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SUMMARY AND RECOMMENDATIONS 

The South Nat ion  R ive r  Basin p r e s e n t l y  faces a  number o f  ser ious  

water management problems. Unless these problems are  a l l e v i a t e d  and 

the  impact o f  f u tu re  resource development and water management s t r a -  

t e g i e s  a r e  f u l l y  evaluated, economic growth i n  t he  area may be r e -  

tarded. The P re l im ina ry  Op t im iza t i on  Study has i nvo l ved  t h e  c o l l e c t i o n ,  

conso l i da t i on  and ana lys i s  o f  e x i s t i n g  in fo rmat ion  r e l a t i n g  t o  water 

management and resource development i n  t h e  basin. Th is  ana lys i s  i n -  

vo lved a  coarse screening o f  t h e  a l t e r n a t i v e s  proposed f o r  s o l v i n g  

t h e  water  management problems, and a  rank ing  of t he  a l t e r n a t i v e s  w i t h  

regard  t o  economic and techn ica l  f e a s i b i l i t y ,  such t h a t  g rea te r  a t t e n -  

t i o n  cou ld  be placed upon t h e  more a t t r a c t i v e  a l t e r n a t i v e s  du r ing  t h e  

main Basin Study. 

The study has determined t h a t  four  bas ic  problems e x i s t  w i t h i n  t h e  

Basin, namely; f l o o d i n g  i n  t he  Plantagenet Area; f l o o d i n g  i n  t h e  

B r i n s t o n  Area; p o t e n t i a l  impacts from ex tens ive  a g r i c u l t u r a l  drainage 

improvements; and poor water q u a l i t y  throughout t he  basin. From t h e  

e x i s t i n g  i n f o r m a t i o n  and f rom previous studies,  o n l y  t he  two f l o o d i n g  

problems appear t o  have s o l u t i o n s  formulated which seem t o  be techn i -  

c a l  l y  and economical ly feas ib le .  These a r e  t h e  channel improvements 

a t  t h e  Plantagenet Springs rock  outcrop, and t h e  channel improvements 

upstream o f  C h e s t e r v i l l e .  Dyking i s  an a1 t e r n a t i v e  which appears t o  

have a  h igh  p o t e n t i a l  f o r  success, p a r t i c u l a r l y  i n  t h e  Platagenet  

F lood ing  Area; howevever, i t  has y e t  t o  be g iven any d e t a i l e d  consi -  

dera t ion .  

The remaining water management a1 t e r n a t i v e s  a re  e i t h e r  economical 1y 

very  u n a t t r a c t i v e ,  o r  t h e r e  i s  i n s u f f i c i e n t  q u a n t i t a t i v e  i n fo rma t ion  

a v a i l a b l e  on t h e  b e n e f i t s  r e l a t e d  t o  the  p r o j e c t .  These remaining 

a1 t e r n a t i v e s  should i n i t i a l l y  be t r e a t e d  w i t h  the  same p r i o r i t y ,  a1 though 

the  l a r g e r  r e s e r v o i r  proposals appear t o  have s l i g h t l y  more a t t r a c t i v e  

b e n e f i t - c o s t  r a t i o s .  

S i g n i f i c a n t  f ind ings  o f  t h i s  overview study are  t h a t  t h e r e  i s  a  

have addressed 

p r o j e c t s  w i t h  1  i t t l e  comprehensive Eva1 u a t i o n  regard ing  t h e  e f f e c t s  cn 



Loca ti on 

35. South West Headwater Area 

36 .  South Nation River 
(Spencervi J J e Area) 

37. OsgoodeBog - Middle Branch 
Castor River 

38. Mer Bleue - Bear Brook 

Weak deer yard (25-50). 

Large muskrat area, extensive 
trapping . 
Main source of Castor River natural 
wood1 and/marsh area,  variety o f  
wild1 i f e .  

Tree sphagnum and black spruce, 
quicking bog, unique habi tat ,  
regional ly  education, and 
recreational value. 



Locat ion Commen ts 

16. South Nation River  ( C r y s l e r  
t o  Cassl eman) 

17. South Nation River  (Flood 
a r e a  from Winchester South)  

18. South Nation River  (below 
winches t e r )  

19. Payne River  

20. Bu t t e rnu t  Creek 

21. South Nation River  
(Casselman t o  Lemieux) 

22. South Nation River  ( f looded  
a r e a  below Lemieux) 

23. Bear Brook 
Indian  Creek 

24. South Nation River  
(Lemieux t o  Pl an t agene t )  

25. South Nation River  (400 m 
be1 ow and above Pl an t agene t )  

26. South Nation River 
(immediately below dam a t  
Casselman) 

27. A l f r ed  Bog - Horse Creek 

28. South Nation River  
(Pendl e ton  Area t o  R i  cevi  11 e )  

29. Paxton Creek 

30. Scotch River  - North and South 
and Beaver Creek 

31. Scotch River South Basin 

32. Springbrook Creek 

33. Moose Creek Bog 

34. Larose Forest 

Prime p i cke re l  f i s h i n g  a r ea .  

Spr ing  waterfowl s t a g i n g  a r e a .  

Po t en t i  a1 p i cke re l  spawning a r e a  - 
rubb le  bottom. 

Good muskrat t r app ing  a r e a ;  s p r i n g  
spawning o f  p ike  between Berwick and 
Finch. 

Nothing known. 

Bul lhead f i s h i n g .  

Exce l l en t  muskrat t r app ing ;  s p r i n g  
waterfowl s t a g i n g ,  p o t e n t i a l  n e s t i n g  
o f  waterfowl . 
Muskrat h a b i t a t ,  l i m i t e d  waterfowl 
nes t i ng .  Rock bas s ,  muskrat t r app ing .  

Heavy f i s h i n g  f o r  ba s s ,  musky and 
p i c k e r e l ,  s tu rgeon  f i s h i n g  a t  
Pl an t agene t  i n  s p r i n g  ( sou rce  
Ottawa R ive r ) .  

P i cke re l  spawning . 

Picke re l  spawning . 

Moose and beaver;  unique e c o l o g i c a l  
a r e a ;  r a r e  o rch ids .  

Waterfowl s t a g i n g  a r e a .  

Nothing known o r  suspec ted .  

Pike and sucke r  spawn from S t .  
I s i d o r e  t o  R i c e v i l l e .  

T rou t  s t ream. 

Speck1 ed t r o u t .  

Natural a r e a ,  e c o l o g i c a l l y  s e n s i t i v e .  

Moose, some d e e r ,  beaver  t r app ing  
waterfowl i n  marsh lands .  



In order to make wise choices on integrated resource management al- 

ternatives, the decision makers must be provided with: a more factual 

representation of the problems and opportunities within the basin; 
the benefits, costs, and implications of various water management 
alternatives in quantitative terms; and a master plan for the future 
development of the Basin. To accompl ish such a task, we would endorse 

the commissioning of a comprehensive basin study as outlined i n  the 

Implementation Plan prepared by the Technical Support Team in September 

1978. The water management proposals being considered are far too  signi- 

ficant to  be considered on an ad hoc basis. A framework on a basin 
scale i s  needed where i n  these proposals can be properly addressed and 
the existing problems of the Basin adequately resolved. 



2.0 INTRODUCTION 

2 . 1  The South Nation River Basin 

The South Nation i s  one of Eastern Ontario's major r iver  systems. 

The r iver  r i s e s  in the shield area to  the north of Prescott i n  

Grenville County and flows north-eastward to  the Ottawa River 

just north of Plantagenet i n  Prescott county, draining an area 

of 381,000 hectares (Figure 1 ) .  The t r ibutar ies  i n  the south flow a t  a 
relat ively steep grade b u t  the main branches meander across f l a t  

central plains where the bedrock and res i s tan t  clays have 

prevented the erosion of channels suf f ic ien t ly  deep and wide t o  
accommodate f 1 ood f 1 ows . 

Flooding in certain s t retches of the South Nation, notably above 

both Chestervi 11 e and Pl antagenet i s  vir tual  ly  an annual occurrence. 

(Fig. 2 ) .  Once normal spr ins  floodina occurs, excessive areas of nr ime  
agri cul tural  1 and a re  inundated and runoff is  slow, t h u s  reducing 

the growing season by delaying planting time. Late spring, summer 

and f a l l  flooding also occur with some regularity and t h i s  interferes  
w i t h  cul t ivat ion and harvesting operations. Flooding has been a 

long standing problem in the area and pub1 i c  reaction has increased 

noticeably. Moreover, there i s  concern tha t  the frequency and 

severity of flooding has increased as a r e su l t  of the land drainage 

improvements which have taken place in recent years. 

Another area o f  concern i s  presented by the extremely low flows 
tha t  are  experienced in the r iver  and i t s  t r ibu ta r i e s  during the 
summer and/or f a l l  months. The lack of summer flow can fur ther  

impair water quality to  the point where i t  is unacceptable f o r  
domestic, recreational and industrial  use, and in addition, the low 
flows do not accommodate f i sh  and wildl i fe  objectives. A par t icu lar  

problem often ex is t s  i n  the f a l l  when insuff icient  flows in ter fere  

with the discharge of the seasonal retention lagoons upon which the 
urban and industrial  areas of the watershed depend. 

There i s  concern tha t  increasing the extent of land drainage will 
fur ther  reduce low flows and decrease the groundwater reserves 



upon which the potable water supplies f o r  the  area a r e  derived. 

I t  i s recognized, however, t ha t  1 and drainage , which reduces 1 ocal 
f looding,  accelera tes  increases i n  spring s o i l  temperatures and 
provides an aerated root zone. I t  i s  a basic management tool i n  
crop production and therefore  i s  necessary i n  order t o  maximize t he  

agricul  tu ra l  productivity of the basin. 

Based on the  avai lable  water qua l i ty  data and observations by 

Ministry of the  Environment s t a f f ,  i t  appears evident t h a t  the  
water qual i t y  conditions w i t h i n  the  South Nation River a r e  c losely  
re la ted  t o  the  agr icul tura l  a c t i v i t i e s  w i t h i n  the  drainage basin. 
Sheet and bank erosion,  the general lack of buffer  zones along 
the  r i v e r  and stream banks, in-stream c a t t l e  watering, and the  

manure handling pract ices  w i t h i n  the basin a r e  considered t o  be 
s i gn i f i c an t  fac to rs  contributing t o  the  poor water qual i t y  condition 

of the South Nation River. 

2.2 The Purpose of the Preliminary Optimization Study 

The South Nation River Basin presently faces a number of serious 

water management problems. Unless these  present problems a r e  

a1 1 evi a ted and the  impact of f &re resource development and water 
management s t r a t eg i e s  a r e  f u l l y  evaluated, economic growth i n  the  
area may be retarded. Also, the  expenditures f o r  remedial water 
management projects  wi l l  be higher than might otherwise be necessary. 

The goal of the  South Nation River Basin Study i s  a s  follows: 

"To provide information needed t o  plan f o r  t he  enhancement 
of economic conditions through the  in tegrated management of 
water and land resources within the  South Nation River Basin 

and t o  iden t i fy  the necessary measures t o  achieve protection 
aga ins t  flooding and erosion,  e f fec t ive  removal of excess water 
f o r  the  improvement of agr icu l tu ra l  production and marketing, 

acceptable disposal and t ranspor t  of waste e f f luen ts :  the  
provision of adequate supplies of good qua l i ty  water t o  meet 



water supply, ag r i cu l t u r a l ,  f i s h ,  w i ld l i f e  and recreation 

desi res  and needs". 

W i t h i n  t h i s  context the  South Nation River Conservation Authority 

commissioned a Preliminary Optimization Study as a f i r s t  phase 

of the  more comprehensive Basin Study. The Prel imi nary Optimization 

Study has involved the  co l lec t ion ,  consolidation and analysis  of 

ex i s t ing  information r e l a t i ng  t o  water management and resource 

development in the basin. This analysis  included a coarse 

screening of the  a1 ternat ives  proposed fo r  solving the  water 

management problems. The i n t e n t  was t h a t  the  a l t e rna t i ve s  be 

properly ranked according t o  economic and technical feas  i bi 1 i t y  

such t h a t  g rea te r  a t t en t ion  may be di rected toward the  more 

a t t r a c t i v e  a1 ternat ives  and conversely 1 ess  a t t en t ion  t o  the  l e a s t  

a t t r a c t i v e  a l t e rna t ives .  

As a r e s u l t  of the  analysis  of t h e  information current ly  ava i lab le ,  

the  Preliminary Optimization Study has endeavored t o  iden t i fy  the 

gaps i n  the information base necessary f o r  the  Basin Study, and 
a l so  t o  contribute t o  the  technical action plan f o r  the development 

of the  comprehensive watershed model ( s )  i n  the  Basin Study. 

Method01 ogy 

'a'tt"ljpov&'hiaw~ been prepared spec i f ica l  l y  on water management 

problems associated w i t h  the  South Nation River Basin. In addit ion 

numerous re1 a ted s tudies  and repor ts  were ava i lab le  from various 

government and pr ivate  sources on such subjects  as water qua l i t y ,  

basin water resources inventory, agri  cul tu ra l  drainage design and 

cost-benef i t ,  basin model 1 i ng , e t c .  The scope of the  Prel imi nary 

Optimization Study was t o  u t i l i z e  ex i s t ing  information, t o  analyse 

and consolidate this material and t o  prepare an assessment of 

ex i s t ing  and fu ture  resource management problems, ava i lab le  water 

management a1 t e rna t i  ves ,and t o  make recommendations t o  enable 

in tegrated resource management pl anni ng t o  be undertaken. 

Reports were obtained, l i t e r a t u r e  searches ca r r ied  out and 

discussions held w i t h  representatives of the  various provincial 

government min is t r i es  who a r e  ac t i ve  i n  the  South Nation River 
R a + i n .  T ~ P  i n f n r m a t i o n  obtained was then reviewed and consolidated 



by the study team and extended where necessary on the basis o f  
I 

experience. On the basis o f  t h i  s avai 1 able background mater ia l  , 
the various aspects out1 ined i n  Section 2.1 and 2.2 were addressed 

and summarized i n  t h i s  report .  



3-0 HYDROLOGY OF THE SOUTH NATION R I V E R  BASIN 

Physiography 

The Sou th  Nation River drains an area of 381,000 ha between the 
Ottawa and S t .  Lawrence Rivers southeast of Ottawa (Figure 1) .  The 
basin i s  under1 ain by nearly horizontal beds of sedimentary rock, 

chiefly limestone, which produces a very f l a t  topography. The 

physiography of the basin i s  dominated by extensive f l a t  areas o f  

clay and sand plains originating from the Lake Champlain marine 
embayment (Figure 3). These plains are prevalent i n  the northern 
half of the river basin and are more sporadic in the upper reaches 
where sand and clay plains surround areas of shallow t i l l  and bevel led 

1 imestone surfaces. Local high areas of bedrock and t i1  1 have 
provided detritus for sand and gravel beaches and ridges and deltaic 

deposits along the shoreline of the Champlain Sea. These are most 

obvious above Inkerman and along the southeast and west water 

d i  vi des . 

Drainage tends to  be poor throughout the watershed. The South Nation 
River has a very shallow gradient and the overburden in the central 

plains i s  very impervious. Further entrenchment of the river i s  

prevented by resistant bedrock and t i l l .  As a result, the channel 
reaches upstream of Chestervi 1 l e  and Pl antagenet are inadequate t o  
carry spring snowmel t discharges and flooding occurs almost annually. 
Because the overbank areas are very f l a t ,  once the river banks are 

overtopped, widespread flooding occurs and the impervious soi 1 s 
inhibit drainage after the fl'ood waters recede. 

Wi th  the low relief of the basin and generally high water table, large 

areas of peat and muck deposits are present which originated as 

swamps. The most notable of these are the Winchester Bog, Alfred 
Bog, Newington Bog, Moose Creek Bog, and Mer Bleue. Unnhfied areas 

of peat and muck also exist west of Spencervi 1 le  and in the west 

part of Osgoode Township. 

The main tributaries of the South  Nation River are the Soctch River 
and the Payne River on the east side of the watershed and Bear 
Brook and the Castor River on the west side. The arrangement 



of the t r ibutar ies  and the locations of principal towns are  shown i n  

a simplified schematic form i n  Figure 4. 

Flow Record Analysi s 

The South Nation River i s  characterized by extremes of both high and, 

low flows. Spring flooding occurs on an annual basis in two large 

areas above Pl antagenet and Chestervi l l e ,  and can be of long duration. 

For example, i n  1934, the spring flow a t  Plantagenet Springs peaked 

a t  35,700 c f s ,  well above the estimated channel capacity of 8,000 - 
10,000 cfs.  The discharge remained above 10,000 cfs for  17 days, 

and was above 30,000 cfs  fo r  6 days. Similar events occurred i n  

1976 and 1978. In 1974, there were two snowmelt events a month apart ,  

both of which exceeded the channel capacity. 

Snowmel t flows general ly  peak between mi d-tlarch and m i  d-Apri 1 , but 

may be as l a t e  as the th i rd  week i n  Apri 1. These floods a re  a 

general nuisance but are not considered t o  be seriously detrimental 

t o  the agricultural  productivity of the watershed. Planting a c t i v i t i e s  

get  underway in May. Flooding may occur again a t  t h i s  time as a 

r e su l t  of a rainfal l  event superimposed on the high spring water levels .  

These floods may delay planting and shorten the growing season o r  they 

may damage already seeded f i e lds .  Since reseeding i s  s t i l l  possible 

a t  this time crop loss i s  not 1 i kely t o  be t o t a l .  The most c r i t i c a l  

floods are  those which occur during the growing and harvesting season 

from June to  October. Replanting i s  no longer possible and crop damage 

may be severe. 

Low flows i n  the South Nation River also present problems. I t  i s  

not uncommon for  there to  be vi r tua l ly  no flow a t  Spencervi 1 l e  during 

the l a t e  summer. The low flow extremes a t  Plantagenet Springs 

occurred i n  the early 1930's. There was no flow from August 13, 1930 I 

t o  March 18, 1931 and a f t e r  a spring flow that  i s  the second lowest 

on record, discharge returned to  only 10 cfs from mid-July t o  mid- 

November duri ng 1931 . 

Table 1 l i s t s  the available Water Survey of Canada discharge records. 

The periods of record a t  Plantagenet Springs and Spencerville a re  

adequate for  frequency analysis of each of t h e  snowmelt, May ra infa l l  



TABLE 1 

S ta t ion  
No. 

Water Survey o f  Canada 

Gauging Sta t ions 

S ta t ion  Per iod o f  Record 
Name Snowmel t Continuous 

South Nation River  1939-1947 1915-1938 
near P l  antagenet Springs 1948-1979 

Castor R iver  a t  Russel l  1948-1967 1968-1979 

South Nat ion River  a t  1948 1949-1979 
Spencervi 11 e 

Bear Brook near 1950-1969 1976-1979 
Bourget 

South Nat ion River  1949- 1971 1972- 1974 
a t  Ches te r v i l l e  1975- 1979 

East Branch Scotch R. 
near St. I s i do re  de 
Prescot t  

South Nat ion River  
a t  Casselman 

Payne River  near 
Berwi c k 

Bear Brook a t  Carlsbad 1975 1976-1979 
Springs 



C h e s t e r v i l l e  and R u s s e l l  i s  a l s o  p o s s i b l e .  Low f low 

analysis i s res t r ic ted  to  Pl antagenet Springs and Spencervi l 1 e .  The 

period of record a t  Russell is suf f ic ien t  for only small return periods. 

High Flow Analysis 

in the South Nation reports of the 

the 100-year snowmelt flood a t  Plantagenet Springs: 

Source 

1948 Interim Report 
1966 Acres 

1976 Lecompte Moll e r  

1979Proctor & Redfern - McNeely 

100-year Flow 

42,500 c f s  

53,885 c f s  

45,000 c f s  

42,040 c f s  

There a re  two possible sources fo r  these discrepancies : 

( i )  estimates may vary as the period of record increases; 

(2)  di f ferent  frequency dis t r ibut ions have been used. 

