acknowledged that,seve- 

ral subareas including areas 5 and 8, are non-homogeneous and 

that the model parameters reflect the composite effect of 

land use and physiographic features. In order to specifi- 

cally model the impacts of individual land uses, a data col- 

lection program would be required to monitor flows from these 

areas. This would serve as a basis for calibration of the 

model and eliminate arbitrary assumptions regarging para- 

meter values. 



Since simulated flows were des i red  a t  numerous po in t s  within 

t h e  w a t e r s h e d ,  each  o f  t h e s e  p e r v i o u s  l a n d  segments 

(PERLND'S) was f u r t h e r  p a r t i t i o n e d  by t h e  use of channel 

r o u t i n g  reaches (RCHRES ' s )  . Figure 5.3 shows t h e  subwater- 

shed boundaries corresponding t o  t h e  pervious land segments 

and t h e  th i r ty-seven po in t s  a t  which flows were generated.  

The phys ica l  parameters of t h e  subwatersheds a r e  indica ted  

i n  Table 5.4.- Thes,e were der ived i n  t h e  following manner: 

- Drainage area  was measured by planimeter  from 1:50 000 

topographic maps. 

- Overland s lope was measured from a 1:50 000 topographic 

map a t  t h e  nodes of a 5 k m  g r id .  These were than aver- 

aged over each land segment. 

- The percentage of each land segment under t h e  land uses 

f o r e s t  and bush; swamp and wetland and a g r i c u l t u r e  were 

de r ived  from t h e  Agr icu l tu ra l  Component Background Study 

provided by t h e  South Nation River Conservation Author- 

i t y .  - - 

- S o i l s  d a t a  although not  d i r e c t l y  u t i l i z e d  i n  der iv ing  

model parameters was obtained from Ontar io S o i l  Survey 

maps of those  count ies  wi th in  t h e  bas in  (4 ,  5, 6, 7, 8, 

9 )  

- - 
The reach s lopes  and lengths  f o r  t h e  channel rout ing  compo- . - - 
n e n t s  a r e  a l s o  indica ted  i n  Table 5.4. This information was 

der ived  from t h e  1: 50 000 topographic maps. Stage-s torage,  
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TABLE 5.4 (cont  ' d )  

Phys i ca l  Parameters of t h e  Sub-areas Used i n  t h e  HSP-F Model of t h e  South Nation River  

Pervious 
Land Land Segment Drainage Land Use Type Surf ace Routing Reach ~ e t a i l s  

Segment No. Name Area % ~ o r e s t l  % Swamp % Agr icu l tu re  Slope No. - Length Slope 
kmL km (mi 

Casselman 

Ebrum 

Heckston 

Prescot  t 
(W.S.R.) 

Limoges 

Kenmore 

RuSsell  
(E .C.R.) 

8 1 
$ 4  



TABLE 5.4 ( con t ' d )  

Phys ica l  Parameters of t h e  Sub-areas Used i n  t h e  HSP-F Model of t h e  South Nation River  

Pervious 
Land Land Segment Drainage Land Use Type Surf ace Routing Reach D e t a i l s  

Segment No. Name Area %  ores st ' % Swamp % Agr icu l tu re  Slope No. - Length Slope 
kmL hi (mi)  

(mi2 > - 

Berwick 

Carlshad 

'Forest '  i nc ludes  bush and overgrown i d l e  land .  
Below gauge , poiptl. 



stage-discharge and stage-water surface area relat ionships 

were derived from two sources: 

- Field surveyed cross-sections obtained a t  27 locations 

throughout the watershed. These were a lso used i n  the 

flood prone area ident i f icat ion pa r t  of the study. 

- HEC-2 backwater model data and flood plain mapping a t  

Plantagenet, Chesterville, Bear Brook and Vernon. 

The actual  curves stored as F-tables i n  HSP-F were derived 

using the program XSECT developed by Hydrocomp Inc. 

Table 5.4 indicates t h a t  one group of the HSP-F model Para- 

meters including drainage area, overland slope and percent 
fo res t  cover can be d i rec t ly  i n i t i a l i z e d  from physical mea- 

surements. The remaining parameters however are cal ibrat ion 

values and must be i n i t i a l i z e d  by a l te rna t ive  methods. Some 

of these parameters including the f ract ion of the  basin 

shaded, SHADE; Manning's roughness fo r  the surface routing 

component, NSUR; the interception storage, INTCEP; and the 

lower zone evaporation parameter, LZETP are closely related 

t o  land use and can be expected.to change as land use varies. 

Consequently, the values of these parameters were derived 

from simple relat ionships re la t ing  t o  the percent of the area 

covered by fores t  and agriculture.  These relat ionships were 

determined on the basis of coarse preliminary model runs and 

values available i n  the l i t e ra tu re .  For example, intercep- 

t ion  storage values of 2 .5  mm and 5.0 mm (0.1 and 0.2  i n )  

were indicated i n  the l i t e r a t u r e  (10, 11) for grassland and . . 

heavy fores t  cover respectively. Hence the relat ionship:  



INTCEP = 0.01 (0.2 F + 0.1 A) 
where F is the percent forest cover 

and A is the percent agriculture in the basin was used to 

determine this parameter. 

Non-agricultural land uses such as wetlands and idle lands 

are assigned interception values similar to forest cover. 

The relationships: 

NSUR = 0.01 (0.4 F + 0.2A) 
SHADE = 0.01 (F + 0.3 A) 
LZETP = 0.01 (F + 0.3 A) 

were used to derive values of Manning's roughness coeffi- 

cient for surface routing, the shade parameter and the lower 

zone evapotranspiration parameter respectively. 

The remaining model parameters were initialized on the basis 

of discussions with the HSP-F model's original author, Dr. 

N. Crawford. A range of typical parameter values, as shown 

in Table 5.5, was provided based on Dr. Crawford's experience 
in applying the model in many different types of watershed 

throughout the United States. 

5.4 Model Calibration and validation 

5.4.1 Objectives of the ~alibration/~alidation Process 

The term "calibration" refers to the adjustment of'a model's 

parameters in order to match the model's simulated value of 

some variable to that actually observed. In general the 



TABLE 5 .5 ., 

T y p i c a l  Range o f  V a l u e s  f o r  HSP-F P a r a m e t e r s  ( l )  

Type o f  P a r a m e t e r s  

Snowmelt 

P e r v i o u s  Area 
Runoff  

Name o f  P a r a m e t e r  

SNOWCF 
T SNOW 
CCFACT 
COVIND 
MWATER 
MGMELT 

INFILT 
INTFW 
LZSN 
UZSN 

AGWRC 
I RC 
LZETP 
L SUR 
CEPSC 
KVARY 

T y p i c a l  
Range 

0.01 - 0.02 
1.5 
7.0 - 9.0 
0.12 LZSN - 
0.15 LZSN 
0.9 - 0.995 
0.5 
0.3 - 0.4 
250 - 500 
0.06 - 0.08 
0. 

F o r  PETMAX, PETMIN, INFEXP, INFILD, DEEPER, BASETP, AGWETP u s e  d e f a u l t  
v a l u e s .  

(1) As p r o v i d e d  by  Dr. N. Crawford ,  t h e  m o d e l ' s  o r i g i n a l  a u t h o r  i n  I m p e r i a l  
U n i t s .  



simulated streamflow for  a watershed i s  the variable of in -  

t e r e s t .  Since most models, including HSP-F, contain parame- 

t e r s  which cannot be d i rec t ly  measured from available infor- 

mation the objective of cal ibrat ion i s  t o  obtain values of 

these parameters such t h a t  the model w i l l  accurately repro- 

duce the hydrologic response of the watershed. 

Validation re fe r s  t o  the checking of the  model's performance 

using an independent s e t  of data from t h a t  used for  calibra- 

t ion .  In general t h i s  s e t  of data w i l l  be from the same flow 

gauge but from a d i f fe rent  time period. This process ensures 

an objective assessment of the model's response. It i s  par- 

t i c u l a r l y  valuable i f  the validation period contains hydrolo- 

g ic  events of a type not found during the cal ibrat ion period. 

I f  t h i s  period i s  reproduced accurately then greater  confi- 

dence i s  gained i n  the model's a b i l i t y  t o  reproduce unusual 

or  extreme hydrologic conditions outside the  cal ibrat ion 

range. 

Although the calibration/validation process i s  extremely 

important, there  a re  l imitat ions which m u s t  be recognized i n  

determining the level  of e f f o r t  assigned t o  t h i s  task.. The 

main l imita t ions  are  imposed by the accuracy of the available 

data. I t  i s  well known, for example, t h a t  measured stream-. 

flows have an accuracy of order of 10 percent during open 

water and lower accuracy during i c e  periods. In addition 

many stage-discharge curves a t  Water Survey of Canada gauges 

a re  based upon low t o  mid-range flows using extrapolation for 

high flows. Hence the accuracy of peak flow measurements . 



will be lower than during normal periods. Discussions were 

held with officials of Water Survey of Canada during the 

early part of this study with respect to accuracy of the data 

available (see Table 5.3) . The limitations of the informa- 

tion is indicated in Table 5.6. 

The model input data, particularly precipitation, is similar- 

ly susceptible to error. Hence, during the calibration/ 

validation process it is generally best to reproduce the 

long-term hydrologic properties such as seasonal runoff 

volumes, rates of accession and recession of the hydrographs, 

flow-duration properties and flood-frequency responses. 

Although the reproduction of individual events should be 

within the range of accuracy of the data, large discrepancies 

in some cases will not necessarily invalidate the entire 

calibration/validation. 

5.4.2 ~alibration/~alidation of the HSP-F Model of the 
South Nation River Basin 

As previously mentioned the HSP-F model was set up using 15 

pervious land segments corresponding to Water Survey of 

Canada gauge points. calibration was therefore possible to 

some extent at each of these points. The five year period 

1 October 1974 to 30 September 1979 was used for calibration 

at the six gauges noted on Table 5.3 with records available 

for this duration. At the remaining gauges, the available 

period of record up to 30 September 1979 was used. Valida- 

tion was possible at four points. For two of these at Plan- 

tagenet and Spencerville the validation period covered. the 

remainder of the 22 yr period (1957 to 1979) for which the 

data base had been created. For the Russell and Prescott 



S t a t i o n  
Name 

.. TABLE 5.6 . . 
J 

3 

R e l i a b i l i t y  of Hydrometric Data i n  t h e  South Nation River  Basin 

S t a t i o n  Comments on R e l i a b i l i t y  a s  Provided 
Number By Water Survey of Canada 

South Nation River  02LB005 Overa l l  accuracy good; v. u n r e l i a b l e  i n  summers 
Near P lan tagenet  of 1973 and 1974 due t o  cons t ruc t ion  i n  v i c i n i t y  
Springs 

Castor River  
R u s s e l l  

02LB006 Occasional i c e  j a m  problems, low flows a f f e c t e d  by 
weed growth and moving bed a t  c o n t r o l  

South Nation River  02LB007 Low flow measurements u n s t a b l e  a t  t h i s  l o c a t i o n  
a t  Spence rv i l l e  

Bear Brook 
nea r  Bourget 

02LB008 Backwater problems due t o  i c e  

South Nation River  02LB009 Seasonal (March t o  May) ope ra t ion  only  
a t  Ches t e r v i l l e  

(East  Branch) 02LB012 Rating curve problems p a r t i c u l a r l y  due t o  i c e  
Scotch River  n e a r  have caused some u n r e l i a b l e  f lows 
St .  I s i d o r e  d e  
P r e s c o t t  

South Nation River  02LB013 Leaky wei r  p reven t s  a c c u r a t e  low flow measurement 
a t  Casselman Control  moves dur ing  h igh  f lows 

South Nation River  02LB015 Water l e v e l  on ly ,  ope ra t e s  s easona l ly  (March 
a t  Lemieux t o  May) 

L i t t l e  Cas tor  02LB016 Good accuracy a t  t h i s  s t a t i o n  
River  nea r  Embrun 

North Branch 02LB0171 Re l i ab l e  r e s u l t s  t o  d a t e  bu t  based on very s h o r t  
South Nation River  s h o r t  record  
near  Heckston 



St  a t i o n  
Name 

TABLE 5.6 (contqd>) -.  

R e l i a b i l i t y  of Hydrometric Data i n  t h e  South"Nation R ive r  Basin 

S t a t i o n  Comments on R e l i a b i l i t y  a s  Provided 
Number By Water Survey of  Canada 

West Branch Scotch 02LB018 New s t a t i o n ,  i . e .  few measurements f o r  r a t i n g  
River  near  S t .  curve, some i c e  jam problems 
I s i d o r e  d e  P r e s c o t t  

South Indian  Creek 02LB019 Low flow c o n t r o l  i s  u n s t a b l e ,  u s e  of measure- 
n e a r  Limoges ments n o t  recommended dur ing  t h e s e  periods 

South Castor  River 02LB020 Some problems wi th  low f low measurements b u t  
a t  Kenmore gene ra l ly  good 

East Castor  River  02LB021 Only one h i g h  water  d i scharge  measurement f o r  
n e a r  R u s s e l l  r a t i n g  curve,  low water  problems w i t h  instrument 

Payne River  n e a r  02LB022 Recently taken  over  by WSC, previous  flows un- 
Berwick r e l i a b l e ,  problems measuring low f lows 

Bear Brook a t  02LB101 
Carlsbad Spr ing  



gauges the  validation period was 1968 t o  1974 and 1970 t o  

1974 respectively.  

During a l l  computer runs the  simulation was s t a r t ed  approx- 

imately 1 2  months ahead of the  period of i n t e r e s t  t o  allow 

the  model t o  "warm up" thus removing the  e f f e c t  of any 

assumed i n i t i a l  conditions. The runs commenced i n  the  f a l l  

before any snowpack had formed t o  avoid assumptions with 

regard t o  the i n i t i a l  a rea l  d i s t r ibu t ion  of the  snowpack. 

I n  general the  cal ibrat ion process made extensive use of both 

summaries of simulated and observed flows and graphical com- 

parisons of flows produced on a  Calcomp p l o t t e r .  The method 

adopted i n  ca l ib ra t ing  the  model was: 

- Adjustment of the annual runoff volumes by changing the 

evaporation and snowcatch fac tors ,  LZETP and SNOWCF, and 

t h e  lower zone storage and i n f i l t r a t i o n  parameters, LZSN 

and INFILT .  The gauge correction fac tor  (SNOWCF) was 

used t o  adjust  recorded prec ip i ta t ion  volumes i n  the 

winter  t o  account for  the  poor catch eff ic iency of pre- 

c i p i t a t i o n  gauges. This i s  a  Eunction of both- wind 

speed and degree of shielding. The fac tor  was s e t  by 

comparing the  observed volume of runoff t o  the  recorded 

volume of prec ip i ta t ion  for  the  winter months of the 

ca l ib ra t ion .  The volume of runoff was 1.25 times the 

volume of prec ip i ta t ion  for  t h i s  period and the  SNOWCF 

was s e t  therefore t o  1.25. This i s  representat ive of 

average wind conditions of 8 t o  16 h / h .  . . 

- Adjustment of the baseflow component during low flow 

periods by var ia t ion of t he  groundwater parameters, 



particularly AGWREC. This was initially estimated from 

baseflow records but adjusted as necessary during cali- 

bration to match observed flows. 

- Adjustment of the interflow component during the reces- 

sion of major events using the interflow parameters IRC 

and INTFW and the convection melt factor (CCFACT) for 

snowmelt events. This parameter (CCFACT) is used to fit 

the theoretical snowmelt equations to field conditions 

in the modelled watershed. It affects the timing and 

magnitude of the peak flows due to snowmelt. It was set 

by adjusting the simulated snowrnelt peaks to match the 

shape and timing of the observed snowrnelt peaks. 

- Adjustment of the surface runoff component to match peak 

flows. For small summer rainfalls the upper zone stor- 

age, UZSN, was used to control the volume of runoff. 

To some extent the process is iterative since the parameters 

are not independent and a change in one parameter may require 

subsequent adjustment of a previously tuned parameter. 

Emphasis in the calibration prqcedure was on those parameters 

indicated as having the greatest sensitivity as discussed in 

sections 5.2.1 and 5.2.2. 

The validation procedure consisted of running the calibrated 

model for the independent period of data without changing the 

model parameters. Comparisons of the simulated and observed 

responses were then carried out. The results of the valida- . .  

tion runs were satisfactory and required no further model 

adjustments. 



5.4.3 Results of the ~alibration/~alidation 

An initial overview of the model calibration is provided in 

Table 5.7. The observed and simulated runoff volumes at the 

15 calibration points over the five year calibration period 

or over the gauge period of record are presented. For those 

stations with 3 or more years of record the observed and 

simulated runoff volumes agree within +lo%. The agreement is 

particularly good (75%) at the four stations with 10 or more 

years of record. 

A more detailed comparison of the observed and simulated 

hydrologic responses is indicated in Figures 5.4 to 5.20. 

Individual events were considered during the calibration and 

most events compare favourably . However, the primary cali- 

bration criteria was an accurate simulation of flows for long 

periods of record. In order to compare well on a statistical 

basis it was necessary to adjust the model's parameters in an 

"average" manner such that some events were slightly over- 

estimated while others were under-estimated. The following 

points are worth noting with respect to ,the simulations: 

1) Figure 5.4 shows a graphical comparison of daily observ- 

ed and simulated flows at the Plantagenet gauge for the 

year 1979. ~ o t h  the observed annual peak flow of 801 

m3/s (28 287 cfs) and the average flow for this year 

36 m3/s (1271 cfs) were close to the mean (735 m3/s and 

41 m3/s respectively) for the period of record. -. The 

simulation corresponds well with the observed_flows with . .  
the simulated annual peak of 900 m3/s (31 811 cfs) being 

about 12% higher than the observed peak. The simulated 

peak occurs on 25 March; one day before the observed 



TABLE 5 .7 

Name 

Comparison of Observed and Simulated Annual Runoff Volumes 
(Based on t h e  October t o  September Water Ye9r) -- 

3 

South Nation River 
nea r  Plantagenet  
Springs 

Castor River 
a t  Russe l l  

South Nation River 
a t  Spencervi l le  

Bear Brook 
near  Bourget 

Nwnbe r Annual Runoff Volume 
S t a t i o n  of Years Observed Simulated Difference 
Number Comparison m 3 / s  ( c f s )  m 3 / s  ( c f s )  % 

South Nation River 02LB009 2 18.8 (664) 15.8 (558) -1 6 
a t  C h e s t e r v i l l e  

(East Branch) 02LB012 10 1.1 (37.3) 1.0 (35.7) -4 
Scotch River n e a r  
St.  I s i d o r e  
de P resco t t  

South Nation River 02LB013 4 29.8 (1051) 32.9 (1161) +10 
a t  Ca sselman 

L i t t l e  Castor 02LB016 2 1.1 (39.1) 1.2 (44.1) +13 
River near  Embrun 

North Branch 02LB017 2 1.0 (34.2) 1.2 (40.9) +19 
South Nation River  
near  Heckston 

Water Branch 02LB018 (1 1.6 (54.8) 1.9 (66.7) - 
Scotch River 
near  St. I s i d o r e  
d e  P resco t t  

South Nation 
Creek near  
Limoges 

South Castor 02LB020 <1 
River a t  Kenmore 

East Castor River 02LB02 1 < 1 
near  Russe l l  

Payne River nea r  02LB022 3 
Berwick 

Bear Brook a t  02LB10 1 3 
Carlsbad Springs 



Figure 5-4 

Observed and Simulated Daily Flows at 
Plantagenet for 1979 Water Year 
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Figure 5-5 
- 

Ohserved and Simulated Daily Flows at 
Plantagenet for 1976 Water Year 

I 



Figure 5-6 
- - 

Observed and Simulated ~ a i l ~ ~ l o w s  at 
Plantagenetfor 1961 Water Year 
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Figure 5-7 7-7 - 

Comparison of-Annual Peak Flow Frequency Curves for 
Observed and Simulated Flows at Plantaganet, 1958-1 979 
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Figure -. 5-8 

- 
Comparison of May Peak Flow Frequency Curves for 

Observed and Simulated Flows at Plantaganet, 1958-1 979 
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1 Figure 5-9 

Comparison of Summer Peak Flow Frequency Curves for ' 

Observed and Simulated Flows at Plantaganet, 1958-1 979 
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Figure 5-1 0 
- 

Comparison of Annual Peak Flow Frequency Curves for 
Observed and Simulated Flow using a 2 Hour 

Time Step at Plantaganet, 1958-1 979 
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Figure 5-1 1 

Flow Duration Curvesfor Observed and ~irnulated~~lows at 
Plantagenet,1958- 1979 



I Figure 5-1 2 

Comparison of Observed and Simulated Flowsfor ' 
Low Flow Period, July to ~ovember  1964 
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Figure 5-1 3 

Observed and Simulated Daily Flows at Russell, 
Castor River for Water Year 1976 
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Figure 5-1 4 - 
Observed and Simulated Daily Flows at 

Prescott E. Branch, Scotch River-for Water Year 1976 
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Figure 5-1 6 
- 

Comparison of Annual Peak Flow Frequency Curvesfor 
Observed and Simulated Flows at Chestenrille, 1958-1979 
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Figure 5-1 7 
- 

Comparison of Annual Peak Flow Frequency Curves for 
0 bserved and Simulated Flows at Russel, Castor River 1969-1 979 
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Figure 5-1 8 

Flow Duration Curves for Observed and Simulated  lows sat 
Spencerville, 1 969- 1979 
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Figure 5-1 9 
- 

Flow Duration Curvesfor Observed and Simulated Flows at 
s, Russell, 1969-1979 
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Figure5-20 - 
Flow Duration Curves for Obsewed and Simulated Flows at 

Prescott, 1 970- 1 978 
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peak. Secondary peaks occurr ing i n  Apr i l  and September 

a r e  a l s o  r e l a t i v e l y  wel l  matched (385 m 3 / s  and 327 m3/s 

s imulated a s  opposed t o  407 m3 /s and 149 m 3 / s  observed) .  

