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1.0 INTRODUCTION 

By let ter  dated  February 1 2 ,  1979, t h e  f i rm of Crys ler  & 

Lathem Ltd. was r e t a i n e d  by t h e  Raisin Region Conservation 

Author i ty  t o  c a r r y  o u t  a wate r  management study of t h e  South 

Ra i s in  River wi th in  t h e  co rpo ra t e  l i m i t s  of t h e  Ci ty  of  

Cornwall and t he  a r e a s  known as Lakeview Heights and Churchi l l  

Heights  (Rosedale Terrace)  o u t s i d e  t h e  c i t y  l i m i t s .  The 

purpose o f  t h e  s tudy was t o  i d e n t i f y  a r ea s  prone t o  f looding 

under the regional  s torm f lood  and t o  develop measures which 

may be used t o  m i t i g a t e  such f looding.  These measures w i l l  

be used t o  p ro t ec t  e x i s t i n g  and proposed development wi th in  

t h e  s tudy area .  I n  a d d i t i o n ,  t h e  s tudy was t o  consider  t h e  

i n f l uence  o f  t h e  Long S a u l t  w a t e r  d ive rs ion  on t h e  watershed 

under bo th  low flow and h igh  waoter condit ions.  

The s tudy was based upon terms of reference  prepared by t h e  

Raisin Region Conservation Authori ty i n  consu l ta t ion  with t h e  

Eas te rn  Region of t h e  Onta r io  Ministry of Natural Resources. 

These terms included t h e  development of regional  f lood  flows 

based upon t h e  c u r r e n t  p r o v i n c i a l  po l i cy  of t h e  100-year 

f lood  and t h e  use of computer models t o  generate  flows and t o  

c a l c u l a t e  f lood e l eva t i ons .  Topographic maps prepared by 

J. D. Barnes Limited f o r  t h e  C i ty  of Cornwall i n  1978 toge ther  

wi th  a d d i t i o n a l  mapping prepared by Northway Survey Corporation 

Ltd. f o r  t h e  Raisin Region Conservation Authority a t  a  1:2000 

s c a l e  w e r e  used f o r  t h i s  s tudy.  The contour i n t e r v a l  f o r  t h e  

new mapping was 1 m w i th  0.5 m i n t e rpo l a t i ons .  Floodplain 

de l i nea t i ons  and t h e  cons ide ra t i on  of a l t e r n a t e  w a t e r  management 

techniques w e r e  examined by computer modelling. 
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A p a r t i a l  l i s t  of  t h e  information used i n  t h i s  study is  a s  

r -  follows: , 

r (1) R a i n f a l l  records  prepared by t h e  Meteorological Branch 

of Environment Canada , 

(2) ~ o p o g r a p h i c  maps a t  a s c a l e  of  1:25,000, 

( 3 )  S o i l  Survey of  Stormont County, Report N o .  20 of t h e  

Ontar io  S o i l  Survey, 

( 4 )  Design Report, Boales  rain, Ci ty  of Cornwall, by 

McNeely Engineering Ltd. da ted  Ju ly ,  1979; 

(5) Rais in  River conservat ion  Report, Department of Energy 

and Resources Management, 1966. 

I n  add i t i on  t o  t h e  above, information on proposed development 

f o r  t h e  a r e a  was obta ined through d i scuss ions  wi th  t h e  Authority 

and c i t y  s t a f f .  Data f o r  e s t ima t i ng  f lood  damage were obta ined 

through d i scuss ion  wi th  t h e  r eg iona l  assessment o f f i c e  and r e a l  

e s t a t e  agencies  i n  t h e  a r ea .  F i e l d  surveys were a l s o  c a r r i e d  

o u t  i n  s u f f i c i e n t  d e t a i l  t h a t  they  could be used t o  check t h e  

new topographic mapping f o r  accuracy. De t a i l s  of channels and 

hydrau l i c  s t ruc , tures  w e r e  obta ined by t r a n s i t  and t a p e  surveys.  

A s tudy o f  a l l  t h e  above d a t a  t oge the r  with d e t a i l e d  engineering 

s i t e  i n spec t i ons  and engineer ing  c a l c u l a t i o n s  has r e s u l t e d  i n  

t h e  f i nd ings  which a r e  presented  i n  t h e  r epo r t  which follows. 
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2.0 SITE DESCRIPTION 

The South Ra i s in  River watershed encompasses a dra inage  a r e a  

of  about  103 km2 (39.7 square  m i l e s )  . The headwater of t h e  

south  branch i s  a t  Long S a u l t .  From here ,  t h e  r i v e r  flows 

p a s t  Lakeview Heights through t h e  Ci ty  of  Cornwall and on down 

t o  i t s  conf luence  wi th  t h e  main branch of t h e  Rais in River a t  

Glendale. The bas in  of  t h e  South Rais in  River l i e s  wi th in  t h e  

Townships of  Osnabruck, Cornwall and Charlot tenburg wi th in  

Stormont and Glengarry c o u n t i e s .  

The headwaters a r e  a t  an e l e v a t i o n  of approximately 76.2 m 

(250 feet)  above sea l e v e l  and t h e  r i v e r  empties i n t o  t h e  main 

branch a t  an  e l e v a t i o n  of  46.9 m (154 f e e t )  above sea  l e v e l .  

The t o t a l  drop i s  29.3 m (96 f e e t )  i n  a d i s t a n c e  of 33 km 

(20.5 m i l e s )  g iv ing  an average s l o p e  o f  0.09% i n  t h e  channel.  

This  r e l a t i v e l y  f l a t  channel g r a d i e n t  tends  t o  impede t h e  

d i scharge  o f  f lood  flows and i n c r e a s e  t h e  p o t e n t i a l  f o r  

f lood ing  of v a l l e y  lands .  

Within t h e  c i t y  l i m i t s  t h e r e  are t h r e e  d r a i n s  of concern t o  

t h e  ~ u t h o r i t y .  They are t h e  Henderson, Boales and t h e  Cardinal  

Motel d r a i n s .  I n  a d d i t i o n ,  t h e  Eastman Drain immediately 

n o r t h  o f  t h e  c i t y  l i m i t s  is  of  concern due t o  pressures  f o r  

development. The c a p a c i t i e s  of t h e s e  d r a i n s  have been analyzed 
a s  p a r t  of  t h i s  s tudy.  
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3.0 HYDROLOGY OF THE WATERSHED 

The science of hydrology deals with the occurrence of water 

on, in and under the earth's surface. In the present study, 

the major concern is with the water on the earth's surface 

and with its safe conveyance from and within an urban 

and urbanizing area. 

The Raisin Region Conservation Authority through the Ontario 

Ministry of Natural Resources is responsible for the establish- 

ment of criteria whereby the floodplain areas and floodways can 

be delineated and controlled. The present criteria for flood- 

plain control in the South ~aisin River watershed is the 100- 

year flood. 

Rainfall records for Cornwall have been obtained from the 

Hydrometeorologic Division of the Atmospheric Environment 

Service. The design storm for watersheds of this size is the 

6-hour storm. Data for the various return frequencies used 

in the study area are tabulated in Appendix A. These storms 

have been superimposed on the watershed and the resultant 

flood flows have been derived using the hydrologic modelling 

technique de~eloped~by the Soil Conservation - Service (SCS) 

in the United States. This method of runoff computation is 

widely used in Ontario and is found to provide realistic results. 
/ 

For the detailed calculation of runoff from a given input of 

rainfall. the SCS model requires the determination of a soil 

complex number for each sub-area in the basin. In this case. 
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19 sub-basins in the disaggregation were used to model the 

watershed. These areas are shown on Figure 3-1. The soil 

complex numbers are derived from a combination of soil type and 

land use for each sub-area. The numbers vary from a low of 20 

to a high of 100, with more pervious soils having lower numbers. 

Details of the soil classification and runoff curve numbers 

are shown on Table A-2 and Figure A-3,,respectively. 

Using the Soil Survey map of Stormont County together with 

field inspections, it was noted that the watershed consists of 

well drained, medium-textured till and loam. Essentially, 

the watershed can be classed as primarily 'BC1 type soils 

which are well to imperfectly drained. The primary valley 

lands are in 'C' type or imperfectly drained soils with 

pockets of well drained or 'B' type soils interspersed along 

the valley. 

In addition to the runoff curve numbers (Cn) for each of the 

sub-basins, physical data, such as area (A), length of water- 

course (L) , and elevation difference (H) , are required for the 
generation of the flood hydrographs. The input data for the 

hydrologic model were obtained from the disaggregated watershed 

configuration as shown on Figure 3-1. 

The rainfall data for the 6-hour design storms are the other 

major requirement for flood flow calculation. These data were 

obtained from the ~tmospheric ~nvironment Service hydrometeoro- 

logical station in the City of Cornwall. From the records 

analyzed, the regional storm (6-hour, 100-year) rainfall 

total for this study is 94.2 m (3.71 inches) . For the appli- 

cation of the computer model, the watershed has been represented 

schematically by the diagram shown on Figure A-1. The rainfall 

for the loo-, 50-, 25- and 10-year return storms were 
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systematically applied to the hydrologic model and their 

respective flood flows generated for the South Raisin River - 
and its tributaries. A summary of the return flood flows for 

the South Raisin River at its confluence with the main branch 

is listed on Table 3-1. 

Table 3-2 lists the breakdown for the regional flood (100- 

year storm) for each of the subwatersheds. For a more detailed 

breakdown of the hydrologic information, the reader is referred 

to Appendix A. 
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4.0 HYDRAULICS OF -THE WATERSHED 

4 . 1  SOUTH RAISIN RIVER 

Reach I - Grants Corners t o  Highway 401 

This  s ec t i on  of t h e  South Rais in  River i s  under mainly ag r i -  

c u l t u r a l  l and  use. No bu i ld ings  a r e  sub j ec t  t o  f looding under 

t h e  reg iona l  f lood  (100-year s t o m )  although extens ive  a r e a s  

are flooded. The g r ad i en t  i n  t h i s  reach is f a i r l y  good i n  

comparison t o  t h e  o t h e r  reaches  and t o  t h e  t r i b u t a r i e s  s t ud i ed  

and has a s l opeo f  0.06%. The f i rs t  c o n s t r i c t i o n  i s  a t  a farm 

c ~ o s s i n g  (Bridge No. B5). This  s t r u c t u r e  conta ins  t h r e e  openings 

o f  varying s i z e s :  a 3.25 m 8 ,  1.52 m j8, and another  1.52 m 8 
CMP which has been crushed. Other s t r u c t u r e s  downstream of 

t h i s  a r e  t imber c ross ings  which have neg l i g ib l e  c o n s t r a i n t  on 

high flows (Most of  them w i l l  be washed o u t  under high f loods )  . 
The o t h e r  s t r u c t u r e s  a l l  span t h e  r i v e r  with concrete  o r  

masonry abutments. D e t a i l s  are shown on Figures 4-1 and 4-2. 