Analysis of the Plantagenet Spring snowmel t ser ies  indicates tha t  

i t  i s  the second source tha t  i s  most s ignif icant .  The lognormal, 

Log Pearson I11 (LPIII),  and Extreme Value I (ECI) frequency 

dis t r ibut ions were f i t t e d  t o  the data using the method o f  moments. 

The following estimates o f  the 100-year event resulted: 

Lognormal 57,300 c f s  

Extreme Value I 53,300 cfs  

Log Pearson 111 40,980 c f s  

I t  was not surprising, then, t o  find tha t  Acres has used the log- 

normal dis t r ibut ion,  Lecompte Moller the EVI d is t r ibut ion ,  and 



Proctor & Redfern - McNeely the LPIII distribution. 

Choice of the appropriate distribution i s  d i f f icul t .  The 
coefficient of skewness was calculated for each flow series and 
i t s  corresponding logarithmic series. The rel iabil i ty of sample 
skewness as an estimate of population skewness i s  strongly 

dependent on sample size. I t  provides a guide in selecting a 
distribution, b u t  i t  must be applied with caution. The EVI 
distribution has a theoretical coefficient skewness of 1.14. On 

that basis, i t  should be considered inappropriate for any of the 

snowmel t f 1 ow series . 

The lognormal and LPIII distributions become equivalent when the 
skewness of the logarithms of the flows i s  zero. This means that 

for skewness not zero, LPIII will always f i t  the data better because 
three parameters are used instead of two. However, the re1 iabil i ty 
of the skewness should be considered before LPIII i s  adopted. Of 

the eight flow series examined, for a l l  b u t  three, the 95% 

confidence limits on the coefficient of skewness contained zero. 
This suggests that the lognormal distribution i s  adequate for most 

of series. 

Of the three remaining, the P l an t age~ t  Springs snowmelt series 
offers the greatest problem. The log skewness of -1.26 results in 
a lognormal estimate of the 100-year flood which i s  40% greater 
than the LPIII f i t .  Visual inspection of the plotted data allows 
for  subjective comparison of the degrees of f i t  provided by the two 
distributions (Figure 5- ) The LPIII line i s  better. On the 
other hand, i t  can be seen that this  l ine i s  esentially horizontal 
for higher return periods, which i s  subjectively di f f icul t  to  accept 
as real is t ic .  Siimilar situations result from analysis of the 

South Nation River a t  Chesterville and the Castor River a t  Russell 

snowmelt series. I t  i s  our recommendation that before a distribution 

i s  selected for design, the records of other basins i n  the area 
should be examined to better establish a regional skewness value. 

The LPIII flow estimates calculated i n  th is  study appear to  be too 
low, b u t  adoption of the lognormal estimates may result i n  consider- 
able over-design. Summaries o f  the flow estimates for each series,  



using different distributions where applicable, are found in 

Tables 2 ,  3 and 4 . 

Trend Analysis 

Improved agri cul tural drainage i n  f 1 ood hazard areas has a1 1 owed 

the production of more valuable crops, increasing the economic 
losses associated w i t h  flooding. Concern has been expressed that 
the increasing intensity of agricultural drainage has increased 

the frequency and severity of flooding. There i s  a theoretical 
basis for  this  concern which i s  discussed i n  Section 3.3 .  There 
is some question, though, whether flooding has really worsened, 

or whether the greater economic consequences have resulted i n  a 

perception of inceased flooding . 

The flow records were examined to  identify any trends in flood 

magni tude. Th $ %&p.O@'.Ws chasen for analysi s . The 
best flow records were available f o r  th is  seriesandthe effects 

of antecedent moisture conditions, cr i t ica l  to t i l e  drain behaviour, 

could be neglected. The f i r s t  problem was to isolate trends due to 
climatic influences. The cumulative average of the annual snowmel t 
series fo r  the South Nation River a t  Spencerville was plotted 

against time (Figure 6 ) There has been 1 i t t l e  drainage 
activity i n  th is  area and the upward trend from 1969 i s  attributed 

to increased precipitation. As a check, the cumulative average for 

the Castor River a t  Russell was also plotted for comparison 
(Figure 7 ) The two gauges are widely separated and the 
physiographic conditions differ .  If the same trend appears, as i s  

the case, i t  i s  confirmation of a climatic origin. 

Next, an area of intense outlet and t i l e  drainage was identified 

between Chestervi 1 l e  and Spencervil l e .  The flow contributions of 

th is  area were isolated by subtracting the Spencerville flows from 
the Chesterville flows. In an attempt to eliminate the influence 

of climate, the differences were then divided by the Chesterville 

discharges. The effect  i s  to produce a time series which i s  the 
proportion of the Chesterville discharge contributed by the 

intensively drained area. The cumulative average of the series 



TABLE 2 

Flow Frequences - Snowmel t Flows 

Lognormal Di s t r i  bu t ion  

Estimated Discharge ( c f s )  

Return South Nation R. South Nation R. Castor R. 
Period Spencervi 11 e Ches t e r v i  1 1 e Russel 1 
(years 1 

Log Pearson I I I D i s t r i b u t i o n  

Return South Nation R. South Nat ion R. Castor R. 
Period Spencervi 1 le Chestervi 1 l e  Russel 1 
i yea rs  ) 

South Nation R. 
Pl  antagenet Sp. 

South Nat ion R. 
Plantagenet Sp.  



Return 
Period 
(years ) 

Return 
Period 
(years) 

TABLE 3 

Flow Frequences - May Ra in fa l l  Flows 

Estimated Flows ( c f s )  

South Nation River South Nation River  
Spencervi 1 1 e Plantagenet Springs 

Lognormal E V I  Lognormal EV I 

TABLE 4 

Flow Frequency -,Summer Flows 

Estimated Flows ( c f s )  

South Nation River South Nation River 
Spencervi 11 e Plantagenet Springs 

Lognormal EVI Lognormal EU I 



L 

versus time i s  given i n  Figure 8. An increasing trend i s  apparent 

beginning i n  1960, which i s  assumed not t o  be control led hy climate. 

The s t a t i s t i c a l  s ignif icance of t h i s  trend was examined by breaking 

the  s e r i e s  i n to  two par ts  a t  1960. The means of the  two pa r t i a l  

s e r i e s  were compared using a s t a t i s t i c a l  t t e s t .  No s ign i f i c an t  

d i f ference was found a t  the  5% leve l .  

The conclusion i s  t h a t  any increase i n  flooding, as a r e s u l t  of 

land drainage, has not been s ign i f i c an t  o r  i s  l e s s  s i gn i f i c an t  than 

t he  s e n s i t i v i t y  of t he  analysis .  I t  must be kept i n  mind, however, 

t h a t  i t  i s  d i f f i c u l t  t o  r e l i ab ly  iden t i fy  a small t rend of perhaps 

ten years duration i n  a flow record of only t h i r t y  years.  I t  i s  

a l so  important t o  note t h a t  aggravated flood problems may y e t  

develop as more land i s  brought i n t o  t he  drainage network. 

Minimum Flows 

Minimum flows a re  generally exami ned through low flow duration analysis  . 
A d i s t r i bu t i on  i s  se lected and frequencies a r e  assigned t o  flows which 

p e r s i s t  f o r  a given number of days. The approporiate duration depends 

on the  problems associated w i t h  low flows. In the  South Nation River, 

the  major concern i s  water qua l i ty .  For purposes of sewage lagoon 

discharge, a duration w h i  ch corresponds t o  the  discharging time should 

be used. Longer periods would Bpply f o r  nonpoi n t  source pol 1 ution 

problems, and sho r t e r  periods f o r  water supply problems. 

Low flow duration curves f o r  the  South Nation River a t  Spencervi l l e  

and Plantagenet Springs and the  Castor River a t  Russell a r e  included 

i n  the  Ministry of the  Environment's repor t  on t h e  Water Resources 

of the  South Nation River Basin f o r  durations from one t o  90 days. 

From the  d r a f t  r epor t ,  i t  was found t h a t  the  10-year flows a t  

Spencervi l l e  a r e  l e s s  than 0.1 c f s  f o r  durations up t o  90 days. A t  
Plantagenet Springs, 10-years low flows vary from 14 t o  35 c f s  f o r  

one and 90 day durations respectively.  A t  Russell they vary from 

one t o  7 c f s .  The 2-year flows f o r  various durations a r e  summarized 

i n  Table 5. 



TABLE 5 

Duration 
(days) 

Minimum 2-year Flows 

Estimated Flow ( c f s )  

South Nation River South Nation River 
Spencervi 1 1 e Pl antagenet Sp. 

Castor River 
Russel 1 

(Ministry of t he  Environment Report 1 3  
Water Resources of the  South Nation Basin) 
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Modifications to  the Natural System 

The various proposals which have been made over the past 30 

years to  a l lev ia te  flooding and water supply problems in the 
South Nation watershed have taken a number of different  approaches. 
Measures considered have incl uded reservoi r s  , channel improvements, 

diversions, and dykes. The d i rec t  and indirect  e f fec ts  of each , 

type of basin modification are  discussed below in general terms. 
Specific projects may real ize a1 1 o r  only some of these impacts. 
Where several types of remedial works a re  planned fo r  use together, 
posit ive and negative impacts may combine to  counteract or  reinforce 
each other. The expected resu l t s  of the different  South Nation 
proposals a r e  considered i n  detai l  i n  Section 4 . 3  

Land Drainage 

The network of improved out le t  drains in the basin i s  already 
extensive and in Dundas County i n  par t icu lar ,  a good proportion 
of the serviced land i s  t i l e  drained (see Figures 9 and 10) The 
trend towards increased a r t i  f i  c i  a1 drainage i s expected t o  

continue. So f a r  most of the class  1 ,  2 and 3 land (see Figure 11) 

has been provided w i t h  ou t le t  drainage, and the intention i s  t o  
extend t h i s  t o  include class  4 land. Therefore, the influence 

of drainage on watershed hydro1 ogy and i t s  interaction w i t h  other 
watershed management schemes warrants primary consideration. 

Land drainage serves two main purposes. Water i s  removed from the 

f ie lds  e a r l i e r  i n  the spring providing a longer growing season. 
Also, changes in the moisture regime of the so i l  allow bet te r  

aeration and the development of a deeper root zone. These two 

factors make the so i l  sui table  for  a wider variety of crops. Crop 

damage due to  waterlogging of the so i l  during the growing season i s  

a1 so reduced. 

A dist inct ion should be made between the e f fec ts  of ou t l e t  

drains and t i l e  drains. Outlet drains extend the natural 
surface drainage network and increase the drainage density. 
Where natural channels a re  upgraded to provide ou t l e t s ,  they are  
enlarged and cleared of obstructions, increasing t h e i r  flow 



capaci t ies .  Outlets remove surface water more e f f i c i en t ly ,  but 

may have l i t t l e  effect  on so i l  moisture. Ti le  drains remove 

gravitational soi l  water from s o i l s  of low permeability by 
creating an a r t i f i c i a l l y  high hydraulic gradient. Ti le  drainage 

may also lead indirect ly  to  changes in a basin's hydrologic 
response i f  there is  a change i n  crops. Drain maintenance i s  

important. An area serviced by a poorly maintained drain may 

revert ,  in time, to  essent ial ly  natural conditions. 

The ef fec t  of any part icular  drainage project on downstream 

channel flows depends on many local conditions including 1 and 

use, land management, so i l  properties, ground slope, and the 
duration and intensi ty  of r a in fa l l .  In general, drainage works 
increase the volume of rapid-response streamflow by reducing 
surface detention. This increase may be large i f  previously 
noncontributing areas are  connected to  the channel network. 

Peak discharges also tend t o  increase because of both increased 
volumes and improved hydraulic efficiency. As the travel time 
to  the main channel i s  shortened, the time base of the hydrograph 
i s  decreased, raising the peak. For these reasons, agri cul tural  
drai nage i s  often percei ved as causi ng o r  aggravati ng downstream 

flooding. 

I t  is  also possible, however, fo r  benefits t o  r e su l t  downstream. 
Under natural conditions, a ser ies  of frequent, low intensi ty  
events may produce a high peak as each successive hydrograph i s  

superimposed on the recession l imb of the previous one. Because 
of f a s t e r  flow recession ra tes  with improved drainage, a se r i e s  

of d i s t i n c t  and lower peaks may be produced. Also, with the 
f a s t e r  recovery of surface and so i l  detention storage provided by 
t i l e  drainage, the volume of rapid-response flow from each storm 
will be reduced. Improved storage recovery also has the potential 

t o  delay o r  reduce ponding and surface runoff, t h u s  reducing the 

flood peak. 

The shape of the flood hydrograph of the main channel of a basin 
is largely controlled by the volumes and timings of flow contributions 
from the t r ibutar ies .  I f  drainage improvements take place on only 
part  of the watershed, changing the time to  peak f o r  some subbasins, 
a change i n  t h e  synchronization of t r ibutary contributions resul t s  . 



The new aggregate runoff may have e i t h e r  a higher o r  lower peak 

depending on whether contributing flows become o r  cease t o  be 

coincident. 

The e f f ec t s  on basin outflow of small s ca l e  drainage improvements 
a r e  generally small amd may even be ins ign i f ican t ;  however, the  

cumulative e f f e c t  of many such small projects  may be pronounced. 

Analysis of streamflow records may ind ica te  whether the re  has 
been a change in  basin response w i t h  time and the  degree of 
drainage, b u t  simulation modelling i s  required t o  assess  the  

fu ture  impacts of proposed improvements. 

Concern has been expressed t h a t  land drainage tends t o  lower 

low flows. I t  i s  argued t h a t  by diver t ing ponded water t o  o u t l e t  
dra ins  and intercept ing so i l  water w i t h  t i l e  dra ins ,  groundwater 

recharge is reduced. Thi s lowers the water t ab l e  and reduces 
summer flows. However, soi  1 s which require  a r t i f i c i a l  drainage 

have low permeabil i t y  . Under natural conditions t he  movement 
of water through these s o i l s  i s  so  slow t h a t  the re  i s  no 

appreciable percolation t o  groundwater. The ground d r i e s  by 

evaporation ra ther  than by drainage. Because of t he  low 
permeabi 1 i t i e s ,  drawdown around drainage channels i s  s t eep  

and 1 owering of t he  water tab1 e is  loca l .  The performance 
of nearby shallow wells may be affected,  b u t  a general reduction 
i n  groundwater discharge is  unlikely.  Wet1 ands may be l o s t  
inadvertently because of land drainage, b u t  i n  areas of extensive 

drainage a c t i v i t y ,  t h e i r  loss  i s  more l i k e l y  a t t r i b u t a b l e  t o  
del i be r a t e  attempts t o  bring them in to  agricul  tura l  productivity.  

The improved growing conditions resul t i  ng from 1 and drainage 
may make an area su i t ab l e  f o r  a g rea te r  d ive r s i t y  of more 

valuable crops. In the  South Nation watershed, there  i s  the  

potential  f o r  a sh i f t  from hay and small grains t o  corn. 
This has both water qua1 i t y  and quanti ty imp1 ica t ions .  The change 
t o  row crops resul  t s  i n  more exposed soi  1 of lower inf  i 1 t r a t i on  



capacity. Surface runoff and soi 1 erosion are increased. (see 

Figure 12). If there are not adequate buffer zones along the 

receiving surface drainage network to trap the eroding so i l ,  
water quality may be adversely affected. This will be manifested 
i n  an increase in suspended sediments and possibly also i n  nutrients 
and pesticides . Si 1 t a t i  on problems may develop, particularly i n  

outlet drains which are typically of shallow gradient. 

Drainage act iv i t ies  may also be connected with silviculture. Pro- 
posals to develop pulp poplar resources in the South Nation head- 

water area of Edwardsburg Township wi 11 require we1 1 -drained fe r t i  1e 
soi 1. (The relative benefi t-cost ratios of commi t t ing th is  land 
to  silviculture versus agriculture bears examination). In th is  
case, the increased ground cover and development of an organic 
mat associated with reforestation would increase infi 1 tration and 
reduce surface runoff. Surface soi 1 s are protected from erosion. 
Unless undertaken with proper care, however, harvesting may result 

in local,  intense s i l ta t ion problems. 

The effectiveness of drainage improvements can be influenced by 

other basin changes. Reservoirs, diversions, and channel improve- 
ments which lower water levels during the cr i t ica l  spring period 

will improve the performance of the outlet drains by increasing 

the hydraulic gradient. This may also allow more land farther 

from main channels to be brought into the drainage network. 
Conversely, anything which causes an increase in water levels 
will have a negative impact on drainage. Where reservoirs are 
constructed in drained areas, the loss of hydraulic head i n  the 
surrounding outlets may reduce their  effectiveness. The problem 

will be most pronounced in the spring when reservoir levels are 
high and drainage i s  most required. Channel improvements which 
reduce water levels locally may lead t o  an increase i n  stage 
downstream. Depending on the re1 ative intensi t ies of drainage 

act iv i t ies ,  the benefits realizedat one location may be los t  a t  

another. 

The analysis of the actual impacts of specific land drainage 

proposals i s  complex and cannot be done effectively without 
computer simulation. Simultation i s  also a useful tool in the 



evaluation of t he  impact of the  expected changes i n  land management 

practi  ces associ ated with drainage. Unfortunately, re1 i able  model 1 - 
ing i s  current ly  hampered by a lack of actual data on drain behavior, 

pa r t i  cul a r l y  fo r  t i  l e  drains.  

Reservoirs 

The degree of flood protection and low flow augmentation provided 

by a reservoir  depends on i t s  location and storage volume. A 

headwater reservoir  wi l l  de l iver  summer discharge t o  a longer 

reach of the  r iver .  However, i f  the drainage area behind t he  

rese rvo i r  i s  a small proportion of the  t o t a l  basin area ,  t r i bu t a ry  

contributions may continue t o  cause flooding i n  downstream par t s  

of the  basin. Reservoir storage i s  control led by damsite found- 

a t ion conditions and topography as  well as  by economic considerations.  

Flood and low flow concerns may lead t o  conf l i c t ing  a l loca t ions  

of potential  s torage.  The extent  t o  which a pa r t i cu l a r  need 

i s  s a t i s f i e d  depends on the  operational s t ra tegy  adopted, which 

i n  t u r n  i s  determined by cos t s  and benef i ts .  

The effect iveness  of a flood control project  i s  usually evaluated 

i n  terms of reducing flooding t o  some pa r t i cu l a r  re turn  period. A 
more real  i s  t i c  approach, especial  l y  f o r  purposes of cos t-benefi t 
analysis ,  i s  t o  consider the  e f f ec t  of the  proposal on the  actual  

area flooded. In very f l a t  areas  such a s  those flooded i n  the  

South Nation watershed reduction of high water l eve l s  by a small 

amount may be more s i gn i f i c an t  than would be apparent from 

consideration of flood frequency alone. 

Besides the  social  and economic benef i ts  of flood reduction,  there  

is a l so  a potential  f o r  hydraulic improvements. The e f f e c t  of 

reduced water l eve l s  on drain performance has already been discussed. 

There may a l so  be a reduction i n  damage t o  o u t l e t  dra ins .  The 

heaviest  sediment loads i n  dra ins  and channels usually occur during 

spring runoff. In areas  flooded i n  the spr ing,  ve loc i t i e s  a r e  
slow i n  the  o u t l e t  drains because of backwater e f f ec t s .  The sediment 
load cannot be ca r r ied  and deposition occurs. This may cause 
serious flow obstruction l a t e r  i n  the season. Flood waters may 



also cause bank erosion a t  the mouth of the drain and choke i t  

w i t h  flood debris. In general, flood control leads t o  a reduction 

i n  drain maintenance requirements. 

The sedimentation probl em discussed above becomes a potential 
negative impact on the drainage network in the vicini ty  of the 
reservoir.  I f  ou t l e t  veloci t ies  remain high enough to  carry 

sediments, reservoir s i l t a t i o n  may become a problem. Theconcern 

i s  increased i f  drainage ac t iv i ty  i s  l ikely t o  produce a s h i f t  

t o  more erosion-susceptible crops. I f  proposed drainage projects 

a re  expected t o  produce s ignif icant  increases in flow volumes 

o r  r a t e s ,  the adequacy of the reservoir ' s  storage and spillway 

capaci t i e s  shoul d be exami ned. 