On a month-by-month b a s i s  t h e  c o r r e l a t i o n  between ob- 

served  and simulated flows i s  good with a c o e f f i c i e n t  of 

de terminat ion  of 0.98. This i n d i c a t e s  a good represen- 

t a t i o n  of  t h e  seasonal  v a r i a t i o n  of  runoff .  Also worth 

no t ing  i s  t h e  good correspondence i n  t h e  shape of t h e  

hydrographs . 

2 )  Figure 5.5 shows a comparison between observed and simu- 

l a t e d  d a i l y  flows a t  Plantagenet f o r  a 'wet '  year.  

During t h e  year  1976 t h e  mean annual recorded flow was 

63.2 m 3 / s  (2233 cf  s) about 49% higher  than t h e  average 

f o r  t h e  pe r iod  of record.  S imi la r ly  t h e  peak annual 

flow of  1050 m 3 / s  ( 3 7  081 c f s )  was 43% higher  than t h e  

mean annual f lood and was t h e  f o u r t h  h i g h e s t  on record.  

A s  i n d i c a t e d  i n  Figure 5.5, t h e  simulated flows corres-  

pond we l l  wi th  t h e  observed flows with t h e  simulated 

annual peak of 1026 m 3 / s  (36 2 2 1  c f s )  being about 2% 

low. Over t h e  complete year t h e  mean flow was 62.6 m 3 / s  

(2212 c f s ) ,  about  1% low. There was a s l i g h t  d iscre-  - .  

pancy i n  t iming of t h e  peak annual flow with t h e  s imu-  

l a t e d  flow occurr ing  about 3 days e a r l y .  

3)  F igure  5.6 shows a comparison between observed and simu- 

l a t e d  d a i l y  flows a t  Plantagenet f o r  a ' d ry '  year .  

During 1961 t h e  mean annual flow recorded w a s  22.9-m3/s 
' 

- 
(810 c f s )  which i s  about 44% below t h e  mean f o r  t h e  

per iod  of  record.  The peak annual flow was 382 m 3 / s  

( 1 3  489 cfs) about 48% below t h e  mean annual f lood and 

t h e  f i f t h  lowest annual peak recorded i n  t h e  49 y e a r s  of 

1 
I 



record. The modelled flows also indicated an unusually 

'dry' year with a mean annual flow of 26.5 m3/s, about 

14% above the observed value. The peak flow simulated 

was 378 m3/s (13 372 cfs) about 1% low. The simulated 

peak also occurred on the same day, 29 March, as the 

observed peak. Of particular interest is the fact that 

the year 1961 is part of the validation period rather 

than the calibration period for the model. The calibra- 

tion period was in fact close to normal for the period 

of record: an average flow of 43.0 m3/s as opposed to 

42.3 m3/s for the entire record. It is therefore en- 

couraging that the model can reproduce the characteris- 

tics of a 'dry' year using parameters derived in a 

period of average flow. The correspondence between 

observed and simulated flows for other validation years 

is also good as indicated by the computer plots which 

have been retained by the Conservation Authority. 

4) The previous discussion has indicated the model's per- 

formance during specific years. In a broader sense, a 

comparison of flood frequency curves and flow durat-ion 

curves derived from the modelled and observed .flows 

demonstrates the ability of the model to reproduce the 

statistical characteristics of the watershed response. 

Figures 5.7, 5.8 and 5.9 present the results of fre- 

quency analyses of peak annual flows, peak flows in May 

and peak flows during the summer (~une to September) for 

Plantagenet. In each case the correspondence besween .. 
the curves based on the observed and simulated flows is 

very good since the slope and position of the curves are 

very similar. As an example, for the peak annual flows 

the difference in the mean annual flood is 10% while 



-', 

a t  the  20 year return period which i s  approximately the 

length of the  flow ser ies  analyzed the difference i s  

l e s s  than 1%. 

For more extreme flood events, estimates of flood peaks 

based on a frequency analysis of simulated and observed 

flows over a 20 year period w i l l  diverge as noted i n  

Table 5.8. It i s  emphasized t h a t  during the 1958-1979 

observation period which was used for  comparison pur- 

poses, events greater  than a 25 year magnitude have not 

been recorded. Therefore, both simulated and observed 

estimates of 50 year and 100 year events are  an extra- 

polation based on smaller floods. 

Nevertheless, a t  Plantagenet, the  simulated 100 year an- 

nual peak i s  10% higher than the value computed from 

observations while the 50 year and 100 year summer peaks 

a r e  24% and 35% lower, respectively. The simulated 100 

year annual peak on the Castor River a t  Russell i s  simi- 

l a r l y  19% higher than computed from flow records. How- 

ever, agreement a t  Chesterville i s  closer with the .:lo0 

year simulated flows being 5 %  higher than the value-.from 

observed events. Within the upper portions of the 

watershed a t  Spencerville, the annual and summer 100 

yea r  events  a r e  18% and 24% higher  f o r  simulated 

values. 

5 )  The above frequency curves are based on a comparisgn of - 
simulated and observed mean dai ly  flows. Figure 5.10 

shows a comparison of flow frequency curves a t  ~ l a n t a -  

genet based upon a shorter time s tep of 2 hours. The 

correspondence i s  good over the range of flows shown. 

I I 

/ 
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TABLE 5.8 (Cont 'd) 

Comparison of Observed and Simulated Return Period Flows a t  C a l i b r a t i o n  Va l ida t ion  Po in t s  

Location Season 

Spencerv i l le  
Observed Annual 
(1948-79) May 

Summer 

Ches t e rv i l l e  
Simulated Ann ua l  l 
( 1958-79) 
Observed Annual 
(1958-79) 
Observed Ann ual  
(1950-79) 

Russe l l  
Simulated Ann ual  
(1958-79) 
Observed Annual 
(1958-79) 
Observed Annual 
(1948-79) 

Flows a t  Spec i f ied  Period m3/s ( c f s )  
2 y r  5 y r  10 y r  20 y r  50 y r  100 y r  

1 The gauge a t  C h e s t e r v i l l e  i s  seasonal ,  March-May; annual peak assumed t o  occur i n  t h i s  per iod 
2 The gauge a t  Russel2 operated seasonai iy  u n t i l  1970 theref  o r e  Summer and May r e s u l t s  not  d i r e c t l y  comparable 



It i s  no tab le  t h a t  t h e r e  i s  very l i t t l e  d i f f e r e n c e  

between t h e s e  flows and those based on t h e  mean d a i l y  

flow a n a l y s i s .  

6 )  The flow d u r a t i o n  curve i n d i c a t e s  t h e  response of t h e  

watershed over a  broader range of flows than t h e  peak 

f low frequency ana lys i s .  Figure 5.11 shows t h e  s i m i -  

l a r i t y  of t h e  curves der ived from t h e  observed and 

modelled flows a t  P l  antagenet.  A f u r t h e r  v e r i f i c a t i o n  

o f  t h e  model's performance i n  t h e  mid t o  low range of 

f lows i s  presented  i n  Figure 5.12. This  i l l u s t r a t e s  t h e  

observed and simulated flows f o r  Ju ly  t o  November 1964 

a t  an enlarged s c a l e .  The genera l  p a t t e r n  of flows i s  

s i m i l a r  although t h e  minimum flow i s  s l i g h t l y  overes t i -  

mated by t h e  model i n  t h i s  year .  

7)  The previous d iscuss ions  have i n d i c a t e d  t h e  model's 

performance over a  wide range of  condi t ions  a t  t h e  

s i n g l e  l o c a t i o n  of Plantagenet.  The drainage a rea  a t  

t h a t  p o i n t  i s  3810 km2 (1470 m i 2 )  Table 5.7 i n d i c a t e s  

t h a t  on an annual b a s i s  t h e  model performs wel l  a t  lpca- 

t i o n s  with drainage areas  one o r  two o rde r s  of  magqgtude 

smal ler .  In  p a r t i c u l a r  the  Castor River a t  Russe l l  and 

t h e  Scotch River ( ~ a s t    ranch) a t  S t .  I s i d o r e  de  Pres- 

c o t t  have dra inage  areas  of 433 km2 (167 m i 2 )  and 76.7 

km2 (29 .6  m i 2 )  r e spec t ive ly .  ~ a s e d  upon 12 and 10 y r  of 

record ,  t h e  simulated mean annual flows a t  t h e s e  loca- 

t i o n s  agree wi'th t h e  observed va lues  wi th in  1 and 4% - 
r e s p e c t i v e l y .  

8 )  F igures  5.13 and 5.14 present  comparisons of observed 

and modelled d a i l y  flows on t h e  Castor  River a t  Russel l  



and t h e  Sco tch  River  ( E a s t  Branch) a t  S t .  I s i d o r e  d e  

P r e s c o t t  f o r  t h e  y e a r  1976. The mean f low f o r  1976 was 

above normal by about  18% and 19% r e s p e c t i v e l y  a t  t h e s e  

two l o c a t i o n s .  The agreement between t h e  observed  and 

s i m u l a t e d  average  f lows i s  e x c e l l e n t  w i t h  6.0 m 3 / s  ob- 

s e rved  v e r s u s  6.9 m 3 / s  s imula ted  a t  R u s s e l l  and 1.25 

m 3 / s  obse rved  v e r s u s  1 . 2 2  m 3 / s  s imu la t ed  a t  P r e s c o t t .  

The r eco rded  annua l  peak f low a t  R u s s e l l  was 142 m 3 / s  

(5014 c f s )  compared t o  a s imula ted  peak o f  135.3 m 3 / s  

(4778  c f s )  o c c u r r i n g  one day e a r l i e r  t h a n  observed.  A t  

P r e s c o t t  t h e  observed peak was 17.1 m 3 / s  (604 c f s )  

whereas t h e  s i m u l a t e d  peak was somewhat ove re s t ima ted  a t  

26.2 m 3 / s  (925 c f s ) .  Secondary peaks  i n  December and 

May w e r e  b o t h  w e l l  matched. Flows d u r i n g  t h e  low f low 

months cor respond  reasonably  w e l l ,  a l though  ' t h e r e  i s  

some tendency t o  ove re s t ima te  the minimum f low.  A t  

P r e s c o t t  t h e  observed mean f low from June  t o  September 

was 0.06 m 3 / s  (2 .0  cfs) compared t o  a s imu la t ed  v a l u e  of  

0.07 m 3 / s  (2 .4  c f s ) .  However, t h e  observed minimum 

d a i l y  f low was 0.002 m 3 / s  (0 .07 cfs) whereas the simu- 

l a t e d  v a l u e  w a s  0.02 m 3 / s  (0.7 cfs) . The correspondence 

i n  t i m e  was .however, ve ry  good w i t h  b o t h  t h e  observed - .  

and s i m u l a t e d  minima occu r r i ng  i n  t h e  f i r s t  few days  o f  

August.  

9 )  F i g u r e s  5.15, 5.16 and 5.17 p r e s e n t  f requency a n a l y s e s  

o f  observed  and s imula ted  annual  peak f lows  a t  Spencer- 

v i l l e ,  C h e s t e r v i l l e  and Russe l l .  The c l o s e  correspon-  - 
dence  between t h e  cu rves  i n d i c a t e s  good model pe r fo r -  . . 

mance i n  reproduc ing  t h e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  

the  f l o o d  f requency  regime f o r  a  wide r ange  of watershed 

s i z e s  (1050 km2 t o  246 k m 2 ) .  
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10) Figures 5.18, 5.19 and 5.20 present flow duration curves 

a t  Spencerville, Russell and Prescott.  The correspon- 

dence between observed and simulated resu l t s  i s  closest  

a t  Prescott  (area 76.7 km2) but not as adequate a t  Spen- 

ce rv i l l e .  Although the high flow frequency and low flow 

frequencies seem t o  be well represented the mid-range 

flows are r e l a t ive ly  poorly matched a t  Spencerville. A t  

Russell the general shape of the curves i s  very similar .  

11) As a f i n a l  overview of the performance of the model i n  

simulating the  frequency response of the  watershed, 

Table 5.8 presents comparisons between the observed and 

simulated flows for  three seasons a t  the four cal ibrat-  

ion/validation locations. The simulated flows are based 

on the period 1958 t o  1979. The observed flows based on 

both the 1958 t o  1979 period and the en t i re  record where 

t h i s  is longer are presented. 

It i s  noted tha t :  

i) A t  Plantagenet, near the basin ou t l e t ,  the c o p  

parison between observed and simulated mean dai ly  

frequency curves i s  good with a close correspond- 

ence in  peak estimates up t o  the 20 year magnitude 

f o r  both the Summer and Annual period. For more 

extreme events i n  which flood magnitudes are extra- 

polated from the 22  year period, simulatd 100 year 

annual flood peaks are 10 percent higher than e&i- 

mates based on records while summer va1ue.s are 35 

percent lower. 
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ii) Within the upper basin, 100 year annual peak flow 

values based on simulations are 19  percent higher 

than estimates based on flow records a t  Russell 

while a t  Chesterville and Spencerville they are 5 

percent and 18 percent higher, respectively. Simu- 

l a t ion  values over the summer period a t  Spencer- 

v i l l e  are 24 percent lower a t  the 100 year return 

period. 

1 2 )  Recorded snow-course data throughout the basin was used 

as a check on the temporal dis t r ibut ion of water equi- 

valent and the date of the disappearance of the snowpack 

i n  the  spring during the calibration of the model. 

However, agreement was not par t icular ly  good and more 

emphasis was placed on a comparison of recorded and 

simulated flows. 

13) As previously h d i c a t e d ,  the HSP-F model accurately 

simulates the  hydrologic response of the South Nation 

River basin for a wide range of meteorological and sea- 

sonal conditions and over a wide variat ion of drainage 

areas. There are however some l imitat ions and inaccura- 

cies which should be noted: 

i) i n  some years snowrnelt occurs during the early 

winter which i s  not observed i n  r ea l i ty .  This 

leads t o  an underestimate of the peak snowmelt 

l a t e r  i n  the spring since the snow water equival-ent .. 

i s  too low. One possible source of t h i s  .error  is  

an overestimate of ground melt which is s e t  as a 

constant value in  the model. I n  actual conditions 

when the snowpack i s  shallow the 'ground below it 



may freeze and the ground melt may be reduced t o  

zero. Another possible source of t h i s  error  may be 

t h e  use of a fixed threshold temperature t o  diffe-  

r e n t i a t e  between frozen and unfrozen the precipita-  

t i o n .  I n  some cases precipi ta t ion which should 

actual ly  have been added t o  the snowpack w i l l  be 

ident i f ied  as r a i n f a l l  and may become runoff. 

ii) some summer ecients . . .are. not closely simulated be- 

cause the input precipitat ion i s  not t ru ly  repre- 

sentat ive of basin conditions. This r e su l t s  from 

both the method used t o  prepare the standard data 

base, and from the non-uniformity of summer precip- 

i t a t i o n  with respect t o  area. 

iii) some minor inaccuracies may have been introduced 

due t o  t ransfers  of water within the  basin. These 

include withdrawals from the r iver  and from ground- 

water for  municipal and indus t r ia l  water supply and 

t h e i r  eventual discharge as sewage. The sewage 

discharges are  generally seasonal. They are  beld 

i n  lagopns and discharged during t h e  sg r ing  

freshet .  Details of these a c t i v i t i e s  are provied 

i n  sections 8 and 9, and Tables 8.6 and 9.1.  

Another possible t ransfer  which was ignored i n  the 

HSP-F modelling was t h e  r eg iona l  movement of 

groundwater from one sub-basin t o  another. I n  some 

areas such as sub-basins 7 and 1 7  the' subarea boun- - - 
dary crosses a wetland area. A t  these locations 

the  subsurface flow may not necessarily correspond 

t o  the surf ace topography. However, hydrogeologi- 

c a l  investigations based on exist ing data were not 
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able to establish conclusively the presence of 

regional groundwater movements. 

iv) in the calibration period, 1974 to 1979, tile 

drainage in the South Nation River basin covered 

between 10 and 12% of the watershed area. The 

calibration parameters reflect the effects of this 

level of drainage. This built-in factor must be 

accounted for in adjusting the model to reflect an 

increase in tile drainage. 

5.4.4 Discussion of Final Model Parameters 

Table 5.9 lists the final values of some of the important 

model parameters discussed in sections 5.2.1 and 5.2.2. The 

following points are noted: 

1) The relationships developed to estimate values of 

INTCEP, NSUR, SHADE and LZETP appear to give reasonable 

values of these parameters and allow for an adequate 

calibration of the model using reasonable values of.-the 

other parameters. These relationships therefore provide - .  
a rational basis for adjusting these four parameters to 

account for land use changes. 

2) Many of the parameters, including LSUR, the length of 

overland flow path, AGWRC, the groundwater recession 

constant, and the sriow parameters, TSNOW, SNOWEVAP and .. 
MAXWAT are either constant or vary very little from . - 

subarea to subarea. This is consistent with sensitivity 

runs made to examine the effect of aereal discretization 

on the performance of the model. With only one pervious 

I 



Land 
Segment 
Number SHADE 

- .  

a, 

TABLE 5 .9 

F i n a l  Parameter Values f o r  Pervious Land segments1 
( s e e  F igu re  5.3 t o  i d e n t i f y  segments) 

Parameters  Which Vary By Sub Area 
CCFACT INFILT I N T F W ~  LSZN USZN IRC' LZETP ----  

Constant Parameters:  SNOW CF = 1.25 i n  
TSNOW = 35°F 
AGRWC = 0 . 9 9 8  
LSVR .. = 300 f t  

1 The HSP-F model was i n  Imper ia l  Units  and 
t h e r e f o r e  parameters  a r e  g iven  i n  t h i s  system 

NSUR 

2 Varies by season ,  f i g u r e  g iven  i s  sp r ing  va lue  
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land segment, including a constant set of parameters and 

hence a constant unit rate of runoff across the entire 

catchment, the model still provided a good prediction of 

flows at the outlet and intermediate locations within 

the watershed. 

3) The parameter LSUR, the length of overland flow, was set 

at a constant value of 91 m (300 ft) thoughout the en- 

tire watershed. This is representative of the distance 

which flow has to travel to reach a first-order stream. 

4) The parameter NSUR varies slightly from sub-area to sub- 

area reflecting land uses. The values range from 0.229 

to 0.329. While these may appear high compared to nor- 

mal Manning's n values for channel flow it must be borne 

in mind that they represent the passage of very low 

rates of flow through the micro-topopgraphy of the over- 

land flow plain. They values are entirely consistent 

with values used in other models including the Storm- 

water Management ~odel(l2), which use a kinematic wave 

representation of overland flow. 

- .  - .  

5) A number of parameters such as LZSN and INFILT vary over 

a wide range from subarea to subarea. For example, the 

lower zone storage, LZSN, varies from 102 rnrn (4 in) to 

330 mm (13 in). This reflects variations in sub-water- 

shed characteristics but cannot be directly attributed 

to the variation in one particular aspect of the - sub- - 
area. There does appear to be a relatively constant . 

relationship between UZSN and LZSN. 



6) The parameters INTFW, the interflow infiltration rate, 

and IRC, the interflow recession rate, vary with season. 

The former are approximately 30 to 50 percent higher 

during the months February to April than during the rest 

of the year. The latter are decreased by about 10 per- 

cent during the same months. 

7) The parameter CCFACT, the convection melt coefficient, 

varies slightly between subareas and accounts to some 

extent for the variation in temperatures from the north 

to south of the basin. 

5.5 Base Condition Model Runs 

5.5.1 General 

The HSP-F model of the South Nation River basin was used to 

generate a daily streamflow record for the 22 yr period 1957 

to 1979 inclusive at the thirty seven points indicated in 

Table 5.4. This data base was stored on magnetic computer 

tape for future use. This data base was subjected to .-the 

following analyses: - .  - .  

1) High flow frequency curves were generated for two sea- 

sons, annual and growing season, May to October, and 

flows for six specific return periods were tabulated at 

five specified locations in the watershed. The return 

periods considered were 21 5, 10, 20 and 50 'and 100 - .. 
yr. The Log-Pearson type I11 statistical distribution 

was fitted to the computed flows. This is consistent 

with the distribution used in analysis of the measured 

flow records. The five locations were Plantagenet, Bear 



Brook, Vernon, Chesterville and Spencerville. The £re- 

quency curves provided a basis for evaluating . the  i m -  

pacts of t i l e  drainage and the effects  of s i x  water man- 

agement schemes. 

2 )  The same analyses were carried out a t  the out le t  of f ive 

major municipal drains. The specified locations were 

the Payne Creek, the Van Camp, the Ferguson, the Mullen 

(Gannon) and the South Castor drains. The l a t t e r  i s  

concident with the  Vernon flood prone area. 