Reach I1 - Highway 401 t o  Brookdale Road 

The Highway 401 s t r u c t u r e  ( B I Z )  i s  a l a rge ,  2-bay s ingle-  

p i e r  br idge  wi th  a 14.6 m opening and a high conveyance 
3 capaci ty.  A t  t h e  r eg iona l  flow (55.5 m /s) only two-thirds 

of  i t s  capac i ty  i s  used up. However, 250 m upstream, a farm 

l ane  c ross ing  (B13) c r e a t e s  a major cons t r i c t ion .  This 
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s t r u c t u r e  has  o n l y  a 5.35 m opening. The major problem with 

t h i s  s t r u c t u r e  i s  t h e  h e i g h t  of i ts  concre te  abutments and 

t h e  laneway embankment which tend  t o  a c t  l i k e  a dam under 

high f l o o d  f lows,  The backwater c r e a t e d  by t h i s  s t r u c t u r e  

extends  upstream p a s t  t h e  P i t t  S t r e e t  c ross ing  (B14)  causing 

some f lood ing  t o  a d j a c e n t  b u i l d i n g s  and a f f e c t i n g  flow p r o f i l e s  

i n  Boales Drain. 

Reach I11 - Brookdale Road t o  C i t y  Limits  

The Brookdale Road s t r u c t u r e  (B15) i s  another  l a r g e  concre te  

b r idge  wi th  a c e n t r e  p i e r  wi th  a 12.3 m opening. Flooding 

upstream i s  c r e a t e d  mainly by t h e  f l a t n e s s  of t h e  topography 

and n o t  by backwater. No b u i l d i n g s  are s u b j e c t  t o  f looding  

i n  t h i s  r each  o f  t h e  r i v e r .  There are s e v e r a l  farm c ross ings  

which are low and do n o t  a f f e c t  flow conveyance. The next  

major s t r u c t u r e  i s  on Cornwall Cent re  Road (B19) which c o n s i s t s  

of  twin a r c h  c u l v e r t s  each having a span of  3.9 m and a rise 

of 2.5 m. The headwater i n c r e a s e  from t h i s  s t r u c t u r e  i s  in-  
3 s i g n i f i c a n t  under t h e  r e g i o n a l  f l o o d  flow condi t ion  (22.3 m /s) . 

Reach I V  - Lakeview Heiqhts 

This r each  w a s  i nc luded  i n  t h e  s tudy i n  o r d e r  t o  d e f i n e  

t h e  f l o o d  l i m i t s  for t h e  South Branch from t h e  CNR t r a c k s  t o  

t h e  road n o r t h  o f  t h e  t e x t i l e  m i l l  a t  Avondale Road. The 

f l o o d p l a i n  between t h e  CNR t r a c k s  (B93) and Avondale Road 

(B94) i s  ex tens ive .  Th i s  l a r g e  f loodp la in  i s  p r i m a r i l y  t h e  

r e s u l t  o f  t h e  f l a t  topography. The CNR c u l v e r t  has  good 

c a p a c i t y  f o r  f low w i t h  o n l y  a  0.25 m i n c r e a s e  i n  e l e v a t i o n  

from t h e  downstream t o  upstream s i d e .  The r e g i o n a l  f lood  

e l e v a t i o n  o f  66.92 m upstream i s  maintained a l l  t h e  way t o  

Avondale Road, Most o f  t h e  surrounding f loodp la in  i s  a t  an 

average e l e v a t i o n  o f  66.1 m. The Avondale Road c u l v e r t  ( ~ 9 4 )  i s  



SOUTH RAISIN RIVER. . . Page 9 

3 s l i g h t l y  overtopped under t h e  reg iona l  flow (14.5 m /s) 

bu t  i s  adequate f o r  lesser flows. The f loodp la in  upstream 

is w e l l  contained w i th in  the channel banks. There are no 

extens ive  f loodp la in  l ands  t o  t h e  T e x t i l e  Road S t ruc tu r e s  

(B96, B97) . 

4.2 BOALES DRAIN 

The Ci ty  of Cornwall had commissioned two engineering s t u d i e s ,  

one i n  1976, t h e  o t h e r  i n  1979, t o  improve t h e  drainage o f  

Boales Drain. Under t h e  e x i s t i n g  drainage conf igura t ion ,  

inadequate c u l v e r t  c a p a c i t i e s  from T o l l  G a t e  Road (B42) t o  

t h e  CNR t r a c k s  (B46) i n c r e a s e  t h e  f lood  e l eva t i on  by 1.2 m 

from t h a t  a t  t h e  confluence wi th  t h e  South Branch (from 58.26 m 
3 t o  59.58 m) f o r  t h e  r eg iona l  f lood flow (7.6 t o  5.3 m /s) . 

The backwater from t h e  CNR c u l v e r t s  (B46) extends a l l  t h e  way 

up t o  Brookdale Road ( ~ 4 9 ) .  The e x i s t i n g  d r a i n ,  however, 
3 can convey up t o  t h e  25-year f lood  flow (3.10 m /s) without 

major f lood  damage t o  any bu i l d ings  (some garages a r e  a f f e c t e d  

s l i g h t l y )  . With t he  propose< channe l i za t ion  and c u l v e r t  

replacements, t h e  100-year flow under t h e  e x i s t i n g  land use 

condi t ion  would be conta ined f o r  t h e  most p a r t  wi th in  t h e  

channel. Under f u t u r e  l a n d  use,  overtopping of  the  channel 

banks would occur ,  however, no e x i s t i n g  r e s i d e n t i a l  s t r u c t u r e s  

between t h e  Canadian Nat ional  Railway and Brookdale Avenue 

would be sub jec ted  t o  a p o t e n t i a l  f lood  hazard. 

4.3 HENDERSON DRAIN 

The f lood flows i n  t h i s  d r a i n  a r e  w e l l  conta ined wi th in  t h e  

channel up t o  Power Dam Road (B25). Upstream of  t h i s  

s t r u c t u r e ,  t h e  f loodp la in  widens because of  both a change i n  

topography and inadequate c u l v e r t  capac i ty .  There i s  l i t t l e  

change i n  f loodp la in  a r e a  between t h e  100- and 25-year f lood 

flows. The nor th  branch of  Henderson Drain above Cornwall 

Centre Road (B79)extends almost t o  i t s  ba s in  d iv ide  for a l l  
3 flows above t h e  25-year f lood  (5 -5 m /s) . The d r a i n  has ,  
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I 

3 however, capac i ty  f o r  t h e  10-year f lood  flows (3.5 m /s) . 
No bui ld ings  a r e  a f f ec t ed .  The c i t y  dump, where Cornwall 

Centre Road t u r n s  south ,  d r a i n s  i n t o  t h e  main branch of 

t h i s  channel. 

4.4 CARDINAL DRAIN 

The backwater from t h e  South Branch a f f e c t s  t h e  downstream 

capac i ty  of t h i s  d r a i n  up t o  Brookdale Road (B67) which i s  

a multi-span s t r u c t u r e  on columns and has  no e f f e c t  on t h e  

high f lood flows. ~mmedia te ly  upstream of Brookdale Road, 

t h e  d r a in  ends and d i t c h i n g  t akes  over.  A t  t h i s  po in t ,  t h e  

f loodp la in  i s  ex tens ive  and f lood flows from t h e  10-year t o  
3 

100-year f requencies  ( 4 . 2  t o  11.7 m /s) s p i l l  i n t o  t h e  

South Branch. Upstream of  t h i s  a r e a ,  t h e  land i s  extremely 

f l a t  and marshy, and ex tens ive  f lood ing  would occur even 

under small  f loods .  Some s p i l l  from t h i s  a r e a  i n t o  t h e  

south t r i b u t a r y  o f  t h e  d r a i n  would occur,  bu t  no bu i ld ings  

a r e  wi th in  t h e  f loodp la in .  

4.5 EASTMAN DRAIN 

The f loodpla in  f o r  t h i s  d r a i n  from i t s  confluence upstream 

t o  S t .  Andrews Road is  q u i t e  ex tens ive ,  although no 

r e s i d e n t i a l  bu i l d ings  a r e  p r e s e n t l y  a f fec ted .  A po r t i on  

of a barn a t  McConnell Avenue and Cornwall Centre Road i s  

inundated under t h e  h igher  f lood flows, and t h e  S t .  Andrews 

Road c u l v e r t  (B37) i s  over-topped under t h e  r eg iona l  and 
3 

50 year  f lood flows (9.5 and 7.5 m /s) .  Although bu i ld ings  

downstream a r e  b u i l t  on s u f f i c i e n t  fill mate r ia l  t h a t  they 

w i l l  no t  be damaged, some basement f looding is l i k e l y  t o  
3 occur under flows i n  excess  of t h e  25-year f lood (9.9 m /s) .  
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Marydale Avenue (B38) has a 1.07 m jd CMP which is 

inadequate and causes backwater upstream, inundating nine 
3 buildings under the regional flood (9.5 m /s) and three 
3 buildings under the 50-year flood (7.5 m /s). This appears 

to be the only critical area on Eastman Drain. 



-- - - 
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5.0 WATER MANAGEMF,NT ALTERNATIVES 

Floodplain limits and the basic reasons for flood levels 

throughout the South ~aisin River in the study area have 

been discussed in previous sections of this report. This 

section of the report discusses these factors in greater 

detail and presents management alternatives which might 

be used to mitigate flooding and reduce potential damages. 

Figure 5-1 locates these alternatives. 

Although watershed flooding is fairly extensive, there are 

two areas of particular concern because of the number of 

existing homes and/or valuable lands subjected to flooding. 

The first area of concern constitutes that area of the 

South Raisin River upstream of Highway No. 401 and the 

Boales Drain as shown on Figure 4-2. The second area 

is located along Eastman Drain where a large tract of 

land is subjected to flooding under regional flood 

flows. 

As a general rule, there are significant areas of widespread 

flooding beyond the limits of the channel throughout a 

large part of the study area. These wide floodplain limits 

are created by the low-lying nature of surrounding lands and 

are further aggravated by a proliferation of undersized 

bridges and culverts. Because of the general lack of 

development and/or development proposals in these areas, 

no attempt is made to design remedial measures for these 

areas. 
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There a r e  th ree  common techniques which might be used 

f o r  t he  mi t igat ion of f loods  as follows: 

i) increase channel s i z e s  and/or s lopes  (i.e., 

conveyance) 

: ii) d i v e r t  flows t o  channels wi th  g r e a t e r  

capac i t i e s  

iii) s t o r e  excess flows and r e l e a s e  them when 

downstream flow dec l ines  

Each of the  above techniques depend upon t h e  physical  

c h a r a c t e r i s t i c s  of t h e  watershed. Storage a r eas  can, 

general ly ,  be e l iminated because of  a lack of well-defined 

va l l eys  which would provide p r a c t i c a l  sites. Increases i n  

channel s lopes a r e  d i f f i c u l t  because of  a general  lack of 

adequate o u t l e t s  and t h e  long d i s t ances  t o  which such 

const ruct ion would have t o  be ca r r i ed .  Flow diversion 

has been used i n  some p a r t s  of t h e  Raisin River watershed i n  

t h e  pas t ,  but  t h e  l oca t ion  of f lood prone a r eas  adjacent  t o  

t he  Ci ty  of Cornwall make d ivers ion  t o  t he  S t .  Lawrence 

River i n  t h i s  a r ea  i n feas ib l e .  This  leaves channel 

improvements i n  t h e  form of widening and/or bridge replace- 

ment a s  the  most f e a s i b l e  method of  improvement. 