Erosion and deposition i n  general are l ike ly  to  be reduced as 
the area flooded i s  reduced. Floodplain f e r t i l i t y  is enhanced 
by frequent deposition of f ine  material; however, t h i s  small 
benefit is  l ike ly  to  be overshadowed by the negative impacts of 

flooding, and will cer tainly be counterbalanced i f  the material 
deposited was eroded by the flood waters from agricultural  land 
upstream. 

There is a potential fo r  increased sediment loads in reservoirs.  
Shoreline erosion may be a problem. If  this causes the loss  of 

toe support t~ slopes, the problem may be increased to  a slope 
s t a b i l i t y  concern. Reservoir drawdown may contribute t o  t h i s  
concern i f  high pore pressures a re  l e f t  i n  the s ide slopes. The 
severity of these problems i s  governed by topography and so i l  

types, with the r i sks  increasing with steeper slopes and f ine r  

material. I f  reservoir storage i s  t o  provide low flow augmentation, 

drawdown may be gradual enough to  prevent in s t ab i l i t y  problems. 

Channel Improvements 

There a re  two approaches to  channel improvements. The storage 
of a reach may be increased by enlarging the channel cross-section. 
Flood 1 eve1 s are  reduced by confining the flow to the channel . 
Alternatively, the hydraulic efficiency of the channel may be 



increased by removing obstructions, straightening bends, and 

steepening slopes. As water i s  removed from the area f a s t e r ,  

water levels are  reduced and high flow durations a r e  shortened. 

The potential flood reduction benefits derived from reservoirs a lso 

apply to channel improvements, including socioeconomic benefits,  

improvement of agricultural  drain performance, and the reduction 

of overbank erosion and deposition. Channel improvements tend t o  

provide only local r e l i e f .  The actual extent of the impacts 

depends on the hydraulic character is t ics  of the channel and is 

determined by backwater analysis . 

Under natural conditions, overbank flow provides large volumes 

of storage which delays the arr ival  of flood waters downstream. 

The elimination o f  the damping ef fec t  of th i s  storage by channel 

improvments may cause or  aggravate downstream flooding. Local 
flow veloci t ies  will i n c r e a ~ e ~ r a i s i n g  the possibi l i ty  of bed and 

bank erosion. Scour a t  piers and abutments may become a problem, 

and buried f a c i l t i i e s  such as cables and pipelines may become 

exposed due to  bed degradation. Material eroded will be deposited 

fur ther  downstream as veloci t ies  are  reduced. 

As with agricultural  drainage, changes i n  the timing of the 

hydrograph from an improved reach may lead t o  a change i n  the 

synchronization of flood flows from di f ferent  t r ibutar ies .  The 

impact may be positive o r  negative, and i s  best assessed with a 

simulation model. 

Unlike reservoirs,  channel improvements offer  no r e l i e f  f o r  

low flow problems. In f a c t ,  conditions may be aggravated. While 
discharges remain unchanged, water Sdrface el  evilti ens may be reduced. 

This may adversely a f fec t  water supply. Consideration should also 

be given to  slope s t a b i l i t y  problems i f  drawdown will increase o r  

occur a t  a greater  ra te .  On the other hand, i f  the removal of 

channel obstructions reduces upstream ponding and lowers winter 

water levels ,  a decrease i n  i ce  volumes may re su l t ,  improving the 
ice jam conditions. However, unless ice  jamming i s  a chronic and 
severe problem, th i s  should not be considered to  be an important 

bene f i t . 



Diversions 

A diversion channel reroutes flood flows e i ther  by bypassing a 

flood hazard area or  by directing the excess flows out of the 

watershed. The ef fec ts  of bypasses are similar t o  those of 

channel improvements and ra i se  the same concerns: flood waters 

arr ive f a s t e r  downstream and peak flows may be greater.  Removing , 

the water from the basin relieves flooding without th i s  

complication. The impact of increased flow on the receiving 

waters must be examined, but the effects  should be minor for  

the two proposed South Nation diversions: the volumes involved 

would be insignif icant  contributions t o  e i the r  the Ottawa or  S t .  

Lawrence Rivers. Steps must be taken t o  ensure that  low flows are 

not adversely affected. This may be achieved by the proper selection 

of the invert  elevation of the diversion channel, or by the use of 

a control gate a t  the bifurcation. 

Dykes 

Dykes may be used t o  protect isolated areas such as towns or  farms, 

o r  they may be constructed as levees along the r iver .  Local dykes 
would have 1 i t t l e  e f fec t  on the hydrology of the basin. Levees 
reduce flooding b u t  without the lowering of water levels associated 

with channel improvements. If  numerous out le t  drains enter the 

channel in the reach of concern, the construction of effect ive 

levees may require the use of a pumped drainage system. Levees may 
lead t o  the problems of downstream flooding and erosion due to  

increased veloci t ies ,  b u t  there will be no reduction of low flow 

levels .  

Urban Development 

Urban development has the potential t o  increase flow levels by 

reducing the permeable ground surface are and reducing runoff 

travel times by the use of ditches and storm sewers. Water quality 
may also be affected. .The increased demand for groundwater may 

overtax that  already scarce resource. 

While these concerns should be kept in mind, there appears to  be 

l i t t l e  expectation o f  s i g n i f i c a n t  chdnges i n  t he  population of the 



South Nation watershed. The exception i s  the encroachment of 

urban development from Ottawa into the upper Bear Brook area. 

Plans have also been discussed for the development of an industr- 

i a l  park in Edwardsburg Township, b u t  i t  i s  our understanding t h a t  
th is  project i s  now being questioned and will l ikely not proceed. 



P o t e n t i a l  Impact 

t 1 1 1 I I I 

XL- 

Summary 

The main p o t e n t i a l  p o s i t i v e  and negat ive hydro log ic  impacts of 

a g r i c u l t u r a l  drainage and each of the  four  s t r u c t u r a l  a1 t e r n a t i v e s  

a r e  out1 i ned  below i n  Table 6 . These w i l l  be t r e a t e d  i n  

d e t a i l e d  w i t h  respect  t o  s p e c i f i c  p r o j e c t s  i n  Sect ion4.5 . Analys is  

o f  these impacts i s  complex and depends on the  degree and l o c a t i o n  

o f  each improvement. S imula t ion  model 1  i n g  i s  the  on ly  e f f e c t i v e  

method of weighing the  a l t e r n a t i v e s  and assessing t h e i r  i m p l i c a t i o n s -  

TABLE 6 

P o t e n t i a l  Hydrologic Impacts o f  

S t r u c t u r a l  A1 t e r n a t i v e s  

- negat ive impact 

o  no s i g n i f i c a n t  impact 

+ p o s i t i v e  impact 



4.0 WATER MANAGEMENT IN THE BASIN 

4.1 Objectives 

In  a Report on Pre-planning, the Technical Support Committee 

recommended a s e t  of water management objectives for  the South 
Nation River Basin as follows: 

( i )  to  reduce flood damages t o  economical ly  practical 
levels by the implementation of cost effect ive non- 
s t ructural  and structural measures, 

( i i )  t o  develop the means to  predict the e f fec t  on 
flooding and low flowsof proposed drainage projects,  

( i i i )  to  ensure aquatic 1 i f e  i s  not adversely affected by 
futurechannelization, dam construction o r  flow 
management practices,  

( i v )  to  evaluate the resources of the basin and promote 

an integrated management of land, f i sh  and wi ld l i fe  

resources within the basin, 

( V  > t o  maintain water qua1 i t y  a t  a level sui table  f o r  a l l  

beneficial uses, 

(vi  > t o  protect and effect ively u t i  1 i ze the groundwater 
resources of the basin, 

( v i i )  to  maintain suf f ic ien t  low flow levels so that  there i s  
no interference with downstream users, 

( v i i i )  t o  develop a drainage plan for  the basin which provides 
fo r  drainage of the s o i l s  sui table  f o r  agricul ture  so as 
to  optimize present and future crop production f o r  the 

who1 e basin , 

(4 to provide f o r  the improvement and re-establishment of the 
fores t  resources w i t h i n  the basin. 



These objectives are  comprehensive i n  scope and i f  achieved should 

provide suf f ic ien t  background to  enable optimal integrated resource 

management. 

4.2 Problems and Opportunities 

Over the years numerous studies have investigated the various aspects 

of the South Nation River Basin and have identified in general the 
problems out1 i ned below. In addition various sol u t i  ons have been 

offered which are  discussed i n  the following sections. 

The frequent flooding of up to  15,000 acres of land in the area 
upstream of Chesterville i n  the Brinston Area, and the frequent 

flooding of up to  19,000 acres of 1 and i n  the area from Lemieux to  
Plantagenet Springs a re  the two most s ignif icant  problems i n  the 
basin. In both cases the problems resu l t  from mild gradients,  

r e s i s t an t  clay plains,  extensive f l a t  overbank areas and consequently 
the inabi l i ty  of the r iver  to  erode suf f ic ien t ly  large channels 
to  contain even the mean annual flows. With the mild gradients and 

consequent low veloci t ies ,  channel flows do not s ignif icant ly erode 

the banks, nor scour the bottom, h e n ~ e  the channel i s  in a relat ively 
s table  condition, cer tainly not enlarging. When flows i n  the r iver  

increase and exceed bank f u l l  capacity, the flows spread across a 
f l a t  overbank area,  veloci t ies  drop and hence l i t t l e  erosion has 

taken place over the l i f e  of the r iver .  In addition, w i t h  the f l a t -  

ness of the overbank area,  t h e  flooded lands a re  slow to  drain,  

par t icular ly where any depressions ex is t .  Hence, the water1 ogging 
ef fec ts  of the flooding tend t o  l a s t  f o r  long periods of time. 

The South Nation River Basin has extensive areas of f e r t i l e  clay 
s o i l s  and i s  well located w i t h  respect to  agricultural  markets. 

A large percentage of the s o i l s  with h i g h  agricultural  potential 
are  poorly and imperfectly drained. Hence a s ignif icant  opportunity 
ex is t s  to  increase agricultural  productivity and expand the economy 
of the Basin and Eastern Ontario, through the improvement of drainage 

fo r  these lands. This opportunity has been long recognized and 
substantial progress has been made through the encouragement of the 



of the Ontario Ministry of Agriculture and Food and ARDA. The 

provision of out1 e t  drains and the channel ization and deepening 
of natural watercourses has been carried out on approximately 
60% of the basin w i t h  large scale  proposals currently pending 
on the Payne, Middle Castor and South Castor Rivers. As discussed 

i n  Section 3.3,these modifications to  the natural system have the 

potential t o  create or  aggravate downstream problems. Whi 1 e the 
posit ive benefits of improved agricultural  drainage are  we1 1 

recognized and studied, there i s  a void of information relat ing 
to  possible negative implications. 

Water quality in the South Nation River Basin i s  generally poor, 
w i t h  respect t o  the sat isfact ion of provincial water quality 
objectives and the a b i l i t y  of the r iver  t o  support a diversi ty  of 

water related uses. The r iver  receives high nutr ient ,  bacterial 
and sediment loadings as i t  slowly travels northwards to  the 

Ottawa River. The contribution of to ta l  phosphorous from various 
sources cannot be different iated by existing data. However, based 
on extensive studies of pollution from various land use a c t i v i t i e s  

i n  southern Ontario watersheds, i t  i s  f e l t  t ha t  contributions of 
total  phosphorous from municipal and i ndus tri a1 point sources within 

the South Nation River Basin are  much less  s ignif icant  in comparison 
to  contributions from agricultural  non-point sources. Indeed the 

PLUARG studies conducted under the auspices of the International 
Jo in t  Commission identified a strong relationship between the clay 

content of so i l s  and the nutr ient  and pesticide contribution from 
a drainage area. Sediment survey information fo r  the Basin has 
indicated tha t  the sediment loads i n  the South Nation River are  among 

I 

the highest i n  the province. 

Aggravating water quality problems i n  the South Nation i s  the 

frequent occurrence of extremely low flows. As discussed i n  Section 
3.2, the frequency of low flows through the watershed leads to  the 
reduction of dilution fo r  the nutrient and sediment loadings, 
increased temperatures, decreased di ssol ved oxygen content and 

generally reduced water qua1 i ty  during these periods. The r iver  
therefore often becomes unable to  meet the water supply, i r r iga t ion ,  
recreational,  f i sh  and wild1 i f e  and f i r e  flow requirements. 

I t  would therefore appear that there ex is t s  a h i g h  potential to  



improve t h e  water q u a l i t y  i n  the  South Nat ion R iver  through 

encouraging remedial measures t o  reduce t h e  non-point source 

c o n t r i b u t i o n s  and through 1 ow f low augmentation. 

4.3 Analys is  o f  S t r u c t u r a l  A1 t e r n a t i  ves 

4.3.1 B r ins ton  Flooding Area 

The nature  of t he  f l o o d i n g  problem i n  the  -Br inston area was 

descr ibed i n  Sect ion 4.2. I n  order  t o  a l l e v i a t e  t h e  f l o o d i n g  

dur ing  sp r ing  , l a t e  sp r ing  and/or summer peak f lows e i t h e r  

upstream storage, increas ing channel capac i ty  o r  a  combination 

o f  t he  two have been proposed. See f i g u r e s  13 and 14. 

The 1948 I n t e r i m  Report proposal f o r  f lood storage and low f l o w  

augmentation inc luded rese rvo i r s  i n  the  Spencervi 1  l e  area a t  

Spencervi 11 e, Spencervi 11 e  M i  11 , Domvi 1  l e  and Hyndman as we1 1  as 

a  d i v e r s i o n  o f  f lows t o  t h e  S t .  Lawrence. These f a c i l i t i e s  had 

the  c h a r a c t e r i s t i c s  (shown i n  Table 7 ) .  

I n  add i t i on ,  a  major r e s e r v o i r  was proposed by Acres above Spencer- 

v i l l e  j u s t  downstream from t h e  o r i g i n a l  l o c a t i o n  i d e n t i f i e d  i n  

t h e  1948 repor t ,  which had a  storage capac i ty  g rea te r  than the  

combined t o t a l  o f  t h e  o r i g i n a l l y  proposed 4 r e s e r v o i r s  and t h e  

d i ve rs ion  t o  the  S t .  Lawrence. These 4 rese rvo i r s  have rece ived 

no f u r t h e r  a t t e n t i o n  s ince o r i g i n a l l y  proposed and, i n  f a c t ,  would 

have r e l a t i v e l y  h ighe r  costs pe r  volume o f  storage. A  d e t a i l e d  

i n v e s t i g a t i o n  o f  the  p o t e n t i a l  of t he  major Spencerv i l l e  Dam and 

Reservoi r  was c a r r i e d  o u t  by Acres s ince t h i s  s i n g l e  l a r g e  f a c i l i t y  

a t  Spencerv i l l e  was apparent ly  i d e n t i f i e d  as being the  most cos t  

e f f e c t i v e  and most a t t r a c t i v e .  The bas ic  design c r i t e r i o n  used was 

t h e  abi 1 i t y  t o  f a c i l i t a t e  drainage t o  15,000 acres, t o  reduce f l ood -  

i n g  and t o  prov ide  storage f o r  low flow augmentation. I t  was pro-  

posed t h a t  the  c a p i t a l  cos t  o f  t h e  channel improvements requ i red  

above C h e s t e r v i l l e  t o  meet the  drainage c r i t e r i o n  would be reduced 

by some 60% if the Spencerv i l l e  r e s e r v o i r  were constructed.  On t h e  

cont rary ,  Clough has demonstrated, (as discussed l a t e r  i n  t h i s  

sec t i on )  t h a t  most o f  t h e  b e n e f i t s  r e l a t i n g  t o  drainage and f l o o d  

c o n t r o l ,  can be achieved w i t h  t h e  80 fee t  channel bottom w id th  

C h e s t e r v i l l e  channe l iza t ion  a l t e r n a t i v e .  Hence, t h e  marginal bene- 

f i t s  from expenditures beyond t h i s  l e v e l  ( i n c l u d i n g  upstreair, 
. , . . . 



TABLE 7 

Summary o f  Proposed r e s e r v o i r  Faci  1 i t i e s  

i n  B r ins ton  Area 

Proposal 

Spencervi 11 e (A) 

Spencerv i l l e  M i l l  

Domvi 1 1 e 

Hyndman 

Proposal Channel 
D ive rs ion  f rom 
Spencervi 11 e - 
Domvi 11 e Reservoi rs  
t o  S t .  Lawrence 

Spencervi 1 l e  (B) 
(Acres 1966) 

Storage 
m3 x 106 

(Ac - f t )  

15.8 
(12,776) 

2.2 
(1,748) 

3.0 
(2,449) 

2.2 
( 1,760) 

42.4 
(34,402) 

88.5 
( 72,000) 

P re l  i m i  nary Cost 
Est imate (1979) 

$2,750,000 

$ 600,000 

$ 650,000 

$ 525,000 

$1 4,000,000 

$20,000,000 

Approximate Cost p e r  
Volume o f  Storage 
$1  x 106m3 ($ /Ac - f t )  

$1 75,050 
($31 5 

$272 ,700 
($343) 

$216,630 
($265) 

$238,640 
( $298) 

$330,200 
($406) 

$225,988 
($278) 

-I 



The Spencervil le Dam and Reservoir would have a small e f f e c t  on 

reducing flows i n  the  Plantagenet area;  however, 

s ince  the  r e l a t i ve ly  large  remaining area of the  watershed (92.5%) 

i s  unregulated, t h i s  benef i t  may be ins ign i f ican t .  This benef i t  

can only be quant i f ied  by a comprehensive watershed model. 

The re lease  of s tored runoff over the  100 day low flow period 

of the  year  could augment low flows by i n  excess of 150 c fs .  

This would compare t o  the current  low flows a t  various points i n  
the  watershed as  discussed i n  Section 3.2. The Spencervil le Dam 

and rese rvo i r  would flood o r  a f f e c t  upwards of 11,000 acres  of 

Class 1 t o  4 a g r i c u l t u r a l  l a n d  i n c l u d i n g  90 f a r m s ,  t h e  

v i l l age  of Charlewood, a church and a cemetary a t  Lord Mil 1s.  

Ju s t i f i c a t i on  of the  s a c r i f i c e  of such an area upstream t o  p a r t i a l l y  

protect  15,000 acres  downstream and t o  provide the  low flow 

augmentation benef i t s ,  wi 11 require a thorough analysis  and very 

high benef i t  cos t .  

In 1968, D.J. Clough carr ied out a benef i t  cost  analys is  of : 
the  Spencervil le Dam and Reservoir and the  Chestervi l le  Channelization. 

As discussed l a t e r  i n  t h i s  Section,  Clough determined t h a t ,  i n  

1966 do1 l a r s  , i n  the order of $3,000,000 of benef i ts  could be 

achieved w i t h  a $1,000,000 expenditure on channel i za t ion .  He 

i den t i f i ed  only $3,500,000 i n  benef i ts  f o r  the  addit ional  expenditure 

of $5,000,000 f o r  the  Dam and Reservoir. Included i n  t he  $3,500,000 

of benef i ts  re la ted  t o  the  Dam and Reservoir a r e  $3,100,000 of benef i ts  

f o r  Recreation and Tourism re la ted  t o  storage reservoir .  We would 

question the  v i s i t o r  a t t r ac t i on  assumption t o  a rese rvo i r  which 

decreases i n  depth a t  the r a t e  of 3 f e e t  per month, has very shallow 

depths, and has a shorel ine  receeding a t  a r a t e  of 25 t o  50 f e e t  

per day. Areas of any proximity t o  the  water ' s  edge would be water- 

logged during the  demand period, extremely muddy, and would have 

access and maintenance problems. I t  i s  f e l t  t h a t  t h i s  aspect of 

the  benef i t  analys is  should be par t i cu la r ly  reviewed. 