3 )  Low flow frequency analyses were carried out a t  s i x  

locations within the watershed for  c r i t i c a l  low flow 

periods. A seven-day low flow period was u t i l ized .  The 

l o c a t i o n s  were se lec ted  by comparing water supply 

requirements a t  communities within the basin with e s t i -  

mated groundwater ava i lab i l i ty .  A t  those locations with 

a predicted shor t f a l l ,  surface water can often be used 

t o  meet the  demand. A low flow frequency curve was 

developed a t  these locations t o  review t h i s  option. 

5.5.2 High Flow Frequency ~ n a l y s i s  - Flood Prone Areas 

Figures 5.21 t o  5.30 present the resu l t s  of high flow £re- 

quency analyses a t  the flood prone areas of Plantagenet, Bear 

Brook, Vernon and Chesterville for the annual and growing 

seasons. Frequency curves for Spencerville are a l so  shown. 

Table 5.10 presents a numerick1 tabulation of flows a t '  tpese - 
locations for the 2 ,  5 ,  10, 20, 50 and 100 y r  return periods. 
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Annual Peak Flow Frequency Curve at Plantagenet 
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Figure 5-23 
- ,  

Annual Peak Flow Frequency Curveat Bear Brook 
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Growing Season (May to 0ctober)Peak Flow 
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Figure 5-25 - 
Annual Peak Flow Frequency Curve at Vernon 
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Figure 5-26 

Growing Season (May to October) Peak Flow 
Freguency curve at Vernon 
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Figure 5-27 

Annual Peak Flow Frequency Curve at Chesterville 
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Figure 5-28 

t Growing Season (May to October) Peak Flow 
Frequency Curve at Chesterville 
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I Figure 5-29 

t Annual Peak Flow Frequency Curve at Spencenrille 
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Figure 5-30 

Growing Season (May to October) Peak Flow ' 
Frequency Curve at Spencerville 
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5.5.3 High Flow Frequency Ana lys i s  - 
O u t l e t  of  Municipal  Drains  

F i g u r e s  5.31 t o  5.42 p r e s e n t  t h e  r e s u l t s  of  h i g h  f low f r e -  

quency a n a l y s e s  a t  o u t l e t s  of the f o u r  a g r i c u l t u r a l  o u t l e t  

d r a i n s  known a s  t h e  Payne Creek, t h e  Van Camp, t h e  Ferguson 

and t h e  Mullen (Gannon) d r a i n s .  The South  Cas to r  d r a i n  is 

c o i n c i d e n t  w i t h  t h e  Vernon f lood  prone a r e a  shown on F igures  

5.25 t o  5.26. The f lows f o r  t h e  2, 5 10,  20, 50 and 100 y r  

r e t u r n  p e r i o d s  a r e  p r e sen t ed  i n  Table  5.11. 

5 .5 .4  Low Flow Frequency Ana lys i s  - 
P o t e n t i a l  Water Supply P o i n t s  

F i g u r e s  5.43 t o  5.48 p r e s e n t  the low frequency ana ly se s  f o r  7 

d a y  p e r i o d s  a t  C h e s t e r v i l l e ,  S t .  I s i d o r e  d e  P r e s c o t t ,  

Bourget ,  Embrun, Casselman and P l a n t a g e n e t .  Tab le  5.12 p re -  

s e n t s  a numerical  t a b u l a t i o n  of  t h e  average  seven day minimum 

f lows  a t  these l o c a t i o n s  f o r  t h e  2, 5 ,  1 0 ,  20, 50 and 100 y r  

r e t u r n  p e r i o d .  



Figure 5-31 

Annual Peak Flow Frequency Curve at Payne Creek Drain 
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.. Figure 5-32 

May Peak Flow Frequency Curve at Payne Creek Drain 
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- 
Summer (June to September) Peak Flow 

Frequency Cuwe at Payne Creek Drain 
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Figure 5-34 
- 

Annual Peak Flow f requency Curve at Van Camp Drain 
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Figure 5-35 

May Peak Flow-Frequency Curve at Van Camp ~ra%, 
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Figure . - 5-37 

Annual Peak Flow Frequency Curve at Ferguson Drain 
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Figure 5-38 

May Peak Flow Frequency Cuwe at Ferguson Drain 
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Figure 5-39 

Summer (June to September) Peak Flow ', 

Frequency Cuwe at Ferguson Drain 
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Figure 5-40 -- 

Annual Peak Flow Frequency Curve at 
Mullen (Gannon) Drain 
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Figure 5-41 

.-May Peak Flow Frequency Curve at 
Mullen (Gannon 1 Drain 
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Figure 5-42 

Summer (June to September) peak Flow ' , 

Frequency Curve at Mullen (Gannon) Drain 
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TABLE 5 .ll 

Flows f o r  t h e  2, 5, 10, 20, 50 and 100 Year Re turn  P e r i o d s  a t  Four S p e c i f i e d  Dra ins  

Loca t ion Season 

Payne Creek 
D r a i n  

Van Camp 
D r a i n  

Ferguson 
D r a i n  . 

Mullen 
(Gannon) 
Drain  

Spr ing 
May 
S umme r 

Spr ing  
May 
S umme r 

Spr ing  
May 
Summer 

Spr ing  
May 
Summer 

Flows a t  S p e c i f i e d  P e r i o d  m3 /s (c f  s )  
2 yr 5 F 10 yr 20 yr 50 yr 100 yr 
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Figure 5-43 
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Seven Day Minimum Flow Frequency Curve 
A at Chesterville 
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Figure 5-44 
- 

Seven Day Minimum Flow Frequency Curve at 
St. lsidore de Prescott 
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Figure 5 -45 

Seven Day Minimum Flow Frequency Curve at Bourget ', 
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Figure 5-46 
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Seven Day Minimum Flow Frequency Curve at Embrun 
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Figure 5-47 
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Seven Day Minimum Flow Frequency Curve 
4 at Casselman 
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Figure 5-48 

Seve,n Day Minimum Flow ~ r e q u e n c ~  curve' 
at Plantagenet 
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6.0 IMPACTS OF AGRICULTURAL DRAINAGE PRACTICES 

6 .1  I n t r o d u c t i o n  

A g r i c u l t u r a l  l and  dra inage  is undertaken t o  improve t h e  s o i l  

environment f o r  b e t t e r  c rop  produc t ion  and t o  lengthen t h e  

e f f e c t i v e  growing season through improved f i e l d  machine t r a f -  

f i c a h i l i t y .  I n  t h e  South Nation watershed,  d ra inage  improve- 

ments have been t a k i n g  p l ace  f o r  many yea r s  and most water- 

courses  have a l r e a d y  been conver ted t o  improved municipal  

d r a i n s .  Recently,  t h e r e  i s  an i n c r e a s i n g  t r e n d  i n  t h e  bas in  

t o  i n s t a l l  subsur face  dra inage  systems,  commonly c a l l e d  ' t i l e  

d r a i n a g e ' ,  t o  improve land and c rop  p r o d u c t i v i t y .  Many of 

t h e  municipal  d r a i n s  w i l l  r e q u i r e  deepening and en l a rg ing  t o  

p rov ide  adequate  o u t l e t s .  This  t r e n d  i s  a concern t o  many 

r e s i d e n t s  i n  t h e  watershed who f e e l  t h a t  f u r t h e r  d ra inage  

improvements may aggrava te  t h e  e x t e n s i v e  f l ood ing  t h a t  

a l r e a d y  occurs  i n  s e v e r a l  l o c a t i o n s .  

I t  is  g e n e r a l l y  t r u e  t h a t  improving s t ream channels  by 

s t r a i g h t e n i n g ,  widening o r  deepening w i l l  induce a more r ap id  

response t o  runoff  .events .  This o f t e n  r e s u l t s  i n  h ighe r  -peak 

flows and s h o r t e r  peak flow d u r a t i o n s .  However, i n  a l a r g e  

watershed wi th  many t r i b u t a r i e s ,  t h e  n e t  e f f e c t  on t h e  peak 

flows i n  t h e  main channel may be much less s i g n i f i c a n t  due t o  

r o u t i n g  e f f e c t s  and t h e  t ime-of fse t  of peak flows a r r i v i n g  

from t r i b u t a r i e s .  The i n s t a l l a t i o n  of subsur face  dra inage  

f u r t h e r  a l t e r s  t h e  runoff  p rocess .  T i l e  d ra inage  a c c e l e r a t e s  - 
t h e  wate r  t a b l e  drawdown i n  t h e  f i r s t  metre of t h e  s o i l  which 

t h e o r e t i c a l l y  could produce h i g h e r  r a t e s  of flow from t h e  
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s o i l  during runoff events. On the  other hand, t h i s  improved 

s o i l  drainage w i l l  c reate  a  d r i e r  antecedent condition, 

higher i n f i l t r a t i o n  and more s o i l  storage which w i l l  tend t o  

reduce surface runoff r a t e s  from most runoff events. 

The objective of t h i s  component of the  water resources study 

i s  t o  invest igate  the e f f ec t s  of agr icu l tura l  drainage i m -  

provements and determine t h e i r  impact on the basin. 

6 .2  Method Overview 

I t  i s  not p rac t ica l  t o  evaluate watershed-scale e f f ec t s  with 

a  very deta i led model. On a  large scale ,  local  e f f ec t s  can- 

not be simulated exp l i c i t l y  and it i s  necessary t o  determine 

average parameters characterizing loca l  conditions such as 

f i e l d  t i l e s  and drain improvements for  re la t ive ly  large sub- 

catchments. The approach used i n  t h i s  study was t o  use de- 

t a i l e d  models of local  conditions t o  supplement the  watershed 

model. The deta i led models were cal ibrated t o  f i e l d  data and 

then used t o  simulate representat ive drainage areas similar  

i n  s i z e  t o  the  watershed model subcatchments for  various 

drainage conditions. The watershed model parameters-.were 

then adjusted on the basis  of these r e s u l t s  t o  simulate the 

e f f e c t s  of loca l  drainage improvements on the  e n t i r e  South 

Nation watershed. 

A model which can accurately simulate drainage conditions 

both with and without f i e l d  t i l e s  was not avai lable  during .. 
the  study. Instead two models were used, the  DRAINMOD model 
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developed at the University of North Carolina for tiled- 

drained areas and the HSP-F model for untiled conditions. 

The DRAINMOD model is a continuous simulation model formu- 

lated to simulate tile drainage conditions explicitly. A 

detailed description of DRAINMOD may be found in Appendix F. 

The model is capable of considering detailed soil moisture 

characteristics and water table elevations. The HSP-F model 

was selected for untiled conditions to provide continuity 

with the watershed modelling. All outlet drain and stream 

channel routing was done with the HSP-F model routing 

routines. 

A schematic overview of the method used to evaluate the im- 

pacts of drainage improvements is shown in Figure 6.1. 

6.3 Test Area Monitoring Data 

The Conservation Authority established flow monitoring stat- 

ions on six outlet drains and two tile drain outlets late in 

1980 and continued the monitoring during 1981. The sites 

were representative of the general conditions in the water- 

shed, covering a variety of soil types and various degrees of 

tile drainage. Characteristics are summarized in Table 6.1. 

Several rain gauges were added to the network during the last 

week of May 1981 and rating curves for the outlet drains were 

established during the spring runoff period. 

- 
A number of runoff events were collected in 1981 from each of 

the test watersheds. However, the rating curves which were 

developed for the drains in the spring became increasingly 

inaccurate as vegetation grew over the spring and summer 

1 



period. The rating curve at one location was partially re- 

calibrated in September and found to estimate about 25% lower 

flows than the spring curve for similar water levels. The 

other five test areas were not recalibrated. On the basis of 

field observations and the one recalibration, it was assumed 

that the rating curves for the other areas had changed by a 

similar amount. 

The use of test area data for calibration purposes is further 

hampered by the location of rainfall gauges. Most recorded 

runoff events occurred before the end of May when site rain 

gauges were installed. Rainfall for events preceding this 

date was recorded at gauges located as much as 20 km away 

from test catchments which greatly reduces the reliability of 

the measurements. 

6.3.1 Analysis of Flow Data 

The events for which data was collected in 1981 are listed in 

Table 6.2. Due to the late start-up date of the monitoring 

program in 1980, little useful data was collected from h i s  

period. - .  

As a preliminary verification of the data, approximate ratios 

of runoff volume over rainfall volume were computed for each 

event from the tabulated rainfall data recorded at the 

nearest gauge and from the plotted runoff hydrographs. Many 

of these ratios were found to be greater than 1 which clearly .. 
illustrates the problems with the rainfall and rating cu'rves 

discussed previously. All events with unrealistic runoff 

ratios were not considered further. As a further concession 

to the possible inaccuracies of the rating curves due to 

vegetation growth, most events subsequent to the first week 
I 

in June were also deleted. 



The data remaining after this initial screening was analyzed 

graphically as shown in Figures 6.2 through 6.4. Figure 6.2 

presents a plot of runoff/rainfall ratios versus the percent 

of the test area with tile drainage, Figure 6.3 shows unit 

runoff volume versus tile drainage; and Figure 6.4 shows unit 

runoff peak versus tile drainage- The first two plots indi- 

cate a trend towards higher runoff volumes during the storm 

event and the following few days with increased tile drain- 

age. It is suggested that this effect may be due to the 

release of additional volumes of subsurface water by tile 

drains. A long-term analysis of the volumetric relationship 

between tiled and untiled conditions was not possible with 

the data available. Peak runoff rates do not seem to be 

affected by the degree of tile drainage for these events. 

Given the uncertainty in the recorded data and the small 

number of events from the more densely tiled catchments, 

these results cannot be considered conclusive. 

Modifications to DRAINMOD 

In order to apply the DRAINMOD model during this study, Seve- 

ral modifications to the program were required with respect 

to the time interval, evapotranspiration, winter/spring run- 

off and overland flow routing. Only the first two items 

required changes to the program code. In the first case, an 

option for an hourly output file was incorporated since all 

subsequent calculations were based on hourly time steps. 

Secondly, the DRAINMOD evapotranspiration calculations based 

on the Thornthwaite Method were superceded by monthly average 

values based on recorded pan evaporation data. These monthly 



Figure 6-1 
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Description 

1. Dillabough 

2. Ouderkirk 

3 Brisson 

4. Small Creek 

5. Cast onguay 

6. SauvS 

7.  Leclerc ( t i l e s )  

8. Seguin ( t i l e s )  

TABLE 6.1 

Agricultural Drain Test Catchments 

Area (ha) 
X Tile 
Drained Monitoring S i t e  

Outlet drain 

Outlet drain 

Outlet drain 

Outlet drain 

Outlet drain 

Outlet drain 

Ti le  drain 

T i l e  drain 



TABLE 6.2 

Recorded.-Runoff Events 
3 

Small 
Event Period Dillabough Ouderkirk Brisson Creek Castonguay Sauv6 

1 Mar. 29 - Apr.4 
~ Rain (cm) 1.63 1.63 1.63 1.63 1.63 1.63 

Runof £/Rain 0.55 0.71 0.40 4.18 1.3 2 0.17 

I May 11 - 1 5  
I Rain (cm) 3.84 3.84 3.84 3.84 - 3.84 

Runof £/Rain 0.44 2.05 0.06 1.61 - 0.1 1 

1 May 15 - 1 9  
Rain (cm) 3.23 3.23 3.23 3.23 - 3.23 
Runoff /Rain 0.89 0.33 0.19 1.16 - 0.11 

May 27 - June 1 
Rain (cm) 1.85 1.65 2.3 9 2.3 9 - 2.41 
Runoff /Rain 0.53 0.25 0.41 0.31 - 0.33 

June 3 - 7 
Rain (cm) 
Runof £/Rain 

June 1 6  -22 
Rain (cm) 
Runoff /Rain 

June 22 - 25 
Rain (cm) 
Runoff /Rain 

June 22 - 27  
Rain (cm) 
Runof f /Rain 

June 25 - 29 
Rain (cm) 
Runof £/Rain 



Figure 6-2 

Test Area Data Analysis 
Runoff / Rainfall Ratio vs Percent Tile Drainage 

A March 2-9-April 4 
May 15--May 19 

0 May 27-June 1 
0 June 3-June 7 --- 

-,,Apparent Trend 



Figure 6-3 - 
Test Area bata Analysis 

Unit Runoff vs PercentTile Drainage 

A March 29-April 4 
x May 11-May 15 

May 15-May 19 
0 May 27-June 1 
0 June 3-June 7 --- -,,Apparent Trend 



Figure 6-4 
- 

Test Area Data Analysis 
Unit Peak Runoff vs Percent Tile Drainage 

Percent Tile Drained r 

A March 29-April 4 
X May 11-May 15 

w May 15-May 1 9  
0 May 23-June 1 
0 June 3-June 7 



values were obtained from the EISP-F simulation for  the same 

period and they formed the  basis  of the DRAINMOD model input. 

This ensured t h a t  both models were working with the  same 

evapotranspiration data base. 

The HSP-F model was a l so  used ind i rec t ly  t o  enable the  DRAIN- 

MOD model t o  be run continuously over a  number of years 

through winter periods. The computed "moisture supply r a t e "  

from the HSP-F simulation, consist ing of the t o t a l  precipi- 

t a t i o n  and snowmelt moisture available on the  land surface 

before any storage, i n f i l t r a t i o n  or runoff processes occur, 

was extracted and converted t o  the  DRAINMOD input format i n  

place of the usual r a i n f a l l  input.  The foregoing changes 

resul ted i n  both models u t i l i z i n g  exactly the same meteoro- 

log ica l  input. No attempt was made t o  modify DRAINMOD for  

frozen s o i l  conditions since the  e f f e c t  of t h i s  condition i s  

not presently known. 

Lastly,  a  post-processor was wr i t ten  t o  transform the  hourly 

output f i l e s  from DRAINMOD t o  HSP-F compatible format for  

input t o  the RCHRES routing program. As pa r t  of the  trans- 

formation process, the  surface runoff component of the  DRAIN- 

MOD output was modified by an overland flow routing program. 

The routing program was a l so  extracted from the HSP-F model. 

The routed surface runoff was then added t o  the  computed t i l e  

flow t o  obtain the  t o t a l  outflow for  the  t i le-drained area. 

6.5 Model Calibration 

Four of the t e s t  areas were selected t o  represent a  range of 

t i l e  drainage density. These were the 156 ha Castonguay s i t e  



with 95% t i l e  drainage, the 231 ha ~ a u v e  s i t e  with 6%, the 

745 ha Dillabough s i t e  with 61% and the 898 ha Brisson s i t e  

with 23% t i l e  drainage by area. Further de ta i l s  are provided 

on Table 6.1.  The extent and location of t i l e  drainage i n  

each s i t e  was determined by f i e ld  inspections and interviews 

with property owners. The HSP-F model was applied t o  the 

~auv;i! t e s t  data, which was considered t o  be an area without 

t i l e  drainage and the DRAINMOD model was applied t o  the 

Castonguay t e s t  data which was considered t o  represent com- 

p le te  t i l e  drainage. The DRAINMOD model was a lso tested on 

the f i e l d  t i l e  monitoring s i t e s .  

6.5.1 Calibration of DRAINMOD 

The i n i t i a l  selection of the s o i l  moisture character is t ic  was 

based on representative curves given i n  the program docu- 

mentation for various s o i l  textures and the s o i l  description 

for each s i t e .  

Some minor adjustments were made t o  these curves in  the cal i -  

bration process. One other parameter found t o  be significailt  

i n  the calibration . i s  the l a t e r a l  hydraulic conductivity - ( K )  . 
Some measurements of t h i s  parameter were conducted i n  the 

f i e l d  as par t  of the overall  study but there was a large 

va r i ab i l i ty  i n  the resu l t s  and few measurements were actually 

made within the boundaries of the t e s t  catchments. A s  a  

r e su l t ,  K values were derived primarily from the calibration 

process. The Green-Ampt i n f i l t r a t i o n  parameters were - also 

derived from the l i t e r a t u r e  values and the calibrated hydrau- 

l i c  conductivity. The s o i l  water charac ter i s t ic  curves used 

i n  the study are shown in Figure 6.5. 



Figure 6-5 

I . Soil Water Characteristics Curves 
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The c a l i b r a t i o n  r e s u l t s  a r e  p l o t t e d  a g a i n s t  r e c o r d e d  d a t a  f o r  

t h e  Cas tonguay s i t e  i n  F i g u r e  6.6. The r e c o r d e d  e v e n t  a t  t h e  

end  o f  March 1981 s h o u l d  be  d i s c o u n t e d  a s  t h e  r u n o f f / r a i n f a l l  

r a t i o  f o r  t h i s  e v e n t  was g r e a t e r  t h a n  1. The o t h e r  e v e n t  i n  

J u n e  1981 shows v e r y  good agreement  between t h e  model and 

measurements  when t h e  problems w i t h  t h e  r a t i n g  c u r v e  a r e  

t a k e n  i n t o  c o n s i d e r a t i o n .  No f l o w  d a t a  were r e c o r d e d  d u r i n g  

d r y  w e a t h e r  p e r i o d s .  

F i g u r e s  6.7 and 6.8 show t h e  p l o t s  o f  t h e  c a l i b r a t i o n  r e s u l t s  

o n  t h e  Segu in  and Leclerc t i l e  f l o w  m o n i t o r i n g  s i t e s .  Both 

p l o t s  show good agreement  between t h e  o b s e r v e d  and computed 

r u n o f f ,  p a r t i c u l a r l y  f o r  t h e  J u n e  5, 1981 e v e n t  f o r  which 

s i t e  r a i n f a l l  d a t a  was a v a i l a b l e .  The Segu in  d a t a  a l s o  

e x h i b i t  t h e  e f f e c t s  o f  t i l e  d r a i n  c a p a c i t y  r e s t r i c t i o n s  on 

b o t h  r e c o r d e d  e v e n t s .  The o b s e r v e d  maximum v a l u e  was 0.005 

m 3 / s  (0 .6 cm/day) from t h e  7.5 h a  s i t e  and t h i s  v a l u e  was 

used  as  t h e  maximum t i l e  f low c a p a c i t y  f o r  a l l  s u b s e q u e n t  

a n a l y s e s  i n  t h e  s t u d y .  