5.1 SOUTH RAISIN RIVER - REACH I1 AND BOALES DRAIN 

Regional flood (100-year) flows c r e a t e  f lood l e v e l s  up t o  

0.6 metres ( 2  f e e t )  above general  ground l e v e l s  along the  

South Raisin River channel a r ea  w e s t  of P i t t  S t r e e t  North 

and along the  Boales Drain channel (Figure 4 - 2 ) .  Bridge B-13, 

a farm crossing immediately upstream of Highway 4 0 1 ,  

increases  flood l e v e l s  by almost 1 m and adds t o  the  extended 
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f lood  l e v e l s .  Replacement of t h i s  b r i dge  can  be expected 

t o  reduce f looding along t h e  South Ra i s i n  River channel, 

a s  w e l l  a s  reduce o u t l e t  e l e v a t i o n s  a t  Boales Drain by 

approximately 0.6 metres, which w i l l  c a r r y  up t h a t  channel. 

The C i t y  of Cornwall has obta ined eng ineer ing  s t u d i e s  of 

Boales Drain which propose improvement t o  t h e  channel from 

t h e  CNR c ross ing ,  under P i t t  S t r e e t ,  and under To l l  Gate 

Road t o  i ts  confluence wi th  t h e  South Ra i s in  River. Analysis 

of  t h e  proposed works i n d i c a t e s  t h a t  t h e  r eg iona l  flood 

flow can be contained wi th in  t h e  banks of t h e  Boales Drain 

above P i t t  S t r e e t ,  as proposed i n  t he se  s t u d i e s .  While t h e  

s tudy proposals  m i t i ga t e  f looding a long t h e  major i ty  of t h e  

channel ,  it i s  noted t h a t  improvements a r e  a l s o  requi red  

from t h e  CNR c u l v e r t  upstream towards Brookdale Avenue. 

Bridge 47 must be en la rged  and t h e  channel must be widened 

f o r  t h e  e n t i r e  l eng th  wi th in  t h e  subd iv i s ion .  

With t h e  improvements t o  t h e  Boales Drain and Bridge B-13, 

both t h e  Boales Drain and South Ra i s in  Reach I1 (Figure 4-2) 

have reduced f loodp la ins .  The es t ima ted  cons t ruc t ion  c o s t  

of  t h e  work i s  t abu la ted  as follows: 

Table 5-1 

Improvements . to  Boales Drain and Reach I1 

Boales Drain 
CNR t o  confluence - Channel izat ion,  improve $150,000 

Bridges a t  P i t t  S t .  and To l lga te  Rd.* 
CNR new c u l v e r t  (B46) 2 m 9 x 50 m @ $1,00O/m 50,000 
Benny Ave. Bridge (B47) improve t o  3.7 m width 30,000 
Channel improvements - CNR t o  Cumberland Ave. 20,000 

Sub-total  Boales Drain $250,000 

South Raisin River 
Bridge 13  (Farm c ross ing)  new c u l v e r t  4 . 4  m 
width 

* Cost e s t ima tes  from Design Report,  Boales Drain, C i ty  of 
Cornwall, by McNeely ~ n g i n e e r i n g  Ltd . ,  July 1979. 
I n f l a t i o n  allowance 20%. 
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5.2 EASTMAN DRAIN 

Eastman Drain joins the south Raisin River near the South 

Branch Road (Figure 5-1) . The drain follows an unnatural 

alignment with very angular changes in direction. At 

both Marydale Avenue and St. Andrews Road culverts, houses 

near the drain are subject to flooding during the regional 

storm. Downstream of St. Andrews Road, a subdivision is 

proposed within the floodplains, and there are three 

buildings affected in the vicinity of McConnell Avenue 

and the South Branch Road, 

The proposed improvements to the drain can be divided 

into two categories as follows: 

(a) Construction to protect existing buildings, 

(b) Suggestions for the protection of future 

subdivisions. 

Flooding at most existing buildings can be reduced by 

improvements to St. Andrews Road Bridge (B-37), Marydale 

Avenue Bridge (B-38), and Bridge B-39 (a private crossing). 

TheMcConnell Avenue-South   ranch Road buildings can be 

removed from the floodplain by improvements to the two 

road bridge crossings (B-30, B-31) and two farm bridge 

crossings (B-32 and B-34). Replacement of Bridge B-35 

will reduce floodplain width, but does not affect any 

buildings. 
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~ l t h o u g h  the  Authori ty may wish t o  discourage const ruct ion 

i n  t h e  defined floodprone a reas ,  it should be noted t h a t  

a subdivision is  proposed approximately 350 metres down- 

stream of St .  Andrews Rd. This development i s  t o  be 

constructed where ground e l eva t ions  are cons i s t en t ly  59.6 

m (195.5 f t  . ) and reg iona l  f loodpla in  e leva t ions  average 

59.8 m. The cons t ruc t ion  of a f u l l y  serviced subdivision 

generates a surp lus  of  f i l l  which permits  t he  average 

e leva t ion  t o  be r a i s e d  a s  much a s  0.3 metres (1 f o o t ) .  

I n  order  t o  provide a minimum of p ro tec t ion  t o  fu ture  

res iden ts ,  the  freeboard between t h e  lowest bui ld ing 

opening and the  reg iona l  f lood e l eva t ion  should be a t  l e a s t  

0.3 m (1 f o o t ) .  I n  add i t ion ,  t h e  design of foundation 

d ra ins  and sewers must accommodate t he  f lood e leva t ions  

.which a r e  an t i c ipa t ed .  By r a i s i n g  t h i s  land a r ea ,  t he  over- 

land flow capaci ty  w i l l . b e  reduced and t h e  Eastman e rain 

watercourse must be  widened t o  a minimum width of 4 metres 

a s  it p a r a l l e l s  t h e  subdivision.  Proposed improvements a r e  

as follows: 

Table 5-2 

Improvements t o  t h e  Eastman Drain 

South Branch Road B-30 7 m width $ 59,000 
McConnell Avenue B-31 5 m width 42,000 
Farm Crossing B-32 e x i s t  + 1.9 x 3.1 cmp 18,000 
Farm Crossing B-34 e x i s t  + 2.0 x 3.1 cmp 18,000 

Tota l  $137,000 

Farm Crossing B-35 improve e x i s t  

S t .  Andrews R d  B-37 5 m width 
Marydale Avenue B-38 4 m width 
Farm Crossing B-39 4 m width 

Tota l  
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5.3 SOUTH RAISIN RIVER - GENERAL IMPROVEMENTS 

Numerous p r iva t e  and publ ic  crossings of t h e  channels i n  

t h e  study area  cause f lood  e leva t ions  t o  be a r t i f i c a l l y  

increased. However, most o f  t h i s  added f loodplain land 

is present ly  used f o r  agricul ' ture and any regional-.flood 

damages could be judged t o  be minimal. Should the  

Municipality undertake a comprehensive plan of  replacement, 

it is poss ible  t o  reduce t h e  f loodplains i n  these  areas.  

The following t a b l e  i nd ica t e s  t h e  ex i s t i ng  s i z e s  of the  

cu lver t s ,  the  required s i z e s  t o  minimize f loodplain a reas  

t o  those created by watershed topography, and c o s t  est imates.  

The cos t s  f o r  t he  pr iva te  cross ings  have been based on the  

most economical method of  const ruct ion,  t h a t  is, u t i l i z a t i o n  

of the  landowners resources (i.e.,  manpower and equipment) 

without a formal tender procedure. 

Table 5-3 

General Crossing Improvements 

Bridge Location Ex i s t  Future Cost 

B-5 Farm Crossing 3.25 m B 3 m x 6 m  $ 1 2 , 0 0 0  
2 x 1.52 m 

B-6 Farm Crossing 3 x 5.8 Exis t  + 2 x 6 1 4 , 0 0 0  

B- 7 II IS  2 . 4  x 7.9 Ex i s t  + 2 .9  x 5 1 2 , 0 0 0  

B-8 It  11 2.9 x 7.4 Exis t  + 2 .9  x 5 1 2 , 0 0 0  

B-29 II 11 2.05 x 3.4 2.3 x 3 2 2 , 0 0 0  
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6.0 ENVIRONMENTAL STUDIES 

6.1  ENVIRONMENTAL OVERVIEW 

The lands above t h e  S t .  Lawrence River wi thin  t h e  study a r e a  

are composed of  f l a t - l y ing  Ordovician limestones and shales 

ove r l a in  by g l a c i a l  depos i t s  and/or marine c lays  and sands 

which w e r e  deposited by t h e  Champlain Sea during the  l a t e  

Ple is tocene.  Topography is  l a r g e l y  determined by t h e  bedrock 

su r f ace  which produces f l a t  t e r r a i n  and, consequently, poorly 

developed drainage pa t te rns .  

The South Raisin River rises near  Long Sau l t  and flows 

eastward through a 103 km2 drainage bas in  t o  i t s  confluence 

wi th  Main Branch near  ~ i l l i a m s t o m .  

Ear ly  set t lement and ex tens ive  c l e a r i n g  has had a profound 

e f f e c t  on environmental qua l i t y .  Removal of f o r e s t  cover 

has  reduced w i l d l i f e  h a b i t a t .  P r i v a t e  and public  drainage 

schemes have drained wetlands, thereby decreasing waterfowl 

nes t ing  capabi l i ty .  Clear ing has a l s o  reduced the  s o i l ' s  

water holding capacity,  causing a decrease i n  t h e  r i v e r ' s  

summer baseflow which, i n  t u rn ,  a f f e c t s  f i s h  surv iva l  and 

product iv i ty .  

A review of 1966 Conservation Report i nd i ca t e s  t h a t  some 

po l lu t ion  problems a l s o  e x i s t  along t h e  South Raisin River. 
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LOW summer flows a r e  t h e  reason f o r . t h e  environmental problems 

i n  t h e  r i v e r .  A t  t h i s  time o f  peak b io log ica l  a c t i v i t y ,  

water volumes a r e  i n s u f f i c i e n t  t o  maintain a high q u a l i t y  of  

aqua t i c  l i f e  o r  t o  provide f o r  adequate d i l u t i o n  of po l lu tan t s .  

A s  a r e s u l t ,  t h e  channel becomes choked wi th  aqua t ic  weeds 

and,emergents, leaving few open areas and r e s t r i c t i n g  f i s h  

h a b i t a t .  Dense weed growths occupy t h e  e n t i r e  length  of 

t h e  r i v e r .  

The Raisin River Conservation Report i n d i c a t e s  t h a t  low flows of 

0.01 m5/ s  (0.4 c f s )  w e r e  p reve lan t  i n  1966. To augment flows, 

t h e  Long Sau l t  d ivers ion was const ructed i n  1972. This allowed 

t h e  in t roduct ion of w a t e r  from t h e  S t .  Lawrence River i n t o  

t h e  South Raisin 's  upper reaches.  A 1973 MNR f i s h e r i e s  

survey indicated t h a t  flow rates had improved t o  an average 
3 of  . 6  m /s (21.2 c f s )  (G. ~ o o d c h i l d ,  personal  communication) . 