Channel i zation t o  a1 l ev i a t e  flooding i n  the  Bri nston area was 

considered by several consultants.  To achieve an object ive  of 

preventing May flooding f o r  9 out  of 10 years ,  would require a 

channel capable o f  passing 3600 c fs  a t  a slope of 0.015% a t  a 

water surface  elevation of l e s s  than elevation 230 f e e t  a t  

S a l t e r ' s  Bridge. Several s tud ies  addressed the  channelization 

requirements t o  accomplish t h i s  object ive .  I t  would appear t h a t  

a channel bottom width of 105 f e e t  o r  g rea te r  i s  required t o  meet 

t h i s  objective.  A secondary objective would be t o  fu r the r  minimize 

the  water surface  elevation i n  the r i v e r  t o  enable concurrent 

drainage of the  adjacent lands. To a l so  meet t h i s  secondary 

object ive  requires a channel bottom w i d t h  of approximately 160 f e e t .  

A t  the  present time, a channelization scheme i s  underway based upon 

an 80 f e e t  bottom width channel. This design would pass approximately 

2800 c f s  a t  elevation 230'and 1700 c fs  a t  elevation 227 'a t  S a l t e r ' s  

Bridge. This r e s u l t s  i n  an improvement t o  the  frequency of flooding 

from annually t o  something between 5 years and 10 years f o r  the  May 

events,  and improves the  summer flooding r i s k  from almost annually t o  

about once every 15 t o  20 years .  

In terms 'of frequency of flooding an improvement over the  ex i s t ing  

s i t ua t i on  i s  being made. However in  terms of economic benef i t  

comparison w i t h  project  costs  -and downstream imp1 ica t ions  v i r t ua l l y  

no analysis  has been done t o  date.  

Clough, i n  1968, has made t he  only attempt t o  evaluate the  economic 

benef i ts  of the  proposals t o  a l l e v i a t e  the  flooding. In t h i s  study 

a basic assumption was made t h a t  i f  the channelization were ca r r ied  

ou t ,  the  15,000 acres suscept ible  t o  flooding, could then be drained 

and improved such t h a t  higher value crops could be grown. This 
implies zero potential  from drainage improvement under "exis t ing"  

condit ions,  which we do not believe i s  rigorously cor rec t .  The 

approach of comparing addit ional  revenues t o  addit ional  input cos t s  

is  appropriate;  however, the  assumption t h a t  municipal d i tches  can 

be taken as a s i ng l e  capi ta l  cost  f o r  a l i f e  of 50 years i s  very 

opt imis t ic .  Current Ontario experience suggests a lcak of main- 

tenance requiring a wholesale reconstruction every 10 - 15 years.  



Data r e l a t i n g  stage - discharge versus area f looded f o r  t h e  var ious  

design scenarios was n o t  developed o r  apparent ly  used i n  the  

determi n a t i o n  o f  b e n e f i t i n g  acreage on an average annual bas is  f o r  

t h e  a1 t e r n a t i v e s  considered. A1 te rna t i ve l y ,  f a i r l y  gross assumptions 

appear t o  have been made about t h e  b e n e f i t  de r i ved  due t o  a  

channe l iza t ion  scenario. 

On the  bas is  o f  t h e  i n fo rmat ion  a v a i l a b l e  t o  t h i s  study, p r i m a r i l y  

the  Acres and Clough repor t s ,  t h e  recent  dec is ion  t o  proceed w i t h  

the  channe l iza t ion  upstream from C h e ~ t e r v i l l e ~ w i t h  an 80 f o o t  channel 

bottom width, appears t o  have been economical ly we1 1  j u s t i f i e d ,  

(even when drainage b e n e f i t s  a re  discounted) upon a  1966 base. 

However, cons t ruc t i on  costs have increased s i g n i f i c a n t l y  f a s t e r  

than the  values o f  a g r i  cu1 t u r a l  produce and i t  would appear 

appropr ia te  t o  re-evaluate t h e  cos t -benef i t  o f  t h i s  program on a  

1980 d o l l a r  base. 



4 . 3 . 2  Pl antagenet Flooding Area 

A rock outcrop a t  Plantagenet Springs r e s t r i c t s  the channel and 

controls  upstream water 1 eve1 s , especi a1 l y  during 1 ow flows. The 

upstream channel is  extremely f l a t  f o r  about 20 miles,  and a s  

a r e s u l t  the  carrying capacity of the r i v e r  i s  low. In addi t ion,  

the riverbank and adjacent land elevations a r e  i n  f a c t  lower 

along t h i s  upstream channel than a t  Plantagenet Springs. The 

1979 Proctor and Redfern - McNeely study determined t h a t  

throughout t h i s  low lying area ,  the main channel has a bank 

f u l l  capacity of only about 8,000 t o  10,000 c f s ,  s i gn i f i c an t l y  

l e s s  than t he  average annual snowmelt flood of about 25,000 c f s .  

From analyses of a e r i a l  photographs of the 1978 and 1979 spring 

floods,  the  Proctor and Redfern - McNeeley repor t  estimated 

flooded areas  of 18,500 acres and 7,000 acres f o r  flows of 

37,500 and 14,000 c f s  respectively.  In addi t ion,  t h e i r  

examination of the  recent flooding indicated t h a t  some of the  

flooding occurs due t o  overtopping of the local  t r i b u t a r i e s  

ra ther  than so le ly  due t o  flooding from the main South Nation 

River. 

Similar  i n  nature t o  the  Brinston flooding area ,  t he  Plantagenet 

flooding area su f f e r s  from low channel capacity,  f l a t  overbank 

areas and constr ic ted downstream capacity. Four types of 

solut ions  have potential  f o r  a1 levia t ing the  flooding i n  t h i s  area:  

upstream s torage,  dykes, channel improvements and diversion t o  t he  

Ottawa River. (See f igures  13 S 14) 

Of the  s i x  various rese rvo i r  s i t e s  which have been given ser ious  

consideration,  only the  Spencervi 11 e ,  North Castor and Bear 

Brook s i t e s  have been given any deta i led ana lys i s .  Acres 

concluded t h a t  the Spencervil le and North Castor reservoirs  would 

have pos i t ive  but r e l a t i ve ly  small e f f ec t s  on the  Plantagenet 

flooding. The Bear Brook s i t e  has s ign i f ican t  foundation problems, 

which l i m i t  dam height and consequently storage volume. This 

consequently reduces the  v i a b i l i t y  of the  s i t e  f o r  f lood control 

purposes. An a l t e rna t i ve  s i t e  on the  Scotch River, a t  Ricevi l le  

has been i den t i f i ed  w i t h  a potential  s torage of some 37,OO acre- 



fee t .  L i t t l e  analysis has been done on t h i s  a l te rna t ive ,  or  on 

s i t e s  on the Payne River and Middle and South Branches of the 

Castor. However, i t  i s  doubtful from the volumes of storage 

potentially available,  tha t  these s i t e s ,  a1 1 combined, would 

s ignif icant ly reduce the annual flooding s i tuat ion a t  Plantagenet 

The comprehensi ve watershed model 1 i ng component of the Basin 

Study should, however, evaluate the i r  e f fec ts  before these pro- 

posals are  abandoned. 

Dyking i s  a technique for  containing the flood flows within a 

defined channel, which has been given l i t t l e  consideration t o  

date. Proctor & Redfern - McNeely (1979) ident i f ied frequent 

overbank flooding in the lower reaches of the Scotch River, Bear 

Brook, Cobbs Lake Creek and Cal edoni a Creek t r ibutar ies  before 

they discharge to  the main South Nation. The creation of a r t i f i c -  

i a1 ly deeper channels by construction 1 evees would appear to  have 

a high potential fo r  success on the lower parts of the t r ibu ta r i e s  

to  protect some lands, and i s  worth evaluating f o r  technical and 

economic f eas ib i l i t y  along parts of the main South Nation as well. 

Pumping of local surface funoff entrapped behind the dykes would 

have t o  be evaluated versus the benefit  of a reduction in f re -  

quency of flooding. This technique would l ikely proceed in 

conjunction with the removal of the downstream construction. 

Several studies have been carried out to  determine exactly how 

t o  minimize the obstruction to  flow created by the rock outcrop 

a t  Plantagenet Springs. In the early 1970is,  two rock cuts ,  about 

f ive  f ee t  deep and 44 fee t  wide were made in the rock outcrop 

in an e f f o r t  t o  provide additional capacity and reduce flood levels.  

Flooding has continued to be a problem; however; under low flow 

conditions the upstream water level s have been considerably reduced. 

These works did,  however, decrease upstream water supply under 

low flow conditions and concerns have been expressed tha t  recent 

severe bank slipping and sloughing were related to  the reduced water 

1 eve1 s . 

The 1979 study by Proctor & Redfern - McNeely has recommended fur ther  

removal of the rock outcrop to  reduce the head loss through the area 

a n d  the instal ldt ion of a simple sharpcrested weir t o  maintain water 



l e v e l s  above e l e v a t i o n  142 feet .  Based upon an ana lys i s  of economic 

fac tors  on ly ,  t h e  b e n e f i t  cos t  r a t i o  f o r  t h e  proposal works was 

found t o  be 0.6, a l though we feel  the  c a l c u l a t i o n  o f  t he  secondary 

benef i  t s  may be over-stated.  However, based upon the  i n t a n g i b l e  

soc i  a1 , inconvenience and i n d i  r e c t  f l o o d  impacts whi ch cannot be 

measured on monetary terms, t h e  p r o j e c t  was recommended t o  the  

A u t h o r i t y  as t h e  p r e f e r r e d  a l t e r n a t i v e  f o r  mi t i  ga t i ng  t h e  problems 

caused by t h e  rock  outcrop. It was determined, through the  

h y d r a u l i c  analyses c a r r i e d  o u t  by P roc to r  & Redfern - McNeely, t h a t  

t h e  recommended improvements a t  t he  rock outcrop w i l l  o n l y  p a r t i a l l y  

r e l i e v e  upstream f l ood ing .  Th is  i s  why the  b e n e f i t s  a re  n o t  

commensurate w i t h  t h e  costs.  

I f  the  Plantagenet Springs rock  outcrop were t o  be removed, a  two 

m i l e  downstream reach con ta in ing  a  secondary t i 1  1  and rock  outcrop 

would then c o n s t i t u t e  the main o u t l e t  c o n t r o l  f o r  t he  South Nat ion  

R ive r  i n f l u e n c i n g  water  l e v e l s  i n  the  Plantagenet f l o o d  area, 

p a r t i c u l a r i  l y  under h ighe r  f lows. The hydraul  i c  ana lys i s  o f  t h e  

r a t h e r  expensive improvements requ i red  t o  reduce t h e  c o n t r o l  , in f luence o f  t h i s  reach (as c a r r i e d  o u t  by P roc to r  & Redfern - 
McNeeley) revealed t h a t  t he  f l ood  l e v e l  reduc t ion ,  a d d i t i o n a l  t o  

t he  proposed Plantagenet Spr ings improvements, would o n l y  be 0.6 

I 
t o  1.4 f e e t ,  which i s  r e l a t i v e l y  minimal i n  comparison w i t h  

the  cos ts  invo lved.  

The p o t e n t i a l  f o r  improving the  f lood ing  s i t u a t i o n  f u r t h e r  would 

appear t o  1  i e  w i t h  t h e  a b i l i t y  of a dyk ing program t o  con ta in  

t h e  f l o o d  f lows o f  t h e  main r i v e r  and i t s  t r i b u t a r i e s .  

4.3.3 Drainage Improvements 

AS o u t l i n e d  i n  preceeding sect ions,  t he  p o t e n t i a l  t o  e f f e c t  

s i g n i f i c a n t  b e n e f i t s  t o  t he  a g r i c u l t u r a l  l y  based economy o f  t h e  

bas in  by the  p r o v i s i o n  o f  improved drainage f a c i l i t i e s  i s  h igh.  



The benefits t o  be derived from the construction of out le t  drains 

and the ins ta l la t ion  of t i l e  drainage i s  well recognized and 

supported by recent comprehensive studies.  Figures 8 and 9 
i l l u s t r a t e  the present (1978) extent of agricultural  out le t  
drainage and t i l e  drainage i n  the South Nation Basin. Figure 11 
outlines the s o i l s  which according to  the Ontario Ministry of 
Agriculture and Food have the potential fo r  being drained. 

By comparing these three figures,  one can see the large extent of 

the area remaining to  be drained. 

In a report dated December 13, 1979 the Ministry of Agriculture 

and Food has summarized the ou t l e t  drains which a re  currently 

under construction, a re  designed b u t  awaiting approval s , and 

drains which a re  i n  the proposal stage. There are  some 83 drains 
drains w i t h  a capital  cost i n  an excess of $7,000;000 under 
active consideration i n  the South la t ion River Basin. 

In Section 3.3, the implications of modifications t o  the hydrologic 

and hydraulic response of the basin were discussed. To date, 
no attempt has been made t o  comprehensively assess the future of 
the agricultural  drainage program in the Basin w i t h  regard to  
i t s  to ta l  benefit o r  i t s  aggregate effect  on the water resources 
of the Basin. The channel improvements upstream of Chesterville 

and a t  Plantagenet Springs a re ,  i n  almost every way, s imilar  
in nature to  the hydraulic improvements being proposed as a u t l e t  

drains. From the discussions in Section 3 . 3  one would ant icipate  

downstream ef fec ts  of a negative nature due to  these improvements 
however, the necessary hydro1 ogi c and hydraul ic model 1 ing has y e t  

t o  be done to  identify the magnitude of these downstream ef fec ts .  
Consequently, until  the downstream effects  a re  quantified, i t  

prevents a comprehensive benefit-cost analysis from being carr ied 
out on the proposed drainage improvements. I t  may be necessary 
t o  include consideration for  upstream storage o r  downstream 

channel improvements i n  the benef i t -cost  calculation t o  ensure 
tha t  upstream proponents are  not benefiting to  some degree a t  the 
expense of the downstream landowners. 

I t  i s  anticipated that  the economic benefits of the proposed 
ayr icul tural drainage improvements program wil I continue t o  out- 



weigh the  cos t s ,  however, the  drainage improvement program i n  
the  Basin i s  too substant ia l  t o  continue without some comprehensive 
analysis  and planning on a basin sca le ,  as opposed t o  an 

individual works basis .  

In addi t ion,  works proposed on the  Payne, Bear Brook, South 

Castor, North Castor, Middle Castor and the  upstream South 
Nation r i v e r  systems may be mutually exclusive w i t h  many of the 

upstream storage proposals. While the  potential  f o r  jus t i fy ing  
some of the  upstream storage f a c i l i t i e s  may not appear high, we 
now have ava i lab le ,  powerful simulation models which can a id  
the decision making w i t h  regard t o  these  proposals, i n  the  

context of  the  overall  basin. As drainage and development 
continue i n  these areas ,  the  options ava i lab le  t o  a water 

management plan f o r  the basin tend t o  reduce. 

4.3.4 Water Qua l i ty  

The s t a t u s  of water qua l i ty  i n  the  South Nation Basin, as  
outl ined i n  Section 4.2, i s  t o  a major.degree non-point source 

re la ted  and t o  a minor degree created by point  sources of 
pol lut ion.  In general ,  as  discussed i n  de ta i l  i n  Appendix B ,  t h e  
pollution loading from the point  sources within the  Basin 

w asse elm an, Plantagenet, ~ u s s e l ~ ,  S t .  I s i  dore, Chestervi l l e ,  

Winchester, Embrun and t he  indus t r i a l  soucres of Nestle a t  

Chestervi l le  and Aul  t Foods a t  Winchester) a r e  well i n  hand 
w i t h  the  Ministry of the  Environmental coordinating individual 

programs t o  optimize the  operation of the  current  treatment 

f a c i l i t i e s .  L i t t l e  consideration has been given t o  advanced 

treatment of these  point-sources s ince  they a r e  already achieving 
good leve l s  of treatment and the  combined contribution of the  
point sources i s  r e l a t i ve ly  small in  comparison with non-point loadinqs. 

Non-point sources of surface and groundwater pollution include 
sediment from water and wind erosion,  f e r t i  1 i zers , pest ic ides  and 

plantres idues  and animal manures from cropland, grazing areas  

and animal confinement areas .  

Erosion occurs as  a natural  geological process, b u t  may be 



accelerated by man's ac t iv i t i e s .  Soils a re  protected naturally 
I by vegetition and vegetation residues. I f  moisture o r  f e r t i  1 i ty  

is too low, the land i s  more vulnerable to  erosion. Ti l l ing  

the soi 1 , over grazing, crop harvesting, and burning of 
vegetation remove or  bury portions of the organic material which 
protects s o i l s  from erosion and may expose more vulnerable, 
erodabl e conditions . 

Factors inf l  uencing nutr ient  losses a re  precipitation and excess 
i r r iga t ion ,  temperature, k i n d  of s o i l ,  type of crop, nutr ient  
mineralization, deni t r i f i c i a t i o n ,  f e r t i l  i zer  type, appl ication 
method and ra tes ,  t i l l a g e  practices and so i l  erosion rates .  

Pesticides enter the aquatic environment by wind d r i f t ,  runoff 
and erosion, and seepage to  subsurface drains o r  groundwater. 
Factors influencing pesticide loss include precipi ta t ion,  type 
and persis tance of chemical , temperature, t i  11 age practices and 

so i l  erosion ra tes ,  livestock types, housing types, e tc .  

Disposal of plant residues and animal manures on land i s  also 
a potential source of non-point water pol 1 ution. Animal manure 

i s  par t icular ly high in nutr ient  and organic content. Proper 
application to  the land can provide benefits for  crop production 

and a s s i s t  i n  reducing surface runoff. Inadequate practices can 

lead to  highly contaminated runoff. 

Remedial measures for  the control of non-point sources of water 
pol 1 ution range in sophistication from we1 1 defined s t ructural  

methods, such as sedimentati on ponds o r  treatment processes, t o  
the intangible aspects such as the use of common sense or  adherance 
to  manufacturers ' specifications fo r  pesticide appl ication. A 
catalogue of a large number of remedial measures, both s t ructural  
and non-structural where there was suf f i  c ient  tangible information 
on the measure t o  fu l ly  describe and evaluate i t  was prepared by 
Marshall Macklin Monaghan Limited f o r  the International Jo in t  

Commission through the PLUARG program. Table 8 i 11 ustrates  the 
available remedial measures, the land use ac t iv i ty  to  which i t  

applies,  and the pollutant fo r  which i t  i s  effect ive.  
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By no means is the importance of such intangible techniques as 
the use of comnon sense, the application of modern methods, the 
use of additional control , increased pre-construction study and 
design effort ,  etc. ,  to  be discounted. I t  i s  ,perhaps, from these 
philosophies that  the in i t ia t ive  to implement the more physical 
remedial measures will be derived. 

In  addition to the structural and non-structural distinction 
between remedial measures i s  the aspect of source control versus 
treatment of pollutants already i n  the transport system. I t  i s  
generally recognized that  prevention measures to sbate'the 
generation of contaminants before they become mobile, i s  a 
preferabl e-approach, parti cul ar i  ly  i n  the agricultural sector. 

The need for  eduction of the publ i c  or  persons concerned i s  
probably the first step i n  a remedi a1 measures implementation program 
i n  order to inform those affected of the nature of the problems 
and the measures available for  their  control. However, each and 
every public education program design would be specific to the 
area invoJved and the target population. 

Although i t  i s  d i f f icul t  to quantitatively assess the economic 
benefits to  be attained from a publ i c  education program w i t h i n  

the Basin to reduce non-point source pollution, i t  i s  anticipated 
that  such a program would potentially be very cost effective. 