T h e s e  r e s u l t s  conf i rmed  t h a t  t h e  DRAINMOD model was adequate-  

l y  r e p r o d u c i n g  t h e  d i v i s i o n  o f  r u n o f f  between t i l e  f low and 

o t h e r  r u n o f f  and t h a t  it cou ld  b e  used t o  s i m u l a t e  t h e  com- 

p l e t e l y  t i l e d  c o n d i t i o n .  

C a l i b r a t i o n  o f  HSP-F 

A s  a n  i n i t i a l  s t e p  t h e  p a r a m e t e r  se t  from t h e  HSP-F c a l i b r a t -  

i o n  o f  t h e  w a t e r s h e d  model was s e l e c t e d  f o r  t h e .  Sauv4 t e s t  

a r e a .  ~t was found t h a t  r e l a t i v e l y  l a r g e  changes  i n  o t h e r  

p a r a m e t e r s  r e l a t i n g  t o  i n f i l t r a t i o n  and i n t e r f l o w  w e r e  neces-  

s a r y  t o  r e d u c e  t h e  s i m u l a t e d  peak  f l o w s  t o  t h e  approx ima te  



recorded values. Figure 6.9 shows the r e su l t s  of t h i s  ca l i -  

brat ion process. 

There i s  some doubt about the va l id i ty  of the foregoing ca l i -  

brat ion and the cal ibrated HSP-F parameter s e t  for the ~ a u v 6  

data was not used in  subsequent analyses. F i r s t ,  the HSP-F 

model generally requires several years of data for  a  good 

cal ibrat ion.  Secondly, the large d i spar i ty  between recorded 

and simulated flows points toward some inaccuracies i n  the 

estimated r a i n f a l l  on the  t e s t  catchment since precipi ta t ion 

was measured many miles from the s i t e .  This observation i s  

supported by the  f ac t  t h a t  for  the  May 1981 event the 

recorded flow values show a  higher f i r s t  peak and a lower 

second peak while the simulated values show an exactly 

opposite trend. Finally,  a  dramatic change in  HSP-F para- 

meters t o  provide a  be t t e r  estimate of the ~ a u v e  flow record 

was found t o  r e su l t  in  s ignif icant  discrepancies between the 

HSP-F and DRAINMOD models for  spring runoff conditions. 

The HSP-F and DRAINMOD models were subsequently investigated 

for  spring conditions t o  ensure t h a t  they were representkng 

t h i s  phenomena correct ly .  During the spring period s n o g e l t  

together with r a i n f a l l  w i l l  sa tura te  s o i l s  t o  the ground 

surface. Under these conditions antecedent s o i l  storage i s  

reduced t o  a  minimum and surface runoff ra tes  are similar  for 

both natural  and t i l e  drained catchments. 

I n i t i a l l y ,  it was found t h a t  the HSP-F model using the ~ a u v 4  

ca l ib ra t ion  parameters for  an unt i led area gave much less  

surface runoff than the DRAINMOD model for  a  similar  t i l e d  

area. I n  v i e w  of the m o r e  successful cal ibrat ion of the 

DRAINMOD model including the subsurface drainage component, 

the HSP-F parameters were modjfied t o  give a more consistent 

comparison with the DRAINMOD model for  spring runoff condi- 

t ions .  



Figure 6.10 shows a comparison of the two models for spring 

condition a f t e r  adjusting the HSP-F parameters. Changes were 

made t o  the HSP-F i n f i l t r a t i o n  ( I N F I L T )  and interflaw ( I N T F w )  

parameters t o  create more surface runoff and a peakier 

response while the upper zone storage parameter ( U Z S )  was 

l e f t  a t  the ~ a u v &  cal ibrat ion value. This HSP-F parameter 

s e t  was s t i l l  within the range used i n  the watershed model 

cal ibrat ion,  although tending tawards extreme values. These 

values are consistent with the expectation tha t  a smaller 

area with a t i g h t  clay s o i l  as represented by the t e s t  catch- 

ment would produce a quicker, peakier response than larger 

subcatchments of more open s o i l  found i n  many par t s  of the 

watershed. This parameter s e t  was used i n  a l l  subsequent 

simulations on the hypothetical t e s t  area. 

Testing on Pa r t i a l ly  Tiled Areas 

The drainage models were applied t o  the Brisson and Dilla- 

bough t e s t  data t o  verify t h e i r  appl icabi l i ty  t o  pa r t i a l ly  

t i l e d  areas. For these t e s t  s i t e s ,  the appropriate calibra- 

ted model was applied t o  the t i l e d  and untiled portion of.-the 

catchment. The subarea flows were then combined i n  the-BSP-F 

routing model (RCHRES) t o  obtain flows for  comparison with 

the t e s t  data. 

Figures 6.11 and 6.12 show the simulation resu l t s .  While 

both of these areas exhibit  problems with the recorded data, 

the  r e su l t s  of the Dillabough area (61% t i l e  drained) do- show 

t h a t  the shape of the simulated hydrograph matches the re- 

corded hydrograph shape very well. The re su l t s  of the ~ r i s -  

son area (19% t i l e  drained) are not as good. 



6.5.4 Conclusions on calibration 

Due to the limitations of the data, a true model calibration 

and verification procedure was not possible. The models were 

adjusted to fit the recorded data as well as possible and in 

most cases a reasonably good correlation between the shape 

and timing of the flow record and the simulated flow series 

was obtained. Because more data was available for inten- 

sively tiled areas, the results with the DRAINMOD model were 

generally better than those for the HSP-F model on a single 

naturally drained test site. 

The lack of good calibration of the models must be borne in 

mind when evaluating the results of the study. However, it 

is felt on the basis of the test area computations and 

previous model applications that they are reliable simulators 

of agricultural drainage processes. Model simulations, 

therefore, will adequately reflect flow modifications result- 

ing from drainage improvements on a watershed scale. 

6.6 ~ 
- .  

During the study the impacts of outlet drain improvements 

were evaluated on a watershed scale by first applying the 

HSP-F .routing model to a typical sub-watershed. Drainage 

courses were modelled within this catchment in sufficient 

detail to reflect the hydraulic changes of drainage improve- 

ments. This procedure defined the local flow impacts. - In 



order to extrapolate these effects to the entire basin the 

hydraulic routing characteristics in the calibrated watershed 

model were adjusted for each stream reach as required to 

reflect the appropriate degree of drainage improvement within 

the tributary sub-catchment. 

6.6.1 Method of Outlet Drain Analysis 

In order to ensure that conditions before and after drainage 

improvement were truly represented in the HSP-F watershed 

model, it was necessary to determine with some degree of 

accuracy the existing condition of the outlet drains in each 

sub-watershed. There are five conditions to be considered: 

1. Natural, unimproved streams that may be deepened, 

straightened and widened. 

2. Drains that have been improved in the past but require 

deepening to permit tile drainage. 

3. Improved drains that have to be deepened to permit .tile 

connections .and enlarged for increased capacity .(major 

outlet works). 

4. Improved drains that need maintenance to restore the 

original design capacity. 

5. Improved drainage channels which are currently - ade- 
quate. . - 



It was de te rmined  by t h e  c o n s e r v a t i o n  A u t h o r i t y  and OMAF 

f i e l d  s t a f f  t h a t  few n a t u r a l  unimproved w a t e r c o u r s e s  remained 

i n  t h e  South  Nat ion  River  b a s i n  and t h a t  most improvements 

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

t r i b u t a r y  a r e a s  o f  abou t  3.25 km2 or less - t h e  t y p e  2  d r a i n  

improvements d e s c r i b e d  above. A s m a l l e r  number o f  d r a i n s  

w i t h  t r i b u t a r y  a r e a s  g r e a t e r  t h a n  3.25 km2 (Type 3 )  may a l s o  

be  improved. These d a t a  a r e  g i v e n  i n  T a b l e  6.3, I t  was 

assumed t h a t  d r a i n  maintenance c a r r i e d  o u t  on a  c y c l i c  b a s i s  

would be a  c o n s t a n t  f a c t o r  o v e r  t h e  e n t i r e  wa te r shed .  

For p u r p o s e s  o f  mode l l ing  l o c a l  d r a i n a g e  impac t s ,  a  t y p i c a l  

wa te r shed  was s e l e c t e d  w i t h  a  90  krn2 d r a i n a g e  a r e a  and 

e i g h t e e n  e q u a l l y  s i z e d  sub-ca tchments*  T h i s  breakdown was 

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

n a t u r e  o f  f u t u r e  d r a i n  improvements. 

T ~ S  t y p i c a l  watershed was a l s o  a r r a n g e d  i n  two s h a p e s ,  one 

r e c t a n g u l a r  and t h e  other s q u a r e  a s  shown i n  F i g u r e  6.13. 

R e p r e s e n t a t i v e  d r a i n  c r o s s - s e c t i o n s  f o r  e x i s t i n g  c o n d i t i o n s  

were o b t a i n e d  from t h e  ~ u t h o r i t y  based on f i e l d  d a t a  .from 

e n g i n e e r i n g  r e p o r t s .  I n  a d d i t i o n ,  a  number of r e p o r t s  f o r  

t h e  l a r g e r  d r a i n  improvements were reviewed t o  o b t a i n  e s t i -  

m a t e s  o f  t y p i c a l  e x i s t i n g  c r o s s  s e c t i o n s  f o r  Type 3 d r a i n s .  

The a r e a  o f  a  number o f  unimproved c r o s s  s e c t i o n s  from t h e  

r e p o r t s  was p l o t t e d  a g a i n s t  t r i b u t a r y  d r a i n a g e  a r e a  and com- 

p a r e d  t o  l i t e r a t u r e  v a l u e s  a s  shown i n  F i g u r e  6.14. S i n c e  

t h e  South  Na t ion  v a l u e s  compare f a v o u r a b l y  w i t h  t h e  p u b l i s h e d  

d a t a ,  t h e s e  r e l a t i o n s h i p s  were used a s  shown t o  . i n t e r p d l a t e  

a p p r o p r i a t e  Type 3  d r a i n  c r o s s  s e c t i o n s  f o r  t h e  h y p o t h e t i c a l  

tes t  areas.  



TABLE 6.3 
3 

P o t e n t i a l  Extent  of Future  Drain Improvements 

% of Township Area 
Township Adequately Served 

Augusta 5 

Edwardsburg 20 

South Gower 35 

Oxford 0 

Mati lda 50 

Winchester 7 5 

Williamsburg 7 5 

Mountain 4 0 

Finch  50 

Osnabr uck 2 5 

Roxboro ugh 2 5 

Kenyon 30 

Cambridge 2 0 

Russe l l  7 5 

North P lan tagenet  20 

South P lan tagenet  4 0 

Clarence 20 

C unberland 2 5 

Caledonia 

Alf red  

Osgoode 

Glo uces t e r  

% of Township Area 
To Become Drained 

Type of 
Drains Required 
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Figure 6- I 4 - 
Typical Stream Cross Sections 
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The i n v e s t i g a t i o n  of l o c a l  d ra inage  impacts i n i t i a l l y  in-  

volved an HSP-F runoff  s imula t ion  f o r  a f i v e  year  per iod  from 

1972 t o  1976. The r e s u l t a n t  flows were t hen  routed through 

t h e  d ra inage  network of open waterways wi th  t h e  HSP-F model 

t o  r e p r e s e n t  e x i s t i n g  b a s e l i n e  cond i t i ons  be fo re  f u r t h e r  

d r a i n  improvements. The degree of waterway c ros s - sec t ion  en- 

largement was determined from a number of Engineers '  r e p o r t s  

f o r  r e c e n t l y  cons t ruc t ed  o u t l e t  d r a i n s  i n  t h e  South Nation 

River watershed.  I t  was determined t h a t  Type 2 improvements 

would i n c r e a s e  d r a i n  c ros s - sec t ions  by an average of 80% and 

tha t  Type 3 improvements would i n c r e a s e  c ros s - sec t ions  by 

about  50%. 

The e x t e n t  of proposed d r a i n  improvements v a r i e s  a c r o s s  t he  

b a s i n  a s  shown i n  Table 6.3. The maximum e x t e n t  of Type 2 

d r a i n  improvement is  1008 w i t h i n  a Township whi le  t h e  maximum 

Type 3 improvement is 23% i n  Mat i lda  Township s i n c e  50% o f  

t h e  Type 3 d r a i n s  w i l l  be improved i n  45% o f  t h e  a r ea .  These 

va lues  were t h e  maximum improvements s imula ted  i n  t h e  hypo- 

t h e t i c a l  a r ea .  To s imu la t e  t h e  impacts of t h e s e  d r a i n  modi- 

f i c a t i o n s ,  t h e  proposed improvements were simply incorpora ted  

i n t o  t h e  h y p o t h e t i c a l  a r e a  model on t h e  b a s i s  of l eng th  of 

t h e  improved channel  and t h e  r e s u l t s  compared t o  t h o s e  f o r  

unimproved cond i t i ons .  The improvements s imula ted  were 

c ros s - sec t ion  enlargement and a r educ t ion  i n  Manning's n from 

0.030 t o  0.025. T i l e  d ra inage  was not  included i n  t h e  muni- 

c i p a l  d r a i n  improvements. 

- 
6.6.2 Impacts of  O u t l e t  Drain Improvement 

The impacts of o u t l e t  d r a i n  improvement were eva lua ted  a t  

bo th  t h e  o u t l e t  of t h e  Type 2 d r a i n s  as  shown on Figure  6.15 

and a t  t h e  o u t l e t  of t h e  e n t i r e  t e s t  a r ea  a s  shown on Figure 
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6.16 f o r  a  t y p i c a l  5 y r  p e r i o d  ( 1972-1 976) . The improvement 

o f  t h e  Type 2  d r a i n s  had a  n e g l i g i b l e  impact  on t h e  peak 

f lows .  T h i s  is  c o n s i s t e n t  w i t h  t h e  assumpt ion  t h a t  Type 2 

d r a i n s  a r e  u s u a l l y  deepened t o  p r o v i d e  o u t l e t s  f o r  t i l e  

i n s t a l l a t i o n s  and o n l y  r a r e l y  because  o f  c a p a c i t y  restric- 

t i o n s .  The minimal h y d r a u l i c  e f f e c t  is  caused by t h e  s m a l l  

r e d u c t i o n  o f  channe l  roughness .  

F i g u r e  6.16 i n d i c a t e s  t h e  s i m u l a t e d  f lows  a t  t h e  o u t l e t  of  

t h e  90 km2 s q u a r e  t e s t  a r e a  f o l l o w i n g  t h e  maximum o u t l e t  

d r a i n  improvement i n  which 100% of Type 2  and 23% o f  Type 3  

d r a i n s  improved a r e  improved. An i n c r e a s e  i n  peak f lows  o f  

o n l y  5-7% was found. T h i s  r e s u l t  is n o t  s u r p r i s i n g  s i n c e  t h e  

e f f e c t  o f  Type 2  d r a i n  improvements was found t o  be n e g l i -  

g i b l e  and o n l y  22% o f  t h e  Type 3  d r a i n s  was improved. The 

f l o w s  a t  t h e  o u t l e t  from t h e  r e c t a n g u l a r  t e s t  a r e a  e x h i b i t e d  

a  s m a l l e r  i n c r e a s e  i n  magnitude f o l l o w i n g  s i m i l a r  d r a i n  

improvements. 

6.6.3 Conc lus ions  Regarding O u t l e t  Dra in  Improvements 

An i n v e s t i g a t i o n  .of t y p i c a l  s m a l l  d r a i n a g e  a r e a s  w i t h i n  t h e  

S o u t h  Na t ion  R i v e r  b a s i n  i n d i c a t e s  t h a t  a n t i c i p a t e d  improve- 

ments  i n  o u t l e t  d r a i n s  w i l l  n o t  have  a  l a r g e  e f f e c t  on l o c a l  

peak f lows .  Large s c a l e  d r a i n  improvements r e p r e s e n t e d  by 

t h e  proposed South C a s t o r ,  Payne, Mullen, Van Camp and 

Ferguson D r a i n s  w i l l  have a  more s i g n i f i c a n t  f low impact  and 

a r e  reviewed s e p a r a t e l y  i n  s e c t i o n  7.1.1. .. 

6  -7  E f f e c t s  o f  ~ i l e  Drainage  

6.7.1 Method of  T i l e  m rain age A n a l y s i s  

i 

The e f f e c t s  o f  t i l e  d r a i n s  on t h e  runof f  c h a r a c t e r i s t i c s  o f  
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the  t e s t  watershed was simulated with DRAINMOD. Various 

proportions of t i l e  drainage were evaluated ranging up t o  

77% of the  catchment area by incrementing the unit  runoff 

simulated with DRAINMOD as  opposed t o  the unti led area simu- 

la ted  by HSP-F. The uni t  runoff for  each model was m u l t i -  

pl ied by the appropriate area for each degree of t i l e  drain- 

aqe, and then summed and routed i n  the RCHRES model of the 

hypothetical t e s t  area. 

I t  was assumed tha t  as t i l e  drainage in s t a l l a t ions  occur, 

they w i l l  be dis t r ibuted uniformly over the en t i r e  t e s t  area. 

I n  order t o  reduce the number of a l te rna t ives  t o  be evalua- 

ted,  it was a l so  assumed tha t  a l l  ou t l e t  drain improvements 

would take place before a s ign i f ican t  amount of t i l e  ins ta l -  

l a t ion  occurred. Therefore, a l l  simulation r e su l t s  with t i l e  

drainage included the maximum ou t l e t  drain improvement. This 

procedure permitted the e f fec t s  of ou t l e t  drain and t i l e  

drain improvements t o  be evaluated both separately and cumu- 

l a t ive ly .  

With the  i n s t a l l a t i o n  of t i l e  drainage, there i s  often.- a  

s h i f t  in  agr icu l tura l  practices t o  higher value crops such as 

corn. This r e su l t s  in a change i n  evapotranspiration con- 

d i t ions  from grass crops or pasture. This e f f ec t  was ac- 

counted for  i n  the analysis  by modifying the ET values ob- 

tained from the HSP-F model according t o  f i e l d  measurements 

, from previous studies.  This data i s  shown i n  Table 6.4. 

Assuming tha t  the HSP-F ET data represents a grass crop - con- 

d i t i on  without t i l e  drainage, and tha t  the DRAINMOD model 

represents a corn crop with t i l e s ,  the ET input t o  DRAINMOD 

w a s  obtained by multiplying the HSP-F values by the r a t i o  of 

grass crop ET t o  corn crop ET for  each month. 

I 



TABLE 6 . 4  

Evapotranspiration Rates Used to Derive DRAINMOND Input 

April 15 

May 15 

June 10 

June 2 0 

June 3 0 

July 15 

August 15 

September 10 

September 20 

October 15 

November 15 

Grass, Hay Corn, Soy Beans 
(no tiles) (with tiles) 
cmlday cmlday 

.10 .O 8 

.20 .10 

.36 .28 

.36 -3  6 

.36 .43 

.38 .48 

.36 .4 3 

.24 .28 

.24 .10 

.ll .08 

.05 .05 



6.7.2 Im~acts of Tile Drainaae 

The results of the simulation of tile drainage for the 5 year 

period from 1972 to 1976 are illustrated in Figures 6.17 and 

6.18. Figure 6.17 shows the maximum impact of tile drainage 

plotting the maximum 2 h flow/day from both the HSP-F runoff 

model with no tile drainage and the DRAINMOD model with 100% 

tile drainage as unit area runoff before outlet drain rout- 

ing. 

One anticipated effect of tile drainage is the more rapid 

drawdown of soil moisture storage creating a larger soil 

storage capacity and thereby reducing peak runoff. This 

effect is clearly illustrated by these plots for most events. 

The tiled condition results in a less peaky response in gene- 

ral and for some events, particularly during the summer to 

early winter period, the increased storage capacity available 

in the soil eliminates the occurrence of runoff altogether. 

This occurrence was observed from July to December in 1973 

and in 1975. In the tiled condition, much of the moisture 

that does not appear as high rate runoff drains at a lower 

rate over a longer period of time as tile flow. The. sus- 

tained constant flows from the tiled condition in the spring 

reflects the maximum hydraulic capacity of the tiles them- 

selves (0.6 cm/day) while the sharp bursts of runoff project- 

ing above this are surface runoff. 

When several large events occur in close sequence, Figu_re 6- 

17 indicates that the effectiveness of the tile drainage in 

reducing peak flows is diminished. Typically, during the 

first event in March when considerable soil storage is avail- 

able in tiled areas, the peak runoff is substantially re- 

duced., Howevgr, the next event a few days later actually 



produces a  higher peak from the t i l e d  area. This occurs as a  

r e s u l t  of the s o i l  storage capacity being f u l l  and the sub- 

surface drains flowing a t  capacity when the second event i s  

experienced. In  t h i s  s i tua t ion  the surface runoff peak i s  

superimposed on the maximum t i l e  flow from the preceding 

event t o  give somewhat higher peaks than occurred for the 

unt i led condition. A s imilar  s i tua t ion  occurs for the th i rd  

and l a rges t  event i n  t h i s  s e r i e s  but i n  t h i s  case the 

increase in  peak flows for  the t i l e d  condition is small. 