Although t h i s  seemingly r ep re sen t s  a s u b s t a n t i a l  inc rease  

i n  flow r a t e ,  the  weed-choked cha rac t e r  of  t h e  channel has 

no t  changed. Mean depth of  t h e  r i v e r  i s  presen t ly  only 0.3 m 

(1 f t  . ) (G. Goodchild, personal  communication) , Low flow 

is s t i l l  t h e  f ac to r  which l i m i t s  environmental q u a l i t y  i n  

t h e  r i v e r .  

The divers ion,  however, would enhance summer q u a l i t y  t o  some 

e x t e n t  and would lessen  t h e  stress on f i s h  and o the r  aquat ic  

organisms. Since t h e  d ivers ion  i s  n o t  opera t ive  a t  t he  t i m e  

o f  high flows, it would have no e f f e c t  on t h e  r i v e r  a t  t h a t  

t i m e  . 

Of necess i ty ,  management of  t h e  South Rais in  bas in  i s  geared 

toward ag r i cu l tu ra l  production and t h e  maintenance of  farm- 

land. Concerns fo r  t h e  f i s h ,  w i l d l i f e  and waterfowl a r e  of 

secondary importance. 
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WATER QUALITY 

SOUTH RAISIN RIVER 1976-77 

Note: (1) D a t a  f o r  o n l y  N o v e m b e r  and  December o f  1376 were  

a v a i l a b l e ,  however, 1977 d a t a  s p a n s  the f u l l  12- 

month p e r i o d ,  

(2)  F i g u r e s  i n d i c a t e  mean v a l u e s  e x c e p t  where o t h e r w i s e  

n o t e d  . 

Parameter 

T o t a l  C o l i f o r m s  (MF/100 ml] 

Pseudomonas (MF/100 m l )  

Tempera tu re  (OC) mean 

m a x i m u m  

D i s s o l v e d  Oxygen (mg/l) mean 

minimum 

B.O.D. (mg/l) 

T o t a l  Phosphorus  (mg/l) 

T o t a l  K j e l d a h l  N i t rogen  (mg/l) 

C o n d u c t i v i t y  ( u m b s  @ 250 C) 

T u r b i d i t y  (F. T . U. ) 

(3)  T h e  Glenbrook s t a t i o n  i s  a c t u a l l y  2 km wes t  o f  Glen- 

brook,  w h i l e  the Cornwal l  S t a t i o n  i s  at McConnell Ave 

1 9 7 6  I 

0 

Source :   ini is try of the Environment,  1976, 1977 

1 9 7 7  I 
Glenbrook 

n/s 

n / s  

1 . 5  

2.0 

10.5 

9.0 

0.8 

0.028 

0.400 

620 

5.65 

Glenbrook 

250 

2 

8.2 

25.0 

8.8 

6.0 

1.8 

0.051 

0.412 

521  

8 .7  

cornwall 

n / s  

n / s  

2.0 

3.0 

10.0 

7.0 

1 .8  

0.06 

0 .5  

670 

21.5 

Cornwall  

329 

2 

9.2 

24.5 

9.3 

4.0 

2.2 

0.071 

0.573 

619 

24.86 
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Table 6-1 shows da t a  from t h e  Glenbrook s t a t i o n  near t he  r i v e r  

mouth and from Cornwall. The l a t t e r  has  been included s i n c e  

hydrologic ~ o r k s  a r e  recommended w i th in  t h e  c i t y  l i m i t s  and 

q u a l i t y  da ta  may be use fu l  i n  gauging environmental impact. 

Condit ions a t  Glenbrook a r e  t y p i c a l  o f  unurbanized a reas  on 

t h e  r i v e r .  B a c t e r i a l  counts i n d i c a t e  low mean values f o r  

col i forms which a r e  w e l l  w i th in  t h e  l i m i t s  f o r  r e c r ea t i ona l  

usage. The presence of Psuedomonas b a c t e r i a  i n d i c a t e s  some 

contamination from human sources ,  such a s  leaky s e p t i c  systems 

o r  t h e  in t roduc t ion  of  raw sewage. Dissolved oxygen l e v e l s  

of  6.0 mgl a r e  adequate t o  mainta in  a q u a t i c  l i f e ,  but  a r e  

only  s l i g h t l y  above t h e  MOE l i m i t  of  5  mg/l. Nutr ient  l e v e l s  

represented  by phosphorus and Kje ldahl  n i t r ogen  a r e  i n d i c a t i v e  

o f  excess ive  concentrat ions.  Mean concen t ra t ions  f o r  t o t a l  

phosphorus and Kjeldahl  n i t r ogen  from flow s t a t i o n s  on t h e  

r i v e r  dur ing 1977 y ie lded  0.069 and 0.509 mg/l r espec t ive ly .  

Current  s tandards  i n d i c a t e  t h a t  concen t ra t ions  i n  r i v e r s  

exceeding 0.030 mg/l TP and 0.5 mg/l T.K.N.  sugges t  eut rophic  

cond i t ions  (MOE, 1978; MOE, 1974) . 

This i s  considered problematic  i n  t h a t  it may cause d i s so lved  

oxygen dep le t ion  and may a l s o  s t imu la t e  uns igh t l y  a l g a l  

growth. Primary n u t r i e n t  sources  a r e  l i k e l y  t o  be f e r t i l i z e r s  

i n  a g r i c u l t u r a l  runoff and garbage dump runof f .  High conduct- 

i v i t i e s  a r e  a l s o  i n d i c a t e  o f  eu t roph ic  cond i t ions ,  while 

t u r b i d i t y  values a r e  acceptable .  

Upon review of  the  same parameters f o r  sites wi th in  t h e  C i t y  

o f  Cornwall (Table 6 - l ) ,  it can be seen t h a t  w a t e r  q u a l i t y  a t  t h e  

McConnel S t r e e t  s t a t i o n  i s  somewhat poorer.  Although temperatures 

and d i s so lved  oxygen a r e  s i m i l a r  t o  t h e  Glenbrook s i te ,  b a c t e r i a l  

contamination i s  s l i g h t l y  h igher .  On one occas ion,  however, 

d i s so lved  oxygen was observed t o  be 4 mg/l, one mg/l below t h e  

p rov inc i a l  s tandard.  Tota l  phosphorus shows almost a  50% 
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i n c r e a s e  over  t h e  Glenbrook s i te ,  whi le  t u r b i d i t i e s  have 

inc reased  four-fold.  Higher n u t r i e n t  concen t ra t ions  i n  urban 

a r e a s  are c h a r a c t e r i s t i c a l l y  a s s o c i a t e d  wi th  s t r e e t  runoff .  

Table 6-2 summarizes some o f  t h e  d a t a  c o l l e c t e d  by MNR i n  1973. 

The r e s u l t s  g e n e r a l l y  suppor t  t h e  above comments i n  t h a t  

h igh  c o n d u c t i v i t i e s  and t o t a l  d i s s o l v e d  s o l i d s  relate t o  

eutrophy. Of s p e c i a l  n o t e  are s t a t i o n s  5 and 5a which w e r e  

l oca ted  on t h e  Henderson Drain,  S t a t i o n  5a,  which was above 

t h e  Cornwall l a n d f i l l  s i t e ,  showed h igh  d i s so lved  oxygen 

concen t ra t ions  o f  10.6 mg/l (125% s a t u r a t i o n )  while  s t a t i o n  5 

below t h e  dump showed g r o s s l y  d e p l e t e d  oxygen l e v e l s  o f  1.8 

mgl (21% s a t u r a t i o n ) .  This  low l e v e l  i s  n o t  s u f f i c i e n t  t o  

suppor t  a q u a t i c  animals .  oxygen d e p l e t i o n  i s  thought t o  r e s u l t  

from high oxygen demand i n  t h e  dump r u n o f f .  Odour problems 

have a l s o  been repor ted  t o  emanate from t h e  Henderson Drain 

as a r e u s l t  o f  contaminat ion from t h e  s a m e  source.  

Table 6-3 shows t h e  r e s u l t s  o f  t h e  c o n s u l t a n t ' s  f i e l d  inves t -  

i g a t i o n s .  Water tempera tures  are a g a i n  e l e v a t e d  b u t  d i s so lved  

oxygen i s  adequate,  w i t h  t h e  excep t ion  o f  t h e  Henderson Drain 

sample. This  sample was t aken  from below t h e  Cornwall dump 

and i n d i c a t e s  low oxygen c o n c e n t r a t i o n s ,  thereby suppor t ing  

t h e  MNR r e s u l t s .  A s  normally a s s o c i a t e d  w i t h  l imestone a r e a s ,  

hardness and a l k a l i n i t y  are h igh  due t o  t h e  s o l u b i l i t y  o f  

l imestone and t h e  r e s u l t a n t  r e l e a s e  o f  calcium ions  and t r a c e  

metals .  

General ly ,  water  q u a l i t y  i n  t h e  South R a i s i n  River i s  marginal .  

The r i v e r  func t ions  p r i m a r i l y  as a  d r a i n  f o r  a g r i c u l t u r a l  

land .  A s  a r e s u l t ,  n u t r i e n t  c o n c e n t r a t i o n s  a r e  high and 

d i s so lved  oxygen drops  below a c c e p t a b l e  l i m i t s  a t  t i m e s .  

Water temperatures  are h igh  because o f  t h e  open, shal low 

n a t u r e  of  t h e  channel ,  bu t  b a c t e r i a l  coun t s  do n o t  dppear 

t o  r e p r e s e n t  a h e a l t h  hazard i n  terms o f  r e c r e a t i o n a l  usage. 

Low flow volumes t end  t o  concen t ra te  contaminants.  



T A B L E  

WATER QUALITY 

SOUTH RAISIN RIVER 

CRYSLER & LATHEM LTD. 1979 

PARAMETERS Drain Drain Corners 

0 
Temperature ( C) 

Dissolved Oxygen (mg/l) 

Total Hardness (mg/l) 

PH 
Alkalinity (mg/l) 

31 

9.0 

18 8 

8.5 

171 
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The consu l tan t ' s  inves t iga t ion  revealed the  presence of many 

s m a l l  garbage dumps along the r i v e r  as w e l l  as c a t t l e  using 

t h e  stream. Both a r e  considered det r imenta l  t o  w a t e r  qua l i t y .  

6.4 FISH 

Fish  s tud i e s  w e r e  conducted f o r  t h e  1966 Conservation Report 

and again i n  1973 by the Ministry of Natural  Resources. 

Table 6-4 lists the  spec ies  found i n  t h e  South Raisin dur ing 

t h e  1973 survey. I n  a l l ,  19 spec ies  w e r e  i d e n t i f i e d  with 

t h e  following being of  r e c r e a t i o n a l  importance: rock bass ,  

nor thern  pike,  sunf ish ,  carp ,  bullhead and white sucker. 

The remaining species  a r e  l a r g e l y  minnows. I n  general ,  f i s h  

populations a r e  no t  l a rge  due t o  h a b i t a t  r e s t r i c t i o n s .  Water 

depths a r e  low, channels tend t o  be choked wi th  weeds and 

w a t e r  q u a l i t y  i s  marginal. This  tends toward t h e  production 

of small ,  po l lu t ion- to le ran t  species .  