The a1 ternate considerati on to  reducing the pol 1 utant loadings 
is , i n  many cases, to  provide low flow augmentation from upstream 
reservoirs to ensure adequate dilution of the contaminant load. 
Studies to  date have addressed low flow augmentation as a second- 
ary consideration to  flood control benefit b u t  i t  i s  apparent that 
some improvement of water qua1 i ty would result  downstream, 
primarily under themore extreme low flow conditions. The only 
benefit cost analysis prepared to  date was undertaken by Clough 

fo r  t h e  S~encervi 1 l e  Reservoir. Unfortunately, a t  that 
time, the Clough study considered only the benefits to be derived 
from d i  1 ution to permit point source waste treatment operations 
to  operate less eff iciently and thereby reduce their  capital and 
operating cost. No water quality modelling has been carried out 
+A a\ralnna+n +ha aCFfi~+;\,ameee n C  I-.. Cl-.. - . . - - f - -&-~:- -  - - 



p a r t  o f  the system and therefore, no sound information ex is ts  

t o  establ ish the physical requirements t o  achieve the water 

qual i t y  objectives o f  the Basin. 

Control and reduction of the non-point sources o f  pol lutants 

appears t o  have a much higher potent ia l  f o r  cost e f fect ive water 

qual i t y  improvement; however, the low flow augmentation concept 

may have some degree o f  optimum u t i l i t y .  

Analysis o f  Non-Structural A1 te rna t i  ves 

A1 t e r n a t i  ve measures for the reduction of damages due t o  f looding 

can generally be grouped under three c lass i f icat ions:  

i Measures t o  Modify the Flood 

ii) Measures t o  Modify the Damage 

iii) Measures t o  Modify the Loss Burden 

Non-s t ruc tu ra l  measures t o  modi fy the f 1 ood i nc l  ude extensive 

reforestat ion o f  marginal agr icu l tu ra l  1 ands i n  the up1 ands areas, 

and other land management techniques t o  encourage i n f i l t r a t i o n  and 

reduce o r  re ta rd  runoff. Secondary b e ~ e f i  t s  o f  sediment and 

nu t r i en t  1 oad r e s t r i c t i o n  and potent i  a1 s i  1 v i  cul t u re  revenue are 

also associated w i th  these a1 te rna t i  ves . Extensive t rac ts  o f  1 and 

would be required t o  have any s ign i f icant  e f f e c t  on the downstream 

f looding o r  on ground water avai l a b i  1 i t y  on other than a local  

basis, due t o  the clayey nature of . the so i ls .  It i s  ant ic ipated 

tha t  the benefi t -cost of any formal program would be economically 

unacceptable except where s i  l v i  cu l tu ra l  pract ice has a strong 

influence. These practices should, however, be encouraged since 

t h e i r  benefits are en t i  r e l y  pos i t i ve  w i th  respect t o  water manage- 

men t . 

Measures t o  modify damage n i l a t e  t o  the protect ion of property from 

flooding. They may reduce, but not e n t i r e l y  el iminate economic 

losses associated wi th  inundation of the area. The main technique 
i s  flood proofing ind iv idual  buildings. Flood damage reduction 

analyses, where a benef i t  analysis was carr ied out, have tended t o  

ignore components other than crop loss, loss o f  cropping 
O D P O ~ ~ U ~ ~  t v  and increased oberati onal r n c t c  Thi t w n ~ t l  A + h m r s ~ n m c .  



imply t h a t  the  component of flood damages associa ted  with t h e  
damages t o  buildings and equipment i s  neg l ig ib le  i n  comparison t o  
the o t h e r  damage components. From an a e r i a l  and ground 

reconaissance of  the  major areas  suscep t ib le  t o  f looding,  i t  is 

apparent  t h a t  most farm buildings a r e  ou t s ide  o r  i n  t he  
marginal a reas  of the  f lood suscep t ib le  a r e a s ,  o r  a r e  on t h e  h i g h e r .  
ground. The major population cen t res  i n  the  basin have a low 

' 

f looding vu1 nerabi 1 i t y  . Considering the high frequencey of 

f looding,  one would expect a re1 a t i v e l y  low flood p la in  occupancy 
o f  dwellings and buildings.  I t  i s  probable t h a t  s i te  s p e c i f i c  
cases  e x i s t  which would benef i t  f ron~ flood proofing measures and 
i t  could be a se rv ice  program which the  Authority could e a s i l y  
implement, however we fee l  t h a t  on a basin s c a l e  the  impact of 
such a program w i  11 be re1 a t i v e l y  i n s i g n i f i c a n t .  

Non-structural techniques used t o  modi fy damage a r e  associa ted  

w i t h  the regula t ion  of  f loodpla in  lands through methods such a s  
f loodplain mapping, r e s t r i c t i  ve zoning and acqu i s i t ion .  S tudies  

have shown t h a t  benef i t s  accrue slowly i n  areas  of e x i s t i n g  
development, but  t h a t  these  measures a r e  e f f e c t i v e  i n  ru ra l  a reas  
i n  preventing damages and management problems. The implementation 

of f lood predic t ion  and warning systems i s  another  non-structural  

measure which, in  t h e  South Nation Basin, would not  have major 
b e n e f i t s  during t h e  sping f loods.  However, some preparatory work 

f o r  a l a t e  spr ing  o r  summer flood may r e s u l t  i n  some reductions i n  
f lood damages t o  bui ld ings  and equipment. Upon completion of  t h e  

Basin Study, i t  i s  a n t i c i p a t e d  t h a t  the comprehensi ve watershed 

model would be ab le  t o  opera te  i n  a fo recas t ing  mode and with 
the support  o f  t h e  Hydrometeorol ogi cal  Sect ion of  t h e  Conservation 
Author i t i e s  Branch of t h e  Ministry of Natural Resources, a f lood 
fo recas t ing  and warning system could be economically e s t ab l i shed .  

Options which modify the  l o s s  burden a r e ,  by t h e i r  na tu re ,  n e i t h e r  

preventa t ive  nor t r u l y  c o r r e c t i  ve. I f  such measures a r e  implemented, 
f lood damages would continue t o  occur but  losses  t o  ind iv idua l s  
would be modified. "Insurance" programs wi ther  a s  government 
r e l i e f  o r  a s  a f lood insurance cha rac te r i ze  this method. Due t o  
the  high frequency of  f looding i n  the  major f lood suscep t ib le  



areas, the cost o r  premiums from such a program would 1 i kely 
be unattractive fo r  a11 b u t  the peripheral areas where low 
frequency flooding takes place. Should the hydro1 ogic and 

hydraulic analysis of the proposed upstream channelization 
and drainage improvements conclusively demonstrate an 
aggravation of downstream flooding, flood insurance i n  the 
downstream areas could be a vehicle fo r  an adjustment from up- 

stream proponents. Such an adjustment could be in the form of 

a contribution toward the flood insurance premium as opposed t o  
carrying out uneconomic s t ructural  improvements to  o f f se t  the 

change in the Basin response. 

The various non-structural remedial measures described above are  
not mutually exclusive. On the contrary, most of the measures 

a re  compatible and can contribute a degree of cost effectiveness 

to  a water management plan consisting of several interrelated 
components. Alternative combinations of measures should be 

analysed w i t h  due care being taken not to  double count t h e i r  

associated effectiveness. 

4.5 Impacts of Structural A1 te rna t i  ves 

The expected impacts of the s t ructural  improvements proposed 

f o r  the watershed are  summarized i n  the matrices which follow. 

Table 9 presents the potential impacts of general catagories 
of improvements w i t h  respect t o  the South Nation Basin. A 

dist inct ion i s  made between local and regional impacts. Local 

impacts are those realized a t  the improvement, such as the 
reduction in flooding a t  the Chesterville channel ization. I f  the 
channel improvement cause flooding downstream, a regional 
negative impact resu l t s .  

The impacts of specif ic  projects may deviate from these 

general i zed potenti a1 s . Sel ected proposals a re  addressed spe- 

c i f i ca l ly  in Table 10. 
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Eva1 uation of Existing Proposals 

Although numerous studies have been carried out since 1948 

only two projects appear t o  be suff ic ient ly  jus t i f ied  i n  t h e i r  
technical basis and economic benef i t to  be considered high 

pr ior i ty  projects.  These a re  the Chesterville Channelization 
Scheme and the improvements proposed i n  the most recent study . 
f o r  the Plantagenet Springs rock outcrop. These projects 

effect ively improve the flooding problems i n  t he i r  respective 

locations i n  a cost e f fec t ive  manner. All of the remaining 
proposals a re  e i the r  ineffect ive,  uneconomic o r  there i s  
insuff ic ient  information available to  develop an opinion about 

the feasi  bi 1 i ty  of the proposal . In general , a1 1 of the dam 

and reservoir proposals do not appear to  be economically 
jus t i f ied  and even under the most cost effect ive senario; the 
e f fec ts  on downstream flooding would not substant ial ly  a l t e r  the 
to ta l  average annual costs .  Some potential ex is t s  f o r  the 

reservoir operations on the basis of improving water qua1 i ty  

via low flow augumentation; however, analysis of the water 
quality of the r iver  is  needed to  quantify tha t  potential .  

4.7 Satisfaction of Water Management Objectives 

The water management objectives in  the basin, as outlined i n  

Section 4.1, have only pa r t i a l ly  been addressed by the studies 

to  date, and none of the nine objectives has been f u l l y  
sa t i s f i ed .  To date the s tudies  have addressed s i t e  sepc i f ic  
proposals and in only the 1948 Watershed Report and i n  the 
1966 Acres report  was any analysis done on a basi n scale.  

With the two pr ior i ty  a1 ternatives recommended i n  the previous 

section, the channel ization upstream of Chestervil l e  and the 

Plantagenet Springs rock outcrop improvements, there will  be a 
reduction i n  the depth and frequency of summer and l a t e  spring 
flooding the Brinston and Plantagenet-Lemieux flood areas 

respectively. I t  i s  important to  recognize, however, t ha t  flooding 
will  continue to  ex i s t  in these areas,  certainly i n  the spring 



and t o  a lesser  extent i n  the l a t e  spring and summer. The 

flooding s i tuat ion will  be improved b u t  not e l  irninated. 

The technical analysis must be 

carried out comprehensively on a basin scale  t o  identify not only 

the local benefits , b u t  a1 so the downstream imp1 ications . 
Similarly, the evaluation of basin water management a1 ternatives 
must be carried out on a basin scale t o  ensure optimal management 

of the basin resources. 



s' 

a g r i c u l t u r a l  pract ices. The Basin Study should g ive some 

considerat ion t o  the land management trends t h a t  might be expected 

t o  continue i n t o  the fu tu re  and should evaluate what the f u tu re  

imp l i ca t ions  o f  these trends might be. Urban development i n  the 

upper reaches o f  the Bear Brook watershed might be expected t o  

i n t e n s i f y .  As the development o f  f a s t e r  maturing va r i e t i es  o f  corn 

proceeds, one mightexpect t h a t  the gradual s h i f t  from pasture hay and 

small grains t o  row crops would continue o r  accelerate. Research * 

and development i n t o  the hybr id  poplar  po ten t ia l  t o  supply the pulp 

and paper market from a s i l v i c u l t u r e  operat ion are cu r ren t l y  ac t i ve .  

Each o f  these possib le changes i n  land management o r  land use would have 

i t ' s  respect ive impl icat ions t o  the hydrology and hydrau l ics  o f  the 

Basin. We would suggest t h a t  the comprehensive basin model 1  i n g  exercise 

ca r ry  ou t  some pre l iminary  evaluat ion of the s e n s i t i v i t y  o f  the  

Basin t o  these possib le changes. This would help delay the obsolesene 

o f  the Basin Plan when i t  i s  prepared. 



5.0 COMPREHENSIVE BAS1 N PLAN 

5.1 Object ives 

The ob ject ives f o r  Water Management i n  the Basin developed by the 

Technical Support Committee, as ou t l i ned  i n  Section 4.1, describe 

an in tegrated approach t o  resource management which should opt imize * 

resource development w i  t h i n  the basin w i t h  the conscious know1 edge 

o f  the benef i ts ,  costs and impl i ca t i ons  of the decisions being taken. 

These ob ject ives are we l l  founded, c l e a r l y  defined and should enable 

the study team t o  develop the information necessary f o r  decis ion t o  

be formulated i n  the l i g h t  o f  these object ives.  

I n  add i t i on  t o  the prev ious ly  s ta ted  nine object ives,  i t  i s  suggested 

t h a t  considerat ion be given t o  the development o f  the admin is t ra t ive  

i n f r as t ruc tu re  necessary t o  guide the impl ementation o f  i m e d i a t e  ac t ion  

plans and the evaluat ion and management of future resource development 

proposals. The admin is t ra t ive  in f ras t ruc tu re  guiding the Basin Study 

was cons t i tu ted  on a shor t  term basis, but  the requirements f o r  the 

long term achievement o f  the water management ob ject ives f o r  the basin 

should be evaluated and considered a p a r t  of the implementation and 

f u t u r e  phases. 

5.2 Overview 

To develop a comprehensive basin plan t o  sa t i s f y  the above described 

object ives,  w i l l  r equ i re  s i x  basic components: problem i d e n t i f i c a t i o n ,  

data co l  l ec t i on ,  problem de f i n i t i on ,  oppor tun i ty  eval uation, 

comprehensive opportuni ty analysis and se lec t ion  of a t t r a c t i v e  

oppor tun i t ies .  

The i n i t i a l  phase o f  any comprehensive basin study must be c l e a r l y  

i d e n t i f y  the problems o f  the basin and t o  develop an understanding o f  

these problems such t h a t  an e f f i c i e n t  program can be developed f o r  

a t tack ing the problem. I n  Section 4.2, there were f ou r  basic problems 

out1 ined for  the basin: the Br ins ton Flooding Area; the  Plantagenet 

Flooding Area ; the po ten t i a l  imp1 i c a t i o n  of l a rge  scale agr i cu l  t u r a l  



drainage programs; and the poor water quality of the South Nation 

River and i ts  t r ibutar ies .  

From problem ident i f icat ion,  the previous studies have jumped t o  the 

elevation and selection of a t t ract4 ve opportunities , without having 
the problems more fu l ly  defined in quantitative terms. 

Hydraulic model 1 ing studies need t o  be undertaken of the flood 
susceptible areas to  define the extent of flooding and the sens i t iv i ty  
of flood areas to  flow. Unfortunately, minimal information i s  
available t o  date on the variation of water quality i n  the basin in  

recent years. Some basic water qua1 i t y  model 1 i ng w i  11 be required 

t o  develop an understanding of the nature and sens i t iv i ty  of water 
qual i ty  i n  the system and to  establ ish quantitatively the magnitudes 

and sources of the problems. W i t h  regard to  assessing the potential 
impact of the extensive agricultural  drainage practices,  while theory, 

as outlined in Section 3 .3  , suggests that  downstream peak flows 

would generally be increased, and the perception of the downstream 
property owners i s  t ha t  t h i s  i s  happening, there has been 1 i t t l e  research 
carried out t o  quantify such a senario, e i the r  i n  the South Nation 
River Basin, or  elsewhere i n  Southern Ontario. Professor Watt a t  

Queen's University has recently been commissioned by the South Nation 

River Conservation Authority to  carry out some f ie1  d instrumentation 
and analysis t o  determine the e f fec ts  tha t  t i l e  drainage has on the 

runoff hydrograph. We understand tha t  only one event has been recorded 
t o  date, so i t  i s  l ike ly  tha t  insuff ic ient  data will  continue t o  e x i s t  

i n  the near future.  Hence we would recommend an extensive l i t e r a t u r e  
search to  locate the data and resu l t s  of research i n  this f i e l d  outside 

of Ontario. 

The ident i f icat ion of opportunities to  mitigate any of the four 
problem areas should be a relat ively s t ra ight  forward exercise if 

undertaken by persons experienced in the respective f i e lds .  Many of 
the possible solutions have been outlined in Section 4.0. However, 
i t  i s  anticipated tha t  additional a l ternat ives  would r e su l t  from the 
basin modelling exercise, supporting the problems defini t ion component. 
The mos t important study component w i  11 be the comprehensive evaluation 



of t h e  oppor tun i t i es  under considerat ion.  

I n  the  past ,  s tud ies  have n o t  considered proposal s o l u t i o n s  on a  

bas in  scale, t he  assessment of downstream imp l i ca t i ons  were non- 

e x i s t a n t ,  and there  has been o n l y  very l i m i t e d  eve luat ion  o f  t h e  

ac tua l  b e n e f i t s  t o  be der ived from the  proposed works. I t  i s  

essen t ia l  t h a t  s u f f i c i e n t  comprehensive ana lys is  o f  any proposed 

improvements be c a r r i e d  o u t  t o  a l l o n  t h e  responsib le dec is ion  makers 

t o  make informed decis ions.  



Hydrologic and Hydraul i c Model 1 i n g  

In order t o  prepare a quantifiable comparison of the re la t ive  
costs and benefits of various resource use'options in the 
South Nation basin, i t  i s  necessary to  se lec t  a s e t  of hydrologic 

and hydraulic models which are  capable of providing a reasonable 

approximation of the behaviour of the basin under varying hydrologic 

inputs. The models chosen must have certain general 

character is t ics  t o  jus t i fy  t h e i r  application to  t h i s  par t icular  

project.  As an example, i t  must be recognized tha t  the 
opportunities to  cal i brate the models a re  severely res t r ic ted  by 
the available data base. Application of the more sophisticated 

models i s  par t icular ly 1 imi ted since the coarse assumptions 
required to  provide estimates of the relat ively large number of 
governing parameters i n  the larger models tends to  negate the 
be t te r  approximation of the physical system being studied and cloud 

the behaviour of the primary hydrologic processes. 

Further, i t  i s  necessary to  se lec t  a s e t  of models whose 

capabi l i t ies  a re  closely matched to  the phase of the study 

being undertaken. A number of a l ternat ive reservoir s i t e s  fo r  
flood control must be analysed - i n  a general case i t  would 
appear advisable t o  apply a model capable of simulating the 
behaviour of a system of reservoirs controlled by varying se t s  
of operational s t ra teg ies  and subject to a ser ies  of downstream 

objective constraints.  A careful consideration of the specific 

problems and l ike ly  solutions on the South Nation basin as described 

in t h i s  Report tends, however, to  nu1 1 i f y  the need f o r  the 
generalized a b i l i t i e s  of a model l i k e  HEC-5c which i s  capable 

of performing th i s  type of analysis. .  Factors relat ing to  the 
choice of appropriate models are detailed on the following 

pages, grouped. by the function of the models. 

F l  oodi ng 

The natureandextent of the flooding problem experienced by the 
residents of the South Nation basin has been described i n  Section 
4.2 of th i s  report. The models used to  simulate the basit& 



response t o  flood events must be capable of providing an 
accurate representation of both the current conditions of the 
watershed and the e f fec ts  of potential future modifications which 

may be imposed. Ideally,  the changes i n  basin response resul t ing 
from both past and present a1 terat ions should be clear ly i l l u s t r a t ed  

by the models. These a1 terhations must include the e f fec ts  of 

ti 1 e drainage, the channel i zation of small watercourses, the 

creation of open channel drains, the channel ization and diversion 

of major watersources and the construction of dams and other 
water control structures.  

The conceptual and empi r i  cal representations of the physical 

watershed must also be chosen so as t o  r e f l ec t  the character- 
i s t i c s  of the South Nation basin- Part icular  attention must  be 
focussed on the routing of flood flows in th i s  watershed because of the 

f l a t  slopes encountered on most of the main stem and many of the 

t r ibutar ies  . 

I t  i s  recommended tha t  the hydrologic and hydraulic processes be 
segmented in order to  assess the impact of modification to  the 
individual components of the hydrologic regime of the basin. This 

i s  of special significance in the South Nation study since the 
proper assessment of proposed wate$nanagement a1 te rna t i  ves , both 
s t ructural  and nonstructural , requires that  defensible, quantified 

assessments be made of the impacts of these proposed al ternat ives  
and s t ra teg ies  on other groups and in teres ts  in the basin. 