Figure 6.18 shows a  similar  comparison for the t i l e d  and un- 

t i l e d  condition for  the en t i r e  t e s t  area a f t e r  routing. 

LUMPED HSP-F MODEL 

The large sub-catchments of the watershed model w i l l  each be 

affected t o  d i f fe ren t  degrees by future drainage improve- 

ments. To account for t h i s  e f fec t ,  the extent of t i l e  drain 

in s t a l l a t ions  was varied within the typical  t e s t  area and 

flows were computed with the DRAINMOD and HSP-F models for 

the  t i l e d  and unti led portions of the catchment. Since m e  

impact of o u t l e t  drain improvements was small, only the maxi- 

mum improvement was simulated. A lumped HSP-F model was also 

prepared for  the t e s t  area. 

The purpose of the lumped HSP-F model was t o  determine the 

appropriate changes i n  the lumped model parameters required 

t o  reproduce the impacts of both the ou t l e t  drain and .. t i l e  

drain improvements demonstrated by the deta i led model simula- 

t ions .  The parameter s e t  for  the lumped model was then used 

i n  the HSP-F watershed model t o  estimate the impacts of sub- 

surface drainage improvement within the major watercourses of 

South Nation watershed. 



6.8.1 Method of Lum~ina 

The lumped HSP-F model consisted of a single catchment and 

one routing reach. To investigate hydraulic impacts of drain 

improvements, both the square and rectangular test areas were 

used. For investigating the added effect of tile drainage, 

only the rectangular area was used. 

6.8.2 Lumping Hydraulic Impacts 

Flow simulations of the detailed area indicated that the 

relative increase in peak flows due to outlet drain improve- 

ment was very similar for both the square and rectangular 

areas. Furthermore, the impacts were not large ranging typi- 

cally from 5% to 7% and seemed to result primarily from Type 

3 drain improvement. 

In order to reproduce these hydraulic effects, the storage/ 

discharge curve represented by the F-table for the lumped 

model reach was initially adjusted to provide a good conti- 

nuous fit of the detailed model flows for the unimproved 

condition. Subsequently, the effect of outlet drain improve- 

ments was accounted for by changing the F-Table values until 

the lumped HSP-F model accurately simulated the maximum 

annual flows provided by the detailed model. 

For the six year period simulated, the average increase in 

maximum annual flows for both the square and rectangular-test 

areas was 3.5% as shown in Table 6.5- The lumped model F- 

table was adjusted to give the same percentage increase. In 

practical terms this was achieved by reducing the channel 

storage at given flow rates. This resulted in a good fit be- 

tween the detailed model and ,the lumped model for the im- 

proved condition as shown in Figure 6.19. 



TABLE 6 . 5  
S 

Increase i n  Maximum Annual Flow With Drain Improvement 

Year 

Averge 

Rectangular Area 

Average value used i n  model = 1.035 

Square 



6.8.3 Lumping T i l e  Drainage Impacts 

The impacts of t i l e  d ra inage  were accounted f o r  i n  t h e  lumped 

model by modifying only hydro log ic  parameters  i n  t h e  PERLND 

segments of t h e  HSP-F model. To ensure  t h a t  t h e  t i l e  d ra in-  

age e f f e c t s  were s epa ra t ed  from t h e  h y d r a u l i c  e f f e c t s  of 

improved o u t l e t  d r a i n s ,  t h e  h y p o t h e t i c a l  t e s t  a r ea  model was 

run f o r  va r ious  degrees  of t i l e  d ra inage  a f t e r  r e p l a c i n g  t h e  

d e t a i l e d  r o u t i n g  network wi th  t h e  s i n g l e  unimproved rou t ing  

reach from t h e  lumped model. The PERLND segment parameter 

governing i n t e r f l o w  (INTFW) was a d j u s t e d  t o  g ive  good agree- 

ment between t h e  lumped HSP-F model and t h e  d e t a i l e d  model 

f o r  a  range of t i l e  d ra inage  from 0% t o  75% o f  t h e  dra inage  

a r e a .  The upper l i m i t  of 75% was der ived  by t h e  Author i ty  

based on land use  p r o j e c t i o n s  and d i s c u s s i o n s  wi th  f i e l d  

s t a f f .  

The INTFW parameter was s e l e c t e d  a s  t h e  s i n g l e  parameter t o  

r e p r e s e n t  t i l e  d ra inage  s i n c e  it i s  conceptua l ly  app rop r i a t e  

i n  t h e  con tex t  of t h e  HSP-F model. I n f i l t r a t i o n ,  s t o r a g e  and 

e v a p o t r a n s p i r a t i o n  parameters  were no t  used s i n c e  t h e s e  311 

have i n t e r a c t i v e  c h a r a c t e r i s t i c s  which could r e s u l t  i n  .com- 

p lex  and mis leading secondary e f f e c t s  on t h e  wate r  balance.  

The foregoing  a n a l y s i s  w a s  c a r r i e d  o u t  f o r  t i l e  dra inage  

a r e a s  r e p r e s e n t i n g  0 ,  20, 35, 50 and 100 p e r c e n t  of a  catch- 

ment. F igu re s  6 .21 and 6.22 i l l u s t r a t e  t h e  flows from t h e  

lumped model and t h e  d e t a i l e d  model s imu la t ions  f o r  - two 

degrees  of t i l e  drainage.  An i n t e r f l o w  m u l t i p l i e r  r ep re sen t -  

i n g  t h e  r a t i o  between t i l e  d ra ined  and n a t u r a l  cond i t i ons  was 

subsequent ly  c a l c u l a t e d  for each degree of t i l e  d ra inage .  



J 

T a b l e  6 .6  and  F i g u r e  6.20 show the v a r i a t i o n  of  the lumped 

model INTFW p a r a m e t e r  r e q u i r e d  t o  r ep roduce  the d e t a i l e d  

mode1 r e s u l t s  f o r  v a r y i n g  d e g r e e s  o f  t i l e  d r a i n a g e .  To 

o b t a i n  a n  a c c u r a t e  f i t ,  it was n e c e s s a r y  t o  d i f f e r e n t i a t e  

between s p r i n g  c o n d i t i o n s  d u r i n g  the months o f  F e b r u a r y  t o  

A p r i l  and the rest of  t h e  y e a r .  

I n t e r m e d i a t e  v a l u e s  o f  t h e  INTFW m u l t i p l i e r  were checked 

d u r i n g  t h e  s t u d y  by f u r t h e r  s i m u l a t i o n  o f  f lows  w i t h  t h e  

d e t a i l e d  d r a i n a g e  model and the lumped HSP-F model u s i n g  t h e  

c u r v e s  on F i g u r e  6.20. A f a v o u r a b l e  comparison a t  t h e  75 

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

t h e  s u g g e s t e d  p a r a m e t e r  v a l u e s .  

6 .8.4 C o n c l u s i o n s  Regarding  Model ~ u m p i n g  

The r e s u l t s  o f  t h e  h y p o t h e t i c a l  area a n a l y s i s  h a v e  shown t h a t  

the combined HSP-F and DRAINMOD models  can  r e a l i s t i c a l l y  

r e p r o d u c e  the i m p a c t s  of  improved o u t l e t  d r a i n s  and t i l e  

d r a i n  i n s t a l l a t i o n .  I t  was a l s o  shown that  the HSP-F model 

c a n  be a d j u s t e d  t o  rep roduce  t h e s e  r e s u l t s  as a lumped model. 

I t  was t h e r e f o r e  . p o s s i b l e  t o  u s e  t h e  w a t e r s h e d  model. t o  

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

on t h e  major i n t e r c o u r s e s  of t h e  S o u t h  N a t i o n  R i v e r  B a s i n .  

6 . 9  Low Flow S i m u l a t i o n  

The model s i m u l a t i o n  approach  used  i n  t h i s  s t u d y  g i v e s  - con- 

t i n u o u s  f low r e s u l t s .  I t  was possible t o  calibrate the HSP-F 

model for the Sou th  N a t i o n  R i v e r  w a t e r s h e d  o v e r  t h e  e n t i r e  

f l o w  r a n g e  i n c l u d i n g  low f lows ,  however,  t h i s  w a s  n o t  poss-  

i b le  on the smaller a g r i c u l t u r a l  tes t  a r e a s  due  t o  a l a c k  of 

I 



Var ia t ion  of Lumped HSP-F INTFW Parameter With Various Percent  T i l e  Drainage 

Spring (Months 2 - 4 )  
F i t t e d  M u l t i p l i e r  of 

Summer (Months 5  - 1 )  
F i t t e d  M u l t i p l i e r  of 

Months 

Base Run 
(0% t i l e  dra ined)  

20% t i l e d  

35% t i l e d  

50% t i l e d  

75% 

100% t i l e d  

Notes: 

INTFW value1 Base value2 INFTW Value Base va lue  

1 F i t t e d  va lue  i s  t h e  lumped INTFW value  t o  g i v e  agreement w i t h  t h e  d e t a i l e d  
t e s t  a r e a  r e s u l t s .  

2 Base va lue  i s  t h e  i n i t i a l  INTFW va lue  from watershed model c a l i b r a t i o n .  
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r e c o r d e d  d a t a .  U n f o r t u n a t e l y ,  t h e  d e t a i l e d  d r a i n a g e  model 

D W I N M O D  c o u l d  n o t  p r o v i d e  t h i s  i n f o r m a t i o n  s i n c e  t h e  model 

d o e s  n o t  s i m u l a t e  b a s e f l o w s  when g roundwate r  l e v e l s  f a l l  

below s u b s u r f a c e  d r a i n s .  While the lumped HSP-F model can 

p r o v i d e  some i n s i g h t  i n t o  low f lows  f r o m  a g r i c u l t u r a l  wa te r -  

s h e d s ,  c o n c l u s i o n s  r e g a r d i n g  d r a i n a g e  impac t s  on low f lows 

a r e  i n c o n c l u s i v e  and must b e  s u p p o r t e d  by  f u r t h e r  f i e l d  

d a t a .  
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7.0 ANALYSIS OF FUTURE FLOOD CONTROL AND 
LAND USE SCENARIOS 

This  chap te r  o u t l i n e s  t h e  f low impacts of s e l e c t e d  water 

c o n t r o l  s t r u c t u r e s ,  d r a inage  works and land use changes which 

were i n v e s t i g a t e d  dur ing  t h e  s tudy .  Changes e f f e c t e d  by a  

number o f  proposed municipal  d r a i n  p r o j e c t s ,  t h e  gene ra l  

improvements t o  a g r i c u l t u r a l  d r a inage  inc lud ing  o u t l e t  d r a i n s  

and t h e  i n s t a l l a t i o n  of  subsur face  d r a i n s ,  major r i v e r i n e  

improvements, s e v e r a l  proposed r e s e r v o i r s  and an i n c r e a s e  i n  

f o r e s t  p roduc t ion  a r e  considered.  

The s c e n a r i o s  d i scus sed  i n  t h i s  chap te r  were s e l e c t e d  f o r  

d e t a i l e d  i n v e s t i g a t i o n  a f t e r  d i s c u s s i o n s  wi th  t h e  Conserva- 

t i o n  Au tho r i t y  and t h e  s tudy  adv i so r s .  The r e s u l t s  a r e  pre-  

s en t ed  by r e v i s e d  f low frequency curves  f o r  t h e  f o u r  f lood 

prone a r e a s  a t  P l an t agene t ,  C h e s t e r v i l l e ,  Bear Brook and 

Vernon which a r e  compared w i t h  t h e  c u r r e n t  f low regime a t  

t h e s e  l o c a t i o n s .  For s e v e r a l  f l ood  c o n t r o l  and r e s e r v o i r  

a l t e r n a t i v e s ,  an eva lua t ion  of f lood  a r e a  reduc t ion  w a s  a l s o  

completed. 

7 .1  ~ u n i c i p a l  Drain  Improvement 

7.1.1 Proposed Drain Improvements 

The hydro log ic  impacts r e s u l t i n g  from t h e  improvement of f i v e  

municipal  d ra in s '  were i n v e s t i g a t e d  a s  . p a r t  of t h e  o v e r a l l  

watershed modell ing s tudy.  The f i v e  proposed d r a i n s  shown. i n  

F igu re  7 .1  a r e :  



1 )  South  C a s t o r  Dra in  

2)  Payne Drain  

3 )  Mullen Drain  

4 )  Van Camp Dra in  

5 )  Ferguson Drain  

The remain ing  two m u n i c i p a l  d r a i n s ,  Bear Brook and Ches ter -  

v i l l e ,  i n d i c a t e d  on F i g u r e  7.1,  a r e  c o n s i d e r e d  i n  c o n j u n c t i o n  

w i t h  o v e r a l l  a g r i c u l t u r a l  d r a i n a g e  improvements and d i s c u s s e d  

w i t h i n  r e p o r t  s e c t i o n s  7.2 and 7.3. 

The f i v e  f o r e g o i n g  d r a i n s  a r e  e x i s t i n g  w a t e r c o u r s e s ,  which 

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

f o r  b o t h  s u r f a c e  r u n o f f  and f low from sub-sur face  d r a i n s .  

Two problems a r e  encoun te red  a t  t h e  p r e s e n t  t i m e :  

low channe l  c a p a c i t y  r e s u l t i n g  i n  f r e q u e n t  f l o o d i n g  o f  

a d j a c e n t  l a n d s ,  and 

channe l  i n v e r t s  t h a t  d o  n o t  p r o v i d e  adequa te  sub-sur face  

d r a i n  o u t l e t s .  

Eng inee r ing  s t u d i e s (  1  ) have been c a r r i e d  o u t  f o r  each-  . d r a i n  

which recommend improvements by widening and/or deepening t h e  

c h a n n e l s .  H y d r o l o g i c a l  impac t s  of  t h e s e  improvements a r e  

e v a l u a t e d  on bo th  t h e  l o c a l  and downstream a r e a s  o f  t h e  

wa te r shed .  

7.1.2 Method 

The f i v e  d r a i n s  were s i m u l a t e d  i n  t h e  o v e r a l l  HSP-F watershed 

model by r e p r e s e n t i n g  t h e  e x i s t i n g  waterways a s  f i v e  of t h e  

36 r e a c h e s  which form t h e  r i v e r  r o u t i n g  component o f  t h e  

1 model. R i v e r  , r o u t i n g  is c a r r i e d  o u t  i n  t h e  HSP-F model by 
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t h e  k i n e m a t i c  wave method and s t a g e - d i s c h a r g e - s t o r a g e  r e l a -  

t i o n s h i p s  a r e  based on Manning's e q u a t i o n  f o r  uni form flow. 

Runoff i s  computed w i t h  t h e  wa te r shed  model f i r s t  w i t h  t h e  

e x i s t i n g  d r a i n s  and s u b s e q u e n t l y  w i t h  t h e  proposed d r a i n  

improvements.  Any change i n  f l o w s  th roughou t  t h e  watershed 

a s  a  d i r e c t  r e s u l t  o f  d r a i n  improvements can  t h e r e f o r e  be 

a s s e s s e d .  

The f i v e  d r a i n s  were modelled f o r  e x i s t i n g  waterway cond i -  

t i o n s  based on c r o s s - s e c t i o n s  t a k e n  i n  t h e  f i e l d ,  e n g i n e e r ' s  

r e p o r t s  on d r a i n  improvements,  a  f l o o d  p l a i n  mapping s t u d y  

f o r  t h e  South  C a s t o r  R i v e r ( 2 )  and t o p o g r a p h i c  maps a t  s c a l e s  

o f  1:50 000 and 1:25 000. 

Usinq t h e  c a l i b r a t e d  HSP-F model,  a  computer s i m u l a t i o n  r u n  

o f  23 y r  from 1957 t o  1979 was c a r r i e d  o u t  t o  g e n e r a t e  f lows  

a t  t h e  downstream l i m i t  o f  each d r a i n ,  and a t  o t h e r  down- 

s t r e a m  l o c a t i o n s  th roughou t  t h e  watershed.  

To r e p r e s e n t  c o n d i t i o n s  a f t e r  t h e  proposed improvements have  

t a k e n  p l a c e ,  t h e  d r a i n  model was r e v i s e d  accord ing  t o  t h e -  

E n g i n e e r ' s  Repor t s .  The d e t a i l s  o f  t h e  improvements g e n e r a l -  

l y  i n v o l v e  deepen ing ,  widening,  and c l e a n i n g  o f  t h e  e x i s t i n g  

waterway. The HSP-F model was a d j u s t e d  t o  i n c o r p o r a t e  t h e s e  

changes  i n  t h e  d r a i n s ,  and a second 2 3  y e a r  s i m u l a t i o n  was 

c a r r i e d  o u t  f o r  t h e  1957 t o  1979 p e r i o d .  T h i s  p rocedure  

p rov ided  f l o w s  r e p r e s e n t i n g  t h e  e f f e c t s  o f  t h e  improved 

d r a i n s  f o r  comparison w i t h  e x i s t i n g  c o n d i t i o n s  a t  t h e  -down- 

s t r e a m  l i m i t  o f  t h e  d r a i n s  and a t  o t h e r  s t r e a m  l o c a t i o n s  i n  

t h e  wa te r shed .  



7.1.3 Impacts  o f  Drain  Improvements 

The f lows  e s t i m a t e d  by t h e  two s i m u l a t i o n s  a r e  g i v e n  a s  flow- 

d u r a t i o n  c u r v e s  and f lood- f requency  c u r v e s  f o r  t h e  e x i s t i n g  

and improved d r a i n  c o n d i t i o n s .  Peak f lows  f o r  one s p e c i f i c  

e v e n t  a r e  a l s o  compared. 

Flow-durat ion c u r v e s  which i n d i c a t e  t h e  p e r c e n t  o f  t ime  t h a t  

a  p a r t i c u l a r  f low is  exceeded a r e  shown f o r  each  d r a i n  i n  

F i s u r e s  7.2 th rough  7.6. The c u r v e s  a r e  computed from 23 

y e a r s  o f  s i m u l a t e d  f l o w s  r e p r e s e n t i n g  a  c o n t i n u o u s  hydrograph 

o f  two hour  mean f lows.  

The f lood- f requency  c u r v e s  a r e  p l o t t e d  f o r  each  o f  t h e  f i v e  

d r a i n s  and f o r  f o u r  o t h e r  downstream r e a c h e s  on F i g u r e s  7.7 

t o  7.15. Using these p l o t s ,  t h e  e f f e c t s  o f  t h e  d r a i n  im-  

provements  can  be  t r a c e d  downstream from t h e  d r a i n s  t o  t h e  

lower p a r t  o f  t h e  b a s i n  a t  P l a n t a g e n e t .  

The f l o o d  f requency  p l o t s  i l l u s t r a t e  t h a t  a f t e r  d r a i n  i m -  

p rovements  a r e  completed peak r u n o f f  r a t e s  a t  t h e  downstream 

l i m i t s  o f  t h e  d r a i n  w i l l  be i n c r e a s e d .  S i n c e  r u n o f f  v-olumes 

t r i b u t a r y  t o  t h e  m u n i c i p a l  d r a i n s  a r e  t h e  same a s  t h e  pre-  

improvement c o n d i t i o n s ,  f low r a t e s  from t h e  d r a i n s  d u r i n g  t h e  

r e c e s s i o n  p o r t i o n  o f  a n  e v e n t  w i l l  d e c r e a s e  more q u i c k l y  t h a n  

p r e v i o u s l y  e x p e r i e n c e d .   everth he less t h e  f low d u r a t i o n  

c u r v e s  which a r e  i d e n t i c a l  f o r  b o t h  t h e  e x i s t i n g  and improved 

d r a i n  c o n d i t i o n s  i n d i c a t e  t h a t  l o w  f lows  o c c u r r i n g  between - 
r u n o f f  e v e n t s  remain  unchanged. I t  i s  noted  t h a t  t h e  t i a s in  

model d i d  n o t  a c c o u n t  f o r  l o c a l  w a t e r  t a b l e s  and s u b s u r f a c e  

f l o w s  b e f o r e  and a f t e r  m u n i c i p a l  d r a i n  c o n s t r u c t i o n .  A com- 

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

w o u l d . r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  o f  t h i s  q u e s t i o n .  
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Flow Duration Cutve: South Castor Drain 
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Figure 7-3 
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Flow Duration Curve: Payne Creek Drain 
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- 
Flow Duration Curve: Mullen Drain 



Figure 7-5 

-- Flow Duration Curve: Van Camp Drain 
-. 



Figure 7-6 
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- -  Flow Duration Curve: Ferguson Drain 
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Figure 7-7 

Annual Flood Frequency Curve at the South Castor Drain 
with Municipal Drain Improvements 

I .2: , .,.:: L . 2  d ., ' b .  . U 
RECURSENCF I N TEP'GAL I N YEA!?: 

Existing 
Future 



Figure 7-8 
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Annual Flood Frequency Curve at the Payne Creek Drain 
with Municipal Drain Improvements 
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Figure 7-9 
- 

Annual Flood Frequency Cuwe at the Mullen Drain 
with Municipal Drain Improvements 
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Figure 7-1 0 
- 

Annual Flood~Frequency Curve at the Van Camp Drain 
with Municipal Drain Improvements 
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Figure 7-1 1 
- 

Annual-Flood Frequency Curve at the Ferguson Drain 
with Municipal Drain Improvements 
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Figure 7-1 2 

Annual Flood Frequency Curve at Plantagenet 
with Municipal Drain Improvements 
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Figure 7-1 3 
- 

Annual Flood Frequency Curve at Chesterville 
with Municipal Drain Improvements 
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Figure 7-1 4 

Annual Flood Frequency Curve at Mouth of Castor River 
with Municipal Drain Improvements 



Figure.7-15 
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Annual Flood Frequency Curve at Mouth of Payne River 
with Municipal Drain Improvements 
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Low f l o w  f r e q u e n c y  c u r v e s  were n o t  computed s i n c e  a f u r t h e r  

c o m p a r i s o n  of a n n u a l  minimum 2 h o u r  flows b e f o r e  a n d  a f t e r  

t h e  c o n s t r u c t i o n  of t h e  m u n i c i p a l  d r a i n s  d i d  n o t  i n d i c a t e  a n y  

c h a n g e  i n  l o w  f l o w s .  