It is the  consu l tan t ' s  f ee l i ng  that t h e  r i v e r  has never been 

very productive i n  t e r m s  of game f i s h ,  s i nce  depths a r e  sha l -  

low. A t  present ,  h a b i t a t  condi t ions  are poor wi th  dense 

communities of aqua t ic  weeds, bottom s i l t a t i o n  and l imi ted  

q u a n t i t i e s  of benthic  forage organisms. Spawning h a b i t a t  

i s  s imi l a r ly  poor f o r  game f i s h ,  wi th  t h e  exception of pike 

which spawn i n  weedy shallows. Clean grave l  and rubble 

areas a r e  the  p re fe r red  spawning sites f o r  many game f i s h ,  

b u t  t h e  bottom of South Raisin i s  genera l ly  rubble covered 

i n  s i l t ,  muck o r  sand. Some minnows, however, do use these  

subs t r a t e s  f o r  spawning. 

Water temperature i s  a l s o  important a s  a c o n s t r a i n t  t o  f i s h  

production. Since off-stream cover i s  l imi ted ,  exposure t o  

t h e  sun causes high water temperatures.  



T A B L E  6 - 4 

PRESENCE L I S T  O F  F I S H  S P E C I E S  

I N  THE SOUTH R A I S I N  RIVER I N  1973 

NORTHERN P I K E  

ROCK BASS 

SUNFISH 

CARP 

BROWJA BULLHl3AD 

WHITE SUCKER 

COMMON SHINER 

BLACKNOSE MINNOW 

IOWA DARTER 

CENTRAL JOHNNY DARTER 

FANTAIL DARTER 

BLUNT-NOSE MINNOW 

FATKEAD MINNOW 

TADPOLE MADTOM 

CENTRAL MUD MINNOW 

BANDED K I L L I F I S H  

LOG PERCH 

CREEK CHUB 

GOLDEN SHINER 

 sox l u c i u s  

Ambloplites rupes t r i s  

L e p o m i s  gibbosus 

C y p r i n u s  carpio 

I c t a l u r u s  nebulosus 

C a t o s t o m u s  c o m m e r s o n i  

N o t r o p i s  cornutus  

N o t r o p i s  heterolepis 

E s t h e o s t o m a  ex i le  

E s t h e o s t o m a  n i g r u m  

E s t h e o s t o m a  flabellare 

P i m e p h a l e s  no t a tu s  

P i m e p h a l e s  p r o m e l a s  

N a t u r u s  gyrinus 

U m b r a  l i m i  

Fundulus diaphanus 

Percina caprodes 

S e m o t i l a s  a t r o m a c u l a t u s  

N o t e m i g o n u s  crysoleucas 

Source: G. Goodchild, M i n i s t r y  of N a t u r a l  R e s o u r c e s  
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Low dissolved oxygen has a l s o  been problematic. During t h e  

1973 survey, th ree  pike  w e r e  found dead below the  Cornwall 

dump i n  t he  Henderson Drain. The reader  w i l l  r e c a l l  t h a t  

oxygen was depleted a t  t h a t  s t a t i o n ,  and i s  l i k e l y  responsible  

f o r  t h e  f i s h  k i l l .  

6 .5  WILDLIFE AND WATERFOWL 

Apparently, t he  only mammal of  commercial importance along 

the  r i v e r  i s  the  muskrat. Some t rapping i s  done during 

win te r  months. 

The consu l t an t ' s  f i e l d  i nves t iga t ions  ind ica ted  t h a t  capa- 

b i l i t y  f o r  waterfowl production along t h e  r i v e r  i s  low. 

Per iodic  drawdown, due t o  c lo s ing  t h e  Long Sau l t  d ivers ion 

reduces water supply, t h e  t i gh tnes s  of emergent vegeta t ion 

clogging the  channel reduces nes t i ng  oppor tun i t i es ,  f l a t n e s s  

of t h e  topography reduces ponding p o t e n t i a l  and the re  appears 

t o  be a general  lack of  marsh edge. 

Adverse downstream e f f e c t s  of t he  f lood con t ro l  measures i n  

these  t h r e e  areas  a r e  no t  an t i c ipa t ed .  

6.6  ENVIRONNENTAL IMPACT OF FLOOD CONTROL MEASURES 

A) Eastman Drain 

The consul tant  has proposed t o  en la rge  two cu lve r t s  on the  

Eastman Drain. F ie ld  inspec t ions  of t h i s  s i t e  ind i ca t e  t h e  

stream contains some water from groundwater seepage during 

s u m m e r  months, although no flow is d e t e c t i b l e ,  No f i s h  w e r e  
seen i n  the  stream and the  a r ea  appeared s ter i le  from t h e  

s tandpoint  of the  na tu ra l  environment. The s i t e  i s  sur-  

rounded by farmland and residences.  
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7 . 0  THE BENEFITS AND COSTS OF THE FLOOD CONTROL ALTERNATIVES 

I n  o rder  t o  provide t h e  ~ u t h o r i t y  w i th  as much information a s  

poss ib le  t o  a s s i s t  them i n  making dec i s ions  upon t h e  recom- 

mendations presented'  i n  t h i s  r e p o r t ,  it is  necessary t o  inc lude  

an ana ly s i s  o f  t h e  ma te r i a l  c o s t s  and b e n e f i t s  f o r  t h e  a l t e r -  

n a t i v e  proposals.  The p repara t ion  of  b e n e f i t s  and c o s t s  

connected t o  any p r o j e c t  a r e  c a l c u l a t e d  us ing t h e  p r inc ip l e s  

o f  economics a s  w e l l  a s  o u t l i n i n g  t h e  i n t a n g i b l e  f a c t o r s  

which can be expected t o  a f f e c t  t h e  p r o j e c t .  

I n  t h i s  s ec t i on  of  t h e  r e p o r t ,  an economic ana ly s i s  of t h e  

c o s t s  and b e n e f i t s  o f  t h e  va r ious  op t i ons  i s  presented. I n  

t h e  prepara t ion  of  t h e  a n a l y s i s  d iscussed here in ,  b e n e f i t s  

have been est imated us ing experience and d a t a  presented i n  

a pub l ica t ion  by James and ~ e e * ( i n  which s t r u c t u r a l  f lood 

damage i s  r e l a t e d  t o  water  depth around houses and o the r  

s t r uc tu r e s ) and  a pub l i ca t i on  by S e w e l l ,  Davis, Sco t t  and Ross**. 

The d e t a i l e d  a n a l y s i s  of s i te  cond i t ions  and f a c t o r s  r e l a t e d  

t o  t h e  computation o f  t h e  b e n e f i t s  a r e  o u t l i n e d  i n  t h i s  

s ec t i on  and descr ibed i n  more d e t a i l  i n  Appendix B. P r i o r  

* James, L. Douglas and L e e ,  Robert R. 
Economics of water Resources Planning,  
McGraw-Hill Book Company, 1971 

**  Sewell, W.R.D., ~ a v i s ,  S c o t t ,  A.D., and Ross, D.W., 
Guide t o  Benef i t -Cost  ~ n a l y s i s  , "Resources for  Tomorrow" 
Con£ erence, Montreal, 19 61 
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, -- (C)  . L i f e  Expectancy Factor  

I n  order  t o  discount f u t u r e  c o s t  and b e n e f i t s  t o  the  present ,  

it i s  necessary t o  estimate t h e  l i f e  expectancy of t h e  f lood 

and eros ion con t ro l  system, 

While t h e  l i f e  expectancy o f  c e r t a i n  components may vary a s  

much a s  100 percent ,  t h e  normal l i f e  of  hydraulic  p ro j ec t s  

i s  taken t o  be 50 years ,  This  value i s  used i n  t h e  analys is .  

7.2 COSTS 

I 

i . , (A) Capi ta l  Cost E s t i m a t e s  

The cos t s  of  t he  a l t e r n a t i v e  mi t iga t iona l  measures have been 

described i n  Section 5. 

(B) Operating and Maintenance Costs 

The recommended system f o r  f lood and eros ion con t ro l  i n  t h i s  

/ ! 
study c o n s i s t s  mainly of channel iza t ion and f lood s to rage  

/ / s t r u c t u r e s  with minimal opera t ion.  A s  such, t he re  a r e  no 

I l a r g e  operat ing c o s t s  a s soc i a t ed  wi th  t h e  works. The maintenance 

1 c o s t s  are a l s o  ignored, s i n c e  it is  assumed t h a t  f u t u r e  s t ruc-  

t u r e s  would requ i re  no more maintenance than t h e  p resen t  

s t ruc tu re s .  

i ,  7.3 BENEFITS 

Tangible bene f i t s  may be def ined a s  those  bene f i t s  which can 

be s t a t i s t i c a l l y  p red ic ted  and t o  which d e f i n i t e  monetary 

values can be assigned. Tangible b e n e f i t s  can be divided i n t o  

d i r e c t  and i n d i r e c t  bene f i t s .  
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Direct  bene f i t s  i n  t h i s  s tudy a r e  derived pr imari ly  from the  

di f ference between t h e  c o s t  of damages which would r e s u l t  

a f t e r  construction of rsxaedial works and those which would 

r e s u l t  without remedial measures i n  place. These damages a r e  

evaluated f o r  a l l  t h e  f lood l eve l s .  Direct  bene f i t s  may a l s o  

a r i s e  p a r t l y  from a n c i l l i a r y  e f f e c t s  such a s  spr ing and summer 

flow regulat ion,  improved aqua t i c  h a b i t a t ,  r ec rea t ion ,  e tc .  

I n d i r e c t  bene f i t s  a r i s e  from t h e  avoidance o r  prevention of 

c o s t s  a r i s i n g  from flood r e l i e f ,  r e h a b i l i t a t i o n ,  d isrupt ion of 

business, damage t o  and d i s rup t ion  of public services .  

The assessment of f lood c o n t r o l  bene f i t s  i s  d i f f i c u l t  and 

caution must be exercised i n  order  t o  ensure t h e  v a l i d i t y  of 

r e su l t s .  From experience on o the r  s tud ies ,  it has been t h e  

f inding of t h e  consul tant  t h a t  interviews with homeowners and 

an evaluation of po ten t i a l  damages i s  d i f f i c u l t  and sometimes 

misleading. A t  b e s t  it is  a very subject ive  approach t o  

po ten t i a l  damage evaluation.  

For t h i s  study t h e  consu l tan t  has u t i l i z e d  an approach developed 

i n  t h e  United S t a t e s  and ou t l i ned  by James and L e e  (op. c i t . ) .  

I n  t h i s  procedure, t h e  f lood damage t o  s t r u c t u r e s  and homes i s  

r e l a t e d  d i r e c t l y  t o  t h e  value  of t h e  property and t h e  depth 

t o  which f lood waters inundate t he  building. Reviews of 

numerous p ro j ec t s  using t h i s  method have found it t o  be objec- 

t i v e  i n  providing reasonable es t imates  of  a c t u a l  damages. 