Event Analysis 

The i n i t i a l  consideration with respect t o  the estimation of a 
probability density function of flood discharges i s  the spa t ia l  
and temporal dis t r ibut ion of 1 iquid water, which comprises 

surface runoff. I t  has been widely recognized for  some time t h a t  
the probability density of outputs from a hydrologic system i s  not 
identical to  that  of the system inputs. Because of this consider- 
a t ion,  and i n  recognition of the nature of flood events i n  the basin, 
i t  would be advisable to  carry out an event analysis study 

component in order to  se l ec t  a ser ies  of events which represent the 
interrelationships between ra in fa l l ,  antecedent moisture, snow 
depth, snowpack h i s t o r y  and condition and other meteorological 



variables which determine snowmelt. 

This analysis would include an i nfi 1 t ra t ion model which could be 
adjusted to  include the e f fec ts  of t i l e  drainge and changed land 
use on the ava i lab i l i ty  of l iquid water fo r  runoff. While precise 
calibration of such a model i s  not achievable because of the lack 

of good data on the e f fec ts  of t i l e  drainage, i t  i s  a ju s t i f i ab le  

approach and will allow the assumption concerning these e f fec ts  to  
be made c lear ,  ra ther  than being hidden as i n  a more 1 umped model. 
r t  should also, be' kept i n  mind tha t  the understanding of the . 

behaviour of t i l e  drains in the basin will be s ignif icant ly advanced 

during the course of the study. 

The Atmospheric Environment Service of the Federal Department of 
Fisheries and the Environment are  strongly interested i n  performing 
event analysis as a service to  Consul tants  under t h e i r  Cost Recovery 

Program. Since th i s  agency has the necessary data,  expertise and 

computer softward required t o  perf%m t h i s  s o r t  of analysis,  i t  i s  

recommended tha t  they be involved i n  the Study. 

The resu l t s  of the i r  investigations would cer tainly be of use in  

other studies carried out in Eastern Ontario. Since the damages 
associated with early spring, l a t e  spring, summer and f a l l  floods 
are  s ignif icant ly d i f fe rent  from one-another, the need t o  retain 

event seasonal i t y  in the hydro1 ogi c model 1 ing i s  of speci a1 
imporhtance, fur ther  supporting the desi rabil  i ty of rigorous 
examination of input events. 

The s e t  of events generated by AES (or  a Consultant) will  be 

passed through a roughly calibrated coarse screen model of the 
basin to  adjust  the frequency of the system outputs and enable 
selection of detailed events fo r  simulation by a more highly 

cal i brated model. The coarse screen could be a simple hydrologic 

tool such as Hymo provided the Consultant i s  famil iar  with the 
1 imitations and pecul i a r i  t i e s  of the model. 

For the purpose of analysing a1 ternative flood reduction schemes, 
re1 a t i  vely coarse models are  adequate and cer tainly desirable 

a 
from,cost and time point of view. This will enable the early 
ident i f icat ion of undesirable and ineffective al ternat ives  and 



provide a quantitative,  'hardl,and economical means of eliminating 

those a1 ternat i  ves which appear unattractive.  

For purposes of this type of coarse screening there is  no need 
t o  carry out a detailed event analysis program and i t  i s  recommended 
tha t  several representative events f o r  the 2 year,  10 year,  25 year 

and 100 year occu~ences be selected based on those runoff events , 

which caused the flows with these return periods, as determined 

by analysis of flow gauging records. 

System Response 

Several a1 ternate models and approaches a re  available to  determine 
the response of the basin to  runoff inputs. All of these models 
are capable of including the effects  of channel i zation, flow 
obstructions, reservoirs and other s t ructural  flood-modic_iation 

c 
schemes. 

The HYDRO-1 model recently developed by the Conservation Authorities 

Branch of the Ministry of Natural Resources, contains a non-linear 
response function which may be of considerable use i n  cal ibrat ing 
the behaviour of the basin to  runoff events. I t  i s  recommended tha t  

the non-1 inear variable uni t  hydrograph approach be used, a t  l e a s t  

fo r  model calibration purposes. 

I t  may be necessary t o  consider the use of data from other  basins 

and studies to  supplement the calibration work because the useful lness 
of the data base fo r  calibration i s  re lat ively limited. The 
application of a non-1 inear model fo r  cal ibrat ion could reduce the 
biases created by the use of a wide range of runoff in tens i t ies .  

Should ef fec ts  of the range of in t ens i t i e s  considered in the 
cal i brat i  on and subsequent model 1 ing be re la t ive  m i  nor i t  may be 
possible to  l a t e r  apply a non-linear model, which would allow the 
use of more commonly applied tools such as  HYMO and other u n i t -  
hydrograph methods. By applying Hydro-1 f o r  cal i brat i  on, however, 
the province-wide data base for  hydrogic cal ibrat ion could be expanded 
on a common basis. The benef i t s  of this type of approach becomes 
progressively more important as future work is carr ied out both on 
the South Nation Basin and other watersheds. 



The flood routing capab i l i t i e s  and cha rac t e r i s t i c s  of the 
applied model m u s t  be well understood by the  Consultant and must 
be su i ted  t o  the  nature of the  South Nation basin. Flood routing 

i n  this watershed is characterized by long t ravel  times, f l a t  

s lopes and very large ,  often shallow, flood storage areas.  The 

capabi 1 i t i e s  of any proposed f 1 ood rout i  ng technique should be 
s a t i s f a c t o r i l y  demonstrated before appl icat ion in the  Study. 

There is no r e l i a b l e  data f o r  separate  ca l ib ra t ion  of a routing 
model f o r  t h i s  watershed, so  the  use of the  Muskingum model, f o r  

example, must r e ly  on empirical equations f o r  estimation of t he  
weighting f ac to r  x, w i t h  K computed on the  basis  of t ravel  times. 

For any proposed routing model, t ravel  times should'be predicted ' 

through the  use of HEC-2 t o  est imate flood wave ve loc i t i es .  A 

coarse HEC-2 model of l a rge  portions of the  basin i s  recommended 

using very widely spaced cross-sections.  Care must be taken i n  any 
ca l ib ra t ion  exercises t o  ensure t h a t  the  elements which a r e  being 

ca1 i brated a r e  not mixed. I t  i s  not logical  , f o r  example, t o  
ALI 

c a l i b r a t e  un i t  hydrograph response using a downstream guage, and 

l a t e r  make adjustments t o  the  routing portion of the  model. 

Fl ood Forecas ti ng 

The co-ordination of f lood forecasts  f o r  a l l  areas of Ontario i s  
ca r r ied  out by the  Consercation Authorit ies Branch (C.A.B .) of 
the Ministry of Natural Resources. T h i s  group is  continually up- 
dating and improving i t s  flood forecas t  c apab i l i t i e s  and should be 
c losely  involved i n  the  preparation and ca l ib ra t ion  of a flood forecas t  

tool f o r  t he  South Nation basin. 

I t  appears l i k e l y  t h a t  the  National Weather Service Model wi l l  be 
s e t  up f o r  the  most large  watersheds in Southern Ontario. Interim 
approaches a r e  avai lable  u n t i l  t h i s  model has been successful ly  
employed on o ther  watersheds by the  C.A.B. and t i e d  i n to  a cen t ra l i zed  
flood warning f a c i l i t y  using radar t o  t rack storm events. Continual 
l i a i son  w i t h  the  C.A.B.  should be maintained by the  South Nation 
River Conservation Authority and any Consultants working on t h i s  
aspect  of water mangement. 

A t  present i t  i s  f e l t  t ha t  a cursory tratment of flood forecasting 



i s  s u f f i c i e n t  pending l a t e r  discussion with t h e  C .A.B. concerning 
their plans f o r  bringing the NWS model on l i n e  f o r  Author i t ies .  
Work on the  cen t ra l  f lood warning c a p a b i l i t y  is  progressing s t e a d i l y  

and an in te r im system is probably not  economically j u s t i f i a b l e .  

Low Flow Model 1 i ng 

The ana lys i s  of low flows i s  important i n  o rde r  t o  model water  

q u a l i t y  within t h e  watershed. Extensive work i n  s t o c h a s t i c  

hydrology has been c a r r i e d  ou t  a t  t h e  Universi ty of Waterloo which 
i s  d i r e c t l y  app l i cab le  t o  the low flow modelling component. The 

development of ARIMA ( Auto-regressi ve In tegra ted  Moving Average) 

models provides a powerful method of preparing s e r i e s  of  simulated 

flows f o r  input  i n t o  the  water  q u a l i t y  phase. 

The ARIMA models a r e  a v a i l a b l e  i n  'canned' form and have been 

extens ively  t e s t e d .  They o f f e r  major advantages over e a r l  ier 
MARKOV methods i n  t h a t  the  whiteness,  o r  randomness, o f  r e s idua l s  
can be t e s t e d  i+ rde r  t o  determine how good an approximation of 

the  behaviour of the  basin i s  achieved by the  model. The generated 
low flows may be d i s t r i b u t e d  across  the basin and used t o  model 

both base l ine  water q u a l i t y  and the e f f e c t s  of cons t ruct ing  low- 

flow augmentation rese rvo i r s .  

There a r e  ,of course,  disadvantages o t  t h e  s t o c h a s t i c  models which 

must be c a r e f u l l y  considered before they a r e  appl ied .  The gradual 

hydro1 ogi c in te rven t ion  crea ted  by agr i  cul t u r a l  a c t i v i t i e s  through 
changed land use, t i l e  drainage and the  cons t ruct ion  o r  improvement 
of o u t l e t  d ra ins  may reduce +he-whe- t h e  e f fec t iveness  of  t h e  

s t o c h a s t i c  approach by decreasing the s t a t i o n a r i  t y  of  the process. 

In add i t ion ,  i t  may be necessary t o  s tudy the behaviour of  f lood 

and low flow events  j o i n t l y  because of  t h e i r  interdependence. That 
is,  t h e r e  may be a g r e a t e r  1 i kelihood of f lood events  i n  yea r s  a r e  
"wetter"  i n  terms of low flow. This interdependence becomes 
important when analysing t h e  operat ion of a multipurpose r e s e r v o i r ,  

s i n c e  t rade-offs  must be made between s to rage  requirements f o r  low 
flow augmentation and f lood con t ro l .  

Although t h e  s t a t i o n a r i t y  of flow cannot be p rec i se ly  determined 

through ana lys i s  o f  the downstream flow records ,  i t  would seem 



u n l i k e l y  t h a t  the drains would have a s i g n i f i c a n t  e f f e c t  because 

o f  the general ly  l oca l i zed  drawdown charac te r i s t i cs  they exh ib i t .  

Through a more de ta i led  considerat ion o f  the e f f e c t  o f  the dra ins  

on flows, i t  may be possib le t o  assume tha t  t h e i r  e f f e c t  i s  

n e g l i g i b l e  and t h i s  course o f  ac t ion i s  recommended. 

The problem o f  considering j o i n t  low f low/high flow operat ional  
r C 

s i t ua t i ons  can q u w k l y  become a complex one. It i s  recommended 

t h a t  the problem be approached by creat ing a  ser ies o f  milestones 

i n  the study a t  which problems regarding the l eve l  o f  d e t a i l  

necessary t o  provide answers t o  the cen t ra l  questions i n  the 

study can be discussed and approaches conf i rmed. 

One scenario, f o r  example, could be t h a t  none of the f l o o d  con t ro l  

reservo i r  options passes the i n i t i a l  screening and t h a t  only the 

incremental f l o o d  contol  benef i t  on construct ing a  low f l ow  

augmentation reservo i r  need be evaluated. I n  t h i s  event a  

re1 a t i v e l y  coarse method of evaluat ing the incremental b e n e f i t  

would be s u f f i c i e n t  because of i t s  low r e l a t i v e  importance. I t  
would be advisable t o  make some assumptions concerning the l i k e l y  

method o f  r ese rvo i r  operation and i n i t i a l  pool l eve l ,  and car ry  

ou t  the analysis w i t h  the watershed response model, e.g. HYMO o r  
HYDRO-1. I f  f l ood  con t ro l  assumes a higher p r i o r i t y  and hence 

a more de ta i l ed  l eve l  of i nves t iga t ion  i s  warranted, a  more 

sophis t ica ted approach would be j u s t i f i e d .  

I n  such a  s i t u a t i o n  a  se t  of sy$" thet ica l ly  generated (ARIMA) 

r ese rvo i r  i n f lows  could be used as a  bas6 on which t o  t e s t  operat ional  

s t ra teg ies  fo r  both low and high flow events. Since the minimum 

achievable t ime step w i l l  l i k e l y  be a t  best  i n  the  ohrder o f  1 week, 

t h i s  may present d i f f i c u l t i e s  i n  s imula t ing the f l o o d  events. This 
d i f f i c u l t y  may be overcome by co r re l a t i ng  peak f lows w i t h  weekly 

averages and der i v ing  hydrograph shapes based on analys is  o f  s i m i l a r  

magnitude events. 

An a l t e rna te  approach i s  togroup events on the basis o f  seasonal 
r e  occur,ance, separate base flow and f lood f low and recons t i t u t e  a  

synthet ic  se t  o f  events by superimposing two syntheticany der ived 

ser ies . 



Water Qua1 i ty Model 1 i ng 

The water quality models applied t o  the South Nation basin must 
be capable of accurately assessing the import of non-point 
pollution loadings, of the predicting the changes i n  water qual i ty  
o r  a function of discharge and of model1 ing water quality w i t h i n  

any proposed reservoirs. The range of avail able models is very 

wide, including as in the hydrologic component, both deterministic 
and stochastic procedures, each with differing sens i t iv i t i e s ,  e r r o r  

terms, data requirements and computer time requirements. 

Potential candidates include models such as SWMM, DOSAG-1 a modified 

version of the Thames River model prepared by the ~ i n i s t a  of the 

Environment and more recent non-1 inear stochastic solutions t o  the 

governing d i f fe rent ia l  equations. 

I t  i s  recommended tha t  a thorough review of applicable models be 
conducted before work i s  undertaken on this par t icular  component- 
modelling of waterqual i ty  i s  s t i l l  in i t s  infancy and there a re  

wide variations in approaches and costs.  A review of t h i s  nature 

w i  11 be undertaken f o r  the G l  engowan Dam Environmental Assessment 
i n  the near future. The resu l t s  of t h e i r  review will  yield 

inforamtion d i rec t ly  applicable to  the South Nation Study and i t  

i s  fur ther  recommended tha t  fu l l  advantage be taken of t h e i r  work. 

Hydraul i c Model 1 i ng 

The computer program HEC-2 has become the standard method f o r  

computing water surface profiles f o r  gradually varied flow 

conditions and will  cer tainly be used on t h i s  study. The model 
should not be used without due consideration of input requirements 

par t icular ly a t  hydraulic s t ructures .  Since the backwater from 
bridge losses may extend fo r  large distrances ups(eam, i t  is  

recommended tha t  special a t tent ion be focussed on each s ignif icant  
bridge crossing o r  s t ructure to  ensure tha t  the correct coding 
procedure has been followed and tha t  the procedure re f lec ts  the 

hydraul i cs of the s t ructure adequately. 

I t  would be advisable t o  require the consultant t o  demonstrate or 



s t a t e  his knowledge of bridge hydraul ics  beyond the minimal 
capabi l i t ies  required to  r u n  the HEC-2 program. 

As previously discussed, HEC-2 may also be used to  derive travel 

time and estimates of the storage delay constant f o r  use i n  

routing . 

The reservoir operation model HEC-5C has been mentioned as being 
of use i n  modelling potential reservoirs and related operation o r  

managemtn s t ra teg ies .  A t  present, i t  does not appear l ike ly  tha t  
enough of the potential storage faci 1 i t i e s  w i  11 pass the pre-screening 
stage to  warrant the use of HEC-SC, which i s  best applied t o  the 
optimization of mu1 ti reservoir systems. Should the complexity of 
the problem be relat ively low a s  i s  presently envisaged, i t  i s  
recommended tha t  a more simple model, probably the routing component 

of HYMO o r  HYDRO-1 be used. A1 ternately,  i t  would not be d i f f i c u l t  
to  create a specialized routing routine to  study spec i f ic  problems 

on t ih s  basin. Such a routing could function outboard t o  the 

hydrologic response model or  could become a subroutine. 

Action Plans 

The present discussion of hydrologic and hydraulic models i s  by 

no means exhaustive. Different consultants have preferences as  t o  

model use and application based on t h e i r  experience, personal 

biases and awareness of the primary study objectives. Many a l te rna t ive  
modelling technology uses a re  available,  and indeed, may be sui table  
fo r  the study depending on the direction which the work takes as 
t h  a l ternat ives  pass successive levels of screening. The important 
factor  i s  to  ensure the f l e x i b i l i t y  i s  maintained i n  the modelling 
approach so that  the project does not become locked-in to  unsuitable 

model1 ing techniques, whether they be unnecessarily complex and costly 
or  overly s implis t ic  and inadequate. 

The s i tuat ion may be avoided through the establishment of an 

effect ive project control and 1 i a i  son system characterized by 
milestone events which allow f o r  regular discussion, feedback 
and confirmation concerning c r i t i c a l  study approaches. 



T h i s  approach places responsibil i ty on both the Consultant and the 

Steering Committee to  ensure tha t  the milestone meetings a re  

productive and ef f ic ien t  . In numerous recent studies , however, 

t h i s  approach has proven effect ive,  w i t h  a few additional meetings 

required and serving to  maximize the consultant; e f fo r t s  i n  meeting 

c l i en t  objectives. 

Throughout the study i t  i s  encumbent upon the consultant t o  see tha t  
objectives of the Authority a re  suff ic ient ly  sensi t ive t o  the detai 1 

of the work being undertaken to jus t i fy  the approach. With these 

factors  in mine, and i n  l i g h t  of the previous discussion, i t  i s  
c l ea r  tha t  any action plan fo r  hydro1 ogi c and hydraul i c  model 1 ing 
m u s t  be strongly dependent on the continual evolution o f  study 
objectives. 

The specif ics  of an Action Plan for  hydrologic and hydraulic model 
selection l i e  in the implementation of a effect ive study approach. 

Possible Pre-Screening Tools 

H y mo 
Hydro 1 

HEC- 1 

TR-20 
STORM 

Of these models, Hymo i s  the most commonly used and work adequately 

provided the user i s  aware of the l imitations of the model in 
routing on f l a t  slopes and applies the most recent guidelines 
concerning the estimations of the hydrograph shape and scale 
parameters. Hydro-1 i s  a new model, re lat ively untested b u t  capable - 
of non-linear analysis and l ikely t o  become a commonly used method 

because of i t s  capabi l i t ies  and support from the C.A.B. The 
advantage of a common model for  many applications is  t h a t  
calibration data may be transferred from study t o  study. 

Hec-1 and TR-20 a re  SCS u n i t  hydrograph techniques which are  now 

le s s  commonly used, b u t  may s t i l l  be adequate fo r  prescreening. 

STORM i s  a very simple model which produces peaks and volumes. f o r  



f lood events .  I t  may be roughly c a l i b r a t e d  and used a s  a very coarse 

screening tool  a t  an e a r l y  s t age  i n  a study. 

Detai led Hydrologic/Hydraulic Modelling 

Hymo 
Hydro- 1 

Stanford Watershed Model 

HEC-5C 
HEC-2 

ARIMA Models 

Hydro-l is  recommended f o r  watershed ca l  ib ra t ion  because of  i t s  
non-1 i n e a r  capabi 1 i t y .  I f  t h e  e f f e c t  of non-1 i n e a r i  t y  is small 

enough, a c a l i b r a t e d  version of Hymo could be  appl ied  t o  the  basin.  

The Stanford Watershed Model is  on extremely powerful tool  f o r  t h e  

simulat ion of l a r g e  watersheds, able  t o  produce long term simulat ions 

of  both low and high flow events .  Unfortunately the c o s t s  of  
opera t ing  t h i s  model o f f s e t  i ts  useful 1 ness. The di  f f i c u l  t i n g  i n  
achieving an acceptable  c a l i b r a t i o n  of i t s  many parameters a l s o  

tends t o  1 imi t i t s  use i n  an area  with l imi ted  data .  