T a b l e  7.1 summar i ze s  t h e  p e r c e n t a g e  change  i n  p e a k  f l o w s  

c a u s e d  by e a c h  d r a i n  f o r  v a r i o u s  r e t u r n  p e r i o d s .  Downstream 

r e a c h e s  i n c l u d e  e f f e c t s  o f  a l l  u p s t r e a m  improvements .  I n  

o r d e r  o f  p e a k  f l o w  i n c r e a s e ,  t h e  d r a i n s  r a n k  as  f o l l o w s :  

1 )  Payne D r a i n  

2 )  Mu l l en  D r a i n  

3 )  S o u t h  Castor D r a i n  

4 )  Van Camp m rain 

5 )  Fe rguson  D r a i n  

Downstream e f f ec t s  o f  t h e  d r a i n  improvements  are n o t e w o r t h y  

o n  t h e  Payne  R i v e r .  The p e r c e n t a g e  i n c r e a s e  i n  p e a k  f l o w s  a t  

t h e  c o n f l u e n c e  w i t h  t h e  S o u t h    at ion R i v e r  i s  r e d u c e d  t o  one- 

h a l f  t h e  m a g n i t u d e  a t  t h e  d r a i n  o u t l e t  b u t  r e m a i n s  a s i g n i f i -  

c a n t  27 %. 
- 

- .  

Flow i m p a c t s  o n  t h e  Castor R i v e r  d u e  t o  t h e  S o u t h  Castor 

d r a i n  are less n o t i c e a b l e  d u e  t o  t h e  r e l a t i v e  m a g n i t u d e  o f  

t r i b u t a r y  r u n o f f  f r o m  o t h e r  p o r t i o n s  o f  t h e  w a t e r s h e d .  W h i l e  

p e a k  f l o w  i n c r e a s e s  are  l a r g e  l o c a l l y ,  a t  t h e  c o n f l u e n c e  w i t h  

t h e  S o u t h  N a t i o n  R i v e r  t h e  p e r c e n t a g e  i n c r e a s e  i n  p e a k  f l o w s  

h a s  d i m i n i s h e d  t o  9%.  

F lood  p r o n e  l a n d s  a d j a c e n t  t o  t h e  S o u t h  N a t i o n  R i v e r  u p s t r e a m  

of  C h e s t e r v i l l e  and  P l a n t a g e n e t  w i l l  n o t  be a f f e c t e d  by t h e  



TABLE 7 -1 
S 

INCREASE I N  MEAN 2-HOUR PEAK FLOWS WITH 

DRAIN IMPROVEMENT 

% INCREASE FOR RETURN PERIOD 
DRAIN~REACH 

5 YR 10 YR 20 YR 50 YR 100 YR 

Van Camp 13 13 14 15 15  

Ferguson 15 

Mullen 5 4 

Ches te rv i l l e  < 1 

Payne 50 

Mouth of Payne R. 3 0 

South Castor 5 6 

Mouth o f  Castor R. 10 9 9 8 8 

Plantagenet 2 2 2 1 1 



combined flow impact of the five drains which were studied. 

In both cases, annual flood frequency analyses reveal that 

peak flows will be increased by less than 2%. 

In order to further illustrate the change in flows, the 

recent March 1 9 7 6  event was selected and the relative fre- 

quency of this occurrence was estimated for existing and 

improved drain conditions as shown in Table 7.2. As an exam- 

ple, flows of this magnitude could be expected on the average 

every three years after construction at the outlet of the 

Payne drain whereas at present the flow would have a recur- 

rence interval of 55 yr. 

7.2 Asricultural Drainaqe 

Agricultural drainage improvements were evaluated using the 

lumped HSF-F model according to the procedures developed in 

Chapter 6. In the context of agricultural drainage improve- 

ments the future development scenario included the estimated 

maximum extent of subsurface drainage within existing agri- 

cultural lands and corresponding local outlet drain impr~ve- 

ment as well as +he proposed Mullen, Van Camp and Ferguson 

Drains and the Chesterville channelization works completed to 

date. Additional larger scale channel works are discussed 

separately in Section 7.3. 

7 .2 .1  Subsurface Drainage Improvement 

Varying degrees of subsurface drainage are installed across 

the watershed at the present time. The calibrated parameter 

set for the HSP-F model therefore includes the appropriate 



TABLE 7.2 
3 

IMPACT OF DRAIN IMPROVEMENT ON MARCH 1976 FLOOD EVENT 

FLOW EXPERIENCE I N  
MARCH 1976 

MARCH 1976 FLOW AFTER 
DRAIN IMPROVEMENT 

Peak 2- AVERAGE FREQUENCY OF PEAK 2- 
DRAIN/REACH H o u r  OCCURRENCE (YEARS) HOUR PERCEN- 

FLOW FLOW TAGE 
m3 /s E X I S T I N G  AFTER DRAIN m3 /s INCREASE 
(cf s) CONDITIONS IMPROVEMENT (cfs) 

V a n  Camp 

F e r g u s o n  

M u l l e n  

C h e s t e r v i l l e  

P a y n e  

Mouth of Payne 
R i v e r  

S o u t h  C a s t o r  

M o u t h  of C a s t o r  395.2 15 8 426.3 6 
R i v e r  (1 3956) (1 5053) 

Plan t  agene t 1068.4 15 15 1093.9 2 
(37729) (38632) 



change in parameters to simulate existing tile drainage con- 

ditions. The analysis of the hypothetical area determined 

relationships for HSP-F parameters for conditions ranging 

from no tile drainage to 100% tile drainage. Using these 

results, it was possible to derive the incremental parameter 

values within each PERLAND area in the HSP-F model which are 

required to reflect changes in agricultural drainage prac- 

tices from the existing degree of tile drainage to the maxi- 

mum anticipated tile drainage. Values of the parameters are 

summarized in Tables 7.3 and 7.4. 

Studies by the Conservation Authority and the Ontario 

Ministry of Agriculture and Food have determined that the 

optimum degree of subsurface drainage within the South Nation 

River taking into account the anticipated cropping patterns 

will be 75% of existing agricultural lands. This value has 

been adopted for the investigation of agricultural impacts. 

Increased areas of subsurface drainage reflected in this 

scenario are summarized in Table 7.6. 

7.2.2 Outlet Drain Improvement - 
- . 

The future outlet drain improvements considered included the 

proposed Mullen, Ferguson and Van Camp Drains as well as the 

currently completed portion of the Chesterville channeliza- 

tion to station 10+000. In addition, it was assumed that the 

estimated maximum extent of local outlet drain improvements 

as indicated in Table 6.4 would occur. In the ' ~ o w n ~ h i ~ s  

where the proposed Ferguson, Mullen and Vam Camp Drains are 

located, it was assumed that these drains would account for 

the Type 3 drain improvements required. In the HSP-F PERLAND 

areas containing these drains the changes to the modelled 



TABLE 7.3 

DERIVATION OF SPRING HSP-F 

INTFW PARAMETER FOR FUTURE 

TILE DRAINAGE 

HSP-F SPRING SPRING SPRING SPRING SPRING 
PERLNLl EXISTING EXISTING FUTURE FUTURE NET EXISTING FUTURE 
NO. % TILE MULTIPLIER* % TILE MULTIPLIER* MULTIPLIER INTFW INTFW 

(1)  (2)  ( 3 ) = ( 2 ) / ( 1 )  (4) ( 4 ) x ( 3 )  

* data from Figure 6.20 



HSP-F 
PERLND EXISTING 
NO. % TILE 

TABLE 7.4 

DERIVATION OF HSP-F SUMMER 

INTFW PARAMETER FOR FUTURE 

TILE DRAINAGE 

SUMMER SUMMER SUMMER SUMMER SUMMER 
EXISTING FUTURE FUTURE NET EXISTING FUTURE 
MULTIPLIER* % TILE MULTIPLIER* MULTIPLIER INTFW INTFW 

(1)  (2  3 = 2  / 1 (4)  ( 4 ) x ( 3 )  

* data from Figure 6.20 



drainage reaches were based on the cross-section information 

in the relevant Engineer's reports. In all other areas where 

unspecified outlet drain improvements are expected according 

to Table 6.4, the discharge curves for the routing reach in 

each affected PERLAND area was adjusted by a constant multi- 

plier as discussed in section 6.8.2. 

7.2.3 Impacts of Agricultural Drainage Improvements 

The HSP-F model of existing conditions was modified to re- 

flect the drainage improvements discussed above. The model 

was then run for the same 23 yr period of record from 1957 to 

1979 which was previously completed for existing drainage 

conditions. The results are presented in Figure 7.16 through 

7.23 as revised flow frequency curves for each of the major 

flood prone areas for both annual and growing season (May to 

~ctober) peak flows. 

Two of the four flood prone sites considered, Plantagenet and 

Chesterville, are on the main branch of the South Nation 

River while the Bear Brook and Vernon sites are on major 

tributaries as shown on Figure 7.1. In all locations, and 

for all frequencies and seasons, the simulation of agricul- 

tural drainage improvements resulted in significantly lower 

peak flows as noted in Table 7.5. With respect to annual 

peak flows, the Plantagenet location near the outlet of the 

watershed shows a tendency for larger flow reductions with 

lower frequency events, ranging from a reduction of 7% for a 

2 yr event to 14% for a 100 year event. The Vernon and 

Chesterville locations with much smaller tributary areas 

displayed the opposite tendency while the Bear Brook site 

gave a nearly constant 12 to 13% reduction at all frequen- 

cies. 



TABLE 7 .5 

CHANGES I N  PEAK FLOWS DUE TO AGRICULTURAL DRAINAGE IMPROVEMENT SCENARIO 

% CHANGE FOR RETURN P E R I O D S  

- 

1 

PERIOD 

A 
n 
n 
u 
a 
1 

M 
a 
Y - 
0 
C I t  

LOCATION 

Plantagenet  

C h e s t e r v i l l e  

B e a r  B r o o k  

V e r n o n  

Plantagenet 

C h e s t e r v i l l e  

B e a r  B r o o k  

V e r n o n  

2 Y e a r  
% C h a n g e  

-7 

-9 

-12 

-14 

-1 1 

- 6 

-1 6 

-14 

5 Y e a r  
% C h a n g e  

-8 

-8 

-12 

-12 

-13 

-1 2 

-2 5 

-24 

1 0  Y e a r  
% C h a n g e  

- 9 

-7 

-12 

-10 

- 13 

-1 4 

-28 

-2 8 

20 Y e a r  
% C h a n g e  

-11 

- 5 

-12 

-9 

-12 

-15 

-3 1 

-3 2 

50 Y e a r  
% C h a n g e  

-12 

- 4 

-13 

- 7 

-1 1 

-1 6 

-3 3 

-3 5 

100 Y e a r  
% Change 

-14 

-3 

-13 

- 5 

-10 

-1 7 

-3 5 

-38 



Figure 7- 1 6 
- 

Annual Flood Frequency Curve at Plantagenet 
with Agricultural Drainage Improvements 
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Figure 7-1 7 

May-October Flood Frequency Curve at Plantagenet 
with Agricultural Drainage Improvements 
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Figure. 7-1 8 
- 

Annual Flood Frequency Curve at Chesterville 
with Agricultural Drainage Improvements 
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Figure 7-1 9 

May-October Flood Frequency Curve at Chestewille 
with Agricultural Drainage Improvements 
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Figure 7-20 

Annual Flood Frequency Curve at Bear Brook 
with Agricultural Drainage Improvements 

1.005 1 .05  1 . 2 5  2 . 3  e 5 . 0  10. 20. 5 0 .  - -1  00 .  203. 500 .  

R E C U R R E N C E  l N T E R V A L  I N  Y E A R S  

--- Existing conditions with 
Chesterville channel to 10  +00 

Future scenario with 
Chesterville channel to 1 0 + 00 : 

- 
NOTE: Points shown are for future scenario 



Figure 7-21 

May-October Flood Frequency Curve at Bear Brook 
with Agricultural Drainage Improvements 
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Figure 7-22 

Annual Flood Frequency Curve at Vernon 
with Agricultural Drainage Improvements 
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3 

There does not seem t o  be any significance t o  these trends 

beyond the f ac t  t h a t  the flow reductions i n  nearly a l l  cases 

a re  re la t ive ly  large. The degree of agr icul tural  drainage 

improvement i n  the  area upstream of each of these s i t e s  is 

given i n  Table 7.6. While there i s  considerable variat ion i n  

land use changes i n  each PERLAND area, the weighted average 

values for  each s i t e  a re  very similar.  The variat ions i n  

impacts a t  each location i s  due t o  basin geometry and flow 

routing ef fec ts .  I t  i s  a l so  evident tha t  the storage ef fec t  

of the subsurface f i e l d  drainage more than compensates for  

the  marginal downstream flow increases tha t  were predicted as  

a resu l t  of the hydraulic improvement t o  municipal drains 

throughout the watershed. 

The detailed drainage modelling re su l t s  outlined i n  Chapter 6 

have shown t h a t  the  storage e f fec t s  of t i l e  drainage a re  

qui te  s igni f icant  for  small volume summer events. Simula- 

t ions  during the growing season from May t o  October confirmed 

t h i s  observation on a watershed basis .  Large peak flow 

reductions were noted a t  the Chesterville, Bear Brook and 

Vernon flood areas.  A smaller attenuation of peak dischames 

a t  Plantagenet was evident possibly due t o  the delay of .  run-  

off  from the lower portions of the basin. Soi l  storage 

e f fec t s  associated with the additional t i l e  drainage are  a 

major factor .  

7.3 Channelization Works for Flood Control 

.. 
7.3.1 - Method 

Major channel works a re  proposed on the Payne, South Castor 

and Bear Brook Drains together with the continuation of the  

Chestervil le chanpel t o  qtat ion 17+000 a t  S a l t e r ' s  Bridge. 



SITE 

1. V e r n o n  

2. B e a r  B r o o k  
( B o u r g e t )  

A v e r  age 

3. C h e s t e r v i l l e  

A v e r a g e  

4. P l a n t  agene t 

* A v e r a g e  

* I n c l u d e s  w h o l e  w a t e r s h e d  

- - 

TABLE --7 .6 

LAND USE CHANGES FOR EACH SITE SELECTED FOR 

EVALUATION OF IMPACTS 

AGR. DRAIN FOREST 
TOTAL AREA EXIST FUTURE EXIST FUTURE 

PERLND~) km2 % % % % 

2 0 17 9 10 4 9 3 3 7 2  

8 283 7 4 1 40 7 7  
19  9 1 9 4 8  33 60 
2 3  5 6 - 5 - 26 - 44 - 97 - 

4 30 7 4 1 3 9 7 6 

7 238 2 2 5 6 4 9 1  
9 685 10 47 3 7 70 

17 80 1 - 26 - 64 - 94 - 
1,003 7 4 0 4 6 7 7 

5 77 6 5 45  : 38 7 4  
13  50 8 12 - 53 - 2 7 - 48 - 

2,896 8 44 3 9 7 1 



These large-scale improvements are primarily for flood 

control as opposed to agricultural drainage. The impact of 

these measures was evaluated as an incremental effect assum- 

ing that all agricultural drainage improvements discussed in 

section 7.2 were installed. 

Information on the proposed enlargement of the Payne Drain 

was obtained from the ~ngineer's report. For the other 3 

channels, storage-discharge routing curves for the HSP-F 

model were derived from a HEC-2 model backwater analyses 

performed by DelCan Ltd. This model was established for the 

flood line mapping work which was previously completed in 

these areas. The 10 year summer flow was selected for sizing 

the improved channel. The HEC- 2 analysis provided estimates 

of the reduction in flood storage for the proposed works, 

while the HSP-F model was used to determine the downstream 

impacts on flows. 

7.3.2 Impacts of Channel Works 

The impacts of the major channel works were evaluated on-the 

basis of both flow-frequency curves and change in area flood- 

ed. The same 23 year period was simulated as before and re- 

vised flood frequency curves were computed as shown in 

Figure 7.24 to 7.31. Table 7.7 summarizes these results. 
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May-October Flood Frequency Curve at Vernon 
with Agricultural Drainage Improvements 
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Figure 7-24 
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Annual Flood Frequency Cutves at Plantagenet 
with Major Channel Works and Agricultural Drainage Improvements 
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Figure 7-25 

May-October Flood Frequency Curves at Plantagenet 
with Major Channel Works and Agricultural Drainage Improvements 
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Figure 7-26 
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Annual Flood Frequency Curves at Chesterville 
with Major Channel Works and Agricultural Drainage Improvements 
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Figure 7-27 
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May-October- Flood Frequency Curves at Chesterville 
with Major Channel Works and Agricultural Drainage Improvements 
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Figure 7-28 

Annual Flood Frequency Curves at Bear Brook 
with Major Channel Works and Agricultural Drainage improvements 
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Figure 7-29 1 
May-October Flood Frequency Curves at Bear Brook 

with Major Channel Works and Agricultural Drainage Improvements 
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Figure-7-30 
- 

Annual Flood Frequency Cutves at Vernon 
with Major Channel Works and Agricultural Drainage Improvements 

--- Existing conditions with 
Chesterville channel to 10 +00 
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Figure 7-31 

May-October Flood Frequency Curves at Vernon 
with Major Channel Works and Agricultural Drainage Improvements 
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TABLE 7.7 

CHANGES I N  PEAK FLOWS DUE TO AGRICULTURAL DRAINAGE IMPROVEMENTS AND MAJOR CHANNEL WORKS 

% CHANGE FOR RETURN PERIODS 

I 

1 

- 

a PERIOD LOCATION 

- Plan tagene t  

t i  
KJ 

C h e s t e r v i l l e  

i Bear Brook 

Vernon 

k 
Q) 

Plan tagene t  

3 
+1 
0 

c h e s t e r v i l l e  
0 
1 
h Bear Brook 
2 

Vernon 

- 

2 YR 
% Change 

- 6 

-6 

-13 

-10 

- 6 

-6 

-16 

-18 

5 YR 
% Change 

- 7 

-7 

-12 

-8 

-11 

-9 

-25 

-26 

1 0  YR 
% Change 

- 8 

-7 

-13 

-6 

-12 

- 1'0 

-28 

-28 

20 YR 
% Change 

-10 

-6 

-12 

-4 

-13 

-10 

-31 
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50 YR 
% Change 

-12 

-7 

-12 

-2 

-14 

-9 

-33 

100 YR 
% Change 

-14 

-7 

-12 
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-15 

-8 

- 34 
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Channelization of natural waterways which improves the flow 

capacity of a stream cross-section and reduces the volume of 

floodplain storage will commonly increase flood peaks at 

downstream locations. This effect was generally observed 

within the South Nation basin at the four major flood prone 

locations. 

Table 7.7 summarizes the overall decrease in peak annual 

daily flows resulting from the installation of additional 

agricultural drainage outlined in Section 7.2 plus the chan- 

nelization at Chesterville, Bear Brook at Carlsbad Springs, 

the Payne River and the South Castor River at Vernon. For 

both the annual period and growing season from May to October 

flood peaks are reduced and will be smaller than experienced 

at the present time especially auring the summer period when 

the storage effects of subsurface drainage are more drama- 

tic. 

Changes in flood peaks due to ,channelization at the latter 

four locations after agricultural drainage is improved 

throughout the watershed can be inferred by comparing Tab'les 

7.5 and 7.7. Peak flows are increased on the South Castor 

River at Vernon both during the annual and growing season 

periods while on Bear Brook flows appear unchanged. The 

flows presented in Tables 7.5 and 7.7 for Bear Brook are 

experienced upstream of South Indian Creek near the down- 

stream limit of proposed channelization on Bear Brook. No 

impact on peak flows due to the channelization apparently 

reflects the relatively small scale of this project. 



The consequences of extending the Chesterville channelization 

to Salter's Bridge are significant during the summer growing 

season since higher flood peaks will occur. Frequency analy- 

sis indicates that larger magnitudes will range between five 

to nine percent for more severe events. Annual flood peaks 

primarily reflecting spring snowmelt and rainfall occurrences 

are only marginally influenced. A review of annual peak 

flows indicates a one percent increase due to the routing 

effect. The largest event in 1978 is actually decreased by a 

similar amount as a result of changes in floodplain storage 

over the week preceding the highest runoff. In summary, the 

additional channelization at Chesterville will not materially 

alter annual peak flows; the percentage changes noted in 

Tables 7.5 and 7.7 mainly arise from frequency curve fitting 

procedures. It is again emphasized that if the Chesterville 

channelization is accompanied by tile drainage within 75 

percent of agricultural lands in the upstream watershed, flow 

magnitudes will be smaller than at present. 