Af te r  a  ca re fu l  ana lys i s  of t h e  p ro j ec t ,  it is  concluded t h a t  

one of t h e  major bene f i t s  t o  be derived would be t h e  avoidance 

of  flood damage. Another major bene f i t  which is  dependent on 

t h e  se lec ted  a l t e r n a t i v e  i s  t h e  land enhancement benef i t .  
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(A) Damages Avoided 

I f  p a s t  f loods  had occurred and t h e i r  damages had been c a r e f a l i y  

documented, they could have been used t o  p r e d i c t  f u t u r e  damage. 

This  was no t  t h e  ca se  and, as a r e s u l t ,  an empirical  ana ly s i s  

based upon s t r u c t u r e  c o s t  eva lua t ion  and p o t e n t i a l  f lood depth 

has been used.  his a n a l y s i s  i s  based upon t h e  following 

re la t ionsh ip :  

D i r e c t  Flood Damage = 0.14432 x Market Value 

o f  S t ruc tu r e s  . ($ )  x Depth ' o f  Water a t  ~ u i l d i n g  (m) 

By p l o t t i n g  t h e  flood-prone a r e a  on a plan ,  by es t imat ing  t h e  

value  of each s t r u c t u r e  exposed t o  f looding (based on l o c a l  

r e a l  e s t a t e  s a l e s )  and by applying t h e  above formula, it is 

pos s ib l e  t o  eva lua t e  t h e  t o t a l  d i r e c t  damage under t h e  100- 

year  flood. For d e t a i l s  of  t h e  eva lua t ion  of t h e  bene f i t s  

a ssoc ia ted  with f lood  con t ro l ,  t h e  reader  i s  r e f e r r ed  t o  

Appendix B. 

(B) Benef i t  t o  Cost Ratio 

The b e n e f i t  t o  c o s t  r a t i o  provides an economic b a s i s  f o r  t h e  

s e l e c t i o n  o r  r e j e c t i o n  of p r o j e c t s  which compete f o r  c a p i t a l  

resources.  The r a t i o  i s  a d i r e c t  measure o f  t h e  economic 

v i a b i l i t y  of a  p ro j ec t .  When t h e  r a t i o  i s  less than 1.0, t h e  

c o s t s  of a  p r o j e c t  a r e  g r e a t e r  than t h e  b e n e f i t s  t o  be derived.  

It  i s  the r e fo re  no t  an economically sound investment. should 

t h e  r a t i o  be g r e a t e r  than 1.0, t h e  p r o j e c t  is  economically 

sound and s e r i ous  cons idera t ion  should be given t o  i t s  i m -  

plementation. This i s  a very  r i g i d  i n t e r p r e t a t i o n  which may 

be tempered by cons idera t ion  of o t h e r  t ang ib l e  and i n t ang ib l e  

b e n e f i t s  and s o c i o - p o l i t i c a l  cons idera t ions .  

The following t a b l e  summarizes t h e  t o t a l  va lue  of a l l  p resen t  

and f u t u r e  b e n e f i t s  and c o s t s  f o r  t h e  a l t e r n a t i v e s  previously 

out l ined.  (See Table 7-1) 
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I n  some cases ,  t h e  p r i o r i z a t i o n  of  remedial works may be taken 

d i r e c t l y  from t h e  bene f i t - cos t  ana ly s i s .  However, i n t ang ib l e  

c o s t s  such a s  hardship  and inconvenience t o  f l ood  vict ims 

cannot  e a s i l y  be assessed ,  and, i n  t h e  Consul tant ' s  opinion, 

a r e  of  considerable importance. A second i n t ang ib l e  which 

governs p r i o r i t i e s  i s  t h e  a v a i l a b i l i t y  of funds f o r  such works. 

Rather than the  p r i o r i t y  suggested by benef i t - cos t  s tudy,  

t h e  Consultant recommends t h e  fol lowing sequence should funding 

be ava i l ab le .  

(1) Boales Drain - al though c o s t s  a r e  h igh,  t he  number 

of s t r u c t u r e s  damages i s  s i m i l a r l y  high. Flooding 

on the  Boales Drain has  been a cons t an t  problem and 

should be remedied f i r s t .  

I t  i s  expected t h a t  i n d i r e c t  b e n e f i t s  from land 

enhancement would be s u b s t a n t i a l .  By taking 

p rope r t i e s  o u t  of  t h e  f loodp la in ,  the value of 

lands bordering t h e  d r a in  a r e  increased and some 

lands may be f r e e d  f o r  add i t i ona l  development. 

Since much of  t h i s  land is  r e s i d e n t i a l ,  increased 

property va lues  are of  cons iderable  importance. 

Also, i n d i r e c t  b e n e f i t s  would r e s u l t  from t h e  clean-  

up of e x i s t i n g  environmental problems. Discarded 

refuse ,  s t agnan t  w a t e r s ,  odour problems, a l g a l  scums, 

and t h e  gene ra l l y  uns igh t ly  appearance of t h e  

d ra in  would be remedied by t he  proposed engineering 

works. 

(2) Eastman Drain - i f  f looding problems a r e  no t  co r r ec t ed  

i n  t h i s  a r e a ,  ex tens ive  damage t o  t h e  r ecen t l y  

approved proposed subdivis ion  could r e s u l t .  

( 3 )  South Rais in  - al though t h e  benef i t - cos t  r a t i o  f o r  
these  works i s  most favourable,  it should be undertaken 

l a s t  i f  cons idered  as a s epa ra t e  p r o j e c t .  However, 
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should funding allow, this project could be under- 

taken along with the Boales Drain to completely 

salve the flooding problsiiis in the subject reach. 

The joint benefit-cost ratio of 0.44 is shown on 

Table 7-1. 



Table 7-1 

Benefit/Cost Ratio 

* Improvements t o  both B13 and Boales Drain must be undertaken i n  order  t o  
obta in  any s i g n i f i c a n t  benef i t .  

B/C 

0.44 

0.054 

0.081 

Location 

*Boales Drain 
Tol l  Gate Road 
to  Benny Ave. 
+ 400 metres 

*South Raisin 
P i t t  S t r e e t  
+ 800 metres 

Eastman Drain 
South Branch Rd 
t o  McConnell Ave 
(201+00 t o  219+00) 

Upstreafn of  S t .  
Andrews Rd 
(233+50 t o  245+00) 

Costs 

$250,000 

17,000 

$267,000 
i 

137,000 

82,700 

Exis t ing  

Flood 
Elev. 

59.59 

58.37 

58.23 

63.79 

Benef i t s  

(Damage 
Avoided) 

$ 89,100 

27,770 

$116,870 

7,462 

6,753 

No. 
Bldgs i n  

Flood- 
p l a i n  

117 

41 

3 

7 

Proposed 

Flood 
Elev. 

58.03 

57.94 

57.03 

62.72 

No. 
Bldgs i n  

Flood- 
p l a i n  

3 

- 

- 

- 

Improvement 

Channelize 
Table 5-1 

B-13 

B-30, B-31, 
B-32, B-34 
(Table 5-2) 

B-37, B-38 
B-39 
(Table 5-2) 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

(1) I t  i s  concluded t h a t  t h r e e  a r e a s  wi th in  t h e  South 

Ra i s in  River v a l l e y  have bu i ld ings  flooded under 

h igher  f lood  flow condi t ions .  They are:  (i) 

Reach I1 of t h e  South Raisin River upstream of  

P i t t  S t r e e t ,  (ii) Boales Drain upstream of t h e  CNR 

t r a c k s ,  and (iii) Eastman Drain upstream of Marydale 

Avenue. A t o t a l  of  168 bu i ld ings  ( inc luding 9 4  

r es idences )  a r e  inundated by t h e  regional  f lood.  

I t  i s  concluded t h a t  based on p o t e n t i a l  annual damage 

and t h e  Consu l tan t ' s  evaluat ion  of  t h e  t h r e e  a r ea s ,  
/ 

t h e  fol lowing p r i o r i z a t i o n  of remedial works should 

be considered:  (i) Boales Drain, (ii) Eastman 

Drain, and (iii) Reach I1 of  t h e  South Raisin River. 

It i s  concluded t h a t  the proposed f lood mi t iga t ion  

works f o r  the Boales Drain as recommended by 

McNeely Engineering Ltd. would e f f e c t i v e l y  e l im ina t e  

f lood ing  i n  t h e  surrounding a rea .  

It is concluded t h a t  t he  remedial works recommended 

i n  this r e p o r t  would p r o t e c t  t h e  bui ld ings  upstream 

of  Marydale Avenue on t h e  Eastman Dra in . t o  t h e  

r eg iona l  f l ood  l i m i t s .  
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(5) It i s  concluded t h a t  t h e  South Raisin basin i s  / 
managed f o r  a g r i c u l t u r a l  production. Concerns f o r  

f i s h ,  w i l d l i f e  and waterfowl a r e  secondary. 

(6) It is  concluded t h a t  t h e  South Raisin River has a 

low c a p a b i l i t y  t o  produce and s u s t a i n  f i s h  o r  water- 

fowl. 

(7) It  is  concluded t h a t  water q u a l i t y  i n  the  South 

Raisin River i s  marginal, owing pr imar i ly  t o  low 

flows, high n u t r i e n t  concentra t ions ,  and, a t  t i m e s ,  

low dissolved oxygen l eve l s .  However, s ince  b a c t e r i a l  

counts  a r e  low, it may be considered f o r  recreat ion.  

(8) It is  concluded t h a t  t h e  l a r g e s t  source of n u t r i e n t  

i npu t  i s  l i k e l y  from a g r i c u l t u r a l  (non-point) sources 

r a t h e r  than from i n d u s t r i a l  o r  domestic o r ig in .  ?he 
Cornwall dump, however, continues t o  be a problematic 

p o i n t  source. 

(9) It  is  concluded t h a t  the  enlargement of the  c u l v e r t s  

a t  Churchi l l  Heights and t h e  channelizat ion of t h e  

Boales Drain w i l l  have a p o s i t i v e  impact on the 

t o t a l  environment. 
.s 

Therefore, 

(1) It is recommended t h a t  t he  following remedial a c t i o n  

be undertaken : 

i) Boales Drain - channel iza t ion and enlargement 

of e x i s t i n g  c u l v e r t s ;  
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ii) Eas'tman Drain - enlargement of  t h e  Marydale 

Avenue and t h e  upstream c u l v e r t s ;  and 

iii) Reach I1 South Ra i s in  River - replacement of 

farm br idge  (B-13). 

( 2 )  I t  is recommended t h a t  t h e  Author i ty  apply t h e  f lood  

l e v e l s  shown i n  t h i s  r e p o r t  (Drawings 7907-1 t o  -16) 

t o  any grade c o n t r o l  p l ans  f o r  proposed development 

ad jacen t  t o  t h e  f l oodp l a in .  C r i t i c a l  e l eva t i ons  would 

be con t ingen t  on proposals  adopted f o r  w a t e r  management.* 

(3)  I t  i s  recommended t h a t  t h e  Author i ty  adopt  t h e  f i l l  

l i n e s  a s  p resen ted  i n  ~ r a w i n g s  7907-1 t o  -16, prepared 

a s  p a r t  of  t h i s  s tudy.  