Hec-5c is genera l ly  appl ied  f o r  t h e  ana lys i s  of m u l t i  r e s e r v o i r  

system opera t ing  under sets of ob jec t ive  cons t ra in t s .  I t  could be 
used i f  more than one major r e s e r v o i r  emerges a s  a s t rong  a l t e r n a t i v e ,  

a somewhat unl ike ly  s i t u a t i o n .  

Hec-2 i s  the standard backwater model and will d e f i n i t e l y  be used 

throughout the study. 

An ARIMA model may be appl ied  f o r  t h e  generat ion of s y n t h e t i c  

r e s e r v o i r  inflows should a d e t a i l e d  a n a l y s i s  of  a r e s e r v o i r  be 

required.  The inputs  provided by ARIMA would be l inked  t o  a 

c a l i b r a t e d  basin model t o  optimize t h e  operat ion and s i z i n g  of 

a r e s e r v o i r  and provide a sound bas i s  f o r  assess ing  i t s  benef i t s .  



5. 4 Data Acquisition Program 

Based upon our understanding of the  objectives of the  Basin Plan, and 
our knowledge of what data i s  current ly  avai lable ,  i t  is recommended 
t h a t  the  fol  lowing Data Acquisition Programs be e i t h e r  es tabl  ished 

o r  continued. 

( i )  Water Quant i ty  

Calibration i s  the  process of adjusting the  model construction and 

parameters so t h a t  the  simulation r e s u l t s  correspond t o  actual  
observations . 

The Water Survey of Canada current ly  operates a number of flow 

recorders i n  the  basin. The r e s u l t s  from these  recordings will 

form the  basis  f o r  ca l ib ra t ion  of the  hydrologic model and development 
of frequency re1 at ionshi ps which a re  then re1 ated t o  economic risk 

fac tors  i n  the  damage areas .  We would expect t h i s  data co l lec t ion  t o  

con t i  nue . 

In recent years ,  the  South Nation River Conservation Authority and 
the  Water Survey of Canada have been measuring flood s tage  and 
r e l a t i ng  i t  t o  flows a t  several points along the  Plantagenet reaches 

of the  r iver .  We would recommend t h a t  this program be expanded t o  

include the Brinston flood areas as  well ,  and some points on t h e  

t r i bu t a r i e s .  Once a f u l l  range of t  s tage discharge data has been 
col lected f o r  normal events,  t h i s  program could be reduced t o  consider 

t he  e f f e c t s  of i ce  hamming and t o  monitor the  success of the  irnprove- 

ments proposed f o r  immediate action.  



The avai lab i l i ty  of th i s  data fo r  calibration reduces the e r ror  

and increases the confidence in simulation models being used and 
improves the overall resu l t s  of the analysis. 

( i  i ) Water Qua1 i ty 

The Ministry of the Environment has s ix  provincial water quality 

network s tat ions in the South Nation basin tha t  have been monitored 

f o r  up t o  10 years. In addition, the Ministry has carried a "one 

time only" sampling program a t  176 locations within the Basin 
during the preparation of Water Resouces Report 13 f o r  the South 

Nation River Basin. T h i s  information w i  11 a1 low preliminary 

analysis to  be carried out to  determine the conformance of the water 
quality to  the water quality objectives of the basin and the 
singnifance of the non-conformity with the objectives. To some 
degree, t h i s  data will a lso enable as assessment of the main sources 

of pollutants to  the watercourses. 

Should the significance of the non-conformance be ident i f ied as major, 

then a water model 1 ing program w i  11 be required t o  fur ther  define the 
existing conditions and t o  allow predictions to  be made regarding the 

effectiveness of remedi a1 works. This model 1 i ng program would require 

more extensive water quality data of a more continuous nature i n  order 

to  a1 low reasonable calibration of the model. We would suggest t ha t  
regular water qua1 i t y  monitoring should be carried out a t  Spencerville, 

Russell, Finch andBourgetas a minimum i n  addition to  the f ive  

existing provincial s ta t ions  i n  order t o  provide reasonable dis t r ibut ion 

of information throughout the Basin. 

( i  i i ) Flood Damage Inventory 

The foremost problem w i t h i n  the basin i s  the economic loss  to  agricul ture  

due to  the inundation of low lying lands by floods a t  various times of 

the year. The expenditure of many mi 11 ions of do1 l a r s  has been 
proposed based upon the calculation of benefits determined by very 

indirect  methods. Certainly i t  W O U ~  d be excessively burdensome t o  
co l lec t  actual data fo r  a l l  flood susceptible areas; however, there 
a re  very large sums of money being considered on the basis of re la t ive ly  

gross assumptions. To date, only limited work has been carried out i n  
the Plantagenet and Brinston flood areas in the form of hydraulic - 



t o  iden t i fy  the  extent  of flooding i n  various areas .  What is needed 

is the  depth and area  of flooding expressed a s  frequencies through a l l  
the  flood suscept ible  lands, information t h a t  i s  provided by a flood 
plain mapping program using a range of flows from h i g h  t o  low i n  

frequency. This would then enable quan t i t a t ive  def in i t ion  of t he  

f 1 oodi ng problem and would a1 1 ow basi n iden t i f i ca t ion  of benef i ts  

resu l t ing  from any proposed improvements. 

In addit ion t o  the  flooding frequency-depth information i t  is f e l t  

t h a t  a more accurate assessment should be made of the acutal  
resu l tan t  damages and a1 te rna t ive ly ,  the  value of the  opportunity t o  
produce higher value crops o r  t o  increase production. O u t  of some 

25,000 t o  30,000 acres  of land which a r e  affected we would suggest a 

deta i led analysis  of approximately 1,500 acres t o  ascer ta in  the  real  
economic benef i t  t o  be gained from the  improvement of flooding 
condit ions.  Such an analysis  should include on-si t e  interviews w i t h  

the  land owners t o  es tab l i sh  input cos t s ,  losses  suffered under 

various conditions , the  changes in  management and cropping pract ices  

t h a t  would r e s u l t  from a reduction of the  flooding, and t he  farmer 's  
a t t i t u d e s  toward the  flood frequency a t  which he would consider making 
the  change t o  h i s  management and cropping pract ices .  

Environmentally S ign i f ican t  Areas 

There a r e  no ex i s t ing  f i s h  and w i ld l i f e  inventories f o r  the  purposes 
of indentifying s ign i f i c an t  o r  s ens i t i ve  areas  w i t h i n  t he  South Nation 

Basin. In Appendix D,  we have prepared a l i s t i n g  of a reas  w i t h i n  the 

Basin, iden t i f i ed  by the  Ministry of Natural Resources - Cornwall, 

Ottawa and Brockvil l e  D i s t r i c t s ,  as having f i s h  and wild1 i f e  resource 
values. There i s  a need t o  evaluate these  areas i n  a t  l e a s t  an overview 
assessment par t i cu la r ly  where they a r e  d i r ec t l y  t o  be a f fec ted  by any 

proposed works. 

(v)  Hydrometeorological Data 

For the  purposes of hydrologic mode1 1 ing of both f lood flows and low 
flows, extensive hydroleteorological data i s  required. Adequate data 
i s ,  however, avai 1 able  from the  Atmospheric E n v i  ronment Service of 



Environment Canada i n  many forms. Access t o  t h i s  da ta  should be 

r e a d i l y  poss ib le  t o  anyone working on the  Basin Study. 

(v i  ) Geotechnical Data 

From our  discussion w i t h  Mr. Klugman of the Ministry of  Natural 

Resources and Mr. N .  Gadd of t h e  Department of  Energy, Mines and 

Resources, a g r e a t  deal of general information is  known about the  

s u r f i c i a l  geology of the  a r e a ,  p a r t i c u l a r l y  t h e  problematic marine 
c l a y  depos i t s .  The acqu i s i t ion  of addi t ional  site s p e c i f i c  geologic 

information would be pre-mature a t  t h i s  time. Should, during t h e  course 

of  the  Basin Study, a l t e r n a t i v e s  develop of high po ten t i a l  and 

economic j u s t i f i c a t i o n ,  i t  would then be appropr ia te  t o  i n v e s t  i n  
s i t e  s p e c i f i c  exploratory work t o  ensure foundation s t a b i l i t y .  

(v i  i ) At t i tudes  

An important p a r t  of the  formulation of the program t o  s a t i s f y  t h e  

water  management ob jec t ives  of  the  basin wi 11 be the r e l a t i v e  

emphasis placed upon various aspects  by the  r e s iden t s  and land owners 

within the basin. I t  i s  o f t en  d i f f i c u l t  t o  specula te  what l e v e l s  
of inconvenience a r e  t o l e r a b l e ,  what the p r e f e r e n t i a l  uses of t h e  

r i v e r  a r e ,  and hence what 1eve.J of q u a l i t y  i s  needed and i n  general  
i n  what p r i o r i t y  the  landowners would p r e f e r  their t a x  d o l l a r s  t o  

be invested.  

We understand t h a t  an a t t i t u d e  study has r ecen t ly  been commissioned 
which would address many of  these  areas .  We would encourage t h e  
Authori ty t o  give p r i o r i t y  t o  this program s i n c e  i t  will help guide 
many f u t u r e  programs within the  Basin Study. Since t h e r e  is and will 

be a competition f o r  t h e  use of various resources w i t h i n  the watershed 
i t  would be advantageous t o  have some fac tua l  bas i s  upon which t o  make 
the  various compromises, t rade-offs  and decis ions  t h a t  a r e  requi red  i n  
an in teg ra ted  resource management plan. 

r' 
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5.4 Land Management Considerations 

The South Nation Basin has undergone s i g n i f i c a n t  changes i n  t h e  
recent  pas t .  Additional lands a r e  being c lea red ,  swamps and wetlands 
a r e  being drained,  and t h e r e  has been a gradual i n t e n s i f i c a t i o n  o f  



SOUTH NATION RIVER CONSERVATION AUTHORITY 

PRELIMINARY OPT1 M I  ZAT ION STUDY 

APPENDIX -I- f i  

IMPACT OF MUNICIPAL AND INDUSTRIAL WASTES 

TABLE OF CONTENTS 

1. INTRODUCTION 

2. MUNICIPAL SEWAGE DISPOSAL 

(i ) C a s s e l  man 

(i i) P l a n t a g a n e t  

(iii) R u s s e l l  

( i v )  S t .  I s a d o r e  

( 4  Ches t e r v i  11 e 

( v i  ) W i n c h e s t e r  

( v i i )  E m b r u n  

3. INDUSTRIAL WASTE DISPOSAL 

(i ) Ches t e r v i  11 e - Nes tl e 

(ii) W i n c h e s t e r  - A u l t  F o o d s  

4. WATER SUPPLY 

5. CONCLUSIONS AND RECOMMENDATIONS 



1. INTRODUCTION 

Several towns and villages in  the South Nation River Basin are  provided 

w i t h  piped water and sewage f a c i l i t i e s .  A l l  of the municipal sewage 

systems use waste s tab i l iza t ion  ponds (lagoons) fo r  treatment of raw 

sewage pr ior  to  discharge to  the r iver  system. 

The use of mechanical treatment plants w i t h  continuous discharge of 

eff luent  is not acceptable fo r  most 1 ocations because of seasonal 1y 
low r iver  flows and thus poor assimilation of eff luent .  Mechanical 

plants w i t h  seasonal discharge provide no s igni f icant  technical 

advantages over the cheaper lagoon systems. 

Six communities each have t h e i r  own lagoon system - Casselman, Plantaganet, 

Russel 1 ,  St.  Isadore, Chestervi 1 l e  and Winchester. A seventh community, 
Embrun, i s  presently in the process of designing a lagoon system. With 

the exception of Embrun, a l l  of the municipal lagoon systems are  operated 

by the Ministry of the Environment. 

The only s ignif icant  industrial  contributors of sewage are the Nestle plant 
a t  Chesterville and A u l t  Foods a t  Winchester; the former having a mechanical 

plant and the l a t t e r  an abated lagoon system. 

Base data on the qual i ty and quantity of municipal and industrial  sewage 
i s  f a i r l y  1 imi ted with e f f luent  flow measuring equipment presently being 

instal  1 ed a t  some of the lagoons. 

River flow measuring devices a re  numerous and well placed i n  re lat ion to  

the lagoon discharge points so tha t  flow proportional discharge will  soon 

be possible a t  most of the lagoons. 

Water supply i s  generally from groundwater w i t h  only Casselman and 

Plantaganet (proposed) t reat ing water direct ly  from the r ive r .  

Water qual i t y  i n  the rivers i s  poor and adequate di lut ion of eff luents  

i s  d i f f i c u l t  t o  achieve part icular ly i n  the upper reaches of the r iver  
sys tern. 



2. MUNICIPAL SEWAGE DISPOSAL 

2.1 Cassel man 

The Vi 11 age of Cassel man has a population in the order of 1,600 persons 

and i s  served by piped water and sewage systems. Sixteen hectares (40 

acres) of lagoons discharge eff luent  on a semi-annual basis to  the South 

Nation Ri ver . 

The Ministry of the Environment does not envisage any immi nent problems 

with t h i s  system and would permit some expansion of the lagoons. 

I 
I The lagoons have a flume on the eff luent  system to  f a c i l i t a t e  flow 

measurement and thus manual flow proportional discharge. The 

Ministry have recently recommended sui tab1 e 1 agoon discharge rates  fo r  

d i f fe rent  r iver  flows fo r  the Casselman lagoons and thus flow proportional 

discharge is  anticipated to  commence i n  the near future.  

2.2 Plantaganet 

The Village has a 6.9 ha (17 acre) lagoon f a c i l i t y  discharging in to  the 

lower reaches of the South Nation River on a semi-annual basis. The 

lagoons are not provided with an eff luent  flow measuring device. 

1 The Ministry of the Environment does not have any problems with t h i s  

system a t  present and di lut ion factors  in  the lower reaches of the r ive r  

are  f a i r l y  good. 

2.3 Russell 

The Village of Russell has a 16.9 ha (42 acre) lagoon f a c i l i t y  discharging 

into the Castor River. The designed detention period i s  235 days but with 

recent increases in flows to  the system discharge will soon be on a semi- 

annual basis.  

The lagoons have been instal led with an eff luent  flume and so manual flow 
proportional control can be achieved. As with Casselman, the Ministry of 

the Environment have s e t  acceptable discharge rates  for  given r iver  flows 

to achieve acceptable di 1 utions . 



The Ministry fee ls  t h a t  no fur ther  lagoon expansions can be permitted 

a t  Russell, although there i s  no pressure a t  present fo r  such expansion. 

<.2 .4 St .  Isidore 

The St.  Isidore lagoons have been in operation fo r  about 2 1/2 years and 

so f a r  there has been no need fo r  discharge of eff luent .  There a re  15.7 

ha (39 acres) of lagoons designed fo r  discharge t o  the Scotch River on an 

annual basis.  However, the system i s  nowhere near design capacity. 

Effluent flume measurement i s  not provided. The Ministry of the 

Environment woul d not favour future expansion of th i s  f a c i l i t y .  
) 

2.5 Chestervill e 

The existing Chesterville lagoons cover some 5.8 ha (14.5 acres) 

discharging in to  the South Nation River on a semi-annual basis.  The 

lagoons are  currently overloaded and a design i s  underway fo r  an additional 

6 ha (15 'a tres) .  However, increased water usage and new development will 

account fo r  most of th i s  new capacity with the r e su l t  t ha t  semi-annual 

discharge will  s t i l l  be required. A flume will be ins ta l led  in  the new 

expansion to  allow flow measurement of a l l  of the lagoon's discharge. 

2.6 Winchester 

The water supply and waste disposal f o r  Winchester a re  currently presenting 

local authori t ies  with the greatest  problems. The present lagoon system 
has 6.7 ha (16.5 acres) and besides being overloaded i s  discharging semi- 

annually into a watercourse with insuff ic ient  flows t o  provide su i tab le  

di lut ion.  

These problems, together with water supply problems (See Chapter 4 of 

th i s  Appendix) have prompted the i ni t i a t ion  of an environmental assessment. 

A preliminary report on this  environmental assessment i s  currently being 

reviewed by the Ministry of the Environment. 



2.7 Embrun 

The Embrun water and sewage systems design was underway by the 

Ministry of the Envi ronment when the pol i ci es regarding responsi bi 1 i ty  
f o r  municipal projects were revised and the municipality undertook 
to carry out the project and operate the systems. T h u s ,  with some 
delays, the systems are now a t  the final design phase. I t  i s  understood 
that  approximately 40 ha (100 acres) of lagoons to  discharge to  the 

Castor River on an annual basis were or iginal ly  proposed by the 

Ministry . However, the municipal i t y  is now questioning the need 
for  annual discharge and incorporating an eff luent  flume to  enable 
flow proportional discharge. If  such i s  the case, then the Ministry 

will be specifying acceptable discharge rates f o r  given r iver  flows. 



3.  INDUSTRIAL WASTE DISPOSAL 

3.1 Ches te rv i l l e -Nes t l e  

The Nestle plant i s  provided with a mechanical secondary treatment plant  

which discharges continuously to  the South Nation River a t  Chesterville. 

Effluent quality from the plant i s  generally good with BOD and phosphorous 

occasionally exceeding the permissible levels of 15 and 1 mg/l 

respectively. However, the Ministry of the Environment i s  s a t i s f i ed  with 

the p lant ' s  performance and sees no imed ia t e  problems. The plant and 

the Ministry are  conti nually monitoring i t s  performance and data e f f l  uent 

quality and quantity i s  readily available.  However, i t  i s  noted t h a t  the 

plant operating reports from January 1978 until June 1979 show maximum 

average monthly levels of BOD and Suspended Solids as 52 and 201, 

respectively . 

3.2 Winchester - Aul t Foods 

This plant i s  provided with a lagoon system consisting of three aerated 
I 

l 
and two polishing lagoons which discharge 3 t o  4 times per year to  a 

I small t r ibutary of the Castor River. BOD, Suspended Sol ids and Phosphorous 

readings are high and the receiving watercourse has inadequate flow to 

faci 1 i t a t e  anywhere close to acceptable di 1 uti  on ra t ios .  The receiving 

watercourse has considerable a1 gae blooms. Ministry of the Envi ronment 

laboratory analysis of the e f f luent  from the lagoons f o r  April 1978 - 
June 1979 show BOD up  t o  65 mg/l , Suspended Solids up to  85 mg/l and 

Total Phosphorous to  64 mg/l . 



4. WATER SUPPLY 

Water supply in the South Nation River watershed i s  primarily from 

groundwater sources. Only Cassel man presently draws water from a 

surface supply (South Nation River) and a proposed treatment plant a t  
Plataganet will draw also from the South Nation River. 

3 The Casselman plant has a capacity for  3,200 m /day (0.7MGD). The 
Ministry of the Environment operate the plant and report t ha t  raw water 

quality is  poor with noticeably high faecal coliform counts. 

The Plantaganet plant  is  presently under design and will have a 

capacity of 1,600 m ?day (0.35 MGD) . I t  too will be operated by the 

Ministry and i t  i s  expected tha t  raw water qual i ty  problems will also be 

experienced . 

Bedrock i n  the area i s  general ly  close to  the surface and problems 
are  being experienced in some areas with well capacity and groundwater 
qual i ty.  Winchester and Chestervi 1 l e  are  currently experiencing 

capacity and qual i ty problems. A t  Winchester, existing municipal 

wells are  thought to  be mining the aquifer and the problem i s  being 
addressed in  the current environmental assessment of services.  

Piped water supply systems are  presently operated i n Chestervi 11 e ,  

Winchester (both F@E), Bourget (pa r t  MOE) , S t .  Isidore (Private) ,  
Clarence Creek, S t .  Pascal and Embrun (a1 1 municipally operated). 

A study i s  presently underway on the S t .  Isidore system. The Village of 
Finch presently has a water supply system under construction. However, 
the discovery of hydrogen sulphide during t e s t  pumping has necessitated 
the design of an aeration tower. 

Farms i n  the area generally use we1 1s for  water supply which, through 
providing adequate capacity fo r  such relat ively small demand points, 
a re  costly to  construct as most a re  into bedrock. 