Peak flows at Plantagenet reflect the combined effect of the 

increased flows which may be attributed to channelization at 

the four upstream locations within the watershed and any 

modifications in the flow travel time from tributaries of the 

basin arising from the channelization- 

Estimates of peak flows at Plantagenet remain unchanged for 

the range of frequencies considered during the study for the 

annual period. However, the largest flows during the summer - 
growing season will increase by one to two percent. for events 

with magnitudes equal to the 5 year to 20 year occurrence. A 

detailed review of simulations between 1957 and 1979 indi- 

cates that the largest flows are increased by a maximum 2%. 



Channe l i za t i on  e f f e c t s  f o r  less f r equen t  even t s  cannot  be 

determined a c c u r a t e l y  by e x t r a p o l a t i o n  of the f l ood  f requency 

curves  s i n c e  t h e  extreme va lues  a r e  s i g n i f i c a n t l y  i n f l uenced  

by c u r v e - f i t t i n g  t e chn iques .  

Hydrologic  Impacts  o f  F o r e s t r y  

The e f f e c t  o f  f o r e s t a t i o n  on peak flows and runo f f  volumes 

i s  no t  w e l l  unders tood and is  s t i l l  t h e  s u b j e c t  of d i v e r s e  

op in ion .  Within  t h e  South Nat ion watershed,  about  39% o f  t h e  

a r e a  i s  c u r r e n t l y  f o r e s t e d .  However, t h e r e  a r e  a r e a s  o f  

marginal  farm land and s c r u b  f o r e s t s  which could be conver ted  

t o  commercial f o r e s t  p roduc t i on .  It is emphasized that 

reforestation of this magnitude represents an upper limit 

that was selected to clearly illustrate the impact of this 

land use change on streamflows within the South Nation River 

basin. The h y d r o l o g i c  impacts  caused by changing t h e s e  

marg ina l  l a n d s  t o  f o r e s t  p roduc t ion  was i n v e s t i g a t e d  wi th  t h e  

HSP-F model and f i n d i n g s  a r e  o u t l i n e d  i n  t h e  fo l lowing  r e p o r t  

s e c t i o n s .  

7.4.1 Background 

The q u e s t i o n  of f o r e s t  i n f l u e n c e  upon s t reamflow o f t e n  a r i s e s  

p a r t i c u l a r l y  w i t h i n  t h e  c o n t e x t  of changes which may be ex- 

pe r i enced  a s  wooded a r e a s  a r e  e l im ina t ed .  The most a u t h o r i -  

t a t i v e  i n fo rma t ion  on t h i s  m a t t e r  h a s  been assembled from 

r e s e a r c h  s t u d i e s  on f o r e s t e d  watersheds  c a r r i e d  d u t  i n . - t h e  

Uni ted  S t a t e s  s i n c e  1909. There i s  g e n e r a l  agreement i n  the 

l i t e r a t u r e ( 3 )  t h a t  f o r e s t  cover  reduces  y i e l d  from a  water-  

shed,  t h u s  r e s u l t i n g  i n  lower annual  s t reamflow and decreased  

groundwater  recharge .  

! 



Although evapotranspiration rates and soil water moisture 

storage are reportedly diminished during the growing season 

by the removal of wooded areas, summer streamflow rates are 

usually only marginally greater. The most significant in- 

crease in watershed yield following forest clear cutting is 

experienced during the spring snowmelt season with incremen- 

tal runoff volumes reportedly approaching 30% of annual 

yield(3). The greater snow accumulation and resultant runoff 

is most often linked to smaller interception losses especial- 

ly after the removal of coniferous forest cover. Reported 

changes in. watershed yield represent clear cutting of fully 

forested areas. 

There is little question that stormflow is higher from cut 

over forest land during the growing season. A documented 

case(7) of a four to five fold increase in peak magnitudes 

probably represents the upper extreme with an average re- 

sponse difference between 10 and 200% being more representa- 

tive (4, 5, 8). 

The effect of the removal of cover on peak flows will vary 

depending on the .soil disturbances and the treatment of the 

land after forest removal. Larger infiltration and soil 

storage capacities commonly found in forests are known to 

eliminate overland flow. Neverthless, these forest processes 

are relatively more important for stormflow resulting from 

small storgs. During severe rainfalls, forest discharges to 

stream channels via subsurface flow can be significant. 

Forest cutting evidently does not drastically affect major 

rainfall floods (9). 



Forest cover may either increase or decrease individual flood 

peaks caused by snowmelt or rainfall plus snowmelt related 

events. Although wooded areas will prolong snow cover during 

the spring period, the most rapid snowmelt of the year may be 

late in the season when high temperatures and radiation 

occur. If combined with rainfall, forest cover can be a 

liability rather than a flood control asset. 

Maintaining dissimilar land uses over a watershed appears to 

be the accepted practice of desynchronizing s n m e l t  related 

peak flows and thereby reducing flood potential throughout 

the snowmelt season. 

The maximum potential area of future forest cover in the 

South Nation River basin was estimated by the Conservation 

Authority on the basis of converting all marginal farm land 

and suitable idle land to forest production. Resultant 

watershed flows were evaluated for the 23 year period between 

1957 and 1979 with the HSP-F watershed model. Table .-7-8 

gives the forest area assumed for each PERLND segment in the 

HSP-F model, while Table 7-6 gives the weighted average 

values for each stream site selected to evaluate the impacts 

of increased forestry. The HSP-F model parameters which 

relate to forest cover, interception storage (INTCEP), 

Manning's 'n' for overland flow, shade (SHADE), and lower 

zone evapotranspiration (LZET) were modified accordiqg to 

suggested literature values and previous applicat.ion of' the 

mode 1. 



TABLE 7.8 

% FOREST BY PERWD SEGIWT 

FOR EXISTING AND FUTURE CONDITIONS 

* as in 'Maxirhum Forest Alternative' 

Notes : 

PERLND 
SEGMENT 
NO. 

5 

6 

7 

8 

9 

12 

13 

16 

17 

18 

19 

20 

2 1 

2 2 

23 

1 

- forest includes: idle, woodlot, swamp (i.e. all non-agricultural land) 

- all figures based on SNRCA maps (land use) and tabular data 

NAME 

Plantagenet 

Russell 

Spencerville 

Bourget 

Chesterville 

St. Isidore 

Cassellman 

Embrun 

Heckston 

W. Scotch River 

Limoges 

Kenmore 

E. Castor River 

Berwick 

Carlsbad Springs 

% FOREST 
EXISTING 

3 8 

35 

64 

40 

3 7 

4 2 

27 ' 

15 

6 4 

3 8 

3 3 

3 3 

19 

3 5 

44 

% FOREST* 
FUTURE 

74 

7 9 

91 

7 7 

7 0 

71 

48 

3 3 

94 

65 

6 0 

72 

4 2 

5 9 

97 



Revised f l o o d  f r e q u e n c y  c u r v e s  r e p r e s e n t i n g  t h e  maximum 

f o r e s t  c o v e r  o p t i o n  a r e  p r e s e n t e d  i n  ~ i g u r e s  7 . 3 2  t o  7 . 3 9 .  

No d r a i n a g e  improvements were c o n s i d e r e d  i n  c o n j u n c t  i o n  w i t h  

t h i s  a l t e r n a t i v e .  

7 . 4 . 3 .  I m ~ a c t s  o f  Max imiz in4  F o r e s t  P roduc t  i o n  

T a b l e  7.9 summarizes t h e  s i m u l a t i o n  r e s u l t s  f o r  t h i s  l a n d  u s e  

change.  I n  g e n e r a l ,  t h e  i n c r e a s e  i n  annua l  peak f l o w s  w i l l  

r a n q e  up t o  a  maximum o f  11% a t  Vernon w h i l e  a t  P l a n t a g e n e t  

f lows  i n c r e a s e  by o n l y  a  s m a l l  pe rcen tage .  

F o r  t h e  summer p e r i o d ,  a  wide v a r i a t i o n  i n  peak f l o w s  was 

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

s e v e r e  e v e n t s .  For  example, a t < P l a n t a g e n e t  t h e  2  y e a r  summer 

e v e n t  is  reduced  by 9 p e r c e n t  w h i l e  t h e  a d d i t i o n a l  f o r e s t  

c o v e r  c a u s e s  t h e  100 y e a r  e v e n t  t o  i n c r e a s e  by 21 p e r c e n t .  

The d e l a y  i n  t h e  m e l t  o f  t h e  w i n t e r  snow pack i n t o  May i s  

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

May t o  Oc tober  summer growing season  p a r t i c u l a r l y  a t  t h e  50 

y e a r  and 100 y e a r  magnitude. More f r e q u e n t  f l o o d  events . -are  

u s u a l l y  caused  by mid-summer thunders to rms  and f o r e s t . . c o v e r  

t e n d s  t o  a t t e n u a t e  t h e s e  f lows .  The deep  r o o t e d  v e g e t a t i o n  

d e p l e t e s  t h e  so i l  s t o r a g e  by i n c r e a s e d  e v a p o t r a n s p i r a t i o n  

t h e r e b y  r e d u c i n g  b a s e  f l o w s  and i n c r e a s i n g  s o i l  s t o r a g e  

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

r u n o f f  and peak f l o w s  d u r i n g  t h e  summer p e r i o d .  



Figure 7-32 

Annual Flood Frequency Cunres at Plantagenet 
with Maximum Forest 
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Figure 7-33 

May-October Flood Frequency Curves at Plantagenet 
with Maximum Forest 
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--- Existing conditions with 
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NOTE: Points shown are for fyture scenario 



Figure 7-34 
- 

Annual Flood Frequency Curves at Chesterville 
with Maximum Forest 
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NOTE: Points shown are for future scenario 



Figure 7-35 

May-October Flood Frequency Curves at Chesterville 
with Maximum Forest 
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Chestervi!le channel to 10 +00 
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Figure 7-36 
- 

Annual Flood Frequency Curves at Bear Brook 
with Maximum Forest 
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Figure 7-37 
- 

May-October Flood Frequency Curves at Bear Brook 
-with Maximum Forest 
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Figure 7-38 
- 

Annual Flood Frequency Curves at Vernon 
with Maximum Forest 

--- Existing conditions with 
Chesterville channel to 10+ 00 
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Figure 7-39 
- 

May-October Flood Frequency Curves at Vernon 
with Maximum Forest 
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--- Existing conditions with 
Chesterville channel to 10 +00 

Future scenario with 
. Chesterville channel to 10+ 00 

.. 
NOTE: Points shown are for future scenario 





7.5 E v a l u a t i o n  o f  R e s e r v o i r  S c e n a r i o s  

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

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

f o r  t h e  South  Na t ion  River  Bas in ,  t h e  major  proposed reser- 

v o i r s  were a s s e s s e d  f o r  f l o o d  c o n t r o l  and l o w  f low augmenta- 

t i o n .  The performance o f  t h e s e  r e s e r v o i r s  was e v a l u a t e d  

u s i n g  t h e  HEC-5 R e s e r v o i r  O p e r a t i o n s  model. From t h i s  analy-  

s is, t h e  f o l l o w i n g  p r e l i m i n a r y  r a n k i n g  of r e s e r v o i r s  was 

de te rmined  t o g e t h e r  w i t h  t h e i r  pr imary  f u n c t i o n .  

e North  C a s t o r  R e s e r v o i r  - f l o o d  c o n t r o l  and low flow 

auqmenta t ion .  

Sco tch  R e s e r v o i r  - f l o o d  c o n t r o l  

o S p e n c e r v i l l e  Rese rvo i r  - low f low augmenta t ion  

o Bear Brook R e s e r v o i r  - f l o o d  c o n t r o l  and l o w  f low 

augmenta t ion  - 
- .  

S p e c i f i c  f low sequences  were s e l e c t e d  from h i s t o r i c a l  s t ream- 

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

p u r p o s e  o f  mode l l ing  t h e  e f f e c t i v e n e s s  o f  t h e  proposed r e s e r -  

v o i r s .  Due t o  t h e  l i m i t e d  number o f  f low gauges  w i t h i n  t h e  

b a s i n ,  t h e  f low d a t a  was d i s t r i b u t e d  t o  t h e  v a r i o u s  p o i n t s  of  

i n t e r e s t  by u s i n g  d r a i n a g e  a r e a  p r o r a t i n g  t e c h n i q u e s .  - 

The HSP-F wa te r shed  s i m u l a t i o n  p rov ided  more r e p r e s e n t a t i v e  

f l o w  sequences  f o r  t h e  v a r i o u s  p a r t s  o f  t h e  South Nat ion  

R i v e r  b a s i n .  I t  was t h e r e f o r e  p o s s i b l e  t o  conduct  a  more 

d e t a i l e d  e v a l u a t i o n  o f  t h e  r e s e r v o i r s  u s i n g  t h e s e  f lows .  The 



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

f l o o d  r e d u c t i o n  a t  P l a n t a g e n e t .  

7.5.2 S e l e c t i o n  o f  High Flow Events  

Flood e v e n t s  producing t h e  two h i g h e s t  peak f l o w s  a t  P l a n t a -  

g e n e t  S p r i n g s  d u r i n g  t h e  p e r i o d  May t o  October  were chosen 

from 22 y e a r s  (1958-1979) of  d a i l y  f low s i m u l a t i o n s .  The 

e v e n t s  s e l e c t e d  r e p r e s e n t  two d i f f e r e n t  t y p e s  o f  r u n o f f  

p a t t e r n s  w i t h  o n e  o c c u r r i n g  i n  May and  t h e  o t h e r  i n  

September.  The h i g h  f l o w s  i n  May were produced by r a i n f a l l  

o n  f a i r l y  w e t  qround c o n d i t i o n s  whereas d r y  a n t e c e d e n t  condi-  

t i o n s  preceded t h e  September r a i n f a l l  e v e n t .  

The magni tude  o f  t h e  s i m u l a t e d  peak f l o w s  a t  P l a n t a g e n e t  

S p r i n g s  f o r  t h e  two e v e n t s  s e l e c t e d  i s  p r e s e n t e d  i n  Tab le  

7.10, t o g e t h e r  w i t h  t h e i r  a s s o c i a t e d  r e c u r r e n c e  i n t e r v a l .  In  

o r d e r  t o  a s s e s s  t h e  performance of  t h e  r e s e r v o i r s  under  more 

s e v e r e  f low c o n d i t i o n s ,  t h e s e  2 3  y e a r  and t h e  12 y e a r  e v e n t s  

were i n c r e a s e d  t o  produce  t h e  1 : I00  and t h e  1  :50 y e a r  r e c u r -  

r e n c e  i n t e r v a l  f l o o d s ,  r e s p e c t i v e l y .  Each e v e n t  was modi f i ed  

by i n p u t t i n g  a n  . a p p r o p r i a t e  f a c t o r  d e r i v e d  from t h e - . f l o o d  

f r e q u e n c y  a n a l y s i s  i n t o  t h e  HEC-5 model. T h e  r e s u l t a n t  peak 

f lows  f o r  t h e s e  e v e n t s  a r e  a l s o  p r e s e n t e d  i n  Table  7.10. 

For p u r p o s e s  of  a c c u r a t e  s t reamflow r o u t i n g  w i t h i n  t h e  lower 

p o r t i o n s  o f  t h e  Sou th  Na t ion  River  system, s i x - h o u r l y  f lows  

were r e q u i r e d  f o r  t h e  ~ e s e r v o i r  ~ p e r a t i o h s  model. The HS$-F 

wa te r shed  model was used t o  g e n e r a t e  t h e  s i x - h o u r l y  £lows 

n e c e s s a r y  f o r  i n p u t ,  however, t h e  numer ica l  r e s u l t s  o b t a i n e d  

from t h e  HEC-5 model w e r e  averaged i n t o  d a i l y  f l o w s  i n  o r d e r  

t o  be c o n s i s t e n t  w i t h  o t h e r  a n a l y s e s  under taken  d u r i n g  t h e  

s t u d y .  
! 



TABLE 7.10 

SELECTED FLOW EVENTS 

1 

Simulated Daily 
Peak Flow at 
Plantagenet Springs 

m3/s (cfs) 

326.4 (11,530) 

392.6 (13,867) 

509.6 (18,000) 

586.7 (20,700) 

A 

Flow 
Sequence 

Sept 1979 

May 1976 

Sept 1979 
(scaled-up) 

May 1976 
(scaled-up) 

Recurrence 
Interval 

(years) 

1:12 

1:23 

1:50 

1:lOO 



7.5.3 Method 

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

N o r t h  C a s t o r  R i v e r ,  S c o t c h  R i v e r  and Bear  Brook r e s e r v o i r s  

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

t h e  P l a n t a g e n e t  a r e a .  These  t h r e e  r e s e r v o i r s  t o g e t h e r  w i t h  

a n  a d d i t i o n a l  c o n t r o l  s t r u c t u r e  l o c a t e d  on  t h e  Sou th  N a t i o n  

R i v e r  a t  ~ e m i e u x  were c o n s i d e r e d  d u r i n g  t h e  s u b s e q u e n t  

d e t a i l e d  i n v e s t i q a t i o n .  

A p a r t i a l  s c h e m a t i c  d i ag ram o f  t h e  Sou th   ati ion ~ i v e r  sys t em 

showing t h e  d a t a  i n p u t  p o i n t s  i n t o  t h e  HEC-5 model i s  shown 

i n  F i g u r e  7.40.  The g r o s s  s t o r a g e s  and t h e  s u r f a c e  a r e a s  a t  

maximum water s u r f a c e  e l e v a t i o n  area are p r e s e n t e d  i n  T a b l e  

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

HEC- 5  model was c a l i b r a t e d  by comparing t h e  h y d r o g r a p h s  a t  

v a r i o u s  l o c a t i o n s  i n  t h e  b a s i n  w i t h  t h o s e  from t h e  HSP-F 

model.  A d j u s t m e n t s  t o  t h e  HEC-5 model r o u t i n g  p a r a m e t e r s  

were made t o  o b t a i n  a n  a c c e p t a b l e  agreement  w i t h  t h e  HSP-F. 

- .  

The t w o  m e t e o r o l o g i c  e v e n t s  were s u b s e q u e n t l y  mode l l ed  under  

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

t u r a l  d r a i n a q e  and t h e  ~ h e s t e r v i l l e  c h a n n e l i z a t i o n  e x t e n d e d  

t o  Cass B r i d q e .  The f o u r  r e s e r v o i r s  were i n c l u d e d  i n  t h e  

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

P l a n t a g e n e t  a r e a .  .. 

Releases f rom t h e  dams were r e s t r i c t e d  whenever  p o s s i b l e  

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

P l a n t a g e n e t  a r e a  below t h r e s h o l d  damage l e v e l s .  A f t e r  t h e  

f l o o d  d i s c h a r g e s ,  i n t o  t h e  r e s e r v o i r s  s t a r $ e d  t o  r e c e d e ,  t h e  



Figure 7-40 
- 

Partial Schematic of South Nation River System 
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TABLE 7.11 

RELEVANT DATA FOR PROPOSED RESERVOIRS 

Flooded Area a t  Max. Gross Reservoir  
W.S. E l eva t ion  St  orage 

Locat i o n  of Dam Name of Reservoi r  h e c t a r e s  ( ac re s )  l o 6 m 3  (ac-f t) 

North Branch of North Castor  River.  " 1546 (3820) 21.7 (1 7,600) 
Cas tor  R ive r  above 
Russe l l  

Scotch River Scotch River 
a t  R i c e v i l l e  

Bear Brook n e a r  Bear Brook 
Bourget 

S o u t h N a t i o n R i v e r  Lemieux* 
above Lemieux 

* Est imates  based on 1:50,000 s c a l e  topographic  mapping. 

TOTAL 4740 (11710) 107x1 o6 (84,300) 

- 
- .  



water from s t o r a g e  was a g a i n  r e l e a s e d  g r a d u a l l y  a t  a r a t e  

n o t  e x c e e d i n g  t h e  non-damage c h a n n e l  c a p a c i t y .  Fo r  p l a n n i n g  

p u r p o s e s  a g r i c u l t u r a l  f l o o d i n g  was assumed t o  s t a r t  a t  P lan-  

t a g e n e t  when f l o w s  e x c e e d  226.5 m 3 / s  ( 8000  c f  s ) .  

7.5.4 R e s u l t s  o f  A n a l y s i s  

The  r e d u c t i o n  i n  p e a k  f l o w s  i n  t h e  P l a n t a g e n e t  area f o r  t h e  

1:12,  1 :23,  1:50 and  1:100 y e a r  e v e n t s  d u e  t o  t h e  p r e s e n c e  o f  

t h e  r e s e r v o i r s  is  shown i n  F i g u r e  7.41 and 7.43. S p e c i f i c  

e v e n t s  a re  summar ized  i n  F i g u r e  7.42. A l t h o u g h  t h e  reser- 

v o i r s  are a b l e  t o  s i g n i f i c a n t l y  r e d u c e  t h e  1:12 and  1 :23  y e a r  

e v e n t s ,  c o m p u t a t i o n s  i n d i c a t e  t h a t  t h e y  d o  n o t  h a v e  t h e  

s t o r a g e  c a p a c i t y  wh ich  is  r e q u i r e d  t o  a t t e n u a t e  t h e  1:50 and  

1  : 1 0 0  y e a r  f l o o d s .  The compu te r  s i m u l a t i o n s .  r e v e a l  t h a t  

t h e  r e s e r v o i r s  a re  a t  almost f u l l  s t o r a g e  c a p a c i t y  b e f o r e  

p e a k  i n f l o w s  r e a c h  t h e  s t o r a g e  sites. 