( 4  I t  i s  recommended that  f u r t h e r  w a t e r  q u a l i t y  s t u d i e s  

be undertaken t o  determine t h e  r o l e  of t h e  Cornwall 

dump i n  t h e  contaminat ion of t h e  Henderson Drain and 

t h e  South Ra i s in  River .  The s tudy  should recommend 

remedial a c t i o n .  

(5 I t  i s  recommended t h a t  t h e  Author i ty  continue t o  
manage t h e  s u b j e c t  ba s in  f o r  a g r i c u l t u r e ,  bu t  should 

t ake  a  more a c t i v e  i n t e r e s t  i n  prevent ing  po l l u t i on  

of t h e  South Rais in  River.  

(6 I t  i s  recommended t h a t  t h e  Author i ty  recommend t o  
t h e  Ci ty  of Cornwall and t h e  r e spec t i ve  townships 

t h a t  they  adopt  a  programme of annual  clean-up of 

deb r i s  and genera l  maintenance of t h e  d ra ins  w i th in  

, \ t h e i r  co rpo ra t e  l i m i t s .  

* For more d e t a i l e d  d e s c r i p t i o n  of t he se  recommendations, t h e  
reader  i s  r e f e r r e d  t o  ~ p p e n d i x  C.  
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APPENDIX A - HYDROLOGIC DATA 

I n  o rder  t o  develop des ign flows f o r  t h e  d e f i n i t i o n  of 

f loodpla ins ,  use has been made of t h e  S o i l  Conservation 

Service method of  hydrograph computation. The pe r t i nen t  

va r iab les  which w e r e  app l i ed  t o  t h i s  technique a r e  out l ined 

a s  follows: 

(1) Rainfa l l  

I n  o rder  t o  provide a b a s i s  f o r  f loodp la in  d e f i n i t i o n  and 

f lood con t ro l ,  t h e  Ontario Minis t ry  of Natural  Resources 

has defined t h e  " reg iona l  storm" a s  t h e  100-year flood. 

This f lood may be produced from r a i n f a l l ,  snowmelt o r  t h e  

combination of  both. For watersheds with t h e  drainage 

a r ea  of t h e  South Ra i s in  River t h e  crit ical 100-year f lood 

w i l l  be t h a t  from r a i n f a l l .  The r a i n f a l l  o r  storm dura t ion  

recommended f o r  use by t h e  Minis t ry  of Natural  Resources 

i s  of 6-hour dura t ion .  The 50-, 25- and 10-year storms 

w e r e  a l s o  s imulated t o  ob t a in  t h e i r  r e spec t i ve  f lood flows. 

The 6-hour storms f o r  t h e  reg iona l  (100-year) and o the r  design 

storms a r e  l i s t e d  on Table A-1. 

( 2 )  Ra in fa l l  ~ i s t r i b u t i o n  

I n  order  t o  conver t  t h e  r a i n f a l l  t o t a l s  i n t o  runoff volumes 

i n  t h e  form of  a hydrograph, it is necessary t o  d i s t r i b u t e  



T A B L E  A - 1  

6-HOUR DESIGN STORMS AND D I S T R I B U T I O N  

R e t u r n  
S t o r m  

Total  R a i n f a l l *  

( Y e a r s )  (mm) ( i n c h e s )  

T i m e  

( H o u r s )  

I n c r e m e n t a l  
R a i n f a l l  

A c c u m u l a t e d  
R a i n f a l l  

( % I  

* A t m o s p h e r i c  E n v i r o n m e n t  Service, 
C o r n w a l l  O n t a r i o  H y d r o  S t a t ion  
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t h e  r a i n f a l l  over a 6-hour period. This means t h a t  t h e  

r a i n f a l l  does not  f a l l  a l l  a t  once, nor does it f a l l  evenly 

over  t h e  s i x  hours, but  it f o l l ~ w s  a s t a t i s t i c a l l y  derived 

d i s t r i b u t i o n .  The d i s t r i b u t i o n  used i n  t h i s  study is a l s o  

l i s t e d  on Table A-1. By applying each of t h e  r a i n f a l l  t o t a l s  

wi th  t h e  d i s t r i b u t i o n  i n  t h e  t a b l e  on t h e  hydrologic model 

t h e  respec t ive  flood flows are thereby obtained. 

(3)  S o i l s  

The s o i l s  of t h e  South Rais in  River bas in  a r e  l a rge ly  of 

well-drained, medium-textured till of Eamer loam with much 

of t h e  r i v e r  va l ley  i n  poorly drained,  f ine-textured l a -  

c u s t r i n e  deposi ts  of North Gower c l a y  loam with pockets 

of Allendale sandy loam. The general  s o i l  types and t h e i r  

d i s t r i b u t i o n  i n  t h e  watershed a r e  shown on Figure A-2. 

( 4 )  Land U s e  

Land use has an important inf luence on s o i l s  and t h e i r  

a b i l i t y  t o  absorb r a i n f a l l  and produce runoff.  In  t h e  South 

Raisin River basin,  p r e sen t  land use may be described as 

r u r a l ,  woodlot, pas ture  and row crop wi th  some e x i s t i n g  

and proposed urban development wi thin  t h e  c i t y  limits of  

Cornwall. Other a reas  under some development pressure a r e  

I* Lakeview Heights and Churchi l l  Heights. Figure A-3 shows 

the  e x i s t i n g  land use of t h e  study watershed. 

(5) S o i l  Complex Number 

Using the soils data  of Figure A-2 together  with the  land 

use da ta ,  t he  watershed has been broken down i n t o  1 9  







- .- 

I Q.0 to  8 inch.. 

(P-0.2SP 
Solution of runoff equation. 0=- 

p+o.as - (Sheet 1 0' 2-1 (U.S. Soil Conse~ot ion Semice.) 2 a a - b 2 5 r 9 -  

RAINFALL - RUNOFF CURVE 

f igure A - 4  



. - 
T A B L E  A-2 

SOIL CLASSIFICATION TABLE 

N o t e s :  

LAND USE 

Fal low ( i n  s p e c i a l  c a s e s  o n l y )  

Crop & o t h e r  improved l and  

P a s t u r e  & o t h e r  uninproved land 

Woodlots and f o r e s t  

Impervious areas (paved) 

Water s u r f a c e s  

1) Figures  are based on average  an teceden t  mois tu re  c o n d i t i o n  (AMC 11) 
e x c e p t  t h o s e  marked *, which are i n i t i a l l y  w e t  (AMC 111) or  p a r t l y  
w e t .  For r e l a t i o n s h i p  o f  AMC and r a i n f a l l  see MTC t e x t ,  To conver t  
CN'S from one AMC t o  a n o t h e r  see MTC t e x t .  

2) Table  i s  n o t  a p p l i c a b l e  t o  f rozen  s o i l s  o r  t o  p e r i o d s  i n  which snow- 
m e l t  c o n t r i b u t e s  t o  runof f .  

HYDROLOGIC SOIL GROUP 

3) Source: SCS Handbook, Chap te r  9 ( 1 1 ,  w i t h  modi f i ca t ions .  
I 

I 

A 

77 

66* 

58* 

PERCENT IMPERVIOUSNESS OF URBAN AREAS 

URBAN LAND USE % IMPERVIOUSNESS 

Business  - C o m m e r c i a l  40 - 90 
I n d u s t r i a l  - Ligh t  45 - 65 
I n d u s t r i a l  - Heavy 50 - 70 
R e s i d e n t i a l  - Low d e n s i t y  20 - 30 
R e s i d e n t i a l  - Medium d e n s i t y  25 - 35 
R e s i d e n t i a l  - High d e n s i t y  30 - 40 

Source: SCS Handbook, Chapter  1 5  (1) 

50* I 54* I I 
98 

100 ( u s e  i n  s p e c i a l  cases o n l y )  

Note : 

For  more d e t a i l e d  v a l u e s  i n  u rban  a r e a s  see SCS ~ e c h n i c a l  Release 
N o .  55 (9). 

TAKEN FROM MTC PUBLICATIONS 

M.T.C. 
Hydrology S e c t i o n  

Rev- June  1975 
R e v .  25 June  1976 

C 

91 

82 

76 

7 1  

BC 

89 

78 

71 

65 

AB 

82 

70 

62* 

B 

86 

74 

66 

58 

CD 

93 

84 

79 

74 

D 

94 

86 

8 1  

77 
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sub-basins, and a curve number (Cn) has  been ca lcu la ted  

f o r  each sub-basin. For d e t a i l s  of  t h e  curve numbers 

used on t h e  ind iv idua l  bas ins  t h e  reader  is r e f e r r e d  t o  

Figures A-1 and Table A-2. 

Ra in fa l l  Excess 

Curves derived by t h e  SCS of t h e  U.S. Department of  Agri- 

c u l t u r e  a r e  used i n  equat ing  r a i n f a l l  and s o i l  complex 

da t a  t o  r a in f a l l - runo f f ,  thereby genera t ing  t h e  required 

hydrographs.   his i s  shown on Figure A-4. 

( 7 )  Flood Routinq 

A l l  rou t ing  of storm runoff i s  completed wi th in  t h e  SCS 

hydrograph model by means of t h e  CONVEX method. A l l  reaches 
which r equ i r e  rou t ing  a r e  d e p t i c t e d  on t h e  watersheds 

schematic shown on Figure A-1. 

( 8 )  Flood Flows 

For a d e t a i l e d  t abu l a t i on  of t h e  peak flows f o r  t h e  watershed 

and i t s  t r i b u t a r i e s ,  t h e  reader  i s  r e f e r r e d  t o  Tables 3-1 

and 3-2. 
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APPENDIX B - - EVALUATION OF BENEFITS 

For purposes of t h e  South Raisin River Study, an  empirical 

approach has been taken f o r  t he  determination of benef i t s  

and f lood damage. This approach was f e l t  t o  be more object ive  

and t o  provide more r e l i a b l e  r e s u l t s  than a d e t a i l e d  f i e l d  

inspect ion and interview program. 

In  order  t o  mnple*this ana lys i s ,  it is necessary t o  evaluate 

s t ruc tu re s  prone t o  f looding and t o  e s t i m a t e  t h e  depths of 

f lood waters around t h e  buildings.  A l l  s t r u c t u r e s  i n  t h e  

f loodplain  were examined by f i e l d  inspec t ion  and were evaluated 

i n  comparison t o  a s e t  of  se lec ted  "s tandard homes" from 

recent  r e a l  e s t a t e  t ransact ions .  

Having evaluated t h e  houses and c a r r i e d  o u t  hydraulic calcu- 

l a t i o n s  t o  def ine  f lood depths, it remains t o  evaluate  

po ten t i a l  damages. Damages were ca l cu la t ed  using t h e  

following extension which is  ou t l i ned  i n  James and Lee (op.cit.) : 

where : 

Cd = flood damage i n  d o l l a r s  

M = market value of  s t r u c t u r e  i n  d o l l a r s  

d = water depth a t  foundation i n  metres ( f ee t ]  

~d = f ac to r  determined by d i r e c t  a n a l y s i s  of  damage 
t o  s imi l a r  s t ruc tures .  Through exhaustive s tud ies  
on small streams i n  t h e  United S t a t e s  an average 
value f o r  built-up a reas  of 0.14432 (0.0441 has 
been determined. 
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v 
The value of s t r u c t u r e s  exposed t o  f looding was found t o  

2 average approximately $450/m . Out-buildings w e r e  considered 

when values exceeded $3,000. 