5. CONCLUSIONS AND RECOMMENDATIONS 

The municipal and industr ia l  sewage disposal systems on the  South 

Nation River system a r e  undoubtedly causing a degradation of water 

qua l i ty ,  although the extent  t o  which these systems contr ibute  as  
compared to  contributions from non-point sources has not been analyzed 
i n  t h i s  Appendix. 

Because of t he  e r r a t i c  and predominantly low flows experienced i n  

most of t he  r i v e r  system, sewage treatment systems w i t h  some s o r t  of 
control led discharge a r e  necessary. Thus, the  waste s tab i  1 i zation,  o r  
1 agoon, sys tern had been adopted over other  avai lable  treatment methods 

f o r  the  municipal sewage systems. The indus t r i a l  plants which produce 

stronger wastes have needed t o  provide more sophis t ica ted treatment such 

as the  act ivated sludge process. 

However, w i t h  many of the  plants  the  discharge f a c i l i t i e s  s t i l l  require  

modifications t o  ensure flow proportional discharge. In the case of the  
two plants a t  Winchester, i t  i s  unlikely t h a t  even control led discharge 
would r e s u l t  i n  adequate ass imila t ion of e f f l uen t  i n  the watercourse 

because o f  low flows a l l  year round. For this and o ther  reasons the  

Ministry of t he  Environment have iden t i f i ed  Winchester as  a pa r t i cu l a r  
problem area w i t h  regard t o  municipal and indus t r i a l  wastes. 

Data on flow in to  and out  of the  municipal 1 agoons i s  sparse and has not 
been gathered i n  an organized program i n  the  past .  A ser ious  e f f o r t  
i s  current ly  underway by the Ministry of the  Environment t o  r e c t i f y  

t h i s  and i t  i s  understood t h a t  good water qua1 i t y  data i s  now 
avai lable  f o r  some f a c i l i t i e s  f o r  1978 and 1979. 

I t  i s  recommended t h a t  f u r t he r  s tudies  i n to  pollution of the  South 

Nation River system include the  following with regard t o  point  source 

pollution:  

1 .  Evaluation of avai lable  1978 and 1979 in f luen t  and e f f l uen t  qua l i t y  
data on municipal lagoon systems. 

2 .  Sampling and analysis  of a l l  municipal and industr ia l  in f luen t  and 

e f f l  uen t over a one year period in  an organi zed sampl i ng program 
incl  udi  ng analys is  o f  river qua1 i t y  upstream and downstream of 



discharge poi nts . 
3.  Ins ta l la t ion  of flow measuring devices on the remaining 

treatment f a c i l i t i e s  and record flows fo r  a l l  systems over the same 

1 year period. 

4. Evaluation of operations of present treatment methods and recommend 

improvements where needed. 

5 .  Eva1 uation of a1 ternat i  ve methods of sewage treatment and disposal 
in areas where r ive r  flows are  inadequate fo r  present treatment 

faci 1 i t i e s .  

6. Determine current contributing populations, water consumption and 
estimate per capita sewage contributions i n  order t o  forecast  

future sewage loads. 

7. Recommend controls on future plant expansions a s  required. 



C 

Appendi x 'G 

Marine Clays within the area under considerat ion were deposited under 

s a l i n e  marine o r  brackish water condit ions.  The s t r uc tu r e  of t h e  

sediments deposited i n  such an envi ronment d i f f e r  from those deposited 

i n  f resh  water o r  g lacia l  me1 twaters exhibited e l  sewhere i n  the 

s t r a t a  i n southern Ontario. Changi ng sa l  i ni t y  condi t ions  w i  t h i  n the  

groundwater regime s ince  the drainage of Champlain marine phase some 

13 thousand years  ago have exchanged typical  marine e l ec t ro ly t e s  f o r  

o thers  and has i n  some instances caused p rec ip i t a t ion  of minerals 

resul t ing i n  weak cementation of pa r t i c l e s .  

Groundwater regimes i n  c lay  s t ra t ig raphy  ex i s t i ng  i n  South Nation 

River Basin f l uc tua t e  widely w i t h  5 M r i s e s  i n  phreat ic  l eve l s  being 

noted, Mitchell R.J. Klugman MA Mass I n s t a b i l i t i e s  i n  Densitive 

Canadian Soi 1s Eng. Geology 14(1979) 109-1 34 Elsevier  Publishing 

Company, ( M i  t che l l  & Kl ugman 1979). Coarser seams and beds w i t h i n  

the clay s t ra t ig raphy  account f o r  transmissivi  t y  anisotropy w i t h i n  

these sediments so t h a t  in ternal  drainage of groundwater t o  val leys  

may be poor. 

Loadings of banks by groundwater and undercutting by streams a r e  

frequent causes of bank f a i l u r e  anywhere. Wi th  the  added problem 

of high l i q u i d i t y  clays and s i l t s  t h a t  have the a b i l i t y  of 

reorganization i n to  a l e s s  dense, highly f l u i d  s t a t e  make the  problem 

of l ands l ips  o r  landflows an almost comnon annual occurrence. Many 

papers dot the  1 i t e r a tu r e  on the sub jec t  of sensi  t i v e  marine c lays  i n  the  

Ottawa Val ley and an adequate bib1 iography e x i s t s  i n  the  recent  paper i b id  

s i t u .  

Slope management data a r e  being generated and pub1 ished by the 

Geological Survey of Canada and by the Ministry of Natural Resources of  

the  Ontario Government. T h i s  e f f o r t  is aimed a t  providing guidelines of 

evaluation c r i t e r i a  f o r  s ens i t i ve  areas.  In no sense a r e  these  documents, 

Klugman M.A. & Chung P .  Slope s t a b i l i t y  Study of the  Regional Municipality 

of Ottawa Carleton Ontario Canada. Ontario Ministry Natural Resources 

O.G.S. Misc. Paper 68, and Klassan K . E .  Poshman A.S. Klugman MA IN PRESS 

Slope S t a b i l i t y  of the  South Nation River Basin Banks M N R  Eastern Region. 



i n  Press def in i te  engineering studies for  specif ic  s i t e s  o r  projects. 

Some of the e f fec ts  of flood control works can be outlined i n  point form 

in the fol 1 owing manner: 

1. Lowering of annual flood levels can increase the loading on banks 

s table  or unstable by increasing water pressures and increasing 
the moment promoting fai  1 ure. 

2. Remedial measures fo r  erosion along the r ivers  and creeks must be 
given su f f i c i en t  a t tent ion to design SO as to  not aggrevate any 

of the slope i n s t a b i l i t i e s  that  e x i s t .  

I 3 .  Channelization of any nature should encompass the need to  lower 

I slopes t o  1 :4 or l e s s  to  reduce the moment inci t ing ins t ab i l i t y  
and fa i lure .  

4. Dyki ng must have detai 1 ed grotechnical engineering reports 

accompanying the design because of the necessity of considering 
consol idation and f a i lu re  of the founding s o i l s .  Dyking may also 

I impede drainage of groundwater and increase poor pressures to  

the point where safety factors  are  lowered and fa i lure  can occur. 
I 

5. Channel deepening and modifications t h a t  lower the stream bed 

1 elevation are  also detrimental to bank s t a b i l i t y  because of the 
I 

increased bank height (and therefore ins tabi 1 i t y )  produced and 

because of greater  flow veloci t ies  and erosion capabi 1 i t i e s  of the 
stream. This e f f ec t  will have a tendency to move upstream w i t h  

time and will a f f ec t  areas tha t  previously had no associated problems. 

6. Stream bed lowering may also effect ively uncover s t r a t a  of s o f t  clay 
tha t  have the a b i l i t y  t o  extrude o r  flow plas t ica l ly  causing 

"retrogressive" mass wastage Mitchell & Kl ugman 1979, Klasser, K.E . ,  

Poshman A.S. of a s l i d e  such as th i s  inevitably creates an ongoing 
long term fa i lu re  of ever increasing areal extent.  

7. Embankments associated with buildings, roads, bridges hydro1 i ne 

towers, and railway embankments are also susceptible to  f a i lu re  by 
excessive rapid flood water drawdown and other factors 1 is ted 

above tha t  reduce safety factors .  In one case a railway embankment 
had to  be bermed to  maintain s t a b i l i t y  a f t e r  floodwater drawdown 
(pers.  comm. Chief Geotechnical Engineer C . N .  R . )  



The repor t  and contained maps rank the s e n s i t i v i t y  of the r i ve r  banks t o  
f a i l u r e  using the accepted terminology of Saftey fac tor .  Each sa fe ty  

fac tor  grouping out1 ines the  level of invest igat ion required f o r  any 

development i n  the  area of the  valleys.  

Four major remedial works have been proposed and t he  level  of geotechnical 

environmental invest igat ion i s  commented on below: 

1 .  Chestervil l e  Channel i zation: 

From the data i n  press in the  a r t i c l e  ib id  s i t u .  three  areas t o t a l l i n g  

2.0 km have a sa fe ty  f ac to r  of 1.2-1 .5 and i t  i s  recommended t h a t  

de ta i l ed  geotechnical invest igat ions  be ca r r ied  out .  The type of 

remedial measures required must increase the  sa fe ty  f ac to r  (from 

1.2-1.5 which i s  marginal ) . Such remedial measures would consider 

but not be confined t o  lowering of valley slopes to  1 :4 o r  l e s s ,  

erosion protection of the  toe  of slope only, and measures t o  dra in  
I land surface more e f fec t ive ly  i n  the spring months. 

- Most of t he  remainder of the  length of channelization i s  through 

areas where valley banks have sa fe ty  fac tors  of 1.5 to  2.5 t h a t  

require routine geotechnical investigation to  visual inspection 

only. I t  must be emphasized t h a t  remedial measures should not reduce 

I the sa fe ty  f ac to r  i n  any way without n i t i ga t i ve  o f f s e t t i ng  measures. 

2. Plantagenet Rock C u t  
I The hydro1 ogical l y  supporti ve bedrock h i  gh a t  Pl antagenet was 

lowered a matter of f e e t  w i t h  concommitant increase i n  the  s l i d e  

incidences upstream. The rea l iza t ion  whether real  o r  not was m i  t i ga t ed  

by construction of a weir t o  prevent low water from dropping too low. 

On the Maps of the Slope S t a b i l i t y  above the  railway bridge the  

sa fe ty  f ac to r  var ies  between 1.2 and 1.5 - marginal, requiring 

de t a i l  geotechnical invest igat ion of the  banks w i t h  suggestive 

control 1 i ng measures f o r  s t a b i l  i ty .  A r e l a t i ve ly  innocuous concept of 

1 owering the low flow a t  Pl antagenet necess i ta tes  invest igat ion and 

remedial measures f o r  10 km and upstream w i t h  the l ikelihood of 

temporally progressive aggravation of s tab i  1 i t i e s  as  t he  nick-paint 

moves upstream. Two areas t o t a l  1 i ng approximately 11 KM require  

extensive remedial s t a b i l  i t y  measures dic ta ted by exhaustive 

geotechnical invest igat ions  ( these  zones a r e  a t  the  north end of 

South P l  antagenet Twp) . 



Any cons idera t ion  o f  channel improvement a t  t h i s  p o i n t  must 

o f  necessi ty have geotechnical i n v e s t i g a t i o n s  c a r r i e d  ou t  and 

remedial measures must be i n t e g r a t e d  w i t h  those a t  Pl antagent. 

The importance o f  decis ions are  wide reaching because o f  t he  sen- 

s i  ti v i  ty o f  t h e  r i v e r  banks and val  1 ey w a l l  s  f o r  1 arge d is tances 

upstream. 

Dyking t o  con f ine  f lows i n  Plantagenet Flood Area: 

While no d e t a i l e d  engineer ing cons idera t ions  have been given 

t o  the  e f f e c t s  o f  dyking i n  the Plantagent Area, i t  i s  r e a l l y  

obvious f rom t h e  fo rego ing comments t h a t  t h e  s t a b i l i t y  o f  banks w i l l  

be i n  jeopardy. 

Foundation problems o f  p l a c i n g  dylus on s e n s i t i v e  marine c l a y  i s  

one t h a t  requ i res  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  and ca re fu l  design; 

n o t  t he  l e a s t  o f  which i s  the cons idera t ion  o f  water  movement f rom 

t h e  marine c lays  i n t o  the  v a l l e y  being impeded. 

4. Plantagenet Channel i z a t i o n  downstream of Rock Cut: 

Hydro1 og ic  consi dera t ions  o f  improving f l o o d  f lows through 

Plantagenet might  necess i ta te  channel improvements t o  t h e  S .N.R. 

below the  town o f  Plantagenet. I t  has a1 ready been demonstrated 

t h a t  t h i s  w i l l  r e s u l t  i n  increased v e l o c i t i e s  and i n  t u r n  increase 

toe  eros ion  along the  r i v e r  banks. 

Below P. are  numerous zones w i t h  safety fac tors  from 0.8 t o  1.2 

r e q u i r i n g  ex tens ive  remedial measures d i c t a t e d  by d e t a i l e d  geo- 

techn ica l  s tud ies .  Other zones t h a t  a re  from 1.2 - 2.5 i n  Safety Factor  

would worsen i f  n o t  considered w i t h i n  the  t o t a l  framework o f  m i t i g a t i v e  

measures. 
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APPENDIX D 

Environmental Considerations i n  the Basin 

The environmental aspects of the various water management a1 ternatives 

must be given due consideration. As a component of t h i s  study, a 

biologist  reviewed the proposed a1 ternatives and assessed the available 
information in the basin on forestry,  f i sh  and wildl i fe .  The following 

Tables and map i l l u s t r a t e  the areas ident i f ied by the Ministry of Natural 

Resources - Cornwall, Ottawa and Brockville Dis t r ic t s ,  as having fores t ,  
f i sh  and wi ld l i fe  resource values. 

None t o  the Dis t r ic t s  represented w i t h i n  the AuthorS ty boundaries have 
actually conducted a detailed f i sh  and wi ld l i fe  inventory fo r  the 
purposes of identifying s ignif icant  or  sensi t ive areas. As a r e su l t ,  
the information presented herein i s  specif ic  in some cases, b u t  qui te  
general fo r  the most part. Further, information of a quantitative and/ 

or qual i ta t ive  nature i s  a lso lacking. This i s  not to  imply tha t  the 
resources a re  not present or  important, b u t  ra ther  i t  indicates the need 

f o r  such studies.  In a l l  instances, the wi ld l i fe  supervisors were well 
aware of the hydrology studies which have been undertaken and tha t  a re  

now underway. All expressed concerns regarding flooding and water 

level fluctuations.  Major concerns r e l a t e  t o  (1) the e f fec ts  of water 
fluctuations on f i sh  migration and muskrat habi tat ,  and ( 2 )  the e f fec ts  
of bank slumpage and flooding on stream sediment loading and, hence, 
the degradation of existing and potential water-related f i sh  and wild1 i f e  

resources and habitats.  

Simultaneously with any formal proposals regarding hydrologic 
improvements, i .e. reservoirs and channelization, a detailed investigation 
of f i sh  and wi ld l i fe  resources should be undertaken to  identify any 

s i t e  specif ic  concerns. Such an investigation should not only be s i t e  
specif ic  , b u t  should a1 so consider both the upstream and downstream 

implications. 



MAP K E Y  

Location 

1. Provincial Wil dl i f e  Area 

2.  A1 len Creek 

3. Castor River 
North Branch 

Middle & South Branch 

4. Castor River (above Russell t o  
Outfall ) 

5. Castor River 

6. Castor River (below dam a t  
Russel 1 ) 

7. L i t t l e  and East Castor 

8. Black Creek .. 
9. South Branch of South Nation 

I 

I 10. Sandy Creek 

11. South Nation River (west of 
Cass Bridge t o  Outlet) 

12.  South Nation River (150 m 
below Chestervi 11 e Dam) 

I 13. South Nation River (Wheelers 
Rapids below RR tracks a t  
F i  nch/Wi nchester Twp. boundary) 

14. South Nation River (below 
Ches tervi  11 e Dump) 

15. South Nation River (425 rn 
below dam a t  Crysler) 

Comments 

Deer yard, s p r i n g  nesting of water- 
fowl , 1 imi ted trapping, h u n t i n g ,  
coyotes, no fishing. 

Brook t rout  

Stocked w i t h  speckled and rainbow 
t rou t ,  muskrat a t  v i l lage  of Greely. 
Pickerel and pike, not an intensive 
fishery but important t o  loca ls ;  
suspected spawning i n  south branch 
from Hwy. 31 through Metcalfeand from 
eas t  of Vernon t o  Kenmore on the south 
branch. 

Limited pickerel, sucker, bass and 
pike. 

Pike spawning i n  spring. 

Pickerel spawning. 

Spring trapping of muskrat. 

Nothing known. 

No known spawning, low flow 'in summer. 
Occurrence of bull head, pike and 
pumpkinseed. 

No known f i sh  o r  wi ld l i f e  areas.  

Pickerel spawning west of Cass Bridge, 
occurrence of p i  ke. 

Ar t i f ic ia l  spawning bed f o r  pickerel. 

Pickerel spawning 

Pickerel spawning. 

Pickerel spawning 



Location Comments 

16. South Nation River (Crys le r  Prime pickere l  f i s h i n g  area .  
t o  ~ a s s l e m a n )  

17. South Nation River (Flood Spring waterfowl s t ag ing  a rea .  
I a r ea  from Winchester South) 

18. South Nation River (below 
Winchester) 

I 
I 19. Payne River 

20. Butternut  Creek 
I 

21. South Nation River 
(Casselman t o  Lemi eux) 

22. South Nation River (f looded 
area  below Lemieux) 

23. Bear Brook 
Indian Creek 

I 24. South Nation River 
(Lemieux t o  Pl an tagene t )  

P o t e n t i a l  pickerel  spawning a r e a  .- 
rubble  bottom. 

Good muskrat t rapping a rea ;  sp r ing  
spawning of  pike between Berwick and 
Finch. 

Nothing known. . 

Bullhead f i sh ing .  

Excel l e n t  muskrat t rapping;  s p r i n g  
waterfowl s t ag ing ,  p o t e n t i a l  nes t ing  
o f  waterfowl . 
~ u s k r a t  h a b i t a t ,  1 i m i  t e d  waterfowl 
nes t ing .  Rock bass,  muskrat t rapping.  

Heavy f i s h i n g  f o r  bass ,  musky and 
pickere l  , sturgeon f i s h i n g  a t  
Pl antagenet  i n  sp r ing  (source  
Ottawa River).  

- 
25. South Nation River (400 m Pi ckere l  spawni ng . 

below and above Plantagenet )  . 

26. South Nation River Pickere l  spawning. , (immediately below dam a t  
I Casselman) 

I 

27. A1 f r e d  Bog - Horse Creek Moose and beaver; unique ecologica l  
a rea ;  rare orchids.  

28. South Nation River Waterfowl s taging area .  
(Pendleton Area t o  Ricevi 1 l e )  

29. Paxton Creek Nothing known o r  suspected.  

30. Scotch River - North and South Pike and sucker spawn from S t .  
and Beaver Creek I s i d o r e  t o  Ricevi l le .  

31. Scotch River South Basin 

32. Springbrook Creek 

33. Moose Creek Bog 

34. Larose Fores t  

Trout  stream. 

Speckled t r o u t .  

Natural a r e a ,  ecologica l  l y  s e n s i t i v e .  

Moose, some deer,  beaver t rapping 
waterfowl i n  marsh lands.  



Location Comments 

I 

35. South West Headwater Area Weak d e e r  yard  (25-50). 

36. South Nation River 
(Spencervi 11 e Area) 

37. Osgoodz Bog - Middle Branch 
Castor  River 

1 38. Mer Bleue - Bear Brook 

Large muskrat a r e a ,  extens ive  
t r app ing  . 
Main source o f  Castor  River na tu ra l  
wood1 andlmarsh a rea ,  v a r i e t y  of 
w i l d l i f e .  

Tree sphagnum and black spruce ,  
quicking bog, unique h a b i t a t ,  
regional  l y  education,  and 
r e c r e a t i o n a l  val ue . 
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