I m p l i c a t i o n s  r e g a r d i n g  t h e  r e d u c t i o n  i n  f l o o d e d  area a t  P lan-  

t a g e n e t  are d i s c u s s e d  i n  S e c t i o n  7.6. 
- 

7.6 A n a l y s i - s  o f  F looded  Areas - .  

Water r e s o u r c e s  p l a n n i n g  w i t h i n  t h e  S o u t h  N a t i o n  R i v e r  b a s i n  

w h i c h  a t t e m p t s  to  m i t i g a t e  f l o o d  losses m u s t  b e  p r i m a r i l y  

d i r e c t e d  t o  t h e  r e d u c t i o n  o f  a g r i c u l t u r a l  f l o o d i n g .  Damages 

t o  f a r m  a c t i v i t i e s  are e x p e r i e n c e d  i n  terms of s u r f a c e  f l o o d -  

i n g  wh ich  m i y  r e s u l t  i n :  - 

o s t r u c t u r a l  damage t o  b u i l d i n g s  a n d  t h e i r  c o n t e n t s  

d i s r u p t i o n  of t r a n s p o r t a t i o n  r o u t e s  t h e r e b y  i n t e r f e r r i n g  

w i t h  access and m a r k e t  d e l i v e r y  



Figure 7-41 
- 

Summary of HEC-5 Runs for May-October Events 

Recurrence 
Interval 
(years) 

May 1976 
1 :23 year 

Percent 
Reduction 

in Peak FI~,,,, 

43.0% 

Peak Flow on South Nation River in 
the Plantagenet Area (cms) 

31.4% 

16.0% 
- .  

34.9% 

existing condition 

September 1 979 224.1 cms 
(791 3 cfs) 

1 

Madmen Plansearch 

7 I 

with Castor, Lemieux, 
Scotch and Bear 

Reservoirs 

May 1976 
1 :I00 Year 

September 1979 
1 :50 year 

392.6 cms 21 5.8 cms 
(1 3867 cfs) (7620 cfs) 

586.2 cms 
(20700 cfs) 

480.7 cms 
(1 6977 cfs) 

509.7 cms 33 1.8 cms 
( 1 8000 cfs) (1 171 9 cfs) 



m r e d u c t i o n  i n  c r o p  y i e l d  

Prolonged s a t u r a t i o n  of  s o i l s  due  t o  abnormal s u b s u r f a c e  

w a t e r  l e v e l s  may a l s o  i n h i b i t  r o o t  growth o f  p l a n t e d  c r o p s  

and lower p r o d u c t i o n .  T h i s  may o c c u r  w i t h i n  t h e  a r e a  which 

is  inunda ted  by s u r f a c e  f l o o d i n g  and w i t h i n  a  l a r g e r  f r i n g e  

a r e a  t h a t  i s  n o t  f looded  b u t  which i s  a f f e c t e d  by t h e  ad ja -  

c e n t  h i g h e r  wa te r  l e v e l s .  

I n  o r d e r  t o  a s s e s s  t h e  magnitude of f l o o d i n g  w i t h i n  t h e  f o u r  

ma jor  f l o o d p r o n e  a r e a s  a t  C h e s t e r v i l l e ,  Vernon, Car l sbad  

S p r i n g s  and P l a n t a g e n e t ,  t h e  average  annua l  f l o o d e d  a r e a  was 

c a l c u l a t e d .  The a v e r a g e  annua l  f l o o d e d  a r e a  r e p r e s e n t s  t h e  

a v e r a g e  a r e a  which may be expected  t o  f l o o d  d u r i n g  each y e a r  

o v e r  a  long-term p e r i o d  t a k i n g  i n t o  accoun t  t h e  random occur-  . 
r e n c e  o f  f l o o d s  o f  v a r i o u s  s e v e r i t i e s  and t h e  cor respond ing  

f l o o d  s t a g e  caused by t h e  peak f l o o d  d i s c h a r g e .  

In  d e t e r m i n i n g  t h e  a v e r a g e  annual  f l o o d  a r e a  f o r  a  s e l e c t e d  

s t r e a m  l o c a t i o n ,  f looded  a r e a - p r o b a b i l i t y  of  o c c u r r e n c e  r e l a -  

t i o n s h i p s  were d e r i v e d  i n  t h e  s t a n d a r d  manner by f i r s t  .eva- 

l u a t i n g  and t h e n  combining t h e  w a t e r  e l e v a t i o n - p r o b a b i l i t y  

and e l e v a t i o n - £  looded a r e a  c u r v e s .  S u b s e q u e n t l y ,  t h e  sum of 

f l o o d e d  a r e a  r e s u l t i n g  from a l l  f l o o d s  each weighted  by i t s  

p r o b a b i l i t y  o f  o c c u r r e n c e  i n  any y e a r  was o b t a i n e d .  Water 

e l e v a t i o n - p r o b a b i l i t y  c u r v e s  f o r  e a c h  s t r e a m  r e a c h  were 

d e t e r m i n e d  from w a t e r  p r o f i l e s  e s t i m a t e d  by a  HEC-2 backwater  

model f o r  v a r i o u s  f l o o d  r e c u r r e n c e  i n t e r v a l s  w h i l e  e l e y a t i o n  

f l o o d  a r e a  c u r v e s  were a l s o  computed by t h e  backwater  model 

from f l o o d  p l a i n  c r o s s - s e c t i o n s .  

The a v e r a g e  a n n u a l  f l o o d  f r i n g e  a r e a  r e p r e s e n t i n g  l a n d s  which 

a r e  s u b j i e c t  t o  s u b s u r f a c e  . s a t u r a t i o n  and loss o,f c r o p  produc- 



- -- Figure 7-42 

- 
- -  Area Flooded for May-October Events 

! 

01434-0 MAclilren Plansearch 

Recurrence 
Interval (years) 

May 1976 
1 :23 year 

September 1979 
1:12 year 

May 1976 
1 :I00 year 

September 1979 
1 :50 year 

Area Flooded in the Plantagenet Area 
(hectares 

existing 

1547.5 ha 
3600 (acres) 

Reduction in 

with Castor, Lemieux, 
Scotch & Bear 

Reservoirs 

No Flooding 

Area 

'Hectares 

1 547.5 ha 
(3600 acres) 

1052.6 ha 
(2600 acres) 

769.3 ha - . 
( 1 900 acres) 

1437.2 ha , 
(3550 acres) 

Flooded 

Percent 

100% 

100% 

- 

25% 

56.3% 
' 

3 

1057.6 ha 
(2600 acres) 

3077.0 ha 
(7600 acres) ( 5700 acres) 

2550.6 ha 
( 6300 acres) 

1 1 13.4 ha 
(2750 acres) 



Figure 7-43 

Shift in May-October Frequency Curve at Plantagenet 
due to Reservoir Operation 

L O G  PEARSON TYPE 1 1 1  DISTRIBUTION 
D.4RAflETERS ESllnAlED 37 nO?ltNlS 

1 ,305  1 .05  1 .25  2 . 0  5 . 0  10 .  20.  5 3 .  100. 2 0 0 .  503.  

RECURRENCE I N T E R V A i  1 N  YEARS 

Existing conditions with 
Chesterville channel to 1 0 + 00 
Reservoir with 
Chesterville channel to  10 + 00 



t i o n  due t o  wate r  l e v e l s  i n  a d j a c e n t  s t reams  was e s t ima ted  a t  

C h e s t e r v i l l e  i n  a s i m i l a r  manner. The a c t u a l  f r i n g e  a r e a  

which is a f f e c t e d  f o r  each wate r  l e v e l  was compiled by t h e  

A u t h o r i t y  i n  con junc t i on  wi th  On ta r io  Min i s t ry  of Agricul -  

t u r a l  and Food r e p r e s e n t a t i v e s .  

Two p e r i o d s ,  t h e  e n t i r e  yea r  o r  annual  pe r iod  and t h e  growing 

season from May t o  October ,  w e r e  s e l e c t e d  f o r  the c a l c u l a t i o n  

of  average  annua l  f l ood  f r i n g e  and f l ood  a r e a .  F i n a l  evalua-  

t i o n  o f  monetary damages w i l l  r e q u i r e  a p p l i c a t i o n  of  u n i t  

damages t o  t h e  average  annual  f looded a r e a  and f r i n g e  a r e a  

d u r i n g  t h e  p r e p a r a t i o n  of  t h e  Basin P lan .  Uni t  damage va lues  

r e f l e c t i n g  t y p e  of  c rops  w i t h i n  t h e  f lood  p l a i n  and f l ood  

f r i n g e ,  the dep th  and d u r a t i o n  of f l ood ing  and t h e  t ime of 

f l o o d  occur rence  were under p r e p a r a t i o n  by the P r o v i n c i a l  and 

F e d e r a l  A g r i c u l t u r a l  M i n i s t r i e s  i n  p a r a l l e l  wi th  th is  s tudy .  

Table  7.12 summarizes t h e  average annual  a r e a  f looded a t  the 

f o u r  f l o o d  prone a g r i c u l t u r a l  a r e a s  f o r  two l e v e l s  of a g r i -  

c u l t u r a l  d r a i n a g e  w i t h i n  the South Nation River  Basin and 

v a r i o u s  c h a n n e l i z a t i o n  a l t e r n a t i v e s .  The t o t a l  f l ood  a r e a  

i n c l u d i n g  s u r f a c e  - f looding and f r i n g e  a r e a s  s u b j e c t  t o  -sub- 

s u r f a c e  s a t u r a t i o n  i s  p re sen t ed  i n  Table  7.13 f o r  Chester-  

v i l l e .  A number of  conc lus ions  can be drawn: 

1) F u r t h e r  upstream c h a n n e l i z a t i o n  a t  C h e s t e r v i l l e  t o  

S a l t e r ' s  Bridge w i l l  p rov ide  a n e t  r educ t i on  i n  f looded 

a r e a .  However, the dec rea se  i n  f loodprone l ands  .. a t  

C h e s t e r v i l l e  from 289 h a  t o  199 h a  (715 a c  t o  491 a c ) '  i s  

p a r t i a l l y  o f f s e t  by a d d i t i o n a l  f l ood ing  a t  P l an t agene t  

which increases from 285 ha t o  294 h a  (606 a c  t o  727 ac)  

d u r i n g  t h e  growing season.  



2 )  Improved d r a i n a g e  i n  s e v e n t y - f i v e  p e r c e n t  o f  e x i s t i n g  

a q r i c u l t u r a l  l a n d s  c o n s i s t i n g  of s u b s u r f  ace t i l e  and 

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

a t  t h e  f o u r  f  l o o d p r o n e  c e n t r e s .  

F u r t h e r  i n v e s t i q a t i o n  o f  t h e  f l o o d  c o n t r o l  p o t e n t i a l  o f  t h e  

f o u r  r e s e r v o i r s  n o t e d  i n  S e c t i o n  7.5 i n d i c a t e s  t h a t  t h e  

a v e r a q e  a n n u a l  f l o o d e d  area a t  P l a n t a g e n e t  w i l l  b e  r e d u c e d  

from 245 h a  t o  78 h a  ( 6 0 6  ac t o  193  ac)  d u r i n g  t h e  summer 

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

c a t e d  i n  T a b l e  7 .14,  t h e  t o t a l  s u r f a c e  a r e a  f l o o d e d  a t  t h e  

r e s e r v o i r s  t h e  t o t a l  r e d u c t i o n  i n  area f l o o d e d  a t  P l a n t a g e n e t  

b y  a fac tor  of t w o .  Due t o  s t o r a g e  c o n s t r a i n t s  a t  t h e  reser- 

v o i r  s i tes ,  t h e  s t r u c t u r e s  a p p e a r  t o  b e  most e f f e c t i v e  i n  

a t t e n u a t i n g  flows which  are  less t h a n  t h e  25 y e a r  m a g n i t u d e .  

7.7 Water S u p p l y  

Groundwa te r  s u p p l i e s  which  are a v a i l a b l e  t o  m u n i c i p a l  and 

i n d u s t r i a l  water u s e r s  w i t h i n  t h e  S o u t h  N a t i o n  R i v e r  water- 

s h e d  h a v e  b e e n  i d e n t i f i e d  i n  r e p o r t  S e c t i o n  9.4. T h i s  r e p o r t  

s e c t i o n  o u t l i n e s  - t h e  demands which  w i l l  b e  p l a c e d  upon t h e  

s u r f a c e  water  r e s o u r c e s  o f  t h e  b a s i n  when  g r o u n d w a t e r  

s u p p l i e s  are i n a d e q u a t e .  

7.7.1 S u r f a c e  Water R e q u i r e m e n t s  

A summary o f  w a t e r  demands t o  t h e  y e a r  2001 i s  p r e s e n t e d  i n  

T a b l e  9.1. F o r  p l a n n i n g  p u r p o s e s ,  it h a s  b e e n  assumed t h a t  

5 0  p e r c e n t  of p o s s i b l e  a d d i t i o n a l  g r o u n d w a t e r  s u p p l i e s  w i l l  

b e  d e v e l o p e d  t o  augment  p r e s e n t  g r o u n d w a t e r  s o u r c e s .  Whi l e  

d e t a i l e d  f i e l d  i n v e s t i g a t i o n s  are r e q u i r e d  t o  c o n f i r m  ground-  

water a v a i l a b i l i t y ,  t h e  maxiplum d a y  demand r e q u i r e d  f rom 



TABLE 7.12 

AVERAGE ANNUAL AREA FLOODED AT FOR FLOOD PRONE SITES 

AGRICULTURAL DRAINAGE 
INCREASED TO 75 PERCENT 
OF EXISTING AGRICULTURAL 

LOCATION EXISTING LAND USE (ha(ac)) LAND USE (ha(ac)) 
1)Chesterville Channelization 
to Station 17+000 

2)Vernon & Carlsbad Springs 
1981 Existing Chesterville Channelization Channel for 10 yr 
Channelization to Station 17+000: Van Camp, Swner Design 

No Channelization at at Chesterville Mullen, Ferguson and Payne 3)Van Camp,Mullen,Ferguson 
Four Major Flood Areas to Station 10+000 Drains Improved and Payne Drains Improved 

, a ,  
S unmer Annual Sunmer Annual Smmer Annual S mmer Annual 

Bear Brook at 114 446 114 446 114 446 63 37 0 
Carlsbad Springs (282) (1102) (282) (1102) (282) ( 1102) (155) (915) 

South Castor 8 5 362 85 362 8 5 362 22 180 
River at Vernon (209( (894) (209) (894) (209 (894) (55) (444) 

South Nation 492 2966 289 2134 199 1831 157 1629 
River at (1216) (7328) (715) (5272) (491) (4525) (388 (4026) 
Chesterville 

South Nation 345 3589 3 12 3698 374 3768 227 3402 
River at (852) (8865) (771) (9134) (924) ( 9307 ) (561) (8403) 
Plant agenet 

NOTE: 1. Flooded area considered land inundated by surface flooding 
2. S m e r  period May to October inclusive 
3, Recent alterations to Rock cut at Plantagenet have not been accounted for 
4, Increaqed agricultural drainage includes both tile and municipal drains 

t 



TABLE 7.13 

Stage a t  
S a l t e r s  

Bridge [m ( f t )  ] 
Stn 17 + 000 

AVERAGE ANNUAL TOTAL FLOODED AREA AT CHESTERVILLE (MAY TO OCTOBER) 

Correspond- Frequency of Flooding (yea r s )  T o t a l  Average Annual Flooded Area [ h a  ( a c ) L  
i n g  T o t a l  Channel izat ion t o  Channel izat ion t o  
Flooded Area Natural  Cass Bridge S a l t e r s  Bridge Natural  Cass Bridge S a l t e r s  Bridge 

ha ( a c )  Waterway Stn 10 + 000 Stn 17 + 000 Waterway Stn 10 + 000 Stn 17 + 000 

NOTE: Present  land u s e  w i t h i n  t r i b u t a r y  dra inage  a r e a .  



watercourses by communities and industrial users is based on 

the foregoing assumed development of groundwater resources. 

The projected surface water requirements are given in Table 

7.15 by community together with the most likely source of 

water. 

The permissible withdrawal of surface water for consumptive 

use is governed by guidelines which are administered by the 

Ontario Ministry of the Environment. These are basically 

developed to ensure that downstream riparian requirements are 

not unduly affected by the reduction in stream flows. Water 

quality considerations and assimilative capacities dictate 

further constraints upon water use. In assessing the quan- 

tity of which is available for supply purposes within the 

'south Nation River basin, the following Ministry guidelines 

were followed: 

i) Streamflows are not to be reduced below the 7 day 20 

year discharge at any time. 

ii) A maximum of one-third of the streamflow may be with- 

drawn from a watercourse. - .  

In establishing available surface water supplies from the 

South Nation River and its tributaries, seven day annual low 

flows were computed at each community from the simulated flow 

.record between 1958 and 1978 and a log-normal frequency dis- 

tribution was fitted to the data points. Basin yields 

reflect current land use and drainage practices within the 

watershed. The simulated low flow frequency distributions 

were subsequently adjusted to reflect corrections which are 

required at Water Survey of Canada streamflows gauges to 

make simulated and recorded frequency curves compatible. 



TABLE 7.14 

COMPARISON OF SURFACE AREA FLOODED BY ADDITIONAL RESERVOIRS 
AND REDUCTION IN FLOODED AREA AT PLANTAGENET : 

Total Surface Area Flooded Total Reduction i n  Area 
by North Castor, Scotch, Flooded i n  the Plantagenet 
Bear Brook and Lemieux Area with the Reservoirs -~ - - -~ 

Recurrence Interval Reservoirs i n  Operation 
(years) ' hectares (acres) hectares (acres) 



TABLE 7.15 

Community 

COMMUNITY SURFACE WATER DEMANDS AND FIRM SUPPLY 

Required Surf ace 
Average Frequency 

of Fa i lu re  t o  
Water sipply l / s  ( c f s )  Meet Demand (Years) 

1981 2001 Watercourse 1981 200 1 - - 
Winchester 14.7 20.7 South Nation River 2.0 1.7 

(0.52) (0.73) 

C h e s t e r v i l l e ( 1 )  3.1 6.8 South Nation River 6.7 3.3 
(0.11) (0.24) 

Casselman . 26.1 South Nation River 
(0.92) 

Bourget 9.9 Bear Brook 
(0.35) 

St.  I s i d o r e  5.7 Scotch River 
(0.20) 

Hammond 

St .  Pasca l  

7.4 Bear Brook 
(0.26) 

(1)  I n d u s t r i a l  demand by Nest le  is  not included i n  consumptive demand 
s i n c e  not ava i l ab le .  



Adjus ted  low f low c u r v e s  a r e  p r e s e n t e d  i n  F i g u r e s  5.43 t o  

5.48. 

M i n i s t r y  wi thdrawal  g u i d e l i n e s ,  s u r f a c e  wa te r  s u p p l i e s  re-  

q u i r e d  by t h e  communities and l o w  f low f requency  c u r v e s  a t  

t h e  p o i n t  o f  proposed wa te r  removal p r o v i d e  a n  e s t i m a t e  o f  

t h e  r e l i a b i l i t y  o f  t h e  supp ly  a s  g i v e n  i n  T a b l e  7.15. The 

s u r f a c e  w a t e r  supp ly  a t  Winches ter  h a s  been o b t a i n e d  from t h e  

Sou th  Na t ion  R i v e r  a t  ~ h e s t e r v i l l e  which r e p r e s e n t s  t h e  near-  

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

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

and i n d u s t r i a l  demands, each wi thdrawal  h a s  been c o n s i d e r e d  

s e p a r a t e l y .  The r e d u c t i o n  i n  a v a i l a b l e  wa te r  a t  downstream 

communit ies  due  t o  upstream r e q u i r e m e n t s  h a s  n o t  been t a k e n  

i n t o  accoun t  i n  t h e  a n a l y s i s .  

From T a b l e  7.15, it i s  a p p a r e n t  t h a t  wa te r  s u p p l i e s  f o r  t h e  

communit ies  o f  Winches te r ,  c h e s t e r v i l l e ,  S t .  I s i d o r e  and S t .  

P a s c a l  a r e  most s u s c e p t i b l e  t o  s h o r t a g e s  due  t o  i n a d e q u a t e  

groundwater  and s u r f a c e  w a t e r  s o u r c e s .  The  l a t t e r  community 

i s  c o n s i d e r e d  too remote from a  w a t e r c o u r s e  w i t h  adequa te  

summer f l o w s  t o  make s u r f a c e  s u p p l i e s  a  v i a b l e  a l t e r n a t i v e .  

The e x i s t i n g  s t r e a m  impoundment a t  C h e s t e r v i l l e  w i t h  a  s t o r -  

a q e  c a p a c i t y  o f  345 MI (280 a c - f t )  h a s  s u f f i c i e n t  c a p a c i t y  t o  

s u p p l y  t h e  r e q u i r e m e n t s  o f  ~ h e s t e r v i l l e  and Winches te r ,  w i t h  

s h o r t f a l l s  a n t i c i p a t e d  l e s s  t h a n  once  e v e r y  twenty  y e a r s .  

However, consumptive demands imposed by N e s t l e  may a l t e r  t h i s  

c o n c l u s i o n .  A t  S t .  ~ s i d o r e  a d d i t i o n a l  w a t e r  s u p p l i e s  myst be 

p r o v i d e d  by a  s u r f a c e  wa te r  impoundment on t h e  Sco tch  River  

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

l a g e .  