I n  addi t ion t o  t h e  d i r e c t  damages, James and Lee (op. c i t . )  - - 
suggest t h a t  i n d i r e c t  damages due t o  flooding a r e  computed 

a s  a percentage of  d i r e c t  values  (See Table B-1) . 

For t h i s  study, an i n d i r e c t  damage value  equal t o  20 percent 

of d i r e c t  damages was estimated and used i n  t h e  analysis .  

From t h e  foregoing ana lys i s ,  t h e  t o t a l  damages f o r  each 
storm event have been ca lcu la ted  and used i n  t h e  calcula t ion 

of p o t e n t i a l  damages f o r  t he  study a rea .  The r e s u l t s  appear 

on the  following f igures  (B-1, B-2 and B-3) .  



T A B L E  B - 1  

INDIRECT DAMAGES DUE TO FLOODING 

Type of S t r u c t u r e  

R e s i d e n c e  

P u b l i c  U t i l i t y  

R o a d s  

R a i l w a y  

% of D i r e c t  D a m a g e  



Average annual expected 
damage $2270 

- 

~ 

~ 

. , 

_j 

I 

- 
* 

I I I I I I' 

I 2 3 4 5 6 7 8 9 1 0  

% Probability 

FLOOD DAMAGE VS. PROBABILITY 
SOUTH RAISIN RIV-ER 

figure B - l 
. 
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APPENDIX C - DRAFT FLOOD AND FILL REGULATIONS FOR 

SOUTH RAISIN RIVER 

Using t h e  c r i t e r i a  and procedures descr ibed i n  t h e  previous 

s e c t i o n s  o f  t h i s  r e p o r t ,  f l oodp la in s  have been defined and 

i l l u s t r a t e d  on topographic  maps. The f lood l i n e s  a r e  

i l l u s t r a t e d  on Drawing Ncs. 7907-1 t o  16, prepared i n  con- 

junct ion  w i t h  t h i s  r epo r t .  These drawings, a t  a s c a l e  o f  

1 t o  2000 wi th  con tour  i n t e r ~ a l  of  1 m and i n t e rpo l a t i ons  

t o  0.5 m, i l l u s t r a t e  t h e  es t imated  e x t e n t  of  f loodp la ins  

ad j acen t  t o  t h e  channel  reaches  p rev ious ly  described. 

I n  a d d i t i o n  t o  t h e  d e l i n e a t i o n  of f l ood l ine s ,  t h e  consu l tan t  

was r equ i r ed  t o  recommend fill l i n e s .  These l i n e s  are t o  

de f ine  a c o n t r o l  zone f o r  b u i l d i n g  and const ruct ion  purposes I 

(minimum freeboard)  and are in tended t o  form t h e  l i m i t  t o  

which unregula ted  f i l l i n g  (by t h e  Authori ty)  should be permi t ted  

wi th in  t h e  va l l ey .  The d e l i n e a t i o n  of f i l l  l i n e s  has r e s u l t e d  

from a d e t a i l e d  cons ide ra t i on  of  engineer ing,  environmental 

and p lanning informat ion ob ta ined  i n  t h e  course of  t h i s  s tudy.  

I n  connect ion w i th  f i l l i n g  i n  f l oodp la in  a reas ,  r e fe rence  

i s  made t o  Sec t ion  27, subsec t i on  1, Clause f, of t h e  

Conservation A u t h o r i t i e s  A c t ,  R.S.O. 1970, c.79. According 

t o  t h i s  r e g u l a t i o n  t h e  ~ u t h o r i t y  has  t h e  r i g h t  t~ prohibit 

o r  r e g u l a t e  " t h e  p l a c i n g  o r  dumping of  fill of any kind i n  

any def ined  p a r t  o f  t h e  a r e a  over  which t h e  Authority has 
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j u r i s d i c t i o n  i n  which, i n  t h e  opin ion of t h e  Authority,  

t h e  c o n t r o l  of f lood ing  o r  p o l l u t i o n  o r  t h e  conser- 

va t i on  of l and  may be  a f f e c t e d  by t h e  p lac ing  o r  dumping of 

f i l l . "  Under amendment 1973, C-98, 5.8 (1.3) ,  an ind iv idua l  

applying t o  t h e  Author i ty  f o r  permission t o  f i l l ,  and being 

re fused  by t h e  Authori ty,  now has t h e  r i g h t  t o  an appeal  

be fo r e  t h e  Minis ter  o f  Natura l  Resources. 

With t h e  above f a c t o r s  i n  mind, t h e  consul tant  has i n sc r i bed  

on t h e  a t t a ched  maps those  a r ea s  which a r e  sub jec t  t o  f looding 

based upon a pure ly  t e c h n i c a l  eva lua t ion  of the  reg iona l  design 

f lood on t h e  watershed. The consu l t an t  has f u r t h e r  i n sc r i bed  

f i l l  l i n e s  t o  d e l i n e a t e  t hose  a r e a s  beyond which f i l l i n g  o r  

cons t ruc t ion  should be  regu la ted  by t h e  Authority. F i l l  l i n e s  

a r e  based upon engineer ing  judgement and t h e i r  cons is tency has 

been assured  by t h e  development of an ob jec t ive  set of engineer- 

i n g  p r i n c i p l e s  r e l a t e d  t o  n a t u r a l  hazards i n  va l l ey  lands.  

I n  t h i s  con tex t ,  i s  should be  c l e a r l y  understood t h a t  t h e  

engineer ing  p r i n c i p l e s  mentioned above do no t  cons ider  t h e  

q u a l i t y  o f  f i l l  t o  be used i n  t h e  v a l l e y  nor i t s  e f f e c t  on 

t h e  l o c a l  environment, bu t  merely t h e  inf luence  of  t h e  f i l l  

on v a l l e y  hydrology. A s  a r e s u l t ,  no r e spons ib i l i t y  can be 

accepted by t h e  consu l t an t  f o r  t h e  de t e r i o r a t i on  of  t h e  

environment o f  t h e  Ra i s in  River va l l ey ,  due t o  poor q u a l i t y  of 

f i l l  o r  t o  t h e  placement of f i l l  o u t s i d e  t h e  recommended fill 

l i n e s .  

I n  conclusion,  it is  important f o r  t h e  Authority t o  r e a l i z e  

t h a t  t h e  f lood  and f i l l  l i n e s  a r e  provided f o r  i t s  guidance 

and should be used a s  such. A d r a f t  set of r egu l a t i ons  a r e  

presented  below. These r egu l a t i ons  may be adopted and must 

be  used wi th  d i s c r e t i o n .    his i s  p a r t i c u l a r l y  necessary 

s i n c e  p c r t i c z s  cf t h e  v a l l e y  may be subjected t o  m i t i g a t i v e  

water  management measures which may a l t e r  t he  f lood  a reas .  
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C.2 THE USE OF FLOOD PLAINS 
I 

There are three common methods of floodplain control: 

(i) floodplain purchase, (ii) flood proofing, or 

(iii) floodplain zoning. While floodplain zoning is the 

most acceptable policy from a planning point of view, it is 

the most difficult solution to the problem politically. 

These three methods will have varying degrees of usage in 

the South Raisin River. The area south of Highway 401 

between Pitt Street and Brookdale Road is subject to flooding 

and some consideration should he given to permit f loodproof ing 

of existing structures. Floodplain zoning should be applied 

1 
to those areas where plan submission by individuals has not 

yet occurred. In those areas where draft plan submissions 

have received favourable response, it may be necessary to 

undertake a plan of purchase. In applying these three methods 

of control, the Authority must not only recognize its res- 

ponsibilities to the public, but must respect the rights 

of individuals with respect to land ownership. 

DRAFT REGULATIONS FOR THE SOUTH RAISIN RIVER 

The following are outlined as recommendations which might be 

used as general policy statements by the Raisin Region 

Conservation Authority in granting fill permits on the 

South Raisin River within the study area. 

A. Adoption of Report by Crysler & Lathem Ltd. 

Whereas the Raisin Region conservation Authority is charged 

with the responsibility for the protection of the South 

Raisin River within and beyond the corporate limits of the 

City of Cornwall and in the area known as Lakeview Heights; 

in particular the floodplain, and 
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fol lowing genera l  p o l i c i e s  e f f e c t i v e  

(1) General Pol icy  Statements  f o r  South Raisin River 

i) No encroachment s h a l l  be allowed beyond t h e  f l ood l ine  

insc r ibed  on -wings 7907-1 t o  -16 prepared a s  p a r t  

of t h e  r e p o r t  by Crys le r  & Lathem Ltd. 

ii) Applicat ions f o r  f i l l i n g  beyond t h e  f i l l  l i n e s  should 

be reviewed c a r e f u l l y .  Supportive documents based 

on sound engineer ing and environmental p r i n c i p l e s  

s h a l l  be r equ i r ed  a s  p a r t  of each appl ica t ion .  

iii) The cons t ruc t ion  of  bu i ld ings  adjacent  t o  t h e  flood- 

p l a i n  s h a l l  have a l l  por t ions ,  except foundations,  

a t  an e l eva t i on  o f  0.305 m above t h a t  of t h e  l o c a l  

f loodpla in ,  

i v )  The cons t ruc t ion  o f  br idges ,  cu lve r t s  and o t h e r  

s t r u c t u r e s  which span t h e  va l l ey  s h a l l  be t h e  s u b j e c t  

of spec i a l  s tudy  by t h e  Authority,  The proponent 

of  such a scheme should be required t o  provide d a t a  

i nd i ca t i ng  t h e  e f f e c t  of such s t r u c t u r e s  on t h e  

" l oca l "  f l oodp la in ,  t h e  amount of encroachment 

on t h e  f loodp la in ,  t h e  na tu re  of  t h e  por t ion  of  

t h e  s t r u c t u r e  i n  t h e  a c t i v e  f loodplain,  t h e  d ischarge  

capaci ty  o f  t h e  waterway and plans  f o r  conveyance of  

water  during cons t ruc t ion .  

(2) Spec i f i c  Pol icy  s t a tement  f o r  Developed Area 

i) No encroachment should be allowed beyond t h e  f i l l  

l i n e s  inscr ibed  TI t h e  Crys ler  & Lathem Ltd. flood- 

p l a i n  map, excep t  f o r  t h e  f i l l i n g  required t o  

floodproof e x i s t i n g  s t r u c t u r e s  within t h e  f loodpla in .  



SOUTH RAISIN RIVER. . . Page C6 

(2) ii) Filling for the protection of existing structures 

in the floodplain should be limited to protection 

of structures used for human occupancy and the storage 

of perishable goods only. 

In conclusion, the consultant would like to stress that the 

floodplain mapping, the comments contained in this report and 

the draft regulations are based upon purely technical decisions. 

It is hoped that by reviewing this information and applying 

good conservation and planning principles the Authority will 

be able to develop a clear-cut, defensible set of management 

principles. The consultant looks forward to providing 
further assistance in the development of these principles. 



A P P E N D I X  D 


